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M2r r�vb +QKT�MB2b +�M BMi2`�+i �M/ #mBH/ `2H�iBQMb?BTb rBi? i?2B` T�iB2Mib �M/ T�`iM2`bX

"2bB/2 i?2b2 7mM/�K2Mi�Hb bi�vBM; BM +?2+F- iQ/�vǶb T?�`K�+2miB+�H BM/mbi`v Bb 7�+BM; +QMbB/@
2`�#H2 ?2�/rBM/bX qB/2Hv /Bb+mbb2/ �KQM; TQHBiB+B�Mb BM i?2 r2bi2`M rQ`H/- i?2 T`2bbm`2 QM
/`m; T`B+2b Bb K�FBM; i?2 QmiHQQF 7Q` T`B+BM; �M/ pQHmK2 2tT�MbBQM H2bb �ii`�+iBp2X h?2`2 Bb
� +QMiBMmQmb T`2bbm`2 QM i?2 T`B+BM; Q7 /`m;b BM 1m`QT2 r?BH2 i?2 #�`;�BMBM; TQr2` Q7 T�v2`b
BM i?2 lMBi2/ ai�i2b Bb bi2�/BHv ;`QrBM; BM bBx2X AM �//BiBQM iQ i?Bb- i?2 QmiTmi 7`QK _&. Bb
T`2bbm`2/ #v Qi?2` b2p2`�H 2ti2`M�H 7�+iQ`b bm+? �b T�i2Mi 2tTB`�iBQM U2X;X i?2 HQQKBM; #BQT?�`@
K�+2miB+�Hb T�i2Mi +HBzV- `Bb2 Q7 ;2M2`B+ T`Q/m+ib- �M/ i?2 BM+`2�bBM; +QKT2iBiBQM BM 2K2`;BM;
K�`F2ib (R)X h?2b2 7�+iQ`b- �M/ i?2 BM+`2�bBM; ;HQ#�HBx�iBQM- �`2 Tmb?BM; T?�`K�+2miB+�H +QK@
T�MB2b iQ }M/ MQp2H bi`�i2;B2b iQ BM+`2�b2 2�`Hv bi�;2 `2b2�`+? BM /`m; /Bb+Qp2`vX

� HQi Q7 i?2 2�`Hv bi�;2 `2b2�`+? ?�b #22M Tmb?2/ QmibB/2 Q7 +H�bbB+�H +HQb2/ KQ/2H rBi? bi�`i@
mTb �M/ #BQi2+?b #2+QKBM; i?2 mTbi`2�K /2p2HQT2`b �M/ +QHH�#Q`�iBM; rBi? #B; T?�`K� iQ
#`BM; K2/B+BM2 iQ i?2 K�`F2i (k)(j)X h?mb- 7Q` i?2 [m2bi Q7 ?B;?2` T`Q/m+iBpBiv i?2 T?�`K�@
+2miB+�H BM/mbi`v ?�b b22M � bm`;2 BM K2`;2` �M/ �+[mBbBiBQM UJ��V �+iBpBiB2b �b r2HH �b Qi?2`
�+iBpBiB2b bm+? �b �M BM+`2�b2 BM bT2+B�HBx�iBQM BM i?2B` +Q`2 #mbBM2bbX h?2 J�� �+iBpBiB2b ?�p2
MQi QMHv BM+`2�b2/ i?2 BM~Qr Q7 2ti2`M�H BMMQp�iBQMb BMiQ #B; T?�`K�Ƕb BMi2`M�H TBT2HBM2b #mi
�HbQ T`QpB/2/ bB;MB}+�Mi +Qbi bvM2`;B2b 7Q` `2/m+BM; _�. bT2M/BM; (R)X

AM Q`/2` iQ F22T ;`QrBM; #v BMMQp�iBM;- T?�`K�+2miB+�H +QKT�MB2b �`2 +QMiBMmQmbHv HQQFBM; 7Q`
M2r T�`iM2`b?BTb �M/ QT2`�iBM; KQ/2Hb iQ F22T 2tT�M/BM; i?2B` #mbBM2bbX 1bT2+B�HHv- �HHB�M+2b
�M/ T�`iM2`b?BTb �`2 Q7 T�`iB+mH�` BMi2`2bi 7Q` �++2bbBM; 2ti2`M�H 2tT2`iBb2 �M/ i2+?MQHQ;B2b 7Q`
bQm`+BM; M2r 2ti2`M�H BMMQp�iBQMX
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S?�`K�+2miB+�H +QKT�MB2b �`2 BM M22/ Q7 7m2HBM; i?2B` BMi2`M�H /2p2HQTK2Mi TBT2HBM2b rBi?
MQp2H K2/B+BM2b 7`QK 2ti2`M�H BMMQp�iBQMb iQ HQr2` i?2 +Qbi Q7 _�. �M/ BM+`2�b2 i?2 MmK#2`
Q7 bm++2bb7mHHv �TT`Qp2/ /`m;bX h?Bb +m``2MiHv b22Kb iQ #2 +�mbBM; � i`�Mb7Q`K�iBQM BM i?2
BMMQp�iBQM bi`�i2;B2b miBHBx2/ BM i?2 BM/mbi`v- b?B7iBM; 7`QK i?2 bBHQ K2Mi�HBiv �M/ i?2 7mHHv
BMi2;`�i2/ #mbBM2bb KQ/2Hb �M/ +HQb2/ BMMQp�iBQM iQr�`/b KQ`2 +QHH�#Q`�iBp2 �M/ 2tTHQ`�iQ`v
�TT`Q�+?2b mbBM; QT2M BMMQp�iBQMX

AM i?2 }`bi T�`i Q7 i?2 BMi`Q/m+iBQM r2 rBHH 7Q+mb QM i?2 F2v +?�HH2M;2b i?2 T?�`K�+2miB+�H
BM/mbi`v Bb 7�+BM;- HQQF �i i?2 +QMb2[m2M+2b Q7 i?2 ǳT�i2Mi +HBzǴ- i?2 bTB`�HBM; /2p2HQTK2Mi +Qbib
i�FBM; BMiQ +QMbB/2`�iBQM i?2 bQ+BQ2+QMQKB+ �M/ TQHBiB+�H 2H2K2Mib rBi?BM i?2 ;HQ#�HBx�iBQM Q7
i?2 BM/mbi`vX h?2`2�7i2`- r2 im`M Qm` �ii2MiBQM iQ BMMQp�iBQM rBi?BM i?2 BM/mbi`v #27Q`2 r2
QmiHBM2 bQK2 T`�+iB+�H Bbbm2b `2H�i2/ iQ Qm` `2b2�`+?X

SYS +@�II3N<3c CN j@3 T@�aL�,3njC,�I BN0ncjaw
h?2 T?�`K�+2miB+�H BM/mbi`v ?�b 2tT2`B2M+2/ �M BM+`2�bBM; �KQmMi Q7 2ti2`M�H T`2bbm`2b- 2X;X
BM+Hm/BM; i?2 H�+F Q7 T`Q/m+iBpBiv 7`QK _�. �+iBpBiB2b- T�i2Mi +HBzUbV �M/ `Bb2 Q7 ;2M2`B+b-
+?�M;2b BM `2BK#m`b2K2Mib �M/ `2;mH�iBQM- �M/ � TQHBiB+�H Tmb? 7Q` HQr2`BM; /`m; T`B+2b r?B+?
Bb 2bT2+B�HHv 2pB/2Mi BM i?2 lMBi2/ ai�i2b �M/ BM 1m`QT2X

h?2 T?�`K�+2miB+�H BM/mbi`v Bb ;Qp2`M2/ #v �M 2ti`2K2 H2p2H Q7 +QKTH2tBiv �M/ ?�b � p2`v +�T@
Bi�H ?2�pv _�. iQ }M/ T�i2Mi�#H2 +QKTQmM/b �M/ KQH2+mH2b �M/ �#BHBiv iQ /2p2HQT BMiQ M2r
K2/B+BM2bX h?2 bm++2bb7mH /2p2HQTK2Mi �M/ K�`F2iBM; Q7 /`m;b Bb ;mB/2/ #v BMi2Mb2 `2;mH�iQ`v
b+`miBMv i?�i b2+m`2b ?B;? b�72iv �M/ 2{+�+v Q7 i?2 �TT`Qp2/ K2/B+BM2bX lTQM i?Bb 2tT2MbBp2
�M/ HQM; DQm`M2v iQ �TT`Qp�H- T?�`K�+2miB+�H +QKT�MB2b b22F iQ `2+QmT BM BMMQp�iBQM � `2im`M
QM i?2B` BMp2biK2MiX >Qr2p2`- BM `2+2Mi v2�`b Bi ?�b #2+QK2 BM+`2�bBM;Hv /B{+mHi iQ `2+QmT
i?2b2 H�`;2 BMp2biK2Mib r?BH2 i?2 _�. T`Q/m+iBpBiv ?�b /2+`2�b2/X h?Bb KQmMib � i`2K2M/Qmb
T`2bbm`2 QM i?2 BM/mbi`v �b i?2v ?�p2 iQ /2KQMbi`�i2 i?2 p�Hm2 Q7 Bib T`Q/m+ib iQ � ?B;?2` /2@
;`22 i?�M T`2pBQmbHvX L2r /`m;b �`2 #2+QKBM; 2p2M KQ`2 2tT2MbBp2 iQ /2p2HQT- i�`;2i bK�HH2`
�M/ /Bp2`bB}2/ T�iB2Mi TQTmH�iBQMb- �M/ ?�p2 HQr2` T`QD2+i2/ `2p2Mm2b i?�M T`2pBQmbHv (9)X

AM i?2 7QHHQrBM; b2+iBQM- i?2 +m``2Mi +?�HH2M;2b Q7 i?2 T?�`K�+2miB+�H BM/mbi`v �`2 QmiHBM2/ iQ
BHHmbi`�i2 i?2 `2�bQMb #2?BM/ i?2 �TT�`2Mi H�+F Q7 _�. T`Q/m+iBpBivX Ai �HbQ BHHmbi`�i2b r?v
i?2 BM/mbi`v M22/b iQ 7Q+mb QM M2r BMMQp�iBQM bi`�i2;B2b iQ F22T T`Q/m+BM; M2r K2/B+BM2b
7Q` F22TBM; mT i?2 KQK2MimK- bQK2i?BM; i?�i ?�b #22M #mBHi BMiQ i?2 BM/mbi`v 7Q` i?2 T�bi
/2+�/2bX

SYSYS /CccCU�jCRN R8 T�j3Njc �N0 /CLCNCc@CN< TCU3ICN3c
*QKT�MB2b BM i?2 T?�`K�+2miB+�H BM/mbi`v ?�p2 iQ +QMiBMm2 BMMQp�iBM; �b i?2B` #`�M/ M�K2
T`Q/m+ib �`2 b22BM; �M 2pB/2Mi T`B+2 2`QbBQM T`BK�`BHv /`Bp2M #v T�i2Mi +HBzb �M/ /BbbBT�iBQM
Q7 i?2B` T`QT`B2i�`v �bb2ibX h?2 2tTB`�iBQM Q7 T�i2Mib 7Q` /`m;b BM i?2 +Q`2 #mbBM2bb Q7 H�`;2
T?�`K�+2miB+�H +QKT�MB2b +�M /`Bp2 /QrM i?2B` Qp2`�HH `2p2Mm2bX h?2 BKK2/B�i2 /2+HBM2 BM
`2p2Mm2 b22M �7i2` � T�i2Mi 2tTB`�iBQM Bb `272``2/ iQ �b ǴT�i2Mi +HBzǴ (8)X h?2b2 T�i2Mi +HBzb �`2
K�DQ` Bbbm2b 7Q` i?2 T?�`K�+2miB+�H BM/mbi`v �b i?2B` +Q`2 #HQ+F#mbi2` /`m;b ivTB+�HHv ;2M2`�i2

Peter Mouritzen
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� ?B;? T2`+2Mi�;2 Q7 i?2 `2H2p�Mi +QKT�MB2b im`MQp2`X

h?2 }`bi K�DQ` BM/mbi`v@rB/2 T�i2Mi +HBz r�b b22M �b � `2bmHi Q7 i?2 2tTB`v Q7 T`QT`B2i�`v
T`Qi2+iBQM �+`Qbb i?2 T?�`K�+2miB+�H BM/mbi`vX Ai Bb �MiB+BT�i2/ i?�i i?2 T2`BQ/ 7`QK kyyN iQ
kyR9 r�b i?2 rQ`bi BM T`QT`B2i�`v T?�`K�+2miB+�H ?BbiQ`v rBi? � bi�;;2`BM; 0kyN #BHHBQM BM b�H2b
�i `BbF /m2 iQ T�i2Mi 2tTB`v (e)X GBTBiQ`- r?B+? r�b /2p2HQT2/ #v S}x2` b�r Bib T�i2Mi 2tTB`2
BM LQp2K#2` kyRR �M/ Bib b�H2b `2p2Mm2 bHB+2/ 7`QK KQ`2 i?�M 0Rk #BHHBQM �MMm�HHv /m`BM; Bib
T2�F b�H2b iQ H2bb i?�M 09 #BHHBQM BM kyRk- i?2 v2�` �7i2` Bib T�i2Mi 2tTB`v rBi? b�H2b THmKK2iBM;
2p2` bBM+2 (e)X

� M2r bB;MB}+�Mi BM/mbi`v@rB/2 Ǵb2+QM/ T�i2Mi +HBzǴ Bb 2tT2+i2/ iQ #2 b22M BM #BQT?�`K�+2miB@
+�Hb Q` #BQHQ;B+bX h?2 `Bb2 Q7 #BQi2+?MQHQ;v �M/ i?2 i�`;2i@Q`B2Mi2/ �TT`Q�+? iQ /`m; /Bb+Qp2`v
�M/ /2p2HQTK2Mi ?�p2 7m2H2/ i?2 BM/mbi`v rBi? � `�M;2 Q7 ?B;? `2p2Mm2@;2M2`�iBM; #HQ+F#mbi2`
/`m;b- 2X;X �##pB2Ƕb >mKB`� rBi? M2�`Hv 0RN #BHHBQM BM b�H2b BM kyRdX Aib 1m`QT2 T�i2Mi 2tTB`2/
BM P+iQ#2` kyR3 �M/ lMBi2/ ai�i2b UlaV T`Qi2+iBQM H�biBM; mMiBH kykj /m2 iQ #HQ+FBM; T�i2Mib
(d)X >Qr2p2`- �b bQK2 Q7 i?2 H�`;2bi /`m;b #�b2/ QM `2p2Mm2 �`2 bQQM +QKBM; Qz T�i2Mi- �
b2+QM/ T�i2Mi +HBz Bb 2tT2+i2/ rBi? i?2 `Bb2 Q7 #BQbBKBH�`bX Ai ?�b #22M 2biBK�i2/ i?�i i?2 +QK@
#BM�iBQM #2ir22M i?2 mM/2`2biBK�i2/ Ǵi?`2�iǴ Q7 #BQbBKBH�`b �M/ i?2 ;`QrBM; TQr2` Q7 T�v2`b
+QmH/ ?QH/ #�+F ;`Qri? BM i?2 T?�`K�+2miB+�H BM/mbi`v #v TmiiBM; 0k9N #BHHBQM BM b�H2b �i `BbF
#2ir22M kyRe �M/ kykkX h?mb- +`2�iBM; � b2+QM/ ǴT�i2Mi +HBzǴ 7Q` i?2 BM/mbi`v (e)X

h?2 T�i2Mi +HBzb �M/ /BKBMBb?BM; TBT2HBM2b ?�p2 H2/ iQ #B; �+[mBbBiBQMb BM i?2 T?�`K� BM/mbi`vX
_2+2MiHv- "`BbiQH@Jv2`b #Qm;?i mT *2H;2M2 7Q` T`2bmK�#Hv KQ`2 i?�M 0dy #BHHBQM- h�F2/�
S?�`K�+2miB+�H �+[mB`2/ a?B`2 7Q` 0ek #BHHBQM �M/ ?�b #22M �ii2KTiBM; iQ `2}HH i?2B` TBT2HBM2
bBM+2 kyRk r?2`2 Bib +Q`2 #HQ+F#mbi2` /`m;- �+iQb- HQbi Bib T�i2Mi T`Qi2+iBQMX h?Bb i`2M/ ?�b
#22M b22M 7Q` � r?BH2 �b S}x2` AM+X #Qm;?i `Bp�H qv2i? 7Q` 0e3 #BHHBQMb BM T�`i /m2 iQ i?2
T�i2Mi 2tTB`�iBQM Q7 i?2B` +Q`2 #HQ+F#mbi2`- GBTBiQ`- i?2 i?2M iQT@b2HHBM; /`m; (e)X
Ai Bb /B{+mHi iQ 2p�Hm�i2 i?2 HQbb BM b�H2b 7`QK i?2 T�i2Mi +HBzb BM �#bQHmi2 MmK#2`bX >Qr2p2`- Bi
`2K�BMb +H2�` i?�i i?2 2tTB`�iBQM Q7 T�i2Mib rBHH ?�p2 � i`2K2M/Qmb 2z2+i QM +Q`2 #HQ+F#mbi2`
/`m;b HQbBM; b�H2b pQHmK2X h?mb- +?�HH2M;BM; i?2 T?�`K�+2miB+�H BM/mbi`v iQ F22T BMMQp�iBM;
r?B+? QM � b?Q`i@i2`K #�bBb Bb b22M i?`Qm;? J�� iQ 2tT�M/ i?2B` /rBM/HBM; TBT2HBM2bX
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h?2 T?�`K�+2miB+�H BM/mbi`v Bb BM 7�+i /`Bp2M #v BMMQp�iBQM- #mi i?2 +Qbi Q7 BMMQp�iBQM ?�b
#22M `BbBM; /BbT`QTQ`iBQM�H iQ i?2 QmiTmi Q7 M2r KQH2+mH�` 2MiBiB2b ULJ1bVX h?Bb ?�b #2+QK2
� K�DQ` T`Q#H2K 7Q` i?2 BM/mbi`v �M/ 2p2M +�M im`M BMiQ 2tBbi2MiB�H +`BbBb 7Q` bQK2- B7 i?Bb
i`2M/ +QMiBMm2bX h?2 +Qbi Q7 #`BM;BM; � M2r /`m; iQ K�`F2i ?�b #22M `BbBM; bm#bi�MiB�HHv Qp2`
i?2 T�bi /2+�/2b (3)X AM `2;�`/ iQ H�mM+?BM; M2r �M/ BMMQp�iBp2 T`Q/m+ib iQ i?2 K�`F2i iQ
bmbi�BM 7mim`2 ;`Qri?- i?2 _�. BMMQp�iBQM b22Kb iQ #2 TBpQi�H 7Q` bm++2bbX h?2 �TT�`2Mi H�+F
Q7 QmiTmi 7`QK _�. BM i?2 T?�`K�+2miB+�H BM/mbi`v Bb � K�DQ` +QM+2`M �M/ +�M M2;�iBp2Hv
�z2+i i?2 7mim`2 `2p2Mm2b Q7 i?2 +QKT�MB2bX 6m`i?2`KQ`2- �M/ #2bB/2 i?2 ?2�/rBM/b- i?2 BM@
/mbi`v Bb bmz2`BM; 7`QK i?2 2ti2`M�H T`2bbm`2b- �b QmiHBM2/ T`2pBQmbHv- i?2 bi�;M�iBQM Q7 _�.
T`Q/m+iBpBiv- r?B+? Bb T�`iHv +�mb2/ #v i?2 ?B;? +Qbi �M/ ?B;? 7�BHm`2 `�i2 BM +HBMB+�H i`B�Hb (N)X

h?2 `2;mH�iQ`v mMBib r?B+? �/KBMBbi`�i2 i?2 �TT`Qp�H Q7 M2r K2/B+BM2b �M/ K�`F2i �mi?Q`Bx�@
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iBQMb �HbQ +`2�i2b � i`2K2M/Qmb T`2bbm`2X h?2 T`Q+2bb Q7 Q#i�BMBM; �M �TT`Qp�H #v i?2 6QQ/
�M/ .`m; �/KBMBbi`�iBQM U6.�V BM i?2 la Q` #v i?2 1m`QT2�M J2/B+BM2b �;2M+v U1J�V BM
1m`QT2 Bb � HQM; �M/ 2tT2MbBp2 DQm`M2vX h?2 K�BM +Qbi /`Bp2` BM _�. +QK2b 7`QK i?2 +HBMB+�H
/2p2HQTK2Mi `2[mB`2/ 7Q` Q#i�BMBM; i?2b2 �TT`Qp�HbX h?2 `2�bQM 7Q` i?Bb Bb i?2 ?B;? `2;mH�iQ`v
`2[mB`2K2Mib b2i iQ 2Mbm`2 ?B;? [m�HBiv �M/ b�72 K2/B+BM2b 7Q` T�iB2Mib (3)X h?2`27Q`2- i?2
2ti2MbBp2 bim/B2b M22/2/ iQ #2 T2`7Q`K2/ BM+Hm/2 b�72iv- 2{+�+v �M/ HQM;@i2`K bim/B2b 7Q`
Q#b2`pBM; �/p2`b2 `2�+iBQMb iQ i?2 K2/B+BM2bX

h?2 /2p2HQTK2Mi Q7 M2r K2/B+�iBQM ?�b � T`B+2 i�; Q7 �#Qmi 0k #BHHBQM U#MV T2` K�`F2i2/
+QKTQmM/ rBi? Q//b Q7 k9fR �;�BMbi � /`m; K�FBM; Bi 7`QK bi�`i iQ � K�`F2i2/ /`m;X h?2
MmK#2` Q7 MQp2H i?2`�TB2b �TT`Qp2/ #v 6QQ/ �M/ .`m; �/KBMBbi`�iBQM U6.�V ?�b #22M H�`;2Hv
~�i 7Q` i?2 T�bi /2+�/2 (j)X >Qr2p2`- BM `2+2Mi v2�`b i?2`2 ?�b #22M �M BM+`2�b2 BM MQp2H /`m;
�TT`Qp�Hb r?B+? ?�b K�BMHv #22M /`Bp2M #v Q`T?�M /`m; /2bB;M�iBQMb r?B+? +�M #2 T�`iB�HHv
2tTH�BM2/ #v +?�M;BM; �TT`Qp�H T�i?r�vb #v i?2 6.� (3)X AM kyRd- � iQi�H Q7 9e MQp2H i?2`�@
TB2b r2`2 �TT`Qp2/ #v 6.� rBi? jN% #2BM; /`m;b 7Q` i`2�iBM; `�`2 Q` Q`T?�M /Bb2�b2bX a�K2
i`2M/ +�M #2 b22M BM kyR3 rBi? 83% Q7 M2r �TT`Qp�Hb #2BM; Q`T?�M /`m;b (Ry)X h?2`27Q`2- i?2
QmiTmi Q7 LJ1b �TT`Qp2/ #v i?2 6.� ?�b #22M `2H�iBp2Hv bi�#H2- #mi � T2+mHB�` i`2M/ ?�b
#22M Q#b2`p2/ r?2`2 H�`;2 T?�`K�+2miB+�H +QKT�MB2b �`2 bHQrHv HQbBM; i?2B` b?�`2 Q7 LJ1 �T@
T`Qp�Hb iQ bK�HH T?�`K�+2miB+�H +QKT�MB2bX aK�HH +QKT�MB2b ?�p2 +QMbBbi2MiHv QmiT2`7Q`K2/
i?2B` H�`;2` +QmMi2`T�`ib bBM+2 kyy9 (k)X AM/BpB/m�HHv- i?2b2 bK�HH +QKT�MB2b �`2 mM`2HB�#H2 BM
�+[mB`BM; LJ1 �TT`Qp�H #mi �b � ;`QmT i?2v 2t+2HX PM2 TQi2MiB�H 2tTH�M�iBQM 7Q` i?Bb i`2M/
Bb i?2B` QT2MM2bb- ~2tB#BHBiv �M/ i?2 �#BHBiv iQ 2tTHQ`2 � H�`;2` `�M;2 Q7 TQbbB#BHBiB2b- bQK2i?BM;
r?B+? i?2 H�`;2` +QKT�MB2b +�MMQiX h?Bb +QMbBbi2Mi `�i2 Q7 LJ1 QmiTmi #v bK�HH2` +QKT�MB2b
?�b H2/ iQ � /vM�KB+ 2MpB`QMK2Mi r?2`2 i?2 ;`�bb `QQi bi�`i@mT b+2M2 /2HBp2`b i?2 2�`Hv bi�;2
`2b2�`+? �M/ H�`;2` T?�`K�+2miB+�H +QKT�MB2b- rBi? i?2B` H�`;2` `2bQm`+2b- /2p2HQT �M/ #`BM;
i?2 T`Q/m+i iQ K�`F2i (k- j)X

q?�i H�`;2 T?�`K�+2miB+�H +QKT�MB2b H�+F b22Kb iQ #2 i?2 ~2tB#BHBiv iQ `2+QM};m`2 �p�BH�#H2
`2bQm`+2b iQ �++QKKQ/�i2 `2b2�`+? Q7 +QKTH2i2Hv MQp2H B/2�bX _2b2�`+?2`b rBi?BM i?2b2 H�`;2
+QKT�MB2b K�v #2 i2KTi2/ iQ /2p2HQT M2r i2+?MQHQ;B2b QM i?2B` QrM- �M/ rBi? i?2 +QMbBbi2Mi
BM+`2�b2 BM p2Mim`2 +�TBi�H Uo*V 7mM/BM;- K�Mv `2b2�`+?2`b �`2 ;2iiBM; i?2 QTTQ`imMBiv iQ KQp2
Qmi Q7 i?2 `B;B/- #m`2�m+`�iB+ 2MpB`QMK2Mi iQ /Q KQ`2 7Q+mb2/ `2b2�`+?X h?2 `B;B/ +Q`TQ`�i2
2MpB`QMK2Mi- �M/ �#mM/�Mi o* 7Q` BMMQp�iBp2 B/2�b ?�b H2/ iQ BM+`2�b2/ QTTQ`imMBiB2b 7Q`
bTBM@Qzb �M/ M2r bi�`i@mTb (RR)X

"2bB/2 i?Bb i`2M/ b22M BM � bi�#H2 QmiTmi Q7 LJ1b- i?2 }M�M+B�H pB�#BHBiv Bb mM/2` T`2bbm`2-
2bT2+B�HHv H�`;2` T?�`K�+2miB+�H +QKT�MB2bX �++Q`/BM; iQ � bim/v +QM/m+i2/ #v i?2 +QMbmHiBM;
�;2M+v- .2HQBii2- i?2 `2im`M QM BMp2biK2Mi U_PAV 7`QK _�. BM i?2 T?�`K�+2miB+�H BM/mbi`v
?�b #22M QM � bi2�/v /2+HBM2 bBM+2 i?2B` bim/v #2;�M BM kyRyX h?2 _PA Q7 _�. 2zQ`ib ?�p2
#22M /2+HBMBM; 7`QK RyXRW BM kyRy iQ i?2 BM+`2/B#Hv HQr RXNW `2TQ`i2/ BM kyR3 (9)X AM �//BiBQM
iQ i?Bb- i?2B` K2�bm`2/ +Qbi Q7 #`BM;BM; �M �bb2i iQ K�`F2i ?�b BM+`2�b2/ iQ � `2+Q`/ ?B;? 0kXRe3
#BHHBQM BM kyR3 7`QK 0RXR33 #BHHBQM BM kyRy (9)X G�biHv- .2HQBii2Ƕb 7Q`2+�bi 7Q` T2�F b�H2b T2`
�bb2i ?�p2 #22M KQ`2 i?�M ?�Hp2/ iQ 09yd KBHHBQM BM kyR3 7`QK 03Re KBHHBQM BM kyRy (9)X h?2B`
+�H+mH�iBQMb �`2 #�b2/ QM �M Q`B;BM�H +Q?Q`i Q7 Rk H�`;2 +�T T?�`K�+2miB+�H +QKT�MB2b �HQM;@
bB/2 �M 2ti2MbBQM +Q?Q`i Q7 7Qm` bK�HH2` �M/ KQ`2 bT2+B�HBx2/ #BQT?�`K�+2miB+�H +QKT�MB2bX

q?BH2 i?2 2tT2M/Bim`2b 7Q` _�. ?�b ;QM2 mT- i?2 T`Q/m+iBpBiv ?�b ;QM2 /QrM rBi? i?2 T`Q@
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D2+i2/ T2�F b�H2b /2+`2�bBM;X �MQi?2` bim/v �HbQ +QM}`Kb i?�i i?2 +Qbi Q7 _�. ?�b bB;MB}+�MiHv
BM+`2�b2/ �b i?2 �p2`�;2 Qmi@Q7@TQ+F2i +Qbi T2` �TT`Qp2/ M2r +QKTQmM/ Bb 0RXjN8 #BHHBQM UBM
kyRj /QHH�`bVX 6m`i?2`KQ`2- #v +�TBi�HBxBM; i?2 Qmi@Q7@TQ+F2i +Qbib iQ i?2 TQBMi Q7 K�`F2iBM;
�TT`Qp�H- i?2 iQi�H T`2@�TT`Qp�H +Qbi 2biBK�i2 Bb 0kX883 #BHHBQM UBM kyRj /QHH�`bV (3)X h?Bb Bb
�HbQ BM �++Q`/�M+2 iQ i?2 }M/BM;b 7`QK .2HQBii2- �M/ i?mb i?2 2biBK�i2/ T`2@�TT`Qp�H +Qbi Q7
/`m; /2p2HQTK2Mi +�M #2 +QMbB/2`2/ iQ #2 r2HH �#Qp2 i?2 0k #BHHBQM `�M;2 (9- 3)X

Ai Bb MQi2rQ`i?v i?�i i?2 +Qbi T2` M2r /`m; �TT`Qp�H ?�b BM+`2�b2/ rBi? R98W #2ir22M kyyj
�M/ kyRj (3)X h?2`2 �`2 K�Mv TQbbB#H2 2tTH�M�iBQMb iQ r?v i?2`2 Bb bm+? � /`�biB+ BM+`2�b2- #mi
.B J�bB MQi2b i?�i `BbF �p2`bBQM #v `2;mH�iQ`v �;2M+B2b +�M �++QmMi 7Q` �#Qmi 9dW BM+`2�b2 BM
+Qbi- r?B+? ?�b BM+`2�b2/ +Qbi �M/ 7�BHm`2 `�i2 Q7 /`m;b 2Mi2`BM; +HBMB+�H T?�b2X Pi?2` TQbbB#H2
2tTH�M�iBQM Bb i?�i i?2 BM/mbi`v ?�b #22M ;2M2`�HHv KQ`2 7Q+mb2/ BM �`2�b rBi? +QKTH2t b+B2M+2
r?B+? ?�b H2/ iQ ?B;?2` _�. +Qbi �M/ ?B;?2` 7�BHm`2 `�i2 (3)X �HQM; rBi? BM+`2�b2/ +HBMB+�H
i`B�H +Qbi- bQK2 ?�p2 �`;m2/ i?�i � H�`;2 T�`i Q7 i?2 BM+`2�b2/ +Qbi +�M #2 �ii`B#mi2/ iQ _�.
T`Q/m+iBpBiv (k- Rk)X

.2bTBi2 i?2 7�+i i?�i i?2 T?�`K�+2miB+�H BM/mbi`v ?�b K�/2 i?2b2 BM+`2/B#Hv H�`;2 BMp2biK2Mib
BM _�.- Bi Bb 7�+BM; � /2+HBM2 BM T`Q/m+iBpBivX h?Bb K2�Mb i?�i � H�`;2 bBx2/ #m/;2i Bb MQi
T`QTQ`iBQM�H rBi? i?2 +QKT�MvǶb bm++2bb iQ /2p2HQT �M/ K�`F2i M2r /`m;bX .m`BM; i?2 K�Mv
/2+�/2b i?2 T?�`K�+2miB+�H BM/mbi`v ?�b 2tBbi2/- i?2`2 ?�p2 #22M i?Qmb�M/b Q7 TH�v2`b rBi?
QMHv � bK�HH bm#b2i Q7 +QmTH2 Q7 ?mM/`2/b- b22K iQ ?�p2 ?�/ bm++2bb rBi? �i H2�bi QM2 LJ1
�TT`Qp2/X AM �//BiBQM iQ i?Bb- Bi Bb � K2`2 RkW Q7 i?2b2 +QKT�MB2b r?B+? �`2 +m``2MiHv biBHH BM 2t@
Bbi2M+2X h?mb- i?2 `2K�BMBM; 33W Q7 i?2 +QKT�MB2b ?�p2 ;QM2 2tiBM+i Q` #22M �+[mB`2/fK2`;2/
rBi? Qi?2` Q`;�MBx�iBQMb (N)X

h?2 T?�`K�+2miB+�H BM/mbi`v i?2`27Q`2 bi�M/b #27Q`2 � ?m;2 +?�HH2M;2 �b T`Q}ib �`2 /BKBMBb?BM;
�M/ i?2 BMMQp�iBQM Bb ?�Hi2/X qBi? i?Bb BM+`2�bBM; T`2bbm`2 iQ BMMQp�i2- i?2 T?�`K�+2miB+�H BM@
/mbi`v Bb HQQFBM; 7Q` MQp2H bi`�i2;B2b iQ BM+`2�b2 i?2 b+QT2 �M/ 2{+B2M+v Q7 2�`Hv bi�;2 `2b2�`+?
BM /`m; /Bb+Qp2`vX AM `2+2Mi v2�`b i?Bb ?�b K2�Mi i?�i T?�`K�+2miB+�H +QKT�MB2b ?�p2 #22M
KQ`2 T`Q�+iBp2 BM 2ti2`M�H `2b2�`+? �M/ BMp2biK2Mib BM bi�`imTb ?�p2 ;`QrM 2tTQM2MiB�HHv (Rj-
R9)X h?2 ?B;? 7�BHm`2 `�i2b �M/ BM+`2�bBM; /2p2HQTK2Mi +Qbib K�v i?2`27Q`2 bm#b2[m2MiHv 7Q`+2
i?2 T?�`K�+2miB+�H BM/mbi`v iQ `2i?BMF Bib BMMQp�iBQM bi`�i2;B2b iQ b2+m`2 bm++2bb7mH /2p2HQT@
K2Mi Q7 M2r K2/B+BM2bX

SYSYk bR,CR3,RNRLC, �N0 TRICjC,�I +ICL�j3
6Q` /2+�/2b i?2 T?�`K�+2miB+�H BM/mbi`v ?�b #22M QM � DQm`M2v rBi? BM+`2�bBM; ?2�Hi? +�`2
#m/;2ib �M/ 2p2` ;`QrBM; bT2M/BM; 7Q` Tm`+?�bBM; K2/B+BM2bX h?Bb Bb i?2 K�BM `2�bQM r?v i?2
BM/mbi`v ?�b #22M �M/ biBHH Bb mM/2` i?2 b+`miBMv Q7 i?2 TQHBiB+�H 7Q`+2bX h?2 _�. +Qbib ?�p2
2pB/2MiHv ;QM2 mT �b BHHmbi`�i2/ �#Qp2- ?Qr2p2`- 2p2M rBi? i?2b2 ?B;? +Qbib i?2 T?�`K�+2miB+�H
BM/mbi`v ?�b /2KQMbi`�i2/ bQHB/ T`Q}i K�`;BMb �M/ +QMiBMmQmb ;`Qri?X h?2`2 �`2 biBHH K�Mv
mMK2i K2/B+�H M22/b �M/ T�iB2Mib �`2 HQQFBM; 7Q` HQr2` T`B+2b QM /`m;bX qBi? �M BM+`2�bBM;
bBx2 Q7 i?2 �;BM; TQTmH�iBQM i?�i rBHH BKTQb2 ?2�Hi? +�`2 +Qbib QM bQ+B2iv- i?2`2 Bb � /2K�M/ 7Q`
iB;?i2` T`B+2@+QMi`QH Q7 /`m; T`Q/m+ib (N)X h?2 T`B+2 T`2bbm`2 BKTQb2/ QM i?2 T?�`K�+2miB+�H
BM/mbi`v #v T�v2`b �M/ �mi?Q`BiB2b BM i?2 la �M/ BM 1m`QT2 ?�b #22M 2b+�H�iBM;X Ai Bb 2bT2+B�HHv
i?2 T`B+2 T`2bbm`2 b22M BM i?2 la i?�i Bb ;�BMBM; �ii2MiBQM rBi? i?2 la K�`F2i #2BM; i?2 rQ`H/b



f +RNj3Njc

H�`;2bi (R8)X

AMi2`2biBM;Hv Bb i?2 Q#b2`p�iBQM i?�i S`2bB/2Mi .QM�H/ h`mKT �M/ i?2 .2KQ+`�ib BM *QM;`2bb
�;`22 QM �HKQbi MQi?BM; @ 2t+2Ti 7Q` /QBM; ǴbQK2i?BM;Ǵ �#Qmi T`2b+`BTiBQM /`m; T`B+2bX �
/Bz2`2Mi T`B+BM; bvbi2K Q7 T`2b+`BTiBQM /`m;b BM i?2 la rBHH ?�p2 � i`2K2M/Qmb 2z2+i QM T`B+2
2`QbBQM BM i?2 T?�`K�+2miB+�H BM/mbi`v B7 K�DQ` +?�M;2b �`2 ?�TT2MBM;X h?2 .2KQ+`�ib r�Mi
iQ 2KTQr2` J2/B+�`2 iQ M2;QiB�i2b T`B+2b /B`2+iHv rBi? i?2 T?�`K�+2miB+�H +QKT�MB2b- r?BH2
i?2 _2Tm#HB+�Mb T`272` � K�`F2i@#�b2/ �TT`Q�+? F22TBM; Qmi i?2 ;Qp2`MK2Mi Q7 i?2b2 T`B+2
/2�HbX h?2 TQHBiB+�H T`2bbm`2 Bb i?2`27Q`2 pBbB#H2 �M/ +QMiBMmQmb �M/ � #`Q�/2` Tm#HB+ #�+FH�b?
�;�BMbi /`m; T`B+2b 7m`i?2` �z2+ib i?2 �H`2�/v `�iiH2/ T?�`K�+2miB+�H BM/mbi`vX a2p2`�H +QK@
T�MB2b ?�p2 TH2/;2/ iQ HQr2` T`B+2b �M/ �`2 bm//2MHv #�+FBM; Qz- r?B+? BHHmbi`�i2b ?Qr i?2
T`B+BM; TQr2` Bb /Bb�TT2�`BM; 7�biX

h?2b2 bQ+BQ2+QMQKB+ /2K�M/b �M/ 2p2Mim�HHv � ?QbiBH2 TQHBiB+�H 2MpB`QMK2Mi b22K iQ `2[mB`2
i?2 T?�`K�+2miB+�H BM/mbi`v iQ `2�bb2bb i?2B` BMMQp�iBQM �M/ _�. bi`�i2;B2bX h?2v M22/ iQ
BM+`2�b2 i?2B` 2{+B2M+v �M/ T`Q/m+iBpBiv iQ �//`2bb i?2 ;`QrBM; /2K�M/b 7Q` #2ii2` �M/fQ`
HQr2` T`B+2/ /`m;b 7`QK i?2 T�iB2Mib �M/ ;Qp2`MK2MibX

SYSY: ;IR$�ICy�jCRN �N0 QnjcRna,CN< R8 `3c3�a,@
h�+FHBM; i?2 _&. T`Q/m+iBpBiv T`Q#H2K Bb � #B; +?�HH2M;2 7Q` �M BM/mbi`vX AM i?2 }`bi /2+�/2
Q7 i?2 kRbi +2Mim`v � H�`;2 MmK#2` Q7 J&� r2`2 K�/2 iQ BM+`2�b2 FMQrH2/;2 bTBHH Qp2` #2@
ir22M +H�bbB+�HHv p2`v +HQb2/ +QKT�MB2b- #mi i?Bb ?�b MQi BM+`2�b2/ T`Q/m+iBpBiv �b r�b ?QT2/X
G�`;2 KmHiBM�iBQM�H T?�`K�+2miB+�H +QKT�MB2b 7QmM/ i?2Kb2Hp2b rBi? i?2 2MQ`KQmb T`Q#H2K
Q7 +QQ`/BM�iBM; `2b2�`+? #2ir22M b+B2MiBbi �M/ /Bz2`2Mi `2b2�`+? H�#b- rBi? HBiiH2 ;�BM (k)X qBi?
i?2 HBiiH2 bm++2bb 7`QK J&�b i?2 BM/mbi`v ?�b #22M }M/BM; M2r r�vb iQ /2+`2�b2 i?2 +Qbi Q7
/`m; /2p2HQTK2Mi rBi? QmibQm`+BM; #2BM; BM+`2�bBM;Hv mb2/ iQ Qzb2i i?2 +QbiX

qBi? `BbBM; _&. +Qbi i?2 BM/mbi`v ?�b HQQF2/ 7Q` r�vb iQ /2+`2�b2 bT2M/BM; �M/ � `BbBM; i`2M/
?�b #22M QmibQm`+BM; Q7 _&. �+iBpBiB2bX h?2 QmibQm`+BM; Q7 _&. �+iBpBiB2b ?�b BM+`2�b2/ 7`QK
Ry% iQ 9y% BM i?2 v2�`b RNNd@kyyN (Re)(Rd)X P`B;BM�HHv K�Mv T?�`K�+2miB+�H +QKT�MB2b rQmH/
QmibQm`+2 i?2 +HBMB+�H i`B�Hb bBM+2 i?2v �`2 H�#Qm` BMi2MbBp2 �M/ +QbiHv iQ K�BMi�BM BM@?Qmb2-
i?2 MmK#2`b Q7 +HBMB+�H i`B�Hb ;QBM; QM +�M p�`v rBi? i?2 MmK#2`b Q7 TQbbB#H2 /`m; +�M/B/�i2bX
AM `2+2Mi v2�`b r2 ?�p2 b22M � `Bb2 BM QmibQm`+BM; Q7 _&. �+iBpBiB2bX PmibQm`+BM; Q7 _&. iQ
+QMi`�+i `2b2�`+? Q`;�MBx�iBQMb U*_PbV r�b �i }`bi mb2/ iQ +QKTHBK2Mi �M/ 2ti2M/ BM@?Qmb2
+�T�#BHBiB2b- �M/ r2`2 KQbiHv mb2/ 7Q` H�#Qm` BMi2MbBp2 �M/ ?B;?Hv bi�M/�`/Bx2/ T�`ib Q7 i?2
T`Q+2bbX qBi? i?2 2K2`;2M+2 Q7 #BQi2+?MQHQ;v K�Mv bi�`i@mTb /B/ MQi ?�p2 i?2 +�T�#BHBiv �M/
`2bQm`+2b 7Q` K�Mv Q7 i?2B` _&. �+iBpBiB2b r?B+? H2/ iQ � #QQKBM; K�`F2i BM *_Pb �M/ Km+?
;`2�i2` /2K�M/ 7Q` 7mHH@b2`pB+2 *_Pb- �HHQrBM; bi�`i@mTb iQ 2ti2M/ i?2B` +�T�#BHBiB2b rBi?Qmi
b�+`B}+BM; +QMi`QH (Re)X

qBi? BMMQp�iBQM KQpBM; Qmi Q7 i?2 #B;@T?�`K� H�#b �M/ BMiQ /Bbi`B#mi2/ bK�HH2` mMBib- Bi Bb
MQi bi`�M;2 i?�i � HQi Q7 BMMQp�iBQM /Q2b MQi ?�p2 iQ #2 HQ+�HBx2/ iQ 72r +QmMi`B2bX �Mvr?2`2
BM i?2 rQ`H/ � ;QQ/ B/2� +�M #2 K�MB72bi2/ BMiQ � /`m; H2�/X .2p2HQTBM; /`m;b 7Q` K�`F2i Bb
biBHH [mBi2 2tT2MbBp2 #mi i?2 2�`Hv bi�;2 `2b2�`+? /Q2b MQi ?�p2 iQ #2 +QbiHvX qBi? KQ/2`MBx�@
iBQM �M/ /Bp2`bB}2/ FMQrH2/;2- KQ`2 �M/ KQ`2 �+�/2KB+ BMbiBimiBQMb �M/ Qi?2` `2b2�`+? ?m#b
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�`2 MQr /QBM; i?2 ;`QmM/rQ`F 7Q` i?2 T?�`K�+2miB+�H BM/mbi`v (Re)(Rd)X h?Bb i`2M/ ?�b /`�@
K�iB+�HHv BM+`2�b2/ i?2 +QKT2iBiBQM rBi? i?2 BM+mK#2Mi T?�`K�+2miB+�H +QKT�MB2b #mi �HbQ
T`QpB/2/ i?2K rBi? ;`2�i QTTQ`imMBiv B7 i?2v bi�v pB;BH�MiX h?2 /2+2Mi`�HBx�iBQM Q7 `2b2�`+?
�M/ KQ/2`MBx�iBQM- BM T�`iB+mH�` BM i?2 j`/ rQ`H/ +QmMi`B2b- ?�b K2�Mi i?�i _&. Bb � ;HQ#�H
�+iBpBiv 7Q` i?2 T?�`K�+2miB+�H BM/mbi`vX J�M�;BM; iQ BM+Q`TQ`�i2 i?Bb ;HQ#�H _&. M2irQ`F
Bb � #B; +?�HH2M;2 7Q` i?2 BM/mbi`v #mi i?2 +�T�#BHBiB2b Q7 i?2 BM+mK#2Mib �`2 biBHH p2`v `2H2p�Mi
7Q` K�Mv bK�HH2` 2MiBiB2b �b i?2v ?�p2 i?2 +QKTH2K2Mi�`v �bb2ib M22/2/ 7Q` H2�/ /2p2HQTK2Mi
�M/ +QKK2`+B�HBx�iBQM(Rd)X

SYl BNNRq�jCRN CN j@3 T@�aL�,3njC,�I BN0ncjaw
AMMQp�iBQM Bb i?2 mM/2`HvBM; #�+F#QM2 Q7 i?2 T?�`K�+2miB+�H BM/mbi`v iQ 2Mbm`2 i?2 /2p2HQT@
K2Mi Q7 MQp2H K2/B+�iBQM iQ bQHp2 mMK2i T�iB2Mi M22/bX .m`BM; i?2 T�bi /2+�/2b- i?2 BM/mbi`v
?�b T`QpB/2/ MmK2`Qmb K2/B+�iBQMb iQ ?2HT +m`2 Q` �HH2pB�i2 K2/B+�H M22/b �M/ ?�b b�p2/
KBHHBQMb Q7 HBp2bX �//BiBQM�HHv- i?Bb ?�b BKT`Qp2/ i?2 [m�HBiv Q7 HB72 �M/ ;2M2`�H ?2�Hi? Q7 rQ`H/@
rB/2 TQTmH�iBQM #v /Bb+Qp2`B2b Q7 M2r K2/B+�iBQMb 7Q` +�`/BQp�b+mH�`- K2i�#QHB+- �`i?`BiBb- T�BM-
/2T`2bbBQM- �MtB2iv- QM+QHQ;v- ;�bi`QBMi2biBM�H /BbQ`/2`b- BM72+iBQmb /Bb2�b2b �M/ i?2 HBbi ;Q2b
QM(N)X

h?2 i2`K #HQ+F#mbi2` Bb mb2/ iQ /2MQi2 /`m;b rBi? �M �MMm�H b�H2 Q7 KQ`2 i?�M 0R #BHHBQMX
h�FBM; � ?BbiQ`B+�H pB2r- i?2 RNNyb Bb +QMbB/2`2/ i?2 ;QH/2M 2`� BM i?2 T?�`K�+2miB+�H BM/mbi`v
�M/ K�Mv #HQ+F#mbi2`b r2`2 +`2�i2/ /m`BM; i?Qb2 v2�`bX AM H�i2 RNNyb- r2 b�r � `2+Q`/@b2iiBM;
MmK#2` Q7 �TT`Qp�Hb Q7 8e �M/ 98 LJ1b �M/ M2r #BQHQ;B+�H 2MiBiB2b UL"1bV #v i?2 la 6.�
BM RNNe �M/ RNNd- `2bT2+iBp2Hv(N)X

AMMQp�iBQM BM i?2 T?�`K�+2miB+�H BM/mbi`v Bb � HQM;- H�#Q`BQmb �M/ +QbiHv T`Q+2bbX h?2`2 �`2
MQi K�Mv +QKT�MB2b i?�i ?�p2 i?2 +�T�#BHBiB2b �M/ `2bQm`+2b iQ #`BM; � TQi2MiB�H /`m; �HH i?2
r�v 7`QK �M B/2� iQ /Bb+Qp2`v iQ K�`F2iX �b rBi? Qi?2` +QbiHv �M/ ?B;?@`BbF T`Q/m+ib- b2+`2+v
�#Qmi /2p2HQTK2Mi Bb � K�DQ` 7�+iQ` BM p�Hm2 +`2�iBQM rBi?BM i?2 BM/mbi`vX h`�/BiBQM�HHv- i?2
_�. BM T?�`K�+2miB+�H Q`;�MBx�iBQMb �`2 7mHHv BMi2;`�i2/- K2�MBM; i?�i i?2v �`2 +QKTQb2/
Q7 p�`BQmb mMBib rBi? /Bz2`2Mi bFBHHb �M/ +�T�#BHBiB2b 7`QK 2M/@iQ@2M/X h?2`2#v- �++QKTHBb?BM;
� KmHiB@/Bb+BTHBM�`v bi`m+im`2 i?�i Bb `2[mB`2/ iQ /2p2HQT M2r K2/B+BM2bX

PM2 Q7 i?2 F2v p�Hm2 ;2M2`�iBM; bi2Tb BM T?�`K�+2miB+�H _�. Bb i?2 i`�MbH�iBQM Q7 BMMQp�iBQM
7`QK `2b2�`+? BMiQ K2�MBM;7mH i?2`�TB2b 7Q` T�iB2Mib BM i?2 +HBMB+ (R3)X h?2 +Q`M2`biQM2 Q7 i?Bb
bi2T Bb i?2 `2b2�`+? �M/ KQ`2 bT2+B}+�HHv /`m; /Bb+Qp2`vX

h?2 T`Q+2bb Q7 ?Qr i?2 BMBiB�H /Bb+Qp2`v Q7 � TQi2MiB�H /`m; +�M/B/�i2 +QK2b �#Qmi +�M ;`2�iHv
p�`vX JQbi M2r /`m; �TT`Qp�Hb BM i?2 kyi? +2Mim`v +�K2 7`QK M�im`�H bQm`+2b- i?�i Bb TH�Mib-
�MBK�Hb- �M/ KB+`Q#BQHQ;B+�H bQm`+2b (RN)X h?2 #2;BMMBM; Q7 i?2b2 /Bb+Qp2`B2b Q7i2M ?�/ i?2B`
Q`B;BMb BM Q#b2`p�iBQMb- bm+? �b �H2t�M/2` 6H2KKBM;Ƕb /Bb+Qp2`v Q7 T2MB+BHHBM (ky)X AM i?2 H�i2`
T�`ib Q7 i?2 kyi? +2Mim`v- i?2`2 r�b � K�DQ` b?B7i BM #BQHQ;B+�H �bb�vb r?B+? ?�b H2/ iQ i?2
TQbbB#BHBiv Q7 i2biBM; � H�`;2 MmK#2` Q7 +QKTQmM/b �;�BMbi � /Bb2�b2 i�`;2i BM ?B;?@i?`Qm;?Tmi
b+`22MBM; U>haVX h?Bb K2i?Q/ `2TH�+2b Q#b2`p�iBQMb �M/ `2�bQM rBi? H�`;2 MmK#2`b Q7 ?v@
TQi?2iB+�H i�`;2ib BM+Q`TQ`�i2/ BMiQ BM@pBi`Q +2HH@#�b2/ �bb�vb (RN)X Pi?2` K�DQ` b?B7i BM i?Bb
/Bb+Qp2`v T?�b2 ?�b #22M +�mb2/ #v i?2 ;2MQK2 b2[m2M+BM; `2pQHmiBQM- �HHQrBM; 7Q` 2p2M KQ`2
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i�`;2i2/ /`m;bX h?2 /2p2HQTK2Mi Q7 #BQT?�`K�+2miB+�Hb Bb #QmM/ iQ Qm` mM/2`bi�M/BM; Q7 i?2
#BQHQ;B+�H i�`;2i r?B+? +Q``2H�i2b rBi? #�bB+ `2b2�`+? BM i?2 }2H/ Q7 #BQ+?2KBbi`v �M/ ;2MQKB+bX
6Q` 2t�KTH2- BM kyR3 i?2 6.� �TT`Qp2/ j *�H+BiQMBM ;2M2@`2H�i2/ T2TiB/2 U*:_SV BM?B#BiQ`b
7Q` i`2�iK2Mi Q7 KB;`�BM2b �7i2` i?2 /Bb+Qp2`v Q7 i?2B` `QH2 BM KB;`�BM2 �ii�+Fb (kR- kk)X

q?BH2 #�bB+ `2b2�`+? Bb i?2 7QmM/�iBQM Q7 i?2 /`m; /Bb+Qp2`v �M/ Bb TBpQi�H 7Q` i?2 /2p2HQTK2Mi
Q7 M2r /`m;b- i?2 BM/mbi`v ?�b ?�/ � ?�`/ iBK2 DmbiB7vBM; i?2 +Qbib Q7 bm+? #�bB+ `2b2�`+?X
h?mb- Bi ivTB+�HHv Q++m`b BM �+�/2KB� r?B+? Bb 7mM/2/ #v ;Qp2`MK2Mib- 7QmM/�iBQMb �M/ ;`�MibX
AM Q`/2` iQ Q#i�BM i?2 FMQrH2/;2 7`QK #�bB+ `2b2�`+?- i?2 BM/mbi`v ?�b +HQb2 +QHH�#Q`�iBQMb
rBi? �+�/2KB� /B`2+iHv Q` i?`Qm;? mMBp2`bBiv bTBM@Qmi +QKT�MB2b- 2X;X #BQi2+? bi�`imTbX

SYlYS i@3 +@�N<3 8aRL +IRc30 BNNRq�jCRN jR QU3N BNNRq�jCRN
h?2`2 �`2 K�Mv /Bz2`2Mi 7�+2b Q7 BMMQp�iBQM bi`�i2;B2b �M/ BMMQp�iBQM +QK2b BM K�Mv 7Q`KbX
h`�/BiBQM�HHv- i?2 #mbBM2bb KQ/2H �/QTi2/ #v KQbi +QKT�MB2b rQ`FBM; rBi?BM ?B;?@i2+? r�b
Ǵ+HQb2/Ǵ BMMQp�iBQMX h?2b2 +QKT�MB2b r2`2 ;Qp2`M2/ #v +HQb2/ BMMQp�iBQM 7Q` K�Mv /2+�/2b
r?2`2 B/2�b r2`2 ;2M2`�i2/ BMi2`M�HHv �M/ Tmb?2/ 7`QK +QM+2Ti iQ +QKK2`+B�HBx�iBQM mbBM;
p2`iB+�HHv BMi2;`�i2/ BMi2`M�H `2bQm`+2b (kj)X AM i?2b2 +HQb2/ Q`;�MBx�iBQMb- � bBHQ K2Mi�HBiv
T`2p�BH2/- bm``QmM/2/ rBi? � HQi Q7 b2+`2+v �b i?2 Q`;�MBx�iBQMb rQmH/ ;m�`/ �HH i?2B` BMi2HH2+@
im�H T`QT2`iv UASVX h?2 HQ;B+ `2�bQM 7Q` i?Bb r�b iQ T`Qi2+i i?2 +QKT�Mv BMi2`2bib �M/ T`2p2Mi
2tTHQBi�iBQM Q7 i?2B` T`QT`B2i�`v �bb2ibX

qBi? i2+?MQHQ;B+�H /2p2HQTK2Mi i?Bb KQ/2H ?�b `2+2MiHv #22M +?�HH2M;2/ #v K�Mv T`Q#H2Kb
`2;�`/BM; i?2 2{+B2M+v �M/ i?2 2ti2`M�H 2MpB`QMK2Mi ?�b 7m`i?2`KQ`2 +?�M;2/ /`�K�iB+�HHvX
S`Q72bbBQM�Hb MQr 7`22Hv +?�M;2 #2ir22M /Bz2`2Mi Q`;�MBx�iBQMb r?B+? BM2pBi�#Hv KQp2b i?2B`
2tT2`iBb2 �M/ FMQrH2/;2 rBi? i?2KX h?2 rQ`H/ ?�b 2Mi2`2/ i?2 2`� Q7 BM7Q`K�iBQM rBi? i?2
;`Qri? Q7 i?2 BMi2`M2i �M/ T2`p�bBp2M2bb Q7 K2/B� ?�p2 K�/2 BM7Q`K�iBQM Km+? KQ`2 �p�BH�#H2
i?`Qm;?Qmi i?2 bQ+B2ivX *QMM2+iBQM ?�b K�/2 i?2 rQ`H/ KQ`2 ;HQ#�H- #Qi? BM i2`Kb Q7 /B;Bi�H
+QMM2+iBQM �M/ i?2 `Bb2 Q7 +QKK2`+B�H- HQr +Qbi �B`HBM2bX JQ`2 rQ`F +�M #2 /QM2 BM /2+2Mi`�H@
Bx2/ mMBib BM 7`QMi Q7 KQMBiQ`b �M/ KQ`2 BM7Q`K�iBQM +�M #2 b?�`2/ rBi? Dmbi � +HB+FX �b �
+QMb2[m2M+2- 7Q` K�Mv Q7 i?2 +?�HH2M;2b �M/ T`Q#H2Kb rBi? i?2 i`�/BiBQM�H KQ/2H- i?2`2 Bb MQr
�M �`Kv Q7 T2QTH2 /Bbi`B#mi2/ �`QmM/ i?2 :HQ#2 rBi? i?2 TQi2MiB�H +�T�#BHBiB2b iQ bQHp2 p�`BQmb
T`Q#H2Kb �M/ i�+FH2 +?�HH2M;2bX �HH i?2b2 +�T�#BHBiB2b �M/ +QKT2i2M+B2b rQmH/ #2 BKTQbbB#H2
7Q` QM2 BM/BpB/m�H Q`;�MBx�iBQM iQ ?B`2 QM � T2`K�M2Mi #�bBb �M/ BMi2;`�i2/ BMiQ i?2B` bi`m+@
im`2X h?mb- iQ i�T BM iQ i?2b2 ;HQ#�HHv /Bbi`B#mi2/ `2bQm`+2b Bb QM2 Q7 i?2 F2v ;Q�Hb Q7 QT2M
BMMQp�iBQM(k9)X

�++Q`/BM; iQ >2M`v *?2b#`Qm;?- i?2`2 �`2 KmHiBTH2 K2�MBM;b Q7 i?2 i2`K ǴQT2M BMMQp�iBQMǴ
�M/ BM ?Bb QrM pB2r- Bi Bb i?2 �MiBi?2bBb Q7 i?2 i`�/BiBQM�H p2`iB+�H BMi2;`�iBQM KQ/2H- Q` i?2
Ǵ+HQb2/ BMMQp�iBQMǴ KQ/2HX >2 2tTH�BMb QT2M BMMQp�iBQM BM QM2 b2Mi2M+2 �b Ǵi?2 mb2 Q7 Tm`TQbBp2
BM~Qrb �M/ Qmi~Qrb Q7 FMQrH2/;2 iQ �++2H2`�i2 BMi2`M�H BMMQp�iBQM �M/ 2tT�M/ i?2 K�`F2ib
7Q` 2ti2`M�H mb2 Q7 BMMQp�iBQMǴ(k8)X h?mb- i?2 BMMQp�iBQM +�T�#BHBiB2b MQi #2 +QMbi`�BM2/ iQ
i?2 #QmM/�`B2b Q7 i?2 BM/BpB/m�H Q`;�MBx�iBQMX PT2M BMMQp�iBQM ?�b #2+QK2 �M BMMQp�iBQM
bi`�i2;v 7Q` Q`;�MBx�iBQMb iQ #Qi? mb2 2ti2`M�H B/2�b �b r2HH �b BMi2`M�H QM2bX Ai �HbQ T`QpB/2b
#Qi? BMi2`M�H �M/ 2ti2`M�H T�i?b iQ i?2 K�`F2i r?2M Q`;�MBx�iBQMb �/p�M+2 i?2B` BMMQp�iBQMb
(ke)X

Peter Mouritzen
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AM b?Q`i- i?2 BM+Q`TQ`�iBQM Q7 QT2M BMMQp�iBQM BM Q`;�MBx�iBQMb �BKb iQ BKT`Qp2 i?2B` �#BHBiv
iQ BMMQp�i2 M2r B/2�b 7Q` T`Q/m+ib �M/ b2`pB+2b #v 2tTHQBiBM; #Qi? BMi2`M�H #mi KQ`2 BKTQ`@
i�MiHv i?2 2ti2`M�H BMMQp�iBp2 +�T�#BHBiB2b �M/ B/2�b T`2b2Mi2/ #v T�`iM2`b �M/ +QMbmK2`b iQ
�+?B2p2 K�`F2i bm++2bbX 6m`i?2`KQ`2- i?2b2 2ti2`M�H B/2�b +�M #2 ;�i?2`2/ �M/ 2p�Hm�i2/ �i
i?2 _�. bi�;2 r?B+? `2bmHib BM i?2 `2/m+iBQM Q7 BMMQp�iBQM `BbF- +Qbi Q7 BMMQp�iBQM- iBK2 �M/
BMpQHp2K2Mi- bBKTHv #2+�mb2 i?2 B/2�b Q`B;BM�i2 /B`2+iHv 7`QK 2ti2`M�H +QMi`B#miQ`bX

h?2`2 �`2 irQ FBM/b Q7 QT2M BMMQp�iBQMc QmibB/2@BM �M/ BMbB/2@Qmi- rBi? i?2 7Q`K2` #2BM; i?2
�bT2+i Q7 QT2M BMMQp�iBQM i?�i ?�b ;�BM2/ i?2 KQbi �ii2MiBQM #Qi? BM �+�/2KB+ `2b2�`+? �M/ BM
BM/mbi`v T`�+iB+2 (ke)X h?2 QmibB/2@BM ivT2 Q7 QT2M BMMQp�iBQM BMpQHp2b QT2MBM; mT � +QKT�MvǶb
BMMQp�iBQM T`Q+2bb2b- i?mb- �ii`�+iBM; /Bz2`2Mi FBM/b Q7 BMTmi �M/ +QMi`B#miBQMb 7`QK 2ti2`M�H
Q`;�MBx�iBQMbX Ai �HHQrb +QKT�MB2b iQ bQm`+2 2ti2`M�H BMMQp�iBQMb �M/ BMMQp�iBQM +�T�#BHBiB2b
i?�i Bb MQi `2bB/BM; BMbB/2 +QKT�Mv #QmM/�`B2bX

�M 2t�KTH2 Q7 � +QKT�Mv i?�i ?�b `2b?�T2/ i?2B` _�. KQ/2H iQ ?�`M2bb i?2 TQr2` Q7 2ti2`M�H
BMMQp�iBQM Bb i?2 H�`;2 +QMbmK2` T`Q/mpib +QKT�Mv- S`Q+i2` � :�K#H2 US�:VX AM kyyy- S�:
H�mM+?2/ i?2B` QT2M BMMQp�iBQM BMBiB�iBp2 +�HH2/ Ǵ*QMM2+i Y .2p2HQTǴX �b � `2bmHi- S�:Ƕb
T`Q/m+i bm++2bb `�i2 ;QM2 mT rBi? 8yW �M/ i?2 2{+B2M+v Q7 _�. r2Mi mT #v eyW `2TQ`i2/Hv
(kj)X �MQi?2` 2t�KTH2 Bb :QH/+Q`T- � KBMBM; +QKT�Mv i?�i QT2M2/ mT 7Q` +`Qr/bQm`+BM; M2r
TQi2MiB�H b2�Kb Q7 ;QH/ #v T`QpB/BM; i?2B` ;2QHQ;B+�H /�i� QMHBM2 �M/ +`2�iBM; � +QKT2iBiBQM
i?�i �r�`/2/ T�`iB+BT�Mib r?Q bm#KBii2/ i?2 #2bi K2i?Q/b �M/ 2biBK�i2bX :QH/+Q`T bm++2b@
7mHHv mb2/ i?Bb K2i?Q/ Q7 QT2M BMMQp�iBQM iQ }M/ KQ`2 i?�M 3 KBHHBQM QmM+2b Q7 ;QH/ r?BH2
`2/m+BM; 2tT2+i2/ 2tTHQ`�iBQM iBK2 #v k@j v2�`bX AM im`M- i?Bb i`�mK�iB+�HHv +?�M;2/ i?2 7Q`@
imM2 Q7 i?2 +QKT�Mv (kj)X

Pi?2` bm++2bb biQ`B2b Q7 BKTH2K2MiBM; QT2M BMMQp�iBQM BM+Hm/2b :2M2`�H 1H2+i`B+ U:1V- L�iBQM�H
�2`QM�miB+b �M/ aT�+2 �/KBMBbi`�iBQM UL�a�V- *Q+�@*QH�- G2;Q- a�KbmM; �M/ i?2 HBbi ;Q2b
QM (kd)X

SYlYl QU3N BNNRq�jCRN CN j@3 T@�aL�,3njC,�I BN0ncjaw
h?2 T?�`K�+2miB+�H BM/mbi`v ?�b #22M `2Q`;�MBxBM; Bib _&. bi`m+im`2 7Q` bQK2 iBK2 rBi? i?2
T`BK�`v ;Q�H Q7 BM+`2�bBM; T`Q/m+iBpBivX >�pBM; � +H2�` pBbBQM 7Q` _�. Bb 2bb2MiB�H 7Q` BMMQp�@
iBQM bi`�i2;v BM � K�`F2i /`Bp2M #v BMMQp�iBQMX h?2 T?�`K�+2miB+�H BM/mbi`v ?�b #22M i`vBM;
iQ +QMbQHB/�i2 �M/ �+[mB`BM; +�T�#BHBiB2b rBi? ?B;? T`Q}H2 J&�- #mi i?�i bi`�i2;v ?�b MQi v2i
#22M b?QrM iQ #2 2z2+iBp2 (k)X h?2 #mBH/@mT Q7 bK�HH MQ/2b Q7 BMMQp�iBQM rBi? bTBM@Qzb �M/
bi�`i@mTb �+`Qbb i?2 :HQ#2- Bi Bb BKTQ`i�Mi 7Q` H�`;2` +QKT�MB2b iQ ?�p2 �++2bb iQ i?Bb M2irQ`F
Q7 BMMQp�iBQM iQ F22T K�`F2iBM; �M/ +�TBi�HBxBM; QM M2r B/2�bX h?2`2 Bb � i`2M/ BM i?2 BM/mbi`v
r?2`2 +QKT�MB2b +�M `2�+? KQ`2 2ti2`M�H BMMQp�iBQMb #v QT2MBM; mT i?2B` BMi2`M�H _�.X

h?2 T?�`K�+2miB+�H BM/mbi`v ?�b #22M ;Qp2`M2/ #v +HQb2/ BMMQp�iBQM 7Q` K�Mv /2+�/2bX �b
i?2 /2p2HQTK2Mi Q7 M2r T`Q/m+ib ?2�pBHv `2HB2b QM T�i2Mi T`Qi2+iBQM- i?2 BM/mbi`v ?�b #22M
bm``QmM/2/ #v � HQi Q7 b2+`2+vX h?mb- � bBHQ K2Mi�HBiv r?2`2 MQi?BM; Bb b?�`2/ #2ir22M Q`@
;�MBx�iBQMb �M/ T`Q/m+ib ?�p2 #22M /2p2HQT2/ i?`Qm;? 7mHHv BMi2;`�i2/ #mbBM2bb KQ/2Hb rBi?
/`m; /Bb+Qp2`v i?`Qm;? +HBMB+�H /2p2HQTK2Mi �M/ K�`F2i �mi?Q`Bx�iBQM @ �HH rBi?BM i?2 b�K2
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Q`;�MBx�iBQMX

�b QmiHBM2/ BM a2+iBQM RXR- i?2 T?�`K�+2miB+�H BM/mbi`v bi�M/b BM 7`QMi Q7 p�`BQmb +?�HH2M;2b- BM
HBM2 rBi? r?�i Qi?2` b2+iQ`b Ur?B+? ?�p2 �HbQ �/QTi2/ QT2M BMMQp�iBQMV ?�p2 2tT2`B2M+2/X h?2
QTTQ`imMBiv iQ BM+`2�b2 �++2bb iQ iQQHb- i2+?MQHQ;B2bfBMMQp�iBQMb- B/2�b �M/ +�T�#BHBiB2b ?�b
/`Bp2M H�`;2 T?�`K�+2miB+�H +QKT�MB2b iQ `2i?BMF i?2B` #mbBM2bb KQ/2Hb �M/ _�. bi`�i2;B2bX

h?2 BM/mbi`v ?�b #22M +?�M;BM; iQ � KQ`2 QT2M �TT`Q�+? 7Q` bQm`+BM; 2ti2`M�H BMMQp�iBQMb
/m2 iQ KmHiBTH2 2ti`BMbB+ �M/ BMi`BMbB+ 7�+iQ`bX h?2b2 +?�M;2b ?�p2 `2bmHi2/ BM M2r KQ/2Hb
7Q` BM+Q`TQ`�iBM; 2ti2`M�H BMMQp�iBQMb BMiQ i?2 +QKT�MvǶb BMi2`M�H TBT2HBM2b (R3)X *m``2MiHv-
i?2 T?�`K�+2miB+�H BM/mbi`v ?�b ?�/ � 7Q+mb QM H2p2`�;BM; 2ti2`M�H FMQrH2/;2- HB+2MbBM; Q`
�+[mB`BM; /`m; +�M/B/�i2b �M/ +?�M;2/ i?2B` _�. KQ/2HbX h?Bb ?�b T`BK�`BHv #22M /`Bp2M #v
BMi2`M�H +QM+2Tib �M/ TH�Mb i?�i KQ`2 +HQb2Hv 7QHHQr i?2 QT2M BMMQp�iBQM T�`�/B;KX *QMb2@
[m2MiHv- i?2 MmK#2` Q7 2ti2`M�HHv bQm`+2/ _�. �bb2ib ?�b BM+`2�b2/ (kj)X *QBM+B/2Mi�HHv- i?Bb
`Bb2 BM bQm`+BM; 2ti2`M�H BMMQp�iBQM ?�b #22M b22M BM i?2 BM/mbi`v �7i2` H�`;2 T?�`K�+2miB+�H
+QKT�MB2b ?�p2 mM/2`;QM2 K�DQ` /QrMbBxBM; Q7 i?2B` _�. /2T�`iK2Mib- BM+Hm/BM; J2`+F- �b@
i`�w2M2+� �M/ S}x2` (kj)X

h?2 7QHHQrBM; b2+iBQM T`QpB/2b � +QmTH2 Q7 2t�KTH2b Q7 i?2 +m``2Mi bBim�iBQM Q7 QT2M BMMQp�iBQM
BM i?2 T?�`K�+2miB+�H b2+iQ`X Ai BM+Hm/2b #`B27 /2b+`BTiBQMb Q7 i?2 +QM+2Tib �M/ KQ/2Hb Q7 QT2M@
BM; mT T?�`K� _�.X >Qr2p2`- Bi +�M #2 [m2biBQM2/ r?v #B; T?�`K� ?�b v2i iQ 7mHHv 2K#`�+2
i?2 /Bz2`2Mi B/2�b Q7 QT2M BMMQp�iBQM iQ BM+`2�b2 i?2B` _�. T`Q/m+iBpBiv �M/ 2{+B2M+vX

h?2`2 �`2 MmK2`Qmb T?�`K�+2miB+�H +QKT�MB2b r?B+? ?�p2 BM+Q`TQ`�i2/ QT2M BMMQp�iBQM KQ/@
2Hb HBF2 1HB GBHHv- :H�tQaKBiEHBM2 U:aEV- S}x2`- "Q2?`BM;2` AM;2H?2BK �M/ G1P S?�`K�X
"Q2?`BM;2` AM;2H?2BK ?�b miBHBx2/ �M BMbB/2@Qmi QT2M BMMQp�iBQM KQ/2H rBi? i?2B` QTMJ2 TH�i@
7Q`KX S`2+HBMB+�H +QKTQmM/b 7Q` MQM@+HBMB+�H BMp2biB;�iBQM Tm`TQb2b �`2 Qz2`2/ 7`22Hv �M/ �b
QT2M �++2bbX h?2 b2H2+iBQM Bb r2HH@+?�`�+i2`Bx2/ �M/ BM+Hm/2b K�Mv #2bi@BM@+H�bb +QKTQmM/b
i?�i ?�p2 #22M /2p2HQT2/ 7Q` KQH2+mH�` i�`;2ibX h?mb- "Q2?`BM;2` AM;2H?2BK r�Mi iQ #2M2}i
7`QK i?2 QT2MM2bb �M/ bmTTQ`iBp2M2bb #v mMHQ+FBM; i?2 7mHH +HBMB+�H TQi2MiB�H i?`Qm;? +QHH�#@
Q`�iBQMb iQ #2M2}i T�iB2Mib #v T`QpBM; M2r i`2�iK2Mib (k3)X h?2`2#v- "Q2?`BM;2` AM;2H?2BK
+�M �++2bb 2ti2`M�H FMQr@?Qr #v QmibQm`+BM; r?B+? BM im`M `2/m+2b /2p2HQTK2Mi iBK2 �M/
+Qbi r?BH2 i?2v �++2bb 2ti2`M�H FMQrH2/;2 i?�i i?2v /Q MQi TQbb2b rBi?BM i?2 #QmM/�`B2b Q7
i?2 Q`;�MBx�iBQMX

"�bB+ `2b2�`+? Bb ivTB+�HHv T2`7Q`K2/ BM �M �+�/2KB+ b2iiBM;X :`QmTb BM �+�/2KB+ #BQK2/B+BM2
?�p2 `2�HBx2/ i?�i iQQHb- i2+?MQHQ;B2b �M/ 2tT2`B2M+2 `2bB/BM; BM T?�`K�+2miB+�H +QKT�MB2b +�M
#2 mb2/ �b �bbBbi�M+2 iQ /2p2HQT B/2�b �M/ `2b2�`+? 7`QK �+�/2KB� iQr�`/b +HBMB+�H �TTHB+�iBQMX
�b � +QMb2[m2M+2- i?2 b?B7i BM i?2 +mHim`�H H�M/b+�T2 ?�b �HHQr2/ 7Q` � rB/2` �/QTiBQM Q7 QT2M
BMMQp�iBQM KQ/2HbX J�Mv Q7 i?2 QT2M BMMQp�iBQM BMBiB�iBp2b BM T?�`K�+2miB+�H +QKT�MB2b ?�p2
#22M 7Q+mb2/ QM b2iiBM; mT i?2b2 +QHH�#Q`�iBQMb #2ir22M ?Qbi +QKT�Mv �M/ �+�/2KB+ BMbiB@
imiBQMb �M/ b+B2M+2 +Hmbi2`bX h?mb- K�FBM; TQi2MiB�H T�`iM2`b?BTb KQ`2 2�bBHv �p�BH�#H2 7Q`
2t+?�M;BM; FMQrH2/;2- i2+?MQHQ;B2b �M/ 2tT2`B2M+2 #2ir22M Q`;�MBx�iBQMb (kj)X

h?Bb �HbQ BM+Hm/2b i?2 �TT`Q�+? i?�i S}x2` iQQF #v `2/m+BM; i?2B` _�. #m/;2i �M/ 2bi�#HBb?
*2Mi2`b 7Q` h?2`�T2miB+ AMMQp�iBQM- i?2B` i�F2 QM �M QT2M BMMQp�iBQM KQ/2H �BKBM; iQ 7Q`K
KQ`2 ;HQ#�H T�`iM2`b?BTb #2ir22M S}x2` �M/ �+�/2KB+ K2/B+�H +2Mi2`b (kN)X Pi?2` Q`;�MBx�@

Peter Mouritzen




SYl BNNRq�jCRN CN j@3 T@�aL�,3njC,�I BN0ncjaw SS

iBQMb r2`2 �HbQ �HHQr2/ iQ mb2 S}x2`Ƕb BMi2`M�H +QKTQmM/ HB#`�`v 7Q` b+`22MBM; (kj)X

:aE iQQF i?2 `�/B+�H �TT`Q�+? iQ +`2�i2 � T�i2Mi TQQH i?�i r�b Tmi BMiQ i?2 Tm#HB+ /QK�BM-
i?mb- `2KQpBM; AS �b � #�``B2` iQ `2b2�`+? 7Q` i`2�iK2Mib rBi?BM M2;H2+i2/ /Bb2�b2bX JQ`2 i?�M
3yy T�i2Mib 7Q` +QKTQmM/b Q` T`Q+2bb r2`2 BM+Hm/2/ BM i?Bb TQQH (kj)X AM �//BiBQM iQ i?Bb- KQ`2
i?�M RjX8yy T`QKBbBM; TQi2MiB�H ?Bib 7Q` /`m; /Bb+Qp2`v BM J�H2`B� r2`2 Tm#HBb?2/ BM kyRyX
h?2v �//2/ �#Qmi kyy i2`�#vi2b Uh"V Q7 ?Bib BMiQ i?2 Tm#HB+ /QK�BM 7Q` im#2`+mHQbBb `2b2�`+?
iQ #2 7`22Hv �p�BH�#H2 7Q` Tmb?BM; 7Q` � +QKTH2i2Hv QT2M �TT`Q�+? iQ im#2`+mHQbBb `2b2�`+? iQ
/2p2HQT M2r K2/B+BM2b (jy)X :aE ?�b �HbQ +`2�i2/ #BQb+B2M+2 T�`Fb �M/ QT2M H�#Q`�iQ`B2b #�b2/
QM �M QT2M BMMQp�iBQM KQ/2H �M/ MQi@7Q`@T`Q}i T�`iM2`b?BTb (kj- jy)X

AM 2�`Hv kyyk 1HB GBHHv 2bi�#HBb?2/ i?2 KQbi `�/B+�H +QM+2Ti Q7 QT2M BMMQp�iBQM �KQM; i?2 ;HQ#�H
T?�`K�+2miB+�H +QKT�MB2bX AM kyyN- i?2v H�mM+?2/ i?2 S?2MQivTB+ .`m; .Bb+Qp2`v AMBiB�iBp2
r?B+? K�F2b 1HB GBHHvǶb �bb�vb �M/ 2tT2`iBb2 �p�BH�#H2 iQ �+�/2KB� 7Q` bQm`+BM; M2r 2ti2`M�H
+QHH�#Q`�iBQMb �M/ +QKTQmM/bX �//BiBQM�HHv- i?2v 2bi�#HBb?2/ i?2 6mHHv AMi2;`�i2/ S?�`K�
L2irQ`F- i?2 h�`;2i .`m; .Bb+Qp2`v AMBiB�iBp2 �M/ mHiBK�i2Hv Bi `2bmHi2/ BM i?2 1HB GBHHv PT2M
AMMQp�iBQM .`m; .Bb+Qp2`v UPA..V TH�i7Q`KX �HH Q7 i?2b2 2H2K2Mib �`2 Q7 � KQ`2 QT2M #mbBM2bb
KQ/2H 7Q` T?�`K�+2miB+�H _�. (kj- kN)X

1HB GBHHvǶb PA.. SH�i7Q`K r�b � TBQM22`BM; �TT`Q�+? i?�i ?�b bT�rM2/ BMbTB`�iBQM iQ Qi?2`
+QKT�MB2b iQ /2p2HQT bBKBH�` BMBiB�iBp2b- 2X;X G1P S?�`K�Ƕb PT2M AMMQp�iBQM SH�i7Q`K r�b BMB@
iB�HHv BMbTB`2/ #v 1HB GBHHvǶb PA.. TH�i7Q`K #mi ?�b bBM+2 2pQHp2/ BMiQ Bib QrM T�i?X >Qr2p2`-
Bi Bb MQi2rQ`i?v iQ K2MiBQM i?�i 1HB GBHHv +?QQb2 iQ b?mi /QrM i?2B` PA.. TH�i7Q`K BM kyRN-
K2�MBM; i?�i i?2B` r2#bBi2 �M/ i?2B` BMBiB�iBp2 ?�p2 ;QM2 Q|BM2X qBi? HBiiH2 Q` MQ 2tTH�M�iBQM-
i?2v ?�p2 +?Qb2M iQ 2M/ i?2B` QT2M BMMQp�iBQM TH�i7Q`K - T2`?�Tb- BM/2}MBi2Hv Q` iQ T`QpB/2
bQK2i?BM; M2r r?B+? QMHv iBK2 rBHH i2HHX Pi?2` +QKT�MB2b bm+? �b G1P S?�`K� +QMiBMm2b iQ
TBQM22` QT2M BMMQp�iBQM BMiQ i?2 7mim`2 #v BKT`QpBM; i?2B` TH�i7Q`Kb �M/ �TT`Q�+?2b +QMiBMm@
QmbHv 7Q` i?2 #2M2}i Q7 i?2Kb2Hp2b �M/ i?2B` T�`iB+BT�MibX

P7i2M �bbQ+B�i2/ rBi? HQr2` +Qbib /m2 iQ 2+QMQKB2b Q7 b+�H2- QT2M BMMQp�iBQM mbm�HHv BM+Hm/2b
i?2 ;2M2`�H BM7`�bi`m+im`2 �M/ `2bQm`+2b U+QKTQmM/ K�M�;2K2MiV- >ha- +HBMB+�H /2p2HQTK2Mi
�M/ `2;mH�iQ`v �z�B`b- +?2KBbi`v- K�Mm7�+im`BM; �M/ +QMi`QH U*J*V- K�`F2iBM; �M/ b�H2b (j)X

�b /Bb+mbb2/ �#Qp2- Bi `2K�BMb +H2�` i?�i QT2M BMMQp�iBQM BM `2+2Mi v2�`b ?�b T`Qp2M iQ #2 �
?B;?Hv BMi2`2biBM; +QM+2Ti i?�i +�M BKT�+i i?2 _�. T`Q/m+iBpBiv BM i?2 T?�`K�+2miB+�H BM/mb@
i`vX 6m`i?2`KQ`2- rBi? QT2M BMMQp�iBQM #2BM; BM+`2�bBM;Hv BM+Q`TQ`�i2/ BM i?2 _�. bi`�i2;v
BM i?2 T?�`K�+2miB+�H BM/mbi`v- i?2`2 b22K iQ #2 �M mM2tTHQ`2/ TQi2MiB�H Q7 ?�`M2bbBM; i?2
TQr2` Q7 QT2M BMMQp�iBQM TH�i7Q`Kb iQ BM+`2�b2 i?2 ;HQ#�H Qmi`2�+? Q7 2ti2`M�H BMMQp�iBQMX h?2
BM+`2�b2 BM J�� /2�Hb 2bi�#HBb? � HQi Q7 T`2bbm`2 QM bQm`+BM; [m�HBiv TQ`i7QHBQb- /m2 /BHB;2M+2
�M/ M2;QiB�iBM; /2�Hb 7Q` �+[mB`BM; Q` K2`;BM; +QKT�MB2bX �b �HH i?2 H�`;2 TH�v2`b BM i?2 T?�`@
K�+2miB+�H BM/mbi`v ?�p2 HQQF2/ iQr�`/b i?Bb- i?2`2 Bb �M BM+`2�b2/ +QKT2iBiBQM 7Q` [m�HBiv
�+[mBbBiBQMbX h?mb- bQK2 +QKT�MB2b �`2 HQQFBM; iQ QT2M BMMQp�iBQM TH�i7Q`Kb BM /`m; /Bb+Qp@
2`v iQ ;�BM �++2bb iQ /`m; TBT2HBM2b BM i?2B` 2�`HB2bi bi�;2bX
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h?2 +QKT2iBiBQM QM � ;HQ#�H b+�H2 �M/ 2ti2`M�H T`2bbm`2b `2[mB`2 T?�`K�+2miB+�H +QKT�MB2b iQ
`2/2bB;M i?2B` BMMQp�iBQM bi`�i2;vX h?2 2tT2M/Bim`2 Q7 _�. ?�b #22M BM+`2�bBM; Qp2` i?2 T�bi
/2+�/2b rBi? /2+`2�bBM; _PA Q7 /QHH�`b bT2Mi QM _�.X 6m`i?2`KQ`2- i?2 #HQ+F#mbi2` 2`� Bb QM
� /QrMim`M rBi? H2bb T`Q/m+ib `2�+?BM; � T2�F b�H2 Q7 KQ`2 i?�M 0R #BHHBQM �M/ M2r K2/B+BM2b
�`2 7Q`2+�bi2/ iQ ?�p2 HQr2` T2�F b�H2b i?�M T`2pBQmbHvX h?2 T`Q/m+iBpBiv rBi?BM T?�`K�+2miB@
+�H +QKT�MB2b ?�b #22M bHQrBM; /QrM �M/ i?2`2 Bb � M22/ 7Q` M2r r�vb iQ BM+`2�b2 BiX 1ti2`M�H
BMMQp�iBQMb i?2`27Q`2 ?�p2 #2+QK2 � +2Mi`�H TB2+2 Q7 BM+mK#2Mi T?�`K�+2miB+�H +QKT�MB2bǶ
TBT2HBM2bX h?2`2 �`2 BM/22/ �HbQ K�Mv r�vb i?�i i?2 T?�`K�+2miB+�H BM/mbi`v bQm`+2b 2ti2`M�H
BMMQp�iBQM �M/ i?2 BM+`2�bBM; M22/ iQ ?�p2 � ;HQ#�H T`2b2M+2 Bb 2pB/2MiX G�biHv- i?2`2 b22Kb
iQ ?�p2 #22M � b?B7i 7`QK +HQb2/ BMMQp�iBQM KQ/2Hb iQ KQ`2 QT2M BMMQp�iBQM KQ/2Hb r?B+?
bm#b2[m2MiHv QT2Mb mT 7Q` M2r QTTQ`imMBiB2b 7Q` +`Qr/bQm`+BM; Q` +Q@+`2�iBM; M2r T`Q/m+ib
mbBM; QT2M BMMQp�iBQM bi`�i2;B2bX

h?2 +Q`2 �BK Q7 i?Bb `2b2�`+? Bb iQ mM/2`bi�M/ ?Qr T?�`K�+2miB+�H +QKT�MB2b +�M mb2
QT2M BMMQp�iBQM iQ BM+`2�b2 i?2B` ;HQ#�H Qmi`2�+? Q7 2ti2`M�H BMMQp�iBQMbX �b QT2M
BMMQp�iBQM Bb BM+`2�bBM;Hv #2BM; BMi2;`�i2/ BM i?2 T?�`K�+2miB+�H BM/mbi`vǶb BMMQp�iBQM K�M@
�;2K2Mi- Bi ?�b #2+QK2 �M T`QKBbBM; �TT`Q�+? iQ 2bi�#HBb?BM; M2irQ`Fb �M/ +QKKmMBiB2b 7Q`
bQm`+BM; 2ti2`M�H BMMQp�iBQMbX qBi? i?2 BM+`2�b2/ T`2b2M+2 Q7 TH�i7Q`K@#�b2/ QT2M BMMQp�iBQM
BMBiB�iBp2b- i?2 MmK#2` Q7 KQH2+mH2b �p�BH�#H2 7Q` bQm`+BM; i?`Qm;? QT2M BMMQp�iBQM ?�b #22M
QM i?2 `Bb2X �b i?2b2 BMBiB�iBp2b �`2 �HH `2H�iBp2Hv M2r �M/ Bi `2K�BMb iQ #2 b22M B7 i?2b2 QT2M
BMMQp�iBQM bi`�i2;B2b rBHH bm++22/X 6Q` i?Bb `2�bQM- r2 7Q+mb2/ �M/ M�``Qr2/ /QrM Qm` `2b2�`+?
iQ BMp2biB;�i2 i?2b2 TH�i7Q`K@#�b2/ �TT`Q�+?2b iQ QT2M BMMQp�iBQM �M/ ?Qr i?2v +�M #2+QK2
KQ`2 rB/2bT`2�/ QM � ;HQ#�H b+�H2X

AM Q`/2` iQ +QMbQHB/�i2 Qm` K�BM `2b2�`+? [m2biBQM- r2 #`QF2 Bi /QrM iQ KQ`2 K�M�;2�#H2
bm#@[m2biBQMb iQ �Mbr2`X Ai 2M�#H2b mb iQ 2tTHQ`2 i?2 +m``2Mi bi�;2 Q7 BKTH2K2Mi�iBQM Q7 QT2M
BMMQp�iBQM BM i?2 T?�`K�+2miB+�H BM/mbi`vX �7i2`r�`/b- r2 +QmH/ 7Q+mb QM Qm` +�b2 bim/v- G1P
S?�`K�Ƕb PT2M AMMQp�iBQM SH�i7Q`K- �M/ ?Qr � ?B;?2` ;HQ#�H T`2b2M+2 +QmH/ #2 7Q`K2/ #v
BMp2biB;�iBM; ?Qr iQ �ii`�+i �M/ 2M;�;2 rBi? TQi2MiB�H T�`iB+BT�Mib BM i?2 laX h?2`27Q`2- Qm`
K�BM `2b2�`+? [m2biBQM BM+Hm/2/ i?2 7QHHQrBM; bm#@[m2biBQMb,

Ç >Qr Bb QT2M BMMQp�iBQM BM+Q`TQ`�i2/ BM i?2 T?�`K�+2miB+�H BM/mbi`v\

Ç >Qr /Q QT2M BMMQp�iBQM TH�i7Q`Kb T`QpB/2 p�Hm2 iQ i?2B` T�`iB+BT�Mib �M/ T�`iM2`b\

Ç q?B+? #�``B2`b Q7 2Mi`v �`2 2M+QmMi2`2/ r?2M BMi2`�+iBM; rBi? �M QT2M BMMQp�iBQM TH�i@
7Q`K\

h?Bb i?2bBb �M/ +Q``2bTQM/BM; `2b2�`+? ?�p2 #22M +QM/m+i2/ BM +HQb2 +QHH�#Q`�iBQM rBi? G1P
S?�`K� �b i?2 �mi?Q`b r2`2 BM+Q`TQ`�i2/ BM i?2 +QKT�Mv �b BMi2`MbX G1P S?�`K� Bb mb2/
�b Qm` T`BK�`v +�b2 bim/v 7Q` i?2 `2b2�`+? �b i?2v ?�p2 K�/2 � bi`�i2;B+ /2+BbBQM iQr�`/b
#2BM; Ǵ+�`BM;- i`mbirQ`i?v �M/ QT2MǴUG1P r2#bBi2V BM Q`/2` iQ BM+`2�b2 i?2B` ;HQ#�H T`2b2M+2X
6m`i?2`KQ`2- G1P S?�`K� ?�b b22KBM;Hv � bm++2bb7mH QT2M BMMQp�iBQM TH�i7Q`K r?B+? i?2v
�`2 b22FBM; iQ 2tT�M/ BM +QKBM; v2�`b iQ BM+`2�b2 i?2B` ;HQ#�H Qmi`2�+? Q7 2ti2`M�H BMMQp�@
iBQMbX h?2 2zQ`ib �`2 K�/2 iQ BKT`Qp2 i?2B` BMMQp�iBQM bi`�i2;B2b i?`Qm;? �M 2tTHQ`�iQ`v
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�TT`Q�+? i?�i +�M +QMi`B#mi2 iQ _�. BM i?2 /2`K�iQHQ;v }2H/X AM Q`/2` iQ mT?QH/ i?2B` +QK@
T2iBiBp2 2/;2 BM i?2 /2`K�iQHQ;v }2H/- i?2B` TQbBiBQM �b BM/mbi`v H2�/2`b `2[mB`2b i?2K iQ F22T
BMMQp�iBM; BM i?2 BM+`2�bBM;Hv +QKT2iBiBp2 ;HQ#�H H�M/b+�T2X h?2`27Q`2- G1P S?�`K� Bb BMi2`@
2bi2/ BM ?Qr iQ �ii`�+i �M/ 2M;�;2 T�`iB+BT�Mib BM i?2 la- 2X;X #BQi2+? bi�`imTb �M/ �+�/2KB+bX

6`QK � Tm`2 �+�/2KB+ bi�M/TQBMi- r2 b22F iQ mM/2`bi�M/ ?Qr QT2M BMMQp�iBQM Bb mb2/ BM
T`�+iB+2 �M/ r2 r�Mi iQ BMp2biB;�i2 ?Qr Bi +�M #2 BKT`Qp2/ BM Q`/2` iQ BM+`2�b2 ;HQ#�H Qmi`2�+?
Q7 2ti2`M�H BMMQp�iBQMb i?`Qm;? QT2M BMMQp�iBQM TH�i7Q`KbX .m`BM; Qm` bi�v �i G1P S?�`K�-
r2 r2Mi iQ "QbiQM- J�bb�+?mbb2iib- la- 7Q` QM2 r22F- � pBbBi r?B+? ?2HT2/ mb iQ +QHH2+i
p�Hm�#H2 T`BK�`v /�i� �M/ ;�BM BMbB;?i BMiQ i?2 H�`;2bi HB72 b+B2M+2 +Hmbi2` BM i?2 rQ`H/X h?mb-
r2 ;�BM2/ �++2bb 7Q` +QHH2+iBQM Q7 �++m`�i2 /�i� 7`QK la@#�b2/ TQi2MiB�H T�`iB+BT�Mib Q7 �M
QT2M BMMQp�iBQM TH�i7Q`K r?BH2 �HbQ ;2iiBM; BMbB;?i BMiQ i?2 HB72@b+B2M+2 +QKKmMBiv QmibB/2 Q7
1m`QT2X



S: +RNj3Njc

SY: H2Q T@�aL� A � +�c3 bjn0w
G1P S?�`K� Bb � H2;�+v .�MBb? T?�`K�+2miB+�H +QKT�Mv- 7QmM/2/ BM RNy3 �M/ Bb MQr �M
BM/2T2M/2Mi �M/ `2b2�`+?@#�b2/ +QKT�Mv biBHH HQ+�i2/ BM .2MK�`FX P`B;BM�HHv- i?2 +QKT�Mv
r�b +�HH2/ ǶEǠ#2M?�pMb GǠp2�TQi2Fb F2KBbF2 6�#`BF- �M/ r�b � T?�`K�+v Tm`+?�b2/ #v T?�`@
K�+Bbib �m;mbi EQM;bi2/ �M/ �MiQM �MiQMb2MX h?2b2 r2`2 i?2 7QmM/�iBQMb Q7 i?2 ;HQ#�H
T?�`K�+2miB+�H +QKT�Mv i?�i Bb G1P S?�`K� iQ/�vX h?2 ;HQ#�H T`2b2M+2 Q7 i?2 +QKT�Mv Bb
bi2�/BHv ;`QrBM; rBi? �p�BH�#BHBiv Q7 i?2B` T`Q/m+ib BM KQ`2 i?�M � ?mM/`2/ +QmMi`B2bX h?2
+QKT�MvǶb `QQib �`2 iB2/ bi`QM;Hv BM .2MK�`F r?2`2 i?2 +QKT�MvǶb ?2�/[m�`i2`b �`2 HQ+�i2/
BM "�HH2`mTX _2K�`F�#Hv- G1P S?�`K� �fa Bb �M BM/2T2M/2Mi Q`;�MBx�iBQM r?B+? Bb RyyW
T`Bp�i2Hv@?2H/ #v i?2 G1P 6QmM/�iBQM- K2�MBM; i?�i Bi /Q2b MQi M22/ QmibB/2 +�TBi�H �M/
?�b MQi iQ /2�H rBi? T`2bbm`2 7`QK b?�`2?QH/2`b (jR)X h?2 +QKT�Mv ?�b � K�BM 7Q+mb QM i?2
i?2`�T2miB+ �`2� rBi?BM /2`K�iQHQ;v r?B+? ;2M2`�i2 �M �MMm�H `2p2Mm2 Q7 .EE RyX9 #BHHBQM
BM kyRd (jk)X G1P S?�`K� 2KTHQvb �#Qmi 8yyy T2QTH2 rQ`H/rB/2- BM+Hm/BM; KQ`2 i?�M dyy
b+B2MiBbib �M/ bT2+B�HBbibX G1P S?�`K� �HbQ ?�b Bib QrM b�H2b 7Q`+2 BM eR +QmMi`B2b �M/ +�M #2
+QMbB/2`2/ � K2/BmK bBx2/ T?�`K�+2miB+�H +QKT�Mv QM � rQ`H/rB/2 b+�H2 (jR)X

.m`BM; i?2 `2b2�`+? T2`BQ/- i?2 �mi?Q`bf`2b2�`+?2`b r2`2 TH�+2/ BM G1P S?�`K� �b AMi2`Mb
iQ rQ`F �HQM;bB/2 i?2 PT2M AMMQp�iBQM i2�K BM "�HH2`mTX h?Bb T`QpB/2/ i?2 `2b2�`+?2`b rBi?
� ?B;?Hv bT2+B}+ �M/ mMB[m2 BMbB;?i BMiQ i?2 K�+?BM2`v Q7 QT2M BMMQp�iBQM BMBiB�iBp2b BM i?2
T?�`K�+2miB+�H BM/mbi`vX �//BiBQM�HHv- i?Bb +QM};m`�iBQM rBHH T`QpB/2 BKTQ`i�Mi [m�HBi�iBp2
/�i� 7Q` i?2 `2b2�`+? �M/ �bbBbi BM �Mbr2`BM; i?2 Qp2`�`+?BM; `2b2�`+? [m2biBQM �b QmiHBM2/ BM
a2+iBQM RXjX

SY:YS i@3 pCcCRN �N0 KCccCRN gg +RaURa�j3 bja�j3<w
G1P S?�`K�Ƕb KBbbBQM Bb iQ ?2HT T2QTH2 �+?B2p2 ?2�Hi?v bFBM �M/ i?2B` pBbBQM Bb iQ #2 i?2 T`2@
72``2/ /2`K�iQHQ;v +�`2 T�`iM2` BKT`QpBM; T2QTH2Ƕb HBp2b �`QmM/ i?2 rQ`H/ (jR)X
h?2 2t2+miBp2 K�M�;2K2Mi BM G1P S?�`K� Bb `2bTQMbB#H2 7Q` QmiHBMBM; i?2 +Q`TQ`�i2 bi`�i2;v
�M/ +?�M;2 i?2 KBM/b2i BM i?2 Q`;�MBx�iBQMX �b Q#b2`p�iBQMb i?`Qm;? #2BM; BM+Q`TQ`�i2/ BM
i?2 +QKT�Mv �b BMi2`Mb- i?2 `2b2�`+?2`b MQiB+2/ i?�i G1P S?�`K� ?�b �M BM+`2�bBM; 7Q+mb QM
b?B7iBM; i?2 T2`+2TiBQM Q7 i?2 +QKT�Mv 7`QK #2BM; � i`�/BiBQM�H T?�`K�+2miB+�H +QKT�Mv iQ
�M BMMQp�iBM; �M/ TBQM22`BM; +QKT�Mv BM i?2 }2H/ Q7 /2`K�iQHQ;vX

AM `2+2Mi v2�`b- G1P S?�`K� ?�b bm++2bb7mHHv Tm`bm2/ �M/ BKTH2K2Mi2/ �M QT2M BMMQp�iBQM
TH�i7Q`K BMiQ i?2B` Qp2`�HH bi`�i2;vX G1P S?�`K� Bb +QKKBii2/ iQ +QMiBMm2 /2p2HQTBM; i?2B`
QT2M BMMQp�iBQM TH�i7Q`K 7Q` BM+`2�bBM; BMMQp�iBQM iQ 2M?�M+2 i?2B` 2tTHQ`�iBQM 2M/2�pQ`b 7Q`
bm++2bb7mH /Bb+Qp2`v Q7 MQp2H /`m;b �M/fQ` KQ/2 Q7 �+iBQMbX h?2`2 Bb � bi`�i2;B+ BMi2`2bi BM G1P
S?�`K� iQ 2tT�M/ i?2B` QT2M BMMQp�iBQM TH�i7Q`K �M/ iQ `2�+? Qmi iQ 2p2M KQ`2 +QKT�MB2b
�M/ �+�/2KB+bX

SY:Yl H2Q T@�aL�ȕc QU3N BNNRq�jCRN TI�j8RaL
G1P S?�`K�Ƕb PT2M AMMQp�iBQM SH�i7Q`K Bb �M 2zQ`i iQ H2p2`�;2 i?2B` 2ti2MbBp2 +QKT2i2M+B2b
rBi?BM /`m; /Bb+Qp2`v �M/ /2p2HQTK2Mi BM /2`K�iQHQ;v iQ #QQbi i?2B` QrM TBT2HBM2 rBi? 2ti2`@

Peter Mouritzen
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M�H BMMQp�iBQMb r?BH2 +QMi`B#miBM; iQ i?2 Qp2`�HH T`Q;`2bbBQM Q7 i?2 b+B2MiB}+ +QKKmMBiv �`QmM/
/2`K�iQHQ;vX h?Bb rBHH BM im`M ?2HT G1P S?�`K� bQm`+2 M2r 2ti2`M�H BMMQp�iBQMb- #`�M/BM;
�M/ `2+Q;MBiBQM Q7 i?2B` #`�M/ �M/ T`QpB/2 i?2K rBi? � +QKT2iBiBp2 2/;2 BM i?2 BM/mbi`vX

h?2 T`Q+2bb 7Q` QT2M BMMQp�iBQM T�`iB+BT�Mib bi�`ib rBi? bB;MBM; � T�`iB+BT�iBQM �;`22K2Mi-
r?B+? Bb �++2bbB#H2 QM i?2 G1P PT2M AMMQp�iBQM r2#bBi2X h?2 +QMi`�+i r�b bi`m+im`2/ iQ #2
bBKTH2 �M/ K�BMHv +Qp2` i?2 ;m�`�Mi22 Q7 AS T`Qi2+iBQM �M/ i?2 QrM2`b?BT Q7 i?2 /�i�X �7i2`
bB;MBM; i?2 +QMi`�+i- T�`iB+BT�Mib �`2 b2Mi pB�Hb 7`QK G1P S?�`K� r?2`2 i?2 KQH2+mH2b i?�i
�`2 iQ #2 i2bi2/ �`2 /BbbQHp2/ BM /BK2i?vH bmH7QtB/2 U.JaPV �M/ b2Mi #�+F iQ G1P S?�`K�X
q?2M G1P S?�`K� ;2ib i?2 pB�Hb i?2v rBHH b+?2/mH2 i2biBM; �M/ `2im`M �HH i?2 /�i� mTQM
+QKTH2iBQM(jj)X

G1P S?�`K�Ƕb QT2M BMMQp�iBQM TH�i7Q`K ?�b bT2+B}+ i�`;2ib BM KBM/ �HH Q7 r?B+? i?2v QmiHBM2
QM i?2B` TH�i7Q`KX *m``2MiHv- i?2v �`2 Qz2`BM; 7Qm` /Bz2`2Mi �bb�vb 7Q` 7`22 i2biBM; Q7 +QK@
TQmM/b- BM+Hm/BM; �M 2+x2K�iQmb BM~�KK�iBQM BM ?mK�M F2`BiBMQ+vi2b �bb�v- h@+2HH BM~�KK�@
iBQM �bb�v- TbQ`B�iB+ BM~�KK�iBQM BM ?mK�M F2`�iBMQ+vi2b �M/ � T2`BT?2`�H #HQQ/ KQMQMm+H2�`
+2HHb US"J*V BM~�KK�iBQM �bb�v (jj)X h?2b2 i�`;2ib- �b b22M BM };m`2 RXR- �`2 �HH 7Q` /`m;
`2H2p�Mi /Bb2�b2b BM /2`K�iQHQ;v- r?B+? Bb G1P S?�`K�Ƕb i?2`�T2miB+ �`2� Q7 BMi2`2biX

6B;m`2 RXR, h?2 BM@pBi`Q �bb�vb BM G1P S?�`K�Ƕb PT2M AMMQp�iBQM SH�i7Q`K
h?2 7Qm` �bb�vb Qz2`2/ #v G1P S?�`K� �b b22M 7`QK i?2B` r2#T�;2 (jj)X 6`QK H27i iQ `B;?i r2 ?�p2 i?2 �bb�v
7Q` 2+x2K�iQmb BM~�KK�iBQM BM ?mK�M F2`BiBMQ+vi2b- h@+2HH BM~�KK�iBQM- TbQ`B�iB+ BM~�KK�iBQM BM ?mK�M
F2`�iBMQ+vi2b �M/ S"J* BM~�KK�iBQM �bb�vX

G1P S?�`K� Bb 7Q+mb2/ QM }M/BM; bQHmiBQMb 7Q` i?2 T�iB2Mib rBi? bFBM /Bb2�b2 �M/ ?�p2 KQ/@
2H2/ i?2b2 �bb�vb iQ i?2B` +m``2Mi M22/bX G1P S?�`K� Bb �HbQ �+iBp2Hv i`vBM; iQ }M/ bQHmiBQMb
7Q` i?2b2 T`Q#H2Kb #mi i?2 QT2M BMMQp�iBQM Bb �M 2zQ`i iQ }M/ bQHmiBQMb 7`QK 2ti2`M�H T�`iM2`bX
�Mv#Q/v +�M b2M/ KQH2+mH2b iQ #2 i2bi2/ BM i?2b2 �bb�vb �M/ #2+QK2 � T�`i Q7 i?2 2zQ`i iQ
}M/ bQHmiBQMb 7Q` i?2 T�iB2MibX

G1P S?�`K� ?�b 2K#`�+2/ i?2 +QM+2Ti Q7 PT2M AMMQp�iBQM #v �HHQrBM; �Mv QmibB/2 T2`bQM
iQ b2M/ BM � b�KTH2 iQ #2 i2bi2/ BM i?2B` �bb�vbX h?2 Qmi#QmM/ T�`iB+BT�Mib ;2i iQ F22T
�HH i?2B` `2bmHib �M/ �`2 ;m�`�Mi22/ i?�i MQ +QKTmHbQ`v +QQT2`�iBQM Q` �Mv Qi?2` #mbBM2bb
/2�Hb �`2 7Q`+2/ QM i?2K MQ K�ii2` i?2 `2bmHibX qBi? i?Bb KQ/2H- G1P S?�`K� ?QT2b iQ
/`�biB+�HHv /2+`2�b2 i?2 #�``B2`b iQ 2Mi`v �M/ iQ BM+`2�b2 Bib 2ti2`M�H `2b2�`+? T�`iB+BT�iBQMX Ai
Bb BKTQ`i�Mi 7Q` G1P S?�`K� iQ F22T Bib TH�i7Q`K QT2M �M/ #mBH/ mT � `2Tmi�iBQM �b � bK�`i-
�++2bbB#H2- p�Hm�#H2 �M/ b�72 r�v 7Q` �Mv `2b2�`+?2`b iQ i2bi i?2B` KQH2+mH2b rBi?Qmi �Mv rQ``v
Q7 �TT`QT`B�iBQMX S�`iB+BT�Mib QM i?2 TH�i7Q`K �`2 7`22 iQ mb2 `2bmHib 7`QK G1P S?�`K� �b
i?2v rBb? �M/ 2p2M ;Q iQ +QKT2iBiQ`b rBi? i?2B` BM7Q`K�iBQM- r?B+? Bb � `BbF G1P S?�`K�
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i�F2b- #mi G1P S?�`K� ?QT2b i?�i i?2B` `2Tmi�iBQM �M/ i?2 pQHmK2 Q7 T�`iB+BT�iBQM rBHH /`Bp2
�M BM+`2�b2 BM BMMQp�iBQM i?�i rBHH +`2�i2 #2M2}ib i?�i Qmir2B;?b i?2 `BbFbX

Peter Mouritzen




+?�Ti2` l
i@3Ra3jC,�I 7a�L3sRaG

h?2 T�ii2`M Q7 H�`;2 +QKT�MB2b `2HvBM; KQ`2 ?2�pBHv QM bi�`i@mTb �M/ p2Mim`2 +�TBi�H iQ �+[mB`2
2�`Hv bi�;2 _&. b?Qrb i?2 i2M/2M+v Q7 i?2 BM/mbi`v iQr�`/b KQ`2 Qmir�`/ HQQFBM; bi�M+2 (kj)X
h?2 M2r B/2� BM i?Bb Qmir�`/ HQQFBM; _&. ?�b H2/ iQ i?2 B/2� Q7 QT2M BMMQp�iBQM i?�i Tmib
H�`;2 2KT?�bBb QM QmibQm`+BM;- +QHH�#Q`�iBM; Q` BMp2biBM; BM 2�`Hv bi�;2 _&. �M/ +QKTH2K2Mi@
BM; i?�i rBi? i?2B` QrM BMi2`M�H `2b2�`+?X aBM+2 QT2M BMMQp�iBQM TH�i7Q`Kb �`2 � `2H�iBp2Hv M2r
T?2MQK2MQM i?2 `2b2�`+? BMiQ ?Qr +QKT�MB2b 2tTHQBi QTTQ`imMBiB2b Bb MQi +H2�` #mi �b Q7 MQr
i?2 bm++2bb +`Bi2`B� Bb ;2iiBM; 2M;�;2K2MiX

QT2M BMMQp�iBQM +`2�i2b i?2 QTTQ`imMBiB2b 7Q` T?�`K�+2miB+�H +QKT�MB2b iQ `2�+? 7m`i?2` Qmi
�M/ �+iBp2Hv �M/ T�bbBp2Hv }M/ `2H2p�Mi KQH2+mH2b i?�i +QmH/ #2 /2p2HQT2/ BMiQ K2/B+BM2X qBi?
i?Bb 7�` `2�+?BM; +�T�#BHBiB2b Bi Bb BKTQ`i�Mi i?�i i?2b2 +QKT�MB2b FMQr ?Qr iQ 2M;�;2 �M/
BM+Q`TQ`�i2 /Bb+Qp2`B2b K�/2 �`QmM/ i?2 rQ`H/X AM i?Bb +?�Ti2` r2 rBHH /2KQMbi`�i2 ?Qr
BMMQp�iBQM BM i?2 T?�`K�+2miB+�H BM/mbi`v ?�b #2+QK2 BM+`2�bBM;Hv /2+2Mi`�HBx2/ �M/ ?Qr
+QKT�MB2b �`2 i�FBM; �/p�Mi�;2 Q7 +?�M;2b rBi?BM i?2 M2r 2MpB`QMK2MiX

lYS 7aRL +IRc30 jR QU3N BNNRq�jCRN
�b K2MiBQM2/ BM i?2 BMi`Q/m+iBQM- i?2 i2`K ǴQT2M BMMQp�iBQMǴ r�b }`bi +QBM2/ #v >2M`v
qBHHB�K *?2b#`Qm;? #�+F BM kyyj �b � T�`�/B;K r?BH2 i?2 +QM+2Ti Bb ;2M2`�HHv +QMbB/2`2/ iQ
?�p2 #22M �`QmM/ HQM;2` bBM+2 Bi +Qp2`b KQbi 2ti2`M�H `2b2�`+? Q` B/2� �+[mBbBiBQM BM �M BMMQp�@
iBp2 +QKT�MvX *?2b#`Qm;? r�b K�BMHv Q#b2`pBM; i?Bb i`2M/ BM BMMQp�iBp2 BM/mbi`B2b(k8)X AM i?2
H�bi +?�Ti2`- r2 2tTH�BM2/ ?Qr i?2 T?�`K�+2miB+�H BM/mbi`v ?�b #22M +?�M;BM; iQr�`/b � KQ`2
QT2M �TT`Q�+? `2bmHiBM; BM i?2 2`QbBQM Q7 +HQb2/ BMMQp�iBQMX AM ?Bb b2KBM�H #QQF- *?2b#`Qm;?
MQi2b i?2 b�K2 i?BM;b BM /2i�BH r?B+? }ib [mBi2 r2HH rBi? i?2 +m``2Mi bi�i2 Q7 i?2 T?�`K�+2m@
iB+�H BM/mbi`v (k9)X

PT2M BMMQp�iBQM Bb BM 7�+i � HQQb2Hv /2}M2/ i2`K i?�i ?�b /B{+mHiB2b rBi? +QM+2Tim�H �K#B;m@
Biv- r?2`2 Bi +�M `272` iQ �Mv �+iBpBiv 7Q` i?2 �+[mBbBiBQM Q7 BMMQp�iBQM +QKBM; 7`QK QmibB/2 �
+QKT�MvǶb BM@?Qmb2 _&. (kN)X h?2`2 �`2 p�`BQmb Q7 bi�;2b Q7 ǴQT2MM2bbǴ r?B+? +�M ?B;?Hv �7@
72+i i?2 Qmi+QK2 Q7 BM+Q`TQ`�iBM; QT2M BMMQp�iBQM �b � bi`�i2;v BM +QKT�MB2bX �M 2tTHQ`�iBQM
Q7 i?2 /Bz2`2Mi H2p2Hb Q7 QT2MM2bb rBHH #2 T`2b2Mi2/ BM i?Bb +?�Ti2`X

h?2 2`QbBQM Q7 +HQb2/ BMMQp�iBQM Bb +�mb2/ #v MmK2`Qmb 7�+iQ`b r?B+? �`2 �i TH�v BM ?B;?@i2+?
BM/mbi`B2b bm+? �b i?2 T?�`K�+2miB+�H b2+iQ`X aQK2 Q7 i?2b2 BM+Hm/2b i?2 ;`QrBM; KQ#BHBiv Q7
i�H2Mi U;HQ#�HBx�iBQMV- i?2 BM+`2�bBM; +Hmbi2`BM; r?B+? �HHQrb 7Q` FMQrH2/;2 bTBHHQp2`- � ;`QrBM;
T`2b2M+2 Q7 T`Bp�i2 2[mBiv bm+? �b p2Mim`2 +�TBi�H- i?2 b?Q`i2` iBK2 iQ K�`F2i 7Q` T`Q/m+ib �M/
b2`pB+2b r?BH2 `2/m+BM; i?2 `BbF- �M/ i?2 HBbi ;Q2b QMX �//BiBQM�HHv- i?2 T`2bbm`2 iQ BMMQp�i2
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�M/ BM+`2�bBM; +QKT2iBiBQM QmiHBM2/ BM a2+iBQM RXR �`2 �HbQ �TT�`2Mi `2�bQMbX

AM `2H�iBQM iQ i?Bb `2b2�`+? T`QD2+i Bi Bb BKTQ`i�Mi iQ 2bi�#HBb? i?2 /2}MBiBQM Q7 QT2M BMMQp�iBQM
BM i?2 T`2b2Mi i?2bBbX PT2M BMMQp�iBQM rBHH i?2`27Q`2 #2 mb2/ #�b2/ QM i?2 b2iiBM; Q7 i?2 +QM+2T@
im�H 7`�K2rQ`F T`2b2Mi2/ BM i?Bb b2+iBQMX �b �H`2�/v K2MiBQM2/- QT2M BMMQp�iBQM r�b +QBM2/
#v >2M`v *?2b#`Qm;?- �M/ Bi Bb i?Bb F2v /2}MBiBQM Q7 i?2 T�`�/B;K r?B+? Bb mb2/ i?`Qm;?QmiX
h?mb- i?2 K�BM B/2� #2?BM/ QT2M BMMQp�iBQM Bb i?�i ǴB/2�b +�M +QK2 7`QK BMbB/2 �M/ QmibB/2
i?2 +QKT�Mv �M/ +�M ;Q iQ K�`F2i 7`QK BMbB/2 Q` QmibB/2 i?2 +QKT�MvǴ U*?2b#`Qm;?- kyyjV
(k9)X AM �//BiBQM iQ i?Bb- Bi K�v �HbQ #2 /2b+`B#2/ #v irQ T`BM+BTH2b,

RX hQ �+FMQrH2/;2 �M/ HQQF 7Q` 2ti2`M�H FMQrH2/;2- bFBHHb- BMMQp�iBQMb �M/ i�H2MibX

kX hQ #2 rBHHBM; iQ ǴQT2M mTǴ i?2 Qi?2`rBb2 Ǵ+HQb2/Ǵ #�MF Q7 BMi2HH2+im�H T`QT2`iv `B;?i
UAS_V �bb2ib rBi?BM � +QKT�Mv �M/ b2HH Q` HB+2Mb2 Qmi i?2b2 T`QT`B2i�`v �bb2ib i?�i Bb MQi
mb2/ rBi?BM i?2 #QmM/�`B2b Q7 i?2 +QKT�MvX

hQ 7m`i?2` mM/2`bi�M/ i?2 +QM+2Ti Q7 QT2M BMMQp�iBQM- Bi rBHH #2 2tTH�BM2/ BM KQ`2 /2i�BHb BM
i?2 7QHHQrBM; b2+iBQM r?2`2 Bi Bb Tmi BM +QMi`�bi iQ +HQb2/ BMMQp�iBQMX

h`�/BiBQM�H BMMQp�iBQM r?B+? +�M �HbQ #2 mM/2`biQQ/ �b Ǵ+HQb2/ BMMQp�iBQMǴ- r?B+? BKTHB2b i?�i
i?2 BMMQp�iBQM Q++m`b BMi2`M�HHv BM � +HQb2/ b2iiBM;X h?Bb K2�Mb i?�i i?2 Q`;�MBx�iBQM r�Mib
iQ T`Qi2+i Bib B/2�b �M/ T`QT`B2i�`v �bb2ib rBi?BM i?2 #QmM/�`B2b Q7 i?2 }`KX h?2 b�K2 �TTHB2b
iQ i?2 mb2 Q7 bFBHHb- +QKT2i2M+B2b �M/ i�H2Mib- r?B+? �`2 �HH +QHH2+i2/ BMbB/2 i?2 +QKT�Mv rBi?
i?2 #2HB27 i?�i i?2 #2bi T2QTH2 rQ`Fb 7Q` i?2 +QKT�MvX h?2 FMQrH2/;2 �M/ BMMQp�iBQM i?�i Bb
+`2�i2/ rBi?BM i?2 +QKT�Mv rBHH MQi /Bb�TT2�` 7`QK i?2 +QKT�Mv �i �Mv TQBMib Q7 Bib HB72 +v+H2X
Ai bBKTHv BKTHB2b i?�i i?2 +QKT�Mv mb2b � 7mHHv BMi2;`�i2/ #mbBM2bb KQ/2H �b r2HH �b �M _�.
bi`�i2;v 7Q+mb2/ QM BMi2`M�H /2p2HQTK2Mi Q7 B/2�b �M/ BMMQp�iBQMbX

AM +HQb2/ BMMQp�iBQM- i?2 `2b2�`+? T`QD2+ib �`2 H�mM+?2/ 7`QK i?2 b+B2M+2 �M/ i2+?MQHQ;v #�b2 Q7
i?2 }`K �M/ /2p2HQT2/ BMi2`M�HHv i?`Qm;? /2p2HQTK2Mi T`Q+2bb2b (ke)X h?2`2#v- bQK2 T`QD2+ib
�`2 biQTT2/ r?BH2 Qi?2`b �`2 b2H2+i2/ �M/ /2p2HQT2/ 7m`i?2` mMiBH bQK2 Q7 i?2 T`QD2+ib rBHH
`2bmHi BM � M2r T`Q/m+i Q` b2`pB+2 2Mi2`BM; i?2 K�`F2i (ke)X "v BHHmbi`�iBM; i?Bb +QM+2Ti �b
� +HQb2/ BMMQp�iBQM 7mMM2H U6B;m`2 kXRV- i?2 BMMQp�iBQM T`Q+2bb Bb +QMbB/2`2/ Ǵ+HQb2/Ǵ �b i?2
T`QD2+ib Q` B/2�b +�M QMHv 2Mi2` Bi 7`QK QM2 r�v r?B+? Bb i?2 #2;BMMBM; Q7 i?2 }`KǶb BMi2`M�H
#�b2X h?2 b�K2 �TTHB2b 7Q` 2tBiBM; r?2`2 i?2`2 Bb QMHv QM2 r�v Qmi iQ � K�`F2i i?�i HB2b rBi?BM
i?2 }`KǶb /2bB`2/ K�`F2i Q` +Q`2 #mbBM2bb2b (ke)X h?2 +HQb2/ BMMQp�iBQM KQ/2H Bb #mBH/ QM i?2
7QmM/�iBQM Q7 _�. /2T�`iK2Mib i?�i ?�p2 2MDQv2/ ?2�pv BMp2biK2Mib �M/ bm``QmM/2/ #v i?2
MQiBQM i?�i Ǵi?2 bK�`i2bi T2QTH2 BM Qm` }2H/ rQ`F 7Q` mbǴ U*?2b#`Qm;?- kyy9V (j9)X Ai �HbQ �MiB+@
BT�i2b i?�i i?2 +QKT�Mv Bib2H7 Kmbi /Bb+Qp2`- /2p2HQT �M/ +QKK2`+B�HBx2 i?2 `2b2�`+? T`QD2+ib
iQ T`Q}i 7`QK i?2 _�.X h?mb- B7 i?2 /Bb+Qp2`v iQQF TH�+2 BM i?Bb +HQb2/ `2b2�`+? 2MpB`QMK2Mi-
i?2M i?2 Q`;�MBx�iBQM Kmbi #2 �#H2 iQ ;Q iQ K�`F2i }`bi �M/ iQ T`Q}i 7`QK �M BMMQp�iBQM- Bi
b?QmH/ #2 }`bi@BM@+H�bb Q` #2bi@BM@+H�bbX �b � `2bmHi- i?2 #2bi B/2�b rBHH rBM BM i?2 BM/mbi`v
�M/ Kmbi #2 ?2�pBHv +QMi`QHH2/ �M/ T`Qi2+i2/ 7`QK BKBi�iBQM 7`QK +QKT2iBiQ`b- i?mb- ?2�pv AS
T`Qi2+iBQM Bb BKTH2K2Mi2/ (j9)X �HH Q7 i?2b2 T`BM+BTH2b ?�p2 ;Qp2`M2/ i?2 ?B;?@i2+? BM/mbi`B2b
7Q` /2+�/2bX >Qr2p2`- �b � `2bmHi Q7 *?2b#`Qm;?b Q#b2`p�iBQMb 7`QK i?2 RN3yb �M/ RNNyb- i?2
QT2M BMMQp�iBQM T�`�/B;K ?�b +?�HH2M;2/ �HH Q7 i?2b2 MQiBQMb �M/ T`BM+BTH2bX
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6B;m`2 kXR, h?2 *HQb2/ AMMQp�iBQM JQ/2H
h?2 +HQb2/ BMMQp�iBQM KQ/2H �bbmK2b i?�i i?2 +QKT�Mv ;2M2`�i2b- /2p2HQTb �M/ +QKK2`+B�HBx2b Bib QrM B/2�b
rBi?BM i?2 }`KǶb #QmM/�`B2bX h?mb- Bi Bb � 7mHHv BMi2;`�i2/ �TT`Q�+? rBi? � T?BHQbQT?v Q7 b2H7@`2HB�M+2 i?�i
/QKBM�i2b i?2 _�. QT2`�iBQMb rBi?BM i?2 }`KX �b � `2bmHi- i?2 #�``B2`b iQ 2Mi2` i?2 }`K Bb bQHB/- K2�MBM; i?�i
BMMQp�iBQMb bi�v BMbB/2 i?2 }`KǶb #QmM/�`B2b �M/ MQ 2ti2`M�H BMMQp�iBQM +�M 2Mi2`X 6B;m`2 `2T`BMi2/ 7`QK (j9)X

AM +QMi`�bi iQ i?2 +HQb2/ BMMQp�iBQM T�`�/B;K- QT2M BMMQp�iBQM �bbmK2b i?�i B/2�b bi2KKBM;
7`QK QmibB/2 i?2 }`KǶb #QmM/�`B2b b?QmH/ #2 T`BQ`BiBx2/ 2[m�HHv iQ i?2 QM2b 7`QK i?2 BMbB/2
(k8)X h?2 QT2M BMMQp�iBQM KQ/2H �+FMQrH2/;2b i?�i i?2 +HQb2/ BMMQp�iBQM KQ/2H Bb MQi bm{@
+B2Mi �MvKQ`2- K2�MBM; i?�i +QKT�MB2b M22/ M2r B/2�b +QKBM; 7`QK QmibB/2 i?2 Q`;�MBx�iBQMb
`2b2�`+?X �b i?2 #QmM/�`B2b Q7 i?2 }`K #2+QK2b TQ`Qmb- i?2 QmibB/2@BM �M/ BMbB/2@Qmi T�i?b
7Q` `2b2�`+? T`QD2+ib iQ #2+QK2 T`Q/m+ib �`2 mb2/ U6B;m`2 kXkVX h?2 #QmM/�`B2b Q7 i?2 }`K �`2
2HBKBM�i2/ iQ 2tTHQBi 2ti2`M�H `2bQm`+2b iQ �B/ FMQrH2/;2 iQ ~Qr BM �M/ Qmi Q7 i?2 Q`;�MBx�iBQMX
h?mb- }`Kb �`2 �#H2 iQ bQm`+2 2ti2`M�H BMMQp�iBQM �M/ QmibQm`+2 BMi2`M�H BMMQp�iBQM i?�i Bb
bBiiBM; QM � b?2H7 �M/ K�v }i BMiQ �MQi?2` }`KǶb #mbBM2bb KQ/2H (j9)X

�b i?2 7mMM2H Q7 QT2M BMMQp�iBQM bm;;2bib- i?2 ~Qr Q7 BMMQp�iBQM Bb b?�`2/ �M/ 2t+?�M;2/ #2@
ir22M i?2 BMi2`M�H �M/ 2ti2`M�H _�.X h?2`2#v- i?2 BMMQp�iBQM +�T�#BHBiB2b Q7 �M Q`;�MBx�iBQM
rBHH MQi biQT �i i?2 #QmM/�`B2b Q7 i?2 Q`;�MBx�iBQM (ke)X o�`BQmb bi�F2?QH/2`b �`2 BMi2`�+iBM;
rBi?BM i?Bb KQ/2H �M/ i?2 Qmi+QK2 K�v `2bmHi BM 2K2`;2M+2 BM M2r K�`F2ib �M/ BM+`2�b2 _�.
T`Q/m+iBpBiv #2+�mb2 � H�`;2` MmK#2` Q7 `2b2�`+? T`QD2+ib K�v im`M BMiQ T`Q/m+ib (k8)X
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6B;m`2 kXk, h?2 PT2M AMMQp�iBQM JQ/2H
h?2 QT2M BMMQp�iBQM KQ/2H �bbmK2b i?�i � +QKT�Mv #Qi? mb2b Bib QrM B/2�b �M/ 2ti2`M�HHv bQm`+2/ BMMQp�iBQMb
7`QK QmibB/2 i?2 }`KǶb #QmM/�`B2bX AM �//BiBQM iQ i?Bb- i?2 }`K b22Fb r�vb iQ /2p2HQT �M/ #`BM; Bib BMi2`M�H
B/2�b iQ K�`F2i #v /2THQvBM; T�i?r�vb QmibB/2 Bib +m``2Mi #mbBM2bb- K2�MBM; QmibB/2 Bib QrM #QmM/�`B2bX h?mb-
i?2 #�``B2` #2ir22M i?2 BMbB/2 �M/ QmibB/2 Q7 i?2 +QKT�Mv Bb TQ`Qmb U`2T`2b2Mi2/ #v i?2 /�b?2/ `2/ HBM2VX h?Bb
2M�#H2b BMMQp�iBQMb iQ /Bzmb2 i?`Qm;? i?2 TQ`Qmb #�``B2` 7Q` bQm`+BM; 2ti2`M�H BMMQp�iBQMb �M/ QmibQm`+BM;
BMi2`M�H BMMQp�iBQMX 6B;m`2 `2T`BMi2/ 7`QK (j9)X

h?2 T`BM+BTH2b Q7 QT2M BMMQp�iBQM `2HB2b QM i?2 MQiBQM i?�i ǴLQi �HH i?2 bK�`i T2QTH2 rQ`F
7Q` mb- bQ r2 Kmbi }M/ �M/ i�T BMiQ i?2 FMQrH2/;2 �M/ 2tT2`iBb2 Q7 #`B;?i BM/BpB/m�Hb QmibB/2
Qm` +QKT�MvǴ U*?2b#`Qm;?- kyR9V (j9)X h?Bb K2�Mb i?�i �M Q`;�MBx�iBQM r�Mib iQ 2tTHQBi
i?2 i�H2Mi- 2tT2`iBb2 �M/ i�H2Mi 7`QK T2QTH2 QmibB/2 i?2 }`KǶb #QmM/�`B2bX Ai �HbQ K2�Mb i?�i
2ti2`M�H _�. �M/ i?2 BMMQp�iBQM /2`Bp2/ 7`QK i?�i Bb i?Qm;?i iQ +`2�i2 bB;MB}+�Mi p�Hm2-
r?BH2 BMi2`M�H _�. Bb M22/2/ iQ +�Tim`2 � TQ`iBQM Q7 i?�i p�Hm2 (j9)X 1X;X �M 2ti2`M�H `2@
b2�`+? T`QD2+i Bb �+[mB`2/ 7`QK � mMBp2`bBiv i2+? i`�Mb72` Q{+2 UhhPV #v HB+2MbBM; i?2 T�i2Mi
i?`Qm;? � `Qv�HiB2b �M/ KBH2biQM2 /2�H r?BH2 Bi Bb 7m`i?2` /2p2HQT2/ i?`Qm;? i?2 BMi2`M�H _�.
Q7 i?2 +QKT�MvX �b � `2bmHi- QT2M BMMQp�iBQM bvM2`;B2b b?QmH/ BM+`2�b2 i?2 mb2 Q7 i?2 T�i2Mi
TQ`i7QHBQb BM +QKT�MB2b i?`Qm;? RV T`Q}iBM; 7`QK Qi?2`Ƕb mb2 Q7 BMi2`M�H AS r?BH2 kV #mvBM;
Qi?2`bǶ AS r?2M Bi +�M �/p�M+2 BM i?2 #mbBM2bb KQ/2H Q7 i?2 +QKT�Mv (j9)X

h?2 +?�M;2 7`QK +HQb2/ iQ QT2M BMMQp�iBQM ?�b #22M /`Bp2M #v K�Mv /Bz2`2Mi 7�+iQ`b- bQK2 Q7
r?B+? r2`2 QmiHBM2/ BM a2+iBQM RXRX AM �//BiBQM iQ i?2b2- i?2 i`�Mb7Q`K�iBQM Q7 i?2 FMQrH2/;2
H�M/b+�T2 ?�b ?�/ � T`Q7QmM/ BKT�+i QM ?B;?@i2+? BM/mbi`v �M/ �+`Qbb �HH Q7 Bib b2+iQ`bX � M2r
/BpBbBQM Q7 BMMQp�iBQM H�#Q` /2p2HQT2/ rBi? �M BM+`2�b2/ KQ#BHBiv Q7 `2b2�`+? T`Q72bbBQM�Hb- i?2
BM+`2�b2/ [m�HBiv Q7 mMBp2`bBiv `2b2�`+?- FMQrH2/;2 bT`2�/BM; �+`Qbb i?2 rQ`H/ 7�bi2` �M/ KQ`2
2{+B2MiHv- BM+`2�b2/ ;HQ#�HBx�iBQM �M/ �MiBi`mbif+QKT2iBiBQM TQHB+B2b BM+`2�b2/- `Bp�H`v �M/
p2Mim`2 +�TBi�H ?�pBM; � i`2K2M/Qmb BKTQ`i�M+2 �b r2HH (k8)X hQ 2H�#Q`�i2 i?2 KQbi bB;MB}+�Mi
Q7 i?2b2 7�+iQ`b- i?2 +?�M;2 BM i?2 FMQrH2/;2 H�M/b+�T2- K2�Mi i?�i b+B2MiBbib �M/ 2M;BM22`b
#2+�K2 i`�BM2/ iQr�`/b � KQ`2 T`�+iB+�H �TTHB+�iBQM Q7 /Bb+Qp2`B2b �M/ BMp2MiBQMb 7`QK `2b2�`+?X
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� KQ`2 /2+2Mi`�HBx2/ bi`m+im`2 Q7 i?2 mMBp2`bBiB2b �HbQ Q++m``2/- r?B+? K2�Mi i?�i i?2`2 r�b
KQ`2 7`22/QK iQ T2`7Q`K `2b2�`+? �M/ Tm`bm2 M2r BMMQp�iBQMbX �HbQ- iQr�`/b i?2 2M/ Q7
i?2 kyi? +2Mim`v- i?2 /`�K�iB+ `Bb2 BM i?2 MmK#2` Q7 FMQrH2/;2 rQ`F2`b �M/ i?2B` KQ#BHBiv
K�/2 Bi /B{+mHi 7Q` +QKT�MB2b iQ +QKTH2i2Hv +QMi`QH i?2B` T`QT`B2i�`v B/2�b �M/ +QKT2i2M+B2bX
AM �//BiBQM iQ i?Bb- i?2 `Bb2 Q7 p2Mim`2 +�TBi�H 7mM/BM; BM+`2�b2/ #v � H�`;2 �KQmMib /m`BM;
i?2 b�K2 T2`BQ/ (k9)X S`Bp�i2 2[mBiv BMp2biBM; i?`Qm;? o* ?2HT2/ }M�M+2 M2r }`Kb i?�i
r2`2 i`vBM; iQ +QKK2`+B�HBx2 B/2�b Q`B;BM�iBM; 7`QK QmibB/2 i?2 bBHQb Q7 +Q`TQ`�i2 `2b2�`+?
H�#Q`�iQ`B2bX h?Bb K2�Mb i?�i b+B2MiB}+ #`2�Fi?`Qm;? rBHH #2 Tm`bm2/ BM bi�`i@mTb }M�M+2/ #v
o* B7 i?2 /Bb+Qp2`v Bb MQi Tm`bm2/ BM � iBK2Hv 7�b?BQM BM +QKT�MB2b (j9)X h?2 i`2M/ Q7 BM+`2�bBM;
�KQmMi Q7 o* r�b 2bT2+B�HHv b22M �`QmM/ i?2 /Qi+QK #m##H2 r?B+? mHiBK�i2Hv +�mb2/ � +`�b?X
>Qr2p2`- i?2 i`2M/ ?�b #22M ;`QrBM; 2p2` bBM+2- K2�MBM; i?�i i?2`2 Bb KQ`2 +�TBi�H iQ bT2M/X
*QMb2[m2MiHv- Bi ?�b #2+QK2 2p2M 2�bB2` iQ �ii`�+i i?2 #2bi i�H2Mi Qmi Q7 mMBp2`bBiB2b �M/
+Q`TQ`�i2 `2b2�`+? /2T�`iK2MibX aBM+2 i?2 bi�`i Q7 i?2 +2Mim`v ;HQ#�HBx�iBQM �M/ i?2 BMi2`M2i
?�p2 K�/2 KQ#BHBiv KQ`2 7`2[m2Mi �M/ FMQrH2/;2 ?�b #2+QK2 � Tm#HB+ T`QT2`iv rBi? i?2
BMi2`M2iX AM im`M- b+B2MiBbib �M/ 2M;BM22`b �`2 �#H2 iQ +QKK2`+B�HBx2 i?2B` B/2�b �M/ /Bb+Qp2`B2b
rBi? o* BMp2biK2Mib r?BH2 �ii`�+iBM; iQT i�H2Mi iQ i?2B` bi�`imTb- 2X;X mMBp2`bBiv bTBM@Qz
+QKT�MB2bX AM �//BiBQM iQ i?2 BM+`2�b2/ p2Mim`2 +�TBi�H i?`Qm;? T`Bp�i2 2[mBiv BMp2biQ`b- i?2
BMi`Q/m+iBQM Q7 +Q`TQ`�i2 p2Mim`2 +�TBi�H U*o*V ?�/ �M BM~m2M+2 QM i?Bb ;`Qri? r?BH2 *o*
Bb BM+`2�bBM; Bib b?�`2 Q7 i?2 ;HQ#�H o* BMp2biK2Mib (j8)X
h?2 pB`imQmb +v+H2 Q7 BMMQp�iBQM BM +HQb2/ BMMQp�iBQM r?2`2 2p2`vi?BM; HQQTb #�+F K�v ?�p2
#22M r`2+F2/ #v i?2 7�+iQ`b QmiHBM2/ �#Qp2X h?mb- +HQb2/ BMMQp�iBQM Bb MQ HQM;2` bmbi�BM�#H2
�M/ MQr #`2�Fi?`Qm;?b �`2 Tm`bm2/ BM bK�HH2` 2MiBiB2b bm+? �b bi�`imTbX h?2 pB`imQmb +v+H2 Q7
BMMQp�iBQM ?�b #22M #`QF2M �M/ H2bb Q` MQM2 HQQTb #�+F U6B;m`2 kXjVX
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6B;m`2 kXj, h?2 oB`imQmb *v+H2 .Bb`mTi2/
h?2 oB`imQmb *v+H2 b22M BM i?2 KB//H2 Bb +HQb2/ r?2`2 2p2`vi?BM; HQQTb #�+F iQ i?2 BMi2`M�H _�. /2T�`iK2Mib Q7
+QKT�MB2b i?�i b�r i?2b2 #`2�Fi?`Qm;?b BM i?2B` `2b2�`+?X LQr i?2 KQ#BHBiv Q7 rQ`F2`b �M/ �p�BH�#BHBiv Q7 p2Mim`2
+�TBi�H ?�b +?�M;2/ i?Bb- bQ i?2 `Qmi2 +�M MQr #2 /Bb`mTi2/X 6m`i?2`KQ`2- � H�`;2` �KQmMi Q7 #`2�Fi?`Qm;?b
Q`B;BM�i2b 7`QK �+�/2KB� �M/ �`2 bTmM@Qmi BM bi�`imTb i?�i �HbQ `2+2Bp2b o* 7mM/BM;X �##`2pB�iBQMbc o2Mim`2
*�TBi�H Uo*V- ASP UAMBiB�H Sm#HB+ Pz2`BM;V �M/ _2b2�`+? �M/ .2p2HQTK2Mi U_�.VX 6B;m`2 +`2�i2/ BM JB+`QbQ7i
SQr2`TQBMi UkyR3V 7`QK i2ti (j9)X

h?2 2MpB`QMK2Mi i?�i r�b 7mM/�K2Mi�HHv +HQb2/ �M/ /`Bp2M #v BMi2`M�H /Bb+Qp2`v �M/ /2p2H@
QTK2Mi r�b i`�Mb7Q`K2/ iQ � KQ`2 QT2M 2MpB`QMK2MiX 6B`Kb i?�i mb2/ iQ +`2�i2 B/2�b BM
Q`/2` iQ mb2 i?2K rBi?BM i?2 #QmM/�`B2b +?�M;2/ iQ }`Kb i?�i bQm`+2/ 2ti2`M�H BMMQp�iBQM
�M/ QmibQm`+2/ BMi2`M�H BMMQp�iBQM (k9)X �b i?Bb +?�M;2 bm;;2bib- i?2`2 �`2 irQ 7�+2ib Q7 QT2M
BMMQp�iBQM- i?2 QmibB/2@BM �M/ BMbB/2@QmiX qBi? i?2 7Q`K2` #2BM; i?2 T`BK�`v +QMi`B#miQ` iQ
i?2 BM+`2�b2/ +QKT2iBiBp2 �/p�Mi�;2 i?�i +�M #2 �+?B2p2/ #v BM+Q`TQ`�iBM; �M QT2M BMMQp�iBQM
�TT`Q�+? (ke)X >Qr2p2`- #Qi? �bT2+ib �`2 BKTQ`i�Mi �b i?2 T�`�/B;K Q7 QT2M BMMQp�iBQM +�M
+QMi`B#mi2 ;`2�iHv iQ }`Kb mbBM; #Qi? 7�+2ibX �i i?2 +Q`2 Q7 i?Bb Bb i?�i ǴPT2M BMMQp�iBQM
�bbmK2b i?�i mb27mH FMQrH2/;2 Bb rB/2Hv /Bbi`B#mi2/- �M/ i?�i 2p2M i?2 KQbi +�T�#H2 _�. Q`;�@
MBx�iBQMb Kmbi B/2MiB7v- +QMM2+i iQ- �M/ H2p2`�;2 2ti2`M�H FMQrH2/;2 bQm`+2b �b � +Q`2 T`Q+2bb
BM BMMQp�iBQMǴ UL�K#Bb�M- kyR3V (je)X

Ai Bb BKTQ`i�Mi iQ mM/2`bi�M/ i?2 #mbBM2bb KQ/2H BM � +QKT�Mv iQ BKTH2K2Mi QT2M BMMQp�iBQM
bm++2bb7mHHv #v /2}MBM; i?2 `2[mB`2K2Mib 7Q` i?2 b2imTX h?2 MQiBQM i?�i AS Kmbi #2 K�M�;2/
BM Q`/2` iQ K�M�;2 `2b2�`+? Bb bmTTQ`i2/ #v i?2 M22/ iQ �++2bb 2ti2`M�H AS iQ 7m2H i?2 BMi2`M�H
#mbBM2bb KQ/2H- �M/ i?2 M22/ iQ T`Q}i 7`QK i?2 BMi2`M�H AS BM Qi?2`bǶ #mbBM2bb KQ/2HX h?2
#mbBM2bb KQ/2Hb +�M #2 /2}M2/ �b i?2 K2+?�MBbKb i?�i +`2�i2 �M/ +�Tim`2 p�Hm2- Q` �b >2M`v
*?2b#`Qm;? Tmi Bi- i?2 p�Hm2 T`QTQbBiBQM- BX2X i?2 p�Hm2 +`2�i2/ 7Q` mb2`b #v �M Qz2` #�b2/ QM

Peter Mouritzen




lYl TI�j8RaL �c � bjan,jna�I /3cC<N lk

i2+?MQHQ;v (k9)X AM +QM+HmbBQM- Bi Bb BKTQ`i�Mi iQ /2}M2 i?2 p�Hm2 T`QTQbBiBQM- i?2 b2;K2Mi Q7
i?2 }`K i?�i Bb 7Q+mb2/ QM- i?2 BMi2`M�H bi`m+im`2 Q7 i?2 T`Q+2bb �M/ i?2 }`Kb Qp2`�HH `QH2 �M/
bi`�i2;v iQ bm++2bb7mHHv BKTH2K2Mi QT2M BMMQp�iBQM �M/ Q#i�BM p�Hm2 7`QK BiX

lYl TI�j8RaL �c � bjan,jna�I /3cC<N
PT2M BMMQp�iBQM �b QmiHBM2/ BM i?2 T`2pBQmb b2+iBQM BMpQHp2b i?2 b?B7i iQr�`/b KQ`2 QT2M
KQ/2b Q7 BMMQp�iBQMX PM2 Q7 i?2b2 QT2M BMMQp�iBQM �TT`Q�+?2b Bb TH�i7Q`K@#�b2/- K2�MBM;
i?�i � TH�i7Q`KBx�iBQM ?�b Q++m``2/X :2M2`�HHv- TH�i7Q`KBx�iBQM ?�b �HbQ #22M 2pB/2Mi BM i?2
BM/mbi`B2b �TTHvBM; i?2 +QM+2Ti Q7 T2M BMMQp�iBQM- �M/ Bi `272`b iQ i?2 BM+`2�bBM; BKTQ`i�M+2 Q7
/B;Bi�H TH�i7Q`Kb �b p2Mm2b 7Q` +`2�iBM; p�Hm2 �M/ /2HBp2`BM; p�Hm2 (jd)X SmiiBM; i?Bb iQ;2i?2`-
QT2M BMMQp�iBQM TH�i7Q`Kb ?�p2 +`2�i2/ K�Mv QTTQ`imMBiB2b 7Q` 2Mi`2T`2M2m`b �M/ i?2B` }`Kb-
BM+Hm/BM; b2`pBM; �b bQm`+2b 7Q` 2ti2`M�H BMMQp�iBQM 7Q` 2bi�#HBb?2/ }`Kb �M/ iQ T�`iB+BT�i2 �b
+QKTH2K2MiQ`b QM 2tBbiBM; TH�i7Q`KbX

h?2 mHiBK�i2 ;Q�H Q7 T`QpB/2`b Q7 TH�i7Q`Kb Bb iQ 2M+Qm`�;2 7Q`K�iBQM Q7 +QKKmMBiB2b Q7 +QK@
TH2K2MiQ`b UT�`iB+BT�MibV i?�i #mBH/ i?2B` #mbBM2bb2b �M/ T`Q/m+i QM i?2 TH�i7Q`K 7`QK r?B+?
i?2v +`2�i2 p�Hm2 (jd)X h?2b2 TH�i7Q`K /2bB;M T`QT2`iB2b �M/ mb�;2b ?�p2 #22M 2tTHQ`2/ 2t@
i2MbBp2Hv rBi?BM i?2 BM7Q`K�iBQM i2+?MQHQ;B2b rBi? ;B�Mi T`QpB/2`b bm+? �b :QQ;H2 �M/ �TTH2
(jd)X >Qr2p2`- bQK2 Q7 i?2 b�K2 T`BM+BTH2b +�M #2 �TTHB2/ 7Q` QT2M BMMQp�iBQM TH�i7Q`Kb BM
i?2 T?�`K�+2miB+�H BM/mbi`vX

� TH�i7Q`K �`+?Bi2+im`2 Bb � bi`m+im`�H /2bB;M i?�i +�M #2 mb2/ iQ 2M+Qm`�;2 M2irQ`F 2z2+ib-
2X;X b?B7iBM; 7`QK BM/BpB/m�H T`Q/m+ib Q` b2`pB+2b iQ TH�i7Q`Kb i?�i �`2 BMi2`K2/B�`B2b 7Q` i`�Mb@
�+iBQMb �M/ i`�Mb72`b Q7 FMQrH2/;2 r?BH2 Q`;�MBxBM; i?2 p�Hm2 +`2�iBM; T`Q+2bb2bX AM 2bb2M+2-
TH�i7Q`Kb T`QpB/2 � +QKKQM /2MQKBM�iQ` �M/ p2Mm2 7Q` /Bz2`2Mi 2MiBiB2b iQ +QMp2`;2 BM i?2
+`2�iBQM �M/ /2HBp2`v Q7 p�Hm2 iQ Bib +mbiQK2`bX AM i?Bb T`Q+2bb- i?2 TH�i7Q`Kb +�M �HbQ T`QpB/2
2+QMQKB2b Q7 b+�H2 �M/ b+QT2 BM BMMQp�iBQMX � TH�i7Q`K bi`m+im`�H /2bB;M 7Q` QT2M BMMQp�iBQM
Bb bmBi�#H2 �b TH�i7Q`Kb BM i?2B` M�im`2 2Mi�BH bQK2 /2;`22 Q7 QT2MM2bbX AM +QK#BM�iBQM- i?2b2
QT2M BMMQp�iBQM TH�i7Q`Kb b?QmH/ 2M+Qm`�;2 T�`iB+BT�iBQM �M/ T`QpB/2 iQQHb �M/ b2`pB+2b i?�i
K�F2b Bi 2�bB2` iQ BMi2`�+i �M/ #2 `2r�`/2/ BM bvM2`;BbiB+ r�vb #2ir22M T`Q/m+2`b �M/ +QM@
bmK2`bX "v b2iiBM; mT � TH�i7Q`K 7Q` QT2M BMMQp�iBQM- +QMbmK2`b �M/ T`Q/m+2`b �`2 +QMM2+i2/-
r?B+? �HHQrb 7Q` i?2 2t+?�M;2 Q7 p�Hm2 #2ir22M i?2KX �//BiBQM�HHv- Qi?2` 2MiBiB2b +�M BMi2`�+i
rBi?BM i?2 TH�i7Q`K- 2X;X �M BM+mK#2Mi T?�`K�+2miB+�H +QKT�Mv BMi2`�+iBM; rBi? � bi�`imT Q`
�M 2Mi`2T`2M2m` iQ b?�`2 FMQrH2/;2 Q` /2p2HQT � T`Q/m+iX h?mb- i?2 p�Hm2 i?�i Bb 2t+?�M;2/
BM � TH�i7Q`K i�F2b /Bz2`2Mi 7Q`Kb- BX2X BM7Q`K�iBQM- ;QQ/b �M/ b2`pB+2b- Q` 2p2M +m``2M+vX (j3)X
o�Hm2 +�Tim`2f�TT`QT`B�iBQM Bb BKTQ`i�Mi iQ +QMbB/2` �b � F2v BMi2`2bi Q7 T`QpB/BM; � TH�i7Q`K
Bb iQ #2M2}i 7`QK BiX h?2`2 �`2 K�Mv /Bz2`2Mi bi`m+im`2b r?B+? BM BM7Q`K�iBQM i2+?MQHQ;B2b
UAhV ?�p2 #22M K�BMHv #22M QTiBK�H T`B+2 bi`m+im`2 �M/ `2p2Mm2 KQ/2H 7Q` i?2 TH�i7Q`K (j3)X
>Qr2p2`- 7Q` �M QT2M BMMQp�iBQM TH�i7Q`K BM i?2 T?�`K�+2miB+�H bT�+2- i?2 p�Hm2 �TT`QT`B�iBQM
K�v i�F2 �M 2MiB`2Hv /Bz2`2Mi 7Q`K- 2X;X i?2 7Q`K Q7 bQm`+BM; 2ti2`M�H BMMQp�iBQMb Q` BM+`2�bBM;
#`�M/ �r�`2M2bbX �HbQ- i?2 FMQrH2/;2 i`�Mb72` i?�i K�v Q++m` Bb p�Hm�#H2- `2[mB`BM; /vM�KB+
+�T�#BHBiB2b �M/ �#bQ`TiBp2 +�T�+Biv r?B+? rBHH #2 QmiHBM2/ H�i2`X

h?2 ?2�Hi? �M/ HQM;2pBiv Q7 i?2 2+Qbvbi2K Q` +QKKmMBiv �`QmM/ � TH�i7Q`K Kmbi #2 K�BMi�BM2/
rBi? 2z2+iBp2 ;Qp2`M�M+2X � ;QQ/ TH�i7Q`K ;Qp2`M�M+2 Bb #mBHi QM TH�i7Q`K `mH2b �M/ Qi?2`



l: +RNj3Njc

+QMbB/2`�iBQMb i?�i �`2 2M7Q`+2/ #v i?2 TH�i7Q`K H2�/2` (j3)X 6Q` �M QT2M BMMQp�iBQM TH�i7Q`K-
i?2`2 �`2 b2p2`�H BKTQ`i�Mi +?QB+2b `2;�`/BM; i?2 ;Qp2`M�M+2- BM+Hm/BM; i?2 T`Qi2+iBQM Q7 /�i�
�M/ BM7Q`K�iBQM U2X;X AS_ Q` +QM}/2MiB�H BM7Q`K�iBQMV- QrM2`b?BT Q7 +QMi2Mi +`2�i2/ �M/ r?Q
`2;mH�i2b i?Bb QrM2`b?BTX

lYk i@3 +RLUI3u DRnaN3w R8 � /an< 8aRL #�cC,
`3c3�a,@ jR T@�aL�,w

hQ #2ii2` mM/2`bi�M/ i?2 HQM; �M/ +QKTH2t DQm`M2v i?�i M2r K2/B+BM2b mM/2`;Q2b #27Q`2 i?2v
2Mi2` i?2 K�`F2i- r2 rBHH mb2 i?Bb 7QHHQrBM; b2+iBQM iQ 2tTH�BM i?2 p�`BQmb T`Q+2bb2b �M/ �bT2+ib
`2[mB`2/X Ai Bb �HbQ BKTQ`i�Mi iQ FMQr �M/ mM/2`bi�M/ i?2b2 �b i?2v �`2 2bb2MiB�H 7Q` #2M2}iBM;
7`QK BMMQp�iBQMbX h?2b2 7�+iQ`b BM+Hm/2 i?2 /`m; /2p2HQTK2Mi T`Q+2bb- i?2 T`Q/m+i HB72 +v+H2-
BMi2HH2+im�H T`QT2`iv `B;?ib �M/ KQ`�H ?�x�`/b r?2M +QHH�#Q`�iBM; 7Q` +QKK2`+B�HBx�iBQMX

lYkYS i@3 /an< /3q3IRUL3Nj TaR,3cc
h?2 2MiB`2 /`m; /2p2HQTK2Mi T`Q+2bb Bb �M 2tT2MbBp2 �M/ HQM; DQm`M2v 7`QK #�bB+ `2b2�`+?
i?`Qm;? /Bb+Qp2`v- T`2+HBMB+�H /2p2HQTK2Mi �M/ +HBMB+�H /2p2HQTK2Mi rBi? K�Mv `2[mB`2K2Mib
7`QK i?2 `2;mH�iQ`v �;2M+B2bX h?Bb Bb /2TB+i2/ BM 6B;m`2 kX9X "�bB+ `2b2�`+? +�M H2�/ iQ i?2
/Bb+Qp2`v Q7 K2+?�MBbKb Q` KQH2+mH2b 7Q` /Bb2�b2 BM/B+�iBQMb i?�i +�M #2 7m`i?2` BMp2biB;�i2/
/m`BM; i?2 /Bb+Qp2`v T?�b2X AM i?2 /Bb+Qp2`v T?�b2- ?Bib �`2 B/2MiB}2/ �M/ QTiBKBx2/ iQr�`/b
H2�/b U?Bi@iQ@H2�/ QTiBKBx�iBQMV iQ B/2MiB7v i?2 KQbi �TT`QT`B�i2 /`m; +�M/B/�i2bX

lTQM i?2 B/2MiB}+�iBQM Q7 /`m; +�M/B/�i2b i?�i b?Qrb T`QKBbBM; TQi2MiB�H- i?2v 2Mi2` i?2 T`2@
+HBMB+�H /2p2HQTK2Mi T?�b2 r?2`2 #Qi? BM pBi`Q �M/ BM pBpQ Bb +�``B2/ Qmi iQ �bb2bb #BQHQ;B+�H
�+iBpBiv �M/ b�72ivX 1ti2MbBp2 H�#Q`�iQ`v `2b2�`+? BM �MBK�Hb Bb T2`7Q`K2/ iQ �bb2bb i?2 2{@
+�+v- QTiBK�H /Qb2 �M/ b�72iv #27Q`2 i?2 /`m; +�M/B/�i2U@bV H2�p2 i?2 T`2+HBMB+�H T?�b2 iQ 2Mi2`
+HBMB+�H i`B�HbX 62r /`m; +�M/B/�i2b 2Mi2` +HBMB+�H i`B�Hb- �M/ i?2 QM2b i?�i /Q 2Mi2` S?�b2 A
�M/ KQ`2 bT2+B}+�HHv- bi�`i }`bi@BM@?mK�M U6A>V bim/v iQ �bb2bb b�72iv BM ?mK�M T�`iB+BT�MibX
�7i2` b�72iv �bb2bbK2Mi BM QM2 BM/BpB/m�H- � bK�HH MmK#2` Q7 ?2�Hi?v pQHmMi22`b �`2 i2bi2/ iQ
/2i2`KBM2 T?�`K�+QFBM2iB+b- H2p2H Q7 /Qb�;2 �M/ b�72iv BM ?mK�MbX

lTQM bm++2bb7mH S?�b2 A i`B�H- i?2 /`m; 2Mi2`b S?�b2 AA rBi? ?mM/`2/b Q7 T�iB2Mib iQ 7m`i?2`
BMp2biB;�i2 i?2 2{+�+v Q7 /`m; �M/ iQ KQMBiQ` �/p2`b2 2z2+ib 7`QK HQM;@i2`K mb2 BM T�iB2Mi
pQHmMi22`bX A7 bm++2bb7mH- i?2 /`m; 2Mi2`b S?�b2 AAA i`B�H r?B+? Bb � H�`;2 b+�H2 i2biBM; iQ +QM@
}`K 2{+�+v �M/ iQ KQMBiQ` �/p2`b2 2p2Mib 7`QK HQM;@i2`K mb2 BM � H�`;2 TQTmH�iBQM Q7 T�iB2Mi
pQHmMi22`b- mbm�HHv BM i?2 i?Qmb�M/bX �7i2` i?Bb ?B;? b+`miBMv Q7 i2biBM; BM ?mK�M T�iB2Mib- B7
bm++2bb7mHHv +QM/m+i2/- i?2 /`m; H2�p2b S?�b2 AAA #v 2Mi2`BM; 6.� `2pB2r mTQM bm#KBiiBM; �
L2r .`m; �TTHB+�iBQM UL.�VX PM+2 i?2 L.� ?�b #22M �TT`Qp2/- i?2 /`m; +�M ;�BM K�`F2iBM;
�mi?Q`Bx�iBQM �M/ #2 K�`F2i2/ BM i?2 la mTQM r?B+? Bi rBHH 2Mi2` TQbi@K�`F2iBM; bm`p2BHH�M+2
UQ7i2M `272``2/ iQ �b T?�`K�+QpB;BH�M+2V r?B+? Bb 2Bi?2` `2[mB`2/ #v i?2 6.� Q` Bb BMBiB�i2/ #v
i?2 bTQMbQ`f/`m; T`QpB/2`X AM +QMi`�bi iQ i?2 Qi?2` i`B�Hb- i?2 S?�b2 Ao T?�`K�+QpB;BH�M+2 Bb
MQi � +HQb2/ i`B�H (jN)X h?mb- i?2 i2Mb@ Q7 i?Qmb�M/b Q7 +QKTQmM/b B/2MiB}2/ BM i?2 /Bb+Qp2`v
T?�b2 Bb M�``Qr2/ /QrM iQ R@k /`m; +�M/B/�i2b i?�i 2Mi2`b +HBMB+�H i`B�HbX PMHv �#Qmi R Q7
Ry /`m; +�M/B/�i2b i?�i 2Mi2` S?�b2 A i`B�H bm++2bb7mHHv +QKTH2i2b S?�b2 AAA (jN)X h?2 2MiB`2
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H2M;i? Q7 i2biBM; 7`QK T`2+HBMB+�H i2biBM; iQ i?2 2M/ Q7 S?�b2 AAA Bb QM �p2`�;2 RkX8 v2�`b rBi?
6.� `2pB2r #2BM; #2ir22M R iQ k v2�`b- `2bmHiBM; BM � /2p2HQTK2Mi iBK2 Q7 /`m;b Q7 �i �#Qmi
R8 v2�`b #27Q`2 2Mi2`BM; i?2 K�`F2i (jN)X

6B;m`2 kX9, h?2 ai�;2b Q7 .`m; .2p2HQTK2Mi
h?2 /`m; /2p2HQTK2Mi T`Q+2bb +�M #2 b?QrM BM b2p2`�H bi�;2b- bi�`iBM; 7`QK #�bB+ `2b2�`+? �M/ 2M/BM; rBi?
TQbi@�TT`Qp�H T?�`K�+QpB;BH�M+2X 6`QK #�bB+ `2b2�`+?- MmK2`Qmb /`m; +�M/B/�i2b �`2 B/2MiB}2/ �M/ QTiBKBx2/
7Q` 2Mi2`BM; +HBMB+�H i`B�Hb BM r?B+? ivTB+�HHv QMHv QM2 2Mi2`b S?�b2 AX AM S?�b2 A- ?2�Hi?v K�H2 pQHmMi22`b �`2
i2bi2/ rBi? i?2 +�M/B/�i2 iQ �bb2bb b�72iv- �HbQ FMQrM �b }`bi@BM@?mK�MX �7i2`r�`/b- i?2 /`m; Bb i2bi2/ BM S?�b2
AA BM ?mM/`2/b Q7 BM/BpB/m�Hb iQ QTiBKBx2 2{+�+v �M/ KQMBiQ` b�72ivX G�biHv- i?2 /`m; 2Mi2`b S?�b2 AAA- i?2 }M�H
T?�b2 #27Q`2 �TT`Qp�H- iQ �bb2bb 2{+�+v �M/ KQMBiQ` �/p2`b2 `2�+iBQMbX �HH i?2 BM7Q`K�iBQM ;�i?2`2/ 7`QK AL.@
2M�#HBM; bim/B2b iQ i?2 +HBMB+�H i`B�H /�i� Bb bm#KBii2/ 7Q` 6.� `2pB2rX �##`2pB�iBQMbc AL. @ AMp2biB;�iBQM�H
L2r .`m;- L.� @ L2r .`m; �TTHB+�iBQM �M/ "G� @ "BQHQ;B+b GB+2Mb2 �TTHB+�iBQMX 6B;m`2 `2T`BMi2/ 7`QK (9y)X

�b /2KQMbi`�i2/ BM 6B;m`2 kX9- r?2M � /`m; +�M/B/�i2 ?�b #22M B/2MiB}2/- i?2 T`Q+2bb iQ
K�`F2iBM; �TT`Qp�H Bb `2H�iBp2Hv HBM2�` �M/ 2p2M i?Qm;? bQK2 K2/B+BM2 �;2M+B2b ?�p2 bHB;?i
/Bz2`2M+2b BM `2;mH�iBQMb- i?2 ;2M2`�H T`Q+2bb Bb biBHH i?2 b�K2X h?2 `BbBM; +Qbi �M/ +QKTHB+�@
iBQMb Q7 +HBMB+�H i`B�Hb �`2 MQi i?2 iQTB+b Q7 i?Bb `2b2�`+?- #mi Bi Bb BKTQ`i�Mi iQ mM/2`bi�M/ i?2
mM/2`HvBM; +Qbib �M/ /B{+mHiB2b BM #`BM;BM; � /`m; iQ i?2 K�`F2iX

6`QK �M QT2M BMMQp�iBQM T2`bT2+iBp2- Bi +QmH/ #2 mb2/ BM 2Bi?2` Q7 i?2b2 bi�;2b Q7 /2p2HQTK2MiX
>Qr2p2`- �b +Qbi �`2 BM+`2�bBM; 2tTQM2MiB�HHv i?2 7m`i?2` � /`m; ;Q2b BM i?2 /2p2HQTK2Mi T?�b2-
i?2 QmibB/2@BM �TT`Q�+? b22Kb iQ #2 KQbi �TT`QT`B�i2 2�`Hv QMX



lf +RNj3Njc

lYkYl TaR0n,j HC83 +w,I3
h?2 T`Q/m+i HB72 +v+H2 Q7 � T?�`K�+2miB+�H T`Q/m+i bi�`ib �7i2` i?2 T�i2Mi }HBM; 7Q` � T`Q/m+iX
�7i2` i?2 T`Q/m+i ?�b ;QM2 i?`Qm;? i?2 K�`F2i �TT`Qp�H T`Q+2bb �M/ 2Mi2`b i?2 K�`F2i Bi
;Q2b i?`Qm;? 7Qm` T?�b2bc BMi`Q/m+iBQM- ;`Qri?- K�im`Biv �M/ /2+HBM2 U;2M2`B+ +QKT2iBiBQMV
(9R)X qBi? QMHv � HBKBi2/ iBK2 iQ `2+QmT +Qbib- +QKT�MB2b rBHH 7Q+mb ?2�pBHv QM ;2iiBM; 2�`Hv
�/QTi2`b rBi? K�`F2iBM; �M/ Qi?2` iQQHbX a2p2`�H 7�+iQ`b +�M �z2+i i?2 �/QTiBQM Q7 � M2r /`m;-
bm+? �b p�Hm2 Qp2` 2tBbiBM; i`2�iK2Mib- +Qbi- �M/ b�72iv (9k)X h?2 /B{+mHiB2b Q7 ;2iiBM; 2�`Hv
�/QTi2`b +�M Q7i2M H2�/ iQ � H�; iBK2 BM b�H2b Q7 �Mv ;Bp2M /`m;X >Qr2p2`- i?2 KQbi MQiB+2�#H2
7�+iQ` BM i?2 T`Q/m+i HB72 +v+H2- b22 6B;m`2 kX8- Bb i?2 /`QT BM b�H2b �7i2` T�i2Mi 2tTB`2- Q7i2M
+�HH2/ i?2 T�i2Mi +HBz (8)X >Qr2p2`- i?2 /2+HBM2 BM b�H2b +�M p�`v ;`2�iHv rBi? 7�+iQ`b bm+? �b
i?2 b�H2b T2�F- +QKTH2tBiv Q7 T`Q/m+i �M/ Qi?2` K�`F2i 2t+HmbBpBiv 2t2KTiBQMb (8- 9j)X

6B;m`2 kX8, h?2 T`Q/m+i HB72 +v+H2 Q7 T?�`K�+2miB+�H T`Q/m+ib
h?2 T`Q/m+i HB72 +v+H2 7Q` T?�`K�+2miB+�H T`Q/m+ib Bb +?�`�+i2`Bx2/ #v bm//2M /`QT BM `2p2Mm2 �7i2` i?2 T�i2Mi- Q`
T�i2Mi 2ti2MbBQM- 2tTB`�iBQMX h?Bb };m`2 Bb 7`QK i?2 1m`QT2�M *QKKBbbBQM (9R) r?2`2 i?2 T�i2Mi 2ti2MbBQM Bb i?2
ǴamTTH2K2Mi�`v T`Qi2+iBQM +2`iB}+�i2 UaS*VǴ r?BH2 BM i?2 la i?2 2ti2MbBQM Bb +�HH2/ ǴS�i2Mi i2`K �/DmbiK2Mi
USh�VǴX *QKT�MB2b i?2`27Q` QMHv ?�p2 � HBKBi2/ iBK2 iQ `2+QmT i?2 ?B;? +Qbi Q7 /2p2HQTK2Mi #27Q`2 i?2B` /`m;b
�`2 +QKKQ/BiBx2/ r?2M ;2M2`B+b 2Mi2` i?2 K�`F2iX

S?�`K�+2miB+�Hb ?�p2 QMHv HBKBi2/ iBK2 iQ `2+QmT i?2 +Qbi Q7 _&. r?B+? Bb +QMM2+i2/ iQ i?2
HB72iBK2 Q7 i?2 T�i2Mi- 7`QK i?2 T�i2Mi }HBM;- iQ K�F2 T`Q}ib 7`QK i?2B` /`m;bX h?2`27Q`2-
Bi Bb Q7 miKQbi BKTQ`i�M+2 iQ ;2i � /`m; iQ K�`F2i �b bQQM �b TQbbB#H2 �7i2` T�i2Mi }HBM;X

Peter Mouritzen




lYk i@3 +RLUI3u DRnaN3w R8 � /an< 8aRL #�cC, `3c3�a,@ jR T@�aL�,w le

S?�`K�+2miB+�H +QKT�MB2b i?�i r�Mi iQ 2M;�;2 rBi? 2ti2`M�H BMMQp�iBQM b?QmH/ i�F2 i?Bb BMiQ
+QMbB/2`�iBQM- bBKTHv #2+�mb2 i?2 bT22/ Q7 +QHH�#Q`�iBQM +�M /2+`2�b2 i?2 iBK2 iQ K�`F2i 7Q`
�Mv ;Bp2M /`m;X h?2 iBK2 iQ K�`F2i Bb i?2`27Q`2 BMi2`HBMF2/ rBi? `2p2Mm2 �M/ T`Q}i�#BHBivX

lYkYk TaRj3,jCRN R8 BNj3II3,jn�I TaRU3ajw
AMi2HH2+im�H T`QT2`iv T`Qi2+iBQM Bb �M BKTQ`i�Mi �bT2+i iQ K2MiBQM #2+�mb2 Bi 2M�#H2b bmbi�BM@
�#H2 _�. �M/ +QKK2`+B�HBx�iBQMX h?2`2 �`2 p�`B2iv Q7 r�vb iQ T`Qi2+i AS_- r?B+? BM+Hm/2b
T�i2Mib- i`�/2K�`Fb- +QTv`B;?ib �M/ i`�/2 b2+`2ibX AM `2;�`/ iQ /`m; /2p2HQTK2Mi- T�i2Mib �`2
T�`iB+mH�`Hv BKTQ`i�Mi �b i?2v �`2 mb2/ iQ T`Qi2+i i?2 BMp2MiBQMX h?Bb T`Qi2+iBQM@ Q7 BMp2MiBQMb
�`2 +`m+B�H BM ?B;?Hv +QKT2iBiBp2 BM/mbi`B�H }2H/b bm+? �b i?2 T?�`K�+2miB+�H BM/mbi`vX S�i2Mib
`2T`2b2Mi � K�DQ` +QKK2`+B�H �bb2i 7Q` BMMQp�iBp2 +QKT�MB2b 7`QK bK�HH �M/ vQmM; iQ H�`;2
�M/ BM+mK#2Mi +QKT�MB2bX Ai Bb � i�M;B#H2 �bb2i i?�i +�M #2 HB+2Mb2/ BM Q` Qmi- bQH/ Q` �+[mB`2/
Q` mb2/ �b �M �bb2i iQ #HQ+F Qi?2`b 7`QK 2Mi2`BM;- BX2X bmbi�BMBM; � +QKT2iBiBp2 �/p�Mi�;2 (99)X

:2M2`�HHv bT2�FBM;- i?2 +QM+2Ti Q7 AS_ Bb +QMbB/2`2/ iQ #2 i?2 K�BM KQiBp�iQ` 7Q` BMMQp�iBQM �b
Bi T`Qi2+ib vQm` B/2� 7`QK #2BM; 2tTHQBi2/ #v Qi?2`bX �b BMMQp�iBQM Bb p2`v +QbiHv- i?2 BMMQp�iQ`
M22/b iQ #2 �#H2 iQ `2+QmT i?2 BMp2biK2Mib K�/2 BM _�. #v T`Qi2+iBM; i?2B` BMMQp�iBQMb 7`QK
#2BM; BKBi�i2/ #v Qi?2`bX h?2`27Q`2- T�i2Mib 2M�#H2 i?2 BMMQp�iQ`b �M/ BMp2MiQ`b iQ #2M2}i
7`QK i?2B` BMp2MiBQMb pB� `2+Q;MBiBQM �M/ �+FMQrH2/;2K2Mib #mi �HbQ KQ`2 BKTQ`i�MiHv T`Qi2+i
i?2B` }M�M+B�H 2�`MBM;bX S�i2Mib �`2 �HbQ � bi`�i2;B+ �bb2i i?�i +�M #2 mb2/ r?2M 2bi�#HBb?BM;
+QMi�+i rBi? F2v +QHH�#Q`�iQ`bX � }H2/ T�i2Mi �TTHB+�iBQM +�M 7�+BHBi�i2 +QKKmMB+�iBQM #v
2Mbm`BM; i?�i i?2 BMp2MiBQM +�M #2 b?QrM iQ Qi?2` T�`iB2b rBi?Qmi `BbFBM; BKBi�iBQM (99)X

Ai K�v b22K iQ #2 +QMi`�/B+iBM; iQ K2MiBQM AS_ �M/ QT2M BMMQp�iBQM BM i?2 b�K2 b2Mi2M+2
�M/ K�Mv +QKTH2tBiB2b �`Bb2 7`QK ?�pBM; iQ T`Qi2+i +2`i�BM BMMQp�iBQMb r?BH2 BKTH2K2MiBM; �M
QT2M 2MpB`QMK2MiX Ai Bb � ivTB+�H KBb+QM+2TiBQM iQ i?BMF i?�i QT2M BMMQp�iBQM Bb 2[mBp�H2Mi
iQ QT2M �++2bb Q` i?�i Bi BM bQK2 r�v mM/2`KBM2b i?2 +QM+2Ti Q7 AS T`Qi2+iBQMX *QMi`�`BHv-
i?2 +m``2M+v BM QT2M BMMQp�iBQM +�M #2 +QMbB/2`2/ iQ #2 i?2 AS_ �b QT2M BMMQp�iBQM `2HB2b QM
i?2 7�+i i?�i Q#i�BMBM; AS_ /Q2b MQi /B`2+iHv H2�/ iQ +QKK2`+B�H bm++2bbX "2bB/2 Q#i�BMBM;
i?2 AS T`Qi2+iBQM- i?2`2 �`2 K�Mv Qi?2` bi2Tb iQ #2 i�F2M BM Q`/2` iQ +`2�i2 +QKK2`+B�H p�Hm2
(kj)X �HbQ- r?2M /2i2`KBMBM; /2�Hb 7Q` +QHH�#Q`�iBQMb 7Q` +QKK2`+B�HBx�iBQM- i?2 T�i2Mi Bb i?2
+2Mi`�H �bb2i r?B+? /2i2`KBM2b i?2 p�Hm2 Q7 i?2b2 T�`iB+mH�` /2�Hb �b Bi 2Mbm`2b i?�i _�. +Qbib
+�M #2 `2+QmT2/ #v ?�pBM; K�`F2i 2t+HmbBpBivX

6BM�HHv- i?2`2 2tBbib � i`2M/ �+`Qbb K�Mv BM/mbi`B2b i?�i i?2 K�DQ`Biv Q7 T�i2Mib `2K�BM mM+QK@
K2`+B�HBx2/X PM2 +�M }M/ � ?m;2 TQi2MiB�H 7Q` AS b?�`BM; i?`Qm;? QT2M BMMQp�iBQM iQ +`2�i2
p�Hm2 7`QK AS TQ`i7QHBQb i?�i �`2 mM+QKK2`+B�HBx2/ #v 2Mi2`BM; T�`iM2`b?BTb �M/ +`Qbb@HB+2MbBM;
rBi? Qi?2` +QKT�MB2bX AM i?2 T?�`K�+2miB+�H BM/mbi`v i?Bb Bb 2bT2+B�HHv BKTQ`i�Mi `2H�iBM; iQ
i?2 7�+i i?�i i?2 iBK27`�K2 7Q` `2+QmTBM; _�. BMp2biK2Mib Bb `2H�iBp2Hv b?Q`iX h?mb- �+iBp2
AS K�M�;2K2Mi `2[mB`2b +QKT�MB2b iQ b2�`+? 7Q` QTTQ`imMBiB2b 7Q` b?�`BM; AS iQ +`2�i2 `2�H
p�Hm2- 2X;X i?`Qm;? +Q@+`2�iBQM Q` HB+2MbBM; T�`iM2`b?BTb (kj)X



l4 +RNj3Njc

lYkY: KRa�I ?�y�a0c CN +RII�$Ra�jCRN 8Ra +RLL3a,C�ICy�jCRN
�b T`2pBQmbHv K2MiBQM2/- i?2 +QKK2`+B�HBx�iBQM Q7 � /`m; Bb � +QKTH2t DQm`M2v i?�i `2[mB`2b
K�Mv /Bz2`2Mi +�T�#BHBiB2b �M/ ?�b � ?B;? +QbiX h?2 /2p2HQTK2Mi T`Q+2bb Bb HQM; �M/ +Qbi BMi2M@
bBp2- BMMQp�iQ`b �M/ BMp2MiQ`b �`2 i?2`27Q`2 Q7i2M +QHH�#Q`�iBM; rBi? H�`;2` +QKT�MB2b M22/BM;
+QKK2`+B�HBx2 i?2B` i2+?MQHQ;B2b (kj)X AM i?2b2 +QHH�#Q`�iBQMb- i?2`2 Bb � MQiBQM i?�i #2ir22M
irQ Q`;�MBx�iBQMb- i?2`2 Bb � `BbF i?�i i?2 KQ`2 TQr2`7mH QM2 i�F2b �/p�Mi�;2 Q7 i?2 Qi?2` �M/
r2�F2` Q`;�MBx�iBQMX *QMb2[m2MiHv- KQ`�H ?�x�`/b K�v �`Bb2 7`QK i?2 BM7Q`K�iBQM �bvKK2i`v
i?�i +�M Q++m` #2ir22M i?2 +QHH�#Q`�iBM; Q`;�MBx�iBQMbX h?Bb K2�Mb i?�i i?2 KQ`�H ?�x�`/
Q++m`b r?2M i?2 +QKT�Mv rBi? KQ`2 BM7Q`K�iBQM �+ib BM�TT`QT`B�i2Hv 7`QK i?2 T2`bT2+iBp2 Q7
i?2 T�`iv rBi? H2bb BM7Q`K�iBQMX h?2`2#v- i?2 `BbF@i�FBM; +QKT�Mv +�M i�F2 KQ`2 `BbFv �M/
�K#B;mQmb �+iBQMb i?�i /Q MQi ?m`i i?2K #2+�mb2 i?2 +QHH�#Q`�iQ` T�vb 7Q` i?2 +QMb2[m2M+2b
Q7 i?2 `BbF (98)X

h?2b2 KQ`�H ?�x�`/b +�M �HbQ �`Bb2 7`QK i?2 T`BM+BT�H@�;2Mi T`Q#H2K BM r?B+? QM2 T�`iv- i?2
�;2Mi- �+ib QM #2?�H7 Q7 �MQi?2` T�`iv- i?2 T`BM+BT�HX h?2 �;2Mi ?�b KQ`2 BM7Q`K�iBQM i?�M
i?2 T`BM+BT�H- i?mb- �;2Mib K�v �+i QM QTTQ`imMBbiB+ #2?�pBQ` iQ #2M2}i i?2Kb2Hp2b r?BH2 Bi Bb
MQi BM HBM2 rBi? i?2 T`BM+BT�Hb BMi2`2bi (98)X

h?2 KQ`�H ?�x�`/b �`2 BKTQ`i�Mi iQ +QMbB/2`- #Qi? 7`QK i?2 pB2r Q7 � T�`iB+BT�Mi BM �M/
T`QpB/2` Q7 QT2M BMMQp�iBQM TH�i7Q`KbX h?2 BM7Q`K�iBQM bvKK2i`v ;Q2b #Qi? r�vb- �b #Qi?
T�`iB2b K�v #2 +QM+2`M2/ `2;�`/BM; i?2 BM7Q`K�iBQM �#Qmi #2?�pBQ` �M/ BMi2`2bib r?B+? �`2
mMFMQrM iQ i?2K- 2X;X � T�`iB+BT�Mi +�M #2 �7`�B/ Q7 ?Qr i?2 /�i� ;2M2`�iBQM Bb mb2/ �M/
biQ`2/ BMi2`M�HHv �b r2HH �b ?Qr Bi Bb T`QpB/2/ #�+F iQ ?BKX q?2`2�b- i?2 T`QpB/2` Bb T�vBM;
7Q` i?2 i2biBM;- i?2 T�`iB+BT�Mi U`BbF@i�F2`V +�M 2Mi2` BMiQ +QHH�#Q`�iBQM rBi? KQ`2 `BbF �b Bi
?�b pB`im�HHv MQ +Qbi 7Q` ?BKX

h?Bb +QM+Hm/2b i?2 /2b+`BTiBQM Q7 i?2 /2p2HQTK2Mi T`Q+2bb Q7 � /`m; �M/ � 72r `2H�i2/ `2~2+iBQMX
AM i?2 M2ti b2+iBQM r2 im`M Qm` �ii2MiBQM iQ KQ`2 #mbBM2bb `2H�i2/ 2H2K2MibX

lY: #ncCN3cc KR03I 8Ra QU3N BNNRq�jCRN bja�j3<C3c
�i i?2 ?2�`i Q7 i?2 #mbBM2bb bi`�i2;v Bb i?2 T`Q+2bb Q7 #mbBM2bb KQ/2H +QMbi`m+iBQMX h?2
#mbBM2bb KQ/2H Bb i?2 `�iBQM�H2 i?�i /2b+`B#2b ?Qr � +QKT�Mv +�M +`2�i2- /2HBp2` �M/ +�Tim`2
p�Hm2 iQ bmbi�BM Bib #mbBM2bb2b �M/ Bib +QKT2iBiBp2 2/;2 (9e)X h?2 i?`22 +QKTQM2Mib r?B+? #mBH/
� #mbBM2bb TH�M �`2 i?2 p�Hm2 +`2�iBQM- i?2 p�Hm2 /2HBp2`v �M/ i?2 p�Hm2 +�Tim`2- �HH Q7 r?B+?
rBHH #2 2tTH�BM2/ 7m`i?2` BM i?2 7QHHQrBM; bm#@b2+iBQMX AM �//BiBQM iQ i?Bb- r2 rBHH i?2`2�7i2`
BMi`Q/m+2 i?2 "mbBM2bb JQ/2H *�Mp�b U"J*V- � K2i?Q/ iQ pBbm�HBx2 �M/ /2p2HQT bQHB/ #mbBM2bb
KQ/2HbX

lY:YS +a3�jCRN. /3ICq3aw �N0 +�Ujna3 R8 p�In3
h?2 7QmM/�iBQM Q7 �Mv #mbBM2bb KQ/2H Bb i?2 +`2�iBQM- /2HBp2`v �M/ +�Tim`2 Q7 p�Hm2X h?2`2 �`2
irQ r�vb i?�i p�Hm2 +�M #2 +`2�i2/- i?2 }`bi QM2 #2BM; #v T`Q/m+BM; �M Qz2`BM; bm+? �b � T`Q/@
m+i Q` b2`pB+2- �M/ i?2 b2+QM/ #2BM; T`2p2MiBM; T`Q/m+iBQM Q7 �M Qz2`BM; i?�i Bb rQ`i? H2bb i?�M
Bib T`Q/m+iBQM +QbiX AM Q`/2` iQ +`2�i2 p�Hm2- i?2 T`Q/m+i Q` b2`pB+2 ?�b iQ #2 p�Hm�#H2 iQ i?2

Peter Mouritzen




lY: #ncCN3cc KR03I 8Ra QU3N BNNRq�jCRN bja�j3<C3c lO

+mbiQK2`b iQ `2+QmT T`Q/m+iBQM +Qbib �M/ T`QpB/2 p�Hm2 iQ i?2 +QKT�Mv Qz2`BM; BiX h?2`27Q`2-
p�Hm2 Kmbi #2 +`2�i2/ �M/ /2HBp2`2/ iQ +mbiQK2`b #27Q`2 Bi +�M #2 +�Tim`2/ #v i?2 +QKT�Mv (9d)X

h?2 p�Hm2 /2HBp2`v Bb iQ /2HBp2` i?2 p�Hm2 +`2�i2/ iQ i?2 +mbiQK2`- r?B+? 7`QK � +mbiQK2`@
+2Mi`B+ pB2r Bb KQ`2 HBF2Hv iQ #2 Ǵ�++2Ti2/Ǵ #v i?2 +mbiQK2`bX h?Bb K2�Mb i?�i i?2 /2+BbBQM Q7
Tm`+?�b2 HB2b rBi? i?2 +mbiQK2` �M/ Bi Bb TBpQi�H iQ /2HBp2` p�Hm2 #27Q`2 Bi #2+QK2b �p�BH�#H2
iQ +�Tim`2X *mbiQK2`b rBHHBM;M2bb Bb #�b2/ QM �r�`2M2bb Q7 i?2 +QKT�Mv- T2`+2TiBQMb Q7 p�Hm2
�M/ #2HB27b Q7 ?Qr i?2 T`Q/m+i Q` bm`7�+2 rBHH bQHp2 � #mbBM2bb T`Q#H2KX h?mb- iQ /2HBp2` p�Hm2-
i?2 +QKT�Mv Kmbi T`Q/m+2 2z2+iBp2 K�`F2iBM;- b�H2b �M/ bmTTQ`i iQ K�F2 i?2 p�Hm2 �p�BH�#H2
7Q` +�Tim`2 �M/ BM+`2�b2 i?2 MmK#2` Q7 rBHHBM; +mbiQK2`b (9d)X

h?2 H�bi bi�;2 Bb i?2 p�Hm2 +�Tim`2- r?2`2 i?2 +QKT�Mv +�Tim`2b Bib QrM p�Hm2- 2X;X ;2iiBM;
T�B/X Ai Bb #�bB+�HHv � [m2biBQM Q7 ?Qr Km+? Q7 i?2 iQi�H p�Hm2 b?QmH/ #2 i�F2MX Ai rQmH/ mbm@
�HHv #2 BM i?2 7Q`K Q7 i?2 �KQmMi H27i mTQM bm#i`�+iBM; i?2 +Qbi Q7 p�Hm2 +`2�iBQM �M/ /2HBp2`v
7`QK i?2 T`B+2 Q7 T`Q/m+i Q` b2`pB+2X >Qr2p2`- T`B+BM; Bb � KQ`2 +QKTH2t K�ii2` i?�i `2[mB`2b
T`B+BM; bi`�i2;B2b BM Q`/2` iQ i�`;2i i?2 K�`F2i- 2X;X +QKT2iBiQ`b T`B+BM; ?�b � #B; BM~m2M+2X
h?2`27Q`2- i?2 p�Hm2 +�Tim`2 M22/b iQ �//`2bb bB;MB}+�Mi +QMbB/2`�iBQMb BM Q`/2` iQ �++2bb p�Hm2
+�Tim`2 QTTQ`imMBiB2b (9d)X

�b � `2bmHi- #mbBM2bb KQ/2Hb ?�p2 iQ H2p2`�;2 i?2 p�`BQmb bi�;2b BM Q`/2` iQ BKTH2K2Mi bm++2bb7mH
#mbBM2bb KQ/2HbX h?2b2 MQiBQMb +�M #2 mb2/ iQ /2p2HQT #mbBM2bb KQ/2Hb 7Q` QT2M BMMQp�iBQM
TH�i7Q`Kb �M/ bi`�i2;B2bX AM Qm` `2b2�`+?- r2 rBHH �TTHv i?Bb 7`�K2rQ`F iQ BMp2biB;�i2 ?Qr
p�Hm2 Bb +`2�i2/ �M/ /2HBp2`2/ iQ T�`iB+BT�Mib �M/ T�`iM2`b- `2bmHiBM; BM #2BM; +�Tim`2/ #v i?2
+QKT�Mv T`QpB/BM; i?2 QT2M BMMQp�iBQM TH�i7Q`KX

lY:Yl #ncCN3cc KR03I +�Nq�c
"2bB/2 i?2 p�Hm2 +`2�iBQM- /2HBp2`v �M/ +�Tim`2 `2[mB`2K2Mib 7Q` bm++2bb7mH #mbBM2bb KQ/2Hb
+�M #2 pBbm�HBx2/ �M/ /2p2HQT2/ mbBM; i?2 "J*X q2 mb2 i?2 Bi iQ +QKT�`2 i?2 /B{+mHiB2b
rBi? H2p2`�;BM; QT2M BMMQp�iBQM TH�i7Q`Kb 7Q` 2ti2`M�H bQm`+BM; Q7 BMMQp�iBQM BM i?2 HQ+�H �M/
;HQ#�H 2MpB`QMK2MiX h?2 #mbBM2bb KQ/2H +�Mp�b Bb � iQQH iQ ǳ/2b+`B#2 i?2 `�iBQM�H2 Q7 ?Qr �M
Q`;�MBx�iBQM +`2�i2b- /2HBp2`b- �M/ +�Tim`2b p�Hm2XǴ UPbi2`r�H/- kyRyV (9e)X h?2 Tm`TQb2 Q7
mbBM; i?Bb iQQH rBHH #2 iQ +`2�i2 � 7`�K2rQ`F 7Q` pBbm�HBxBM; i?2 �bT2+ib i?�i K�F2 �M QT2M
BMMQp�iBQM TH�i7Q`K �ii`�+iBp2 7Q` T�`iB+BT�MibX

h?2 "J* Bb /BpB/2/ BMiQ N #mBH/BM; #HQ+Fb i?�i b?Qr i?2 HQ;B+ Q7 ?Qr � +QKT�Mv +�M +`2�i2-
/2HBp2` �M/ +�Tim`2 p�Hm2X

RX *mbiQK2` b2;K2Mib, h?2 b2i Q7 +mbiQK2`b i?2 Q`;�MBx�iBQMb BMi2M/b iQ b2`p2

kX o�Hm2 T`QTQbBiBQMb, h?2 T`Q#H2KUbV i?2 Q`;�MBx�iBQM b22Fb iQ bQHp2 Q` b�iBb7v �M/ ?Qr

jX *?�MM2Hb, >Qr i?2 p�Hm2 T`QTQbBiBQMb �`2 /2HBp2`2/ iQ +mbiQK2`b i?`Qm;? +QKKmMB+�iBQM-
/Bbi`B#miBQM- �M/ b�H2b +?�MM2HbX

9X *mbiQK2` `2H�iBQMb?BTb, h?2 `2H�iBQMb?BTb i?2 Q`;�MBx�iBQM ?�b rBi? Bib +mbiQK2` b2;@
K2MibX



kz +RNj3Njc

8X _2p2Mm2 bi`2�Kb, ?Qr i?2 Q`;�MBx�iBQM rBHH ;2i `2p2Mm2 7`QK p�Hm2 T`QTQbBiBQMb Qz2`2/
iQ +mbiQK2`bX

eX E2v `2bQm`+2b, h?2 �bb2ib i?2 Q`;�MBx�iBQM `2[mB`2b iQ Qz2` �M/ /2HBp2` p�Hm2 iQ i?2
+mbiQK2`bX

dX E2v �+iBpBiB2b, h?2 �+iBpBiB2b �M Q`;�MBx�iBQM /Q2b iQ /2HBp2` p�Hm2 iQ +mbiQK2`bX

3X E2v T�`iM2`b?BTb, �+iBpBiB2b i?�i �`2 �+[mB`2/ QmibB/2 Q7 i?2 Q`;�MBx�iBQMX

NX *Qbi bi`m+im`2, h?2 +Qbi BM+m``2/ r?BH2 QT2`�iBM; mM/2` i?2 #mbBM2bb KQ/2HX

U�HH BM7Q`K�iBQM Bb 7`QK i?2 #QQF Ǵ"mbBM2bb JQ/2H :2M2`�iBQMǴ #v Pbi2`r�H/2` �M/ SB;M2m`-
kyRyV

6B;m`2 kXe, h?2 "mbBM2bb JQ/2H *�Mp�b
h?2 "mbBM2bb JQ/2H *�Mp�b Bb � `2T`2b2Mi�iBQM Q7 ?Qr � +QKT�Mv BMi2Mib iQ +`2�i2- /2HBp2` �M/ +�Tim`2 p�Hm2
rBi? N #mBH/BM; #HQ+Fb(9e)

h?2 "J* Bb � ?�M/v `2T`2b2Mi�iBQM Q7 bi`�i2;v iQ #2 BKTH2K2Mi2/ i?`Qm;? Q`;�MBx�iBQM�H
bi`m+im`2b- T`Q+2bb2b- �M/ bvbi2KbX AM Qm` +�b2 r2 rBHH mb2 i?Bb iQ `2T`2b2Mi i?2 +m``2Mi bi`�i@
2;v Q7 G1P S?�`K� �M/ BKTH2K2Mi H2bbQMb H2�`M2/ i?`Qm;? BMi2`pB2rbX h?�i r�v r2 +�M
#2ii2` B/2MiB7v �M/ BbQH�i2 �Mv TQi2MiB�H r2�F TQBMib BM i?2 KQ/2HX

h?2 "J* r2 /2p2HQT rBHH �TTHv i?2 H2bbQMb H2�`M2/ BM � K�MM2` i?�i Bb 2�bv iQ +QKKmMB+�i2
rBi? Q`;�MBx�iBQMb BMi2M/BM; QM +`2�iBM; �M QT2M BMMQp�iBQM TH�i7Q`K Q` BMi2M/BM; iQ K�F2

Peter Mouritzen




lY: #ncCN3cc KR03I 8Ra QU3N BNNRq�jCRN bja�j3<C3c kS

7Q+mb2/ bi`�i2;B+ +?�M;2b iQ 2tBbiBM; TH�i7Q`KbX >�pBM; �M "J* 7Q` �M Qp2`pB2r Q7 QT2M BMMQ@
p�iBQM rBHH 7m`i?2`KQ`2 �HHQr mb iQ 2p�Hm�i2 Bib bi`2M;i?b �M/ r2�FM2bb2bX h?Bb 2p�Hm�iBQM rBHH
#2 K�/2 rBi? i?2 BM7Q`K�iBQM ;�i?2`2/ 7`QK i?2 BMi2`pB2rb �M/ i?`Qm;? i?2K r2 rBHH �ii2KTi
iQ B/2MiB7v i?2 mM/2`HvBM; 2ti2`M�H 7�+iQ`b i?�i +QmH/ BM~m2M+2 � +?�M;2 BM i?2 #mbBM2bb KQ/2HX

lY:YlYS KnIjCAcC030 $ncCN3cc LR03I 8Ra 3uj3aN�I cRna,CN< R8 CNNRq�jCRN
� KmHiB@bB/2/ TH�i7Q`K Bb � TH�i7Q`K r?B+? #`BM;b iQ;2i?2` irQ /BbiBM+i ;`QmTb Q7 +mbiQK2`b
�M/ p�Hm2 Bb +`2�i2/ 7Q` QM2 ;`QmT QMHv B7 i?2 Qi?2` ;`QmT Bb T`2b2Mi (9e)X h?2 7mM/�K2Mi�H B/2�
Q7 bQm`+BM; 2ti2`M�H BMMQp�iBQM Bb iQ }M/ B/2�b i?�i #`BM; p�Hm2 iQ i?2 T�iB2Mib- #mi i?2 p�Hm2
+`2�i2/ 7Q` 2ti2`M�H BMMQp�iQ`b Bb /BbiBM+i 7`QK i?2 p�Hm2 +`2�i2/ 7Q` T�iB2MibX h?Bb `2b2�`+?
rBHH MQi 7Q+mb QM i?2 p�Hm2 +`2�i2/ 7Q` T�iB2Mib- QMHv QM i?2 T�`iB+BT�Mib bQm`+BM; 2ti2`M�H
BMMQp�iBQM BM QT2M BMMQp�iBQM TH�i7Q`KbX h?Bb rBHH �HHQr mb iQ +`2�i2 � #mbBM2bb KQ/2H i?�i Bb
7Q+mb2/ QM i?2 T�`iB+BT�Mib �b � +mbiQK2` b2;K2Mi Q7 i?2 QT2M BMMQp�iBQM TH�i7Q`KX >Qr2p2`-
BM i?Bb +?�Ti2` r2 rBHH �HbQ 2tT�M/ 7m`i?2` QM ?Qr � +QKT�Mv +�Tim`2b i?2 p�Hm2 7`QK QT2M
BMMQp�iBQM iQ 2tT�M/ Bib /`m; TBT2HBM2- r?B+? Bb mHiBK�i2Hv i`�Mb7Q`K2/ BMiQ p�Hm2 7Q` T�iB2MibX

lY:Yk p�In3 �UUaRUaC�jCRN R8 QU3N BNNRq�jCRN TI�j8RaLc
6Q` QT2M BMMQp�iBQM TH�i7Q`Kb �b #mbBM2bb KQ/2Hb- Bi Bb BKTQ`i�Mi iQ +`2�i2 �M/ /2HBp2` p�Hm2
iQ i?2 T�`iB+BT�Mib �M/ T�`iM2`b BM Q`/2` iQ 2MiB+2 i?2KX �7i2`r�`/b- Bi Bb M�im`�HHv +`m+B�H 7Q`
i?2 T`QpB/2` Q7 i?2 QT2M BMMQp�iBQM TH�i7Q`K iQ +�Tim`2 bQK2 Q7 i?2 p�Hm2 +`2�i2/X AM Q`/2`
iQ /Q bQ- i?2`2 �`2 b2p2`�H BKTQ`i�Mi 7�+iQ`b r?B+? /2i2`KBM2 ?Qr r2HH �M Q`;�MBx�iBQM +�M
+�Tim`2 p�Hm2 7`QK i?2 QT2M BMMQp�iBQM TH�i7Q`KX PM2 ivT2 Q7 p�Hm2 Bb i?2 KQM2i�`v QM2 Q`
i?2 T?vbB+�H QM2- 2X;X bQm`+BM; Q7 � M2r +QKTQmM/ iQ Tmb? i?`Qm;? /`m; /2p2HQTK2Mi pB�
BM@HB+2MbBM; Q` �+[mBbBiBQM Q7 ASX >Qr2p2`- b2p2`�H Qi?2` 7�+iQ`b �`2 BKTQ`i�Mi BM `2;�`/ iQ
FMQrH2/;2 bTBHHQp2`- �#bQ`TiBp2 +�T�+Biv- /vM�KB+ +�T�#BHBiB2b �M/ #2BM; �#H2 iQ bm++2bb7mHHv
/Q 2tTHQ`�iBQM �b �M �K#B/2ti`Qmb Q`;�MBx�iBQM �`2 +`m+B�H iQ +�Tim`2 p�Hm2 7`QK i?2 QT2M
BMMQp�iBQM TH�i7Q`KbX

h?2 2tTHQ`�iBQM �M/ 2tTHQBi�iBQM T�`�/B;K Bb +QKKQMHv mb2/ BM BMMQp�iBQM K�M�;2K2Mi HBi2`@
�im`2X 1tTHQ`�iBQM Bb i?2 i2`K 7Q` i?BM;b +�Tim`2/ #v b2�`+?- p�`B�iBQM- `BbF@i�FBM;- 2tT2`BK2M@
i�iBQM- /Bb+Qp2`v- BMMQp�iBQM 2i+X �M/ /2MQi2b `�/B+�H Q` /Bb`mTiBp2 BMMQp�iBQMX AM +QMi`�bi-
2tTHQBi�iBQM Bb i?2 i2`K 7Q` i?BM;b i?�i 7m`i?2` /2p2HQT 2tBbiBM; BMMQp�iBQMb- 2X;X `2}M2K2Mi-
+?QB+2- T`Q/m+iBQM- 2{+B2M+v- b2H2+iBQM �M/ BKTH2K2Mi�iBQM- /2MQiBM; BM+`2K2Mi�H Q` T2`7Q`@
K�M+2 BKT`QpBM; BMMQp�iBQM (93)X "v TH�+BM; 2tTHQ`�iBQM �M/ 2tTHQBi�iBQM QM � iBK2b+�H2-
2tTHQ`�iBQM rQmH/ #2 �+iBpBiB2b iQ bmbi�BM HQM;@i2`K T`Q}i�#BHBiv �M/ 2tTHQBi�iBQM b?Q`i@i2`K
T`Q}i�#BHBivX "Qi? b2ib Q7 BMMQp�iBp2 �+iBpBiB2b �`2 `2[mB`2/ 7Q` HQM; iBK2 bm`pBp�H r?BH2 +QKT�@
MB2b Q7i2M 7Q+mb QM 2tTHQBi�iBQM �M/ 7�BHX hQ 2t2+mi2 2tTHQ`�iBQM �M/ 2tTHQBi�iBQM BMMQp�iBQM
�+iBpBiB2b `2[mB`2b p2`v /Bz2`2Mi �+iBpBiB2b- +�T�#BHBiB2b �M/ T`Q+2bb2b (93)X �b QT2M BMMQp�iBQM
TH�i7Q`Kb +�M #2 mb2/ 7Q` 2tTHQ`�iBQM 2zQ`ib- Bi Bb BKTQ`i�Mi iQ ?�p2 �M �K#B/2ti`Qmb Q`;�MBx�@
iBQM- /vM�KB+ +�T�#BHBiB2b �M/ �#bQ`TiBp2 +�T�+Biv- �HH Q7 r?B+? rBHH 2tTH�BM2/ BM i?2 7QHHQrBM;
b2+iBQMbX



kl +RNj3Njc

lY:YkYS �L$C03ujaRnc Qa<�NCy�jCRN
6`QK � b+?QH�` T2`bT2+iBp2 Bi Bb BKTQ`i�Mi miBHBx2 � #`Q�/ bi`2�K Q7 HBi2`�im`2 7Q` /2b+`B#BM;
i?2 2z2+i Q7 BKTH2K2MiBM; QT2M BMMQp�iBQM BM i?2 +Q`TQ`�i2 ;`Qri? bi`�i2;vX >Qr2p2`- 7`QK
�M �+�/2KB+ T2`bT2+iBp2 i?2 #2M2}ib Q7 QT2M BMMQp�iBQM BM +Q`TQ`�i2 bi`�i2;v +�M #2 /2b+`B#2/
mbBM; i?2 HBi2`�im`2 `2;�`/BM; 2tTHQ`�iBQM �M/ 2tTHQBi�iBQM (9N)X 6m`i?2`KQ`2- Bi Bb BKTQ`i�Mi
iQ ?�p2 �M �K#B/2ti`Qmb Q`;�MBx�iBQM iQ bm++2bb7mHHv #2M2}i 7`QK QT2M BMMQp�iBQMX h?mb- i?2
M22/ iQ ?�p2 �M �K#B/2ti`Qmb Q`;�MBx�iBQM Bb +`m+B�H r?B+? +�M �HbQ #2 7QmM/ BM i?2 HBi2`�im`2
(9N- 8y)X

Ǵ�M �K#B/2ti`Qmb Q`;�MBx�iBQM Bb QM2 i?�i Bb +�T�#H2 Q7 bBKmHi�M2QmbHv 2tTHQBi@
BM; 2tBbiBM; +QKT2i2M+B2b U2X;X- b�iBb7vBM; 2tBbiBM; +mbiQK2`bV �M/ 2tTHQ`BM; M2r
QTTQ`imMBiB2b U2X;X- /2p2HQTBM; M2r T`Q/m+ibVǴ Ua+?`2m/2`b- kyRkV (8y)X

�b � `2bmHi- i?2 �K#B/2ti2`Biv Bb 7QmM/ BM i?2 }`KǶb �#BHBiv iQ H2p2`�;2 #Qi? 2tTHQ`�iBQM �M/
2tTHQBi�iBQM 2zQ`ib bBKmHi�M2QmbHvX h?2`27Q`2- Bi `2[mB`2b � bi`QM; BMi2`M�H TBT2HBM2 /2p2HQT@
K2Mi r?BH2 �HbQ bQm`+BM; �M/ bm++2bb7mHHv BM+Q`TQ`�iBM; 2ti2`M�H BMMQp�iBQMb 7`QK 2tTHQ`�iBQM
2zQ`ibX

lY:YkYl +�U�$CICjw #nCI0CN< �N0 /wN�LC, +�U�$CICjC3c
*�T�#BHBiv #mBH/BM; �M/ /vM�KB+ +�T�#BHBiB2b �`2 +2Mi`�H iQTB+b 7Q` +QKT�MB2b r?Q +?Qb2 iQ
2K#2/ QT2M BMMQp�iBQM �b �M 2bb2MiB�H 2H2K2Mi BM i?2B` +Q`TQ`�i2 ;`Qri? bi`�i2;vX AM i?Bb
b2iiBM;- QT2M BMMQp�iBQM rBHH #2 BKT2`�iBp2 7Q` /2p2HQTBM; � T`Q/m+i /m`BM; Bib DQm`M2v 7`QK
_�. iQ K�`F2i H�mM+?X 6Q` i?2b2 +QKT�MB2b- Bi Bb BKTQ`i�Mi i?�i M2r +QKT2i2M+B2b �`2 #mBHiX
h?2`2#v- T`QpB/BM; i?2 QTTQ`imMBiv iQ mb2 QT2M BMMQp�iBQM BM i?2 bTQiHB;?i 7Q` #mBH/BM; M2r
+QKT2i2M+B2b �M/ miBHBx2 /vM�KB+ +�T�#BHBiB2bX

Ǵ.vM�KB+ +�T�#BHBiB2bǴ `272` iQ i?2 Q`;�MBx�iBQMǶb bi`�i2;B+ �#BHBiB2b iQ �/�Ti- BMi2;`�i2 �M/
`2+QM};m`2 BMi2`M�H �M/ 2ti2`M�H Q`;�MBx�iBQM�H bFBHHb- `2bQm`+2b �M/ 7mM+iBQM�H +QKT2i2M+2 iQ
�+?B2p2 +QM;`m2M+2 rBi? i?2 +?�M;BM; #mbBM2bb (8R)X .vM�KB+ +�T�#BHBiB2b +�M #2 /BpB/2/ BMiQ j
T`BK�`v �+iBpBiB2b /QM2 #v �M Q`;�MBx�iBQM, a2MbBM;- a2BxBM;- �M/ h`�Mb7Q`KBM; (8k)X �M QT2M
BMMQp�iBQM TH�i7Q`K Bb T`BK�`BHv mb2/ �b � iQQH 7Q` b2MbBM; �M/ b2BxBM; #mi ?Qr �M Q`;�MBx�iBQM
i`�Mb7Q`Kb iQ K22i i?2 +�T�#BHBiv M22/b Q7 � M2r i2+?MQHQ;v Bb mT iQ Qi?2` 2H2K2Mib BM i?2
+QKT�MvX >Qr2p2`- QT2M BMMQp�iBQM Bb QT2MBM; mT i?2 TQbbB#BHBiB2b Q7 BMMQp�iBQM +QKBM; 7`QK
mMHBF2Hv bQm`+2b �M/ � +QKT�Mv HBF2 G1P S?�`K� b?QmH/ b?Qr ~2tB#BHBiv BM �/QTiBM; M2r
i2+?MQHQ;v �M/ K2i?Q/b iQ �/�Ti iQ i?2 +?�M;BM; 2MpB`QMK2MiX

AM i?2 T?�`K�+2miB+�H �M/ #BQi2+? BM/mbi`v- r2 Q#b2`p2 KQbi Q7 i?2 �#Qp2 7�+iQ`b- �T�`i 7`QK
i?2 ǶiBK2 iQ K�`F2iǶ- QrBM; iQ i?2 7�+i i?�i `2;mH�iBQMb �M/ HQM; +HBMB+�H `2b2�`+? Q7i2M +�T i?�i
7�+iQ`X >Qr2p2`- Bi Bb r2HH FMQrM i?�i � +QKT�Mv Kmbi i`v iQ 2Mi2` K�`F2i �b bQQM �b TQbbB#H2
iQ #2 �#H2 iQ 2tTHQBi i?2 iBK27`�K2 Q7 i?2 T�i2Mi T`Qi2+iBQMX J�Mv bm++2bb7mH bi�`i@mTb ?�p2
i?2B` `QQib BM H�`;2` +QKT�MB2b �b bTBM@Qz Q` �`2 #Q`M Qmi Q7 �+�/2KB� rBi? i?2 #�bB+ `2b2�`+?
Q7i2M #2BM; T2`7Q`K2/ BM � mMBp2`bBiv H�# (8j)X h?Bb ;`QrBM; 2Mi`2T`2M2m`B�H 2MpB`QMK2Mi ?�b
K�/2 Bi BKTQ`i�Mi 7Q` H�`;2` +QKT�MB2b iQ +`2�i2 +QHH�#Q`�iBp2 K2i?Q/b iQ BM+`2�b2 /Bp2`bBiv
Q7 �p�BH�#H2 QTiBQMbX

Peter Mouritzen




lY: #ncCN3cc KR03I 8Ra QU3N BNNRq�jCRN bja�j3<C3c kk

S?�`K�+2miB+�H +QKT�MB2b ?�p2 7Q` bQK2 iBK2 FMQrM i?2 BKTQ`i�M+2 Q7 �+[mB`BM; p�Hm2 QmibB/2
i?2B` QrM _&.X h?2 BM/mbi`v ?�b #22M i`vBM; iQ +QMbQHB/�i2 FMQrH2/;2 �b b22M rBi? ;`QrBM;
K2`;2`b �M/ �+[mBbBiBQMb rBi?BM i?2 BM/mbi`vX h?2 K�BM /`Bp2` 7Q` J&� BM i?2 H�bi /2+�/2b
?�b #22M i?2 2K2`;2M+2 Q7 #BQi2+?MQHQ;v- 7Q`+BM; 2bi�#HBb?2/ T?�`K�+2miB+�H +QKT�MB2b iQ HQQF
QmibB/2 i?2B` r�HHb iQ �+[mB`2 M2r i�H2Mi �M/ +QKT2i2M+B2b (kN)X S?�`K�+2miB+�H �M/ #BQi2+?
+QKT�MB2b ?�p2 KQp2/ BMiQ � KQ`2 QT2M KQ/2H iQ /Bz2`2Mi /2;`22b 7Q` 2t�KTH2 J&�- *o*-
�++2H2`�iQ`b �M/ BM+m#�iQ`bX h?2b2 KQ/2b Q7 �+[mB`BM; 2ti2`M�H BMMQp�iBQM �`2 biBHH p2`v i�`@
;2i2/ �M/ +HQb2/ rBi? K�Mv +QM/BiBQMb i?�i 2ti2`M�H bQm`+2b Q7 BMMQp�iBQM M22/ iQ K22iX hQ
BM+`2�b2 i?2 MmK#2` Q7 i?2b2- 2ti2`M�H T�`iM2`b +QKT�MB2b �`2 HQQFBM; 7Q` r�vb iQ BM+`2�b2
T�`iB+BT�iBQM �M/ � TQTmH�` +QM+2Ti Bb QT2M BMMQp�iBQMX

lY:YkYk �$cRaUjCq3 +�U�,Cjw
q?2M �/QTiBM; M2r i2+?MQHQ;v BMiQ � }`KǶb 2tBbiBM; p�Hm2@+?�BM- i?2 }`K Kmbi #2 �r�`2 Q7
Bib �#BHBiv iQ BMi2;`�i2 i?2 M2r i2+?MQHQ;vX �#bQ`TiBp2 +�T�+Biv Bb i?2 }`KǶb �#BHBiv iQ }M/
�M/ �bbBKBH�i2 M2r FMQrH2/;2 ;2M2`�i2/ 2ti2`M�HHv iQ i?2 }`KǶb _&.X JQbi M2r FMQrH2/;2
Bb +`2�i2/ BM �M 2MpB`QMK2Mi r?2`2 b+�HBM; mT iQ T`Q}i Bb MQi i?2 KQbi �/p�Mi�;2Qmb T�i? iQ
7QHHQrX Ai Bb i?2`27Q`2 `2+Q;MBx2/ #v K�Mv BM i?2 K�`F2iTH�+2 i?�i bK�HH +QKT�MB2b Kmbi 2Bi?2`
BM@HB+2Mb2 i?2 +�T�#BHBiB2b iQ b+�H2 mT T`Q/m+iBQM Q` Qmi@HB+2Mb2 i?2B` FMQrH2/;2 iQ � H�`;2` }`K
(89)X J�Mv H�`;2` T?�`K�+2miB+�H +QKT�MB2b ?�p2 7Q` /2+�/2b #22M /2p2HQTBM; T?�`K�+2miB+�Hb
rBi? � 7mHHv BMi2;`�i2/ KQ/2H- bQ K�Mv Q7 i?2K �`2 BM � ;QQ/ TQbBiBQM iQ i�F2 BM M2r FMQrH2/;2
rBi? i?2 �#BHBiv iQ BMi2;`�i2 FMQrH2/;2 �M/ +QKTH2K2Mi Bi rBi? i?2 BMi2`M�H _&.X

.m`BM; T�bi /2+�/2b- � HQi Q7 i?2 mTbi`2�K #�bB+ `2b2�`+? +�K2 7`QK Tm#HB+ BMbiBimiBQMb Q`
Qi?2` QT2M b+B2M+2 TH�i7Q`KbX h?Bb K2�Mi i?�i }`Kb ?�/ iQ #2 r2HH +QMM2+i2/ rBi?BM i?2b2
BMbiBimiBQMb iQ ?�p2 �++2bb iQ M2r FMQrH2/;2 �M/ #2 r2HH TQbBiBQM2/ iQ �#bQ`# i?Bb FMQrH2/;2
�M/ K�F2 Bi }i rBi? BM@?Qmb2 +�T�#BHBiB2bX h?Bb H2/ *Q+F#m`M 2i �HX iQ i?2 +QM+HmbBQM i?�i ǵ+QM@
M2+i2/M2bbǶ r�b +Q``2H�i2/ rBi? T`Q/m+iBpBiv rBi?BM i?2 T?�`K�+2miB+�H BM/mbi`v (8j)X JQbi
T?�`K�+2miB+�H +QKT�MB2b ?�p2 `2H�iBQMb?BT rBi? Tm#HB+ BMbiBimiBQMb /QBM; #�bB+ `2b2�`+? 7Q`
i?2 �+[mBbBiBQM Q7 M2r FMQrH2/;2 #mi BM+`2�bBM;Hv i?2b2 B/2�b �`2 #2BM; /2p2HQT2/ #v i?2 BMp2M@
iQ`b i?2Kb2Hp2bX h?2b2 +QKT�MB2b TQb2 � M2r +?�HH2M;2 7Q` i?2 BM/mbi`v �M/ Bi ?�b `2bTQM/2/
rBi? � TH2i?Q`� Q7 T`Q;`�Kb iQ �TT`Q�+? i?2b2 +QKT�MB2b �b i?2 b�K2 FBM/ Q7 +QMM2+i2/M2bb-
HBF2 *Q+F#m`M ?�b /2b+`B#2/- K2�MBM; i?�i 7Q` i?2 bi�`i@mT 2+Qbvbi2K Bb 2bb2MiB�H 7Q` +QKT�MB2b
iQ #2 �#H2 iQ 2tTHQBi QTTQ`imMBiB2b (8j)X

Ai Bb [mBi2 +?�HH2M;BM; iQ K2�bm`2 i?2 }`KǶb �#bQ`TiBp2 +�T�+Biv rBi? BMp2MiBQMb +QKBM; i?`Qm;?
QT2M BMMQp�iBQM �M/ �Mv K2�bm`2K2Mi Kmbi #2 i�F2M QM � +�b2 #v +�b2 #�bBbX >Qr2p2`- Bi b22Kb
BKTQ`i�Mi iQ MQi2 i?�i QT2M BMMQp�iBQM `2[mB`2b i?�i �#bQ`TiBp2 +�T�+Biv Bb mb2/ iQ K2/B�i2
#2ir22M 2ti2`M�H FMQrH2/;2 �M/ BMMQp�iBQMX
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q?2M �TT`Q�+?BM; BMp2MiQ`b rBi? TQi2MiB�H +QHH�#Q`�iBQMb Bi Bb 2bb2MiB�H 7Q` �M Q`;�MBx�iBQM
iQ B/2MiB7v i?2 /`Bp2`b Q7 bi�`i@mT +QKK2`+B�HBx�iBQM bi`�i2;B2bX h?2`27Q`2- r2 rBHH mb2 i?2
bi�`i@mT +QKK2`+B�HBx�iBQM bi`�i2;v 7`�K2rQ`F 7Q` i2+?MQHQ;v 2Mi`2T`2M2m`b- 2bi�#HBb?2/ #v
CQb?m� aX :�Mb �M/ a+Qii ai2`M BM kyyj- r?B+? b22Kb iQ #2 �TT`QT`B�i2 iQ i�+FH2 i?Bb Bbbm2
(88)X h?2 7`�K2rQ`F r�b #mBHi QM h22+2Ƕb 7`�K2rQ`F 7Q` �TT`QT`B�#BHBiv `2;BK2- �M/ 7m`i?2`
2H�#Q`�i2b QM i?2 +QKK2`+B�H bi`�i2;B2b Q7 bi�`i@mTb /2T2M/BM; QM i?2 �TT`QT`B�#BHBiv Q7 i2+?@
MQHQ;v BM bi�`i@mTb �M/ i?2 +QKTH2K2Mi�`v �bb2ib Q7 BM+mK#2MibX h?Bb Bb ?B;?Hv `2H2p�Mi 7Q`
Q`;�MBx�iBQMb i?�i 2tT2+i iQ mM/2`bi�M/ i?2 bi`�i2;B+ TQbBiBQMb r?B+? 7�+2 2Mi`2T`2M2m`b �M/
?Qr iQ H2p2`�;2 i?2B` +QKTHBK2Mi�`v �bb2ib iQ 7m`i?2` 2M?�M+2 +QKK2`+B�HBx�iBQM Q7 BMMQp�iBQMX
*QKT�MB2b ?QbiBM; �M QT2M BMMQp�iBQM TH�i7Q`K Kmbi �HbQ `2�HBx2 ?Qr iQ H2p2`�;2 i?2B` +QHH�#@
Q`�iBQM bi`�i2;v rBi? i?2 �TT`QT`B�#BHBiv Q7 i?2 BMp2MiBQM iQ 7Qbi2` � i`mbirQ`i?v `2H�iBQMb?BT
rBi? BMp2MiQ`b �M/ TQbbB#H2 +QHH�#Q`�iQ`bX

lY9YS �UUaRUaC�$CICjw `3<CL3
�TT`QT`B�#BHBiv Bb � i2`K KQbiHv �bbQ+B�i2/ rBi? .�pB/ h22+2Ƕb RN3e T�T2` #mi i?Bb B/2� +�M #2
i`�+2/ #�+F iQ CQb2T? �X a+?mKT2i2` BM ?Bb #QQF ǳ*�TBi�HBbK- aQ+B�HBbK �M/ .2KQ+`�+vǴ (89-
8e)X h22+2 mb2/ i?2 i2`K BM � T`�+iB+�H K�MM2` r?2`2�b a+?mKT2i2`b `2b2�`+? 7Q+mb2/ QM i?2
K�+`Q@2+QMQKB+ BKTHB+�iBQMbX �TT`QT`B�#BHBiv `2H�i2b iQ i?2 2MpB`QMK2Mi�H 7�+iQ`b i?�i ;Qp2`M
�M BMMQp�iQ`Ƕb �#BHBiv iQ +�Tim`2 T`Q}ib ;2M2`�i2/ #v �M BMMQp�iBQM (89)X h?2 �TT`QT`B�#BHBiv
Bb iB;?i B7 i?2b2 7�+iQ`b 7�pQm` i?2 BMp2MiQ`- Q` r2�F B7 i?2v �`2 mM7�pQm`�#H2 iQ i?2 BMp2MiQ`X
�TT`QT`B�#BHBiv /Q2b MQi M2+2bb�`BHv /2i2`KBM2 i?2 p�Hm2 Q7 i?2 BMp2MiBQM Bib2H7 #mi i?2 b?�`2
Q7 2tT2+i2/ QTTQ`imMBiv i?�i +�M #2 +�Tim`2/ i?2 BMp2MiQ` (8d)X 6Q` i?Bb `2�bQM- bi`QM; AS_
+�M b22K HBF2 Bi K�F2b �TT`QT`B�#BHBiv iB;?i #mi rBi?Qmi � bi`QM; AS_ bi`�i2;v �M/ +H2�` p�Hm2
T`QTQbBiBQM- i?2 p�Hm2 b?�`2 +�M 7�HH b?Q`i Q7 r?�i Bb 2tT2+i2/X
h?2 +QKK2`+B�HBx�iBQM bi`�i2;v 7`�K2rQ`F #mBH/b QM i?Bb �M/ #2ii2` /2}M2b r?�i +QMi`QHb i?2
2MpB`QMK2Mi�H 7�+iQ`b ;Qp2`MBM; �TT`QT`B�#BHBivX lM/2`bi�M/BM; �TT`QT`B�#BHBiv Bb pBi�H 7Q`
mM/2`bi�M/BM; i?2 bi`�i2;B+ TQbBiBQM i?�i bi�`i@mTb �M/ �+�/2KB+b �`2 7�+2/ rBi? r?2M +QMbB/@
2`BM; +QHH�#Q`�iBQMb r?B+? +�M +QK2 i?`Qm;? QT2M BMMQp�iBQMX

lY9Yl i@3 $nCI0CN< $IR,Gc R8 j@3 ,RLL3a,C�ICy�jCRN cja�j3<w
8a�L3sRaG

ǳ*QKK2`+B�HBx�iBQM bi`�i2;v 7Q` bi�`i@mT BMMQp�iQ`b Q7i2M T`2b2Mib � i`�/2@Qz #2ir22M 2bi�#HBb?@
BM; � MQp2H p�Hm2 +?�BM �M/ +QKT2iBM; �;�BMbi 2bi�#HBb?2/ }`Kb p2`bmb H2p2`�;BM; �M 2tBbiBM;
p�Hm2 +?�BM �M/ 2�`MBM; `2im`Mb i?`Qm;? i?2 K�`F2i 7Q` B/2�bǴ U:�Mb � ai2`M- kyyjV (88)X

h?2 7`�K2rQ`F mb2b irQ p�`B�#H2b iQ /2i2`KBM2 bi`�i2;v RV *�M BMMQp�iBQM #v i?2 bi�`i@mT T`2@
+Hm/2 2z2+iBp2 /2p2HQTK2Mi #v i?2 BM+mK#2Mi �M/ kV .Q BM+mK#2MiǶb +QKTH2K2Mi�`v �bb2ib
+QMi`B#mi2 iQ i?2 p�Hm2 T`QTQbBiBQM 7`QK i?2 M2r i2+?MQHQ;v (88)X ǳ1z2+iBp2 +QKK2`+B�HBx�iBQM

Peter Mouritzen
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bi`�i2;v `2bmHib 7`QK i?2 BMi2`�+iBQM #2ir22M i?2 2t+Hm/�#BHBiv �M/ +QKTH2K2Mi�`v �bb2i 2MpB@
`QMK2MiǴ U:�Mb � ai2`M- kyyjVX AM i?Bb +?�Ti2` r2 rBHH 2tTHQ`2 2�+? 7�+2i Q7 i?Bb 7`�K2rQ`F-
�b /2KQMbi`�i2/ BM };m`2 kXd- �M/ 2tTHQ`2 ?Qr Bi �TTHB2b iQ TQi2MiB�H mb2`b �M/ ?Qbib Q7 QT2M
BMMQp�iBQM TH�i7Q`KbX

6B;m`2 kXd, h?2 "mBH/BM; "HQ+Fb Q7 i?2 *QKK2`+B�HBx�iBQM ai`�i2;v 6`�K2rQ`F
h?2 +QKK2`+B�HBx�iBQM bi`�i2;v 7`�K2rQ`F ?�b irQ K�BM p�`B�#H2b i?�i /2i2`KBM2 i?2 bi`�i2;B+ 2MpB`QMK2Mi 7Q`
�M BMp2MiQ`X h?2b2 p�`B�#H2b �`2 2t+HmbBQM Q7 /2p2HQTK2Mi #v i?2 BM+mK#2Mi �M/ i?2 +QKTH2K2Mi�`v �bb2ib ?2H/
#v i?2 BM+mK#2MiX 1�+? p�`B�#H2 +QMi`QHb i?2 bi`�i2;B+ 2MpB`QMK2Mi �M/ i?2 QTiBK�H QTiBQMb 7Q` +QKK2`+B�HBx�@
iBQM (88)X

�ii�+F2`Ƕb �/p�Mi�;2

A7 � bi�`i@mT ?�b � MQM@2t+Hm/�#H2 i2+?MQHQ;v �M/ i?2 BM+mK#2Mi /Q2b MQi ?�p2 i?2 M2+2bb�`v
+QKTHBK2Mi�`v �bb2ib- r2 ?�p2 i?2 �ii�+F2`Ƕb �/p�Mi�;2X AM i?Bb b+2M�`BQ i?2 bi�`i@mT Kmbi
/2p2HQT Bib QrM p�Hm2 +?�BM iQ +QKK2`+B�HBx2 i?2 B/2�- #mi Bi 7�+2b i?2 `BbF Q7 BKBi�iBQM 7`QK
BM+mK#2MibX AM i?Bb +�b2 i?2 K�`F2i H2�/2`b?BT Bb /2i2`KBM2/ #v i2+?MQHQ;B+�H H2�/2`b?BTX �Mv
bi�`i@mT BMi2M/BM; QM +QKK2`+B�HBxBM; BM i?Bb 2MpB`QMK2Mi 7�+2b 72r QTTQ`imMBiB2b 7Q` +QMi`�+i@
BM; �M/ Bb `2+QKK2M/2/ iQ #2 ǵbi2�Hi?vǶ QM T`Q/m+i K�`F2i 2Mi`vX AM+mK#2Mib ?Qr2p2`- +�M
/2p2HQT i?2 +QKTH2K2Mi�`v �bb2ib i?2Kb2Hp2b B7 i?2 p�Hm2 Q7 i?2 i2+?MQHQ;v Bb #B; 2MQm;? 7Q`
i?2K iQ KQp2 `2bQm`+2b BMiQ i?�i �`2� (88)X

AM i?2 T?�`K� �M/ #BQi2+? BM/mbi`v r2 `�`2Hv b22 i?Bb 2MpB`QMK2Mi- bBM+2 T�i2Mi T`Qi2+iBQM
Bb T`2p�H2Mi- #mi +QKT�MB2b KB;?i r�Mi iQ `27m`#Bb? QH/ B/2�b iQ K22i � M2r M22/X h?Bb +�M
#2 b22M BM i?2 7Q`K Q7 �//BM; M2r BM/B+�iBQMb 7Q` /`m;bX �M 2t�KTH2 Q7 i?Bb rQmH/ #2 i?2
+QK#BM�iBQM Q7 �+2ivHb�HB+vHB+ �+B/ �M/ +�z2BM2 7Q` i?2 i`2�iK2Mi Q7 KB;`�BM2bX "Qi? +?2KB+�Hb
�`2 MQi T�i2Mi T`Qi2+i2/ �MvKQ`2 #mi i?2B` mb2 BM +QK#BM�iBQM 7Q` i?Bb BM/B+�iBQM Bb � MQp2H
B/2�X >Qr2p2`- QM+2 � K�`F2i r�b 2bi�#HBb?2/ K�Mv BKBi�iQ`b 2Mi2`2/ i?2 K�`F2i �M/ i?2 +QK@
#BM�iBQM Q7 i?2b2 +?2KB+�Hb Bb MQr rB/2bT`2�/X AM QT2M BMMQp�iBQM i?Bb /vM�KB+ rQmH/ �HbQ #2
[mBi2 `�`2 bBM+2 � bi�`i@mT i`vBM; iQ +QKK2`+B�HBx2 M2r i2+?MQHQ;v rQmH/ MQi r�Mi iQ b?�`2
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�Mv �bT2+ib Q7 Bi rBi? � TQi2MiB�H +QKT2iBiQ`X 6Q` i?Bb `2�bQM- Bi Bb BKTQ`i�Mi 7Q` � bi�`i@mT iQ
F22T p2`v [mB2i r?BH2 /2p2HQTBM; i?2B` QrM +�T�#BHBiB2b 7Q` +QKK2`+B�HBx�iBQM `2bmHiBM; BM i?2
7�+i i?�i i�FBM; T�`i BM �M QT2M BMMQp�iBQM T`Q#�#Hv rQmH/ MQi #2 #2M2}+B�HX

_2Tmi�iBQM@#�b2/ A/2�b h`�/BM;

AM i?Bb b+2M�`BQ- � bi�`i@mT rQmH/ ?�p2 MQM@2t+Hm/�#H2 i2+?MQHQ;v �M/ i?2 BM+mK#2Mi ?�b i?2
`2H2p�Mi +QKTHBK2Mi�`v �bb2ibX AM bm+? +QM};m`�iBQM i?2 bi�`i@mT ?�b � [mBi2 iQm;? TQbBiBQM
r?2`2 /2p2HQTBM; �M BMi2`M�H p�Hm2 +?�BM rQmH/ #2 +QbiHv �M/ `BbFvX AM+mK#2Mib �`2 BM �
bi`QM; TQbBiBQM rBi? `2H2p�Mi +QKTHBK2Mi�`v �bb2ib 7Q` +QKK2`+B�HBx�iBQMX 6m`i?2`KQ`2- i?2
/Bb+HQbm`2 T`Q#H2K Bb ?B;?Hv `2H2p�Mi BM i?Bb b+2M�`BQ �M/ �Mv bi�`i@mT `BbFb #2BM; 2tT`QT`B@
�i2/ B7 i?2v /Bb+HQb2 �Mv BM7Q`K�iBQM �#Qmi i?2B` M2r i2+?MQHQ;vX >Qr2p2`- i?2 `2Tmi�iBQM
Q7 i?2 BM+mK#2Mib +�M #2 p2`v BKTQ`i�Mi r?2M bQm`+BM; 2ti2`M�H i2+?MQHQ;v (88)X ǳ_�i?2`
i?�M 2tTHQBiBM; �HH QTTQ`imMBiB2b 7Q` ;�BM BM 2�+? i`�Mb�+iBQM- �M 2bi�#HBb?2/ }`K +�M /2p2HQT �
`2Tmi�iBQM 7Q` ǳ7�B`M2bbǴ- i?mb- 2M+Qm`�;BM; 7mim`2 bi�`i@mTb iQ �TT`Q�+? i?2K rBi? T`QKBbBM;
M2r i2+?MQHQ;B2bXǴ U:�Mb � ai2`M- kyyjV (88)X

AM QT2M BMMQp�iBQM i?2 `2Tmi�iBQM Q7 i?2 +QKT�Mv �M/ i?2 TH�i7Q`K Bib2H7 +�M BM+`2�b2 T�`@
iB+BT�iBQM- 2p2M B7 i?2 �TT`QT`B�#BHBiv `2;BK2 Q7 i?2 bi�`i@mT Bb r2�FX � +QKT�Mv ?�pBM; �M
QT2M BMMQp�iBQM TH�i7Q`K KB;?i r�Mi iQ +QMbB/2` i?2 /Bb+HQbm`2 T`Q#H2K �M/ ?Qr iQ ;�BM i`mbi
7`QK Bib mb2`bX "v `2[mB`BM; � bi�`i@mT iQ /Bb+HQb2 �Mv BM7Q`K�iBQM #27Q`2 T�`iB+BT�iBM;- KB;?i
/Bb+Qm`�;2 i?2K 7`QK T�`iB+BT�iBM;- 2bT2+B�HHv B7 �TT`QT`B�#BHBiv Bb r2�FX

:`22M}2H/ *QKT2iBiBQM

:`22M}2H/ +QKT2iBiBQM Bb i?2 b+2M�`BQ r?2M bi�`i@mTb ?�p2 iB;?i �TT`QT`B�#BHBiv- #mi BM+mK@
#2Mib H�+F i?2 +QKTHBK2Mi�`v �bb2ib M2+2bb�`v 7Q` +QKK2`+B�HBx�iBQMX h?Bb Tmib i?2 bi�`i@mTb
BM �M B/2�H TQbBiBQM iQ +?QQb2 #2ir22M +QHH�#Q`�iBQM Q` +`2�i2 i?2B` QrM p�Hm2@+?�BMX h?2 bi�`i@
mT BM i?Bb +�b2 rBHH Q7i2M ?�p2 i2KTQ`�`v KQMQTQHv BM i?2 K�`F2i- ;BpBM; i?2B` B/2� KQ`2 p�Hm2X
JQ`2Qp2`- i?Bb +�M #`BM; 7mim`2 ?�x�`/b- bBM+2 BM+mK#2Mib K�v bi�`i +QKT2iBM; rBi? iBK2
�M/ i?mb- i?2 i2KTQ`�`v KQMQTQHv KB;?i QMHv #2 � b?Q`i i2`K �/p�Mi�;2 (88)X ǳh2+?MQHQ;v
2Mi`2T`2M2m`b Kmbi �M�Hvx2 i?2 QTTQ`imMBiB2b �M/ TQi2MiB�H 7Q` 7mim`2 ?�x�`/b �bbQ+B�i2/ rBi?
+QQT2`�iBQM Q` +QKT2iBiBQM �i 2�+? bi�;2 Q7 i?2 p�Hm2 +?�BM- rBi? i?2 `2bmHi i?�i i?2 QTiBK�H
bi`�i2;v K�v BMpQHp2 �M BMi2`K2/B�i2 H2p2H Q7 BMi2;`�iBQMXǴ U:�Mb � ai2`M- kyyjV (88)X

*Q`TQ`�iBQMb Q7i2M 7�+2 bBKBH�` +?�HH2M;2b r?2M i?2v /2p2HQT � M2r i2+?MQHQ;v BM@?Qmb2- #mi
/QMǶi ?�p2 i?2 +QKTHBK2Mi�`v �bb2ib iQ /2p2HQT i?2KX AM i?�i +�b2 i?2v Q7i2M +?QQb2 iQ bTBM@Qz
� +2`i�BM T�`i Q7 i?2B` #mbBM2bb iQ 7m`i?2` BMp2biB;�i2 � MQp2H QTTQ`imMBivX ǳS�`2Mi +QKT�MB2b
mbm�HHv mM/2`i�F2 +Q`TQ`�i2 bTBM@Qzb iQ +QT2 rBi? ?B;?2` +QKT2iBiBp2 2MpB`QMK2Mib Q` r?2M-
BM ?B;? i2+?MQHQ;v BM/mbi`B2b- i?2 /Bz2`2M+2b #2ir22M _. BMp2biK2Mib �M/ BMi�M;B#H2 �bb2ib
�`2 H�`;2`XǴ US2`mzQ- kyR9V (RR)X

QT2M BMMQp�iBQM }`Kb Kmbi ?�p2 � +H2�` bi`�i2;v 7Q` ?Qr iQ /2�H rBi? i?2 :`22M}2H/ +QKT2@
iBiBQM /vM�KB+X LQi �HH i2+?MQHQ;v /Bb+Qp2`2/ i?`Qm;? QT2M BMMQp�iBQM +�M #2 /2p2HQT2/ #v
� ?Qbi +QKT�Mv rBi? i?2B` +m``2Mi �bb2ibX AM � +QHH�#Q`�iBQM /Bb+mbbBQM- #Qi? T�`iB2b Kmbi
i�F2 �++QmMi 7Q` i?2 H�+F Q7 +QKTHBK2Mi�`v �bb2ib �M/ /2+B/2 r?2i?2` iQ /2p2HQT i?2K QmibB/2
i?2 }`KX h?2 ?Qbi +QKT�Mv KB;?i ?�p2 bQK2 +QKTHBK2Mi�`v BMi�M;B#H2 �bb2ib i?�i rQmH/ #2

Peter Mouritzen
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p�Hm�#H2 7Q` +QKK2`+B�HBx�iBQM #mi +`2�iBM; � M2r p�Hm2 +?�BM KB;?i #2 2�bB2` BM � DQBMi@p2Mim`2X

A/2�b 6�+iQ`v

A/2�b 7�+iQ`v Bb � b+2M�`BQ r?2`2 i?2 bi�`i@mT ?�b �M 2t+Hm/�#H2 i2+?MQHQ;v �M/ i?2 BM+mK@
#2Mi ?�b `2H2p�Mi +QKTH2K2Mi�`v �bb2ibX h?Bb Bb i?2 bBim�iBQM r?2`2 r2 }M/ Qm`b2Hp2b BM KQbi
Q7 i?2 iBK2 rBi?BM i?2 T?�`K�+2miB+�H �M/ #BQi2+? BM/mbi`v- bBM+2 KQbi BMMQp�iBQM K�/2 BM
i?�i b2+iQ` Bb H2;�HHv T`Qi2+i2/ rBi? T�i2MibX ǳq?2M K�`F2ib 7Q` B/2�b 2tBbi- � ?B;? `�i2 Q7
BMMQp�iBQM #v bi�`i@mT `2b2�`+?@Q`B2Mi2/ }`Kb Bb �bbQ+B�i2/ MQi rBi? +`2�iBp2 /2bi`m+iBQM #mi
rBi? i?2 `2BM7Q`+2K2Mi Q7 BM+mK#2Mi K�`F2i TQr2`- � T�ii2`M 2t2KTHB}2/ #v i?2 #BQi2+?MQHQ;v
BM/mbi`vǴ U:�Mb � ai2`M- kyyjV (88)X

AM i?Bb b+2M�`BQ i?2 mTbi`2�K /2p2HQTK2Mi +QK2b 7`QK � /Bbi`B#mi2/ M2irQ`F Q7 BMMQp�iQ`bX
qBi? AS_ ;BpBM; BMp2MiQ`b iB;?i �TT`QT`B�#BHBiv- BMp2MiQ`b +�M +�Tim`2 � HQi Q7 i?2 p�Hm2 +`2�i2/
i?`Qm;? +QKK2`+B�HBx�iBQM (88)X qBi? i?2 T`QKBb2 Q7 ;QQ/ `2im`M QM BMp2biK2Mib- BMp2biQ`b
K�v ~Q+F iQ Tmi mT KQM2v BMiQ bi�i@mTbX *QKT�MB2b i?�i ?QH/ i?2 +QKTH2K2Mi�`v �bb2ib rBHH
�HbQ K�F2 BMp2biK2Mib BMiQ 2�`Hv bi�;2 bi�`i@mTb �M/ #2+QKBM; �M �ii`�+iBp2 +QHH�#Q`�iQ` +�M
#2 i?2 +QKT�MvǶb Qp2`�HH bi`�i2;vX

AM QT2M BMMQp�iBQM i?Bb Bb i?2 b+2M�`BQ KQbi Q7i2M Q++m``BM;X AMp2MiQ`b �`2 mbm�HHv [mB+F iQ
T`Qi2+i i?2B` i2+?MQHQ;v rBi? T�i2Mib- r?B+? K�F2b �TT`QT`B�#BHBiv iB;?i BM KQbi +�b2bX q?2M
�TT`Q�+?BM; TQi2MiB�H T�`iB+BT�Mib- +QKT�MB2b i�F2 BMiQ �++QmMi i?�i BMp2MiQ`b QrM i?2 AS �M/
+QKT�MB2b Kmbi TQbBiBQM i?2Kb2Hp2b �b � bQHB/ QTiBQM 7Q` +QKK2`+B�HBx�iBQMX

lY9Yk +RLL3a,C�ICy�jCRN bja�j3<C3c HCj3a�jna3
h?2 +QKK2`+B�HBx�iBQM bi`�i2;v 7`�K2rQ`F b2i mT #v :�Mb �M/ ai2`M Bb BM K�Mv r�vb #mBHi
QM i?2 �;2M/� H�B/ Qmi BM h22+2 URN3eV- `2;�`/BM; i?2 �TT`QT`B�#BHBiv `2;BK2X h22+2 Qz2`b �
7`�K2rQ`F i?�i ǳB/2MiB}2b i?2 7�+iQ`b r?B+? /2i2`KBM2 r?Q rBMb 7`QK BMMQp�iBQMǴ Uh22+2-
RN3eV (89)X :�Mb �M/ ai2`M ;Bp2 � KQ`2 +QKTH2i2 HQQF BMiQ TQi2MiB�H bi`�i2;B2b ;Bp2M i?2 �T@
T`QT`B�#BHBiv Q7 i?2 i2+?MQHQ;v BM [m2biBQM �M/ +QKTH2K2Mi�`v �bb2ib Q7 BM+mK#2Mib (89)X

h?2 7`�K2rQ`F ?�b #22M +`BiB+Bx2/ 7Q` #2BM; HBKBi2/- bBM+2 Bi /Q2b MQi �bbmK2 7Q` � brBi+?
BM bi`�i2;v BM H�i2` bi�;2b (83)X h?Bb Bb T�`iB+mH�`Hv MQi�#H2 rBi? /Bb`mTiBp2 i2+?MQHQ;v r?2`2
bi�`i@mTb i?�i �`2 /2p2HQTBM; /Bb`mTiBp2 i2+?MQHQ;v Q7i2M bi�`i #v +QKT2iBM; rBi? BM+mK#2Mib
�M/ i?2M brBi+? iQ +QQT2`�iBM; rBi? i?2K (83)X

.Bb`mTiBp2 i2+?MQHQ;v Bb �M BMMQp�iBQM i?�i ǳBMi`Q/m+2b � p2`v /Bz2`2Mi T�+F�;2 Q7 �ii`B#mi2b
7`QK i?2 QM2 K�BMbi`2�K +mbiQK2`b ?BbiQ`B+�HHv p�Hm2- �M/ i?2v Q7i2M T2`7Q`K 7�` rQ`b2 �HQM;
QM2 Q` irQ /BK2MbBQMb i?�i �`2 T�`iB+mH�`Hv BKTQ`i�Mi iQ i?Qb2 +mbiQK2`bǴ U*H�viQM- RNN8V
(8N)X qBi? /Bb`mTiBp2 i2+?MQHQ;B2b i?2 BM+mK#2Mib KB;?i MQi b22 �Mv +QKK2`+B�H p�Hm2 BM
+QKK2`+B�HBx�iBQM �M/ i?2`27Q`2 KB;?i +?QQb2 MQi iQ +QQT2`�i2 �i }`bi- mMiBH i?2 +QKK2`+B�H
p�Hm2 ?�b #22M 2bi�#HBb?2/ (83)X :�Mb �M/ ai2`M ?�p2 �+FMQrH2/;2/ i?�i /Bb`mTiBp2 i2+?MQHQ;v
KB;?i 7QHHQr � /Bz2`2Mi bi`�i2;B+ T�i? BM +QKK2`+B�HBx�iBQM �M/ �HbQ K2MiBQM i?�i BM i?2
T?�`K� �M/ #BQi2+? BM/mbi`v, ǳh?2 #mbBM2bb 2MpB`QMK2Mi 2tTH�M�iBQM 7Q` i?Bb T�ii2`M rQmH/
#2 i?�i i?2 �TT`QT`B�#BHBiv `2;BK2 7Q` #BQ+?2KB+�H BMMQp�iBQMb Bb r2HH@FMQrM iQ #2 bi`QM; �i i?2



k4 +RNj3Njc

b�K2 iBK2 i?�i i?2 +Qbi Q7 �+[mB`BM; i?2 bT2+B�HBx2/ /QrMbi`2�K +QKTH2K2Mi�`v �bb2ib Bb p2`v
?B;?Ǵ U:�Mb � ai2`M- kyR9V (83)X
AM #BQi2+? �M/ T?�`K� i?2`2 �`2 MQi K�Mv +�b2b 7Q` /Bb`mTiBp2 i2+?MQHQ;v bBM+2 KQbi M2r
T?�`K�+2miB+�Hb �`2 2p�Hm�i2/ QM T�iB2Mi Qmi+QK2 �M/ T2`7Q`K�M+2 +QKT�`2/ iQ 2bi�#HBb?2/
i`2�iK2MiX � i`2�iK2Mi i?�i rQmH/ QmiT2`7Q`K 2bi�#HBb?2/ i`2�iK2Mi QM �HH FMQrM /BK2MbBQMb
rQmH/ i?2`27Q`2 MQi #2 /Bb`mTiBp2 #mi `2pQHmiBQM�`v (ey)X

lY9Y: i@3 +RLL3a,C�ICy�jCRN cja�j3<C3c CN a3<�a0c jR RU3N
CNNRq�jCRN

GQQFBM; �i QT2M BMMQp�iBQM 7`QK �M QmibB/2@BM T2`bT2+iBp2 �HHQrb mb iQ TBMTQBMi i?2 p�Hm2 �M/
i?2 T`Q#H2Kb rBi? T�`iB+BT�iBM; BM QT2M BMMQp�iBQM 7`QK i?2 bi�`i@mT �M/ �+�/2KB+ T2`bT2+iBp2X
lbBM; i?�i T2`bT2+iBp2 Bi +�M #2 p�Hm�#H2 iQ �TT`Q�+? i?2 BMi2`pB2r22b rBi? i?2b2 TQi2MiB�H
ǶT�BM TQBMibǶ �M/ ;�m;2 i?2B` `2�+iBQM iQ Bi �M/ i?2B` BMTmibX JQpBM; 7�bi rBi? +QKK2`+B�H@
Bx�iBQM +�M #2 KQ`2 BKTQ`i�Mi iQ � +QKT�Mv i?�M QrMBM; i?2 H�`;2bi b?�`2 Q7 i?2 BMMQp�iBQMX
h?Bb Bb � F2v `2�bQM r?v G1P S?�`K� ?�b i?2B` QT2M BMMQp�iBQM TH�i7Q`K �b LB+H�b- >2�/
Q7 QT2M BMMQp�iBQM �i G1P S?�`K�- b�B/ ǴQM2 Q7 i?2 K�BM `2�bQMb r�b iQ #2 2M�#H2/ iQ +QM@
M2+i [mB+F2` rBi? #BQi2+? �M/ TQi2MiB�H BM@HB+2MbBM; T�`iM2` QTTQ`imMBiB2bǴ UAMi2`pB2r RVX QT2M
BMMQp�iBQM +�M T`QpB/2 � p�Hm�#H2 BMbB;?i BMiQ ?Qr +QKT�MB2b �`2 mbBM; TH�i7Q`Kb- bm+? �b
G1PǶb QT2M BMMQp�iBQM- iQ b2Mb2 i?2 2MpB`QMK2Mi 7Q` 7mim`2 +QHH�#Q`�iBQM QTTQ`imMBiB2bX "v
[mB+F2` +QMM2+iBM; BMMQp�iBQM rBi? +QKTH2K2Mi�`v �bb2ib- #Qi? i?2 BMp2MiQ`b �M/ ?QH/2`b Q7
i?2 �bb2ib +�M T`Q}i KQ`2X aT22/ Q7 +QKK2`+B�HBx�iBQM Bb � K�DQ` 7�+iQ` BM i?2 KQp2 iQr�`/b
QT2M BMMQp�iBQM �M/ Bi Bb �HbQ ?B;?HB;?i2/ BM h22+2Ƕb rQ`F QM �TT`QT`B�#BHBiv (89)X

h?Bb +QM+Hm/2b i?2 i?2Q`2iB+�H 7`�K2rQ`F r2 ?�p2 b2i �`QmM/ Qm` `2b2�`+? �M/ BM i?2 M2ti
+?�Ti2` r2 rBHH 7Q+mb QM i?2 �TTHB+�#H2 K2i?Q/QHQ;vX

Peter Mouritzen
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h?2 7QHHQrBM; +?�Ti2` BM+Hm/2b � /2b+`BTiBQM Q7 i?2 K2i?Q/QHQ;v mb2/ BM i?2 T`2b2Mi i?2bBb 7Q`
�Mbr2`BM; i?2 `2b2�`+? [m2biBQM QmiHBM2/ BM a2+iBQM RXjX AM �//BiBQM iQ i?Bb- i?2 �`;mK2Mib 7Q`
r?v i?2 �mi?Q`b ?�p2 +?Qb2M i?2b2 K2i?Q/b �b r2HH �b HBKBi�iBQMb �M/ +`BiB+BbK Q7 i?2b2 rBHH #2
B/2MiB}2/ �M/ /Bb+mbb2/X �Hi2`M�iBp2 K2i?Q/b i?�i +QmH/ ?�p2 #22M mb2/ rBHH �HbQ #2 QmiHBM2/X

kYS `3c3�a,@ T@CIRcRU@w
h?2 }`bi bi2T T`BQ` iQ +QM/m+iBM; Qm` `2b2�`+? r�b iQ /2i2`KBM2 i?2 T?BHQbQT?v Q7 b+B2M+2 iQ
#�b2 Qm` `2b2�`+? QMX �i 2p2`v bi�;2 Q7 i?2 `2b2�`+? +�``B2/ Qmi- r?2i?2` i?2 `2b2�`+?2`b �`2
�r�`2 Q7 Bi Q` MQi- i?2`2 rBHH #2 K�Mv ivT2b Q7 �bbmKTiBQMbX
*QMbB/2`BM; i?2 #�+F;`QmM/ Q7 i?2 �mi?Q`b Q7 i?2 T`2b2Mi i?2bBb- � T?�`K�+Bbi �M/ �M 2M;BM22`-
Bi +QmH/ #2 �MiB+BT�i2/ i?�i TQbBiBpBbK rQmH/ #2 +?Qb2M �b `2b2�`+? T?BHQbQT?vX 6`QK i?2 M�i@
m`�H b+B2M+2b- H�r@HBF2 ;2M2`�HBx�iBQMb �`2 Q7i2M mb2/ �HQM;bB/2 � /2/m+iBp2 �TT`Q�+? rBi? i?2
7Q`K�iBQM Q7 ?vTQi?2b2b �M/ i2biBM; rBi? 2tT2`BK2Mib iQ +`2�i2 [m�MiBi�iBp2 /�i�X >Qr2p2`-
�b i?2 `2b2�`+? �i ?�M/ Bb Q7 � ?B;?Hv bm#D2+iBp2 M�im`2- K2�MBM; i?�i i?2 �M�HvbBb rBHH #2
�z2+i2/ #v i?2 `2b2�`+?2`bǶ QrM pB2rb �M/ BMi2`T`2i�iBQMbX h?2`27Q`2- Bi r�b �+FMQrH2/;2/
i?�i i?2 BMi`Q/m+iBQM Q7 T2`bQM�H #B�b rQmH/ #2 mM�pQB/�#H2 r?BH2 �HbQ �z2+iBM; i?2 Q#D2+iBp2
BMi2`T`2i�iBQM Q7 /�i� +QHH2+i2/X 6m`i?2`KQ`2- `B+? BMbB;?ib BMiQ ?mK�MBiv +�M #2 2tTHQ`2/
BM@/2Ti? #v �/QTiBM; � KQ`2 ?QHBbiB+ �TT`Q�+? iQ HQQF �i i?2 T?2MQK2MQM Q7 QT2M BMMQp�iBQM
�M/ i?2 Q`;�MBx�iBQMb BMpQHp2/ �b � r?QH2X
q2 +QM+Hm/2/ i?�i Bi Bb BKTQ`i�Mi iQ +QMbB/2` �HH i?2b2 �bT2+ib �M/ QMHv i?2M /2+B/2 r?B+?
FBM/ Q7 `2b2�`+? T?BHQbQT?v i?�i b?QmH/ #2 �TTHB2/ 7Q` �M�HvxBM; Qm` /�i�X

AM T`�+iB+�H `2�HBiv- � T�`iB+mH�` `2b2�`+? [m2biBQM `�`2Hv 7�HHb BMiQ QMHv QM2 T?BHQbQT?B+�H /Q@
K�BM (eR)X >2M+2- Bi `2K�BMb /B{+mHi iQ b2iiH2 QM � `2b2�`+? T?BHQbQT?v r?2M /QBM; `2b2�`+? BM
i?2 }2H/ Q7 bQ+B�H b+B2M+2bX >Qr2p2`- i?2 `2b2�`+?2`b ?�p2 b+Qmi2/ p�`BQmb QTiBQMb �p�BH�#H2 �M/
?�p2 }M�HHv +?Qb2M BMi2`T`2iBpBbK �b `2b2�`+? T?BHQbQT?v- 2bT2+B�HHv #2+�mb2 Bi r�b /22K2/ iQ
#2 KQbi bmBi�#H2 7Q` i?2 `2b2�`+? �b r2HH �b �HB;M2/ rBi? i?2B` QrM #2HB27bX q?2M i�FBM; � +HQb2`
HQQF �i BMi2`T`2iBpBbK- �HbQ `272``2/ iQ �b �MiB@TQbBiBpBbK- r2 MQi2/ i?�i Bi Bb � i?2Q`2iB+�H bi�M+2
r?B+? T`QTQb2b i?�i i?2 bQ+B�H `2�HK +�MMQi #2 BMp2biB;�i2/ bQH2Hv #�b2/ QM b+B2MiB}+ K2i?Q/b
�TTHB2/ (eR)X AM BMi2`T`2iBpBbK- Bi Bb �+FMQrH2/;2/ i?�i i?2 Mm�M+2b �M/ p�`B�#BHBiv 7QmM/ BM
?mK�M BMi2`�+iBQM Bb BKTQ`i�Mi iQ +QMbB/2`X h?Bb K2�Mb i?�i Bi Bb M2+2bb�`v 7Q` `2b2�`+?2`b iQ
mM/2`bi�M/ i?2 /Bz2`2M+2b BM ?mK�Mb �b bQ+B�H �+iQ`bX J�BM HBKBi�iBQMb miBHBxBM; BMi2`T`2pBiBbK
BM+Hm/2b i?2 H�+F Q7 ;2M2`�HBx�#BHBiv �b i?2 `2b2�`+? rBHH #2 Q7 ?B;?Hv bm#D2+iBp2 M�im`2X �b �
`2bmHi- i?2 BMi`Q/m+iBQM Q7 #B�b K�v Q++m` iQ bQK2 /2;`22 �b i?2 `2b2�`+?2`b ?�p2 � ?B;? /2;`22
Q7 BMpQHp2K2Mi rBi? T2`bQM�H T2`bT2+iBp2b TQi2MiB�HHv BM~m2M+BM; i?2 �M�HvbBbX �b Bi b22Kb
BM2pBi�#H2 i?�i #v i�FBM; �M BMi2`T`2iBpBbiǶb pB2r- i?2 `2b2�`+? +�MMQi vB2H/ Q#D2+iBp2 `2bmHibX
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h?2`27Q`2- BMbi2�/ Q7 b22FBM; �M Q#D2+iBp2 T2`bT2+iBp2- r2 rBHH #2 HQQFBM; 7Q` i?2 K2�MBM; Q7
bm#D2+iBp2 2tT2`B2M+2b Q7 BM/BpB/m�Hb i?�i 2M;�;2 BM bQ+B�H BMi2`�+iBQM (eR)X AM Qm` `2b2�`+?- r2
rBHH HQQF +HQb2` �i i?2 ?mK�M BMi2`�+iBM; BM i?2 bQ+B�H BMi2`�+iBQM 2MpB`QMK2Mi rBi?BM �M QT2M
BMMQp�iBQM TH�i7Q`KX q2 }M/ i?Bb � bmBi�#H2 �TT`Q�+? �b r2 ?�p2 #22M BKK2`b2/ BMiQ i?2
bQ+B�H +QMi2ti i?�i r2 �`2 bim/vBM;X q2 /B/ i?Bb #v #2BM; AMi2`Mb BM G1P S?�`K�Ƕb PT2M AM@
MQp�iBQM ;`QmT �M/ BMi2`�+iBM; rBi? la@#�b2/ TQi2MiB�H T�`iB+BT�Mib �M/ T�`iM2`b iQ i?2 QT2M
BMMQp�iBQM TH�i7Q`K Bbbm2/ #v G1P S?�`K�X P#b2`p�iBQM �M/ BMi2`�+iBQM rBi? i?Bb ;`QmT Q7
BM/BpB/m�Hb ;�p2 mb � /22T BMbB;?i 7`QK i?2 BMbB/2 Q7 bQ+B�H BMi2`�+iBQMX G�biHv- i?Bb 7Q`K Q7 BM@
i2`T`2iBpBbi pB2r Bb � KQ`2 BM/m+iBp2 T`�+iB+2 r?B+? �HbQ +Q``2H�i2b iQ Qm` bi`m+im`2 Q7 `2�bQMBM;X

AM bmKK�`v- i?2 HBKBi�iBQM Q7 i�FBM; i?Bb �TT`Q�+? Bb i?�i i?2 bm#D2+iBp2 M�im`2 K�F2b Bi
BKTQbbB#H2 iQ �pQB/ #B�bX P#D2+iBp2Hv BMi2`T`2iBM; i?2 /�i� 7`QK i?2b2 BM@/2Ti? BMp2biB;�iBQMb
Bb �HbQ BKTQbbB#H2X q2 �+FMQrH2/;2 i?2b2 HBKBi�iBQMb �M/ rBHH i�F2 K2�bm`2b iQ ?2B;?i2M i?2
`2b2�`+? [m�HBiv r?BH2 mM/2`i�FBM; i?2 bim/vX G�biHv- r2 ?QT2 iQ mM+Qp2` i?2 p�Hm2 �M/ +?�H@
H2M;2b 7Q` T�`iB+BT�iBM; BM QT2M BMMQp�iBQM TH�i7Q`Kb �b r2HH �b i?2 BM+`2�b2/ ;HQ#�H Qmi`2�+?
i?�i #2+QK2b �p�BH�#H2 7`QK BiX

kYl bjan,jna3 R8 `3�cRNCN<
Ai Bb BKTQ`i�Mi iQ i�F2 � MQi2 Q7 i?2 bi`m+im`2 Q7 `2�bQMBM; mb2/ /m`BM; i?2 `2b2�`+? T`QD2+iX
_2b2�`+? Bb +QM/m+i2/ mbBM; QM2 Q7 irQ #�bB+ K2i?Q/QHQ;B+�H �TT`Q�+?2b r?B+? Bb 2Bi?2` /2@
/m+iBQM Q` BM/m+iBQMX AM /2/m+iBQM- }`bi � ?vTQi?2bBb Bb /2p2HQT2/ i?�i Bb mb2/ iQ #2 /2/m+2/
i?`Qm;? i2biBM;X h?Bb Bb � +QKKQM T`�+iB+2 BM [m�MiBi�iBp2 `2b2�`+? �M/ `2b2�`+? rBi?BM i?2
M�im`�H b+B2M+2bX h?2 �TT`Q�+? �ii2KTib iQ p2`B7v Q` /2Mv � ;Bp2M ?vTQi?2bBb r?B+? ?�b #22M
/2p2HQT2/ #�b2/ QM 2tBbiBM; i?2Q`B2bX h?2`27Q`2- i?2 /2/m+iBQM �TT`Q�+? Bb iQT@/QrM rBi? ;2M@
2`�HBx2/ i?2Q`B2b H2�/BM; iQ i?2 /2p2HQTK2Mi Q7 � M2r ?vTQi?2bBb r?B+? Bb i?2M i2bi2/ i?`Qm;?
/�i� i?�i +QM}`Kb Q` /2MB2b i?2 ?vTQi?2bBb (eR)X �Hi2`M�iBp2Hv- i?2 BM/m+iBQM �TT`Q�+? mb2b
BM/m+iBp2 `2�bQMBM; r?B+? Bb � #QiiQK@mT �TT`Q�+? +QKT�`2/ iQ /2/m+iBQMX h?2 /�i� Bb }`bi
+QHH2+i2/ #27Q`2 �ii2KTiBM; iQ /2p2HQT � i?2Q`v #�b2/ QM i?2b2 Q#b2`p�iBQMbX AM/m+iBp2 `2�bQM@
BM; ?�b �M 2tTHQ`�iQ`v M�im`2 �b i?2 `2b2�`+?2`b ?�p2 HBiiH2 iQ MQ FMQrH2/;2 Q7 i?2 Qmi+QK2
(eR)X h?2 BM/m+iBp2 �TT`Q�+? Bb +QMbB/2`2/ iQ #2 KQ`2 QT2M �b Bi H2�p2b `QQK 7Q` BMi2`T`2i�iBQM
#�b2/ QM /�i� ;�i?2`2/- r?2`2�b i?2 /2/m+iBp2 �TT`Q�+? Bb � +HQb2/ T`Q+2bbX

"Qi? �TT`Q�+?2b ?�p2 i?2B` �/p�Mi�;2b �M/ /Bb�/p�Mi�;2b �M/ +�M #2 mb2/ 2t+HmbBp2Hv Q` +QK@
#BM2/X J�Mv `2b2�`+? bim/B2b +QK#BM2 i?2 irQ �b Bi Bb +QMbB/2`2/ iQ #2 T2`72+iHv TQbbB#H2 iQ
+QK#BM2 /2/m+iBQM �M/ BM/m+iBQM rBi?BM i?2 b�K2 TB2+2 Q7 `2b2�`+? (eR)X �b MQi2/ #v J�`F
a�mM/2`b Ǵr?BH2 vQm K�v +QKK2M+2 rBi? 2Bi?2` �M BM/m+iBp2 Q` /2/m+iBp2 �TT`Q�+?- BM T`�+@
iB+2 vQm` `2b2�`+? Bb HBF2Hv iQ +QK#BM2 2H2K2Mib Q7 #Qi?Ǵ Ua�mM/2`b- kyReV (eR)X h?2`27Q`2- �M
�#/m+iBp2 �TT`Q�+? +QK#BMBM; /2/m+iBQM �M/ /2/m+iBQM BM QM2 �TT`Q�+? iQ #2 � bi`m+im`2 Q7
`2�bQMBM; i?�i +�M T`BK�`BHv #2 mb2/ B7 i?2 `2b2�`+?2`b b22F iQ BMp2biB;�i2 �M Q#D2+i #�b2/ QM
bQK2 #�+F;`QmM/ +QMi2ti Q7 2tBbiBM; FMQrH2/;2X

�b r2 ;Qi i?2 QTTQ`imMBiv iQ QT2`�i2 �b AMi2`Mb �i G1P S?�`K�- r2 +?Qb2 iQ �/QTi i?2
�#/m+iBp2 �TT`Q�+? �b i?2 KQbi }iiBM; QM2 iQ �Mbr2` Qm` `2b2�`+? [m2biBQMX Pm` BM+Q`TQ`�iBQM
BMiQ G1P S?�`K�Ƕb PT2M AMMQp�iBQM ;`QmT T`2b2Mi2/ � bBim�iBQM rBi? +2`i�BM #QmM/�`B2b 7Q`
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b+QTBM; i?2 `2b2�`+?X h?mb- i?2 `2b2�`+? ?�b iQ 7mH}HH MQi QMHv Qm` /2bB`2 iQ �Mbr2` Qm`
`2b2�`+? [m2biBQM �b �+�/2KB+b- #mi �HbQ iQ T`QpB/2 G1P S?�`K� rBi? p2`B}+�iBQM Q7 Q` M2r
FMQrH2/;2 QM i?2 bm#D2+iX �b i?2 2tBbiBM; FMQrH2/;2 Bb HBKBi2/ �M/ `2bi`B+i2/ BM i2`Kb Q7
p�HB/�iBQM- b2p2`�H M2r �`2�b Q7 BMi2`2bi r2`2 mM+Qp2`2/ �b i?2 `2b2�`+? T`Q;`2bb2/X 1p2M
i?Qm;?i 2tBbiBM; FMQrH2/;2 r�b �p�BH�#H2 T`BQ` iQ i?2 /�i� +QHH2+iBQM- M2r BMi2`2biBM; bm#D2+ib
+QmH/ #2 mM+Qp2`2/ mTQM �M�HvxBM; i?2 +QHH2+i2/ /�i�X h?2`27Q`2- �HH i?2 �`;mK2Mib �#Qp2
+QK#BM2/- r2 +�K2 iQ i?2 +QM+HmbBQM i?�i �#/m+iBp2 `2�bQMBM; Bb i?2 KQbi �TT`QT`B�i2 K2i?Q/
iQ 2tTHQ`2 i?2 T?2MQK2MQM Q7 QT2M BMMQp�iBQM �b TH�i7Q`Kb 7Q` bQm`+BM; 2ti2`M�H BMMQp�iBQMb
BM i?2 T?�`K�+2miB+�H BM/mbi`vX
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h?2 `2b2�`+? /2bB;M b?QmH/ }i iQ i?2 `2b2�`+? T?BHQbQT?v �M/ QmiHBM2 ?Qr i?2 `2b2�`+? b?QmH/
#2 +QM/m+i2/ BM Q`/2` iQ �Mbr2` i?2 `2b2�`+? [m2biBQM (eR)X h?2`27Q`2- i?2 7QHHQrBM; b2+iBQM
rBHH 2H�#Q`�i2 QM i?2 `2b2�`+? /2bB;M 7Q` 2tTHQ`BM; i?2 T?2MQK2MQM Q7 QT2M BMMQp�iBQM �M/ i?2
2+Qbvbi2K BM i?2 laX
h?2 `2b2�`+? /2bB;M QmiHBM2/ ?�b #22M +`2�i2/ iQ b22F iQ }i i?2 `2b2�`+? T?BHQbQT?v �M/ ?Qr
r2 BMi2M/ iQ �Mbr2` i?2 `2b2�`+? [m2biBQMX h?2 `2b2�`+? bi`�i2;v 7Q` +QM/m+iBM; i?2 bim/v
rBHH �HbQ #2 QmiHBM2/ r?B+? Bb T`BQ` iQ i?2 2H�#Q`�iBQM Q7 `2b2�`+? K2i?Q/b mb2/ iQ +QHH2+i /�i�X
G�biHv- i?2 `2HB�#BHBiv �M/ p�HB/Biv Q7 i?2 `2b2�`+? +QM/m+i2/- BM+Hm/BM; K2i?Q/QHQ;B+�H +?QB+2b-
rBHH #2 /Bb+mbb2/ BM i?Bb b2t+iBQMX

6Q` i?Bb bim/v- �M 2tTHQ`�iQ`v �TT`Q�+? r�b T�`iHv +?Qb2M BM Q`/2` iQ ;�BM BMbB;?i BM QT2M
BMMQp�iBQM �M/ i?2 2+Qbvbi2K BM i?2 laX h?Bb �TT`Q�+? r�b p�Hm�#H2 #2+�mb2 Bi �bFb QT2M
[m2biBQMb- HBF2Hv #2;BMMBM; rBi? Ƕr?�iǶ Q` Ƕ?QrǶ 7Q` #Qi? i?2 `2b2�`+? [m2biBQM �M/ i?2 [m2b@
iBQMb �bF2/ /m`BM; /�i� +QHH2+iBQM (eR)X h?mb- Bi +�M #2 mb2/ iQ 2tTHQ`2 �M Bbbm2- T`Q#H2K Q`
T?2MQK2MQM iQ +H�`B7v i?2 BMM2` rQ`FBM;b Q7 QT2M BMMQp�iBQM i?�i +m``2MiHv ?�b �M BKT`2+Bb2
M�im`2X Ai �HB;M2/ r2HH rBi? i?2 ;Q�H Q7 i?2 i?2bBb iQ BMp2biB;�i2 Ǵ?Qr T?�`K�+2miB+�H +QKT�MB2b
+�M mb2 QT2M BMMQp�iBQM iQ BM+`2�b2 ;HQ#�H Qmi`2�+? Q7 2ti2`M�H BMMQp�iBQMbǴX G1P S?�`K� Bb
TH�+2/ BM .2MK�`F �M/ i?2B` QT2M BMMQp�iBQM TH�i7Q`K Bb v2i iQ #2 H�mM+?2/ BM i?2 la- QM2 Q7
i?2 ;Q�Hb r�b iQ BMp2biB;�i2 i?2 �bT2+ib Q7 H�mM+?BM; Bi BM i?2 la- BX2X mM/2`bi�M/BM; i?2 p�Hm2
Bi +`2�i2b- ?Qr iQ �ii`�+i T�`iB+BT�Mib �M/ ?Qr iQ BMi2`�+i rBi? i?2KX "2+�mb2 i?2 iBK2HBM2
7Q` i?2 bim/v +QM/m+i2/ r�b `�i?2` b?Q`i- �#Qmi 9 KQMi?b- i?2 `2b2�`+? T`2b2Mi2/ Bb `�i?2`
HBKBi2/ BM b+QT2 �M/ /2Ti?X >Qr2p2`- rBi? Bib 2tTHQ`�iQ`v �TT`Q�+?- Bi +QmH/ #2 [mBi2 mb27mH
�b Bi K�v TQi2MiB�HHv /2KQMbi`�i2 i?�i 7m`i?2` `2b2�`+? Bb rQ`i? Q` MQi rQ`i? Tm`bmBM;X

1tTHQ`�iQ`v `2b2�`+? Bb mbm�HHv +QM/m+i2/ mbBM; HBi2`�im`2 `2pB2r- BMi2`pB2rBM; Ƕ2tT2`ibǶ BM i?2
}2H/- +QM/m+iBM; BM@/2Ti? BM/BpB/m�H BMi2`pB2rb Q` +QM/m+iBM; 7Q+mb ;`QmT BMi2`pB2rb (eR)X h?2
BMi2`pB2rb ?�p2 �M 2tTHQ`�iQ`v M�im`2- i?2v �`2 HBF2Hv iQ ?�p2 �M mMbi`m+im`2/ b2imT r?B+? `2@
HB2b ?2�pBHv QM i?2 [m�HBiv Q7 +QMi`B#miBQMb 7`QK i?2 BMi2`pB2r22bX h?mb- Bi Bb Q7 2bb2M+2 iQ ?�p2
r2HH@2bi�#HBb?2/ i?2K2b- Qp2`�`+?BM; [m2biBQMb �M/ T`Q#2 [m2biBQMb iQ ;mB/2 iQr�`/b i?2 `B;?i
bi�;2 7Q` i?2 `2b2�`+?X 6Q` �Mbr2`BM; i?2 `2b2�`+? [m2biBQM- 2tTHQ`�iQ`v `2b2�`+? r�b /22K2/
KQbi �TT`QT`B�i2 �b Bi Bb ~2tB#H2 �M/ �/�Ti�#H2 iQ +?�M;2- bQK2i?BM; r?B+? r�b BKTQ`i�Mi iQ
;�BM BM@/2Ti? BMbB;?i i?�i r�b +QKTH2i2Hv mMFMQrM iQ mb T`BQ` iQ +QM/m+iBM; i?2 `2b2�`+?X
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AM �Mv FMQrH2/;2@BMi2Mb2 +QKT�Mv- i?2`2 Bb � ?m;2 M22/ 7Q` BMMQp�iBQM iQ `2i�BM +QKT2iBiBp2
�/p�Mi�;2 �M/ iQ /2p2HQT M2r T`Q/m+ib �M/ b2`pB+2bX h?2 ;HQ#�HBx2/ rQ`H/ BM+`2�b2b i?2 +QK@
T2iBiBQM r?B+? 7m`i?2` KQiBp�i2b BMMQp�iBQM iQ K�BMi�BM +QKT2iBiBp2 2/;2X h?2 Qp2`�`+?BM;
�BK Q7 i?Bb i?2bBb Bb iQ 2Hm+B/�i2 i?2 +QM+2Ti Q7 PT2M AMMQp�iBQM �M/ i?2 BMM2` rQ`FBM;b Q7
i?2 2+Qbvbi2K BM i?2 la �M/ ?Qr i?Bb K�v �z2+i BMi2`�+iBQM �M/ `2bmHib 7`QK QT2M BMMQp�iBQM
TH�i7Q`KbX h?2 `2b2�`+? +QM/m+i2/ BM i?2 T`2b2Mi i?2bBb Bb #�b2/ QM HBi2`�im`2 `2pB2rb BM i?2
}2H/ Q7 BMMQp�iBQM K�M�;2K2Mi �b r2HH �b mbBM; G1P S?�`K� �b � +�b2 bim/v 7Q` 2tTHQ`BM;
QT2M BMMQp�iBQM TH�i7Q`KbX 6m`i?2`KQ`2- [m�HBi�iBp2 T`BK�`v /�i� ?�b #22M +QHH2+i2/ 7`QK
TQi2MiB�H T�`iB+BT�Mib #�b2/ BM i?2 la `2;�`/BM; i?2B` pB2rb Q7 QT2M BMMQp�iBQMX

kY: `3c3�a,@ bja�j3<w
� `2b2�`+? bi`�i2;v Bb ;2M2`�HHv /2+B/2/ #2ir22M irQ /Bz2`2Mi �TT`Q�+?2b- M�K2Hv i?2 [m�M@
iBi�iBp2 �M/ [m�HBi�iBp2X �b #Qi? �TT`Q�+?2b �`2 2[m�HHv p�Hm�#H2- i?2 +?Qb2M bi`�i2;v `2HB2b
2MiB`2Hv QM i?2 b2iiBM; Q7 i?2 `2b2�`+? [m2biBQM �M/ Q#D2+iBp2b (eR)X
�b r2 �/QTi2/ � bm#D2+iBp2 BMi2`T`2iBpBbi T?BHQbQT?v BM i?2 T`2b2Mi `2b2�`+?- i?2 [m�HBi�iBp2
`2b2�`+? �TT`Q�+? #2+QK2b i?2 KQbi �TT�`2Mi +?QB+2X PM2 Q7 i?2 bi`QM;2bi 72�ib Q7 [m�HBi�iBp2
`2b2�`+? Bb Bib �#BHBiv iQ 2tTHQ`2 +QKTH2t bBim�iBQMb #v �M�HvxBM; /Bz2`2Mi bi�F2?QH/2` T2`bT2+@
iBp2b (eR)X

h?2 `2b2�`+? bi`�i2;v b?QmH/ #2 i?2 K2i?Q/QHQ;B+�H HBMF #2ir22M i?2 T?BHQbQT?v �M/ bm#b2@
[m2Mi +?QB+2 Q7 K2i?Q/b iQ +QHH2+i �M/ �M�Hvx2 /�i� iQ �Mbr2` i?2 `2b2�`+? [m2biBQM (eR)X q2
i?2`27Q`2 mb2/ b2p2`�H `2b2�`+? K2i?Q/b i?`Qm;?Qmi i?Bb bim/v �M/ i?2b2 r2`2 +�`27mHHv b2H2+i2/
#�b2/ QM �Mbr2`BM; i?2 `2b2�`+? [m2biBQMb BM i?2 KQbi +Q?2`2Mi K�MM2` �TT`QT`B�i2X
q2 iQQF BMiQ +QMbB/2`�iBQM i?2 HBKBi2/ iBK2 7`�K2 Q7 i?2 bim/v r?BH2 HBMFBM; i?2 T?BHQbQT?v
Q7 BMi2`T`2iBpBbK rBi? i?2 +QHH2+iBQM Q7 [m�HBi�iBp2 /�i� miBHBxBM; �M �TT`Q�+? +QK#BMBM; /2@
/m+iBp2 �M/ BM/m+iBp2 `2�bQMBM;X h?2 [m�HBi�iBp2 `2b2�`+? K2i?Q/ 2M�#H2/ mb iQ 2H�#Q`�i2
QM i?2 +QKTH2tBiv Q7 i?2 mM/2`bi�M/BM; Q7 QT2M BMMQp�iBQM �M/ ?Qr Bi +QMi`B#mi2b p�Hm2 iQ
T�`iB+BT�Mib r?BH2 BM/m+BM; QmibB/2@BM bQm`+BM; Q7 2ti2`M�H BMMQp�iBQMb QM � ;HQ#�H b+�H2X �b
� `2bmHi- i?2 bm#D2+ib Q7 Qm` `2b2�`+? r2`2 �#H2 iQ ?�p2 �M QT2M �TT`Q�+? iQ �Mbr2`BM; i?2
[m2biBQMb �M/ �//BiBQM�HHv i?2 [m�HBi�iBp2 7Q`K Q7 `2b2�`+? K�/2 Bi QT2M 7Q` BMi2`T`2i�iBQM �M/
2H�#Q`�iBQMX h?2`2#v- T`QpB/BM; � /22T2` mM/2`bi�M/BM; Q7 i?2B` bBim�iBQMb �M/ T2`bT2+iBp2bX

h?2 +QMi2tim�H �bT2+i Q7 i?2 [m�HBi�iBp2 `2b2�`+? K�F2b Bi /B{+mHi iQ `2THB+�i2- bQK2i?BM;
r?B+? K�v `�Bb2 [m2biBQMb iQ r?2i?2` i?2b2 }M/BM;b +�M #2 ;2M2`�HBx2/X >Qr2p2`- �b i?2 +Q?2`@
2M+2 Q7 i?2 bim/B2b +�M #2 b22M 7`QK i?2 +?QB+2 Q7 [m�HBi�iBp2 K2i?Q/b- ;2M2`�HBx�iBQM KB;?i #2
�p�BH�#H2 �b i?2 /�i� +�M b?Qr bBKBH�`BiB2b (eR)X AM �//BiBQM iQ i?Bb- i?2 +?QB+2 Q7 G1P S?�`K�
�b � +�b2 bim/v Bb �HbQ bm{+B2Mi #2+�mb2 i?2B` Qz2` Q7 QT2M BMMQp�iBQM Bb mMB[m2 �M/ r�b �p�BH@
�#H2 iQ mb- �b #mbBM2bb bim/2Mib- i?`Qm;? Qm` J�bi2` T`Q;`�KK2X Ai Bb �HbQ #2HB2p2/ i?�i i?2
}M/BM;b 7`QK i?2 T`2b2Mi i?2bBb +�M #2 mb2/ iQ BKT`Qp2 i?2B` �TT`Q�+? �b r2HH b?Qr+�b2 G1P
S?�`K� �b �M 2t�KTH2 r?B+? Qi?2` Q`;�MBx�iBQMb K�v 7QHHQrX

"v #2BM; 2K#2//2/ BM G1P S?�`K� �b AMi2`Mb /m`BM; Qm` `2b2�`+? T`QD2+i- r2 ?�/ i?2 QT@
TQ`imMBiv iQ mb2 T�`iB+BT�Mi Q#b2`p�iBQM 7Q` +QHH2+iBM; T`BK�`v /�i� �b r2HHX h?2 �TT`Q�+? Q7
G1P S?�`K� #2BM; 2K#2//2/ BM Qm` +�b2 bim/v Bb ?m;2Hv �/p�Mi�;2Qmb �b r2 ;�BM2/ /B`2+i
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�++2bb iQ i?2 bi�F2?QH/2`b rBi?BM i?2 Q`;�MBx�iBQM �M/ Bib M2irQ`FbX am#b2[m2MiHv- r2 +QmH/
2bi�#HBb? `2H�iBQMb?BTb �M/ #2+QK2 i`mbi2/ K2K#2`b r?Q r2`2 �#H2 iQ b2imT BMi2`pB2rb 7Q` /�i�
+QHH2+iBQM r?BH2 �HbQ ;�BMBM; BMbB;?i 7`QK +�bm�H +QMp2`b�iBQMb �M/ K22iBM;bX AM Qm` BMi2`Mb?BT-
r2 ?�/ i?2 TQbbB#BHBiv iQ ;Q iQ G1P S?�`K�Ƕb a+B2M+2 �M/ h2+? >m# BM "QbiQM- J�bb�+?mb2iib-
la�X h?Bb 2M�#H2/ mb iQ BMp2biB;�i2 i?2 ;`QrBM; T`2b2M+2 Q7 G1P S?�`K� BM i?2 la �M/ iQ
KQMBiQ` 2zQ`ib #2BM; K�/2 iQ 2tT�M/ QT2M BMMQp�iBQM BMiQ i?2 laX lHiBK�i2Hv- Bi T`QpB/2/ mb
rBi? FMQrH2/;2 Q7 ?Qr QT2M BMMQp�iBQM 2zQ`ib +�M ?2HT � T?�`K�+2miB+�H +QKT�Mv iQ BM+`2�b2
Bib ;HQ#�H Qmi`2�+? Q7 2ti2`M�H BMMQp�iBQMbX
AM Qm` `QH2 �b T�`iB+BT�Mi@�b@Q#b2`p2`- r2 `2p2�H2/ iQ i?2 G1P S?�`K� i2�K Qm` Tm`TQb2 iQ /Q
`2b2�`+?X q2 T�`iB+BT�i2/ rBi?Qmi i�FBM; QM �HH i?2 �ii`B#mi2b Q7 Bib K2K#2`b- K2�MBM; i?�i
r2 bT2M/ � HQi Q7 iBK2 bQ+B�HBxBM; �M/ #2BM; � T�`i Q7 i?2 i2�K rBi?Qmi #2BM; 2KTHQv22b Q7 i?2
+QKT�Mv (eR)X h?Bb r�b BM �++Q`/�M+2 rBi? i?2 iBK2 �p�BH�#H2 �b r2 r2`2 �HbQ #2BM; #mbBM2bb
bim/2Mib r?Q ?�/ iQ +QM/m+i Qm` `2b2�`+?X "2+�mb2 G1P S?�`K� ?�/ K�Mv bBKmHi�M2Qmb
BM+2MiBp2b �M/ r�b BMi2`2bi2/ BM ?�pBM; mb- r2 BKK2/B�i2Hv ;�BM2/ i`mbi �M/ bmTTQ`i 7`QK i?2
QT2M BMMQp�iBQM i2�KX h?2 b�K2 �TTHB2/ iQ i?2 TQi2MiB�H T�`iB+BT�Mib i?�i r2 BMi2`pB2r2/-
KQbi Q7 r?QK- r2 B/2MiB}2/ i?`Qm;? G1P S?�`K� Q` Qm` QrM T`Q72bbBQM�H M2irQ`Fb �M/ bQ+B�H
+QMi�+ibX

AM �//BiBQM iQ �HH i?2b2 #2M2}ib- i?2 +QM};m`�iBQM �HbQ T`QpB/2/ mb rBi? � bi`m+im`2/ �TT`Q�+?
iQ +QM/m+i Qm` `2b2�`+? #v �HHQrBM; mb iQ mb2 �M �#/m+iBp2 bi`m+im`2 Q7 `2�bQMBM;X q2 /B/
i?Bb #v +QHH2+iBM; /�i� BMi2`M�HHv 7`QK Qm` +�b2 bim/v iQ ;2i �M 2H�#Q`�i2 mM/2`bi�M/BM; Q7 i?2
+QM+2Ti Q7 QT2M BMMQp�iBQM �M/ Bib T`�+iB+�H T`2b2M+2 BM � T?�`K�+2miB+�H +QKT�MvX Ai �HbQ
;�p2 mb BMbB;?i BM i?2 QM ;QBM;b BM Qm` +�b2 bim/v- G1P S?�`K�- �b r2HH �b i?2 2tT2`B2M+2b i?2v
?�p2 K�/2 r?2M Qz2`BM; �M QT2M BMMQp�iBQM TH�i7Q`KX h?Bb BMbB;?i r�b ?B;?Hv p�Hm�#H2 �b Bi
T`QpB/2/ mb rBi? � 7QmM/�iBQM Q7 ?Qr iQ bi`m+im`2 Qm` BMi2`pB2r ;mB/2 iQ BMp2biB;�i2 p�`BQmb
Q7 7�+iQ`b i?�i K�v Q` K�v MQi BM~m2M+2 i?2 T2`+2TiBQM Q7 p�Hm2 7Q` T�`iB+BT�Mib �M/ T�`iM2`b
BM QT2M BMMQp�iBQM TH�i7Q`KbX �Hi?Qm;?- Bi r�b +2`i�BMHv mb27mH 7Q` � b?Q`i T2`BQ/ Q7 iBK2 iQ
#2 2K#2//2/ BM G1P S?�`K�- Bi BMi`Q/m+2/ +2`i�BM HBKBi�iBQM i?�i ?�b iQ #2 +QMbB/2`2/X i?Bb
`2H�i2 iQ � TQbbB#BHBiv Q7 � #B�bX >�pBM; #22M bQm`+BM; Qm` FMQrH2/;2 �M/ mM/2`bi�M/BM; Q7 QT2M
BMMQp�iBQM 7`QK G1P S?�`K�- Bi K�v BMi2`72`2 rBi? Qm` `2b2�`+? �b r2 KB;?i M2;H2+i +2`i�BM
i?2K2b �M/ [m2biBQMbX hQ KBiB;�i2 i?Bb- r2 �ii2KTi2/ iQ #2 �b Q#D2+iBp2Hv �b TQbbB#H2 #v MQi
QMHv mbBM; G1P S?�`K�Ƕb QT2M BMMQp�iBQM TH�i7Q`K �b � bBM;H2 K2�bm`2 iQQH- #mi �HbQ HQQF2/
BMiQ Qi?2` bBKBH�` �M/ �p�BH�#H2 TH�i7Q`Kb Q` T`Q;`�Kb i?�i �`2 �p�BH�#H2X h?mb- r2 mb2/ i?Bb
+QMbQHB/�i2/ bQm`+2 Q7 FMQrH2/;2 iQ B/2MiB7v �M/ 7Q`K i?2K2b �M/ iQTB+b iQ #2 BMp2biB;�i2/ BM
Qm` /�i� +QHH2+iBQM iQ �Mbr2` Qm` `2b2�`+? [m2biBQMX

kY:YS /�j� bRna,3c 8Ra [n�ICj�jCq3 `3c3�a,@
�M BKTQ`i�Mi Q#D2+iBp2 Q7 [m�HBi�iBp2 `2b2�`+? K2i?Q/b Bb iQ +QHH2+i /�i�X h?2`2 �`2 ;2M2`@
�HHv irQ �TT�`2Mi ivT2b Q7 /�i�- M�K2Hv i?2 T`BK�`v �M/ b2+QM/�`v /�i�X h?2 K�BM `2b2�`+?
K2i?Q/b 7Q` +QHH2+iBM; T`BK�`v /�i� r2`2 � +�b2 bim/v �M/ BMi2`pB2rb rBi? `2H2p�Mi 2MiBiB2b BM
`2;�`/ iQ la@#�b2/ T�`iB+BT�iBQM BM �M QT2M BMMQp�iBQM TH�i7Q`KX

h?2 b2+QM/�`v /�i� mb2/ r�b +QHH2+i2/ 7`QK i2ti #QQFb- `2b2�`+? T�T2`b- /Q+mK2Mi�iBQMb
�M/ /Bbb2`i�iBQMb 7`QK i?2 }2H/ Q7 #mbBM2bb �M/ BMMQp�iBQM K�M�;2K2Mi 7Q` BMp2biB;�iBM; i?2
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i?2Q`2iB+�H 7`�K2rQ`F Q7 QT2M BMMQp�iBQMX AM �//BiBQM iQ i?Bb- Tm#HB+Hv �p�BH�#H2 �`iB+H2b �M/
Tm#HB+�iBQMb rBi? � 7Q+mb QM i?2 T?�`K�+2miB+�H BM/mbi`v r2`2 mb2/X h?Bb T`BK�`v HBi2`�im`2
r�b �TTHB2/ iQ 2bi�#HBb? � 7QmM/�iBQM Q7 i?2 i?2bBb iQ 7Q`K � i?2Q`2iB+�H #�bBb T`BQ` iQ +QM/m+iBM;
i?2 `2b2�`+?X h?2 TBpQi�H +QK#BM�iBQM #2ir22M +QHH2+iBM; M2r T`BK�`v /�i� �M/ bmKK�`BxBM;
2tBbiBM; FMQrH2/;2 7`QK i?2 HBi2`�im`2 K�/2 Bi TQbbB#H2 iQ /BbiBM;mBb? #2ir22M i?2 }M/BM;b �M/
i?2 �+�/2KB+ HBi2`�im`2X

kY:YSYS TaCL�aw /�j�
h?2 T`BK�`v /�i� Bb i?2 /�i� i?�i Bb /B`2+iHv +QHH2+i2/ #v i?2 `2b2�`+?2`b BM i?2B` QrM `2@
b2�`+? /2bB;M �M/ bim/vX h?mb- i?2 /�i� i?�i Bb +QHH2+i2/ iQ �Mbr2` i?2 `2b2�`+? [m2biBQMUbV
�bF2/ #v i?2 `2b2�`+?2`b BM � T�`iB+mH�` bim/v (eR)X h?2 }2H/ Q7 bm#D2+i BM i?2 HBi2`�im`2 Bb
mM7Q`imM�i2Hv ?B;?Hv HBKBi2/X h?2`27Q`2- r2 ?�/ � bi`QM; 7Q+mb QM +QHH2+iBM; T`BK�`v /�i� iQ
2tTHQ`2 �M/ �Mbr2` i?2 `2b2�`+? [m2biBQMb T`QTQb2/ BM i?2 i?2bBbX h?2`2 �`2 K�Mv /Bz2`2Mi
[m�HBi�iBp2 `2b2�`+? K2i?Q/b iQ +QHH2+i T`BK�`v /�i�- BM+Hm/BM; #mi MQi HBKBi2/ iQ +�b2 bim/B2b-
BMi2`pB2rb- [m2biBQMM�B`2b �M/ 7Q+mb ;`QmTb (eR)X AM Qm` `2b2�`+? T`QD2+i- i?2 T`BK�`v /�i� r�b
+QHH2+i2/ mbBM; [m�HBi�iBp2 `2b2�`+? K2i?Q/b- K�BMHv i?`Qm;? � mMB[m2 bBM;H2 +�b2 bim/v �M/
b2KB@bi`m+im`2/ BMi2`pB2rb r?B+? rBHH #2 7m`i?2` /Bb+mbb2/ BM a2+iBQM jX8X

kY:YSYl b3,RN0�aw /�j�
PM i?2 Qi?2` ?�M/- i?2 b2+QM/�`v /�i� Bb BM 2bb2M+2 /�i� +QHH2+i2/ #v Qi?2` `2b2�`+?2`b 7Q`
Qi?2` Tm`TQb2b r?B+? �`2 Tm#HB+Hv �p�BH�#H2 (eR)X a2+QM/�`v /�i� +�M BM bQK2 +�b2b #2 p�Hm�#H2
�b Bi T`QpB/2b �M BMbB;?i +QHH2+i2/ #v Qi?2` `2b2�`+?2`b r?B+? Bb Q#i�BM2/ BM � Km+? H2bb iBK2@
+QMbmKBM; K�MM2` +QKT�`2/ iQ T`BK�`v /�i�X AKTQ`i�MiHv- Bi Kmbi #2 i?Q`Qm;?Hv 2p�Hm�i2/
T`BQ` iQ mbBM; �M/ `272``BM; iQ i?2 b2+QM/�`v /�i� BM Q`/2` iQ p2`B7v Bib p�HB/BivX

h?2 b2+QM/�`v /�i� mb2/ BM i?Bb `2b2�`+? T`QD2+i r�b T`BK�`BHv r`Bii2M /Q+mK2Mib- BX2X +QK@
TBH2/ /�i� �b Bi Bb /B{+mHi iQ }M/ �Mv `2H2p�Mi `�r /�i�X h?2b2 BM+Hm/2/ BM7Q`K�iBQM QM
Q`;�MBx�iBQMbǶ r2#bBi2b `2;�`/BM; i?2 +�b2 bim/B2b Q` QT2M BMMQp�iBQM TH�i7Q`Kb- M2rbT�T2` �`@
iB+H2b �#Qmi i?2 _�. 2tT2M/Bim`2 �M/ H�+F Q7 BMMQp�iBQM BM i?2 T?�`K�+2miB+�H BM/mbi`v �M/
`2TQ`ib 7`QK +QMbmHiBM; �;2M+B2b bm+? �b .2HQBii2- J+EBMb2v �M/ "QbiQM *QMbmHiBM; :`QmT
U"*:VX "2bB/2 i?2b2- MmK2`Qmb `2b2�`+? T�T2`b r2`2 mb2/ 7Q` i?2 i?2Q`2iB+�H 7`�K2rQ`F iQ mM@
/2`bi�M/ i?2 T?2MQK2MQM QT2M BMMQp�iBQM- ?Qr Bi rQ`Fb �b � +QM+2Ti �M/ BM T`�+iB+2X 6BM�HHv-
i?2 `2b2�`+?2`b i`B2/ iQ HBMF i?2 MQp2Hiv Q7 QT2M BMMQp�iBQM rBi? i?2 rB/2Hv FMQrM 7`�K2rQ`Fb-
2X;X 2tTHQ`�iBQMf2tTHQBi�iBQM- /vM�KB+ +�T�#BHBiB2b �M/ �#bQ`TiBp2 +�T�+BivX
�HH Q7 i?Bb b2+QM/�`v /�i� r�b +QHH2+i2/ �/ ?Q+ /m`BM; i?2 2MiB`2 bim/v �M/ r�b 2bT2+B�HHv mb2/
7Q` b2iiBM; i?2 bi�;2 Q7 i?2 `2b2�`+? T`QD2+i �b r2HH �b mM/2`bi�M/BM; i?2 Q#bi�+H2b �i ?�M/X

kY9 [n�ICj�jCq3 `3c3�a,@ K3j@R0c
AM i?2 T`2pBQmb b2+iBQMb r2 ?�p2 TQBMi2/ Qmi i?2 M�im`2 �M/ Tm`TQb2 Q7 [m�HBi�iBp2 `2b2�`+?
�M/ i?2 7QHHQrBM; b2+iBQM rBHH 2tTH�BM i?2 � p�`B2iv Q7 `2b2�`+? K2i?Q/b i?�i +�M #2 mb2/ 7Q`
/�i� +QHH2+iBQMX h?2 KQbi +QKKQM K2i?Q/b BM ?2�Hi? +�`2 `2b2�`+? �`2 BMi2`pB2rb �M/ 7Q+mb
;`QmTb r?B+? �`2 �HbQ Q7i2M mb2/ BM [m�HBi�iBp2 `2b2�`+? (ek)X

Peter Mouritzen
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h?2`2 �`2 K�Mv QT2M@2M/2/ K2i?Q/b 7Q` [m�HBi�iBp2 `2b2�`+? r?B+? �HHQr i?2 bim/v T�`iB+B@
T�MiUbV iQ 2tT`2bb i?2Kb2Hp2b- �M �TT`Q�+? r?B+? T`QpB/2b i?2 `2b2�`+?2`b rBi? � /22T2` mM@
/2`bi�M/BM; Q7 i?2B` T2`bT2+iBp2bX *QMi`�`BHv- [m�MiBi�iBp2 `2b2�`+? Bb KQ`2 `B;B/ mbBM; +HQb2/
K2i?Q/b r?B+? 2KTQr2`b i?2 `2b2�`+?2` iQ /2+B/2 QM TQbbB#H2 �Mbr2`bX >Qr2p2`- i?2 2Mm@
K2`�iBQM �M/ +HQb2/ bi`m+im`2 Q7 [m2biBQMBM; K�F2b [m�MiBi�iBp2 `2b2�`+? �#H2 iQ KQ`2 2�bBHv
`2T`Q/m+2 i?2 `2b2�`+? /2bB;M (eR)X

AM [m�HBi�iBp2 `2b2�`+?- Bi Bb �+FMQrH2/;2/ i?�i Bi Bb BKTQbbB#H2 iQ 7mHHv �pQB/ BMi`Q/m+iBQM Q7
`2b2�`+?2` #B�b /m2 i?2 i?2 bm#D2+iBp2 M�im`2 Q7 ?mK�M #2BM;bX h?2`27Q`2- i?2 p�HB/Biv �M/
`2HB�#BHBiv Q7 i?2 `2b2�`+? b?QmH/ �HbQ #2 +QMbB/2`2/ r?2M +QM/m+iBM; `2b2�`+? mbBM; [m�HBi�iBp2
K2i?Q/bX 6m`i?2`KQ`2- i?2 +QMi2tim�H �bT2+ib Q7 [m�HBi�iBp2 `2b2�`+? rBHH +�mb2 i?2 `2T`Q@
/m+B#BHBiv iQ #2 HQr2` r?2M +QKT�`2/ iQ [m�MiBi�iBp2 K2i?Q/bX h?2`2#v- `�BbBM; i?2 [m2biBQM
r?2i?2` i?2 +QHH2+i2/ /�i� �M/ BMi2`T`2i2/ `2bmHib +�M #2 mb2/ iQ ;2M2`�HBx2 }M/BM;b iQ i?2
b�KTH2 TQTmH�iBQM (eR)X

6BM�HHv- G1P S?�`K� ?�b � r2HH@2bi�#HBb?2/ QT2M BMMQp�iBQM TH�i7Q`K �M/ rBi? i?2 2K2`;BM;
QT2M BMMQp�iBQM i`2M/ 2K2`;BM; BM i?2 T?�`K�+2miB+�H BM/mbi`v- QM2 +QmH/ +QM+Hm/2 i?�i i?2
}M/BM;b 7`QK i?2 Qm` `2b2�`+? K�v T`QpB/2 �//BiBQM�H BM7Q`K�iBQM 7Q` bi�F2?QH/2`b BM i?2
;`QrBM; QT2M BMMQp�iBQM 2+Qbvbi2KX h?Bb �TTHB2b 7Q` #Qi? i?2 BM+mK#2Mib i`vBM; iQ BM+Q`TQ`�i2
� bBKBH�` BMBiB�iBp2 r?BH2 �HbQ T`QpB/BM; TQi2MiB�H T�`iB+BT�Mib rBi? p�Hm�#H2 BMbB;?i BMiQ i?2
K�+?BM2`v Q7 i?2 QT2M BMMQp�iBQM TH�i7Q`KbX

kY9YS +�c3 bjn0w
h?2 +�b2 bim/v +�M TQb2 #Qi? � `2b2�`+? /2bB;M 7Q` � T�T2` �M/ � K2i?Q/QHQ;B+�H +?QB+2 7Q`
i?2 `2b2�`+? bi`�i2;vX AM i?Bb `2b2�`+?- � bBM;H2 +�b2 bi`�i2;v r�b T`BK�`BHv mb2/- M�K2Hv i?2
G1P S?�`K� PT2M AMMQp�iBQM SH�i7Q`K �b Bi `2T`2b2Mib #Qi? � +`BiB+�H �M/ mMB[m2 +�b2 (eR)X

PT2M BMMQp�iBQM TH�i7Q`Kb Qz2`2/ #v BM+mK#2Mi T?�`K�+2miB+�H +QKT�MB2b rBi? QMHv � 72r
T`QpB/2`b �`2 MQi +QKKQMX h?2`27Q`2- i?Bb T�`iB+mH�` +�b2 r�b � [mBi2 mMB[m2 QM2X Ai QT2M2/
mT 7Q` mM/2`bi�M/BM; i?2 /vM�KB+b Q7 QT2M BMMQp�iBQM #v BMp2biB;�iBM; i?2 BMi2`�+iBQMb #2@
ir22M i?2 bm#D2+i Q7 i?2 +�b2 UG1P S?�`K�Ƕb QT2M BMMQp�iBQM TH�i7Q`KV �M/ Bib +QMi2tiX Ai
7m`i?2`KQ`2 T`QpB/2/ mb rBi? �M QTTQ`imMBiv iQ Q#b2`p2 �M/ bim/v i?2 T?2MQK2MQM Q7 QT2M
BMMQp�iBQM BM � `2�H@HB72 +QMi2ti �b i?2 TH�i7Q`K ?�b K�Mv T�`iB+BT�Mib BM 1m`QT2 �M/ BMi2`2bi@
BM;Hv 2MQm;? 72r2` BM i?2 laX

h?2 +�b2 bim/v `2b2�`+? bi`�i2;v T`QpB/2/ �M BM@/2Ti? BMbB;?i BMiQ � bT2+B}+ `2�H@HB72 QT2M
BMMQp�iBQM TH�i7Q`K i?�i Bb +m``2MiHv QT2`�iBM; BM 1m`QT2 (jj)X h?2 QT2M BMMQp�iBQM TH�i7Q`K
�i G1P S?�`K� Bb Q`;�MBx2/ #v � bK�HH ;`QmT Q7 T2QTH2 �//BM; `2b2�`+? b+B2MiBbib T2`7Q`KBM;
i?2 2tT2`BK2Mi�H i2bib QM i?2 KQH2+mH2b `2+2Bp2/ #v T�`iB+BT�MibX h?mb- i?2 +�b2 bim/v BM i?Bb
i?2bBb `272`b iQ i?Bb T�`iB+mH�` i2�K �b r2HH �b i?2 Qp2`�HH pBbBQM 7`QK G1P S?�`K� iQ #2 KQ`2
QT2MX
"27Q`2 �`;mBM; 7Q` i?2 +?QB+2 Q7 G1P S?�`K� PT2M AMMQp�iBQM SH�i7Q`K �b i?2 +�b2 7Q` i?2
`2b2�`+?- Bi Bb rQ`i? +QMbB/2`BM; i?�i � +�b2 +�MMQi #2 +?Qb2M `�M/QKHvX h?2 BMimBiBQM 2b@
i�#HBb?2/ 7`QK i?2 `2b2�`+?2`bǶ T`2pBQmb #�+F;`QmM/b 7`QK M�im`�H b+B2M+2b r?B+? Q7i2M mb2
� /2/m+iBp2 �TT`Q�+? rBi? +QHH2+iBQM Q7 [m�MiBi�iBp2 /�i�- Bi Q++m``2/ i?�i i?2 +�b2 +QmH/ #2
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+?Qb2M `�M/QKHv iQ �pQB/ i?2 BMi`Q/m+iBQM Q7 b2H2+iBQM #B�bX h?mb- #v b2H2+iBM; � +�b2 `�M@
/QKHv i?2 `BbF Q7 BMi`Q/m+BM; #B�b rQmH/ ?�p2 /2+`2�b2/ �b Bi rQmH/ 2HBKBM�i2 i?2 Tm`TQbBp2
b2H2+iBQM #v i?2 `2b2�`+?2`bX >Qr2p2`- �b bi�i2/ #v a2�r`B;?i �M/ :2``BM;- � `�M/QK b2H2+iBQM
rBHH HBF2Hv +�mb2 b2`BQmb T`Q#H2Kb B7 i?2 +�b2 Bb +?Qb2M +QKTH2i2Hv `�M/QKHv 7`QK � bK�HH b�K@
TH2 TQTmH�iBQM (ej)X h?2v BHHmbi`�i2 Bi rBi? � bBKTH2 JQMi2 *�`HQ bBKmH�iBQM Q7 L4Ryyy �M/
L48 +�b2b r?B+? ?�b QM2 +�b2 rBi? p�`B�#H2 `�M;BM; 7`QK y iQ R- `2bmHiBM; BM � i`m2 K2�M Q7
yX8X h?2v BHHmbi`�i2 i?�i #2ir22M i?2 }`bi `�M/QK b2H2+iBQM �M/ b2+QM/ `�M/QK b2H2+iBQM- i?2
p�`B�M+2 #2ir22M i?2 +�b2 p�`B�#H2 �M/ i?2 i`m2 K2�M rBHH #2 Km+? ;`2�i2` r?2M L48X h?mb-
+QM+Hm/BM; i?�i +QKTH2i2 `�M/QK b2H2+iBQM rBHH T`Qp2 iQ #2 /B{+mHi �b i?2`2 �`2 bB;MB}+�Mi
`�M/QKBx�iBQM Bbbm2b (ej)X 6m`i?2`KQ`2- #2bB/2 �`;mBM; i?2 K2i?Q/QHQ;B+�H DmbiB}+�iBQM 7Q`
b2H2+iBM; � T�`iB+mH�` +�b2 iQ � bim/v- Bi Bb MQi2/ i?�i T`�+iB+�H +QMbB/2`�iBQM bm+? �b iBK2 �M/
i?2 �++2bb iQ BM7Q`K�iBQM BM~m2M+2b i?2 +�b2 b2H2+iBQM �b r2HH (ej)X

AM `2;�`/ iQ i?2 T`�+iB+�H BKTHB+�iBQMb Q7 i?2 +�b2 b2H2+iBQM i?2 HBKBi2/ MmK#2` Q7 T?�`K�+2m@
iB+�H +QKT�MB2b Qz2`BM; �M QT2M BMMQp�iBQM TH�i7Q`K BHHmbi`�i2/ � bK�HH b�KTH2 TQTmH�iBQMX
AM �//BiBQM iQ i?Bb- i?2 72r T?�`K�+2miB+�Hb i?�i /Q Qz2` �M QT2M BMMQp�iBQM TH�i7Q`K ?�p2
� ?B;? H2p2H Q7 p�`B�#H2b BM i2`Kb Q7 i?2 +QM/BiBQMb Qz2`2/X h?2 "BQ"mbBM2bb �M/ AMMQp�iBQM
SH�i7Q`K U""ASV �i *QT2M?�;2M "mbBM2bb a+?QQH ?�b � HQM;bi�M/BM; +QHH�#Q`�iBQM rBi? G1P
S?�`K�- r2 r2`2 +QMb2[m2MiHv Qz2`2/ �M BMi2`Mb?BT BM i?2B` /2T�`iK2Mi 7Q` QT2M BMMQp�iBQMX
h?2`27Q`2- T`QpB/BM; � /B`2+i �++2bb iQ E2v PTBMBQM G2�/2` rBi?BM QT2M BMMQp�iBQM- LB+H�b
LBHbbQM- �i G1P S?�`K� r�b 2bb2MiB�H 7Q` i?2 T`Q;`2bb Q7 Qm` bim/v �Hi?Qm;?- i?2b2 T`�+iB+�H
+QMbB/2`�iBQMb +�MMQi bQH2Hv �`;m2 7Q` i?2 +?QB+2 Q7 i?2 +�b2 bim/v- i?2v /B/ ?�p2 bm#bi�MiB�H
BKT�+i QM i?2 /2+BbBQM /m2 iQ i?2 HBKBi2/ �KQmMi Q7 iBK2 7Q` i?2 `2b2�`+? �b r2HH �b H�+F Q7
mM/2`bi�M/BM; Q7 i?2 }2H/ T`BQ` iQ +QM/m+iBM; i?2 bim/vX

h?2 +QMi2KTQ`�`v M�im`2 Q7 i?2 `2b2�`+? [m2biBQMb QT2Mb mT 7Q` iQ +?QQb � +�b2 bim/v �T@
T`Q�+? rBi? � bBM;H2 �M/ mMB[m2 +�b2- i?2 G1P S?�`K�Ƕb PT2M AMMQp�iBQM SH�i7Q`KX h?mb-
�//`2bbBM; i?2 Ǵ?QrǴ- Ǵ?Qr +�M T?�`K�+2miB+�H +QKT�MB2b mb2 QT2M BMMQp�iBQM TH�i7Q`Kb iQ
BM+`2�b2 ;HQ#�H Qmi`2�+? Q7 2ti2`M�H BMMQp�iBQMǴ- �M/ i?2 Ǵr?vǴ- Ǵr?v /Q G1P S?�`K� r�Mi
iQ Qz2` �M PT2M AMMQp�iBQM SH�i7Q`K 7Q` 7`22 rBi? MQ bi`BM;b �ii�+?2/\ǴX AM �//BiBQM iQ i?Bb-
#2bB/2 #2BM; � T�`i Q7 i?2 QT2M BMMQp�iBQM i2�K BM G1P S?�`K�- r2 ?�/ MQ +QMi`QH Qp2` i?BbX
>Qr2p2`- �b i?Bb `2b2�`+? +QmH/ #2 +QMbB/2`2/ iQ #2 � TQi2MiB�H bi�`iBM; TQBMi 7Q` Km+? H�`;2`
bim/B2b- Bi r�b +QM/m+i2/ BM �M 2tTHQ`�iQ`v K�MM2` iQ +QHH2+i [m�HBi�iBp2 /�i� �M/ iQ 2bi�#HBb?
� b2iiBM; 7Q` 7mim`2 `2b2�`+?X

h?2 +�b2 bim/v Bb mb2/ �b �M 2KTB`B+�H K2i?Q/ iQ BMp2biB;�i2 BM@/2Ti? i?2 +QMi2KTQ`�`v T?2@
MQK2MQM Q7 QT2M BMMQp�iBQM TH�i7Q`Kb �M/ BM Bib `2�H@rQ`H/ +QMi2tiX h?Bb Bb T�`iB+mH�`Hv
BKTQ`i�Mi �b i?2 #QmM/�`B2b #2ir22M i?2 T?2MQK2MQM Q7 QT2M BMMQp�iBQM �M/ i?2 +QMi2ti
Q7 Bib TH�i7Q`K �`2 MQi +H2�`Hv 2pB/2MiX �b 7�` �b i?2 `2b2�`+?2b mM/2`bi�M/ G1P S?�`K� ?�b
� mMB[m2 �TT`Q�+? #2BM; i?2 QMHv 2tBbiBM; QM2 i?�i Bb +QKTH2i2Hv QT2M 2M/2/ �M/ ?�b QT2M +�HHbX

q2 �HbQ +QMbB/2` Qm` +�b2 bim/v �b }2H/ `2b2�`+? K2i?Q/ #2+�mb2 r2 �HbQ K�/2 mb2 Q7 T�`iB+@
BT�Mi Q#b2`p�iBQMX h?2 `2b2�`+?2`b r2`2 � T�`i Q7 i?2 `2b2�`+?2/ Q`;�MBx�iBQM- G1P S?�`K�-
r?B+? QT2M2/ mT 7Q` +H2�` #2M2}ib #v ;2iiBM; BMbB;?i BMiQ i?2 K�+?BM2`v Q7 i?Bb QT2M BMMQp�iBQM
TH�i7Q`KX h?mb- r2 �/QTi2/ � T�`iB+BT�Mi Q#b2`p�iBQM K2i?Q/ (eR)X

h?2`2 �`2 � 72r HBKBi�iBQMb i?�i b?QmH/ #2 ?B;?HB;?i2/ r?2M mbBM; T�`iB+BT�Mi Q#b2`p�iBQM
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kY9 [n�ICj�jCq3 `3c3�a,@ K3j@R0c :e

K2i?Q/- BM T�`iB+mH�` i?2 BMi`Q/m+iBQM Q7 #B�bX �b BMi`B+�i2 FMQrH2/;2 Bb Q#i�BM2/ #v #2BM;
BM+Q`TQ`�i2/ BM G1P S?�`K�- r2 KB;?i MQi ?�p2 �bF2/ [m2biBQMb i?�i K�v b22K Q#pBQmb iQ
QmibB/2`bX �//BiBQM�HHv- Bi +�M �HbQ #2+QK2 BM+`2�bBM;Hv /B{+mHi iQ �bF ?�`/ [m2biBQMb i?�i
+`BiB+Bx2 i?2 �TT`Q�+? G1P S?�`K� Bb i�FBM;X >Qr2p2`- �b Qm` �TT`Q�+? Q7 T�`iB+BT�Mi Q#b2`@
p�iBQM r�b HBKBi2/ /m2 iQ i?2 b?Q`i /m`�iBQM Q7 Qm` bi�v- r2 +QMbB/2` mb K�BMHv �b QmibB/2`bX
6BM�HHv- i?2 ;Q�H 7Q` G1P S?�`K� 7Q` ?�pBM; mb �b AMi2`Mb r�b iQ BMp2biB;�i2 �M/ 2tTHQ`2 r�vb
i?�i i?2 QT2M BMMQp�iBQM TH�i7Q`K +QmH/ #2 BKT`Qp2/- `2bmHiBM; BM i?2 7�+i i?�i i?2v r2`2 p2`v
rBHHBM; iQ i�F2 MQi2 Q7 Qm` 722/#�+F QM i?2B` b2imTX

h?2 �/p�Mi�;2b Q7 ?�pBM; i?2 `QH2 �b T�`iB+BT�Mi@Q#b2`p2` Bb i?�i Bi BM+`2�b2b i?2 QTiBQMb 7Q`
i�FBM; �+iBQMb �M/ `2~2+iBM; mTQM i?2KX Ai T`QpB/2/ mb rBi? � mMB[m2 BMbB;?i BMiQ G1P
S?�`K�Ƕb +Q`TQ`�i2 bi`�i2;v- QT2M BMMQp�iBQM TH�i7Q`K �M/ i?2B` �K#BiBQMb 7Q` /2p2HQTBM; BiX
AM �//BiBQM iQ i?Bb- Bi T`QpB/2/ mb rBi? i?2 /22T mM/2`bi�M/BM; `2[mB`2/ iQ bm++2bb7mHHv +QM/m+i
T`QT2` BMi2`pB2rb i?�i mb2/ G1P S?�`K�Ƕb QT2M BMMQp�iBQM TH�i7Q`K �b +�b2X h?2`27Q`2- r2
+QMbB/2` T�`iB+BT�Mi Q#b2`p�iBQM �b � }2H/ bim/v K2i?Q/ iQ Q#i�BM /�i� 7Q` Qm` +�b2 bim/v iQ
#2 �TT`QT`B�i2 7Q` Qm` `2b2�`+? bi`�i2;vX

kY9Yl b3LCAcjan,jna30 QU3NA3N030 BNj3aqC3sc
h?2 Tm`TQb2 Q7 i?2 BMi2`pB2rb r�b iQ 2Hm+B/�i2 M2r }M/BM;b �M/ iQ BMp2biB;�i2 i?2 +Q``2bTQM@
/2M+2 �M/ `2HB�#BHBiv Q7 i?2Q`v QM QT2M BMMQp�iBQMX h?2 ;2M2`�H Tm`TQb2 Q7 `2b2�`+? BMi2`pB2rb
Bb iQ ?�p2 � Tm`TQb27mH +QMp2`b�iBQM #2ir22M `2b2�`+?2` �M/ BMi2`pB2r22UbV 7Q` 2bi�#HBb?BM;
+QM+Bb2 �M/ mM�K#B;mQmb [m2biBQMb 7Q` i?2 T�`iB+BT�Mib iQ `2bTQM/ iQX Ai `2[mB`2b QM2 iQ �bF
[m2biBQMb i?2 BMi2`pB2r22 �`2 rBHHBM; iQ `2bTQM/ iQ �M/ iQ �+iBp2Hv HBbi2M �M/ `2+Q`/ i?2 �Mbr2`b
iQ i?2b2 (eR)X

h?2`2 �`2 ;2M2`�HHv i?`22 ivT2b Q7 BMi2`pB2rb i?�i +�M #2 mb2/ 7Q` [m�HBi�iBp2 `2b2�`+?c bi`m+@
im`2/- b2KB@bi`m+im`2/ �M/ mMbi`m+im`2/X ai`m+im`2/ BMi2`pB2rb �`2 BM 2bb2M+2 � [m2biBQMM�B`2
i?�i Bb �/KBMBbi`�i2/ p2`#�HHv #2+�mb2 Bi ?�b � ?B;?Hv `B;B/ bi`m+im`2 Q7 [m2biBQMBM;X h?2
[m2biBQMb �`2 T`2/2i2`KBM2/ rBi? HBiiH2 iQ MQ p�`B�iBQM r?B+? H2�p2b MQ `QQK 7Q` T`Q#2 Q`
7QHHQr@mT [m2biBQMb r?B+? Bb mbm�HHv mb2/ 7Q` 2H�#Q`�iBM; +QKTH2t `2bTQMb2b iQ i?2 T`2/2i2`@
KBM2/ [m2biBQMbX �b � +QMb2[m2M+2- i?2v �`2 [mB+F �M/ 2�bv iQ T2`7Q`K r?B+? 2z2+iBp2Hv
+QHH2+ib [m�MiB}�#H2 /�i� #�b2/ QM i?2 B/2MiB+�H b2i Q7 [m2biBQMb �bF2/ 2�+? BMi2`pB2r22X o2`@
#�HHv- i?2 [m2biBQMb �`2 �bF2/ BM i?2 b�K2 iQM2 Q7 pQB+2 �M/ �bF2/ 2t�+iHv �b bi�i2/ QM T�T2`
iQ �pQB/ BMi`Q/m+BM; #B�b (eR- ek)X

PM i?2 Qi?2` 2M/ Q7 i?2 bT2+i`mK- i?2`2 �`2 i?2 mMbi`m+im`2/ BMi2`pB2rb r?B+? �`2 BM7Q`K�H
�M/ /Q MQi `2~2+i �Mv T`2+QM+2Bp2/ i?2Q`B2b Q` B/2�bX h?2 Qp2`�HH Q`;�MBx�iBQM Q7 i?2 mMbi`m+@
im`2/ BMi2`pB2rb Bb �HbQ HBiiH2 Q` MQM2 �M/ rBHH Q7i2M bi�`i rBi? �M QT2M [m2biBQM 7`QK r?B+? i?2
`2bi Q7 i?2 BMi2`pB2rUbV T`Q;`2bb2bX h?2 H�+F Q7 T`2/2i2`KBM2/ [m2biBQMb ;Bp2b i?2 BMi2`pB2r22
7`22/QK iQ �Mbr2` i?2 [m2biBQM BM �Mv `2;�`/ iQ i?2B` 2M+QmMi2`b- #2HB27b �M/ #2?�pBQm`b BM `2@
H�iBQM i?2 iQTB+ Q7 BMi2`2biX lMbi`m+im`2/ BMi2`pB2rb �`2 p2`v iBK2@/2K�M/BM;- Q7i2M `2[mB`BM;
b2p2`�H ?Qm`b- �M/ �`2 Q7i2M /B{+mHi iQ K�M�;2 �M/ T�`iB+BT�i2 BM (ek)X h?2`27Q`2- i?2v �`2
QMHv mb2/ BM bBim�iBQMb r?2`2 bB;MB}+�Mi /2Ti? Bb `2[mB`2/ Q` r?2M HBiiH2 iQ MQi?BM; Bb FMQrM
QM i?2 bm#D2+i �`2� Q` r?2M � +QKTH2i2Hv /Bz2`2Mi T2`bT2+iBp2 Q7 � FMQrM �`2� Bb /2bB`2/ (ek)X
"�b2/ QM Qm` `2b2�`+? [m2biBQM �M/ Bib +QKTH2t M�im`2- i?2 `2b2�`+?2`b /2+B/2/ QM � #2bi
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Q7 #Qi? rQ`H/b �TT`Q�+? #2ir22M i?2 bi`m+im`2/ �M/ mMbi`m+im`2/ BMi2`pB2rb- M�K2Hv b2KB@
bi`m+im`2/ BMi2`pB2rbX h?Bb b2KB@bi`m+im`2/ 7Q`K�i �HHQr2/ i?2 `2b2�`+?2`b iQ BMp2biB;�i2 i?2
r?�i Bb r�Mi2/- ?Qr Bi +�M #2 �+?B2p2/- �M/ r?v Bi Bb /2bB`2/ (eR)X

h?2 b2KB@bi`m+im`2/ BMi2`pB2r Bb #mBHi mTQM b2p2`�H i?2K2b- F2v [m2biBQMb �M/ T`Q#2 [m2biBQMb
iQ ?2HT /2}M2 i?2 �`2� iQ #2 2tTHQ`2/X �i i?2 b�K2 iBK2- Bi �HHQrb #Qi? BMi2`pB2r2` �M/
BMi2`pB2r22 iQ /Bp2`;2 7`QK i?2b2 BM Q`/2` iQ 2tTHQ`2 �M B/2� Q` `2bTQMb2 BM KQ`2 /2i�BH (ek)X
h?2 ~2tB#BHBiv T`QpB/2/ #v b2KB@bi`m+im`2/ BMi2`pB2rb �`2 T�`iB+mH�` BKTQ`i�Mi rBi? `2;�`/ iQ
QT2M `2b2�`+? [m2biBQMb �b Bi �HHQrb 7Q` i?2 /Bb+Qp2`v �M/ 2H�#Q`�iBQM Q7 BM7Q`K�iBQM i?�i Bb
BKTQ`i�Mi iQ BMi2`pB2r22b �M/ K�v Qi?2`rBb2 ?�p2 #22M KBbb2/ #v i?2 `2b2�`+?2`bX Pm` b2KB@
bi`m+im`2/ BMi2`pB2rb r2`2 T`BK�`BHv mb2/ iQ �Mbr2` i?2 bm#@`2b2�`+? [m2biBQMb Q7 Ǵ?Qr /Q2b
QT2M BMMQp�iBQM TH�i7Q`Kb T`QpB/2 p�Hm2 iQ i?2B` T�`iB+BT�Mib\Ǵ �M/ Ǵr?B+? #�``B2`b Q7 2Mi`v
�`2 2M+QmMi2`2/ r?2M BMi2`�+iBM; rBi? �M QT2M BMMQp�iBQM TH�i7Q`K\ǴX h?2`27Q`2- r2 ?�/ bQK2
iQTB+b i?�i r2 i?Qm;?i rQmH/ #2 BMi2`2biBM; iQ 2tTHQ`2 r?BH2 �HbQ #2BM; QT2M iQ 2tTHQ`2 �Mv
Qi?2` `2H2p�Mi iQTB+ 7Q` i?2 BMi2`pB2r22bX h?2 `2bmHiBM; /�i� +QHH2+i2/ 7`QK b2KB@bi`m+im`2/
BMi2`pB2rb b?QmH/ #2 `B+? �M/ /2i�BH2/ BM7Q`K�iBQM T`QpB/2/ #v BMi2`pB2r22bX

6Q` /2bB;MBM; i?2 BMi2`pB2rb- Bi Bb BKT2`�iBp2 iQ ?�p2 bi`m+im`2/ i?2 b+?2/mH2 iQ �bF [m2biBQMb
i?�i �`2 i?2 KQbi HBF2Hv iQ vB2H/ BM7Q`K�iBQM@`B+? �Mbr2`b `2;�`/BM; i?2 bim/v iQTB+UbVX �//B@
iBQM�HHv- Bi Bb BKTQ`i�Mi i?�i i?2b2 [m2biBQMb �HbQ �//`2bb i?2 `2b2�`+? [m2biBQMb �M/ �BK Q7
i?2 bim/vX >�pBM; +?Qb2M iQ mb2 � b2KB@bi`m+im`2/ �TT`Q�+? iQ 7mH}HH i?2 BMi2`T`2iBpBbi T?BHQb@
QT?v �b r2HH �b i?2 �#/m+iBp2 �TT`Q�+?- i?2 BMi2`pB2r r2`2 /2bB;M2/ �`QmM/ i?2K2b (eR)X q2
?�/ B/2MiB}2/ `2H2p�Mi i?2K2b 7`QK +QM/m+iBM; `2b2�`+? BM Qm` +�b2 bim/v r?B+? BM+Hm/2/ �M
BMi2`pB2r rBi? >2�/ Q7 PT2M AMMQp�iBQM �i G1P S?�`K�X h?mb- r2 B/2MiB}2/ b2p2`�H iQTB+b Q7
BMi2`2bi i?�i r2`2 miBHBx2/ iQ 2bi�#HBb? i?2 BMi2`pB2r ;mB/2- T`BQ` iQ +QM/m+iBM; BMi2`pB2rb rBi?
TQi2MiB�H T�`iB+BT�MibX >Qr2p2`- �b r2 r2`2 QT2M iQ BMTmi 7`QK BMi2`pB2r22b- r2 H27i `QQK 7Q`
i?Bb �M/ QMHv mb2/ i?2 BMi2`pB2r ;mB/2b 7Q` bi`m+im`BM;X h?Bb K2�Mb i?�i r2 /B/ MQi ;Q i?`Qm;?
i?2 [m2biBQMb QM2 #v QM2 #mi `�i?2` TB+F2/ mT QM `2bTQMb2b 7`QK BMi2`pB2r22b �M/ /B`2+i2/ i?2
`2H2p�Mi [m2biBQMb 7Q` 2H�#Q`�iBQM r?BH2 2Mbm`BM; i?�i Qm` iQTB+b Q7 BMi2`2bi r2`2 +Qp2`2/X

h?2 T�`iB+BT�Mib r2`2 +QMi�+i2/ 2H2+i`QMB+�HHv pB� 2K�BH r?B+? BM+Hm/2/ � b?Q`i /2@ b+`BTiBQM
Q7 i?2 `2b2�`+? THmb BMi2`2bi }2H/ �M/ #�+F;`QmM/ Q7 i?2 �mi?Q`b U�TT2M/Bt dXRXjVX h?2 `2@
b2�`+?2`bǶ BMi2MiBQM r�b iQ BMi2`pB2r /Bz2`2Mi bi�F2?QH/2`b r?Q BMi2`�+i Q` TQi2MiB�HHv +QmH/
BMi2`�+i rBi? QT2M BMMQp�iBQM �M/ QT2M BMMQp�iBQM TH�i7Q`KbX PM+2 i?2 T�`iB+BT�Mib ?�/ �;`22/
iQ �M BMi2`pB2r- i?2 /�i2 r�b b2i 7Q` � T?vbB+�H pBbBi U7�+2@iQ@7�+2V /m`BM; i?2 `2b2�`+?2`bǶ bi�v
BM "QbiQM Q` 7Q` i2H2+QM72`2M+2 mbBM; JB+`QbQ7i aFvT2X 6m`i?2`KQ`2- � ~v2` b?Qr+�bBM; G1P
S?�`K�Ƕb PT2M AMMQp�iBQM SH�i7Q`K U�TT2M/Bt dXRV r�b T`QpB/2/ 7Q` i?2 T�`iB+BT�Mib T`BQ`
iQ i?2 +QM/m+iBM; BM Q`/2` iQ T`2T�`2 i?2K 7Q` i?2 BMi2`pB2rX Pm` BMi2`pB2r ;mB/2 +�M �HbQ #2
7QmM/ BM �TT2M/Bt dXRXRX

kYf /�j� ,RII3,jCRN
AM Qm` bim/v r2 T`BK�`BHv mb2 [m�HBi�iBp2 K2i?Q/b- BM+Hm/BM; � +�b2 bim/v- b2KB@ bi`m+im`2/
QT2M@2M/2/ BMi2`pB2rb rBi? BM/BpB/m�H T�`iB+BT�Mib �M/ `2b2�`+?2`bX h?2 /�i� +QH@ H2+i2/ ?�b
i?2 7Q`K Q7 i`�Mb+`BTib 7`QK i?2 BMi2`pB2rb r?B+? r�b #�b2/ QM `2+Q`/BM;b mbBM; �M �TTH2
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BS?QM2 Q` i?2 #mBHi@BM `2+Q`/BM; 72�im`2 BM aFvT2 �HQM;bB/2 BM/BpB/m�H MQi2b QM T�T2` Q#i�BM2/
/m`BM; i?2 BMi2`pB2rbX q2 �m/BQ `2+Q`/2/ i?2 2MiB`2 2�+? BMi2`pB2r- i`�Mb+`BTib r2`2 K�/2 7Q`
i?Bb +QKTH2i2 `2+Q`/BM;b- �M/ i?2M bmKK�`B2b /QM2 �b � +QHH2+iBQM Q7 [mQi2b- #�b2/ QM +Q/BM;
Q7 i?2K2bX AM iQi�H b2p2M BMi2`pB2rb r2`2 +QM/m+i2/- i?2 }`bi QM2 #2BM; �M BMi2`pB2r rBi? E2v
PTBMBQM G2�/2`- >2�/ Q7 PT2M BMMQp�iBQM �M/ i?2 Ƕ7�i?2`Ƕ Q7 G1P S?�`K�Ƕb QT2M BMMQp�iBQM
TH�i7Q`K- LB+H�b LBHbbQMX h?Bb 2bi�#HBb?2/ i?2 ;`QmM/ 7Q` G1P S?�`K�Ƕb BMi2`T`2i�iBQM Q7 QT2M
BMMQp�iBQM �b r2HH �b i?2B` i?Qm;?ib QM i?2 p�Hm2 �M/ +?�HH2M;2b i?�i KB;?i Q++m`X �b � `2bmHi-
b2p2`�H i?2K2b r2`2 B/2MiB}2/ �M/ i?2M mb2/ iQ /2bB;M i?2 BMi2`pB2rbX 6QHHQrBM; i?Bb- BMi2`pB2rb
r2`2 +QM/m+i2/ rBi? TQi2MiB�H T�`iB+BT�Mib /m`BM; i?2 }2H/ i`BT iQ "QbiQM- J�bb�+?mb2iibX
h?2b2 BM+Hm/2/ `2b2�`+? T`Q72bbBQM�Hb 7`QK �+�/2KB� �M/ bi�`imTb �M/ � p2Mim`2 +�TBi�HBbiX
AM �//BiBQM iQ i?2b2- � TQi2MiB�H T�`iB+BT�Mi �M/ � T`2pBQmb T�`iB+BT�Mi r2`2 BMi2`pB2r2/ pB�
i2H2+QM72`2M+2 +�HH mbBM; aFvT2 �b +QKKmMB+�iBQM iQQHX �M Qp2`pB2r Q7 i?2b2 +QMi`B#miQ`b Bb
#2HQr BM h�#H2 jXRX h?2 7mHH BMi2`pB2r i`�Mb+`BTib +�M #2 7QmM/ BM �TT2M/Bt dXjX

h�#H2 jXR, *QMi`B#miQ`b h�FBM; h�`i BM i?2 _2b2�`+?

AMi2`pB2r22 AMbiBimiBQM SQbBiBQM .�i2 Q7 BMi2`pB2r

AMi2`pB2r K2i?Q/

AMi2`pB2r R
ULB+H�b LBHbbQMV G1P S?�`K� >2�/ Q7 PT2M AMMQp�iBQM 6�+2 iQ 7�+2

AMi2`pB2r k GǶP`2�H .B`2+iQ` Q7 1ti2`M�H AMMQp�iBQM 6�+2 iQ 7�+2

AMi2`pB2r j Cl_� "BQ *Q@7QmM/2` 6�+2 iQ 7�+2

AMi2`pB2r 9 2M1pQHp .�i� b+B2MiBbi 6�+2 iQ 7�+2

AMi2`pB2r 8 JAh AMbi`m+iQ` �M/ .B`2+iQ` 6�+2 iQ 7�+2

AMi2`pB2r e "`Q�/ AMbiBimi2 Q7 JAh SQbi/Q+iQ`�H �bbQ+B�i2 aFvT2 i2H2+QM72`2M+2

AMi2`pB2r d *�:1 "BQ *Q@7QmM/2` aFvT2 i2H2+QM72`2M+2

kYe /�j� �N�IwcCc
h?2 /�i� ?�/ iQ #2 T`QT2`Hv biQ`2/ �M/ �M�Hvx2/ 7Q` ;�BMBM; � ;`2�i2` mM/2`bi�M/BM; Q7 i?2B`
BKTHB2/ K2�MBM;X h?2 T`Q+2bb Q7 T`2T�`BM; `�r /�i� 7Q` �M�HvbBb Bb Q7i2M � /2K�M/BM; �M/
iBK2@+QMbmKBM; �+iBpBiv r?B+? `2[mB`2b � bQHB/ bi`�i2;v T`BQ` iQ mM/2`i�FBM; i?2 �M�HvbBb (eR)X
6Qm` Q7 i?2 BMi2`pB2rb r2`2 ?2H/ BM "QbiQM �M/ bmKK�`B2b r2`2 K�/2 #�b2/ QM i?2 MQi2b
i�F2M /m`BM; i?2 BMi2`pB2rb �M/ `2+�HH 7Q` 2�+? Q7 i?2b2X h?Bb r�b mb2/ iQ �Hi2` Q` KQ/B7v i?2
BMi2`pB2r ;mB/2 B7 i?2`2 r�b �Mvi?BM; i?�i M22/2/ iQ #2 7m`i?2` 2H�#Q`�i2/ Q` B/2MiB7v `2/mM@
/�Mi [m2biBQMb r?B+? +QmH/ #2 2HBKBM�i2/X hrQ BMi2`pB2rb r2`2 ?2H/ �b i2H2+QM72`2M+2b pB�
aFvT2 �M/ `2+Q`/BM;b r?2`2 7mHHv i`�Mb+`B#2/ �7i2` 2�+? Q7 i?2KX �i i?2 iBK2TQBMi Q7 i?Bb- i?2
BMi2`pB2r ;mB/2 r�b MQi +?�M;2/ �b Bi ?�/ #22M 2/Bi2/ /m`BM; i?2 BMi2`pB2rb ?2H/ BM "QbiQMX
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h?2 H�bi BMi2`pB2r ?2H/ �i G1P S?�`K� BM "�HH2`mT r�b �HbQ 7mHHv i`�Mb+`B#2/ �7i2` Bi r�b
`2+Q`/2/X h?mb- r2 bi�`i2/ Qmi rBi? i`�Mb+`B#BM; i?2 BMi2`pB2rb QM2@#v@QM2 rBi? � 7mHH �M/
+QKTH2i2 i`�Mb+`BTiBQMX �7i2`r�`/b- r2 BM/BpB/m�HHv `2�/ i?`Qm;? �M/ �M�Hvx2/ i?2 BMi2`pB2rb-
B/2MiB7vBM; F2v T?`�b2b �M/ i?2M bmKK�`Bx2/ Qm` }M/BM;b #v +Q``2H�iBM; 2�+? Qi?2`Ƕb }M/BM;bX
h?2b2 }M/BM;b r2`2 mb2/ iQ /�i� i`B�M;mH�i2 �M/ Qm` irQ BM/BpB/m�H BMi2`T`2i�iBQMb r2`2 mb2/
7Q` BMp2biB;�iQ` i`B�M;mH�iBQMX

q2 7QmM/ Bi BKTQ`i�Mi iQ `2;mH�i2 i?2 BMi2`pB2r ;mB/2 �M/ 2KT?�bBx2 7mim`2 BMi2`pB2rb #�b2/
QM T`2pBQmb }M/BM;b r?B+? +Q``2H�i2/ r2HH rBi? Qm` �#/m+iBp2 bi`m+im`2 Q7 `2�bQMBM;X h?2
BM/m+iBp2 2H2K2Mi #2BM; /2T2M/2Mi QM i?2 /�i� #27Q`2 T`Q;`2bbBM;- BX2X �M�HvbBb Bb K�/2 T`BQ`
iQ +QHH2+iBM; KQ`2 /�i�X q2 mb2/ i?2 BMi2`pB2r rBi? LB+H�b LBHbbQM- >2�/ Q7 PT2M AMMQp�iBQM-
�i G1P S?�`K� iQ K�F2 � #�bB+ BMi2`T`2i�iBQM Q7 p�Hm2 +`2�iBQM- TQi2MiB�H `Q�/#HQ+Fb �M/
+?�HH2M;2b i?�i KB;?i Q++m` r?2M T�`iB+BT�iBM; BM �M QT2M BMMQp�iBQM TH�i7Q`KX 6m`i?2`KQ`2-
Qm` �M�HvbBb Q7 G1P S?�`K�Ƕb TH�i7Q`K #�b2/ QM i?2 �p�BH�#H2 QMHBM2 K�i2`B�H �HbQ T`QpB/2/ mb
rBi? �M BMi2`T`2i�iBQM Q7 i?2 b2imTX h?Bb /�i� r�b mb2/ iQ B/2MiB7v TQi2MiB�H +?�HH2M;2b i?�i
+QmH/ #2 mb2/ iQ T?`�b2 i?2 [m2biBQMb BM i?2 BMi2`pB2r ;mB/2 7Q` i?2 b2KB@bi`m+im`2/ BMi2`pB2rbX
AM �//BiBQM iQ i?Bb- i?2 /�i� T`QpB/2/ mb rBi? � pB2r QM i?2 p�Hm2 +`2�i2/ 7Q` T�`iB+BT�Mib
�++Q`/BM; iQ G1P S?�`K�- r?B+? r2 mb2/ iQ T?`�b2 [m2biBQMb 7Q` BMp2biB;�iBM; B7 Bi Bb i?2
b�K2 QM2 B/2MiB}2/ #v i?2 TQi2MiB�H �M/ T`2pBQmb T�`iB+BT�MibX

�HH Q7 i?Bb K2�Mi i?�i Qm` BMi2`pB2r ;mB/2 ?�/ ;mB/BM; i?2K2b B/2MiB}2/- r?2`2�b i?2 i`�M@
b+`BTiBQMb T`QpB/2/ mb rBi? /�i� i?�i +QmH/ i?2M #2 bmKK�`Bx2/ BMiQ F2v i?2K2b r?B+? r2`2-
Q` MQi- i?2 b�K2 i?2K2b mb2/ BM i?2 +`2�iBQM Q7 i?2b2 BMi2`pB2r ;mB/2bX �7i2` B/2MiB7vBM; i?2
F2v [mQi2b �M/ F2v i?2K2b- r2 bmKK�`Bx2/ i?2 HQM; BMi2`pB2r /�i� #v +QKT`2bbBM; Bi BMiQ
#`B27 TQBMib Q` [mQi2bX h?2`2#v- r2 B/2MiB}2/ i?2K2b bm+? �b i?2 #�``B2`b Q7 2Mi`v iQ �M QT2M
BMMQp�iBQM T`Q;`�K �M/ i?2 T2`+2Bp2/ p�Hm2 7Q` T�`iB+BT�Mib r?B+? rBHH #2 7m`i?2` 2H�#Q`�i2/
BM i?2 �M�HvbBbX

h?2 p2`B}+�iBQM Q7 i?2 /�i� T`Q+2bb2/ r�b #�b2/ QM i?2 `2b2�`+?2`Ƕb MQi2b +QHH2+i2/ /m`BM; i?2
BMi2`pB2rb �b r2HH �b i?2B` K2KQ`v `2+�HH Q7 i?2 BMi2`pB2rX �//BiBQM�HHv- p2`B}+�iBQM r�b �HbQ
T`QpB/2/ #v BM7Q`K�HHv /Bb+mbbBM; i?2 F2v TQBMib B/2MiB}2/ 7`QK i?2 `�r /�i� rBi? i?2 2tT2`ib
BM QT2M BMMQp�iBQM TH�i7Q`Kb �i G1P S?�`K�X �MQi?2` QTiBK�H K2i?Q/ 7Q` p2`B}+�iBQM +QmH/
?�p2 #22M `2+QMi�+iBM; i?2 BMi2`pB2r T�`iB+BT�Mib iQ p2`B7v i?2B` `2bTQMb2bX >Qr2p2`- i?Bb
p2`B}+�iBQM K2i?Q/ r�b 2t+Hm/2/ /m2 iQ i?2 HBKBi2/ iBK2 7`�K2 Q7 i?2 bim/v �b r2HH �b BM�T@
T`QT`B�i2M2bb ;Bp2M i?2 7`�K2rQ`F Q7 i?2 BMi2`pB2rbX q2 /22K2/ i?Bb BM�TT`QT`B�i2 #2+�mb2
i?2 T�`iB+BT�Mib ?�/ �H`2�/v rBHHBM;Hv mb2/ � +QMbB/2`�#H2 i`�MbTQ`i iBK2 iQ ;2i iQ i?2 *�K@
#`B/;2 AMMQp�iBQM *2Mi2` U*A*V �i r?B+? i?2 BMi2`pB2rb r2`2 +QM/m+i2/ �b r2HH �b �HHQ+�iBM;
bm#bi�MiB�H iBK2 7Q` i?2 BMi2`pB2rbX a+?2/mHBM; � p2`B}+�iBQM T`Q+2bb Bb �HbQ iBK2 +QMbmKBM;X
6BM�HHv- i?2 `2+Q`/BM; i?2Kb2Hp2b T`QpB/2 mb rBi? bi�#H2 /�i� �M/ p2`B7vBM; bm+? /�i� /Q2b MQi
b22K HBF2Hv iQ +?�M;2 i?2 Qmi+QK2- QMHv T`QpB/2 M2r +QKK2Mib �M/ KQ`2 /2i�BH2/ BM7Q`K�iBQMX

Peter Mouritzen
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�Mv `2b2�`+? K2i?Q/ ?�b +2`i�BM /Bb�/p�Mi�;2b �M/ i?2 +?Qb2M [m�HBi�iBp2 `2b2�`+? K2i?Q/ ?�b
HBKBi�iBQMb �b r2HHX �b bi�i2/ T`2pBQmbHv- i?2 BMi2`T`2iBpBbiB+ �M/ �#/m+iBp2 �TT`Q�+? �/QTi2/
BM i?2 bim/v K�F2b i?2 [m�HBiv Q7 i?2 /�i� ;�i?2`2/ BM [m�HBi�iBp2 `2b2�`+? ?B;?Hv bm#D2+iBp2X
h?2 T2`bQM�H M�im`2 Q7 /�i� ;�i?2`BM; �M/ BMi2`T`2i�iBQM BM [m�HBi�iBp2 `2b2�`+? +�M #2 b22M
�b � M2;�iBp2 +QKTQM2Mi Q7 i?2 T`Q+2bbX S`BQ` iQ i?2 BMi2`pB2rb- r2 +`2�i2/ �M BMi2`pB2r ;mB/2
#�b2/ QM i?2K2b i?�i r2 ?�/ B/2MiB}2/ iQ #2 BMi2`2biBM; iQ BMp2biB;�i2 `272``BM; iQ Qm` +�b2
bim/v BM Q`/2` iQ �Mbr2` Qm` `2b2�`+? [m2biBQMX lMbm`T`BbBM;Hv- i?2b2 i?2K2b �`2 HBKBi2/ #v
i?2B` M�im`2 Q7 Qm` bm#D2+iBpBivX q?�i r2 �b `2b2�`+?2`b KB;?i 722H Bb BKTQ`i�Mi �M/ M2+2bb�`v
iQ ;�i?2` +�M #2 bQK2i?BM; i?�i Qi?2` `2b2�`+?2`b +H�BK Bb TQBMiH2bb �M/ MQi rQ`i? bT2M/BM;
iBK2 QM iQ Tm`bm2X h?2 b�K2 �TTHB2b iQ i?2K2b B/2MiB}2/ #�b2/ QM Qm` +�b2 bim/vX q?�i i?2
T`QpB/2`b Q7 �M QT2M BMMQp�iBQM TH�i7Q`K +QMbB/2` �b BKTQ`i�Mi /Q2b MQi M2+2bb�`BHv +Q``2H�i2
rBi? r?�i i?2 TQi2MiB�H T�`iB+BT�Mib i?BMFX h?mb- #B�bBM; i?2 i?2K2b- r2 #B�b2/ i?2 K�BM �M/
T`Q#2 [m2biBQMb r?B+? K�v K�bF i?2 `2�HBiv mTQM +QM/m+iBM; BMi2`pB2rbX h?2b2 BM/BpB/m�H T2`@
bT2+iBp2b �M/ BMbiBM+im�H /2+BbBQMb +�M H2�/ iQ BM+`2/B#Hv /2i�BH2/ /�i� r?BH2 Bi �HbQ BMi`Q/m+2b
� #B�b i?�i +�M H2�/ iQ �M Qp2`@;2M2`�HBx�iBQM Q` 2p2M BM�++m`�i2 /�i� �b Bi ?2�pBHv `2HB2b QM
i?2 `2b2�`+?2`bǶ bm#D2+iBpBivX

q2 �b `2b2�`+?2`b r2`2 �HbQ BM2tT2`B2M+2/ BM +QHH2+iBM; [m�HBi�iBp2 /�i� r?B+? K�v ?�p2 H2/
iQ KBbbBM; F2v #Q/v H�M;m�;2 Q` bQ+B�H �bT2+ib r?2M +QM/m+iBM; i?2 BMi2`pB2rbX AM �//BiBQM
iQ i?Bb- i?2 [m2biBQMb BM i?2 BMi2`pB2r ;mB/2 M22/ iQ #2 +�`27mHHv T`2T�`2/ �M/ T`2b2Mi2/ �++m@
`�i2Hv r?B+? Bb /B{+mHi 7Q` bQK2QM2 r?Q Bb MQi mb2/ iQ +QM/m+iBM; BMi2`pB2rbX h?2`27Q`2- r2
BMi`Q/m+2/ iQ i?2 BMi2`pB2r22b i?2 `BbF Q7 KBbBMi2`T`2i�iBQM Q` KBbmM/2`bi�M/BM; Q7 #Qi? i?2
[m2biBQMb �//`2bb2/ �M/ i?2 �Mbr2`b 7`QK BMi2`pB2r22b- bQK2i?BM; r?B+? KB;?i #2 +QMbB/2`2/
� i?`2�i iQ i?2 i`mbirQ`i?BM2bb Q7 i?2 `2b2�`+?X

1�+? BMi2`pB2r r�b b2i iQ #2 �TT`QtBK�i2Hv ey KBMmi2b- � iBK2bT�M r?B+? K�v ?�p2 #22M iQQ
b?Q`i 7Q` bm+? b2KB@bi`m+im`2/ BMi2`pB2rb #2+�mb2 i?2 `2bTQMb2b iQ [m2biBQMb b?QmH/ #2 b�im@
`�i2/ iQ K�F2 bm`2 i?�i i?2 [m2biBQMb �`2 7mHHv �Mbr2`2/X >Qr2p2`- �b r2 2tT2`B2M+2/ bQK2
`2T2iBiBQMb Q7 `2bTQMb2b /m`BM; i?2 BMi2`pB2rb- r2 +QM+Hm/2/ i?�i i?2 iBK27`�K2 r�b �TT`QT`B@
�i2 �M/ bm{+B2MiX

G�biHv- i?2 QT2M BMMQp�iBQM T�`�/B;K r�b BKTQ`i�Mi iQ mM/2`bi�M/ �b +QM+2Ti 7Q` #Qi? BMi2`@
pB2r2` �M/ BMi2`pB2r22b iQ 7Q`KmH�i2 �M/ �Mbr2` [m2biBQMb BM i?Bb `2;�`/ +Q``2+iHvX >Qr2p2`-
i?2 i2`K ǴQT2M BMMQp�iBQMǴ Bb HQQb2Hv /2}M2/ �M/ mb2/ BM p�`BQmb �M/ /Bz2`2Mi b2iiBM;bX h?2
p�`B�M+2 Q7 BMi2`T`2i�iBQM Q7 i?2 i2`K ǴQT2M BMMQp�iBQMǴ +QKT�`2/ iQ Bib T`�+iB+�H BKTH2K2M@
i�iBQM �HbQ +�M ?�p2 +QM7mb2/ bQK2 Q7 i?2 BMi2`pB2r22bX hQ KBiB;�i2 i?Bb r2 i`B2/ iQ +QKT�`2
i?2 2tBbiBM; HBi2`�im`2 rBi? Qm` mM/2`bi�M/BM; Q7 QT2M BMMQp�iBQM ;�BM2/ 7`QK Qm` T�`iB+BT�Mi@
�b@Q#b2`p2` `QH2 �M/ +H2�`Hv T`2b2Mi2/ i?Bb /2}MBiBQM iQ BMi2`pB2r22b T`BQ` iQ +QM/m+iBM; i?2
BMi2`pB2rbX

a2p2`�H Qi?2` TQi2MiB�H HBKBi�iBQMb ?�p2 #22M K2MiBQM2/ i?`Qm;?Qmi i?Bb J2i?Q/QHQ;v b2+iBQM
i?�i rBHH MQi #2 bmKK�`Bx2/ ?2`2X .2bTBi2 Q7 i?2b2 HBKBi�iBQMb �M/ +`BiB+BbK- r2 +QMbB/2` Qm`
`2b2�`+? iQ #2 p�HB/ �M/ `2HB�#H2- bQK2i?BM; r2 rBHH /Bb+mbb BM i?2 H�bi T�`i Q7 i?2 J2i?Q/QHQ;v
b2+iBQMX
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:2M2`�HHv- i?2 `2HB�#BHBiv Q7 � i?2bBb Bb +QMbB/2`2/ iQ #2 i?2 2K2`;2M+2 Q7 � `2b2�`+? bim/v
i?�i rQmH/ #2 i?2 b�K2 B7 i?2 `2b2�`+? ?�/ #22M T2`7Q`K2/ #v �MQi?2` `2b2�`+?2`- BX2X #2BM;
`2THB+�#H2 (eR)X >Qr2p2`- /m2 iQ i?2 HBKBi�iBQMb Q7 mbBM; [m�HBi�iBp2 `2b2�`+? K2i?Q/b QmiHBM2/
BM a2+iBQM jX3- +QKTH2i2 `2THB+�#BHBiv +�M M2p2` #2 �bbm`2/ mbBM; i?2b2 K2i?Q/bX h?2`27Q`2- Bi
Bb BKTQ`i�Mi iQ 2Mbm`2 i?�i i?2 `2b2�`+? +QM/m+i2/ T`QpB/2b �++2Ti�#H2 /�i� [m�HBiv �M/ bQHB/
�M/ �TTHB+�#H2 BMi2`T`2i�iBQMX hQ �bbm`2 i?2 `2HB�#BHBiv �M/ p�HB/Biv Q7 i?2 `2b2�`+? +QM/m+i2/-
KBiB;�iBQM iQ i?2 HBKBi�iBQMb +�M #2 �ii2KTi2/ �++Q`/BM;Hv (e9)X

6Q` [m�HBi�iBp2 `2b2�`+? bim/B2b BM ;2M2`�H- `2HB�#BHBiv �M/ p�HB/Biv �`2 MQi ?2H/ iQ #2 �TTHB+�@
#H2 iQ 2p�Hm�i2 i?2 }M/BM;b Q7 � [m�HBi�iBp2 bim/vX Ai ?�b #22M ?2�pBHv /2#�i2/ iQTB+ �KQM;
[m�HBi�iBp2 `2b2�`+?2`b 7Q` K�Mv /2+�/2b r?B+? mM7Q`imM�i2Hv H2�/b iQ MQ mMB}2/ �TT`Q�+? iQ
/2b+`B#BM; � +H2�` +`Bi2`B� Q7 [m�HBivX h?2`27Q`2- r2 +QM+Hm/2 i?�i Bi Bb Qm` `2bTQMbB#BHBiv iQ
b?Qr i`mbirQ`i?BM2bb #v T`QpB/BM; DmbiB}+�iBQM 7Q` i?2 `2b2�`+? [m�HBiv (e9)X

Pm` �TT`Q�+? iQ 2Mbm`BM; `2b2�`+? [m�HBiv r�b iQ HQQF iQ r?�i Qi?2` `2b2�`+?2`b mb2 7Q` DmbiB@
}+�iBQM �M/ iQ BKTH2K2Mi i?2b2 �bT2+ib BM Qm` K2i?Q/QHQ;vX h?2`2 �`2 b2p2`�H r�vb iQ Dm/;2
i?2 `2HB�#BHBiv �M/ p�HB/Biv Q7 [m�HBi�iBp2 `2b2�`+? }M/BM;b r?B+? Bb K�BMHv BMi2`T`2i2/ rBi? i?2
7QHHQrBM; 7Qm` �bT2+ibc +`2/B#BHBiv- i`�Mb72`�#BHBiv- /2T2M/�#BHBiv �M/ +QM}`K�#BHBiv (e9)X "�b2/
QM i?2b2 K2i`B+b- QmiHBM2/ mM/2`M2�i?- r2 #2HB2p2 i?�i Qm` `2b2�`+? Bb i`mbirQ`i?v �M/ i?�i Bi
K�v #2 mb27mH 7Q` Qi?2` `2b2�`+?2`b rBi?BM i?2 }2H/ Q7 QT2M BMMQp�iBQM BM i?2 T?�`K�+2miB+�H
BM/mbi`vX

kYOYS +a30C$CICjw
h?2 +`2/B#BHBiv r?B+? +�M �HbQ #2 `272``2/ iQ �b ǴBMi2`M�H p�HB/BivǴ Bb i?2 i`mbirQ`i?BM2bb Q7 i?2
}M/BM;bX Ai Bb 2p�Hm�i2/ QM i?2 #�bBb Q7 i?2 `B+?M2bb Q7 i?2 /�i� ;�i?2`2/ `�i?2` i?�M i?2 b?22`
[m�MiBivX h?2 +`2/B#BHBiv +QM+2`Mb iQ r?B+? /2;`22 i?2 }M/BM;b Q7 � bim/v �`2 +QMbBbi2Mi rBi?
i?2 `2�HBivX h?2 T�`iB+BT�Mib Q7 i?2 bim/v +QmH/ #2 i?2 QMHv QM2b iQ /2+B/2 B7 i?2 }M/BM;b Q`
`2bmHib `2~2+i i?2 T?2MQK2M� i?�i Bb #2BM; bim/B2/X Ai KB;?i #2 BKTQ`i�Mi i?�i i?2v }M/ i?2
}M/BM;b +`2/B#H2 �M/ �++m`�i2X >Qr2p2`- �b i?2 mM/2`bi�M/BM; Q7 i?2 i?2Q`2iB+�H 7`�K2rQ`Fb
�M/ K2+?�MBbKb mM/2`HvBM; i?2 `2b2�`+? [m2biBQMb �`2 ?�`/ iQ mM/2`bi�M/- Bi +�MMQi #2 2M@
iB`2Hv #�b2/ QM i?2 `2~2+iBQMb Q7 T�`iB+BT�Mib(e9)X �Hi2`M�iBp2Hv- i`B�M;mH�iBQM +�M #2 mb2/ 7Q`
p2`B7vBM; i?2 �++m`�+v #v +`Qbb@+?2+FBM; BM7Q`K�iBQM 7`QK KmHiBTH2 T2`bT2+iBp2bX AM Qm` bim/v-
r2 2Mbm`2/ i?�i p�`BQmb BMi2`pB2r22b r2`2 mb2/ 7Q` BMi2`T`2iBM; i?2B` T2`+2TiBQM Q7 i?2 mM/2`@
HvBM; T?2MQK2MQM Q7 QT2M BMMQp�iBQM BM i?2 2KTB`B+�H +QMi2ti Q7 i?2 T?�`K� BM/mbi`v (e9)X
.�i� i`B�M;mH�iBQM r�b T2`7Q`K2/ iQ }M/ � +QKKQM ;`QmM/ 7Q` i?2B` T2`bT2+iBp2b QM +2`i�BM
i?2K2b �M/ iQTB+b B/2MiB}2/ BM i?2 /�i�X AM �//BiBQM iQ i?Bb- p�`B�iBQM r�b �HbQ Q#b2`p2/ rBi?
+QMi`�/B+iBM; QTBMBQMb r?B+? r2 +QmH/ B/2MiB7v #�b2/ QM i?2K2b �M/ iQTB+b iQ /Bb+mbb 7m`i?2`X
6BM�HHv- �HH i?2 BMi2`pB2r22b i?�i T�`iB+BT�i2/ BM Qm` bim/v r2`2 pQHmMi22`BM; iQ +QMi`B#mi2-
2Mbm`BM; i?�i r2 `2+2Bp2/ ;2MmBM2 `2bTQMb2b BM Qm` /�i� ;�i?2`2/X "v ?�pBM; ;2MmBM2 �Mbr2`b-
r2 i`mbi i?�i r2 2Mbm`2/ � +`2/B#H2 Qmi+QK2 Q7 i?2 /�i� ;�i?2`2/- 2bT2+B�HHv #2+�mb2 i?2B`
QTBMBQMb �M/ `2~2+iBQMb r2`2 /B`2+i KB``Q`BM; Q7 i?2B` T`Q72bbBQM�H `2�HBivX

Peter Mouritzen
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kYOYl ia�Nc83a�$CICjw
h?2 i`�Mb72`�#BHBiv r?B+? +�M �HbQ #2 `272``2/ iQ �b Ǵ2ti2`M�H p�HB/BivǴ- Bb i?2 /2;`22 iQ r?B+?
i?2 }M/BM;b Q7 i?2 `2b2�`+? +�M #2 i`�Mb72``2/ #v � `2�/2` iQ � /Bz2`2Mi +QMi2ti #v � `2�/2`X
h?mb- 2tTH�BMBM; i?2 ;2M2`BHBx�#BHBiv Q7 i?2 }M/BM;b BM i?2 bim/v iQ #2 �TTHB2/ iQ �MQi?2` bBKB@
H�` b2iiBM;- TQTmH�iBQM- bBim�iBQM 2i+XX Pm` +QMi2ti Q7 i?2 `2b2�`+? r�b i?Q`Qm;?Hv /2b+`B#2/ BM
Q`/2` 7Q` `2�/2`b iQ #2 �#H2 iQ ;2M2`�HBx2 }M/BM;b T`QT2`Hv 7Q` �TTHvBM; i?2K �TT`QT`B�i2Hv (e9)X

hQ TH�+2 Qm` `2b2�`+? BMiQ +QMi2ti- r2 bT2Mi � +QMbB/2`�#H2 �KQmMi Q7 iBK2 B/2MiB7vBM; �M/
2tTH�BMBM; i?2 b2iiBM; Q7 Qm` `2b2�`+?X h?2 /2b+`BTiBQM Q7 i?2 bm#D2+i mM/2` BMp2biB;�iBQM r�b
i?Q`Qm;?Hv /2b+`B#2/ i?`Qm;?Qmi i?2 AMi`Q/m+iBQM Ua2+iBQM RV �M/ BM i?2 h?2Q`2iB+�H 6`�K2@
rQ`Fb Ua2+iBQM kVX

JQbi [m�HBi�iBp2 `2b2�`+? bim/B2b �`2 7Q+mb2/ QM bim/vBM; � bT2+B}+ Bbbm2 Q` T?2MQK2MQM BM �
+2`i�BM TQTmH�iBQM r?B+? Bb BM � 7Q+mb2/ HQ+�HBiv BM � T�`iB+mH�` +QMi2tiX >2M+2- � ;2M2`�HBx�iBQM
Q7 i?2 [m�HBi�iBp2 `2b2�`+? }M/BM;b Bb MQi +QMbB/2`2/ iQ #2 �M 2tT2+i2/ �ii`B#mi2X >Qr2p2`- BM
� [m�HBi�iBp2 `2b2�`+? bim/v �b Qm`b- �M 2p�Hm�iBQM Q7 ;2M2`�HBx�#BHBiv Bb T2`iBM2MiX h?mb- r2
�TTHB2/ �M�HviB+�H ;2M2`�HBx�iBQM r?B+? +�M #2 mb2/ iQ K�F2 T`QD2+iBQMb `2;�`/BM; i?2 HBF2Hv
i`�Mb72`�#BHBiv Q7 }M/BM;b 7`QK �M 2p�Hm�iBQMX h?2 2p�Hm�iBQM Bb #�b2/ QM � i?2Q`2iB+�H �M�HvbBb
Q7 7�+iQ`b i?�i T`Q/m+2 Qmi+QK2b �M/ i?2 2z2+i Q7 i?2 +QMi2tiX "2BM; /BbiBM+i 7`QK bi�iBbiB+�H
;2M2`�HBx�iBQM- Bi /Q2b MQi /`�r +QM+HmbBQMb 7`QK /�i� BM � H�`;2` TQTmH�iBQMX AM +QMi`�bi iQ
i?Bb- �M�HviB+�H ;2M2`�HBx�iBQM +QKT�`2b i?2 `2bmHib Q7 � +�b2 bim/v iQ � T`2pBQmbHv /2p2HQT2/
i?2Q`v Q` T?2MQK2MQM (e9)X

kYOYk /3U3N0�$CICjw
.2T2M/�#BHBiv r?B+? Bb �HbQ FMQrM �b Ǵ`2HB�#BHBivǴ `272`b iQ i?2 +QMbBbi2M+v BM i?2 }M/BM;b Q7
i?2 bim/v- BX2X r?2i?2` i?2 `2bmHib +�M #2 `2T2�i2/ BM bBKBH�` }M/BM;bX �b �H`2�/v K2MiBQM2/
i?`Qm;?Qmi i?2 J2i?Q/QHQ;v b2+iBQM- i?2 M�im`2 Q7 [m�HBi�iBp2 `2b2�`+? K�F2b i?2 `2bmHib Q#@
b2`p2/ BM �M 2p2`+?�M;BM; `2b2�`+? b2iiBM; �M/ +QMi2tiX h?mb- Bi Bb TBpQi�H i?�i i?2 `2b2�`+?2`b
i?Q`Qm;?Hv /Q+mK2Mib �HH �bT2+ib Q7 +?�M;2b Q` mM2tT2+i2/ Q++m``2M+2b 7Q` 2tTH�BMBM; i?2
}M/BM;b (e9)X "v `2TQ`iBM; i?2 T`Q+2bb2b Q7 i?2 bim/v- r2 �HHQr i?2 `2�/2` iQ �bb2bb i?2
K2i?Q/QHQ;B+�H +?QB+2b K�/2 iQ TH�M 7mim`2 `2b2�`+?X Pm` �TT�`2Mi �ii2KTi iQ 2Mbm`2 /2@
T2M/�#BHBivf`2HB�#BHBiv r�b iQ T`QpB/2c � i?Q`Qm;? /2b+`BTiBQMb QM `2b2�`+? /2bB;M �M/ � ?B;?
i`�MbT�`2M+v Q7 /�i� +QHH2+iBQMX

kYOY: +RN~aL�$CICjw
*QM}`K�#BHBiv Bb � K2�bm`2 Q7 i?2 Q#D2+iBpBiv mb2/ iQ 2p�Hm�i2 i?2 }M/BM;b Q7 � bim/vX h?mb- Bi
/2b+`B#2b i?2 /2;`22 iQ r?B+? i?2 `2b2�`+? }M/BM;b �`2 bmTTQ`i2/ #v i?2 �+im�H /�i� +QHH2+i2/ B7
Bi Bb iQ #2 2t�KBM2/ #v Qi?2` `2b2�`+?2`bX AM/BpB/m�H `2b2�`+?2`b mbm�HHv #`BM; i?2B` QrM mMB[m2
T2`bT2+iBp2b iQ i?2 `2b2�`+? T`Q+2bb �M/ /�i� BMi2`T`2i�iBQMX h?Bb r�b T`2pBQmbHv K2MiBQM2/-
#2BM; Q7 � bQK2r?�i mM�pQB/�#H2 bm#D2+iBp2 M�im`2 r?2M T2`7Q`KBM; [m�HBi�iBp2 `2b2�`+?X hQ
Tmi Bi bBKTHv- i?2 Q#D2+iBpBiv Q7 i?2 `2b2�`+?2`b Bb K2�bm`2/ #v i?2 +QM}`K�#BHBiv (e9)X
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�b i?2 mM�pQB/�#H2 bm#D2+iBp2 M�im`2 Q7 [m�HBi�iBp2 `2b2�`+? Bb BM2pBi�#H2- Bi #2+QK2b � [m2b@
iBQM Q7 ?�M/HBM; bm#D2+iBpBiv 7Q` �pQB/BM; mMDmbiB}�#H2 }M/BM;b �M/ +QM+HmbBQMbX "v 2Mbm`BM;
+`2/B#BHBiv UjXNXRV- i?2 p�`B�M+2 Q7 `2bmHib Bb ?�M/H2/ rBi? /�i� i`B�M;mH�iBQMX h?2 T�`iB+BT�Mib
Q7 i?2 bim/v r2`2 �HH BM/BpB/m�Hb BM/2T2M/2Mi Q7 2�+? Qi?2` rBi?BM Qm` +�b2 bim/vX h?2`27Q`2-
Bi r�b TQbbB#H2 iQ +H2�`Hv /BbiBM;mBb? i?2 }M/BM;b 7`QK 2�+? Qi?2`X h?Bb T`QpB/2/ mb iQ �HbQ
mb2 � KQ`2 Q#D2+iBp2 �TT`Q�+? BM i?2 b2Mb2 Q7 Q#b2`pBM; ?Qr i?2 `2bTQMb2b iQ +2`i�BM [m2biBQMb
BM Qm` BMi2`pB2rb +Q``2H�i2/ Q` p�`B2/ #2ir22M BMi2`pB2r22b- BX2X K2�bm`BM; i?2 p�`B�M+2 BM Qm`
/�i�X JQ`2Qp2`- �b i?2 `2b2�`+? i2�K r�b +QKTQb2/ Q7 QMHv irQ BM/BpB/m�Hb- r2 T2`7Q`K2/
BM/BpB/m�H �M�HvbBb Q7 i?2 /�i� +QHH2+i2/ iQ bmKK�`Bx2 BM/BpB/m�H }M/BM;b BMiQ Qm` +QHH2+iBp2Hv
BMi2`T`2i2/ `2bmHibX h?2`2#v- #2BM; �#H2 iQ /Bb+mbb Q` [m2biBQM 2�+? Qi?2`Ƕb BMi2`T`2i�iBQM T`BQ`
iQ /2+B/BM; QM � T�`iB+mH�` }M/BM;- BX2X BM+Q`TQ`�iBM; � 7Q`K Q7 BMp2biB;�iQ` i`B�M;mH�iBQM �b
r2HH (e9)X

Peter Mouritzen




+?�Ti2` :
`3cnIjc �N0 �N�IwcCc

AM i?Bb +?�Ti2`- r2 rBHH �ii2KTi iQ �Mbr2` Qm` Qp2`�`+?BM; `2b2�`+? [m2biBQM i?�i Bb Ǵ>Qr +�M
T?�`K�+2miB+�H +QKT�MB2b mb2 QT2M BMMQp�iBQM iQ BM+`2�b2 i?2B` ;HQ#�H Qmi`2�+? Q7 2ti2`M�H
BMMQp�iBQMb\ǴX AM Q`/2` iQ i�+FH2 i?Bb- r2 ?�p2 /BpB/2/ Qm` �M�HvbBb BMiQ irQ /BbiBM+i T�`ibX
h?2 }`bi QM2 #2BM; �M�HvbBb �M/ HBi2`�im`2 `2pB2r Q7 i?2 +m``2Mi KQ/2b Q7 QT2M BMMQp�iBQM
i?�i Bb BKTH2K2Mi2/ BM i?2 T?�`K�+2miB+�H BM/mbi`v iQ/�vX h?Bb rBHH #2 BM Q`/2` iQ �Mbr2`
i?2 }`bi Q7 Qm` bm#@[m2biBQMb iQ i?2 Qp2`�`+?BM; `2b2�`+? [m2biBQM- M�K2Hv Ǵ>Qr Bb QT2M BM@
MQp�iBQM BM+Q`TQ`�i2/ BM i?2 T?�`K�+2miB+�H BM/mbi`v\ǴX �7i2` �//`2bbBM; i?Bb- r2 rBHH KQp2
QMiQ Qm` +�b2 bim/v r?B+? r�b #�b2/ QM Qm` bi�v �b AMi2`Mb �i G1P S?�`K� BM i?2B` _�.
PT2M AMMQp�iBQM ;`QmT r?B+? Bb `2bTQMbB#H2 7Q` G1P S?�`K�Ƕb PT2M AMMQp�iBQM SH�i7Q`K
U?iiT,ffQT2MBMMQp�iBQMXH2Q@T?�`K�X+QKVX h?2 b2+QM/�`v /�i� +QHH2+i2/ 7Q` Qm` +�b2 bim/v
BM+Hm/2b �p�BH�#H2 K�`F2iBM; K�i2`B�H �M/ BM7Q`K�iBQM �#Qmi i?2 QT2M BMMQp�iBQM TH�i7Q`K �b
r2HH �b T`BK�`v /�i� BM i?2 7Q`K Q7 �M BMi2`M�H BMi2`pB2r rBi? i?2 >2�/ Q7 PT2M AMMQp�iBQM
�i G1P S?�`K�X

h?2 b2+QM/ T�`i Q7 Qm` �M�HvbBb Bb �M �//BiBQM iQ Qm` +�b2 bim/v- r?2`2 r2 +QHH2+i2/ T`BK�`v
/�i� 7`QK TQi2MiB�H T�`iB+BT�Mib �M/ � T`2pBQmb T�`iB+BT�Mi- Q7 QT2M BMMQp�iBQM TH�i7Q`Kb- mb@
BM; i?2 G1P S?�`K� PT2M AMMQp�iBQM SH�i7Q`K �b +�b2 7Q` b?QrBM; r?�i � TH�i7Q`K KB;?i
HQQF HBF2X h?mb- i?Bb /�i� H2�/b iQ i?2 �M�HvbBb `2[mB`2/ iQ �Mbr2` Qm` b2+QM/ �M/ i?B`/ bm#@
[m2biBQMb r?B+? �`2 Ǵ>Qr /Q2b QT2M BMMQp�iBQM TH�i7Q`Kb T`QpB/2 p�Hm2 iQ i?2B` T�`iB+BT�Mib
�M/ T�`iM2`b\Ǵ �M/ Ǵq?B+? #�``B2`b Q7 2Mi`v �`2 2M+QmMi2`2/ r?2M BMi2`�+iBM; rBi? �M QT2M
BMMQp�iBQM TH�i7Q`K\ǴX �b � `2bmHi- r2 ?QT2 iQ #2 �#H2 iQ �Mbr2` Qm` K�BM `2b2�`+? [m2biBQM
#v bmKK�`BxBM; i?2 irQ /Bz2`2Mi T�`ib Q7 i?2 �M�HvbBbX 6Q` �M Qp2`pB2r Q7 i?2 �M�HvbBb b22
a2+iBQM jXdX

:YS QU3N BNNRq�jCRN CN j@3 T@�aL�,3njC,�I BN0ncjaw
�b �H`2�/v T�`iHv mM+Qp2`2/ BM a2+iBQM R- r2 rBHH mb2 bQK2 Q7 i?2 i?2Q`2iB+�H 7`�K2rQ`Fb Qmi@
HBM2/ BM a2+iBQM kX JQ`2 bT2+B}+�HHv- r2 rBHH /Bb+mbb BM r?B+? T�`i Q7 i?2 /`m; /2p2HQTK2Mi
DQm`M2v i?2 QT2M BMMQp�iBQM +�M #2 mb2/ iQ bQm`+2 2ti2`M�H BMMQp�iBQM �M/ �M�Hvx2 ?Qr Bi Bb
iQ bQK2 /2;`22 Bi Bb �H`2�/v ?�TT2MBM; BM i?2 T?�`K�+2miB+�H BM/mbi`vX

h?2 /`m; /2p2HQTK2Mi T`Q+2bb Bb � H2M;i?v T`Q+2bb r?B+? ?�b � ?B;? T`B+2 i�; rBi? �ii`BiBQM
`�i2b +�mbBM; K�Mv /`m;b iQ 7�BH BM /2p2HQTK2MiX *QMb2[m2MiHv- Bi Bb 2bb2MiB�H iQ F22T i?2
TBT2HBM2b r2HH 72/X h?2`2 �`2 K�Mv r�vb iQ 722/ i?2 BMi2`M�H TBT2HBM2 rBi? 2ti2`M�H BMMQp�iBQMb
r?B+? `2+2MiHv BM+Hm/2/ BM+Q`TQ`�iBM; QT2M BMMQp�iBQMX J�Mv +QKT�MB2b ?�p2 BM+Hm/2/ *o*
�`Kb Q7 i?2B` #mbBM2bb- �M/ i?2`2 b22Kb iQ #2 �M BM+`2�b2 Q7 J�� �+iBpBiv �b r2HHX >Qr2p2`-

http://openinnovation.leo-pharma.com
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iQ �ii`�+i i?2b2 2�`Hv bi�;2 bi�`imTb Q` bQm`+2 i?2 BMMQp�iBQMb 7`QK hhPb �i mMBp2`bBiB2b- i?2
T?�`K�+2miB+�H BM/mbi`v K�v #2 HQQFBM; iQr�`/b BKTH2K2Mi�iBQM Q7 QT2M BMMQp�iBQM TH�i7Q`KbX

h?2 +Qbi Q7 /2p2HQTK2Mi BM+`2�b2b �b i?2 /`m; T`Q;`2bb iQr�`/b +HBMB+�H i`B�Hb- `2bmHiBM; BM
QT2M BMMQp�iBQM ;2M2`�iBM; +2`i�BM 7Q+mb �M/ �ii2MiBQM r?2M +QKT�MB2b �`2 bQm`+BM; /`m; +�M@
/B/�i2b 7`QK i?2 /Bb+Qp2`v T?�b2X 6`QK � Tm`2 +Qbi T2`bT2+iBp2- Bi rBHH #2 KQ`2 2{+B2Mi 7Q`
T?�`K�+2miB+�H +QKT�MB2b iQ Qz2` � QT2M BMMQp�iBQM TH�i7Q`K BM i?2 /Bb+Qp2`v T?�b2X h?Bb Bb
/m2 iQ i?2 HQr +Qbi Q7 /`m; /Bb+Qp2`v +QKT�`2/ iQ i?2 ?B;?2` +Qbib 7QmM/ BM H�i2` bi�;2bX AM
�//BiBQM iQ i?Bb- i?2 �bb�vb 7QmM/ BM i?2 /Bb+Qp2`v T?�b2 �`2 Q7i2M Km+? KQ`2 bi�M/�`/Bx2/-
2X;X BM pBi`Q i2biBM; BM +2HH@#�b2/ �bb�vX h?2 7�+BHBiB2b ?�M/HBM; i?2b2 ivT2b Q7 2tT2`BK2Mib �HbQ
?�p2 bB;MB}+�MiHv H2bb bi`B+i `2[mB`2K2Mib #Qi? BM i2`Kb Q7 bBx2 �M/ +�T�#BHBiB2bX AM i?2 T`2@
+HBMB+�H /2p2HQTK2Mi- �MBK�H ?�M/HBM; 7�+BHBiB2b �`2 `2[mB`2/ rBi? QM@i?2@+HQ+F K�BMi2M�M+2 #v
�MBK�H ?�M/H2`b �M/ p2i2`BM�`B�MbX AM +HBMB+�H /2p2HQTK2Mi- ?QbTBi�Hb �M/ +HBMB+b �`2 `2[mB`2/
}HH2/ rBi? +HBMB+B�Mb- T?vbB+B�Mb �M/ Mm`b2b iQ ?�M/H2 �M/ �/KBMBbi2` i?2 /`m; iQ T�iB2MibX
h?2 `2;mH�iQ`v `2[mB`2K2Mib BM `2;�`/ iQ b�72iv Q7 #Qi? 2KTHQv22b �M/ bm#D2+ib- #Qi? �MBK�Hb
�M/ ?mK�Mb- �`2 Km+? KQ`2 `B;B/ �M/ bi`B+i +QKT�`2/ iQ BM pBi`Q i2biBM;X h?2 b�K2 �TTHB2b
iQ +HBMB+�H /2p2HQTK2Mi rBi? �M 2p2M ?B;?2` /2;`22 Q7 b+`miBMv �M/ `2[mB`2K2Mib 7`QK ?2�Hi?
�;2M+B2bX h?2 +Qbi Q7 +HBMB+�H /2p2HQTK2Mi Bb i?2 ?B;?2bi BM i?2 /`m; /2p2HQTK2Mi T`Q+2bb �M/
`2[mB`2b K�Mv /Bz2`2Mi +�T�#BHBiB2b BM+Hm/BM; b+B2MiBbib- +HBMB+B�MbfT?vbB+B�Mb- `2;mH�iQ`v �z�B`b
U_�V T2`bQMM2H- *J* T2`bQMM2H �M/ K�Mv KQ`2X h?mb- i?2`2 Bb � ?B;? /2;`22 Q7 +QKTH2tBiv
�M/ +Qbib �bbQ+B�i2/ rBi? ?�pBM; 2KTHQv22b �M/ KmHiBTH2 +2Mi2`b 7Q` i`2�iK2Mi �M/ Q#b2`p�iBQMX

AM bmKK�`v- r2 +QMbB/2` QT2M BMMQp�iBQM iQ #2 KQbi bmBi�#H2 7Q` BM+Q`TQ`�iBQM BM i?2 /`m;
/Bb+Qp2`v T?�b2 /m2 iQ i?2 HQr2` +Qbi �M/ �p�BH�#BHBiv Q7 >ha �bb�vbX >Qr2p2`- �b QT2M BMMQ@
p�iBQM Qz2`b � TH2i?Q`� Q7 QTiBQMb iQ BM+`2�b2 i?2 `2�+? Q7 2ti2`M�H BMMQp�iBQMb �M/ iQ `2/m+2
_�. +Qbib- Bi KB;?i #2 +QK#BM2/ rBi? Qi?2` �TT`Q�+?2bX

� ivTB+�H BKTH2K2Mi�iBQM �TT`Q�+? Q7 QT2M BMMQp�iBQM BM /`m; /Bb+Qp2`v 7Q` QmibB/2@BM UBM@
#QmM/V bQm`+BM; Q7 2ti2`M�H BMMQp�iBQMb Bb HBF2 � TH�i7Q`K- Q` /2MQi2/ �b T`Q;`�KX lbBM; �
TH�i7Q`K �b i?2 bi`m+im`�H /2bB;M 7Q` BKTH2K2MiBM; QT2M BMMQp�iBQM BM /`m; /Bb+Qp2`v Bb �`@
;m�#Hv � bm{+B2Mi �TT`Q�+?X AM i?2b2 QT2M BMMQp�iBQM TH�i7Q`Kb- T�`iB+BT�Mib +�M bm#KBi
KQH2+mH2b 7Q` i2biBM; #v i?2 T`QpBbBQM Q7 i?2 TH�i7Q`K- mbm�HHv �i MQ +Qbi �M/ Bi KB;?i 2p2M
T`QpB/2 � +�b? `2r�`/ �7i2` bm#KBbbBQMX h?2b2 TH�i7Q`Kb �`2 mb2/ iQ bQm`+2 2ti2`M�H BMMQp�@
iBQMb #v }`bi i2biBM; i?2K BM BMi2`M�H �bb�vbX A7 i?2v �`2 2z2+iBp2 BM i?2 /2bB`2/ 7mM+iBQM- �
#mbBM2bb QTTQ`imMBiv +�M Q++m` 7Q` i?2 T�`iB+BT�Mi iQ 2Mi2` � bi`�i2;B+ �HHB�M+2- T�`iM2`b?BT Q`
?�p2 bi`�i2;B+ /Bb+mbbBQMbX >Qr2p2`- �b r2 rBHH 2tTHQ`2 H�i2`- i?2 QT2MM2bb �M/ `2[mB`2K2Mib
mTQM T�`iB+BT�iBQM +�M p�`v [mBi2 � HQiX

AM ;2M2`�H- QT2M BMMQp�iBQM +`2�i2b �M 2MpB`QMK2Mi 7Q` BM/BpB/m�Hb �M/ Q`;�MBx�iBQMb iQ ;2i
BMpQHp2/ BM i?2 +`2�iBQM Q7 M2r BMMQp�iBQMb i?`Qm;? �M �+iBp2 �TT`Q�+? i?�i #2M2}ib �HH T�`iB2bX
Ai Bb �M BM+HmbBp2 �M/ bQ+B�H r�v iQ bQHp2 +QKTH2t Bbbm2b �M/ BKT`QpBM; T`Q+2bb2b #v ?�pBM;
� #`Q�/ ;`QmT Q7 bi�F2?QH/2`b #mBH/BM; � +QHH�#Q`�iBp2 +QKKmMBiv �`QmM/ bT2+B}+ +?�HH2M;2bX
h?Bb K2�Mb i?�i B/2�b +�M ~Qr QmibB/2@BM �M/ BMbB/2@Qmi #2ir22M i?2 p�`BQmb Q`;�MBx�iBQMbX "v
BM+Q`TQ`�iBM; � TH�i7Q`K- QM2 ?�b � KQ`2 i�M;B#H2 �TT`Q�+? iQ 2bi�#HBb?BM; bm+? �M BMMQp�iBp2
+QKKmMBivX

q?2M +QKT�MB2b �`2 2bi�#HBb?BM; QT2M BMMQp�iBQM TH�i7Q`Kb i?2v ?�p2 iQ bi�`i bQK2r?2`2-
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mbm�HHv rBi? � bi`m+im`2 7Q` i?2 TH�i7Q`Kb iQ ?�p2 � +`Qr/bQm`+BM; Q` +Q@+`2�iBQM �TT`Q�+?X
h?2 +`Qr/bQm`+BM; Q++m`b BM i?2 b2Mb2 i?�i i?2 +QKT�Mv QT2Mb mT Bib _�. BM i?2 /Bb+Qp@
2`v T?�b2 iQ i�T BMiQ � FMQrH2/;2 Q7 � rB/2` +`Qr/X h?mb- BMTmib iQ i?2 TH�i7Q`K rBHH #2
7`QK � H�`;2 �M/ mM/2}M2/ ;`QmT Q7 T2QTH2- ivTB+�HHv mMBp2`bBiv `2b2�`+? ;`QmTb- hhPb �M/
2�`Hv@bi�;2 bi�`imTbX h?Bb +�M #2 �MiB+BT�i2/ iQ #2 i?2 }`bi 7`QMiB2` Q7 �M QT2M BMMQp�iBQM
TH�i7Q`KX h?2 H2p2H Q7 2M;�;2K2Mi �M/ BMpQHp2K2Mi BM �M QT2M BMMQp�iBQM TH�i7Q`K i?�i mb2b
� +`Qr/bQm`+BM; �TT`Q�+? Bb HQr2` +QKT�`2/ iQ �+iBp2Hv T�`iB+BT�iBM; BM +Q@+`2�iBQMX h?2 Qi?2`
�TT`Q�+? Bb +Q@+`2�iBQM r?B+? `2H�i2b KQ`2 bT2+B}+�HHv iQ i?2 `2H�iBQMb?BT #2ir22M i?2 T`QpB/2`
Q7 � TH�i7Q`K �M/ � /2}M2/ ;`QmT Q7 bi�F2?QH/2`b- BX2X T�`iB+BT�Mib Q` +mbiQK2`bX AM �M QT2M
BMMQp�iBQM TH�i7Q`K- Bi rQmH/ K2�M i?�i +Q@+`2�iBQM Bb rQ`FBM; rBi? i?2 T�`iB+BT�MibX

AM +QMi`�bi iQ +`Qr/bQm`+BM; r?2`2 � ;`QmT Q7 T2QTH2 rQ`Fb 7Q` � ;Bp2M +QKT�Mv- +Q@+`2�iBQM
Bb �#Qmi T2QTH2 rQ`FBM; rBi? Bi iQ 7m`i?2` /2p2HQT B/2�b �M/ BMMQp�iBQMX
*Q@+`2�iBQM K2�Mb rQ`FBM; rBi? i?2 2M/ mb2`b Q7 � T`Q/m+i Q` b2`pB+2 iQ 2t+?�M;2 FMQrH2/;2
�M/ `2bQm`+2b- BM Q`/2` iQ /2HBp2` � T2`bQM�HBx2/ 2tT2`B2M+2 mbBM; i?2 +QKT�MvǶb p�Hm2 T`QTQbB@
iBQMX q?BH2 +`Qr/bQm`+BM; `2H�i2b iQ T2QTH2 +`2�iBM; � ;`2�i B/2�- +Q@+`2�iBQM Bb �#Qmi T2QTH2
rQ`FBM; rBi? i?2 +QKT�Mv iQ K�F2 � ;QQ/ B/2� 2p2M #2ii2`X *Q@+`2�iBQM Bb �HbQ � r�v Q7 2M@
?�M+BM; +mbiQK2` 2M;�;2K2Mi #v /B`2+iHv BMpQHpBM; i?2K BM i?2 +QKT�MvǶb p�Hm2 +`2�iBQM �M/
T`Q/m+i /2p2HQTK2Mi T`Q+2bb2bX *Q@+`2�iBQM /`�rb 7`QK vQm` TQQH Q7 2KTHQv22b- +QMi`�+iQ`b-
p2Mim`2 +�TBi�H }`Kb- +mbiQK2`b- T`2iiv Km+? �Mv#Q/v r?Q ?�b bQK2 bQ`i Q7 bi�F2 BM QM2b
#mbBM2bbX *Q@+`2�iBQM- #v Bib M�im`2- Bb KQ`2 Q7 �M BMi2`M�H T`Q+2bbX 6Q` 2t�KTH2- B7 vQmǶ`2
/`�rBM; QM +Q@+`2�iBQM- vQm rQmH/ 2Mbm`2 i?�i i?2`2 Bb �M 2�bBHv �++2bbB#H2 BMi2`M�H TH�i7Q`K
bQ i?�i 2p2`vQM2 rBi? �++2bb +QmH/ b?�`2 B/2�b- +QKK2Mi QM i?2K- �M/ �//`2bb +?�HH2M;2b Q`
QTTQ`imMBiB2b i?Qb2 B/2�b T`2b2MiX

h?2 #QmM/�`v- i?Qm;?- Bb i?�i BiǶb HBKBi2/ iQ i?2 bi�F2?QH/2`b- r?2i?2` i?2vǶ`2 i?2 BMi2`Mb
K�FBM; +Qz22 Q` i?2 2t2+miBp2b BM i?2 #Q�`/`QQKX h?Bb ?�b Bib �/p�Mi�;2b #2+�mb2 i?2 +QK@
T�Mv +�M /`�r 7`QK Bib QrM TQQH Q7 i�H2Mi- � ;`QmT mM/2`bi�M/BM; ?Qr i?2 +QKT�Mv rQ`Fb
�M/ ?�b 2tT2`B2M+2 BM i?2 BM/mbi`vX >�p2 vQm 2p2` i`B2/ iQ ;2i bQK2#Q/v r?Q BbMǶi /B`2+iHv
�z2+i2/ #v Q` BMpQHp2/ BM vQm` BM/mbi`v 2t+Bi2/ �#Qmi Bi\ AiǶb TQbbB#H25 "mi BiǶb � HQi 2�bB2` B7
vQm �H`2�/v ?�p2 i?�i #�b2 Q7 FMQrH2/;2X h?Bb +�M #2 bQK2i?BM; Q7 � b?�`T +QMi`�bi iQ QT2M
BMMQp�iBQMX h?2b2 2�`Hv �HHB�M+2b +�M #2 mb2/ iQ +`2�i2 bi`�i2;B+ �HHB�M+2b #2ir22M T?�`K�+2m@
iB+�H �M/ #BQi2+?MQHQ;v +QKT�MB2b iQ +QHH�#Q`�i2 BM i?2 2�`Hv@bi�;2b Q7 _�.X q?2`2#v- i?2
#BQi2+?MQHQ;v +QKT�Mv T`QpB/2b i?2 BMMQp�iBQM �M/ i?2 T?�`K�+2miB+�H T�`iM2` +QMi`B#mi2b
rBi? Bib p�bi +�T�+Biv �M/ +QKTH2K2Mi�`v �bb2ib iQ +Q@/Bb+Qp2` �M/ +Q@/2p2HQT i?2 2�`Hv /`m;
+�M/B/�i2 rBi? i?2 Tm`TQb2 Q7 ?�pBM; �++2bb iQ i?2 /`m; H�i2` BM i?2 T`Q+2bbX h?2b2 bi`�i2;B+
�HHB�M+2b +�M H2�/ iQ � HB+2MbBM; �;`22K2Mi BM r?B+? i?2 #BQi2+? +QKT�MB2b �`2 MQ`K�HHv T�B/
KBH2biQM2b �M/ `Qv�HiB2b Q7 b�H2bX �Hi2`M�iBp2Hv- Bi +QmH/ #2 �M J�� /2�H r?2`2 i?2 T?�`K�@
+2miB+�H +QKT�Mv �+[mB`2b i?2 bK�HH2` #BQi2+? +QKT�MvX

:YSYS QU3N BNNRq�jCRN �c � #ncCN3cc KR03I
AM i?2 7QHHQrBM; b2+iBQM- r2 rBHH T`QTQb2 � #mbBM2bb KQ/2H 7Q` �M QT2M BMMQp�iBQM TH�i7Q`KX
Ai +�M #2 mb2/ �b � +QKTHBK2Mi iQ i?2 2tBbiBM; +Q`2 #mbBM2bb KQ/2H r?B+? Bb HBF2Hv 7Q+mbBM;
QM 2tTHQBi�iBQMX AM �//BiBQM iQ i?Bb- 7mim`2 KmHiB@bB/2/ QT2M BMMQp�iBQM TH�i7Q`Kb KB;?i #2
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/2p2HQT2/ iQ BM+Q`TQ`�i2 #Qi? 2tTHQBi�iBQM �M/ 2tTHQ`�iBQM #mbBM2bb KQ/2Hb- #mi i?Bb rBHH MQi
#2 /Bb+mbb2/ 7m`i?2`X

h?2 #mbBM2bb KQ/2HUbV Q7 � +QKT�Mv Bb BKTQ`i�Mi iQ mM/2`bi�M/ �M/ iQ 2Mbm`2 p�Hm2 +`2�iBQM-
p�Hm2 /2HBp2`v �M/ p�Hm2 +�Tim`2 #2ir22M i?2 +QKT�Mv- Bib 2ti2`M�H T�`iM2`b- �M/ +mbiQK2`bX
�b i?2b2 #mbBM2bb KQ/2Hb /B`2+iHv `2~2+i i?2 +?QB+2 Q7 +Q`TQ`�i2 bi`�i2;B2b +?Qb2M #v i?2 +QK@
T�Mv- BKTH2K2Mi�iBQM Q7 QT2M BMMQp�iBQM TH�i7Q`Kb- Bi `2[mB`2b i?�i i?2 +QKT�Mv /2}M2b i?2
r�vb Q7 p�Hm2 +`2�iBQM- /2HBp2`v �M/ +�Tim`2 BM +QMDmM+iBQM rBi? i?2B` 2ti2`M�H T�`iM2`bX AM
�//BiBQM iQ i?Bb- 2KTB`B+�H 2pB/2M+2 bm;;2bib i?�i i?2 Q`;�MBx�iBQM�H /2bB;M- T`�+iB+2b �M/ +�T�@
#BHBiB2b BM i?2 +QKT�Mv M22/ iQ #2 �HB;M2/ rBi? i?2 QT2M BMMQp�iBQM bi`�i2;B2bX h?Bb �HB;MK2Mi
?�b iQ TQbBiBp2Hv BM~m2M+2 i?2 bQm`+BM; Q7 2ti2`M�H FMQrH2/;2 �M/ BMMQp�iBQMb 7`QK T�`iB2b
QmibB/2 i?2 }`KǶb #QmM/�`B2b 7Q` bm#b2[m2Mi 2tTHQBi�iBQM 7Q` BMMQp�iBQM (e8)X h?mb- i?2`2 Bb �
M22/ 7Q` �M �K#B/2ti`Qmb Q`;�MBx�iBQM- bm{+B2Mi /vM�KB+ +�T�#BHBiB2b �M/ +�T�#BHBiv #mBH/BM;-
�M/ �#bQ`TiBp2 +�T�+BiB2b BM i?2 +QKT�MB2b i?�i b22F iQ BKTH2K2Mi QT2M BMMQp�iBQM TH�i7Q`Kb
Q` bi`�i2;B2bX �b � `2bmHi- bm+? +QKT�MB2b M22/ iQ `2i?BMF i?2B` #mbBM2bb KQ/2Hb- BM Q`/2` iQ �+@
+QKKQ/�i2 i?2 QT2M BMMQp�iBQM BMBiB�iBp2b- `2bmHiBM; BM �M 2M?�M+2/ BMMQp�iBQM T2`7Q`K�M+2X
AM �//BiBQM iQ i?2 QT2M BMMQp�iBQM bi`�i2;B2b p�`vBM; 7`QK +QKT�Mv iQ +QKT�Mv- i?2`2 Bb HBiiH2
`2b2�`+? i?�i 2tTHB+BiHv HBMFb #mbBM2bb KQ/2Hb iQ i?2 QT2M BMMQp�iBQM bi`�i2;B2b (e8)X Ai Bb BK@
TQ`i�Mi iQ mM/2`bi�M/ i?2 MmK#2` �M/ ivT2b Q7 T�`iB+BT�Mib BM QT2M BMMQp�iBQM TH�i7Q`Kb- i?2
T?�b2b Q7 i?2 BMMQp�iBQM T`Q+2bb r?B+? Bb QT2M2/ �M/ ?Qr Bi BMi2`�+ib rBi? QmibB/2 FMQrH2/;2
bQm`+2bX J�Mv Q7 i?2b2 �bT2+ib ?�p2 #22M rB/2Hv 2tTHQ`2/ BM i?2 HBi2`�im`2 r?BH2 HBiiH2 Bb FMQrM
�#Qmi /2bB;MBM; #mbBM2bb KQ/2Hb iQ K�i+? /Bz2`2Mi QT2M BMMQp�iBQM bi`�i2;B2bX �b � `2bmHi-
K�Mv +QKT�MB2b BKTH2K2Mi QT2M BMMQp�iBQM bi`�i2;B2b �b �M Qz@i?2@b?2H7 K�M�;2K2Mi T`�+iB+2
r?BH2 mbBM; Bi �b �M �//@QM iQ 2tBbiBM; T`�+iB+2b (e8)X

q2 HQQF2/ �i ?Qr QT2M BMMQp�iBQM +�M #2 mb2/ �b � #mbBM2bb KQ/2H- i?mb- HBMFBM; i?2 QT2M
BMMQp�iBQM bi`�i2;v rBi? i?2 #mbBM2bb KQ/2HX q2 mb2/ i?2 "J* iQ K�F2 �M �M�HvbBb Q7 ?Qr
�M QT2M BMMQp�iBQM bi`�i2;v mbBM; � TH�i7Q`K bi`m+im`�H /2bB;M +�M +`2�i2- /2HBp2` �M/ +�Tim`2
p�Hm2 iQf7`QK Bib T�`iB+BT�Mib- BX2X 2ti2`M�H FMQrH2/;2 bQm`+2b �M/ 2ti2`M�H BMMQp�iBQMb U6B;m`2
9XRVX

Pm` /2p2HQT2/ "J* 7Q` �M QT2M BMMQp�iBQM b?Qrb i?�i Bi b22Kb TQbbB#H2 iQ +`2�i2 M2r #mbBM2bb
KQ/2Hb iQ BM+`2K2Mi i?2 /2bB;M Q7 2tBbiBM; QM2bX Ai Bb BKTQ`i�Mi iQ +`2�i2 � #mbBM2bb KQ/2H
i?�i ?�b � +2`i�BM H2p2H Q7 QT2MM2bb �M/ i`�MbT�`2M+vX AM �//BiBQM iQ i?Bb- Bi Bb TBpQi�H i?�i Bi Bb
� H2�M T`Q+2bb iQ 2Mbm`2 bm{+B2Mi 7mM/BM; rBi?BM �M Q`;�MBx�iBQM i?�i r�Mib iQ BM+Q`TQ`�i2 �M
QT2M BMMQp�iBQM bi`�i2;v BM i?2B` #mbBM2bb KQ/2HX Ai Bb �HbQ MQi2rQ`i?v i?�i � +QKT�Mv +QmH/
+QMbB/2` +`2�iBM; � #mbBM2bb KQ/2H 7Q` QT2M BMMQp�iBQM b2T�`�i2Hv 7`QK i?2B` +Q`2 #mbBM2bb
KQ/2HX h?mb- ?�pBM; i?2 �#BHBiv iQ BKTH2K2Mi � M2r #`�M+? BM i?2B` #mbBM2bb iQ 2Mbm`2 i?�i
i?2 7mM/BM; Bb bm{+B2Mi- �#bQ`TiBp2 +�T�+BiB2b �M/ i?�i /vM�KB+ +�T�#BHBiB2b �`2 �p�BH�#H2X

h?2 /vM�KB+ +�T�#BHBiB2b Q7 � +QKT�Mv Bb BKTQ`i�Mi BM Q`/2` 7Q` i?2K iQ �//`2bb `�TB/Hv
+?�M;BM; 2MpB`QMK2MibX h?Bb KB;?i BM+Hm/2 i?2 mb2 Q7 QT2M BMMQp�iBQM TH�i7Q`Kb iQ bQm`+2
2ti2`M�H BMMQp�iBQMb bm+? �b � `�/B+�H Q` /Bb`mTiBp2 M2r /`m; +�M/B/�i2X Ai +QmH/ #2 #�b2/ QM
M2r i2+?MQHQ;v i?�i `2[mB`2b M2r K�Mm7�+im`BM; Q` /2p2HQTK2Mi T`Q+2bb2bX �b i?2 `2bQm`+2b
/2T`2+B�i2- i?2 }`K M22/b iQ �//`2bb i?Bb #v �/�TiBM; QrM `QmiBM2b iQ miBHBx2 i?2B` 2tBbiBM;
2[mBTK2Mi r?BH2 bBKmHi�M2QmbHv TH�MMBM; 7Q` M2r `QmiBM2b �M/ `2TH�+BM; QH/ QM2bX AM +QK@
#BM�iBQM rBi? i?Bb- i?2 +QKT�Mv b?QmH/ #2 �M �K#B/2ti`Qmb Q`;�MBx�iBQM iQ 7mHHv miBHBx2 i?2

Peter Mouritzen




:YS QU3N BNNRq�jCRN CN j@3 T@�aL�,3njC,�I BN0ncjaw 9O

6B;m`2 9XR, h?2 "mbBM2bb JQ/2H *�Mp�b 7Q` PT2M AMMQp�iBQM
q2 7Q+mb2/ QM /2p2HQTBM; � #mbBM2bb KQ/2H i?�i i�`;2i2/ i?2 T�`iB+BT�Mib iQ �ii`�+i i?2K #v +`2�iBM; p�Hm2 �M/
/2HBp2`BM; Bi iQ i?2KX h?Bb "J* b?Qrb Qm` BMi2`T`2i�iBQM Q7 ?Qr i?2 #mbBM2bb KQ/2H 7Q` PA +QmH/ BKTH2K2Mi2/X

M2r 2ti2`M�HHv bQm`+2/ BMMQp�iBQMb r?BH2 K�BMi�BMBM; BMi2`M�H /2p2HQTK2Mi Q7 i?2B` 2tBbiBM;
TBT2HBM2X h?2 2tTHQBi�iBQM 2zQ`ib �`2 �H`2�/v i�FBM; TH�+2 BM i?2 BMi2`M�H /2p2HQTK2Mi- r?2`2�b
i?2 2tTHQ`�iBQM 2M/2�pQ`b 7`QK bQm`+BM; 2ti2`M�H BMMQp�iBQMb �`2 KQ`2 `BbFvX >Qr2p2`- �b QT2M
BMMQp�iBQM TH�i7Q`Kb b?QmH/ B/2�HHv #2 `mM �b H2�M �b TQbbB#H2 �M/ �i HQr +Qbib- i?2 BMp2biK2Mib
`2[mB`2/ iQ miBHBx2 2tTHQ`�iBQM i?`Qm;? QT2M BMMQp�iBQM b?QmH/ `2K�BM HQr #v BM+Q`TQ`�iBM;
i?Bb BM � #mbBM2bb KQ/2H i?�i bm++2bb7mHHv #�H�M+2b 2tTHQBi�iBQM �M/ 2tTHQ`�iBQM

:YSYl QU3N BNNRq�jCRN �c � LnIjCAcC030 UI�j8RaL
� KmHiB@bB/2/ TH�i7Q`K Bb � TH�i7Q`K i?�i #`BM;b iQ;2i?2` +mbiQK2` ;`QmTb- r?2`2 i?2 p�Hm2 7Q`
QM2 ;`QmT 2tBbi QMHv B7 i?2 Qi?2` ;`QmTb Q7 +mbiQK2`b �`2 �HbQ T`2b2MiX A7 �M QT2M BMMQp�iBQM
TH�i7Q`K Bb iQ #2 BKTH2K2Mi2/ Bi Kmbi b2`p2 �b � p�Hm2 +`2�iBQM K2+?�MBbK 7Q` #Qi? i?2 ?Qbi
+QKT�Mv �M/ i?2 T�`iB+BT�MibX qBi? i?2 ?Qbi +QKT�Mv #2BM; i?2 #mv2` Q7 BMMQp�iBQM /Bb+Qp@
2`2/ i?`Qm;? T�`iB+BT�iQ`b Q7 i?2 TH�i7Q`KX h?2 PA TH�i7Q`K 7�+BHBi�i2b �M BMi2`�+iBQM rBi?
i?2b2 irQ /Bz2`2Mi b2;K2Mib (9e)X G1P S?�`K� �M/ Qi?2` T?�`K�+2miB+�H +QKT�MB2b ?�p2 �M
BMi2;`�i2/ �TT`Q�+? r?2`2 i?2 PA TH�i7Q`K Bb T�`i Q7 i?2 +QKT�MB2b QrM p�Hm2 +?�BM #mi Qi?2`
BM/2T2M/2Mi TH�i7Q`Kb 2tBbi bm+? �b i?2 *QKKmMBiv 7Q` PT2M �MiBKB+`Q#B�H .`m; .Bb+Qp2`v
U*P@�..V r?B+? Bb � MQM@T`Q}i H�mM+?2/ BM kyR8 �M/ `mM #v h?2 lMBp2`bBiv Q7 Zm22MbH�M/Ƕb
AMbiBimi2 7Q` JQH2+mH�` "BQb+B2M+2 �M/ 7mM/2/ #v i?2 q2HH+QK2 h`mbi �M/ h?2 lMBp2`bBiv Q7
Zm22MbH�M/ (ee)X h?2B` B/2� Bb iQ bTm` BMMQp�iBQM BM �MiBKB+`Q#B�H /`m;b �M/ i?2M +QMM2+i
BMMQp�iQ`b rBi? T�`iM2`b i?�i +�M /2p2HQT �M/ +QKK2`+B�HBx2 i?2 B/2�X
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� +QKT�Mv HBF2 G1P- Bb ;2�`2/ iQr�`/b +`2�iBM; bQHmiBQMb 7Q` i?2 T�iB2Mib bQ i?2 _�. 7Q+mb BM
i?2 +QKT�Mv Bb �BK2/ �i }M/BM; bQHmiBQMb 7Q` i?2B` +mbiQK2` b2;K2MiX h?2 +?�HH2M;2b i?�i �`2
/Bb+HQb2/ BM i?2 QT2M BMMQp�iBQM TH�i7Q`K `2~2+i r?�i G1P S?�`K� ?�b /2i2`KBM2/ �`2 i?2B`
T�iB2MibǶ M22/b- �M/ i?`Qm;? +QKKmMBiv T�`iB+BT�iBQM ?QT2b iQ bQHp2 i?2KX h?2 T�`iB+BT�Mib
BM i?2 PA TH�i7Q`K �`2 i?2`27Q` �HbQ i`vBM; iQ bQHp2 T`Q#H2Kb 7Q` G1P S?�`K�Ƕb T�iB2Mi ;`QmTX
� bBKTH2 p2`bBQM Q7 QT2M BMMQp�iBQM �b � KmHiB@bB/2/ TH�i7Q`K +�M #2 b22M BM };m`2 9XkX

6B;m`2 9Xk, PT2M AMMQp�iBQM �b � JmHiB@bB/2/ SH�i7Q`K
h?Bb bBKTHB}2/ p2`bBQM Q7 i?2 "J* b?Qrb i?2 �K#B/2ti2`Biv Q7 � +QKT�Mv ?QbiBM; �M QT2M BMMQp�iBQM TH�i7Q`KX
h?2 T�`ib ?B;?HB;?i2/ BM ;`22M �`2 i?2 QT2M BMMQp�iBQM bB/2 Q7 i?2 KQ/2H �M/ i?2 T�`ib ?B;?HB;?i2/ v2HHQr Bb i?2
T�iB2Mi bB/2 Q7 i?2 KQ/2HX "2BM; �#H2 iQ +QMM2+i i?2 +mbiQK2` b2;K2Mib i?`Qm;? i?2 TH�i7Q`K Bb i?2 K�BM `QH2
Q7 �M QT2M BMMQp�iBQM TH�i7Q`K �M/ M22/b iQ #2 mT/�i2/ BM `2;�`/ iQ #Qi? +mbiQK2` b2;K2MibX

:YSYk +RLL3a,C�ICy�jCRN bja�j3<C3c 8Ra 2uj3aN�IIw bRna,30
BNNRq�jCRNc

�Mv +QKT�Mv i?�i Bb +QKT2iBM; BM i?2 K�`F2iTH�+2 Q7 B/2�b rBHH i`v iQ TQbBiBQM Bib2H7 �b �M �i@
i`�+iBp2 QTiBQM 7Q` +QHH�#Q`�iBQMX h?2 T?�`K� �M/ #BQi2+? BM/mbi`v Bb 2t2KTHB}2/ #v i?2 M22/
7Q` #�bB+ `2b2�`+?- i?`Qm;? r?B+? TQi2MiB�H M2r i?2`�TB2b +�M #2 /Bb+Qp2`2/X h?Bb ?�b +`2�i2/
i?2 2+Qbvbi2K r?2`2 BMMQp�iBQMb +QK2 i?`Qm;? BMbiBimiBQMb i?�i �`2 T2`7Q`KBM; #�bB+ `2b2�`+?-
#mi i?2 +QKK2`+B�HBx�iBQM Bb KQbiHv /QM2 #v H�`;2` +QKT�MB2bX h?2 `2�HBiv Q7 T?�`K�+2miB+�H
/2p2HQTK2Mi Bb i?�i Bi i�F2b � HQi Q7 `2bQm`+2b �M/ iBK2 iQ #`BM; � T`Q/m+i iQ K�`F2i r?B+?
`2[mB`2b +QKTH2K2Mi�`v �bb2ib r?B+? QMHv � 72r TH�v2`b TQbb2bbX h?Qb2 r?Q /Q +QKT2i2 rBi?
Qi?2` +QKT�MB2b 7Q` 2ti2`M�H FMQrH2/;2- rBi? QT2M BMMQp�iBQM #2BM; QM2 Q7 i?2 K2i?Q/b mb2/
iQ 2M;�;2 rBi? 2ti2`M�H T�`iM2`bX

AM b2+iBQM kX8 r2 2t�KBM2/ ?Qr i?2 ǶA/2� 7�+iQ`vǶ b+2M�`BQ Bb KQbi `2H2p�Mi 7Q` i?2 BMMQp�iBQM
2+Qbvbi2K BM i?2 T?�`K�+2miB+�H BM/mbi`vX >�pBM; 2�`Hv �++2bb iQ i?2 rB/2bT`2�/ M2irQ`F Q7
mTbi`2�K /2p2HQTK2Mi +�M #2 +`m+B�H 7Q` +QKT�MB2b i?�i �`2 +QKT2iBM; 7Q` BMMQp�iBp2 i2+?MQH@
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Q;vX PT2M BMMQp�iBQM +QKT�MB2b HBF2 G1P rBb?BM; iQ TH�+2 i?2Kb2Hp2b �b �ii`�+iBp2 +QHH�#Q@
`�iBQM QTiBQM i?`Qm;? #Qi? i?2 T`�+iB+�H �TTHB+�iBQM Q7 bm+? � TH�i7Q`K- �M/ �b � K�`F2iBM;
iQQH #v bB;M�HBM; i?2B` rBHHBM;M2bb 7Q` irQ@r�v T�`iM2`b?BTbX AS_ Bb QM2 Q7 i?2 7mM/�K2Mi�H
p�Hm2 /`Bp2`b BM i?2 T?�`K�+2miB+�H BM/mbi`v- K�FBM; M2r BMp2MiBQMb `2H�iBp2Hv 2�bBHv 2t+Hm/@
�#H2 #v i?2 T�i2Mi ?QH/2`X >Qr2p2`- `2b2�`+?2`b +�M +`2�i2 � H�`;2 /�i�#�b2 Q7 +QKTQmM/b
rBi? mMFMQrM T`QT2`iB2b �M/ ?�p2 72r `2�bQMb 7Q` T�i2MiBM; i?2b2 +QKTQmM/bX PT2M BMMQ@
p�iBQM +QmH/ #2 � iQQH 7Q` }M/BM; +QKTQmM/b rBi? BMi2`2biBM; T`QT2`iB2b #mi MQ `2b2�`+?2`b
rQmH/ r�Mi iQ i2bi i?2b2 +QKTQmM/b B7 i?2`2 Bb �Mv `BbF Q7 �TT`QT`B�iBQM Q` TQbbB#H2 H2�Fb
i?�i rQmH/ T`2p2Mi T�i2Mi�#BHBivX h?2`27Q`2- iQ BM+`2�b2 2M;�;2K2Mi i?2 ?Qbi Q7 PA Kmbi #mBH/
i`mbi rBi? i?2 rB/2` +QKKmMBiv �M/ 2Mi2` BMiQ i?2 b+2M�`BQ Q7 Ƕ_2Tmi�iBQM@#�b2/ B/2�b i`�/BM;ǶX

q?2M �ii`�+iBM; bi�`i@mTb 7Q` 2M;�;BM; BM QT2M BMMQp�iBQM- i?2 ?Qbi +QKT�Mv Kmbi �HbQ i�F2
BMiQ �++QmMi i?�i i?2 bi�`i@mT KQbi HBF2Hv K�v ?�p2 bQK2 T`QQ7 Q7 +QM+2Ti 7Q` i?2B` +Q`2 i2+?@
MQHQ;v �M/ rQmH/ #2 H2bb BM+HBM2/ iQ i2bi i?2K i?`Qm;? QT2M BMMQp�iBQMX >Qr2p2`- i2biBM;
MQM@+Q`2 T`Q/m+ib +QmH/ #2 � KQ`2 72�bB#H2 T`QTQbBiBQM 7Q` bm+? Q`;�MBx�iBQM B7 Bib #BQHQ;B+�H
�+iBpBiv ?�b MQi #22M 2bi�#HBb?2/ �M/ +QmH/ TQi2MiB�HHv ?QH/ p2`v `2H2p�Mi T`QT2`iB2b 7Q` /`m;
/2p2HQTK2MiX *QKK2`+B�HBx�iBQM bi`�i2;v 7Q` MQM@+Q`2 T`Q/m+ib 7Q` bi�`i@mTb rQmH/ T`Q#�#Hv
#2 Qmi@HB+2MbBM; i?2 i2+?MQHQ;v 7Q` `2p2Mm2 mb2/ BM /2p2HQTBM; i?2B` +Q`2 T`Q/m+ibX

hQ mM/2`bi�M/ i?2 +QKK2`+B�HBx�iBQM bi`�i2;v Q7 bi�`i@mTb r2 rBb? iQ 2t�KBM2 i?2B` QTiBQMb
�7i2` ;2iiBM; � TQbBiBp2 `2bmHi 7`QK �M PA TH�i7Q`KX q2 rBHH mb2 G1P S?�`K�Ƕb TH�i7Q`K �b
�M 2t�KTH2X qBi? G1P S?�`K�Ƕb �bb�vb QMHv #2BM; T�`iB�HHv T`2/B+iBp2 Q7 +HBMB+�H bm++2bb
i?2`2 Bb biBHH �M QT2M [m2biBQM Q7 i?2 p�Hm2 Q7 � ?Bi BM i?2 �bb�vX �7i2` � TQbBiBp2 `2bmHi ?�b
#22M 2bi�#HBb?2/- #Qi? T�`iB2b rBHH r�Mi iQ BMp2biB;�i2 i?2 T`QbT2+i Q7 +QKK2`+B�HBx�iBQM #mi
BM Q`/2` iQ /Q i?�i i?2 KQH2+mH2Ƕb T`QT2`iB2b ?�p2 iQ #2 BMp2biB;�i2/ 7m`i?2`X �i i?Bb bi�;2
G1P S?�`K� `mMb i?2 `BbF Q7 i?2 bi�`i@mT �TT`Q�+?BM; bQK2QM2 2Hb2 7Q` /2p2HQTK2Mi bQ �M 2tBi
7Q` i?2 bi�`i@mT Bb �HbQ � bi`�i2;B+ QTiBQMX �++Q`/BM; iQ LB+H�b- G1P S?�`K� ?�b T�B/ 7Q` 7m`@
i?2` 2t�KBM�iBQM Q7 � KQH2+mH2 #v � *_PX h?Bb +�M #2 +QMbB/2`2/ QM2 QTiBQM 7Q` 2t�KBM�iBQMX
�MQi?2` QTiBQM Bb iQ 2Mi2` BMiQ � HB+2MbBM; /2�H �M/ G1P S?�`K� i�F2b Qp2` i?2 /2p2HQTK2Mi
�M/ /Q2b 7m`i?2` 2t�KBM�iBQM BM@?Qmb2 BM +QHH�#Q`�iBQM rBi? i?2 HB+2MbQ`- Q` mM�B/2/X �MQi?2`
QTiBQM Bb DQBMi@/2p2HQTK2Mi r?2`2 #Qi? T�`iB2b /2+B/2 iQ 7m`i?2` 2t�KBM2 QTTQ`imMBiB2b r?2`2
#Qi? T�`iB2b �`2 b?�`BM; `2bTQMbB#BHBiB2b- `BbFb- �M/ T�vQzX

h?2 TQi2MiB�H +QHH�#Q`�iBQM bi`�i2;B2b- �7i2` QT2M BMMQp�iBQM T�`iB+BT�iBQM- 7Q` bi�`i@mTb �M/
2Mi`2T`2M2m`b- BM i?2 A/2� 6�+iQ`v b+2M�`BQ Kmbi #2 i�BHQ`2/ iQ M22/b �M/ +�T�#BHBiB2b Q7 #Qi?
T�`iB2bX aB;M�HBM; � T�i?r�v 7Q` +QHH�#Q`�iBQM 2t TQbi 7�+iQ KB;?i T`Qp2 BKTQ`i�Mi 7Q` BM+`2�b@
BM; 2M;�;2K2Mi #v bB;M�HBM; i?2 TQi2MiB�H p�Hm2 Q7 T�`iB+BT�iBQMX h?Bb 7�+iQ` rBHH #2 bim/B2/
7m`i?2` BM i?2 BMi2`pB2r �M�HvbBb b2+iBQM Q7 i?Bb +?�Ti2`X

:YSY: TaRLCcCN< QnjIRRG 8Ra QU3N BNNRq�jCRN
�b i?2 T`�+iB+�H `2�HBiv Q7 QT2M BMMQp�iBQM #2BM; BM+Q`TQ`�i2/ BM #mbBM2bb KQ/2Hb �M/ BMiQ
+Q`TQ`�i2 bi`�i2;B2b Bb `�i?2` `2+2Mi- i?2 �K#BiBQMb Q7 i?2 T?�`K�+2miB+�H BM/mbi`v iQ BKTH2@
K2Mi Bi b22K [mBi2 ?B;?X h?2 +m``2Mi QT2M BMMQp�iBQM TH�i7Q`Kb �`2 � bi2T BMiQ 2bi�#HBb?BM;
+QKKmMBiB2b �M/ M2irQ`Fb r?B+? /`Bp2 BMMQp�iBQM 7Q`r�`/X "v 2tT�M/BM; i?2 QT2M BMMQp�iBQM
TH�i7Q`Kb- T?�`K�+2miB+�H +QKT�MB2b rBHH #2 �#H2 iQ i`v M2r BMMQp�iBQM KQ/2Hb mbBM; i2+?@
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MQHQ;v TmHH `�i?2` i?�M Tmb?X h?2 bi�F2?QH/2`b Q7 QT2M BMMQp�iBQM TH�i7Q`Kb rQmH/ B/2�HHv
BM+Hm/2 2p2`vi?BM; 7`QK T�v2`b- T`2b+`B#2`b- T�iB2Mib iQ +QKT�MB2b �M/ Q`;�MBx�iBQMb /`BpBM;
i?2 BMMQp�iBQM T`Q+2bbX h?mb- i?2 �TT`Q�+? iQ BMMQp�iBM; rQmH/ i�F2 i?2 i2+?MQHQ;v TmHH
�TT`Q�+? iQ �+im�HHv bQm`+2 �M/ /2p2HQT i2+?MQHQ;B2b /B`2+iHv HBMF2/ iQ B/2MiB}2/ �M/ mMK2i
M22/bX h?Bb Bb ?B;?Hv +QMi`�biBM; iQ i?2 i2+?MQHQ;v Tmb? 2MpB`QMK2Mi i?�i ?�b ivTB+�HHv #22M
miBHBx2/ T`2pBQmbHvX h?2 TQi2MiB�H 7Q` QT2M BMMQp�iBQM TH�i7Q`Kb b22Kb iQ #2 mMHBKBi2/ �M/
+�M BM i?2 7mim`2 /`Bp2 M2r BMMQp�iBQMb Km+? KQ`2 2{+B2MiHv �M/ T�iB2Mi@+2Mi`B+X h?Bb Bb BM
HBM2 rBi? i?2 i`2M/b Q7 i`�MbH�iBQM�H �M/ T`2+BbBQM K2/B+BM2 b22M BM `2+2Mi v2�`bX

�b r2 bi�i2/ BM a2+iBQM 9XRXR- Bi Bb BKTQ`i�Mi iQ +QMbB/2` QT2M BMMQp�iBQM bi`�i2;B2b BM `2H�iBQM
iQ 2tBbiBM; #mbBM2bb KQ/2HbX >Qr2p2`- �b QT2M BMMQp�iBQM TH�i7Q`Kb �`2 #2BM; BKTH2K2Mi2/-
�M/ Bb +QMbB/2`2/ iQ #2 � `2H�iBp2Hv M2r BMMQp�iBQM 2M/2�pQm`- K�Mv Q7 i?2 2tBbiBM; +QKT�MB2b
?�p2 v2i iQ 2tTHQ`2 M2r QT2M BMMQp�iBQM #mbBM2bb KQ/2HbX h?2`27Q`2- r2 rBHH H2�p2 i?2 #mbBM2bb
KQ/2H /2p2HQTK2Mi �i i?2 +m``2MiHv BMi`Q/m+2/ bi�i2 �M/ ;Q KQ`2 BM /2i�BH rBi? QT2M BMMQp�@
iBQM TH�i7Q`Kb �M/ ?Qr i?2v +�M #2 mb2/ iQ BM+`2�b2 ;HQ#�H Qmi`2�+? Q7 2ti2`M�H BMMQp�iBQMbX
S`BQ` iQ BMp2biB;�iBM; Qm` +�b2 bim/v `2b2�`+?- r2 �M�Hvx2/ K2MiBQM�#H2 QT2M BMMQp�iBQM TH�i@
7Q`Kb U�HbQ /2MQi2/ T`Q;`�Kb #v bQK2 T`QpB/2`bV i?�i �`2 Qz2`2/ #v +QKT�MB2b BM i?2 T?�`@
K�+2miB+�H BM/mbi`vX h?2 �M�HvbBb r�b `2H2p�Mi BM Q`/2` iQ ;�BM �M BMbB;?i BMiQ ?Qr i?2 T?�`@
K�+2miB+�H BM/mbi`v Bb +?�M;BM; i?2B` +HQb2/ BMMQp�iBQM KQ/2Hb iQr�`/b KQ`2 QT2M �TT`Q�+?2b
rBi? bQK2 ?�pBM; �H`2�/v BKTH2K2Mi2/ QT2M BMMQp�iBQM bi`�i2;B2b iQ � +2`i�BM /2;`22X

:YSY9 2u�LUI3c R8 QU3N BNNRq�jCRN TI�j8RaLc CN j@3
T@�aL�,3njC,�I BN0ncjaw

PT2M BMMQp�iBQM Bb �M 2HmbBp2 +QM+2Ti bQ r2 rBHH #2 7Q+mbBM; QM TH�i7Q`Kb Qz2`BM; QmibB/2 2MiB@
iB2b iQ b2M/ BM � +?2KB+�H b�KTH2 iQ #2 i2bi2/ BM /Bb2�b2 `2H2p�Mi �bb�vbX h?Bb Bb � T�`iB+mH�`Hv
BMi2`2biBM; TH�i7Q`K 7Q` BMMQp�iBQM #2+�mb2 Bi �HHQrb �Mv 2MiBiv BM T?�`K� Q` #BQi2+? BMMQp�@
iBQM iQ i2bi i?2B` +?2KB+�Hb- 2p2M B7 i?2B` K�BM `2b2�`+? Bb MQi BM i?�i `2H2p�Mi }2H/X h?Bb KQ/2H
�HHQrb +QKT�MB2b i?�i ?�p2 bQK2 M2r KQH2+mH2b- i?�i i?2v �`2 `2b2�`+?BM; 7Q` � bT2+B}+ +m`2-
iQ i2bi i?2K �;�BMbi � p�`B2iv Q7 Qi?2` /Bb2�b2bX � MQi�#H2 T`Q#H2K rBi? i?2 +H�bbB+�H +HQb2/
BMMQp�iBQM KQ/2H Bb i?�i +QKT�MB2b Q7i2M bBi QM � H�`;2 /�i�#�b2 Q7 +?2KB+�Hb i?�i ?�p2 MQi
#22M i2bi2/ �;�BMbi � KmHiBTH2 Q7 /Bb2�b2bX a�K2 ;Q2b 7Q` i?2 ;`QrBM; bi�`i@mT K�`F2i- r?2`2
� MmK#2` Q7 +QKT�MB2b ?�p2 +?2KB+�Hb i?�i �`2 QMHv #2BM; i2bi2/ �;�BMbi � M�``Qr i�`;2iX P7@
72`BM; �++2bb iQ QT2M BMMQp�iBQM +�M �HHQr � H�`;2` +QKT�Mv iQ i2bi i?2b2 ?m;2 MmK#2`b Q7 M2r
+?2KB+�Hb #2BM; +`2�i2/ �+`Qbb i?2 ;HQ#2X h?Bb +QmH/ H2�/ iQ � H�`;2 MmK#2` Q7 +QHH�#Q`�iBQMb
�KQM;bi KmHiBTH2 T�`iM2`b �+`Qbb i?2 ;HQ#2- �M/ BM+`2�b2 _�. T`Q/m+iBpBiv BM i?2 BM/mbi`vX
Ai Bb i?2`27Q`2 Q7 ;`2�i BMi2`2bi iQ 2tTHQ`2 ?Qr � +QKT�Mv +�M mb2 QT2M BMMQp�iBQM TH�i7Q`Kb
iQ �++2bb i?2b2 BMMQp�iBQM M2irQ`Fb iQ �++2bb K�`F2ib i?�i Qi?2`rBb2 rQmH/ #2 /B{+mHi Q` BK@
T`�+iB+�H iQ �++2bbX

hQ mM/2`bi�M/ r?2`2 i?2 /Bz2`2M+2b BM �TT`Q�+?2b iQ QT2M BMMQp�iBQM TH�i7Q`Kb- Bi Bb pBi�H iQ
+HQb2` HQQF �i QT2M BMMQp�iBQM TH�i7Q`Kb +m``2MiHv BM mb2 �M/ �ii2KTi iQ +?�`�+i2`Bx2 i?2KX
"v /QBM; bQ- r2 ?QT2 iQ #2 �#H2 iQ B/2MiB7v MQi�#H2 /Bz2`2M+2b �M/ ?m`/H2b iQ T�`iB+BT�iBQMX
hQ �+?B2p2 i?Bb- r2 ;�i?2`2/ BM7Q`K�iBQM �++2bbB#H2 iQ i?2 Tm#HB+ 2v2 7`QK i?2 `2bT2+iBp2 QT2M
BMMQp�iBQM TH�i7Q`KbǶ r2#bBi2bX h?mb- �HHQrBM; mb iQ mM/2`bi�M/ i?2 mb2` BMi2`7�+2 b?QrM iQ
T�`iB+BT�Mib #27Q`2 �Mv Q{+B�H +QMi�+i #2;BMbX aBM+2 QT2M BMMQp�iBQM +�M +Qp2` � p�`B2iv Q7
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�+iBpBiB2b BM � T?�`K�+2miB+�H +QKT�MvǶb p�Hm2 +?�BM- r2 T`2pBQmbHv �`;m2/ 7Q` i?2 BKTH2K2M@
i�iBQM Q7 QT2M BMMQp�iBQM TH�i7Q`Kb BM i?2 /`m; /Bb+Qp2`v T?�b2X h?2`27Q`2- r2 rBHH BMp2biB;�i2
i?2 TH�i7Q`Kb i?�i 7Q+mb QM i?2 2�`Hv `2b2�`+? /`m; /2p2HQTK2MiX G�biHv- r2 rBHH /Bb+Qp2`
?Qr T�`iB+BT�Mib �++2bb 2�+? TH�i7Q`K- iQ 2M�#H2 mb iQ /Bb+mbb bQK2 Q7 i?2 HBKBi�iBQMb iQ i?2
QT2MM2bb- bQK2i?BM; i?�i +QmH/ #2 � ?m`/H2 �M/ T`2p2MiBM; T�`iB+BT�iBQMX
6`QK Qm` �M�HvbBb Q7 i?2 �p�BH�#H2 QT2M BMMQp�iBQM TH�i7Q`Kb- r2 7QmM/ i?`22 T?�`K�+2miB+�H
+QKT�MB2b i?�i �`2 /QBM; +QKTQmM/ bQm`+BM; i?`Qm;? QT2M BMMQp�iBQMX
q2 /2b+`B#2 2�+? Q7 i?Qb2 BM i?2 7QHHQrBM; bm#@b2+iBQMbX

:YSY9YS i@3 QU3N BNNRq�jCRN /an< /Cc,Rq3aw TI�j8RaL $w 2IC HCIIw
1HB GBHHv Bb � la #�b2/ T?�`K�+2miB+�H +QKT�Mv i?�i Bb r2HH FMQrM 7Q` i?2B` QT2M BMMQp�iBQM
TH�i7Q`K- i?2 PA..X 1HB GBHHv ?�b � 72r QT2M BMMQp�iBQM TH�i7Q`Kb 7Q` BM@bBHB+Q /2bB;M- �bb�v
/2p2HQTK2Mi �M/ 72r KQ`2- #mi BM i?Bb `2b2�`+? r2 rBHH 7Q+mb QM i?2 i?2B` a+`22MBM; QT2M BM@
MQp�iBQM TH�i7Q`K i?�i Qz2`b T�`iB+BT�Mib iQ i2bi i?2B` +QKTQmM/b BM 1HB GBHHvǶb BM@pBi`Q �bb�vbX

.m`BM; i?2 `2b2�`+? T2`BQ/ 1HB GBHHv /2+B/2/ iQ i2`KBM�i2 i?2B` QT2M BMMQp�iBQM T`Q;`�KX q2
�bF2/ i?2 1t2+miBp2 .B`2+iQ` Q7 PT2M AMMQp�iBQM .`m; .Bb+Qp2`v �i 1HB GBHHv iQ T�`iB+BT�i2 BM
Qm` bim/vX >Qr2p2`- b?2 `2bTQM/2/ i?�i b?2 +QmH/ MQi T�`iB+BT�i2 #mi ;�p2 mb bQK2 BMbB;?i
BMiQ i?2 `2�bQMb #2?BM/ i?2 +HQbm`2 Q7 1HB GBHHvǶb PA.. T`Q;`�KX a?2 r`Qi2, ǴXXi?2 PA..
T`Q;`�K ?�b `2+2MiHv #22M i2`KBM�i2/ iQ 7Q+mb Qm` 2zQ`ib QM T`Qb2+miBM; i?2 `2bmHiBM; TBT2HBM2
Q7 QTTQ`imMBiB2b BM ;`2�i2` /2i�BHǴ pB� GBMF2/ALX �b i?Bb QMHv p�;m2Hv 2tTH�BMb i?2 `2�bQMBM;
#2?BM/ i?2 i2`KBM�iBQM- Bi K�F2b mb +QM+Hm/2 i?�i RV i?2 T`Q;`�K ?�b bm++2bb7mHHv bQm`+2/
bQK2 #mbBM2bb QTTQ`imMBiB2b- BX2X /`m; +�M/B/�i2b- �M/ kV i?�i i?2v 2Bi?2` r2`2 Qp2`r?2HK2/
#v i?2b2 Q` i?2 +Qbi@#2M2}i r�b MQi QTiBK�HX >Qr2p2`- �b r2 r2`2 MQi �#H2 iQ ;2i �//BiBQM�H
+QKK2Mib- Bi `2K�BMb mM+2`i�BMX

�++Q`/BM; iQ *�``QH 2iX �HX i?2 T`Q;`�K ?�/ #22M � bm++2bb rBi? Qp2` 8yXyyy +QKTQmM/b i2bi2/
�M/ �#Qmi 8W Q7 i?Qb2 H2�/BM; iQ TQbBiBp2 `2bmHib (ed)X Ai Bb i?2`27Q`2 `�i?2` bm`T`BbBM; i?�i 1HB
GBHHv ?�p2 /2+B/2/ iQ +HQb2 /QrM i?2B` T`Q;`�KX J�Mv +QKT�MB2b- G1P #2BM; �KQM; i?2K-
mb2/ i?2 i2KTH�i2 1HB GBHHv +`2�i2/ iQ KQ/2H i?2B` QrM QT2M BMMQp�iBQM TH�i7Q`KbX q2 +�M
QMHv bT2+mH�i2 r?�i i?2 2z2+i QM 1HB GBHHvǶb PA.. ?�b #22M QM i?2B` TBT2HBM2 �M/ Bi `2K�BMb
iQ #2 7mHHv /Bb+HQb2/ BM i?2 +QKBM; v2�`bX

hQ ;2i �++2bb iQ 1HB GBHHvǶb PA.. TH�i7Q`K i?2 T�`iB+BT�Mi Kmbi 2bi�#HBb? BMbiBimiBQM �{HB�@
iBQM �M/ +`2�i2 �M �mi?Q`Bx2/ mb2` �++QmMiX �7i2` i?�i i?2 T�`iB+BT�Mi Kmbi bB;M � S`Q;`�K
�M/ J�i2`B�H h`�Mb72` �;`22K2Mi USJh�V i?�i +�M #2 7QmM/ QM i?2 PA.. r2#bBi2X "27Q`2
#2BM; �#H2 iQ mb2 1HB GBHHvǶb BM@pBi`Q �bb�vb- i?2 T�`iB+BT�Mi Kmbi bm#KBi +QKTQmM/ bi`m+im`2b-
i?`Qm;? i?2 PA.. TH�i7Q`K- iQ #2 �M�Hvx2/ BM � bi`m+im`2@#HBM/2/ 7�b?BQM- r?2`2 QMHv i?2
`2bmHib �M/ MQi i?2 �+im�H bi`m+im`2b #2+QK2 �p�BH�#H2 iQ 1HB GBHHvX 1HB GBHHv mb2b i?Bb BM@bBHB+Q
T`Q+2bb iQ /2i2`KBM2 B7 i?2 bi`m+im`2b �`2 �HB;M2/ rBi? bi`�i2;B+ �`2�b Q7 7Q+mbX PM+2 � bi`m+im`2
Bb /2i2`KBM2/ iQ #2 Q7 BMi2`2bi- 1HB GBHHv rBHH `mM i?2 +QKTQmM/b i?`Qm;? i?2B` BM@pBi`Q �bb�vbX
h?2 T�`iB+BT�Mib AS Bb T`Qi2+i2/ i?`Qm;? i?Bb T`Q+2bb �M/ �Mv `2bmHib �`2 i?2B`b iQ F22T �M/
Tm#HBb? (e3)X

1HB GBHHv r�b BM � ;`2�i TQbBiBQM �b � }`bi KQp2` BMiQ i?2 QT2M BMMQp�iBQM 7Q` /`m; /Bb+Qp2`v
�M/ i?2v ;�i?2`2/ � H�`;2 �KQmMi Q7 TQi2MiB�H i?2`�TB2b �b � `2bmHiX >Qr2p2`- i?2 T`Q;`�K
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r�b T`BK�`BHv ;2�`2/ iQr�`/b �+�/2KB+b #2+�mb2 i?2v ?�/ +2`i�BM HBKBi�iBQMb i?�i +QmH/ ?BM/2`
T�`iB+BT�iBQM 7`QK bi�`i@mTb �M/ aK�HH �M/ K2/BmK@bBx2/ 2Mi2`T`Bb2b UaJ1bVX h?2 K�BM +QM@
+2`M Bb i?2 M22/ 7Q` /Bb+HQbm`2 Q7 +?2KB+�H bi`m+im`2b 7Q` BM@bBHB+Q i2biBM; �b � b+`22MBM; T`Q+2bbX
h?2 b2+QM/ +QM+2`M r�b i?2 Ǵ}`bi `B;?i iQ M2;QiB�i2Ǵ +H�mb2 BM i?2B` T�`iB+BT�iBQM +QMi`�+ib
r?B+? biBTmH�i2/ i?�i 1HB GBHHv ?�/ i?2 2t+HmbBp2 `B;?ib iQ M2;QiB�i2 7Q` +QHH�#Q`�iBQM- mT iQ ey
/�vb �7i2` i?2 `2bmHib �`2 ;2M2`�i2/(e3)X

:YSY9Yl QU3N +RLURnN0 bRna,CN< $w K3a,GgKb/
J2`+F Bb � :2`K�M #�b2/ T?�`K�+2miB+�H +QKT�Mv i?�i ?Qbib �M QT2M BMMQp�iBQM TH�i7Q`K
+�HH2/ "BQT?�`K� PT2M AMMQp�iBQM SQ`i�H U"PASVX h?2 TH�i7Q`K Qz2`b � p�`B2iv Q7 QTiBQMb
bm+? �b AMMQp�iBQM *mT- aT22/ :`�Mi- PT2M G�#- "BQT?�`K� JBMB GB#`�`v- PT2M *QKTQmM/
aQm`+BM;- PT2M h�`;2i bQm`+BM;- �M/ PT2M �MiB#Q/v aQm`+BM;X Pm` BMi2`2bi Bb i?2 PT2M *QK@
TQmM/ aQm`+BM; �b Bi Bb i?2 `2H2p�Mi QT2M BMMQp�iBQM 7Q`K�i 7Q` i?Bb bim/vX

hQ ;2i �++2bb- T�`iB+BT�Mib Kmbi bB;M � ǴS�`iB+BT�iBQM �M/ J�i2`B�H amTTHv �;`22K2MiǴ US�Ja�V
r?B+? Bb MQi �p�BH�#H2 QM i?2B` r2#bBi2 �M/ Kmbi #2 `2[m2bi2/ i?`Qm;? �M 2K�BHX �Mv T�`iB+B@
T�Mi +�M bB;M mT- #mi Kmbi i?2M T`Qp2 i?2 H2;�H QrM2`b?BT Q7 �Mv K�i2`B�H i?2v BMi2M/ iQ i2bi-
`2bmHiBM; BM �{HB�iBQM rBi? �M BMbiBimiBQM #2BM; T`272``2/X J2`+F `2[mB`2b T�`iB+BT�Mib iQ b2M/
i?2B` +QKTQmM/ +?2KB+�H bi`m+im`2 7Q` BM@bBHB+Q i2biBM;X h?2 +QKTQmM/b �`2 �HbQ `2[mB`2/ iQ
?�p2 � +2`i�BM T`QT2`iv T`Q}H2 iQ #2 2HB;B#H2 7Q` bm#KBbbBQMX A7 � T�`iB+BT�MiǶb +QKTQmM/ Bb
+?Qb2M #�b2/ QM i?2 BM@bBHB+Q b+`22M Bi rBHH i?2M #2 BM+Hm/2/ BMiQ i?2 b+`22MBM; HB#`�`v 7Q` T?�`@
K�+2miB+�H �+iBpBiv i2biBM;X S�`iB+BT�Mib +�M #2 +QKT2Mb�i2/ Ryy 2m`Qb 7Q` 2�+? +QKTQmM/
i?�i Bb BM+Hm/2/ BM i?2 T?�`K�+2miB+�H �+iBpBiv i2biBM; �M/ mT iQ ky-yyy 2m`Qb 7Q` � ?Bi �M/ TQb@
bB#BHBiv Q7 7m`i?2` +QHH�#Q`�iBQMbX J2`+F rBHH MQi b?�`2 i?2 `2bmHi /�i� rBi? i?2 T�`iB+BT�Mi(eN)X

h?2 p�Hm2 J2`+F Bb T`2b2MiBM; rBi? Bib PT2M *QKTQmM/ aQm`+BM; Bb HBKBi2/ iQ +QKT2Mb�iBQMb
�M/ TQbbB#H2 +QHH�#Q`�iBQMX h?2v K�F2 MQ �ii2KTi iQ T`2b2Mi i?Bb �b ?�pBM; �Mv b+B2MiB}+ p�Hm2
7Q` T�`iB+BT�Mib �M/ rBi? i?2 ?B;? #�``B2`b Q7 2M;�;2K2Mi Bi rQmH/ #2 ?�`/ iQ +H�bbB7v i?Bb �b
�M QT2M TH�i7Q`KX AM � Mmib?2HH Bi Bb +H2�` i?�i J2`+F ?�b � [mBi2 HBKBi2/ QT2M BMMQp�iBQM
TH�i7Q`K r?2`2 T�`iB+BT�Mib Kmbi bm#KBi b2MbBiBp2 BM7Q`K�iBQM rBi? HBiiH2 iQ MQ `2im`M rBi?
bi`BM;2Mi i2`Kb �M/ +QKKBiK2MibX _�i?2` i?�M #2BM; QT2M- i?2 TH�i7Q`K +�M #2 +�i2;Q`Bx2/
�b � QM2@r�v +QHH�#Q`�iBQM rBi? TQbbB#H2 +QKT2Mb�iBQMX

:YSY9Yk M3s KRI3,nI3 TaR~ICN< $w �cja� x3N3,�
�bi`� w2M2+� ?�b �M QT2M BMMQp�iBQM TH�i7Q`K BM � p�`B2iv Q7 }2H/b- bm+? �b T`2+HBMB+�H- +HBM@
B+�H `2b2�`+? �M/ i�`;2i BMMQp�iBQMX q2 rBHH 7Q+mb QM i?2 L2r JQH2+mH2 S`Q}HBM; i?�i Qz2`b
T�`iB+BT�Mib � +?�M;2 iQ b+`22M i?2B` +QKTQmM/b BM `2H2p�Mi /Bb2�b2 #BQHQ;v �bb�vbX
hQ �++2bb i?2 L2r JQH2+mH2 S`Q}HBM; TH�i7Q`K- � T�`iB+BT�Mi Kmbi bm#KBi � KBMBKmK Q7 Ryy
KQH2+mH2 bi`m+im`2b iQ � i?B`/@T�`iv +?2KBM7Q`K�iB+b T`QpB/2` *?2K�tQMX h?2B` `2TQ`i rBHH
#2 b2Mi iQ i?2 T�`iB+BT�Mi �M/ �bi`� w2M2+�- �M/ 7`QK i?2`2 � +QKTQmM/ +�M #2 �++2Ti2/ BMiQ
�bi`� w2M2+�Ƕb >haX hQ ;2i � +QKTQmM/ iQ �bi`� w2M2+�Ƕb >ha � T�`iB+BT�Mi rBHH ?�p2 iQ
`2p2�H i?2B` +QKTQmM/ bi`m+im`2 �M/ bB;M �M Jh�X �Mv T�`iB+BT�Mi i?�i b2M/b � +QKTQmM/
iQ �bi`� w2M2+� rBHH `2i�BM bi`m+im`2 +QM}/2MiB�HBiv- /�i� ;2M2`�i2/ �M/ BMi2HH2+im�H T`QT2`iv
`B;?ibX q2 +�MMQi b22 B7 i?2`2 �`2 �Mv #mbBM2bb i2`Kb BM i?2 J�i2`B�H h`�Mb72` �;`22K2Mib
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UJh�V bBM+2 Bi Bb MQi �++2bbB#H2 i?`Qm;? i?2 �bi`� w2M2+� r2#bBi2 (dy)X

�bi`� w2M2+� �//b �M 2ti`� bi2T BM i?2B` QT2M BMMQp�iBQM TH�i7Q`K #v BMpQHpBM; � i?B`/@T�`iv
T`QpB/2` i?�i `2[mB`2b �Mv T�`iB+BT�Mi iQ bB;M � b2T�`�i2 H2;�H Q#HB;�iBQM rBi?X h?2 +?2KBM7Q`@
K�iB+ `2TQ`i T`QpB/2/ #v *?2K�tQM rBHH QMHv ;Bp2 #�bB+ BM7Q`K�iBQM �#Qmi i?2 +QKTQbBiBQM Q7
i?2 +?2KB+�H �M/ bQK2 TQbbB#H2 T?�`K�+2miB+�H T`QT2`iB2bX h?Bb �HbQ `2[mB`2b i?2 T�`iB+BT�Mi
iQ bm#KBi i?2B` +QKTQmM/ bi`m+im`2b iQ i?2 i?B`/@T�`iv r?B+? +QmH/ #2 � T`Q#H2K 7Q` bQK2
T2QTH2 #mi KB;?i �HbQ BM+`2�b2 T�`iB+BT�iBQM bBM+2 i?2v 2tTHB+BiHv bi�i2 i?�i i?2v rQMǶi b?�`2
i?2 bi`m+im`2b rBi? �bi`� w2M2+� �M/ i?2`2#v +`2�iBM; � #�``B2` #2ir22M i?2 T�`iB+BT�MiǶb BM@
7Q`K�iBQM �M/ �bi`� w2M2+�X �bi`� w2M2+� /Q2b BM7Q`K mb2`b �#Qmi i?2B` b+B2MiB}+ �`2�b Q7
7Q+mb- #mi i?2v /Q MQi b?�`2 r?�i BM@pBi`Q �bb�vb i?2v T2`7Q`K QM KQH2+mH2b b2Mi iQ i?2K
i?`Qm;? i?2 QT2M BMMQp�iBQMX �Mv Jh� K�/2 rBi? �bi`� w2M2+� Bb �HbQ b2Mi �7i2` i?2 }`bi
`2TQ`i 7`QK *?2K�tQM �M/ i?2`27Q`2 +�MMQi #2 �++2bb2/ i?`Qm;? i?2B` r2#bBi2X AM7Q`K�iBQM
�#Qmi #mbBM2bb +QKKBiK2Mib Bb MQi �p�BH�#H2 �M/ rQmH/ MQ`K�HHv #2 7QmM/ BM i?2 Jh� (dy)X

�7i2` ?�pBM; 2tTHQ`2/ ?Qr i?2 T?�`K�+2miB+�H BM/mbi`v +�M BM+Q`TQ`�i2 QT2M BMMQp�iBQM BMB@
iB�iBp2b- r2 MQr ?�p2 � +HQb2` HQQF �i Qm` +?Qb2M +�b2 bim/v- G1P S?�`K�Ƕb PT2M AMMQp�iBQM
SH�i7Q`KX
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Pm` +�b2 bim/v r�b G1P S?�`K� �M/ i?2B` QT2M BMMQp�iBQM TH�i7Q`K �b r2 +QMbB/2`2/ Bi iQ
#2 bmBi�#H2 �M/ � mMB[m2 �TT`Q�+?X AM �//BiBQM iQ i?Bb- r2 ?�/ i?2 TQbbB#BHBiv iQ #2 2K#2//2/
BMbB/2 i?2 PT2M AMMQp�iBQM /2T�`iK2Mi �i G1P S?�`K� r?B+? �HHQr2/ mb iQ Q#b2`p2 ?Qr i?2
T`Q;`�K QT2`�i2/ BMi2`M�HHv �M/ r?B+? /B{+mHiB2b +QmH/ �`Bb2 7`QK TQi2MiB�H T�`iB+BT�MibX q2
bi�`i2/ #v BMp2biB;�iBM; r?v G1P S?�`K� +?Qb2 iQ BMi`Q/m+2 �M PT2M AMMQp�iBQM TH�i7Q`K-
#v BMi2`pB2rBM; iQ LB+H�b LBHbbQM r?Q Bb- �b ?2 bi�i2/ ?BKb2H7- Ǵi?2 /`BpBM; 7Q`+2 �M/ /2bB;M2`
Q7 G1P S?�`K� PT2M AMMQp�iBQMǴ UAMi2`pB2r RVX >2 �HbQ ?�b i?2 iBiH2 >2�/ Q7 _�. PT2M
AMMQp�iBQMX LB+H�b Bb �TT�`2MiHv i?2 F2v /`Bp2` #2?BM/ i?2 T`Q;`�K �M/ Bb � T`QTQM2Mi Q7
PT2M AMMQp�iBQM BM i?2 T?�`K�+2miB+�H BM/mbi`vX >2 b22b � +H2�` `QH2 7Q` QT2M BMMQp�iBQM BM
i?2 T?�`K�+2miB+�H BM/mbi`v �M/ �ii`B#mi2b Bi iQ i?2 +?�M;BM; BMMQp�iBQM 2MpB`QMK2Mi �M/
+Q`TQ`�i2 7Q+mb Q7 T?�`K�+2miB+�H +QKT�MB2bX AM i?Bb b2+iBQM r2 rBHH 2tTHQ`2 ?Qr i?Bb TH�i7Q`K
Bb +?�M;BM; ?Qr G1P S?�`K� QT2`�i2b iQ ;2i �M BMbB;?i BM i?2 TH�i7Q`Kb BM+`2�bBM; bi`�i2;B+
BKTQ`i�M+2X

6`QK � G1P S?�`K� +2Mi`B+ bi�M/TQBMi- i?2v r2`2 p2`v BMi2`2bi2/ BM BMp2biB;�iBM; ?Qr iQ
�ii`�+i �M/ 2M;�;2 rBi? 2bT2+B�HHv la@#�b2/ T�`iB+BT�Mib iQ BM+`2�b2 i?2B` ;HQ#�H Qmi`2�+?X
h?2 G1P S?�`K� PT2M AMMQp�iBQM SH�i7Q`K ?�b #22M bm++2bb7mHHv BKTH2K2Mi2/ BM 1m`QT2
�M/ �HbQ ?�b � T`2b2M+2 BM C�T�MX >Qr2p2`- Bi ?�b v2i iQ #2 K�`F2i2/ BM i?2 la �M/ i?mb- ?�p2
?�/ 72r2` T�`iB+BT�Mib �b Bi ?�b MQi /QM2 �M Q{+B�H H�mM+? i?2`2X h?2`27Q`2- r2 mb2/ G1P
S?�`K� iQ 2p�Hm�i2 i?2B` �TT`Q�+? iQ QT2M BMMQp�iBQM TH�i7Q`Kb �M/ 2tT�MbBQM Q7 i?2K 7Q`
BM+`2�bBM; ;HQ#�H Qmi`2�+? Q7 2ti2`M�H BMMQp�iBQMbX

:YlYS H2Q T@�aL� c3Nc3c ,@�N<3c CN j@3 CNNRq�jCRN 3,Rcwcj3L
ǴAM i?2 M2�` 7mim`2 vQm rBHH b22 KQ`2 �M/ KQ`2 T?�`K�+2miB+�H +QKT�MB2b 7Q+mbBM;
QM i?2B` +Q`2 #mbBM2bb- �M/ i?�i Bb }M/BM; bQHmiBQMb 7Q` i?2 T�iB2MibǴ LB+H�b LBHbbQM

�b K2MiBQM2/ BM 2�`HB2` +?�Ti2`b- i?2 T?�`K�+2miB+�H 2�`Hv@bi�;2 `2b2�`+? Bb #2+QKBM; BM+`2�b@
BM;Hv /2+2Mi`�HBx2/X h?Bb �HQM; rBi? i?2 A/2�b 7�+iQ`v bi�i2 Q7 i?2 BMMQp�iBQM 2+Qbvbi2K ?�b H2/
K�Mv T?�`K�+2miB+�H +QKT�MB2b iQ +?�M;2 i?2B` 7Q+mbX hQ/�v- J�Mv T?�`K�+2miB+�H +QKT�@
MB2b +QK2 7`QK � bi`QM; b+B2M+2 Tmb?- K2�MBM; i?2v /2p2HQT KQH2+mH2b rBi? bT2+B}+ T`QT2`iB2b
�M/ i?2M 7QmM/ i?2 `2H2p�Mi /Bb2�b2b 7Q` i?Qb2 KQH2+mH2b �7i2`r�`/b UAMi2`pB2r RVX G1P S?�`K�
Bb �TT�`2MiHv #2iiBM; QM � TQi2MiB�H bTHBi BM i?2 T?�`K�+2miB+�H BM/mbi`v- r?2`2 bQK2 +QKT�@
MB2b +QMiBMm2 iQ 7QHHQr i?2 +H�bbB+ b+B2M+2 Tmb? KQ/2H r?BH2 Qi?2`b �`2 ;QBM; 7Q` � KQ`2 T�iB2Mi
7Q+mb2/ KQ/2HX

h?2 T�iB2Mi 7Q+mb2/ KQ/2H +�M /`�BM bQK2 `2bQm`+2b 7`QK i?2 #�bB+ b+B2M+2 M22/2/ iQ /2p2HQT
/`m; +�M/B/�i2b #mi � +QKT�Mv HBF2 G1P S?�`K� Bb biBHH � T?�`K�+2miB+�H K�Mm7�+im`2`- �M/
i?2B` `2p2Mm2 +QK2b 7`QK +QKK2`+B�HBx�iBQM Q7 K2/B+BM2X 6Q` G1P S?�`K�- #2+QKBM; KQ`2
T�iB2Mi 7Q+mb2/ ?�b H2/ i?2K iQ K�F2 +?�M;2b BM i?2B` +Q`TQ`�i2 +mHim`2 �M/ i?�i ?�b +?�M;2/
i?2 r�v i?2v �+[mB`2 BMMQp�iBQMX G1P S?�`K� bT2+B�HBx2b BM /2`K�iQHQ;v �M/ i?2`27Q`2 i?2B`
7Q+mb Bb QM T�iB2Mib rBi? bFBM +QM/BiBQMbX a�K2 T�ii2`M +�M #2 b22M rBi? K�Mv Qi?2` T?�`K�@
+2miB+�H K�Mm7�+im`2`b- BX2X #2+QKBM; KQ`2 bT2+B�HBx2/ �M/ 7Q+mbBM; QM K22iBM; i?2B` T�iB2Mi
M22/bX GmM/#2+F Bb �MQi?2` .�MBb? T?�`K�+2miB+�H +QKT�Mv i?�i Bb 7Q+mbBM; QM +2Mi`�H M2`@
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pQmb bvbi2K /Bb2�b2b �M/ LQpQ LQ`/BbF bT2+B�HBx2b BM K2i�#QHB+ /Bb2�b2b (dR- dk)X

h?Bb bT2+B�HBx�iBQM Bb `2~2+i2/ BM G1P S?�`K�Ƕb QT2M BMMQp�iBQM TH�i7Q`K #v Qz2`BM; �++2bb iQ
i?2B` �bb�vb i?�i �`2 mb2/ 7Q` /`m; /Bb+Qp2`v BM /2`K�iQHQ;vX LB+H�b QmiHBM2/ i?�i i?2 +QKT�Mv
B/2MiB}2/ i?2 M22/ iQ H2p2`�;2 2ti2`M�H +QKT2i2M+2 �M/ mbBM; i?2 QT2M BMMQp�iBQM TH�i7Q`K iQ
+H2�`Hv bi�i2 i?2 +QKT�Mv�b M22/b �M/ i?Bb Bb �HbQ i?2B` bi`2M;i? UAMi2`pB2r RVX G1P S?�`K�Ƕb
7Q+mb QM /2`K�iQHQ;v K2�Mb i?2v +�M +QM+2Mi`�i2 QM #2BM; i?2 K�`F2i H2�/2` BM i?�i �`2�X

:YlYl BLUI3L3Nj�jCRN R8 QU3N BNNRq�jCRN �N0 +@�N<3 R8
+RaURa�j3 KCN0c3j

ǴA rQmH/ b�v QT2M BMMQp�iBQM ?�b TH�v2/ � `QH2 BM i`�Mb7Q`KBM; i?2 Q`;�MBx�iBQM
iQr�`/b #2BM; KQ`2 i`�MbT�`2MiǴ LB+H�b LBHbbQMX

h?2 M22/ iQ H2p2`�;2 2ti2`M�H BMMQp�iBQM +�K2 rBi? � M22/ iQ +?�M;2 i?2 +Q`TQ`�i2 KBM/b2iX
Ai Bb /B{+mHi iQ b�v rBi? +2`i�BMiv i?�i QT2M BMMQp�iBQM Bb i?2 +�mb2 Q` i?2 2z2+i Q7 +?�M;BM;
+Q`TQ`�i2 KBM/b2i #mi Bi b22Kb i?�i i?2`2 Bb � bvM2`;vX qBi? G1P TQbBiBQMBM; Bib2H7 �b �M
QT2M +QKT�Mv i?2 +Q`TQ`�i2 �M/ b+B2MiB}+ +mHim`2 ?�b +?�M;2/ iQ #2BM; KQ`2 Qmir�`/ b22FBM;X
6BM/BM; 2ti2`M�H ?2HT Bb �Hr�vb �KQM; i?2 }`bi TQbbB#BHBiB2b +QMbB/2`2/ �M/ MQi Dmbi � H�bi
`2bQ`iX h?Bb FBM/ Q7 KBM/b2i- BM i?2Q`v- rBHH �HHQr G1P S?�`K� iQ 2z2+iBp2Hv }M/ bQHmiBQMb
iQ T`Q#H2Kb �M/ rBi? i?2 QT2M BMMQp�iBQM TH�i7Q`K- iQ [mB+FHv }M/ 2ti2`M�H T�`iM2`b BM /`m;
/2p2HQTK2Mi UAMi2`pB2r RVX

AM ;2M2`�H- 7`QK LB+H�bǶ bi�M/TQBMi �M/ QTBMBQM- G1P S?�`K�Ƕb +mHim`2 ?�b #2+QK2 Km+? KQ`2
QT2M iQ 2ti2`M�H T�`iM2`b?BTb �M/ +QHH�#Q`�iBQMb r?B+? ?�b 2bT2+B�HHv #22M b22M BM `2b2�`+?
T�`iM2`b?BTbX h?Bb i`�MbBiBQM ?�b ?�TT2M2/ �b � `2bmHi Q7 G1P S?�`K� +?�M;BM; Bib +Q`TQ`�i2
KBM/b2i `�i?2` i?�M ?�pBM; Dmbi BKTH2K2Mi2/ �M QT2M BMMQp�iBQM TH�i7Q`KX >Qr2p2`- ?2
#2HB2p2b i?�i Bi ?�b #22M � DQBMi /2p2HQTK2Mi Ǵi?2`2 r�b � +H2�` bi�i2K2Mi �b � +Q`TQ`�i2
bi`�i2;v i?�i r�b Ǵr2 M22/ iQ H2p2`�;2 2ti2`M�H +QKT2i2M+2Ǵ XXX �b � bi`�i2;B+ ;Q�H XXX i?2M
QT2M BMMQp�iBQM +�K2 �b � i�+iB+�H BKTH2K2Mi�iBQM iQ `2�+? i?�i ;Q�HǴ UAMi2`pB2r RVX �b i?2
bF2TiB+BbK +�M #2 ?B;? iQr�`/b QT2M BMMQp�iBQM- Bi b22Kb i?�i i?2v ?�p2 bm++2bb7mHHv /B`2+i2/
i?2 +QKT�MvǶb Qp2`�HH +mHim`2 iQr�`/b #2BM; KQ`2 QT2M �M/ i`�MbT�`2Mi r?2`2 QT2M BMMQp�iBQM-
�++Q`/BM; iQ LB+H�b- ?�b TH�v2/ � `QH2 BM i?Bb i`�Mb7Q`K�iBQM Q7 i?2 Q`;�MBx�iBQMX

:YlYlYS QU3N BNNRq�jCRN bn,,3cc +aCj3aC�
>Qr iQ K2�bm`2 i?2 bm++2bb Q7 i?2 QT2M BMMQp�iBQM TH�i7Q`K �i G1P S?�`K� Bb MQi �M 2�bv
Q` bi`�B;?i 7Q`r�`/ T`Q+2bbX GBF2 rBi? bMvi?BM; BM 2�`Hv /`m; /Bb+Qp2`v i?2 �ii`BiBQM `�i2 Bb
p2`v ?B;? �M/ rBi? � TH�i7Q`K i?�i Bb `2H�iBp2Hv vQmM;- MQ /2}MBiBp2 +QKK2`+B�H bm++2bb +�M #2
K2�bm`2/X h?2 QT2M BMMQp�iBQM TH�i7Q`K �i G1P S?�`K� Bb BMi2`M�HHv /22K2/ iQ #2 bm++2bb@
7mH �M/ rBHH #2 2tT�M/2/ BM i?2 +QKBM; v2�`bX >Qr2p2`- Bi H�+Fb #�bB+ K2�bm`2K2Mib Q7 bm+?
bm++2bb �M/ �++Q`/BM;Hv ?�b #22M T`QTQb2/ BMi2`M�HHv iQ BKTH2K2Mi F2v T2`7Q`K�M+2 BM/B+�@
iQ`b UESAV iQ K2�bm`2 i?2 bm++2bb Q7 i?2 TH�i7Q`KX �++Q`/BM; iQ LB+H�b- � F2v bm++2bb +`Bi2`B�
Bb 2M;�;2K2Mi- i?2 KQ`2 T�`iB+BT�Mib i?2 #2ii2`X h?2`27Q`2- � ESA i?�i i`�+Fb ?Qr K�Mv
bB;M@mTb G1P S?�`K� `2+2Bp2b 7Q` i?2B` QT2M BMMQp�iBQM TH�i7Q`K +QmH/ #2 mb2/ iQ /2i2`KBM2
T�`iB+BT�iBQM `�i2X �++Q`/BM; iQ LB+H�b- i?2 `�i2 Q7 T�`iB+BT�iBQM Bb BM+`2�bBM; rBi? �#Qmi ky
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T�`iB+BT�Mib T2` v2�` �b Q7 kyR3 rBi? � iQi�H Q7 3y T�`iM2`b r?Q ?�b bB;M2/ mT �M/ /2HBp2` i?2B`
KQH2+mH2b UAMi2`pB2r RVX AM �M BM/mbi`v rBi? bm+? ?B;? �ii`BiBQM `�i2b i?2 K�i? Bb bBKTH2- i?2
KQ`2 T�`iB+BT�iBQM vQm ;2i- i?2 KQ`2 HBF2Hv vQm �`2 iQ ;2i � ?BiX LQi �HH ?Bib 2M/ mT #2BM;
+HBMB+�HHv `2H2p�Mi #mi �b LB+H�b Tmi Bi ǴuQm rQmH/ MQi ?�p2 #mbBM2bb bm++2bb mMH2bb vQm ?�p2
2M;�;2K2Mi- #mi vQm +�M ?�p2 2M;�;2K2Mi rBi?Qmi ?�pBM; #mbBM2bb bm++2bbǴ UAMi2`pB2r RVX
lbm�HHv 7Q` QT2M BMMQp�iBQM TH�i7Q`Kb BM ;2M2`�H- i?2 mHiBK�i2 ;Q�H Bb iQ ?�p2 � bm{+B2Mi BM@
~Qr �M/ Qmi~Qr Q7 BMMQp�iBQMbX 6Q` G1P S?�`K�- Bi ?�b #22M BM+`2/B#Hv p�Hm�#H2 BM `2;�`/ iQ
#`�M/BM; i?2 +QKT�Mv �b Ǵi?2 #`�M/BM; p�Hm2 ?�b #22M 2p2M KQ`2 p�Hm�#H2 i?�M ;2iiBM; i?BM;b
BMiQ i?2 TBT2HBM2Ǵ UAMi2`pB2r RVX

�b 7Q` i?2 bQm`+BM; Q7 2ti2`M�H BMMQp�iBQMb 7Q` i?2 BMi2`M�H TBT2HBM2- G1P S?�`K� ?�b b2p2`�H
2t�KTH2b Q7 +QKTQmM/b i?�i r2Mi BMiQ 7m`i?2` 2p�Hm�iBQM- 2X;X T�`iM2`b?BT Q` #mbBM2bb /2p2HQT@
K2Mi QTTQ`imMBiB2bX >Qr2p2`- bQK2 Q7 i?2b2 i?�i r2Mi 7m`i?2` r2`2 2p�Hm�i2/ #v G1P S?�`K�
�M/ +?Qb2M MQi iQ T`Q;`2bb BMiQ i?2B` TBT2HBM2- r?BH2 i?2 /�i� `2K�BM2/ 7`22 iQ mb2 7Q` ;QBM;
2Hb2r?2`2X h?Bb Bb �++Q`/BM; iQ LB+H�b Bb bm++2bb BM Bib2H7- Bi K2�Mb i?�i i?2 QT2M BMMQp�iBQM
TH�i7Q`K rQ`Fb �b BMi2M/2/ �M/ i?2 Qmi+QK2 Q7 i?2 KQH2+mH2b i2bi2/ ?�b #22M +QM+Hm/2/X
h?2 K�BM ESA Bb 2M;�;2K2Mi �M/ T�`iB+BT�iBQM �M/ r2 rBHH i?2`27Q`2 HQQF BMiQ ?Qr G1P
S?�`K� �ii`�+ib T�`iB+BT�Mib �M/ ?Qr i?2v BMi2M/ iQ BM+`2�b2 2M;�;2K2Mi rBi? i?2 ;HQ#�H
BMMQp�iBQM 2+Qbvbi2KX

:YlYlYl Qnja3�,@ R8 2uj3aN�I BNNRq�jCRNc j@aRn<@ j@3 QU3N BNNRq�jCRN TI�j8RaL

qBi? 2M;�;2K2Mi #2BM; � K�DQ` T2`7Q`K�M+2 BM/B+�iQ` BM G1P S?�`K�Ƕb QT2M BMMQp�iBQM-
Bi Bb MQ bm`T`Bb2 i?�i [mBi2 bQK2 2zQ`ib ;Q BMiQ �ii`�+iBM; T�`iB+BT�MibX 6Q` G1P S?�`K�-
bm#bi�MiB�H +QHH�#Q`�iBQM ?�TT2Mb BM i?2B` HQ+�H 2MpB`QMK2Mi- #2BM; bBim�i2/ BM i?2 J2/B+QM
o�HH2v- #mi Bi Bb BKTQ`i�Mi 7Q` QT2M BMMQp�iBQMb bm++2bb iQ ;2i 2M;�;2K2Mi 7`QK T�`iM2`b �HH
Qp2` i?2 rQ`H/X G1P S?�`K� b22b BM+`2�b2/ 2M;�;2K2Mi BM �`2�b r?2`2 i?2v ?�p2 �+iBp2Hv
#22M �/p2`iBbBM; i?2B` TH�i7Q`K- 2X;X BM C�T�M �7i2` �M Q{+B�H QT2M BMMQp�iBQM H�mM+? i?2`2
UAMi2`pB2r RVX q?�i ?�b rQ`F2/ #2bi 7Q` i?2K BM 1m`QT2 ?�b #22M +QM72`2M+2b �M/ i?`Qm;?
Qi?2` rQ`/@Q7@KQmi? `2H�iBQMb?BTb i?2v ?�p2 BM 1m`QT2X

�HB;MBM; +mbiQK2` M22/b iQ i?2 p�Hm2 Q7 � TH�i7Q`K +�M #2 � +?�HH2M;BM; T`QTQbBiBQMX 1bT2+B�HHv
r?2M vQm �`2 b2HHBM; i?2 b�K2 T`Q/m+i BM /Bz2`2Mi K�`F2ibX h?Bb Bb 2t�+iHv r?�i G1P S?�`K�
Bb i`vBM; iQ /Q rBi? BiǶb QT2M BMMQp�iBQM TH�i7Q`KX q2 mb2 i?2B` TH�i7Q`K �b �M 2t�KTH2 BM
Qm` `2b2�`+? �b i?2B` TH�i7Q`K r�b Q`B;BM�HHv ;2�`2/ iQr�`/b 1m`QT2 �M/ r2 �bF Qm` la@#�b2/
TQi2MiB�H T�`iB+BT�Mib r?�i i?2v rQmH/ HBF2 iQ b22 7`QK bm+? � TH�i7Q`KX h?2 KBbK�i+? BM i?2B`
�HB;MK2Mi rBHH ;Bp2 mb i?2 BM7Q`K�iBQM M22/2/ iQ b22 B7 bm+? � TH�i7Q`K +�M rQ`F QM � ;HQ#�H
b+�H2X

:YlYk 2{Rajc jR 2uU�N0 j@3 H2Q T@�aL� QU3N BNNRq�jCRN TI�j8RaL
Ǵh?2 QT2M BMMQp�iBQM TH�i7Q`K b?QmH/ �bbBbi G1P `2b2�`+? BM 2bi�#HBb?BM; � T`2b@
2M+2 BM i?2 laX aQ r2 rQmH/ HBF2 iQ K�F2 bm`2 i?�i i?2 TH�i7Q`K Bb ;2�`2/ iQ 2M;�;2
la T�`iB+BT�Mib- #Qi? #BQi2+?b �M/ mMBp2`bBiB2bX �M/ r2 �HbQ rQmH/ HBF2 iQ 2tT�M/
iQ Qi?2` �bB�M `2;BQMb- bm+? �b EQ`2� �M/ *?BM�XǴ UAMi2`pB2r RV
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hQ mM/2`bi�M/ ?Qr G1P S?�`K� BMi2M/b iQ 2tT�M/ i?2 `2�+? Q7 i?2B` QT2M BMMQp�iBQM TH�i7Q`K
r2 rBHH HQQF �i i?2 +Q`2 7�+iQ`b ;Qp2`MBM; ?Qr T�`iB+BT�Mib +?QQb2 iQ T�`iB+BT�i2X q2 ?�p2
B/2MiB}2/ irQ K�BM p�`B�#H2b i?�i G1P mb2b iQ �ii`�+i T�`iB+BT�Mibc i?2 p�Hm2 7Q` T�`iB+BT�Mib-
�M/ i?2 #�``B2`b Q7 2Mi`vX

:YlYkYS p�In3 +a3�jCRN 8Ra T�ajC,CU�Njc

PM2 Q7 i?2 KQbi BKTQ`i�Mi �bT2+ib Q7 i?2 QT2M BMMQp�iBQM TH�i7Q`K �i G1P S?�`K� Bb i?2
+`2�iBQM �M/ /2HBp2`v Q7 p�Hm2 iQ T�`iB+BT�MibX h?2 K�BM /`BpBM; 7Q`+2 #2ir22M BM+`2�bBM; 2M@
;�;2K2Mi Bb 2z2+iBp2Hv +QKKmMB+�iBM; i?Bb p�Hm2 iQ TQi2MiB�H T�`iB+BT�MibX aQ- r?�i /Q2b G1P
S?�`K� b22 �b i?2B` K�BM b2HHBM; TQBMi 7Q` i?2 QT2M BMMQp�iBQM TH�i7Q`K\ q?v b?QmH/ �MvQM2
rBb? iQ T�`iB+BT�i2 BM i?Bb TH�i7Q`K\

�++Q`/BM; iQ LB+H�b- i?2 TH�i7Q`K Qz2`b T�`iB+BT�Mib �++2bb iQ i2bi i?2B` KQH2+mH2b BM � bT2+B�H@
Bx2/ �bb�vb BM /`m; /Bb+Qp2`v 7Q` 7`22 �M/ rBi? MQ bi`BM;b �ii�+?2/X G1P S?�`K� Bb FMQrM
BM i?2 }2H/ Q7 /2`K�iQHQ;v �M/ i?2 `2Tmi�iBQM Q7 i?2 +QKT�Mv Bb BKT2++�#H2 r?B+? +`2�i2b �
HQi Q7 p�Hm2 7Q` T�`iB+BT�Mib r?2M i?2v �`2 Qz2`2/ 7`22 �++2bb iQ i?2b2 ?B;?Hv bT2+B�HBx2/ �M/
`2HB�#H2 �bb�vb i?�i G1P S?�`K� mb2b BM i?2B` /`m; /Bb+Qp2`v (jk)X h?2 �bb�vb Qz2`2/ #v G1P
S?�`K� �`2 #2HB2p2/ iQ #2 mMB[m2 �M/ bQK2 Q7 i?2K bT2+B�HBx2/ iQ /2`K�iQHQ;v �`2 MQi +QM@
bB/2`2/ iQ #2 �p�BH�#H2 b Qz@i?2@b?2H7 b2`pB+2b �i *_Pb- �++Q`/BM; iQ LB+H�b- Ǵq2 Qz2` mMB[m2
�bb�vb i?�i vQm +�MMQi }M/ 2�bBHv Qi?2`rBb2Ǵ UAMi2`pB2r RVX h?2 +H2�` p�Hm2 Q7 G1P S?�`K�Ƕb
�TT`Q�+? Bb i?�i vQm +�M ;2i �Mv KQH2+mH2 i2bi2/- 2p2M QM2b i?�i �`2 MQi T�i2Mi2/ Q` ?�p2 MQi
T`2pBQmbHv b?QrM �Mv bB;MB}+�Mi `2bmHibX AM �//BiBQM iQ i?Bb- Bi Bb mbm�HHv � bi`2MmQmb T`Q+2bb
iQ ;2i 7mM/BM; �M/ }M/ � T�`iM2`- Q` �b LB+H�b Tmi Bi ǴB7 vQm ;Q iQ T?�`K� +QKT�MB2b �M/ b�v
ǴA ?�p2 i?Bb `2�HHv 2�`Hv KQH2+mH2Ǵ- i?2v rBHH b�v Ǵr2HH- +QK2 #�+F r?2M vQm ?�p2 � +HBMB+�H
+�M/B/�i2Ǵ UAMi2`pB2r RVX G1P S?�`K� rBHH `2Hv QM � irQ@r�v i`mbiBM; `2H�iBQMb?BT- K2�MBM;
i?�i G1P S?�`K� rBHH `2Hv QM i?2 T�`iB+BT�Mib iQ +QK2 iQ i?2K rBi? `2H2p�Mi KQH2+mH2b 7Q`
i2biBM;X h?2 i`mbi Bb #�b2/ QM G1P S?�`K� #2BM; i`�MbT�`2Mi �M/ QT2M- bQ i?2 T�`iB+BT�Mi
mM/2`bi�M/b i?2B` b+B2MiB}+ TH�i7Q`K T`BQ` iQ 2M;�;BM;X h?mb- i?2 T�`iB+BT�Mib rBHH MQi r�bi2
i?2B` `2bQm`+2b QM bm#KBiiBM; bQK2i?BM; i?�i Bb MQi `2H2p�Mi r?B+? BM im`M rBHH �HbQ b�p2 G1P
S?�`K�Ƕb `2bQm`+2bX h?2 i`mbi 2bi�#HBb?2/ `2bmHib BM �M 2{+B2Mi T`Q+2bb r?2`2 G1P S?�`K�
mb2b i`�MbT�`2M+v �M/ QT2MM2bb iQ �pQB/ r�biBM; `2bQm`+2b Q` �b LB+H�b Tmi Bi Ǵi?2 /QQ`b �`2
QT2M- vQm +�M +QK2 BM ?2`2Ǵ UAMi2`pB2r RVX

AM �//BiBQM iQ i?Bb- G1P S?�`K� 2Mbm`2b i?�i T�`iB+BT�Mib �`2 +QM}/2Mi BM bm#KBiiBM; i?2B`
KQH2+mH2b +QM}/2MiB�HHvX �b i?2 QrM2`b?BT �M/ AS `2K�BMb rBi? i?2 T�`iB+BT�Mib r?Q �HbQ ?�p2
i?2 7mHH `B;?i iQ TQi2MiB�H TQbBiBp2 `2bmHib i?�i i?2 QT2M BMMQp�iBQM TH�i7Q`K KB;?i ;2M2`�i2X
:2iiBM; �HH i?2 `2bmHib #�+F 7`QK bT2+B�HBx2/ �bb�vb �M/ BMi2`T`2i2/ #v G1P b+B2MiBbib Bb Q7
bB;MB}+�Mi p�Hm2 #Qi? `2;�`/BM; i?2 TQbbB#BHBiv 7Q` +QHH�#Q`�iBQM �M/ b+B2MiB}+ p�Hm2 B7 T�`iB+B@
T�Mib r�Mi iQ Tm#HBb? i?2B` `2bmHibX 6m`i?2`KQ`2- i?2`2 �`2 MQ #mbBM2bb +QKKBiK2Mib �ii�+?2/-
K2�MBM; i?�i i?2 T�`iB+BT�Mi +�M 7`22Hv +?QQb2 r?QK iQ +QHH�#Q`�i2 rBi? �7i2`r�`/bX

.2bTBi2 i?2 +H2�` p�Hm2 7`QK i?2 QT2M BMMQp�iBQM TH�i7Q`K- i?2`2 �`2 MmK2`Qmb #�``B2`b Q7 2Mi`v
i?�i +�M #2 /Bb+mbb2/X G1P S?�`K� ?�b �ii2KTi2/ iQ HQr2` i?2b2 #�``B2`b Q7 2Mi`v �b Km+?
�b TQbbB#H2 iQ ;�BM �++2bb iQ 2p2M KQ`2 T�`iB+BT�MibX AM i?2 M2ti bm#@b2+iBQM- r2 rBHH 7Q+mb QM
i?Bb pBi�H �bT2+iX

Peter Mouritzen
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h?2 /2bB;M Q7 i?2 G1P S?�`K� PT2M AMMQp�iBQM SH�i7Q`K ?�b #22M bi22`2/ iQr�`/b QT2MM2bb
�M/ i`�MbT�`2M+v iQ BM+`2�b2 i`mbi �M/ HQr2` i?2 #�``B2`b Q7 2Mi`v 7Q` T�`iB+BT�Mib �M/ T�`iM2`bX
h?2 HQr2`BM; Q` `2KQp�H Q7 i?2b2 #�``B2`b ?�p2 K�BMHv 7Q+mb2/ QM iBK2 �M/ +Qbi- 2X;X /B`2+i
+Qbi ?�b #22M 2HBKBM�i2/ �b i?2 #�bB+ b2`pB+2 Bb T`QpB/2/ �i MQ +Qbi iQ i?2 T�`iB+BT�MibX AM
�//BiBQM iQ i?Bb- b2p2`�H BM/B`2+i +Qbib ?�p2 #22M �//`2bb2/ �M/ 2HBKBM�i2/X

q?2 � TH�i7Q`Kb T`QpB/2b i2biBM; r?B+? Bb 7`22 Q7 +?�`;2 �M/ rBi? MQ #mbBM2bb +QKKBiK2Mib
Q` bi`BM;b �ii�+?2/- � HQi Q7 bF2TiB+BbK +�M Q++m`X >Qr2p2`- G1P S?�`K� ?�b 2Mbm`2/ i?�i
i?2 T�`iB+BT�Mib �`2 7`22 iQ /Q r?�i i?2v r�Mi rBi? i?2 /�i� ;2M2`�i2/ �M/ F22T i?2B` AS +QM@
}/2MiB�H r?BH2 `2i�BMBM; 7mHH QrM2`b?BT Q7 i?2B` BMMQp�iBQMbX AM �//BiBQM iQ i?Bb- G1P S?�`K�
/Q2b MQi r�Mi iQ FMQr r?B+? +QKTQmM/b i?2v `2+2Bp2 �b i?Bb F22Tb �M 2p2M ?B;?2` H2p2H Q7
+QM}/2MiB�HBivX lHiBK�i2Hv- Bi �HH +QK2b /QrM iQ i?2 +QMi`�+ib �M/ LB+H�b K2MiBQMb i?�i i?2
+QMi`�+i Bb /2bB;M2/ 7`QK �M QmibB/2@BM T2`bT2+iBp2 XXX r2 �`2 MQi i`vBM; iQ T`Qi2+i Qm`b2Hp2b Q`
K�F2 i?2 #mbBM2bb #2 Qm`bǴ UAMi2`pB2r RVX h?2 mMB[m2 G1P S?�`K� �TT`Q�+? #2+QK2b +H2�`
iQ T�`iB+BT�Mib BM i?2 7Q`K Q7 i?2 +QMi`�+i /`�7iX G�biHv- Bi ?�b #22M `2TQ`i2/ i?�i T�`iB+BT�Mib
?�p2 7QmM/ G1P S?�`K� iQ #2 KQ`2 i`mbirQ`i?v #2+�mb2 Bi Bb T`Bp�i2Hv@?2H/ #v � 7QmM/�iBQMX

�+�/2KB+b �M/ bi�`i@mTb �`2 MQ`K�HHv MQi BM � TQbBiBQM 7Q` HQM; /`�rM Qmi M2;QiB�iBQMb bQ i?2
T`Q+2bb Q7 T�`iB+BT�iBM; Kmbi #2 2�bv �M/ bBKTH2X LB+H�b ?�b K�/2 bQK2 +?�M;2b iQ i?2 TH�i@
7Q`K iQ K�F2 i?Bb T`Q+2bb KQ`2 �++2bbB#H2 7Q` KQ`2 TQi2MiB�H T�`iB+BT�Mib- bm+? �b `2KQpBM;
�Mv Ƕ}`bi `B;?i iQ M2;QiB�i2Ƕ +H�mb2 BM i?2 T�`iB+BT�iBQM �;`22K2MibX "v K�FBM; i?2 T`Q+2bb
7`QK bi�`i iQ }MBb? +QKTH2i2Hv i`�MbT�`2Mi �M/ �++2bbB#H2 QM i?2 G1P S?�`K� r2#bBi2 �HHQrb
T�`iB+BT�Mib iQ FMQr 2t�+iHv r?�i M22/b iQ #2 /QM2 BM Q`/2` iQ T�`iB+BT�i2X Pi?2` T?�`K�+2m@
iB+�H +QKT�MB2b ?�p2 MQi �/QTi2/ i?2b2 T`�+iB+2b �b /B`2+iHv �b G1P S?�`K� ?�b /QM2 Bi- �b
+�M #2 b22M BM h�#H2 9XRX

G1P S?�`K� ?�b K�Mv T�`iB+BT�Mib 7`QK QmibB/2 1m`QT2 �M/ i?2B` H�mM+? Q7 i?2 TH�i7Q`K BM
C�T�M ?�b #22M bm++2bb7mHX q?2M �bF2/- LB+H�b bi�i2/ i?�i i?2 K�BM +QM+2`Mb 7Q` T2QTH2 Qmi@
bB/2 Q7 1m`QT2 Bb HQ;BbiB+b- #mi Qi?2`rBb2 Qi?2` +QM+2`Mb r2`2 /Bz2`2Mi QM � +�b2 iQ +�b2 #�bBbX
h?2 HQ;BbiB+b BMpQHp2/ BM bm+? � TH�i7Q`K K�BMHv BMpQHp2 ?Qr iQ i`�Mb72` KQH2+mH2b b�72Hv 7`QK
i?2 T�`iB+BT�Mi iQ G1P S?�`K� BM .2MK�`FX 6Q` MQr- G1P b2M/b i?2 T�`iB+BT�Mib pB�Hb #mi
i?2 T�`iB+BT�Mib ?�p2 iQ `2im`M i?2K #�+F iQ G1P S?�`K�X GQ;BbiB+�H T`Q#H2Kb +�M bi2K 7`QK
i?2 +Qbi Q7 b2M/BM;- /B{+mHi T�T2`rQ`F �i #Q�`/2`b- +mbiQK /2+H�`�iBQM Q` �Mv Qi?2` 7�+iQ`
i?�i rQmH/ BM+`2�b2 +Qbi Q` #2 iBK2 +QMbmKBM;X GQ;BbiB+b 7Q` T�`iB+BT�Mib +�M #2 � T`Q#H2K-
#mi G1P #2HB2p2b i?2 p�Hm2 i?2v /2HBp2` Bb Km+? ;`2�i2` i?�M i?�i +Qbi Q7 HQ;BbiB+bX Pi?2`
?m`/H2b BM+Hm/2 2X;X QrM2`b?BT Q7 AS- +QMi`�+ib �M/ i`mbi- �M/ ?Qr i?2 +QKTQmM/b �`2 i2bi2/X
h?mb- i?2`2 �`2 MQi iQQ K�Mv +QM+`2i2 T`Q#H2Kb i?�i ?�p2 +QK2 mT `2;mH�`Hv 2MQm;? 7Q` G1P
S?�`K� iQ MQiB+2 � T�ii2`MX

AM bmKK�`v- G1P S?�`K� ?�b �++QKTHBb?2/ iQ BKTH2K2Mi �M QT2M BMMQp�iBQM bi`�i2;v i?�i Bb
2tT�M/BM; 2p2`v v2�`X h?2v ?�p2 i`B2/ iQ �//`2bb i?2 KQbi T`2bbBM; #�``B2`b Q7 2Mi`v iQ �HHQr
KQ`2 T�`iB+BT�Mib iQ 2Mi2` i?2B` QT2M BMMQp�iBQM TH�i7Q`KX >Qr2p2`- i?2`2 Bb �Hr�vb `QQK 7Q`
BKT`Qp2K2Mi- /Bz2`2Mi T�`iB+BT�Mib r�Mi /Bz2`2Mi i?BM;bX am#b2[m2MiHv- Bi Bb BKTQ`i�Mi iQ
KQMBiQ` i?2 K�`F2iTH�+2 �M/ F22T Bi2`�iBM; �M/ QTiBKBxBM; i?2 TH�i7Q`KX
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q2 B/2MiB}2/ � 72r �bT2+ib i?�i �`2 BKTQ`i�Mi BM i?2 2v2b Q7 i?2 T�`iB+BT�Mib #�b2/ QM Qm`
+�b2 bim/vX h?2b2 BM+Hm/2 Bbbm2b rBi? b?BTTBM;- BKTQ`i�M+2 Q7 i?2 b+B2MiB}+ /2i�BH �M/ �bb�vb-
i?2 i`mbi #2ir22M T`QpB/2` �M/ T�`iB+BT�Mi- �M/ i?2 TQi2MiB�H #mbBM2bb Qmi+QK2 i?�i +�M Q++m`
i?`Qm;? T�`iB+BT�iBQMX

AM i?2 M2ti b2+iBQM r2 rBHH �M�Hvx2 i?2 QTBMBQMb Q7 Qm` BMi2`pB2r22b �M/ �//`2bb �Mv ?m`/H2b
i?2v b22 �b T`Q#H2K�iB+ BM QT2`�iBM; �M QT2M BMMQp�iBQM TH�i7Q`K BMi2`M�iBQM�HHvX

:Yk BNj3aqC3s �N�IwcCc
h?2 BMi2`pB2r T�`iB+BT�Mib r2`2 7`QK #BQi2+? +QKT�MB2b- �HH Q7 r?B+? BM i?2 2�`Hv@bi�;2 /2p2H@
QTK2Mi �M/ BM i?2 7Q`K Q7 bi�`i@mT +QKT�MB2bX PM2 T`2pBQmb T�`iB+BT�Mi- �HbQ 7`QK � #BQi2+?
bi�`imT- T`QpB/2/ mb rBi? BMbB;?i TQbi@T�`iB+BT�iBQM QM i?2 G1P S?�`K� PT2M AMMQp�iBQM
TH�i7Q`KX �//BiBQM�HHv- r2 BMi2`pB2r2/ QM2 TQi2MiB�H T�`iB+BT�Mi 7`QK �+�/2KB� �M/ �MQi?2`
�+�/2KB+ r?Q r�b `2bTQMbB#H2 7Q` 2bi�#HBb?BM; �M QT2M `2b2�`+? +QKKmMBiv 7Q` bTBM@Qmib �M/
bi�`imTb �i J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v UJAhVX

h?2 T`BK�`v /�i� r�b +QHH2+i2/ BM i?2 7Q`K Q7 b2KB@bi`m+im`2/ BMi2`pB2rb i?�i r2`2 +QM/m+i2/
QM bBi2 BM "QbiQM- J�bb�+?mb2iib- la�X �//BiBQM�HHv- r2 Q`;�MBx2/ � i2H2+QM72`2M+2 iQ +QHH2+i
T`BK�`v /�i� 7`QK �MQi?2` `2;BQM Q7 i?2 la- i?2 aBHB+QM o�HH2v Q` a�M 6`�M+Bb+Q "�v �`2� QM
i?2 2�bi +Q�bi BM *�HB7Q`MB�- laX h?2 �TT`Q�+? Q7 ?�pBM; T�`iB+BT�Mib 7`QK irQ b2T�`�i2 `2;BQMb-
QM2 QM i?2 2�bi +Q�bi �M/ i?2 Qi?2` QM i?2 r2bi +Q�bi T`QpB/2/ mb rBi? p�Hm�#H2 BMbB;?i BMiQ
i?2 #BQi2+? 2+Qbvbi2K BM i?2 la BM ;2M2`�HX >Qr2p2`- r2 /B/ MQi MQiB+2 �Mv #�bB+ /Bz2`2M+2
BM i?2 pB2rb Q7 i?2 irQ ;`QmTb- bBKTHv #2+�mb2 i?2 BM/mbi`v ?�b #2+QK2 ;HQ#�H �M/ HQ+�iBQM Bb
Q7 MQ T�`iB+mH�` BKTQ`i�M+2X

Pm` �M�HvbBb Bb #�b2/ QM i?2 T2`+2TiBQM Q7 QT2M BMMQp�iBQM TH�i7Q`Kb #v TQi2MiB�H T�`iB+B@
T�MibX q2 +QM+Hm/2 i?�i i?2 +QHH2+iBQM Q7 bm+? bm#D2+iBp2 BM7Q`K�iBQM KB;?i #2 �M BKTQ`i�Mi
+QMi`B#miBQM iQ 2bi�#HBb? FMQrH2/;2 Q7 QT2M BMMQp�iBQM- bBKTHv #2+�mb2 r2 �`2 MQi �r�`2 Q7
�Mv T`2pBQmb [m�HBi�iBp2 `2b2�`+? bim/B2b 7Q+mbBM; QM QT2M BMMQp�iBQM TH�i7Q`K #v BMi2`�+iBM;
/B`2+iHv rBi? TQi2MiB�H T�`iB+BT�MibX q2 ?QT2 i?�i i?Bb �HbQ T`QpB/2b +QKT�MB2b- bm+? �b G1P
S?�`K�- rBi? BMbB;?i BMiQ ?Qr iQ �ii`�+i �M/ 2M;�;2 rBi? TQi2MiB�H T�`iB+BT�Mib i?�i �`2 #�b2/
BM i?2 la- r?B+? Bb B7 T`BK�`v BMi2`2bi iQ i?2KX h?Bb ;Bp2b Qm` bim/v �M BKTQ`i�Mi- T`�+iB+�H
�M;H2X

:YkYS /�j� q�In3 q3aC~,�jCRN
AM i?2 }`bi T�`i Q7 Qm` �M�HvbBb- r2 �/pQ+�i2/ 7Q` � #mbBM2bb KQ/2H +�Mp�b 7Q` b2HHBM; i?2 QT2M
BMMQp�iBQM TH�i7Q`K- BX2X r?v Bb Bi p�Hm�#H2 �M/ ?Qr iQ b2i Bi mT Ua2+iBQM 9XRXRVX hQ p�HB/�i2
bQK2 Q7 Qm` `2~2+iBQMb- BM T�`iB+mH�` i?2 p�Hm2 T`QTQbBiBQMb- r2 mb2 i?2 /�i� +QHH2+i2/ 7`QK
BMi2`pB2rb rBi? TQi2MiB�H T�`iB+BT�Mib iQ b22 B7 i?2 B/2MiB}2/ p�Hm2 7`QK i?2 #mbBM2bb KQ/2H
+�Mp�b �M/ Qm` +�b2 bim/v Bb i?2 b�K2 �b i?2 T2`+2Bp2/ p�Hm2 7Q` TQi2MiB�H T�`iB+BT�MibX
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h?2 7QHHQrBM; b2+iBQM mb2b Qm` +QHH2+i2/ T`BK�`v /�i� iQ 2Hm+B/�i2 �M �Mbr2` Q7 Qm` bm#@`2b2�`+?
[m2biBQM- Ǵ?Qr /Q2b QT2M BMMQp�iBQM TH�i7Q`Kb T`QpB/2 p�Hm2 iQ i?2B` T�`iB+BT�Mib\ǴX h?Bb �
T�`iB+mH�`Hv BKTQ`i�Mi [m2biBQM �b �M QT2M BMMQp�iBQM TH�i7Q`K bi�M/b �M/ 7�HHb #�b2/ QM i?2
�KQmMi Q7 2M;�;2K2Mi- K2�MBM; i?�i MQ 2ti2`M�H BMMQp�iBQMb +�M #2 bQm`+2/ B7 MQ QM2 Bb rBHHBM;
iQ bm#KBi �M/ T�`iB+BT�i2 BM i?2 TH�i7Q`KX

:YkYl +RLUI3L3Nj�aw �cc3jc �N0 �UUaRUaC�$CICjw
hQ mM/2`bi�M/ i?2 M22/b Q7 TQi2MiB�H T�`iB+BT�Mib r2 i`B2/ iQ 2bi�#HBb? i?2B` T2`+2Bp2/ M22/
7Q` �++2bbBM; +QKTH2K2Mi�`v �bb2ib iQ +QKK2`+B�HBx2 i?2B` BMp2MiBQMbX AM i�#H2 9Xk- r2 b22 ?Qr
K�Mv Q7 i?2 BMi2`pB2r22b 2tT`2bb2/ i?Bb T�`iB+mH�` M22/ 7Q` +QHH�#Q`�iBQMX

AM i?2 2�`Hv bi�;2b Q7 i?2 BMi2`pB2rb r2 i`B2/ iQ 2bi�#HBb? i?2 BMi2`pB2r22b T2`+2TiBQM Q7 i?2
M22/ iQ T�`iM2` rBi? 2ti2`M�H Q`;�MBx�iBQMb 7Q` /2p2HQTK2Mi �M/ +QKK2`+B�HBx�iBQMX h?Bb M22/
+�M #2 /BpB/2/ BMiQ k +�i2;Q`B2b-�V M22/ iQ �++2bb +�TBi�H- �M/ #V M22/ iQ �++2bb FMQrH2/;2X
PM2 BMi2`pB2r22 UAMi2`pB2r k i�#H2 9XkV 2tTH�BM2/ i?�i rBi? i?2 ?B;? �KQmMi Q7 +�TBi�H BM@
p2biK2Mib #2BM; K�/2 BM bi�`i@mTb- i?2`2 Bb � TQbbB#BHBiv 7Q` bQK2 Q7 i?2K iQ +QKK2`+B�HBx2 �
T`Q/m+i #v i?2Kb2Hp2b- #mi BM KQbi +�b2b- bK�HH BMbiBimiBQMb M22/ iQ }M/ � T�`iM2` �i bQK2
TQBMiX h?Bb M22/ 7Q` +QHH�#Q`�iBQMb 7Q` +QKK2`+B�HBx�iBQM Bb QM T�` rBi? i?2 ǶA/2� 6�+iQ`vǶ
b+2M�`BQ /Bb+mbb2/ BM +?�Ti2` kX8X

AM �//BiBQM iQ i?2 �#Qp2- �++2bb iQ bT2+B�HBx2/ FMQrH2/;2 �M/ +�T�#BHBiB2b `2bB/BM; BM H�`;2`
T?�`K�+2miB+�H +QKT�MB2b r�b +QMbB/2`2/ iQ #2 ?B;?Hv p�Hm�#H2X h?2 +QKK2`+B�HBx�iBQM �M/
/`m; /2p2HQTK2Mi T`Q+2bb `2[mB`2b FMQrH2/;2 rBi?BM *J* �M/ K�Mm7�+im`BM;- `2;mH�iQ`v
�z�B`b- +HBMB+�H /2p2HQTK2Mi 2i+X- �HH Q7 r?B+? Bb 2tT2MbBp2 iQ �+[mB`2 BM bK�HH +QKT�MB2b 2Bi?2`
i?`Qm;? *_Pb Q` ?B`BM; M2r �M/ 2tT2`B2M+2/ 2KTHQv22bX �Mv ?Qbi Q7 QT2M BMMQp�iBQM M22/b
iQ +H2�`Hv bB;M�H i?2b2 +�T�#BHBiB2b Q7 +�TBi�H �M/ FMQrH2/;2 iQ �ii`�+i T�`iB+BT�Mib iQ i?2B`
TH�i7Q`KbX *QMb2[m2MiHv- T�`iB+BT�Mib Kmbi T2`+2Bp2 i?2 +QKT�Mv �b �M �ii`�+iBp2 QTiBQM 7Q`
+QHH�#Q`�iBQMX Ai r�b +H2�` i?�i Bi Bb TBpQi�H iQ ?�p2 �++2bb iQ +QKTH2K2Mi�`v �bb2ib `2bB/BM;
BM H�`;2` +QKT�MB2b BM Q`/2` iQ bm++2bb7mHHv �TT`QT`B�i2 i?2 p�Hm2 Q7 �M BMMQp�iBQMX



e: +RNj3Njc

h�#H2 9Xk, h?2K2, *QKTH2K2Mi�`v �bb2ib
hQ i?2 2ti2Mi BMi2`pB2r22 722H i?2 M22/ iQ ;2i �++2bb iQ +QKTH2K2Mi�`v �bb2ib 7Q` +QKK2`+B�H@
Bx�iBQM

AMi2`pB2r AMi2`pB2r [mQi2b

AMi2`pB2r k Ǵ"2+�mb2 B7 A i?BMF �#Qmi � #BQi2+? +QKT�Mv- i?2 �p2`�;2 b2`B2b � �KQmMi i?�i
i?2v �`2 `�BbBM; MQr�/�vb Bb �`QmM/ 0ey KBHHBQM r?B+? Bb BM~�i2/XXXvQm /QMǶi
M22/ � bi`�i2;B+ +QKT�Mv QM i?2 QmibB/2 rQ`H/ iQ +QK2 BM �M/ 7mM/ vQm- bQ
vQm FMQr B7 p2Mim`2 /QHH�`b �`2 #B; 2MQm;?- i?�i rBHH rQ`F 7Q` +QKT�MB2b i?�i
?�p2 p2`v bi`QM; 7QmM/2`b- rQ`H/@`2MQrM2/ /2`K�iQHQ;Bbib BM vQm` +�b2XǴ

AMi2`pB2r j Ǵ*2`i�BMHv �b � vQmM; bi�`imT- � bK�HH bi�`imT rBi? � HBKBi2/ #m/;2i- r2 �`2
HQQFBM; �i � #BHHBQM /QHH�`b iQ #`BM; � T`Q/m+i iQ K�`F2iX q2 +2`i�BMHv b22 i?2
`2�HBiv Q7 � HB+2MbBM; Q` T�`iM2`b?BT 7Q` i?2 /2p2HQTK2Mi Q7 i?2 /`m;XǴ

AMi2`pB2r 9 ǴA i?BMF 7Q` bK�HH bi�`i@mTb �M/ 7Q` M2r+QK2`b iQ i?2 }2H/- Bi Bb +H2�` BM Kv
QTBMBQM iQ ?�p2 2ti2`M�H +QHH�#Q`�iBQMb iQ ?2HT vQm rBi? i?2 H�bi T�`i Q7 i?2
T`Q+2bbXXX �HbQ r?2M vQm bi�`i iQ ;Q BMiQ i?2 KQ`2 /2p2HQTK2Mi T�`i Q7 i?2b2
T`Q/m+ib- bQK2 Q7 i?2 2tT2`B2M+2 i?�i vQm +�M i�T mTQM BM i?2b2 #B; +QMbQ`@
iBmK Q` bQK2i?BM; HBF2 i?�i Bb [mBi2 p�Hm�#H2 7Q` #`BM;BM; (T?�`K�+2miB+�Hb) iQ
K�`F2iX aQ A i?BMF i?�iǶb �M �/p�Mi�;2- 2bT2+B�HHv r?2M vQm �`2 bK�HHXǴ

ǴA/2�HHv vQm r�Mi iQ F22T �b Km+? BMi2`M�HHv- #2+�mb2 i?2M vQm +�M K�F2 Km+?
KQ`2 KQM2vX "mi QM i?2 Qi?2` ?�M/- vQm H�+F bQK2 2tT2`B2M+2 �M/ Bi KB;?i �+@
im�HHv #2 KQ`2 2tT2MbBp2 iQ #`BM; bQK2i?BM; iQ K�`F2i B7 vQm /QMǶi +QHH�#Q`�i2
rBi? T2QTH2 i?�i �+im�HHv ?�p2 i?2 2tT2`B2M+2 iQ /Q BiXǴ

AMi2`pB2r 8 ǴaQ +H2�`Hv i?2 KQ/2H 7Q` T?�`K� ?�b brBi+?2/ iQ r?2`2 KQbi Q7 i?2 _�. Bb
?�TT2MBM; QmibB/2 i?2 Q`;�MBx�iBQMX AM i?�i b2Mb2 i?2`2 Bb � ?m;2 bi`�i2;B+
M22/ iQ #mBH/ i?Qb2 `2H�iBQMb?BTb �M/ F22T �M 2v2 QM 2p2`vi?BM; i?�iǶb ;QBM;
QM QmibB/2 i?2 +QKT�MvXǴ

ǴaQ H2iǶb b�v i?2 �+�/2KB+b ?�p2 � M2r +?2KBbi`v TH�i7Q`K- #mi i?2M i?2v M22/
i?2 /`m; /2p2HQTK2Mi 2tT2`iBb2 Q7 � T?�`K� +QKT�Mv iQ ?2HT i?2K B/2MiB7v
?Bib Q` i?2M ;Q ?Bi iQ H2�/XǴ

ǴhvTB+�HHv- bi�`i@mTbXXX r?�i i?2v M22/ ?2HT rBi? Bb i?2 ?Bi iQ H2�/ rQ`FX aQ
K2/B+BM�H +?2KBbi`v �M/ �HH i?2 �bbQ+B�i2/ �bb�vb i?2`2- bvMi?2bBxBM; M2r b2`B2b
Q7 +QKTQmM/b- i2biBM; i?2K 7Q` iQtB+Biv �M/ #BQ@�p�BH�#BHBiv �M/ �HH i?2b2 Qi?2`
FBM/b Q7 Bbbm2b i?�i +QK2 mT r?2M vQm i`v iQ /2p2HQT bK�HH KQH2+mH2bX h?�iǶb
i?2 i?BM; r?2`2 T?�`K� +QKT�MB2b ?�p2 H�`;2 i2�Kb i?�i ?�p2 HQib Q7 2tT2`B2M+2
r?2`2 bi�`i@mTb /QMǶiXǴ

AMi2`pB2r e ǴA /QMǶi i?BMF r2 rQmH/ 2p2M i`v iQ H�mM+? �Mvi?BM; Qm`b2Hp2b- r2 rQmH/ 2Bi?2`
?�p2 iQ T�`iM2` rBi? Qi?2`b Q` i`v iQ bTBM Bi QmiXǴ

AMi2`pB2r d Ǵ"2+�mb2 Q7i2M i?2`2 �`2 i2bib i?�i vQm Qi?2`rBb2 rQmH/ MQi /Q- #2+�mb2 vQm
?�p2 HBKBi2/ KQM2v �M/ vQm i`v iQ bi�v 7Q+mb2/ �M/ vQm /QMǶi i?BMF �#Qmi Qi?2`
�bT2+ib i?�i +QmH/ #2- TQi2MiB�HHv- KQ`2 p�Hm�#H2 Q` KQ`2 ?2HT7mH iQ T�iB2Mib
/QrM i?2 `Q�/X "mi bK�HH +QKT�MB2b �`2 MQi HBF2Hv iQ K�F2 i?�i BMp2biK2Mi B7
Bi +Qbi 0ky@jy i?Qmb�M/- i?2v �`2 ;QMM� b�v 7Q`;2i Bi- Bi Bb MQi rQ`i? BiXǴ

Peter Mouritzen
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:YkYlYS 7a33AR8A,@�a<3. `3j�CN BT`c �N0 �,,3cc jR �cc�wc
q?�i BMi2`pB2r22b rQmH/ p�Hm2 BM bm+? � TH�i7Q`K r�b QM2 Q7 i?2 +Q`2 [m2biBQMb Q7 i?Bb `2b2�`+?X
lM/2`bi�M/BM; i?2 KBM/b2i �M/ M22/b Q7 2Mi`2T`2M2m`b Bb 2bb2MiB�H 7Q` +`2�iBM; �M/ /2HBp2`BM;
p�Hm2X h?Bb p�Hm2 Kmbi 2t+22/ i?2 +Qbi Q7 bm+? � i`�Mb�+iBQM �M/ 7mM+iBQM �b i?2 K�BM /`BpBM;
7Q`+2 #2?BM/ �M QT2M BMMQp�iBQM TH�i7Q`KX

q2 mb2/ i?2 G1P S?�`K� QT2M BMMQp�iBQM TH�i7Q`K �b � i2KTH�i2 7Q` QT2M BMMQp�iBQMX _2@
;�`/BM; i?Bb TH�i7Q`K- T�`iB+BT�Mib �TT�`2MiHv p�Hm2/ i?�i i?2b2 �bb�vb r2`2 ?B;?Hv bT2+B�HBx2/
�M/ `mM #v b+B2MiBbi rBi? 2tT2`iBb2 BM }2H/b r?2`2 i?2v ?�p2 HBKBi2/ FMQrH2/;2X h?Bb 7�+i r�b
�HbQ mM/2`HBM2/ r?2M K�FBM; � +QKT�`BbQM Q7 G1P S?�`K�Ƕb QT2M BMMQp�iBQM TH�i7Q`K iQ �
*_P- �b FMQrBM; i?�i G1P S?�`K� ?�/ bT2+B�HBx�iBQM K�/2 Bi KQ`2 �ii`�+iBp2 i?�M T�vBM;
7Q` *_Pb iQ /Q i?2 rQ`FX
AM i�#H2 9Xj r2 b22 bQK2 [mQi2b 7`QK i?2 BMi2`pB2rb BM `2bT2+i iQ r?�i BMi2`pB2r22b rQmH/ p�Hm2
BM �M QT2M BMMQp�iBQM TH�i7Q`K �M/ r?�i 7�+iQ`b ;Qp2`M i?2B` 2tT2+i�iBQMb 7`QK T�`iB+BT�iBQMX

h?2`2 r�b � #Bi Q7 � /BpB/2 BM i?2 pB2rb Q7 i?2 T�`iB+BT�Mib r?2M Bi +�K2 iQ i2biBM; i?2B`
+Q`2 T`Q/m+ibX AM i?2 +�b2 Q7 bi�`i@mTb- i?2B` +Q`2 T`Q/m+ib KB;?i �H`2�/v ?�p2 bQK2 i2bi2/
+HBMB+�H bB;MB}+�M+2X h?Bb rQmH/ K2�M i?�i i?2 bi�`i@mTb �H`2�/v ?�/ 7mM/BM; iQ BMp2biB;�i2
7m`i?2` TQbbB#BHBiB2b 7Q` +QKK2`+B�HBx�iBQM �M/ mMH2bb i?�i +Q`2 T`Q/m+i KB;?i �HB;M2/ rBi? i?2
TH�i7Q`K ?Qbi M22/b- i?2M T�`iB+BT�iBM; BM QT2M BMMQp�iBQM rQmH/ MQi #2 �M 2t+BiBM; T`QbT2+iX
>Qr2p2`- BM i?2 /2p2HQTK2Mi T`Q+2bb- � bi�`i@mT KB;?i K�F2 K�Mv KQH2+mH2b i?�i KB;?i ?�p2
#BQHQ;B+�H �+iBpBivX 6Q` i?2b2 KQH2+mH2b- Q` MQM@+Q`2 T`Q/m+ib- i?2 bi�`i@mT rQmH/ #2 KQ`2
rBHHBM; iQ T�`iB+BT�i2 B7 i?2 +Qbi �M/ i?2 2Mi`v #�``B2`b r2`2 HQrX �+�/2KB+b- QM i?2 Qi?2`
?�M/- rQmH/ T`Q#�#Hv #2 KQ`2 rBHHBM; iQ i2bi i?2B` +Q`2 T`Q/m+ibX *Q`2 T`Q/m+ib BM i?2B` +�b2
KB;?i #2 KQH2+mH2b BM /2p2HQTK2Mi 7Q` +2`i�BM i�`;2ib Q` 7Q` i?2B` TQbbB#H2 #BQHQ;B+ �+iBpBivX
h?Bb T`Q#H2K rBi? i2biBM; +Q`2 T`Q/m+ib +�M #2+QK2 � #HBM/@bTQi 7Q` QT2M BMMQp�iBQM B7 /QM2
BM BbQH�iBQM �M/ MQi � T�`i Q7 � bi`�i2;B+ BMMQp�iBQM b+QmiBM; 2zQ`iX h?2 +QM+2Ti Q7 K�Mv QT2M
BMMQp�iBQM TH�i7Q`Kb Bb i?�i K�Mv Q7 i?2b2 MQM@+Q`2 +QKTQmM/b �`2 M2p2` i2bi2/ BM � #BQHQ;B+�H
b2iiBM; �M/ i?2`27Q`- i?2`2 KB;?i #2 � ?m;2 HB#`�`v Q7 +QKTQmM/b r?B+? +QmH/ ?�p2 p�Hm2- #mi
�`2 bimz2/ �r�v- M2p2` iQ #2 mb2/X
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h�#H2 9Xj, h?2K2, o�Hm2 Q7 PT2M AMMQp�iBQM
hQ i?2 2ti2Mi BMi2`pB2r22b T2`+2Bp2 i?2 p�Hm2 +`2�i2/ 7Q` i?2K #v QT2M BMMQp�iBQM �M/ i?2
7�+iQ`b i?�i BM~m2M+2 i?2K

AMi2`pB2r AMi2`pB2r [mQi2b

AMi2`pB2r k ǴXXX +QKT�MB2b �Hr�vb p�Hm2 bi`�i2;B+ FMQrH2/;2 XXX i?2v Ubi�`imTbV /QMǶi ?�p2
;QQ/ Z* XXX h?2v Ubi�`imTbV �`2 `2�HHv i2``B#H2 �#Qmi i?BMFBM; �#Qmi +Qbi XXX
i?BM;b HBF2 i?�i- bi�M/�`/Bx�iBQM �M/ Q`;�MBx�iBQM- i?2 i?BM;b i?�i #B; +QKT�@
MB2b �`2 `2�HHv ;QQ/ �iXǴ

AMi2`pB2r j ǳA i?BMF i?�i Q` 7Q` mb- A K2�M Q#pBQmbHv iBK2 �M/ +Qbi Bb �Hr�vb BKTQ`i�Mi #mi
7Q` mb i?2 #2bi �bb�v Bb i?2 QM2 i?�i ;Bp2b mb i?2 KQbi BM7Q`K�iBQMX h?2 `2�bQM
7Q` i?�i Bb i?�i i?2 mT7`QMi +Qbi Q7 i?Bb FBM/ Q7 i2biBM; Bb �Hr�vb ;QBM; iQ #2
Q`/2`b Q7 K�;MBim/2 H2bb i?�M i?2 +Qbi Q7 i2biBM; BM H�i2` T?�b2bX aQ Bi Bb Km+?
#2ii2` iQ bT2M/ mT7`QMi iQ /BbT`Qp2 bQK2i?BM; i?�i vQm �`2 ?QH/BM; Qmi ?QT2
rBHH rQ`FX h?2 KQM2v bT2Mi MQr Bb rQ`i? Km+? KQ`2XǴ

ǴJv BMBiB�H i?Qm;?ib 7Q` i?�i i?Bb +QmH/ #2 p2`v ;QQ/ 2bT2+B�HHv 7Q` ǴMQM@+Q`2Ǵ
i2+?MQHQ;B2b- /Q2b i?�i K�F2 b2Mb2\ aQ r2 ?�p2 � TH�i7Q`K HBF2 Qm`b- r2 ?�p2
� MmK#2` Q7 BM/B+�iBQMb �M/ � MmK#2` Q7 i?2`�T2miB+b i?�i r2 r�Mi i2bi2/- A
i?BMF i?�i A rQmH/ M2p2` +QMbB/2` KQpBM; QM2 Q7 Kv +Q`2 +�M/B/�i2b 7Q`r�`/
BM � r�v HBF2 i?BbXǴ

AMi2`pB2r 9 ǳq?2M vQm bi�`i iQ /Q i?2b2 2tT2`BK2Mib Bi +�M #2+QK2 2ti`2K2Hv 2tT2MbBp2
�HH i?2 r�v r?2M vQm ;Q BMiQ +HBMB+�H i`B�HbXǴ

ǳ"mi QM i?2 Qi?2` ?�M/- vQm H�+F bQK2 2tT2`B2M+2 �M/ Bi KB;?i �+im�HHv #2 KQ`2
2tT2MbBp2 iQ #`BM; bQK2i?BM; iQ K�`F2i B7 vQm /QMǶi +QHH�#Q`�i2 rBi? T2QTH2
i?�i �+im�HHv ?�p2 i?2 2tT2`B2M+2 iQ /Q BiXǴ

ǳA i?BMF i?�i BM Qm` +�b2- r?�i r2 rQmH/ HBF2 iQ /Q Bb �+im�HHv iQ 2M;�;2 rBi?
2tT2`ib rBi?BM i?2 }2H/b r?2`2 r2 �`2 MQi 2tT2`ibǴ

AMi2`pB2r 8 ǳA i?BMF Bi /2T2M/b #mi i?Bb Bb i?2 }`bi iBK2 AǶp2 ?2�`/ r?2`2 vQm �+im�HHv ;Bp2
mT MQi?BM;X A i?BMF i?�i rQmH/ #2 2ti`2K2Hv �ii`�+iBp2XǴ

ǳ?Qr /Q A BMi2`T`2i i?2 /�i� B7 A /QMǶi FMQr r?�i i?2 �bb�v Bb\ aQ Bi ?�b iQ #2
p2`v i`�MbT�`2Mi rBi? i?2 �bb�vb- #mi i?2 i?BM; Bb i?�i `2b2�`+?2`b BM i?2 }2H/
rBHH FMQr B7 i?Bb Bb � p2`v /B{+mHi �bb�v iQ `mM- i?�i `2[mB`2b � HQi Q7 +�`27mH
�ii2MiBQM iQ i?2 /2i�BHb Q7 ?Qr i?2 �bb�vb �`2 T2`7Q`K2/ r?B+? Bb bQK2i?BM;
i?�iǶb ?B;?Hv +QKKQ/BiBx2/Ǵ

AMi2`pB2r e ǴA rQmH/ �HbQ +QMbB/2` Bi �b Bi Bb �HbQ �M 2ti2M/ BMiQ � /Bz2`2Mi bT�+2 i?�M r2
�`2 ivTB+�HHv 2p�Hm�iBM;XǴ

AMi2`pB2r d ǴXXX QT2M BMMQp�iBQM- r2 /B/ i?2 Qz2` iQ /Q bQK2 Q7 i?2b2 i2bib �i MQ +QbiX aQ
i?�i r�b � ?m;2 #2M2}i- �M/ vQm FMQr r?2i?2` i?2 +QHH�#Q`�iBQM 7QHHQrb Q` MQi
XXX vQm ;2i bQK2 `2�/ QM vQm` +QKTQmM/b BM i?Qb2 T�`iB+mH�` �bb�vbǴ

Peter Mouritzen
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h?2 7�+iQ`b ;Qp2`MBM; T�`iB+BT�iBQM BM QT2M BMMQp�iBQM Bb Q7i2M /`Bp2M #v i?2 TQi2MiB�H p�Hm2
+`2�i2/ #v TQbBiBp2 `2bmHibX hQ K�Mv- i?Bb Bb i?2 T�vQz i?�i +QK2b �7i2` `2bmHib 7`QK i?2 QT2M
BMMQp�iBQM TH�i7Q`KbX AM i?2 BMi2`pB2rb i?2`2 r�b � bm#iH2 /Bz2`2M+2 BM r?�i BMi2`pB2r22b
+QMbB/2`2/ i?2 KQbi BKTQ`i�Mi �p2Mm2 7Q` bm+? � T�vQzX h?2 T�vQz +QmH/ #2 /BpB/2/ BMiQ
irQ +�i2;Q`B2b- �V b+B2MiB}+ �M/ #V 7mim`2 QTTQ`imMBiB2bX h?2 b+B2MiB}+ T�vQz Bb bi`�B;?i 7Q`@
r�`/- ;2iiBM; i?2 /�i� 7Q` Tm#HB+�iBQM- Q` BMi2`�+iBM; rBi? 2tT2`ib rBi?BM bT2+B}+ }2H/b Ǵh?2
T�vK2Mi Bb i?`Qm;? /�i� i?�i i?2v i?2M +�M b?�`2 rBi? BMp2biQ`b r?2M i?2v �`2 7mM/`�BbBM;Ǵ
UAMi2`pB2r jVX h?2 7mim`2 QTTQ`imMBiB2b ?Qr2p2`- +�M +QK2 BM � p�`B2iv Q7 i2`Kb- bm+? �b /B@
`2+i BMp2biK2Mi- DQBMi@p2Mim`2 Q` Qmi@HB+2MbBM; �;`22K2MibX aQK2 TH�i7Q`Kb- 2X;X J2`+Fb PT2M
*QKTQmM/ aQm`+BM;- ?�p2 }t2/ +QKT2Mb�iBQM TH�Mb 7Q` �Mv ?Bi BM i?2B` �bb�vb #mi i?2v rBHH
MQi b?�`2 i?2 /�i� ;2M2`�i2/ rBi? T�`iB+BT�Mib(eN)X �HH i?2 BMi2`pB2r22b 72Hi i?2v M22/2/ bQK2
T�i?r�vb �p�BH�#H2 iQ i?2K �7i2` i?2B` �bb�v i2biBM; r?B+? KB;?i #2+QK2 �M BKTQ`i�Mi 7�+iQ`
r?2M i`vBM; iQ �ii`�+i T�`iB+BT�MibX >Qr2p2`- rBi? 72r +QM+`2i2 `2bmHib +QKBM; Qmi Q7 QT2M
BMMQp�iBQM TH�i7Q`Kb Bi KB;?i #2 /B{+mHi 7Q` +QKT�MB2b iQ 7QHHQr bm+? � `Q�/@K�TX

6`QK i?2 BMi2`pB2rb- r2 +QM+Hm/2 i?�i QT2M BMMQp�iBQM- bm+? �b Bi Bb �i G1P S?�`K�- rBHH
#`BM; T2QTH2 +HQb2` iQ TQi2MiB�H +QHH�#Q`�iQ`bX hQ K�F2 QT2M BMMQp�iBQM �M �ii`�+iBp2 QTiBQM
i?2 ?Qbi Q7 bm+? � TH�i7Q`K Kmbi 2Mbm`2 i?�i i?2 �bb�vb QM Qz2` �`2 bT2+B�HBx2/ �M/ ?�`/ iQ
BKBi�i2X PT2MBM; � /B�HQ; rBi? 2tT2`ib BM i?2 }2H/ �M/ ;2iiBM; 722/#�+F 7`QK i?2K Bb �HbQ F2v
p�Hm2 /`Bp2` 7Q` TQi2MiB�H T�`iB+BT�MibX

6BM�HHv- i?2 �++2bb iQ �bb�vb i?�i i?2 T�`iB+BT�Mib rQmH/ MQi Qi?2`rBb2 ?�p2 �++2bb iQ r�b ?B;?Hv
p�Hm�#H2 7Q` i?2KX 1�+? H�#Q`�iQ`v �M/ `2b2�`+? ;`QmT +�M QMHv 7Q+mb QM bQ K�Mv /Bz2`2Mi
i?BM;b �M/ i?2 +�TBi�H +�M QMHv #mv � }MBi2 �KQmMi Q7 2[mBTK2MiX h?2`27Q`2- �HH BMi2`pB2r22b
7QmM/ i?2 QT2M BMMQp�iBQM TH�i7Q`K iQ #2 p�Hm�#H2 7Q` �++2bbBM; �bb�vb i?�i i?2v /Q MQi ?�p2
�p�BH�#H2X

:YkYk #�aaC3ac R8 2Njaw
AM i?2 7QHHQrBM; bm#@b2+iBQMb- r2 rBHH T`2b2Mi Qm` �M�HvbBb �M/ B/2MiB}+�iBQM Q7 i?2 KQbi Q#bi`m+@
iBp2 #�``B2`b Q7 2Mi`v 7Q` T�`iB+BT�Mib r�MiBM; iQ BMi2`�+i rBi? �M QT2M BMMQp�iBQM TH�i7Q`KX
q2 B/2MiB}2/ i?`22 T`BK�`v #�``B2`b Q7 2Mi`vc i?2 �ii`�+iBQM #�``B2`- i`mbi #�``B2` �M/ BMi2`�+@
iBQM #�``B2`X h?2b2 r2`2 #�b2/ QM i?2 BMi2`T`2i�iBQM Q7 i?2 `2bTQMb2b �M/ `2~2+iBQMb i?�i i?2
BMi2`pB2r22b T`QpB/2/ mbX

:YkYkYS �jja�,jCRN #�aaC3a
h?2 �ii`�+iBQM #�``B2` Bb i?2 p�Hm2 /2HBp2`v iQ TQi2MiB�H T�`iB+BT�Mib i?�i �ii`�+ib i?2K iQ
2M;�;2 rBi? i?2 QT2M BMMQp�iBQM TH�i7Q`KX �b QmiHBM2/ BM a2+iBQM 9XjXR- i?2 p�Hm2 +`2�i2/ �M/
Qz2`2/ M22/b iQ #2 /2HBp2`2/ iQ T�`iB+BT�Mib BM Q`/2` iQ �ii`�+i i?2KX h?2 }`bi BMi2`�+iBQM rBi?
�M QT2M BMMQp�iBQM TH�i7Q`K Bb #2+QKBM; �r�`2 Q7 Bi �M/ r2 bQm;?i iQ }M/ Qmi- B7 TQi2MiB�H T�`@
iB+BT�Mib r2`2 �r�`2 Q7 i?2 Qz2`bX >Qr2p2`- r2 r2`2 bm`T`Bb2/ iQ }M/ i?�i i?2 p�bi K�DQ`Biv Q7
i?2 BMi2`pB2r22b ?�/ MQi ?2�`/ �#Qmi QT2M BMMQp�iBQM TH�i7Q`Kb T`BQ` iQ bT2�FBM; rBi? mbX AM
�//BiBQM- i?2v /B/ MQi i?BMF i?�i �M QMHBM2 T`2b2M+2- 2X;X � /B;Bi�H TH�i7Q`K- r�b i?2 `B;?i r�v
iQ 2bi�#HBb? i?2 }`bi BMi2`�+iBQM Uh�#H2 9X9VX �++Q`/BM; iQ i?2 BMi2`pB2r22b- i?2 #2bi TH�+2 iQ
BM+`2�b2 �r�`2M2bb �#Qmi i?2 Qz2`BM; rQmH/ #2 �i +QM72`2M+2b r?BH2 i?2v r�Mi � T2`bQM �b i?2
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}`bi TQBMi@Q7@+QMi�+i T`BQ` iQ bm#KBiiBM; �Mv BM7Q`K�iBQM �#Qmi i?2B` +QKTQmM/bfKQH2+mH2b Q`
b?BTTBM; i?2KX �HbQ- i?2v K2MiBQM2/ i?�i Bi rQmH/ #2 #2M2}+B�H iQ ?�p2 � +�b2 bim/B2b rBi?
+QKT�MB2b i?�i ?�p2 T�`iB+BT�i2/X h?2v 2p2M bm;;2bi2/ i?�i Bi rQmH/ #2 #2M2}+B�H iQ #2 �#H2
iQ i�HF iQ � T`2pBQmb T�`iB+BT�Mi iQ ;2i 722/#�+F QM i?2B` 2tT2`B2M+2 rBi? i?2 QT2M BMMQp�iBQM
TH�i7Q`KX

�b K�FBM; i?2 TQi2MiB�H T�`iB+BT�Mib �r�`2 Q7 i?2 QT2M BMMQp�iBQM TH�i7Q`Kb- r2 7QmM/ bQK2
BMbB;?i7mH /2i�BHb �#Qmi r?B+? +QKKmMB+�iBQM +?�MM2Hb i?�i b?QmH/ #2 miBHBx2/X Pm` }M/BM;b
bm;;2bi i?�i #27Q`2 H�mM+?BM; K�`F2iBM; +�KT�B;Mb- � T?vbB+�H T`2b2M+2 �i +QM72`2M+2b b?QmH/
#2 2bi�#HBb?2/ �M/ � 722/#�+F HQQT 7`QK T`2pBQmb T�`iB+BT�Mib b?QmH/ #2 2bi�#HBb?2/X

Peter Mouritzen
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h�#H2 9X9, h?2K2, *QKKmMB+�iBQM *?�MM2Hb
h?2 2ti2Mi iQ r?B+? i?2 BMi2`pB2r22b 722H i?�i i?2v +�M 2�bBHv BMi2`�+i rBi? �M QT2M BMMQp�iBQM
TH�i7Q`K

AMi2`pB2r AMi2`pB2r [mQi2b

AMi2`pB2r k ǴPT2M BMMQp�iBQM XXX Bb � `2H�iBQMb?BT ;�K2 UM2irQ`F@#�b2/VX �M/ i?2 #2bi
B/2�b +QK2 i?`Qm;? M2irQ`FbX �+im�HHv BM 7�+i- i?2 #2bi B/2�b +QK2b 7`QK
`272``�Hb 7`QK vQm` M2irQ`F- #2+�mb2 i?2v �`2 �H`2�/v p2ii2/ �M/ i?2v +QK2
7`QK T2QTH2 r?QK vQm i`mbiXǴ

AMi2`pB2r j ǴLQ Ub?2 ?�/ MQi ?2�`/ �#Qmi QT2M BMMQp�iBQM TH�i7Q`KbV XXX i?2 7`�K2rQ`F
Q` bi`m+im`2 i?�i A �K KQbi 7�KBHB�` rBi? Bb "Q2?`BM;2` AM;2H?2BK- r?2`2 i?2v
Qz2` i?2 mb2 Q7 KQH2+mH2bX aQ Bi Bb FBM/ Q7 i?2 BMp2`b2 XXXǴ

ǴA rQmH/ r�Mi � ?mK�M TQBMi Q7 +QMi�+i- HQM; #27Q`2 A i?Qm;?i Q7 mTHQ�/BM;
bQK2i?BM; �#Qmi Qm` KQH2+mH2bX aQ 2p2M i?Qm;? i?Bb Bb � ;`2�i r�v Q7 ;2iiBM;
K2 iQ T�`iB+BT�i2- Kv }`bi TQBMi Q7 +QMi�+i rQmH/ MQi #2 b?BTTBM; �MvQM2 �
/`m; +�M/B/�i2XǴ

AMi2`pB2r 9 ǴA �+im�HHv /B/ ?2�` �#Qmi QT2M BMMQp�iBQM �i G1PǴ Ǵr2 /QMǶi FMQr �+im�HHv
r?�i Bb +QKBM; Qmi Q7 i?2b2 QT2M TH�i7Q`Kb v2i- bQ H2iǶb b22 B7 Bi #`BM;b � +QmTH2
Q7 i?BM;b iQ K�`F2iX Ǵ

ǴA i?BMF +H2�`Hv vQm +�M /Q bimz /B;Bi�HHv- #mi B7 vQm �`2 T`2b2Mi ?2`2- A i?BMF
T?vbB+�H BMi2`�+iBQM rBHH �HbQ HQQF p2`v MB+2X

AMi2`pB2r 8 Ǵ*QM72`2M+2b �M/ +�b2 bim/B2b rQmH/ i?2 #2biX uQm rQmH/ r�Mi iQ ?�p2 +QK@
T�MB2b i?�i T�`iB+BT�i2/ BM i?Bb i?�i A +QmH/ i�HF iQ bQ #27Q`2 vQm HmM+? � H�`;2
K�`F2iBM; 2zQ`i XXX Q` }M/ i?2 +QMi`�+i �M/ K�F2 Bi �b bBKTH2 �b TQbbB#H2 �M/
K�F2 bm`2 i?2v ?�/ � ;QQ/ 2tT2`B2M+2 XXX �M/ i?2v +QmH/ #Qi? bT2�F �#Qmi
?Qr i?�i r2Mi 7Q` i?2K �M/ r?�i i?2 7mim`2 QTTQ`imMBiB2b r2`2 XXX Dmbi HmM+?
� ;`2�i2` 2zQ`i iQ �ii2M/ +QM72`2M+2b XXXǴ

ǴLQ T`Q#�#Hv MQiX AM Kv 2tT2`B2M+2 A ?�p2 M2p2` ;QM2 ;QQ;HBM; 7Q` bQK2i?BM;
HBF2 i?�iX LQ`K�HHv BiǶb 7Q`K � rQ`/ Q7 KQmi? Q` � `2+QKK2M/�iBQM Q` bQK2@
i?BM; HBF2 i?�iXǴ

AMi2`pB2r e ǴXXX B/2�HHv XXX �i T`Q#�#Hv bQK2 Q7 i?2 +QM72`2M+2b- bQ 2Bi?2` i?2 ivTB+�H b+B2MiB}+
+QM72`2M+2b- #mi i?2M i?2`2 Bb � HQi Q7 i?Qb2 #mbBM2bb iQ #mbBM2bb +QM72`2M+2b XXX
A i?BMF i?�i Bb � ;`2�i TH�+2 iQ ;2i XXX ;2iiBM; BMiQ i?Qb2 `2H�iBQMb?BTb HBF2 QT2M
BMMQp�iBQMXǴ

AMi2`pB2r d A ?�/ MQi ?2�`/ Q7 �Mv Qi?2` +QKT�Mv Qz2`BM; i?Bb ivT2 Q7 QT2M BMMQp�iBQM
TH�i7Q`K #27Q`2- MQr A mM/2`bi�M/ i?�i i?2`2 Bb � 72r Qi?2` +QKT�MB2b i?�i
�`2 i`vBM; Bi Qmi XXX A ?�/ MQi ?2�`/ �#Qmi G1PǶb 2Bi?2` #27Q`2 A `�M BMiQ Bi �i
� +QM72`2M+2 H�bi v2�` XXX bQ A biQTT2/ #v �M/ rQM/2`2/ Ǵr?�i /Q vQm K2�M
�#Qmi QT2M BMMQp�iBQMǴ XXXǴ

ǴA i?BMF i?�i b+B2MiB}+ K22iBM;b Bb � ;`2�i TH�+2 XXX vQm M22/ iQ /Q Bi QMHv 7Q`
i?2 }`bi 8 v2�`b XXX QM+2 i?2 b+B2MiB}+ +QKKmMBiv FMQrb- i?2M vQm /QMǶi M22/
iQ F22T QM /QBM; BiXǴ
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:YkYkYl iancj #�aaC3a

h?2 i`mbi #�``B2` 7Q` T�`iB+BT�iBQM b22Kb iQ #2 BM+`2/B#Hv BKTQ`i�Mi �b TQi2MiB�H T�`iB+BT�Mib
rBHH MQi ;Q BMiQ +QHH�#Q`�iBQM rBi?Qmi i`mbiBM; i?2 +QKT�Mv i?�i T`QpB/2b �M QT2M BMMQp�iBQM
TH�i7Q`KX Ai r�b � FBM/ Q7 `2/ i?`2�/ i?`Qm;?Qmi i?2 BMi2`pB2rb i?�i TQi2MiB�H T�`iB+BT�Mib �M/
T�`iM2`b i?Qm;?i i?�i i`mbi #2ir22M T`QpB/2` �M/ T�`iB+BT�Mi r�b TBpQi�H 7Q` rQ`FBM; iQ;2i?2`X
AM T�`iB+mH�`- i?2 K�`F2i `2Tmi�iBQM Q7 i?2 +QKT�Mv ?�/ �M BM~m2M+2 QM i?2 T2`+2TiBQM Q7
i`mbirQ`i?BM2bb �M/ i?2 rBHHBM;M2bb iQ T�`iB+BT�i2X hrQ T`BK�`v pB2rb Q7 i`mbi �M/ `2Tmi�@
iBQM iQ i?2 +QKT�Mv r2`2 bTQii2/c QM2 #2BM; i?2 �+im�H `2Tmi�iBQM Q7 i?2 +QKT�Mv �M/ i?2
Qi?2` QM2 #2BM; i?2 ;2Q;`�T?B+�H HQ+�iBQM Q7 i?2 +QKT�MvX h?2 K�DQ`Biv Q7 i?2 T�`iB+BT�Mib
2tTH�BM2/ i?�i i?2B` BKT`2bbBQM Q7 .2MK�`F BM ;2M2`�H K�/2 � .�MBb? +QKT�Mv �TT2�H iQ i?2K
�b i`mbirQ`i?v �M/ ?QM2biX AM �//BiBQM iQ i?Bb- �M BMi2`pB2r22 bi�i2/ i?�i ǴuQm M22/ T2QTH2 iQ
#2 +QM}/2Mi i?�i vQm rBHH 2M7Q`+2 i?2B` AS T`Qi2+iBQM- B7 i?Bb T`Q;`�K r�b `mM Qmi Q7 �bB� Q`
AM/B�- A rQmH/ MQi ?�p2 b2M/ Kv b�KTH2bǴ UAMi2`pB2r dV- K2�MBM; i?�i i?2`2 Bb bQK2 T`2Dm/B+2
�Hi2`BM; i?2 T2`+2TiBQM Q7 ;2M2`�H i`mbirQ`i?BM2bb Q7 +2`i�BM `2;BQMb Q7 i?2 rQ`H/X �;�BM- 2K@
T?�bBxBM; i?�i i?2 ;2Q;`�T?B+�HHv@#�b2/ i`mbi �HKQbi �miQK�iB+�HHv Tmib � +QKT�Mv HBF2 G1P
S?�`K� �KQM; i`mbirQ`i?v +QKT�MB2bX >Qr2p2`- /m2 iQ i?2 bBx2 Q7 G1P S?�`K� +QKT�`2/
iQ #B; T?�`K� �M/ i?2 H�+F Q7 T`2b2M+2 BM i?2 la- Bi b22K2/ i?�i mMH2bb � +QKT�Mv r�b rQ`F@
BM; rBi?BM /2`K�iQHQ;v- i?2v /B/ MQi FMQr G1P S?�`K� iQQ r2HH Q` �i �HHX G1P S?�`K� Bb
T`Bp�i2Hv@?2H/ �M/ QrM2/ #v i?2 G1P 6QmM/�iBQM �M/ BMi2`2biBM;Hv 2MQm;? K�Mv BMi2`pB2r22b
#2HB2p2/ i?�i i?Bb �HbQ bmTTQ`i2/ i?2 `2Tmi�iBQM �M/ i`mbirQ`i?BM2bb Q7 i?2 +QKT�MvX

h?2 K�BM `2�bQM 7Q` `2[mB`BM; i`mbi r�b i?2 +QM+2`M �#Qmi 2tTQbBM; +QM}/2MiB�H �M/ AS@
b2MbBiBp2 BM7Q`K�iBQM �#Qmi i?2 +QKTQmM/b bm#KBii2/X h?2 +QMi`�+ib r2`2 �HbQ +QMbB/2` iQ
#2 BKTQ`i�Mi iQ 2Mbm`2 T`Qi2+iBQM Q7 AS �M/ +QM}/2MiB�H BM7Q`K�iBQMX 6Q` bQK2 Q7 i?2 T�`@
iB+BT�Mib- Bi r�b #m`/2MbQK2 iQ ;Q i?`Qm;? i?2 H2;�H /Q+mK2Mi�iBQM Q` iQ bT2M/ KQM2v QM
2Mbm`BM; i?�i i?2 +QMi`�+ib r2`2 BM Q`/2`X >Qr2p2`- i?2v 2KT?�bBx2/ i?�i i?2 bBKTH2` �M/
+H2�` i?2 +QMi`�+ib r2`2 i?2 #2ii2` �b Bi rQmH/ #2 H2bb +QbiHv BM `2bQm`+2bX �HbQ- i?2 KQ`2
i`mbirQ`i?v i?2 +QKT�Mv r�b- i?2 KQ`2 i`mbi i?2v rQmH/ Tmi BMiQ i?2 +QMi`�+ibX

h?2`2 r�b �M mM�MBKQmb +QMb2Mbmb �KQM; BMi2`pB2r22b i?�i i`mbi r�b i?2 KQbi BKTQ`i�Mi
�bT2+i Q7 /QBM; +QHH�#Q`�iBQMb �M/ T�`iB+BT�iBM; BM �M QT2M BMMQp�iBQM TH�i7Q`KX S`BQ` iQ �HH
i?2 H2;�H rQ`F �M/ /Q+mK2Mi�iBQM BM Q`/2` iQ T�`iB+BT�i2- �HH BMi2`pB2r22b Tmi i`mbi �b i?2
T`BK�`v �M/ }`bi #�``B2` Q7 2Mi`v 7Q` T�`iB+BT�iBQM BM �M QT2M BMMQp�iBQM TH�i7Q`KX _2Tmi�@
iBQM #�b2/ i`�/BM;- b22 i?2 +QKK2`+B�HBx�iBQM bi`�i2;v +?�Ti2` Ua2+iBQM kX8V- K2MiBQMb i?�i i?2
+QKT�MvǶb `2Tmi�iBQM +�M `2~2+i QM ?Qr rBHHBM; 2ti2`M�H T�`iB2b �`2 iQ #`BM; MQp2H i2+?MQHQ;B2b
iQ i?2 +QKT�Mv (88)X AM i?2 T?�`K�+2miB+�H �M/ #BQi2+? BM/mbi`v bQK2 i2+?MQHQ;v +�M #2 �T@
T`QT`B�i2/ 2p2M r?2M i?2 BMp2MiBQM Bib2H7 Bb T�i2Mi T`Qi2+i2/X h?Bb rBHH 2M+Qm`�;2 K�Mv H�`;2`
T?�`K�+2miB+�H +QKT�MB2b iQ mb2 i�+iB+b bm+? �b T�i2Mi 72M+BM; iQ HBKBi �Mv +QTv@T`Q/m+i rBi?
bm#iH2 +?�M;2b iQ �pQB/ i?2 T�i2Mi T`Qi2+iBQMX h?2 BMi2`pB2r22b `2+Q;MBx2/ i?�i � +QKT�Mv HBF2
G1P S?�`K� ?�/ i?2 +�T�#BHBiB2b iQ `2p2`b2 2M;BM22` �Mv KQH2+mH2 b2Mi iQ i?2K- iQ /2i2`KBM2
Bib T`QT2`iB2b #mi #�b2/ QM i?2 +QKT�MvǶb `2Tmi�iBQM �M/ +QMi`�+ib i?2 BMi2`pB2r22b r2`2 MQi
rQ``B2/ �#Qmi � +QKT�Mv HBF2 G1P S?�`K� /QBM; bm+? � i?BM;X

.2bTBi2 �HH i?2 i`mbi BM i?2 rQ`H/- MQM2 Q7 i?2 BMi2`pB2r22b rQmH/ 2p2M +QMbB/2` i�FBM; T�`i BM
�M QT2M BMMQp�iBQM TH�i7Q`K rBi?Qmi +H2�` �M/ T`2+Bb2 +QMi`�+ibX Ai Bb HQ;B+�H i?�i � `2Tmi�#H2
+QKT�Mv rQmH/ ?QMQ` Bib +QMi`�+ib- #mi �Mv +QKT�Mv rBi? � `2Tmi�iBQM Q7 /Bb?QM2biv bm`2Hv

Peter Mouritzen
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h�#H2 9X8, h?2K2, h`mbi �M/ _2Tmi�iBQM
h?2 2ti2Mi BMi2`pB2r22b 722H i?�i i`mbi �M/ `2Tmi�iBQM �z2+ib i?2B` /2+BbBQM iQ T�`iB+BT�i2 BM
QT2M BMMQp�iBQM

AMi2`pB2r AMi2`pB2r [mQi2b

AMi2`pB2r k ǳ2�`Hv QM- Bib [m�MiBiv- r?2M vQm 2bi�#HBb? vQm` QT2M BMMQp�iBQM bvbi2K- r?2`2
vQm ;2i HQib Q7 i?2b2 i?BM;b- Bi Bb [m�MiBivX uQm ;2i HQib �M/ HQib Q7 Bi Bb MQBb2-
#mi QM+2 vQm ;2i Bi bi�`i2/ vQm rBHH 2bi�#HBb? `2H�iBQMb?BTbX Ai Bb F2v- HBF2 a+B2M+2
�M/ h2+? ?m#- MQr vQm ;mvb ?�p2 `2H�iBQMb?BTbǴ

AMi2`pB2r j ǳA i?BMF i?2 `2Tmi�iBQM Q7 i?2 +QKT�Mv Bb 2ti`�Q`/BM�`v BKTQ`i�MiX 6Q` 2t�KTH2
B7 i?Bb r2`2 � +QKT�Mv i?�i A r�b MQi �r�`2 Q7- vQm FMQr B7 Bi r�b Kv }`bi
iBK2 ?2�`BM; �#Qmi Bi �M/ A /B/MǶi b2�`+? 7Q` BiX �M/ i?2v r2`2 QT2M iQ i�F2
Kv +QKTQmM/ �M/ i2bi BiX A rQmH/ MQi- MQ K�ii2` r?�i i?2v r2`2 T`QKBbBM;
K2- �M/ 2bT2+B�HHv B7 i?2v r2`2 T`QKBbBM; Bi iQ K2 7Q` 7`22- A rQmH/ T`Q#�#Hv
r�HF i?2 Qi?2` r�vXǴ

ǴA7 A /B/ MQi i`mbi i?2K A rQmH/ MQi KQp2 7Q`r�`/- r?BH2 B7 A /Q i`mbi i?2K A
rQmH/ MQi KBM/ ;BpBM; i?2K +2`i�BM BM7Q`K�iBQM �b HQM; �b Bi Bb MQi /Bb+HQb2/X
�M/ A rQmH/ M22/ +2`i�BM `2[mB`2K2Mib Qp2` i?2 /Bb+HQbm`2bXǴ

AMi2`pB2r 9 ǴaQ 7Q` 2t�KTH2 A i?BMF G1P- A /QMǶi FMQr iQQ Km+?- #mi A i?BMF i?2v ?�p2
� T`2iiv ;QQ/ `2Tmi�iBQMX h?2`2 �`2 Qi?2`b Qmi i?2`2 i?�i KB;?i MQi ?�p2 �b
;QQ/ Q7 � `2Tmi�iBQM �M/ B7 i?2v �`2 #�+FBM; mT �M QT2M BMMQp�iBQM- A rQmH/
#2 Km+? H2bb BM+HBM2/ iQ �+im�HHv 2p2M 2M;�;2 rBi? i?2b2 T2QTH2X aQ 2p2M Dmbi
FMQrBM; r?2`2 i?Bb KQM2v +�K2 7`QK- A i?BMF i?�i Bb bQK2i?BM; i?�i Bb [mBi2
BKTQ`i�MiXǴ

ǴuQm `2�HHv ?�p2 iQ ?�p2 ?B;? H2p2Hb Q7 i`mbi BM Q`/2` iQ ;Bp2 vQm` �bb2ib Qp2` iQ
i?�i �M/ i?2 [m2biBQM +QmH/ �HbQ #2 HBF2- H2iǶb b�v i?�i A +�K2 rBi? � 7�Mi�biB+
+QKTQmM/ XXX �M/ i?2M BM i?`22 Qmi Q7 i?2 7Qm` �bb�vb Bi �+im�HHv T2`7Q`Kb
T2`72+iHv- bQ Bi /Q2bMǶi T2`7Q`K p2`v r2HH BM QM2 �bb�v �M/ QM+2 A r�Mi iQ ;Q
iQ K�`F2i- Bb G1P ;QBM; iQ i2HH i?2 rQ`H/ i?�i i?2 7Qm`i? �bb�v /B/MǶi ;Q p2`v
r2HH- �M/ b?QmH/ i?�i #2 Q7 +QM+2`M rBi? i?2 6.�- Q` +QKK2`+B�HBx�iBQM Q`
bQK2i?BM; HBF2 i?�i\ aQ Bi `2�HHv +QK2b /QrM iQ i`mbi BM i?�i vQm �+im�HHv �`2
?�M/HBM; p2`v +QM}/2MiB�H �M/ BKTQ`i�Mi /�i�XǴ

AMi2`pB2r 8 ǴqBi?Qmi � T`2@2tBbiBM; +QMi`�+i Bi rQmH/ #2 � +QM+2`M #mi rBi? bQK2 +QMi`�+i
iQ T`Qi2+i Kvb2H7 A rQmH/ MQi rQ``v iQQ Km+? i?�iǴ

AMi2`pB2r e ǴA 2tT2+i i?�i � ;QQ/ [m�HBiv Q7 r?�i +QK2b Qmi 7`QK .2MK�`F- bQ i?�i Bb �
#B; KQiBp�iBM; 7�+iQ` 7Q` K2 iQ +QHH�#Q`�i2 rBi? i?Bb QT2M BMMQp�iBQMXǴ
ǴA `2+Q;MBb2 i?�i �b b+B2M+2 Q` +QKT�Mv r2 +�MMQi ?�p2 i?�i 2tT2`iBb2 i?�i Bb
bmT2` #`Q�/ i?�i r2 +�M i2bi 2p2`vi?BM; i?�i r2 r�Mi- `B;?iX aQ A b22 Bi �b �
p2`v �ii`�+iBp2 bi`�i2;v iQ #2 �#H2 iQ +QHH�#Q`�i2 BM i?�i K�MM2`XǴ

AMi2`pB2r d Ǵ(`2Tmi�iBQM) Bb 2ti`2K2Hv BKTQ`i�MiXXX B7 �M mMFMQrM +QKT�Mv Qz2`b QT2M
BMMQp�iBQM �M/ bQK2i?BM; bQmM/b iQQ ;QQ/ iQ #2 i`m2- vQm rBHH M2p2` b2M/ vQm`
b�KTH2bXǴ
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rQmH/ MQi #2 �#H2 iQ ?Qbi � T`Q/m+iBp2 QT2M BMMQp�iBQM TH�i7Q`KX
6BM�HHv � KBMQ` Bbbm2c K�Mv BMi2`pB2r22b rQmH/ �TT�`2MiHv `27`�BM 7`QK T�`iB+BT�iBQM B7 i?2 +Qbi
Q7 T`Q72bbBQM�H +?2+F Q7 +QMi`�+ib 2t+22/2/ i?2 T2`+2Bp2/ p�Hm2 7Q` T�`iB+BT�iBQMX h?2`27Q`2-
T`QpB/BM; �++2bbB#H2- b?Q`i �M/ 2�bv iQ mM/2`bi�M/ +QMi`�+ib +QmH/ HQr2` i?2 #�``B2`b Q7 2Mi`v
BMiQ bm+? � TH�i7Q`KX

:YkYkYk BNj3a�,jCRN #�aaC3a
h?2 BMi2`�+iBQM #�``B2` Bb 2pB/2Mi �b i?2`2 Bb � H�+F Q7 �r�`2M2bb Q7 i?2 Qz2` Q7 �M QT2M BMMQ@
p�iBQM TH�i7Q`K r?B+? +QMbiBimi2b i?2 TmHH #�``B2`X "2bB/2 i?2 H�+F Q7 �r�`2M2bb �#Qmi QT2M
BMMQp�iBQM TH�i7Q`Kb �M/ i?2 M22/ 7Q` 2tT�M/BM; +QKKmMB+�iBQM +?�MM2Hb BM i?2 TmHH #�``B2`-
i?2`2 �`2 �HbQ �M BMi2`�+iBQM #�``B2` mTQM 2M;�;BM; rBi? �M QT2M BMMQp�iBQM TH�i7Q`KX h?2`2@
7Q`2- i?2 BMi2`�+iBQM #�``B2` +QMbBbib Q7 HBKBi�iBQM BM `2;�`/ iQ +QKKmMB+�iBQM +?�MM2Hb �M/
HQ;BbiB+�H Bbbm2bX �b i?2 BMi2`�+iBQM rBi? �M QT2M BMMQp�iBQM TH�i7Q`K 7Q` 7`22 i2biBM; `2[mB`2b
b?BTTBM; vQm` +QKTQmM/b Q` KQH2+mH2b iQ �MQi?2` bBi2- Bi K�v `2[mB`2 BMi2`M�iBQM�H b?BTTBM;
r?B+? `2[mB`2b /Q+mK2Mi�iBQM 7Q` +2`i�BM ivT2b Q7 +QKTQmM/bX q2 7QmM/ i?�i bQK2 BMi2`pB2@
r22b +QMbB/2`2/ Bi iQ #2 � /2K�M/BM; HQ;BbiB+�H i�bF iQ b?BT +QKTQmM/b BMi2`M�iBQM�HHvX �HbQ-
�HH Q7 i?2 BMi2`pB2r22b rQmH/ T`272` iQ mb2 � HQ+�H H�#Q`�iQ`v iQ /Q i?2 i2biBM; B7 Bi r�b �p�BH�#H2X
>Qr2p2`- KQbi Q7 i?2 BMi2`pB2r22b /B/ MQi ?�p2 �Mv Bbbm2 rBi? b?BTTBM; i?2 +QKTQmM/b #mi
b�r +H2�` �/p�Mi�;2b 7Q` QT2M BMMQp�iBQM TH�i7Q`Kb iQ ?�p2 � KQ`2 HQ+�H T`2b2M+2 Uh�#H2 9XeVX

Peter Mouritzen
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h�#H2 9Xe, h?2K2, GQ;BbiB+b
hQ i?2 2ti2Mi BMi2`pB2r22 722H i?�i b?BTTBM; KQH2+mH2b BMi2`M�iBQM�HHv rQmH/ #2 T`Q#H2K�iB+

AMi2`pB2r AMi2`pB2r [mQi2b

AMi2`pB2r j ǳA �#bQHmi2Hv rQmH/MǶi KBM/ #mi A �K MQi bm`2 B7 A �K �HHQr2/ Q` MQi- �M/ i?Bb
Bb bQK2i?BM; r2 /2#�i2 �HH i?2 iBK2 iQ r?2i?2` Q` MQi r2 +�M �+im�HHv b?BT i?2
+QKTQmM/XXX A FMQr i?�i i?2`2 Bb +2`i�BM i?BM;b i?�i vQm +�M �M/ +�MǶi b?BT �M/
A i?BMF i?�i Bb iQi�HHv }M2X "mi 2p2M �b vQm +�M /Q K�bb bT2+- A i?BMF Bi rQmH/
biBHH #2 Km+? #2ii2` i?�M �+im�HHv ?�pBM; bQK2#Q/v K�FBM; i?2 +QKTQmM/ 7Q`
vQm- `2[mB`BM; vQm iQ b2M/ i?2 bi`m+im`2 �M/ bvMi?2bBbXǴ

ǳ1p2`vi?BM; Bb Km+? 2�bB2`X >�pBM; b?BTTBM; ?2`2 rBi?BM i?2 la Bb bQ Km+?
2�bB2`Ǵ

ǴA i?BMF Bi rQmH/ biBHH #2 Km+? #2ii2` (b?BTTBM; KQH2+mH2b) i?�M �+im�HHv ?�pBM;
bQK2#Q/v K�FBM; i?2 +QKTQmM/ 7Q` vQm`- `2[mB`BM; vQm iQ b2M/ i?2 bi`m+im`2
�M/ bvMi?2bBbXǴ

AMi2`pB2r 9 ǴA /QMǶi i?BMF A rQmH/ rQ``v iQQ Km+? �#Qmi i?�iX �H`2�/v MQr r2 b?BT �`QmM/
;2M2b �M/ 2p2`vi?BM;- bQ A i?BMF i?�i b?QmH/ #2 }M2XǴ

AMi2`pB2r 8 ǳAǶK MQi �r�`2 Q7 r?�i Bbbm2b i?�i rQmH/ ?�p2X AiǶb MQi iQQ Km+? Q7 �M Bbbm2X
AǶp2 b?BTT2/ i?BM;b �+`Qbb #Q�`/2`b #27Q`2 rBi? MQ T`Q#H2KbǴ

AMi2`pB2r e ǴLQ- i?�i bQmM/b HBF2 � MQ`K�H QT2`�iBQMX q2 �`2 ivTB+�HHv QM i?2 `2+2BpBM;
bB/2 Q7 b?BTK2Mib- bQ i?2`2 Bb Q7i2M bQ i?�i r2 �`2 ;2iiBM; .L� b�KTH2b Q`
r?�i2p2` biQQH b�KTH2b 7`QK �#`Q�/ 7Q` �M�HvbBbX "mi A /QMǶi b22 ?Qr Bi rQmH/
#2 /B{+mHi iQ vQm FMQr im`M Bi �`QmM/- bQ i?�i Bb MQi � +QM+2`M �i �HHXǴ

AMi2`pB2r d ǴA K2�M Q7 +Qm`b2 Bi rQmH/ #2 KQbi +QMp2MB2Mi B7 Bi r�b /QM2 `B;?i ?2`2 BM
HQ+�HHv r?2`2 r2 �`2X "mi i?�i Bb MQi �Hr�vb i?2 +�b2- �M/ i?2 7�+i i?�i i?2v
�`2 #�b2/ BM .2MK�`F /B/ MQi biQT mb 7`QK /QBM; i?2 i2biXǴ

Ǵu2�? B7 i?2 b�K2 bFBHHb 2tBib- A rQmH/ ?�p2 T`272``2/ Bi Ub?BTTBM; HQ+�HHvV- #mi
B7 i?2 i`m2 b+B2MiBbib �`2 #�b2/ BM .2MK�`F i?2M A rQmH/ Dmbi b�v H2iǶb /Q Bi BM
.2MK�`FXǴ
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GQ;BbiB+b 7Q` �+�/2KB+b �M/ bi�`i@mTb BM i?Bb `2b2�`+? 7Q+mb2/ QM b?BTTBM; KQH2+mH2b 7`QK i?2
la iQ .2MK�`F �b �M 2t�KTH2X �b 2tT2`B2M+2/ BM h�#H2 9Xe- KQbi BMi2`pB2r22b /B/ MQi }M/ �Mv
T�`iB+mH�` T`Q#H2K rBi? b2M/BM; i?2B` KQH2+mH2b �+`Qbb #Q�`/2`b #mi i?2`2 r�b �M �+FMQrH2/;2@
K2Mi i?�i b?BTTBM; HQ+�HHv rQmH/ #2 7�bi2`- 2�bB2` �M/ bBKTH2`X 6`QK AMi2`pB2r j BM h�#H2 9Xe-
r2 H2�`M2/ i?�i i?2 BMi2`pB2r22 rQmH/ `�i?2` b?BT i?2 KQH2+mH2b i?�M ?�pBM; i?2K bvMi?2bBx2/
QM bBi2 �b 1HB GBHHv Qz2`2/ (e3)X *QKT�MB2b ?QbiBM; QT2M BMMQp�iBQM TH�i7Q`Kb b?QmH/ +QMbB/2`
?�pBM; � +H2�` T`QiQ+QH 7Q` b?BTTBM; Q` ?�pBM; i?2B` QrM HQ+�H ?m# r?2`2 T�`iB+BT�Mib +�M b?BT
i?2B` KQH2+mH2b iQ- �M/ 7`QK i?2`2 i?2 +QKT�Mv rBHH ?�M/H2 i?2 BMi2`M�iBQM�H b?BTTBM; �M/ �HH
`2H�i2/ +H2�`�M+2b �M/ /Q+mK2Mi�iBQMX

AM `2;�`/ iQ i?2 +QKKmMB+�iBQM +?�MM2Hb 7Q` F22TBM; i`�+F Q7 i?2 T`Q+2bb /m`BM; T�`iB+BT�iBQM BM
� TH�i7Q`K- i?2 TQi2MiB�H T�`iB+BT�Mib T`272`b ?�pBM; � TQBMi@Q7@+QMi�+i i?`Qm;? i2H2+QM72`2M+2b
�M/ 2K�BHbX h?2 BMi2`pB2r22b MQi2/ i?�i Bi r�b BKTQ`i�Mi iQ ;2i mT/�i2b QM i?2 T`Q;`2bbBQM
Q7 i?2 i2biBM; /m`BM; i?2B` T�`iB+BT�iBQMX �b i?2`2 r�b � mM�MBKQmb +QMb2Mbmb i?�i i?2 QT2M
BMMQp�iBQM TH�i7Q`K b?QmH/ #2 BMi`Q/m+2/ BM T2`bQM- Bi Bb pBi�H i?�i i?2 ?Qbi +QKT�MB2b ?�p2 �
bi`QM; M2irQ`F �M/ �ii2M/ iQ i?2b2 +QM72`2M+2b iQ /B`2+iHv /2HBp2` i?2 p�Hm2 �M/ BM7Q`K�iBQM iQ
TQi2MiB�H T�`iB+BT�MibX �//BiBQM�HHv- r?2M �bF2/ �#Qmi 7QHHQr@mT +QKKmMB+�iBQM- i?2 K�DQ`Biv
b�B/ i?�i /QBM; Bi 2H2+i`QMB+�HHv rQmH/ bm{+2 r?BH2 i?2v T`272``2/ Bi iQ #2 rBi? � T?QM2 +�HH Q`
Qi?2` /B`2+i +QKKmMB+�iBQMX

q2 �HbQ ;�BM2/ bQK2 BMbB;?i 7`QK � T`2pBQmb T�`iB+BT�Mi r?Q ?�/ ?�/ i`Qm#H2 mTQM ?�pBM;
b2M/ ?Bb KQH2+mH2b 7Q` i2biBM;X h?2`2 ?�/ #22M � +?�M;2 Q7 T2`bQMM2H r?B+? +�mb2/ i?2 i2biBM;
�M/ 7QHHQr@mT iQ #2 /2H�v2/ rBi?Qmi ?BK #2BM; MQiB+2/ Q` i�F2M +�`2 Q7X h?2`27Q`2- ?2 ?�/ iQ
7QHHQr@mT ?BKb2H7 iQ 2Mbm`2 i?2 i2biBM; �M/ /�i� r2`2 ;2M2`�i2/X >Qr2p2`- ?2 i?Qm;?i Bi r�b
Q7 i`2K2M/Qmb p�Hm2 �M/ b�B/ ǴA rQmH/ ;Bp2 �M 3fRy �M/ Bi rQmH/ ?�p2 #22M � RyfRy ?�/ i?2`2
MQi #22M i?Qb2 Bbbm2b XXX Bi r�b MQi � #B; /2�H- A b?QmH/ MQi +QKTH�BM- #mi B7 vQm �bF 7Q` r?�i
b?QmH/ #2 BKT`Qp2/- i?�i rQmH/ #2 BiǴ UAMi2`pB2r dVX

AM bmKK�`v- i?2 BMi2`�+iBQM #�``B2` b?QmH/ #2 HQr2`2/ #v ?�pBM; +H2�` T`QiQ+QHb 7Q` b?BTTBM;-
T2`?�Tb Qz2`BM; � /QK2biB+ H�#Q`�iQ`v iQ b2M/ +QKTQmM/bfKQH2+mH2b iQ- �M/ ?�p2 +H2�` +QKKm@
MB+�iBQM +?�MM2Hb rBi? � T2`bQM �b TQBMi@Q7@+QMi�+i `�i?2` i?�M � +QMi�+i 7Q`KX �HbQ- 7QHHQr@mT
i2H2+QM72`2M+2 Q` T?QM2 +�HHb rQmH/ #2 T`272``2/ �b i?2v +�M T`Q+2bb KQ`2 BM7Q`K�iBQM 7�bi2`
�M/ +H2�`2`X

Peter Mouritzen
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h?2 `2bmHib Q7 Qm` bim/v BHHmbi`�i2 i?2 QTiBQM 7Q` bQK2 i`�/BiBQM�H T?�`K�+2miB+�H +QKT�MB2b
iQ i�F2 QT2M BMMQp�iBQM TH�i7Q`Kb iQ i?2 M2ti H2p2H- TQi2MiB�HHv iQ 2Mbm`2 T`Q}i�#BHBiv �M/
HQM;2pBiv Q7 i?2b2 +QKT�MB2bX qBi? la@#�b2/ T?�`K�+2miB+�H +QKT�MB2b bm+? �b 1HB GBHHv +HQb@
BM; /QrM i?2B` T`Q;`�Kb �M/ i?2 TQi2MiB�H T�`iB+BT�Mib H�+FBM; �r�`2M2bb Q7 i?2 2tBbi2M+2 Q7
QT2M BMMQp�iBQM TH�i7Q`Kb- Bi b22Kb TBpQi�H iQ 2Mbm`2 bm{+B2Mi +QKKmMB+�iBQM +?�MM2Hb �M/
K�`F2iBM; iQ +�Tim`2 �M/ 2M;�;2 KQ`2 T�`iB+BT�MibX Ai r�b +H2�` BM Qm` }M/BM;b i?�i bQK2 Q7
i?2 TQi2MiB�H T�`iB+BT�Mib bBKTHv r2`2 MQi �r�`2 Q7 i?2 2tBbi2M+2 Q7 QT2M BMMQp�iBQM TH�i7Q`KbX
J�Mv Q7 i?2K ?�/ MQi ?2�`/ �#Qmi QT2M BMMQp�iBQM 2Bi?2`- #mi �HH Q7 i?2K 7QmM/ i?2 TH�i7Q`K
b2imT iQ #2 � p2`v BMi2`2biBM; �M/ �TT2�HBM; /2bB;MX h?2`27Q`2- i?2`2 K�v #2 � +H2�` M22/
7Q` /B`2+iBM; +QKKmMB+�iBQM +?�MM2Hb �M/ K�`F2iBM; iQ Q#i�BM � ?B;?2` �r�`2M2bb Q7 i?2b2
Qz2`BM;bX

�7i2` ?�pBM; 2tTH�BM2/ BM +?�Ti2` 9 Qm` }M/BM;b �M/ T`QpB/2/ i?2 bm#b2[m2Mi �M�HvbBb Q7 i?2
`2bmHib r2 MQr KQp2 iQr�`/b /Bb+mbbBM; i?2b2 U+?�Ti2` 8V #27Q`2 T`QpB/BM; Qm` +QM+HmbBQMb BM
+?�Ti2` eX
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�M BMi2`2biBM; �TT`Q�+? iQ 2tT�M/ QT2M BMMQp�iBQM 2p2M 7m`i?2` rQmH/ #2 iQ miBHBx2 BMi2`@
+QMM2+iBM; TH�i7Q`KbX h?2`2 Bb � H�`;2 MmK#2` Q7 T?�`K�+2miB+�H +QKT�MB2b Qz2`BM; QT2M
BMMQp�iBQM TH�i7Q`Kb- #mi i?2 BMi2`�+iBQM #2ir22M bm+? TH�i7Q`Kb b22Kb #2 `�i?2` HBKBi2/X �H@
i?Qm;? bi�`imTb �M/ �+�/2KB� KB;?i ?�p2 +H2�` #2M2}ib Q7 bm+? BMi2`�+iBQM �M/ �`2 rBHHBM; iQ
T�`iB+BT�i2 BM QT2M BMMQp�iBQM TH�i7Q`Kb- r2 /B/ QMHv }M/ HBKBi2/ b2+QM/�`v /�i� bm;;2biBM;
i?�i H�`;2 T?�`K�+2miB+�H +QKT�MB2b BMi2`�+i rBi? 2�+? Qi?2`Ƕb QT2M BMMQp�iBQM TH�i7Q`KbX �b
�M 2t�KTH2 i?2 T�`iB+BT�iBQM BM G1P S?�`K�Ƕb QT2M BMMQp�iBQM TH�i7Q`K ?�b #22M `2bi`B+i2/
iQ i?2 �7Q`2K2MiBQM2/ T�`iB+BT�Mib U�+�/2KB� �M/ bi�`imTbVX �b #B; T?�`K� +QKT�MB2b b22K
iQ ?�p2 mMHBKBi2/ +QKTQmM/b BM i?2B` +QK#BM�iQ`B�H HB#`�`B2b 7Q` ?Bi QTiBKBx�iBQM- i?2`2 Bb
biBHH �M 2MQ`KQmb �KQmMi Q7 TQi2MiB�H /`m; +�M/B/�i2b i?�i /Q MQi T`QpB/2 rQ`F BM i?2B` QrM
+Q`2 #mbBM2bb2bX �M QT2M BMMQp�iBQM 2+Qbvbi2K rBi? QT2M BMMQp�iBQM 7mMM2Hb 7`QK K�Mv /B7@
72`2Mi- H�`;2 T?�`K�+2miB+�H +QKT�MB2b i?�i BMi2`+QMM2+i Bb TQi2MiB�HHv i?2 M2ti �/p�M+2K2Mi
Q7 QT2M BMMQp�iBQM TH�i7Q`KbX Ai ?�b #22M bm;;2bi2/ i?�i i?Bb +QmH/ #2 i?2 M2ti bi2T 7Q` QT2M
BMMQp�iBQM UkXyV r?2`2 � Km+? H�`;2` BMMQp�iBQM M2irQ`F Bb 2bi�#HBb?2/ 6B;m`2 8XRVX
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6B;m`2 8XR, h?2 AMMQp�iBQM 1+Qbvbi2K
h?2 BMMQp�iBQM 2+Qbvbi2K BHHmbi`�i2/ rBi? QT2M �M/ +HQb2/ BMMQp�iBQM KQ/2Hb b?QrM �b 7mMM2Hb rBi? bQHB/ Q`
TQ`Qmb HBM2bX h?2 BM/BpB/m�Hb Q` `2b2�`+? T`QD2+ib +�M ~Qr �`QmM/ BM i?2 M2irQ`F �M/ 2Mi2` Q` 2tBi BMMQp�iBQM
7mMM2Hb- 2X;X b?�`BM; #2ir22M irQ QT2M BMMQp�iBQM 7mMM2HbX Ai +�M �HbQ +QK2 7`QK /Bz2`2Mi +QKT�MB2b Q` ;`QmTb
rBi? � +QKKQM BMi2`2biX *m`H2v 2i �HX bm;;2bi i?�i QT2M BMMQp�iBQM kXy +�M #2 �M 2+Qbvbi2K +2Mi`B+ �M/
+`Qbb@Q`;�MBx�iBQM�H b2imT r?B+? Bb �M Bi2`�iBQM Q7 i?2 +m``2Mi KQ/2H i?�i Bb � HBM2�` BMMQp�iBQM KQ/2HX 6B;m`2
`2T`BMi2/ 7`QK (dj)X

Ai Bb �M BMi2`2biBM; �TT`Q�+? i?�i QT2Mb K�Mv M2r /QQ`b- #mi �b r2 ?�p2 `2p2�H2/ BM Qm`
}M/BM;b- i?2`2 Bb � KBbK�i+? #2ir22M QT2M BMMQp�iBQM BM i?2Q`v �M/ ?Qr Bi rQ`Fb BM T`�+iB+2X
h?2 i?2Q`v `2K�BMb bQHB/ �M/ +H2�`Hv BM/B+�i2b i?2 ?m;2 TQi2MiB�H- ?Qr2p2`- i?2 `2�HBiv Bb Km+?
KQ`2 +QKTHB+�i2/ �M/ +?�HH2M;BM; rBi? QT2M BMMQp�iBQM #2BM; +QKTH2t �M/ /B{+mHi iQ BM+Q`@
TQ`�i2 rBi? i?2 H�+F Q7 T�`iB+BT�iBQM �M/ �r�`2M2bbX Ai Bb /B{+mHi iQ +H2�`Hv b?Qr ?Qr p�Hm2 Bb
+�Tim`2/- �M/ +QKT�MB2b M22/ iQ �TT`QT`B�i2 p�Hm2 7`QK i?2b2 TH�i7Q`KbX a2p2`�H +QKT�MB2b
BM+Hm/BM; G1P S?�`K� �`2 2tT2`BK2MiBM; rBi? � #mbBM2bb KQ/2H BMMQp�iBQM i?�i BM i?2 7mim`2
+�M #2 ?B;?Hv T`QKBbBM; 7Q` BM+Q`TQ`�iBM; QT2M BMMQp�iBQM 2p2M KQ`2X �b bm;;2bi2/ #v Qm`
�M�HvbBb mbBM; i?2 "mbBM2bb JQ/2H *�Mp�b- Bi b?QmH/ #2 TQbbB#H2 iQ ?�p2 bi`QM; p�Hm2 T`QTQbB@
iBQMb �M/ r�vb iQ +�Tim`2 i?2 p�Hm2 i?`Qm;? +Q@+`2�iBQM- BM@HB+2MbBM; �M/fQ` Qmi@HB+2MbBM; Q7
BMMQp�iBQMb 7Q` /2p2HQTK2MiX "v +QK#BMBM; QT2M BMMQp�iBQM TH�i7Q`Kb BM � H�`;2` M2irQ`F-
i?2`2 K�v #2 � #`B;?i 7mim`2 7Q` i?2 bm++2bb Q7 QT2M BMMQp�iBQMX h?2 BMMQp�iBQM +mHim`2 �M/
bQ+B�H �bT2+ib M22/ iQ +?�M;2 iQ #2BM; KQ`2 i`mbiBM;- i`�MbT�`2Mi �M/ QT2M BM Q`/2` 7Q` i?Bb
iQ bm++22/X

Peter Mouritzen
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AM Qm` bim/v- r2 /B/ MQi mM+Qp2` �HH i?2 mM/2`HvBM; K2+?�MBbKb Q` `2�bQMb r?v i?Bb FBM/ Q7
T�`iB+BT�iBQM /Q2b MQi Q++m`X qBi? K�Mv Q7 Qm` BMi2`pB2r22b bi�iBM; i?�i i?2v +QmH/ ?�`/Hv
b22 � #B; T?�`K�+2miB+�H +QKT�Mv T�`iB+BT�iBM; BM �M QT2M BMMQp�iBQM TH�i7Q`K HBF2 G1P
S?�`K�ǶbX h?2 `2�bQM 7Q` i?Bb r�b ;2M2`�HHv i?Qm;?i iQ #2 `2H�i2/ iQ +�T�#BHBiB2b �M/ +�TBi�H
BM i?2 H�`;2` +QKT�MB2bX �;�BM- 2tT`2bbBM; i?2 MQiBQM i?�i 2p2`vi?BM; +�M #2 /2p2HQT2/ BM@
i2`M�HHvX 1bT2+B�HHv �b K�Mv Q7 i?2 /`m; +�M/B/�i2b KB;?i }i BMiQ Qi?2` +Q`2 #mbBM2bb2b i?�i
/Q MQi 2tBbi rBi?BM i?2 QrM2`b Q7 i?2 +QKTQmM/bX AM �//BiBQM iQ i?Bb- i?2 bvM2`;BbiB+ 2z2+i Q7
?�pBM; �MQi?2` +QKT�Mv /2p2HQTBM; vQm` /`m;- r?B+? /2+`2�b2b i?2 `BbF �M/ QTTQ`imMBiv +Qbib-
b22Kb iQ #2 i?2 Q#pBQmb +?QB+2 +QKT�`2/ iQ ?�pBM; i?Qmb�M/b Q7 mMmb2/ +QKTQmM/bX h?2
bi`QM; T`BM+BTH2b i?�i ;Qp2`M i?2 +HQb2/ BMMQp�iBQM KQ/2H �`2 /QKBM�MiX *QMb2[m2MiHv- i?Bb
H2�p2b � ?m;2 mMi�TT2/ TQi2MiB�H 7Q` +QHH�#Q`�iBQMb �M/ �HHB�M+2b 7�+BHBi�i2/ i?`Qm;? � #`Q�/
QT2M BMMQp�iBQM 2+Qbvbi2KX

9YSYS 2,Rcwcj3L 7�,CICj�j30 j@aRn<@ TI�j8RaLc
h?2 mb2 Q7 � TH�i7Q`K@#�b2/ bi`m+im`�H /2bB;M 7Q` BM+Q`TQ`�iBM; �M QT2M BMMQp�iBQM bi`�i2;v-
2Bi?2` �b � bBM;H2- b2T�`�i2 #mbBM2bb TH�M- Q` KmHiB@bB/2/ b22Kb iQ #2 �M �TT`QT`B�i2 �M/ `2@
�HBbiB+ r�vX h?2 QT2MM2bb �M/ i`�MbT�`2M+v 7QmM/ BM TH�i7Q`K /2bB;Mb Bb r2HH +Q``2bTQM/BM;
rBi? i?2 QT2M BM@ MQp�iBQM �TT`Q�+?- �M/ i?mb- �M QT2M BMMQp�iBQM TH�i7Q`K Bb � ;QQ/ K�i+?
Q7 #Qi?X Ai +�M 7�HH BM HBM2 rBi? ?Qr Qi?2` BM/mbi`B2b ?�p2 BM+Q`TQ`�i2/ QT2M bQm`+2 �M/ +`Qr/@
bQm`+BM; BM TH�i7Q`K@ #�b2/ /2bB;MbX �M 2t�KTH2 Bb i?2 i2+?MQHQ;v BM/mbi`v rBi? #Qi? �TTH2
�M/ :QQ;H2 ?�pBM; BM+Q`TQ`�i2/ QT2M bQm`+2 T`Q;`�KKBM; H�M;m�;2b �M/ TH�i7Q`Kb r?2`2 T�`@
iB+BT�Mib �M/ T�`iM2`b +�M BMi2`�+i rBi? i?2 T`QpB/2`b U�TTH2 �M/ :QQ;H2V BM � p2`iB+�H HBM2
r?BH2 �HbQ rBi? 2�+? Qi?2` BM � ?Q`BxQMi�H HBM2X h?Bb ?�b bT�`F2/ � i`2K2M/Qmb �KQmMi Q7 BMMQ@
p�iBQMb #mBHi QM i?2b2 QT2M TH�i7Q`KbX h?2 b�K2 �TT`Q�+? Bb Q++m``BM; BM i?2 T?�`K�+2miB+�H
BM/mbi`v rBi? QT2M BMMQp�iBQM TH�i7Q`Kb #2BM; Qz2`2/ 7Q` +`Qr/bQm`+BM; �M/ +Q@+`2�iBM; M2r
K2/B+BM2bX >Qr2p2`- BM Bib +m``2Mi bi�i2- i?2 BMi2`�+iBQM �M/ i`�Mb�+iBQM ?�TT2M QM � p2`iB+�H
H2p2H- 2Bi?2` pB� BM@HB+2MbBM; Q` Qmi@HB+2MbBM; #mi +QmH/ #2 2tT�M/2/ iQ rQ`F ?Q`BxQMi�HHv �b r2HHX

Ai r�b bm;;2bi2/ #v QM2 Q7 i?2 BMi2`pB2r22b BM Qm` bim/v- i?�i �M ǳ�`K�b H2M;i?Ǵ T`BM+BTH2 +QmH/
#2 �TTHB2/ #2ir22M i?2 QT2M BMMQp�iBQM TH�i7Q`K �M/ i?2 ?Qbi +QKT�MvX Ai +QmH/ BM+`2�b2 i?2
i`mbi �b i?2 +QM+2`Mb `2;�`/BM; KQ`�H ?�x�`/ Q` #2 2tTQb2/ �b � T�`iB+BT�Mi rQmH/ /2+`2�b2X
q2 b�r p�`BQmb Q7 2t�KTH2b Q7 BMi2`pB2r22b �bFBM; ?Qr +HQb2 i?2 QT2M BMMQp�iBQM TH�i7Q`K r�b
iQ i?2 ǴKQi?2`b?BTǴ- BX2X i?2 T`QpB/BM; +QKT�MvX >�pBM; �M QT2M BMMQp�iBQM TH�i7Q`K QT2`@
�iBM; +HQb2 iQ i?2 BMi2`M�H BMMQp�iBQM Q7 � +QKT�Mv KB;?i #2 � T`Q#H2K 7Q` bQK2 T�`iB+BT�Mib
bBM+2 i?2v +QmH/ 2MpBb�;2 i?�i i?2 BMi2`M�H /2T�`iK2Mi +QmH/ bT22/ mT /2p2HQTK2Mi QM +2`@
i�BM T`Q/m+ib #�b2/ QM i?2 `2bmHib ;2M2`�i2/ i?`Qm;? i?2 QT2M BMMQp�iBQM TH�i7Q`KX >Qr2p2`-
bQK2 BMi2`pB2r22b 72Hi i?�i i?2 QT2M BMMQp�iBQM QT2`�iQ`b b?QmH/ #2 +HQb2 2MQm;? iQ 7�+BHBi�i2
+QHH�#Q`�iBQM i?`Qm;? `2bmHib ;2M2`�i2/X h?Bb +QmH/ #2+QK2 � #�H�M+BM; �+i 7Q` � +QKT�Mv
?QbiBM; �M QT2M BMMQp�iBQM TH�i@ 7Q`KX PM2 BMi2`pB2r22 bm;;2bi2/ i?�i QT2M BMMQp�iBQM +QmH/
#2 � T�`i Q7 i?2 p2Mim`2 �`K Q7 i?2 +QKT�MvX h?Bb KB;?i K�F2 b2Mb2 BM bQK2 +�b2b �b i?2
p2Mim`2 �`K Q7 � +QKT�Mv KB;?i #2 #2ii2` TQbBiBQM2/ iQ [mB+FHv 7�+BHBi�i2 7m`i?2` 2tTHQ`�iBQM
Q7 BMi2`2biBM; `2bmHib- r?BH2 �HbQ �+iBp2Hv b22FBM; Qmi T`QKBbBM; B/2�bX
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"v ?�pBM; 2p2M KQ`2 /2+2Mi`�HBx2/ TH�i7Q`Kb i?�i ?�b �M �`K�b H2M;i? 7`QK i?2 ?QbiBM; +QK@
T�Mv- Bi +QmH/ �HbQ T`QpB/2 bQK2 i`mbi �KQM; +QKT�MB2b BM i?2 BMMQp�iBQM M2irQ`FX �M BMi2`@
2biBM; �TT`Q�+? rQmH/ #2 B7 b2p2`�H +QKT�MB2b ;2M2`�i2/ � DQBMi +QHH�#Q`�iBQM iQ ?�p2 �M QT2M
BMMQp�iBQM TH�i7Q`K i?�i 7�+BHBi�i2b BMMQp�iBQMb #2ir22M i?2 +QHH�#Q`�iBM; +QKT�MB2bX

9YSYl 2uU�N0CN< j@3 QU3N BNNRq�jCRN TI�j8RaLc
h?2 K�DQ`Biv Q7 i?2 +m``2Mi BM mb2 QT2M BMMQp�iBQM TH�i7Q`Kb ?�p2 � 7Q+mb QM bQm`+BM; 2ti2`@
M�H BMMQp�iBQMb Q` Qmi@HB+2Mb2 BMi2`M�H BMMQp�iBQMbX >Qr2p2`- i?2`2 Bb � ;`QrBM; MmK#2` Q7
T?�`K�+2miB+�H +QKT�MB2b HQQFBM; iQr�`/b i?2 T�iB2Mib Q7 i?2B` T`Q/m+ibX h?2 BM+`2�b2/ 7Q+mb
QM T�iB2Mib ?2HT T?�`K�+2miB+�H +QKT�MB2b iQ miBHBx2 QT2M BMMQp�iBQM TH�i7Q`Kb iQ /Q i2+?MQH@
Q;v TmHH `�i?2` i?�M Tmb?X "mi i?Bb �HbQ T`QpB/2b i?2 +QKT�MB2b rBi? p�Hm�#H2 BMbB;?i BM i?2
M22/b Q7 i?2 2M/@+mbiQK2`- BX2X i?2 T�iB2Mi r?Q `2+2Bp2b i?2 /`m; 7Q` K�M�;BM; i?2B` /Bb2�b2X
6`QK � Tm`2 #mbBM2bb T2`bT2+iBp2- i?Bb +�M #2 p2`v p�Hm�#H2 �b i?2 +QKT�Mv +�M miBHBx2 QT2M
BMMQp�iBQM iQ 2Mbm`2 i?�i `2bQm`+2b �`2 mb2/ KQbi QTiBK�H 7Q` 2tTHQ`�iBQM r?BH2 K�BMi�BMBM;
2tTHQBi�iBQM 2zQ`ibX AM �//BiBQM iQ i?Bb- i?2 ;2M2`�H Tm#HB+ Bb ?�pBM; �M BM+`2�bBM; 7Q+mb QM 2M@
pB`QMK2Mi Bbbm2b- i?2 M2;�iBp2 2z2+ib Q7 +�TBi�HBbK �M/ i?2 T`B+2 Q7 K2/B+�iBQMX "v T`QpB/BM;
� T�iB2Mi@+2Mi`B+ QT2M BMMQp�iBQM bi`�i2;v- i?2 T?�`K�+2miB+�H BM/mbi`v +�M #2+QK2 KQ`2 2i?@
B+�H r?B+? +�M ?�p2 TQbBiBp2 2z2+i BM i?2 Tm#HB+Ƕb 2v2X h?2`27Q`2- #v 2tTHQ`BM; QT2M BMMQp�iBQM
bi`�i2;B2b- 7mim`2 TH�i7Q`Kb K�v T`QpB/2 � 7mHHv BMi2;`�i2/ QT2M BMMQp�iBQM #mbBM2bb KQ/2HX
1p2Mim�HHv H2�/BM; iQ i?2 +Q@+`2�iBQM Q7 M2r K2/B+BM2b 7`QK T�iB2Mi T2`bT2+iBp2b i?`Qm;? �H@
HB�M+2b �M/ +QHH�#Q`�iBQMb #2ir22M �HH i?2 bi�F2?QH/2`b r?B+? BMi2`�+ib rBi? � T?�`K�+2miB+�H
+QKT�MvǶb #mbBM2bb- BX2X bmTTHB2`b- #BQi2+? +QKT�MB2b- mMBp2`bBiB2b- p2Mim`2 +�TBi�HBbib �M/ bQ
7Q`i?X h?mb- T`QpB/BM; �M 2M/@iQ@2M/ QT2M BMMQp�iBQM TH�i7Q`K iQ TmHH T`QKBbBM; /`m; +�M/B@
/�i2b 7`QK /Bb+Qp2`v iQr�`/b i?2 T�iB2Mi M22/b rBi? i?2 ?2HT 7`QK +QHH�#Q`�iBQMb �M/ �HHB�M+2bX

9Yl HCLCj�jCRNc R8 j@3 bjn0w
"2bB/2 i?2 B/2MiB}2/ HBKBi�iBQMb BM `2;�`/ iQ i?2 [m�HBi�iBp2 `2b2�`+? K2i?Q/QHQ;v Ua2+iBQM
jX3V- i?2`2 �`2 b2p2`�H- TQi2MiB�H HBKBi�iBQMb iQ Qm` 2KTB`B+�H }M/BM;bX h?2b2 HBKBi�iBQMb rBHH
#2 T`2b2Mi2/ �M/ /Bb+mbb2/ BM i?2 7QHHQrBM; b2+iBQMX

9YlYS ;3R<a�U@C,�I `3cjaC,jCRN
Pm` bim/v BMp2biB;�i2b i?2 2z2+ib Q7 BKTH2K2MiBM; QT2M BMMQp�iBQM TH�i7Q`Kb 7Q` bQm`+BM; 2t@
i2`M�H BMMQp�iBQMb �i � ;HQ#�H b+�H2X >Qr2p2`- Bi `2K�BMb `�i?2` mM+H2�` r?�i � ;HQ#�H Qmi`2�+?
Bb �M/ ?Qr i?2 /�i� +QHH2+i2/ +�M #2 mb2/ 7Q` ;2M2`�HBx�iBQM Tm`TQb2bX Ai Bb � +H2�` HBKBi�iBQM Q7
Qm` bim/v i?�i r2 QMHv +QHH2+i2/ /�i� 7`QK i?2 laX *mHim`�H �M/ bQ+B�H �bT2+ib �`2 p2`v /Bz2`@
2Mi BM p�`BQmb `2;BQMb Q7 i?2 rQ`H/- �M/ i?mb- iQ 7mHHv �//`2bb Qm` `2b2�`+? [m2biBQM Q7 Ǵ?Qr +�M
T?�`K�+2miB+�H +QKT�MB2b mb2 QT2M BMMQp�iBQM iQ BM+`2�b2 i?2B` ;HQ#�H Qmi`2�+? Q7 2ti2`M�H
BMMQp�iBQMbǴ- i?2 T2`+2TiBQM 7`QK TQi2MiB�H T�`iB+BT�Mib rQ`H/rB/2 b?QmH/ #2 BMp2biB;�i2/X �b
� `2bmHi- Qm` �M�HvbBb Bb HBKBi2/ iQ i?2 la r?BH2 biBHH T`QpB/BM; � KQ`2 ;HQ#�H Qmi`2�+? 7Q` �
+QKT�Mv bm+? �b G1P S?�`K�- r?Q ?�b �H`2�/v 2bi�#HBb?2/ i?2B` QT2M BMMQp�iBQM TH�i7Q`K
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�M/ H�mM+?2/ Bi BM 1m`QT2 �M/ C�T�MX

AM �//BiBQM iQ i?Bb- �MQi?2` TQi2MiB�H HBKBi�iBQM Q7 bim/v Bb i?2 +QHH2+iBQM Q7 /�i� KQ`2 Q` H2bb
#2BM; `2bi`B+i2/ iQ i?2 2�bi +Q�bi- BX2X i?2 "QbiQM �`2�X h?2 HB72 b+B2M+2 +Hmbi2` BM "QbiQM Bb
p2`v 2pB/2Mi �M/ i?2 2+Qbvbi2K i?2`2 Bb H�`;2bi QM2 BM i?2 rQ`H/X >Qr2p2`- Bi K�v �HbQ #2
;Qp2`M2/ #v p�`BQmb 7�+iQ`b i?�i K�F2b Bi mMB[m2 +QKT�`2/ iQ Qi?2` `2;BQMb Q7 i?2 rQ`H/ #mi
�HbQ Qi?2` `2;BQMb BM i?2 laX h?2`27Q`2- Bi �HbQ HBKBib Qm` bim/v �M/ KB;?i K�F2 Bi /B{+mHi iQ
mb2 7Q` ;2M2`�HBx�iBQM Tm`TQb2bX
"2+�mb2 r2 ?�/ QM2 BMi2`pB2r rBi? � T2`bQM HQ+�i2/ QM i?2 r2bi +Q�bi BM i?2 la- r2 ;�BM2/
�MQi?2` T2`bT2+iBp2X qBi?Qmi #2BM; �#H2 iQ mb2 i?2 /�i� iQ /`�r �Mv +QM+HmbBQM- Bi r�b
bm;;2bi2/ i?�i i?2 T`Q72bbBQM�Hb BM i?2 aBHB+QM o�HH2v �`2� �`2 KQ`2 QT2M iQr�`/b M2r BMBiB�iBp2b
i?�M i?2 QM2b BM i?2 "QbiQM �`2�X

9YlYl H�,G R8 2q�In�jCRN R8 bRna,CN< 2uj3aN�I BNNRq�jCRNc
AM Qm` `2b2�`+?- r2 bm;;2bi2/ i?�i i?2 T`BK�`v Q#D2+iBp2 Q7 �M QT2M BMMQp�iBQM TH�i7Q`K Bb iQ
bQm`+2 2ti2`M�H BMMQp�iBQMbX >Qr2p2`- Qm` bim/v H�+Fb i?2 2p�Hm�iBQM Q7 ?Qr r2HH i?2 �p�BH�#H2
QT2M BMMQp�iBQM TH�i7Q`Kb bQm`+2 2ti2`M�H BMMQp�iBQMX q2 #`B2~v iQm+?2/ mTQM Bi BM i?2
}`bi T�`i Q7 Qm` �M�HvbBb- #�b2/ QM i?2 �p�BH�#H2 /�i� 7`QK Tm#HB+ r2#bBi2b Q7 QT2M BMMQp�iBQM
TH�i7Q`Kb Qz2`2/ #v T?�`K�+2miB+�H +QKT�MB2bX �//BiBQM�HHv- r2 K2MiBQM2/ i?�i G1P S?�`K�
?�b v2i iQ bm++2bb7mHHv bQm`+2 �M 2ti2`M�H BMMQp�iBQM 7`QK i?2B` QT2M BMMQp�iBQM TH�i7Q`K BMiQ
i?2B` BMi2`M�H TBT2HBM2 /2p2HQTK2MiX >Qr2p2`- i?2v ?�p2 ?�/ b2p2`�H +QKTQmM/b i?�i b?Qr2/
BMi2`2biBM; `2bmHib r?B+? r2`2 2p�Hm�i2/ iQ MQi #2 i�F2M 7m`i?2` BM G1P S?�`K�Ƕb TBT2HBM2X Ai
`2K�BMb mM+H2�` B7 i?2 `2bmHib r2`2 mb2/ iQ }M/ �MQi?2` T�`iM2` 7Q` i?2 T�`iB+BT�Mi �b G1P
S?�`K� /Q2b MQi 7�+BHBi�i2 i?Bb +QMM2+iBQMX "�b2/ QM Qm` T`QTQb�H �M/ Qm` 2KTB`B+�H }M/BM;b-
Bi KB;?i #2 [m2biBQM2/ r?2i?2` Q` MQi QT2M BMMQp�iBQM TH�i7Q`Kb �`2 +m``2MiHv #2BM; mb2/ iQ
bm++2bb7mHHv bQm`+2 2ti2`M�H BMMQp�iBQMbX 1HB GBHHv b22Kb iQ ?�p2 ?�/ � ?m;2 bm++2bb #�b2/ QM
i?2 Tm#HB+Hv �p�BH�#H2 MmK#2`b �M/ i?2 bi�i2K2Mi 7`QK i?2B` .B`2+iQ` Q7 PT2M AMMQp�iBQMX

9YlYk i@3 CLURaj�N,3 R8 C03NjC8wCN< cnCj�$I3 FTBc
i?2 MmK#2` Q7 bm++2bb7mHHv bQm`+2/ KQH2+mH2bX >Qr2p2`- i?Bb Bb +?�HH2M;BM; #2+�mb2 Q7 i?2 HQM;
/2p2HQTK2Mi iBK2b Q7 T?�`K�+2miB+�HbX � ESA Q7 bm++2bb7mHHv bQm`+2/ KQH2+mH2b Bb /B{+mHi- �b
QM2 Q7 i?2 BKTQ`i�Mi �bT2+ib Q7 i?2 #mbBM2bb KQ/2H `2H�i2b iQ i?2 `2p2Mm2 bi`2�KbX h?2 `2p2Mm2
bi`2�K 7`QK �M QT2M BMMQp�iBQM TH�i7Q`K rQmH/ #2 i?2 /`m; +�M/B/�i2b i?�i �`2 bm++2bb7mHHv
/2p2HQT2/ 7Q` Qmi@HB+2MbBM; Q` 7Q` i?2 BMi2`M�H TBT2HBM2X J2�MBM; i?2 b�H2b Q7 �M �TT`Qp2/ /`m;
Q` Qmi@HB+2Mb2/ KQH2+mH2X �b i?2 /2p2HQTK2Mi iBK2b �`2 p2`v H2M;i?v- QM iQT Q7 i?2 /2+�/2b
HQM; T`Q/m+i HB72 +v+H2- i?Bb K2�Mb Bi rQmH/ i�F2 � p2`v HQM; iBK2 b22 i?2 7mHH TB+im`2 Q7 b�H2b
Q7 � /`m; �M/ i?2`27Q`2 Bi rQmH/ #2 �M BMbm{+B2Mi- �MMm�H ESA Q7 �M QT2M BMMQp�iBQM TH�i7Q`K

G1P S?�`K� Bb 7Q+mbBM; QM ?�pBM; KQ`2 T�`iB+BT�Mib �M/ +QMbB/2` 2M;�;2K2Mi iQ #2 i?2 mHiB@
K�i2 bm++2bb +`Bi2`B�X *QMb2[m2MiHv- G1P S?�`K� Bb 7Q+mbBM; QM i?2 MmK#2` Q7 T�`iB+BT�Mib
`�i?2` i?�M i?2 MmK#2` Q7 bm++2bb7mHHv bQm`+2/ +QKTQmM/bX h?Bb Bb `2�bQM�#H2 �b QM2 i?BM;
H2�/b iQ �MQi?2`- K2�MBM; i?�i i?2 KQbi BKTQ`i�Mi �bT2+i Bb i?�i i?2`2 Bb T�`iB+BT�iBQM BM i?2
TH�i7Q`KX �HbQ- BM Q`/2` iQ miBHBx2 �#bQ`TiBp2 +�T�+BiB2b �M/ BM+Q`TQ`�i2 i?2 2ti2`M�H BMMQp�@



Oz +RNj3Njc

iBQMb- vQm M22/ iQ bQm`+2 i?2K }`biX

6`QK � K�M�;2`B�H T2`bT2+iBp2- i?2`2 Bb +m``2MiHv � H�+F Q7 miBHBx�iBQM Q7 �#bQ`TiBp2 +�T�+BiB2b
�M/ /vM�KB+ +�T�#BHBiB2b- �b i?2 QT2M BMMQp�iBQM TH�i7Q`Kb �`2 biBHH BKK�im`2X Ai Bb BKTQ`i�Mi
iQ ;�BM �++2bb iQ 2ti2`M�H FMQrH2/;2 �M/ iQ miBHBx2 Bi- bQK2i?BM; r?B+? Bb +m``2MiHv QMHv ?�T@
T2MBM; QM � HQr b+�H2X AM �//BiBQM iQ i?Bb- i?2 M22/ 7Q` �K#B/2ti`Qmb Q`;�MBx�iBQMb Bb 2pB/2Mi
#mi MQi iQQ BKTQ`i�Mi �i i?2 +m``2Mi bi�;2X Ai b22Kb iQ #2 2bb2MiB�H iQ #�H�M+2 i?2 2zQ`ib
BM 2tTHQ`�iBQM �M/ 2tTHQBi�iBQM r?BH2 QT2M BMMQp�iBQM TH�i7Q`Kb QMHv +QMi`B#mi2 BM � HBKBi2/
/2;`22 iQ i?2 2tTHQ`�iBQMX >Qr2p2`- �b i?2 TH�i7Q`Kb T`Q;`2bb �M/ ;`Qr- i?2`2 rBHH #2 �M BM@
+`2�b2/ M22/ 7Q` ?�pBM; �K#B/2ti`Qmb Q`;�MBx�iBQMb �M/ ?�pBM; bm{+B2Mi �#bQ`TiBp2 +�T�+BiB2b
�M/ /vM�KB+ +�T�#BHBiB2b iQ i�F2 7mHH �/p�Mi�;2 Q7 QT2M BMMQp�iBQMX AM i?2 2M/- �//BiBQM�H
ESAb +QmH/ #2 BM+Hm/2/ iQ K2�bm`2 i?2b2 Q`;�MBx�iBQM�H `2[mB`2K2Mib 7Q` FMQrH2/;2 i`�Mb72`X
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h?2 K�BM �BK Q7 i?2 i?2bBb r�b iQ mM/2`bi�M/ ?Qr T?�`K�+2miB+�H +QKT�MB2b +�M mb2
QT2M BMMQp�iBQM iQ BM+`2�b2 i?2B` ;HQ#�H `2�+?X q2 2t�KBM2/ ?Qr i?2 BM/mbi`v Bb +?�M;@
BM; Bib _�. iQ BM+Q`TQ`�i2 KQ`2 2ti2`M�H BMMQp�iBQM �M/ ?Qr +QKT�MB2b �`2 �/�TiBM; iQ i?2
+?�M;BM; /vM�KB+bX PT2M BMMQp�iBQM Bb � i2`K Q7i2M mb2/ 7Q` i?Bb �+[mBbBiBQM Q7 2ti2`M�H BMMQ@
p�iBQM- #mi Qm` +�b2 7Q+mb2/ KQ`2 bT2+B}+�HHv QM � TH�i7Q`K i?�i bB;M�Hb � T`Q#H2K �M/ �bFb
i?2 +QKKmMBiv 7Q` bQHmiBQMbX qBi? i?2 2p2`@BM+`2�bBM; TQQH Q7 +?2KB+�Hb +`2�i2/ �`QmM/ i?2
;HQ#2- i?2 TQi2MiB�H 7Q` QM2 Q7 i?Qb2 +?2KB+�Hb #2BM; � bQHmiBQM iQ i?2 T`QTQb2/ T`Q#H2K b22Kb
?B;?X PT2M BMMQp�iBQM �HHQrb �MvQM2 BM i?2 rQ`H/ iQ b2M/ i?2B` +?2KB+�Hb iQ #2 i2bi2/X

A7 � T?�`K�+2miB+�H +QKT�Mv Bb iQ ?Qbi �M QT2M BMMQp�iBQM TH�i7Q`K- Bi Kmbi }`bi B/2MiB7v
T`Q#H2Kb iQ #2 bQHp2/X PMHv B7 i?2 +QKT�Mv +�M B/2MiB7v � T`Q#H2K BM i?2B` +mbiQK2` b2;K2Mib
UT�iB2MibV- Bi +�M i?2M bB;M�H i?2 M22/ 7Q` bQHmiBQMb iQ i?2 +QKKmMBivX hQ +QKTH2K2Mi i?Bb
bB;M�HBM; rBi? BMi2`M�H `2b2�`+?- +QKT�MB2b Q7i2M +`2�i2 � TH�i7Q`K iQ p�HB/�i2 i?2 T`QTQb2/
bQHmiBQMb i?2v ;2iX h?Bb Bb ?Qr G1P S?�`K� Bb /QBM; Bi- #v ?�pBM; BM@pBi`Q �bb�vb i?�i +�M i2bi
�M/ p�HB/�i2 i?2b2 bQHmiBQMbX h?2b2 �bb�vb /B`2+iHv `2~2+i r?�i i?2 +QKT�Mv ?�b B/2MiB}2/ �b
T`Q#H2Kb r?B+? i?2v r�Mi iQ bQHp2 7Q` i?2B` T�iB2MibX PT2M BMMQp�iBQM +�M 2tBbi rBi?Qmi i?2b2
p�HB/�iBQM K2i?Q/b- #mi i?2M i?2 +QKKmMBiv ?�b iQ p�HB/�i2 i?2 T`QTQb2/ bQHmiBQMb i?2Kb2Hp2b-
�M/ BM i?2 T?�`K�+2miB+�H BM/mbi`v i?Bb +�M #2 [mBi2 2tT2MbBp2- �M/ rBi?Qmi i?2 `B;?i FMQrH@
2/;2 �M/ �bb2ib Bi rQmH/ #2 BKTQbbB#H2X

h?2 bB;M�HBM; Q7 T`Q#H2Kb Bb i?2 /`BpBM; 7Q`+2 BM K�Mv QT2M BMMQp�iBQM TH�i7Q`Kb #mi rBi?Qmi
2M;�;2K2Mi 7Q`K i?2 +QKKmMBiv- i?2b2 T`Q#H2Kb rQmH/ MQi #2 bQHp2/X hQ �Mbr2` ?Qr vQm
+QmH/ ;2i 2M;�;2K2Mi 7`QK �+`Qbb i?2 ;HQ#2 r2 Tmi 7Q`i? j bm#@[m2biBQMb iQ b22 ?Qr +QKT�MB2b
�`2 BM+Q`TQ`�iBM; QT2M BMMQp�iBQM �M/ ?Qr i?2v BMi2M/ iQ ;2i 2M;�;2K2Mi,

>Qr Bb QT2M BMMQp�iBQM BM+Q`TQ`�i2/ BM i?2 T?�`K�+2miB+�H BM/mbi`v\

PT2M BMMQp�iBQM +�M #2 BM+Q`TQ`�i2/ BM p�`BQmb r�vb rBi?BM i?2 T?�`K�+2miB+�H BM/mbi`vX LQ
bi�M/�`/Bx2/ KQ/2H 2tBbib QM ?Qr iQ �+[mB`2 2ti2`M�H BMMQp�iBQM- #mi QT2M BMMQp�iBQM Bb QM2
Q7 K�Mv 2tT`2bbBQMb Q7 i?2 +?�M;BM; 2MpB`QMK2Mi rBi?BM i?2 BM/mbi`vX q?�i r2 b�r- BM ;2M@
2`�H- Bb i?�i T?�`K�+2miB+�H +QKT�MB2b �`2 BM �M 2t+2HH2Mi TQbBiBQM iQ mM/2`bi�M/ i?2 +mbiQK2`
M22/b- #Qi? Q7 T�iB2Mib �M/ Qi?2` bi�F2?QH/2`bX qBi? i?�i FMQrH2/;2- i?2 +QKT�MB2b +�M
bB;M�H i?2 M22/b i?�i i?2v ?�p2 /2i2`KBM2/ iQ #2 pBi�H 7Q` i?2B` +mbiQK2` b2;K2MiX AM Qm`
`2b2�`+? r2 F2Ti 7Q+mb QM QT2M BMMQp�iBQM TH�i7Q`Kb i?�i bB;M�H i?2b2 M22/b BM i?2 7Q`K Q7
+2`i�BM /Bb2�b2 T�i?r�vb- #mi Qi?2` +QKT�MB2b ?�p2 mb2/ QT2M BMMQp�iBQM iQ bB;M�H i?2 M22/b
7Q` Qi?2` +QKTH2K2Mi�`v �bb2ib bm+? �b /B;Bi�H T�iB2Mi bQHmiBQMb Q` /B�;MQbiB+ iQQHbX PT2M
BMMQp�iBQM +�M i?2`27Q`2 #2 mb2/ iQ i�T BMiQ i?2 `2b2�`+? 2+Qbvbi2K #v bB;M�HBM; i?2b2 M22/b-
�M/ rBi? i?2 +QHH2+iBp2 TQr2` Q7 i?�i 2+Qbvbi2K BM+`2�b2 i?2B` +?�M+2 Q7 bQHpBM; i?Qb2 T`Q#H2KbX



Ol +RNj3Njc

>Qr /Q QT2M BMMQp�iBQM TH�i7Q`Kb T`QpB/2 p�Hm2 iQ i?2B` T�`iB+BT�Mib �M/ T�`i@
M2`b\

hQ ?�p2 i?2 ?B;?2bi T`Q#�#BHBiv Q7 }M/BM; bQHmiBQMb- +QKT�MB2b /Q MQi QMHv `2Hv QM `2b2�`+?2`b�
BMi`BMbB+ KQiBp�iBQM iQ ?2HT �/p�M+2 K2/B+BM2- #mi �HbQ Qz2` i?2K p�Hm2 BM `2im`MX � H�`;2
[m�MiBiv Q7 +?2KB+�Hb Bb K�/2 �`QmM/ i?2 rQ`H/ 2p2`v v2�` i?�i M2p2` ;2i i2bi2/ 7Q` i?2B`
#BQ�p�BH�#BHBiv #mi rBi? QT2M BMMQp�iBQM bQK2 Q7 i?2b2 +�M K�F2 i?2B` r�v BMiQ T?�`K�+2m@
iB+�H +QKT�MB2b �M/ #2 /2p2HQT2/ BMiQ /`m;bX q2 +QM+Hm/2 i?�i `2b2�`+?2`b� p�Hm2 irQ K�BM
+QKTQM2Mib Q7 QT2M BMMQp�iBQM- �V �++2bb iQ FMQrH2/;2 �M/ #V BM+`2�bBM; i?2 p�Hm2 Q7 i?2B`
T`Q/m+iX

*QKKmMB+�iBM; rBi? 2tT2`ib BM +2`i�BM }2H/b Bb T2`+2Bp2/ ?B;?Hv p�Hm�#H2 �M/ i?2 FMQrH2/;2
bTBHHQp2` Bb � bB;MB}+�Mi 7�+iQ`X h?Bb r�b Q7i2M �ii`B#mi2/ iQ ?�pBM; +QKKmMB+�iBQM rBi? 2t@
T2`ib BM +2`i�BM }2H/b- BM r?B+? i?2v i?2Kb2Hp2b /B/ MQi TQb2 bm+? FMQrH2/;2X h?2 r2�Hi? Q7
;2M2`�H �M/ bT2+B}+ FMQrH2/;2 i?�i HB2b rBi?BM T?�`K�+2miB+�H +QKT�MB2b Bb �M �bb2i r?B+?
KQbi `2b2�`+?2`b �M/ bi�`i@mTb /QMǶi ?�p2 �++2bb iQ �M/ i?`Qm;? QT2M BMMQp�iBQM i?2v +�M
bi�`i iQ #mBH/ i?2 M2irQ`F i?2v M22/ 7Q` 7mim`2 +QHH�#Q`�iBQMbX

h?`Qm;? QT2M BMMQp�iBQM- `2b2�`+?2`b +�M }M/ p�Hm2 BM T`Q/m+ib i?�i Qi?2`rBb2 ?�p2 HBiiH2 Q`
MQ p�Hm2X S?�`K�+2miB+�H +QKT�MB2b �M/ BMp2biQ`b mbm�HHv /QMǶi r�Mi iQ BMp2bi BM T`Q/m+ib
i?�i ?�p2 MQi b?QrM �Mv #BQ�+iBpBiv- #mi #v /QBM; 2�`Hv bi�;2 b+`22MBM; `2b2�`+?2`b +�M /Bb@
+Qp2` TQi2MiB�H BM Qi?2`rBb2 Qp2`HQQF2/ +?2KB+�HbX h?2`27Q`2- ;2iiBM; i?2b2 +?2KB+�Hb i2bi2/
KB;?i ;Bp2 i?2K i?2 /�i� M22/2/ iQ �+[mB`2 bQK2 2�`Hv +�TBi�H iQ BMp2biB;�i2 i?2B` TQi2MiB�H
�b i`2�iK2MiX

q?B+? #�``B2`b Q7 2Mi`v �`2 2M+QmMi2`2/ r?2M BMi2`�+iBM; rBi? �M QT2M BMMQp�iBQM
TH�i7Q`K\

q?2M i`vBM; iQ i�T BMiQ i?2 `2b2�`+? 2+Qbvbi2K QM � ;HQ#�H b+�H2 i?2`2 �`2 � 72r #�``B2`b
i?�i +QmH/ +QMbi`B+i 2M;�;2K2MiX 6Q` bi�`i2`b- KQbi T2QTH2 rQmH/ HBF2 iQ #2 BMi`Q/m+2/ iQ
�M QT2M BMMQp�iBQM TH�i7Q`K BM T2`bQM- i?Bb `2[mB`BM; +QMbB/2`�#H2 K�MTQr2` 7Q` � +QKT�Mv
7Q` QTiBK�H 2M;�;2K2MiX GQ;BbiB+b Bb �MQi?2` 7�+iQ` rBi? � HQi Q7 mM+2`i�BMiv bBM+2 b2M/BM;
T?vbB+�H b�KTH2b Q7 +?2KB+�Hb �+`Qbb #Q�`/2`b KB;?i #2 /B{+mHi- rBi? b2M/BM; HQ+�HHv �Hr�vb
#2BM; i?2 T`272``2/ bQHmiBQMX *QKT�MB2b b?QmH/ +QMbB/2` ?�pBM; +H2�` T`QiQ+QHb QM HQ;BbiB+b Q`
?�p2 bQK2 HQ+�H ?m#b i?�i b2`p2 �b r�vTQBMib 7Q` T�`iB+BT�MibX G�biHv- �TT`QT`B�iBQM +�M #2
�MQi?2` T`Q#H2K BM bm+? `2b2�`+? ?2�pv BM/mbi`vX h?2 `2Tmi�iBQM Q7 � +QKT�Mv Bb � F2v 7�+@
iQ` BM KBiB;�iBM; i?�i #�``B2`- #mi bBKTH2 �M/ +H2�` +QMi`�+ib �`2 �HbQ pBi�H iQ HQr2` i?�i #�``B2`X

6Q` � T?�`K�+2miB+�H +QKT�Mv +QMbB/2`BM; ?QbiBM; �M QT2M BMMQp�iBQM TH�i7Q`K i?2`2 �`2 i?`22
K�BM �+iBpBiB2b i?�i r2 B/2MiB}2/ �b #2BM; pBi�H 7Q` bm++2bbX h?2 ?Qbi Kmbi mM/2`bi�M/ �M/
+H2�`Hv /2}M2 i?2 T`Q#H2Kb i?�i `2[mB`2 bQHmiBQMb �M/ bB;M�H i?2K BM �M mM/2`bi�M/�#H2 7Q`K�iX
a2+QM/Hv- i?2 ?Qbi Kmbi +`2�i2 p�Hm2 7Q` T�`iB+BT�Mib Qi?2` i?�M i?2 BMi`BMbB+ p�Hm2 Q7 bQHpBM;
� T`Q#H2KX �M/ }M�HHv- i?2 ?Qbi Kmbi F22T i?2 #�``B2`b 7Q` 2M;�;2K2Mi HQr iQ �HHQr #`Q�/
T�`iB+BT�iBQMX

Peter Mouritzen
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h?Bb +QM+Hm/2b Qm` +QM+HmbBQM Q7 Qm` bim/vX q2 rQmH/ HBF2 iQ r`�T Bi mT #v `272``BM; iQ �
bi�i2K2Mi 7`QK QM2 Q7 Qm` BMi2`pB2r22b BM BMi2`pB2r 9,

ǴA7 A b22 [m�HBiv �M/ A b22 i`mbi- �M/ A b22 2M;�;2K2Mi 7`QK i?2 QT2M BMMQp�iBQM
TH�i7Q`K- i?2M A bi�`i iQ #2 2M+Qm`�;2/ �M/ A Dmbi b�vc QF i?Bb Bb r?�i r2 ;Q 7Q`
;mvb- H2ib ;2i i?2 H2;�H T�T2`b5Ǵ
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RX :vm`Dv�M- :X- h?�F2`- aX- q2bi?m2b- EX � wr��Mbi`�- *X J+EBMb2v @ _2i?BMFBM; T?�`K�

T`Q/m+iBpBiv- RĜRy UkyRdVX
kX JmMQb- "X G2bbQMb 7`QK ey v2�`b Q7 T?�`K�+2miB+�H BMMQp�iBQMX L�im`2 _2pB2rb .`m;

.Bb+Qp2`v 3- N8N U.2+2K#2` kyyNVX
jX Cm//- .X "X PT2M BMMQp�iBQM BM /`m; /Bb+Qp2`v `2b2�`+? +QK2b Q7 �;2X .`m; .Bb+Qp2`v

hQ/�v R3- jR8ĜjRdX BbbM, Rj8Ne99e UkyRjVX
9X .2HQBii2 *2Mi`2 7Q` >2�Hi? aQHmiBQMbX lMHQ+FBM; T`Q/m+iBpBiv _�. T`Q/m+iBpBiv J2�bm`@

BM; i?2 `2im`M Q7 7`QK T?�`K�+2miB+�H BMMQp�iBQM kyR3 UkyR3VX
8X aQM;- *X >X � >�M- CX qX S�i2Mi +HBz �M/ bi`�i2;B+ brBi+?, 2tTHQ`BM; bi`�i2;B+ /2bB;M

TQbbB#BHBiB2b BM i?2 T?�`K�+2miB+�H BM/mbi`vX aT`BM;2`SHmb 8- RĜR9X BbbM, kRNjR3yR UkyReVX
eX 1p�Hm�i2J2/h2+?X qQ`H/ T`2pB2r kyRe- QmiHQQF iQ kykkX 1p�Hm�i2S?�`K�- RĜ93X BbbM,

R3ee3yeRjy UkyReVX
dX .BM2`bi2BM- *X �*a> @ �##pB2Ƕb >mKB`� S�i2Mi 1tTB`v kyR3X UJ�v 3- kyRNVX
3X .BJ�bB- CX �X- :`�#QrbFB- >X :X � >�Mb2M- _X qX AMMQp�iBQM BM i?2 T?�`K�+2miB+�H

BM/mbi`v, L2r 2biBK�i2b Q7 _�. +QbibX CQm`M�H Q7 >2�Hi? 1+QMQKB+b 9d- kyĜjjX BbbM,
R3dNRe9e UkyReVX

NX E?�MM�- AX .`m; /Bb+Qp2`v BM T?�`K�+2miB+�H BM/mbi`v, S`Q/m+iBpBiv +?�HH2M;2b �M/ i`2M/bX
.`m; .Bb+Qp2`v hQ/�v Rd- Ry33ĜRRykX BbbM, Rj8Ne99e UkyRkVX

RyX JmHH�`/- �X kyR3 6.� /`m; �TT`Qp�HbX L�im`2 _2pB2rb .`m; .Bb+Qp2`v R3- 38Ĝ3NX BbbM,
R9d9@Rdde UkyRNVX

RRX S2`mzQ- 1X- SB`QHQ- GX � L2MMB- JX 1X aTBM@Qz �M/ BMMQp�iBQM BM i?2 T?�`K�+2miB+�H BM/mb@
i`vX AMi2`M�iBQM�H CQm`M�H Q7 1M;BM22`BM; "mbBM2bb J�M�;2K2Mi e- RĜdX BbbM, R39dNdNy
UkyR9VX

RkX S�mH- aX JX 2i �HX >Qr iQ BKT`Qp2 _�. T`Q/m+iBpBiv, i?2 T?�`K�+2miB+�H BM/mbi`vǶb ;`�M/
+?�HH2M;2X L�im`2 _2pB2rb .`m; .Bb+Qp2`v N- kyj U62#`m�`v kyRyVX

RjX "`QrM- �X "BQT?�`K� Ƕ b `2+Q`/ p2Mim`2 v2�` 2M/b rBi? � bHQr/QrM- kyR3Ĝkyky UkyRNVX
R9X AQ�MMQm- GX *L"* �`iB+H2 kyR3@yj@ke kyR3X ?iiTb,ffrrrX+M#+X+QKfkyR3fyjfkef#B;@

T?�`K�b@b+`�K#H2@iQ@BMp2bi@BM@bi�`i@mTb@iQ@7m2H@BMMQp�iBQMX?iKHX
R8X AMi2`M�iBQM 62/2`�iBQM Q7 S?�`K�+2miB+�H J�Mm7�+im`2`b � �bbQ+B�iBQMbX 6�+ib �M/ 6B;@

m`2b kyRd @ AMi2`M�iBQM�H 62/2`�iBQM Q7 S?�`K�+2miB+�H J�Mm7�+im`2`b � �bbQ+B�iBQMb
i2+?MB+�H `2TQ`i UkyRdVX ?iiTb,ffrrrXB7TK�XQ`;frT@ +QMi2MifmTHQ�/bfkyRdfykf
A6SJ�@6�+ib@�M/@6B;m`2b@kyRdXT/7X

ReX >m- JX h?2 AMMQp�iBQM :�T BM S?�`K�+2miB+�H .`m; .Bb+Qp2`v � L2r JQ/2Hb 7Q` _ �
. am++2bb E2HHQ;; a+?QQH Q7 J�M�;2K2MiX AMMQp�iBQM UkyydVX

https://www.cnbc.com/2018/03/26/big-pharmas-scramble-to-invest-in-start-ups-to-fuel-innovation.html
https://www.cnbc.com/2018/03/26/big-pharmas-scramble-to-invest-in-start-ups-to-fuel-innovation.html
https://www.ifpma.org/wp-content/uploads/2017/02/IFPMA-Facts-And-Figures-2017.pdf
https://www.ifpma.org/wp-content/uploads/2017/02/IFPMA-Facts-And-Figures-2017.pdf
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RdX >�DQb- �X EX h`2M/b �M/ AMMQp�iBQMb BM S?�`K�+2miB+�H _�. PmibQm`+BM;X o�Hm2 *`2�iBQM
BM i?2 S?�`K�+2miB+�H AM/mbi`vX qBH2v PMHBM2 "QQFb /QB,/QB,RyXRyykfNd3j8kdeNj9y8X
+?RdX ?iiTb,ff/QBXQ`;fRyXRyykfNd3j8kdeNj9y8X+?Rd U62#`m�`v kyReVX

R3X a+?m?K�+?2`- �X- :�bbK�MM- PX- J+*`�+F2M- LX � >BM/2`- JX PT2M BMMQp�iBQM �M/
2ti2`M�H bQm`+2b Q7 BMMQp�iBQMX �M QTTQ`imMBiv iQ 7m2H i?2 _�. TBT2HBM2 �M/ 2M?�M+2
/2+BbBQM K�FBM;\ CQm`M�H Q7 h`�MbH�iBQM�H J2/B+BM2 Re- RĜR9X BbbM, R9dN83de UkyR3VX

RNX .`2rb- CX � .`2rb- CX .`m; .Bb+Qp2`v, � >BbiQ`B+�H S2`bT2+iBp2X a+B2M+2 k3d- RNeyĜRNe9X
BbbM, yyje@3yd8 UkyyNVX

kyX 6H2KBM;- �X PM i?2 �MiB#�+i2`B�H �+iBQM Q7 *mHim`2b Q7 � S2MB+BHHBmK- rBi? aT2+B�H _27@
2`2M+2 iQ i?2B` lb2 BM i?2 AbQH�iBQM Q7 "X BM~m2Mx¤X 2M;X "`BiBb? DQm`M�H Q7 2tT2`BK2Mi�H
T�i?QHQ;v Ry- kkeĜkjeX BbbM, yyyd@RykR UCmM2 RNkNVX

kRX .m`?�K- SX GX *�H+BiQMBM ;2M2@`2H�i2/ T2TiB/2 U*:_SV �M/ KB;`�BM2X 2M;X >2�/�+?2 9e
amTTH R- ajĜa3X BbbM, yyRd@3d93 UCmM2 kyyeVX

kkX L2r .`m; *H�bb 1KTHQvb LQp2H J2+?�MBbK 7Q` JB;`�BM2 h`2�iK2Mi �M/ S`2p2MiBQM
?iiTb,ffrrrX7/�X;Qpf.`m;bfL2rb1p2Mibfm+KekNN93X?iKX

kjX >mMi2`- CX � ai2T?2Mb- aX Ab QT2M BMMQp�iBQM i?2 r�v 7Q`r�`/ 7Q` #B; T?�`K�\ L�im`2
_2pB2rb .`m; .Bb+Qp2`v N- 3dĜ33X BbbM, R9d9Rdde UkyRyVX

k9X *?2b#`Qm;?- >X qX � *?2b#`Qm;?- >X qX h?2 1`� Q7 PT2M AMMQp�iBQMX JAh aHQ�M J�M@
�;2K2Mi _2pB2r 99- j8Ĝ9kX BbbM, R8jkNRN9 UkyyjVX

k8X *?2b#`Qm;?- >X qX PT2M BMMQp�iBQM , i?2 M2r BKT2`�iBp2 7Q` +`2�iBM; �M/ T`Q}iBM; 7`QK
i2+?MQHQ;v 1M;HBb?X Bb#M, Nd3R9kkRyk3jR R9kkRyk3jR U>�`p�`/ "mbBM2bb a+?QQH S`2bb-
"QbiQM- J�bbX- kyyeVX

keX *?2b#`Qm;?- >X PT2M AMMQp�iBQM, q?2`2 q2Ƕp2 "22M �M/ q?2`2 q2Ƕ`2 :QBM;X _2b2�`+?@
h2+?MQHQ;v J�M�;2K2Mi 88- kyĜkdX BbbM, y3N8@ejy3 UkyRkVX

kdX 1HK�Mbv- _X 8 am++2bb7mH PT2M AMMQp�iBQM 1t�KTH2b kyReX ?iiTb,ffrrrX/2bB;MQ`�i2X
+QKfbm++2bb7mH@QT2M@BMMQp�iBQM@2t�KTH2bf UJ�v RR- kyRNVX

k3X "Q2?`BM;2` AM;2H?2BKX "Q2?`BM;2` AM;2H?2BK QTMJ2 UJ�v RR- kyRNVX
kNX a+?m?K�+?2`- �X- :2`K�MM- SX@:X- h`BHH- >X � :�bbK�MM- PX JQ/2Hb 7Q` QT2M BMMQp�iBQM

BM i?2 T?�`K�+2miB+�H BM/mbi`vX .`m; .Bb+Qp2`v hQ/�v R3- RRjjĜRRjdX BbbM, Rj8Ne99e
UkyRjVX

jyX :H�tQaKBi?EHBM2 AM+X PT2M AMMQp�iBQM �i :aE ?iiTb,ffmFX;bFX+QKf2M@;#f`2b2�`+?f
b?�`BM;@Qm`@`2b2�`+?fQT2M@BMMQp�iBQMf UJ�v RR- kyRNVX

jRX G1P S?�`K� ?iiT,ffrrrXH2Q@T?�`K�X+QKfX
jkX G1P S?�`K�X G2Q S?�`K� �MMm�H _2TQ`iX ?iiT,ffrrrXH2Q@T?�`K�X+QKf UkyRdVX
jjX G1P S?�`K�, PT2M AMMQp�iBQM ?iiT,ffQT2MBMMQp�iBQMXH2Q@T?�`K�X+QK U62#`m�`v RR-

kyRNVX
j9X >2M`v qX *?2b#`Qm;?X h?2 1`� Q7 PT2M AMMQp�iBQMX JAh aHQ�M J�M�;2K2Mi _2pB2r 98-

keĜjkX BbbM, R8jkNRN9 Ukyy9VX
j8X "`B;H- JX 2i �HX >Qr i?2 "2bi *Q`TQ`�i2 o2Mim`2`b E22T :2iiBM; "2ii2`X h?2 "QbiQM

*QMbHmiBM; :`QmT UkyR3VX

http://dx.doi.org/doi:10.1002/9783527693405.ch17
http://dx.doi.org/doi:10.1002/9783527693405.ch17
https://doi.org/10.1002/9783527693405.ch17
https://www.fda.gov/Drugs/NewsEvents/ucm629948.htm
https://www.designorate.com/successful-open-innovation-examples/
https://www.designorate.com/successful-open-innovation-examples/
https://uk.gsk.com/en-gb/research/sharing-our-research/open-innovation/
https://uk.gsk.com/en-gb/research/sharing-our-research/open-innovation/
http://www.leo-pharma.com/
http://www.leo-pharma.com/
http://openinnovation.leo-pharma.com
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jeX *?2b#`Qm;?- >X *?�Ti2` R @ .2}MBM; QT2M BMMQp�iBQMX PT2M AMMQp�iBQM, � L2r S�`�/B;K
7Q` lM/2`bi�M/BM; AM/mbi`B�H- d8Ĝ3yX BbbM, RNN3Re9j Ukyy8VX

jdX L�K#Bb�M- aX- aB2;2H- .X � E2MM2v- JX PM QT2M BMMQp�iBQM- TH�i7Q`Kb- �M/ 2Mi`2T`2M2m`@
b?BTX ai`�i2;B+ 1Mi`2T`2M2m`b?BT CQm`M�H Rk- j89Ĝje3X BbbM, RNjk99js UkyR3VX

j3X hm`�- LX- EmipQM2M- �X � _Bi�H�- SX SH�i7Q`K /2bB;M 7`�K2rQ`F , +QM+2Tim�HBb�iBQM �M/
�TTHB+�iBQMX jy- 33RĜ3N9 UkyR3VX

jNX *BQ+BQH�- �X �X- *Q?2M- GX "X � EmHF�`MB- SX >Qr /`m;b �`2 /2p2HQT2/ �M/ �TT`Qp2/ #v
i?2 6.�, *m``2Mi T`Q+2bb �M/ 7mim`2 /B`2+iBQMbX �K2`B+�M CQm`M�H Q7 :�bi`Q2Mi2`QHQ;v
RyN- ekyĜekjX BbbM, R8dkyk9R UkyR9VX

9yX S?�`K�+2miB+�H _2b2�`+? �M/ J�Mm7�+im`2`b Q7 �K2`B+�X "BQT?�`K�+2miB+�H _2b2�`+? �
.2p2HQTK2Mi , h?2 S`Q+2bb "2?BM/ L2r J2/B+BM2bX S?_J�- RĜkR UkyR8VX

9RX *QKKBbbBQM- 1X h?2 HB72 +v+H2 Q7 T?�`K�+2miB+�H T`Q/m+ib ?iiT , f f 2+ X 2m`QT� X 2m f
+QKT2iBiBQMfb2+iQ`bfT?�`K�+2miB+�Hbf+v+H2X?iKH UJ�v kk- kyRNVX

9kX S`�D�T�iB- oX � .m`2D�- >X S`Q/m+i HB72+v+H2 K�M�;2K2Mi BM T?�`K�+2miB+�HbX CQm`M�H Q7
J2/B+�H J�`F2iBM; Rk- R8yĜR83X BbbM, Rd98@dNy9 U�T`BH kyRkVX

9jX C�2MB+?2M- >X@_X � SBix- CX _2b2�`+? 2t2KTiBQMf2tT2`BK2Mi�H mb2 BM i?2 1m`QT2�M lMBQM,
T�i2Mib /Q MQi #HQ+F i?2 T`Q;`2bb Q7 b+B2M+2X 2M;X *QH/ aT`BM; >�`#Q` T2`bT2+iBp2b BM
K2/B+BM2 8X BbbM, kR8d@R9kkX /QB,RyXRRyRf+b?T2`bT2+iX�ykyN9RX ?iiTb,ffrrrXM+#BX
MHKXMB?X;QpfTm#K2/fk8jddR98Wky?iiTb,ffrrrXM+#BXMHKXMB?X;QpfTK+f�`iB+H2bf
SJ*9jR8NRef UkyR8VX

99X J2/B+QM o�HH2v �HHB�M+2 � >QB#2`; �faX J2/B+QM o�HH2v S�i2Mi :mB/2X ?iiT,ffrrrX
+#bX/imX/Ff+Qm`b2bfkdeR9fK�i2`B�HfT�i2MibfJ2/B+QMWd"W8*nWd.o�HH2vWd"W8*n
Wd.S�i2MiWd"W8*nWd.:mB/2XT/7 UkyR8VX

98X _B+?�`/- "X- ai2r�`i- JX � 6`�MFHBM- �X S`BM+BTH2b Q7 *Q`TQ`�i2 6BM�M+2 Ryi? 2/BiBQMX
Bb#M, Nd3yydj8jydj9 UJ+:`�r@>BHH A`rBM- kyRRVX

9eX Pbi2`r�H/2`- �X "mbBM2bb JQ/2H :2M2`�iBQM k33X Bb#M, Nd3@y9dy@3de9R@RX �`sBp, �`sBp,
RyRRXReeNpj UkyRyVX

9dX h22+2- .X CX "mbBM2bb KQ/2Hb- #mbBM2bb bi`�i2;v �M/ BMMQp�iBQMX GQM; _�M;2 SH�MMBM; 9j-
RdkĜRN9X BbbM, yyk9ejyR UkyRyVX

93X C�K2b- JX 1tTHQ`�iBQM �M/ 1tTHQBi�iBQM BM P`; H2�`MBM;XT/7X P`;�MBx�iBQM a+B2M+2 k- dRĜ
3d URNNRVX

9NX o�M?�p2`#2F2- qX _2i?BMFBM; PT2M AMMQp�iBQM "2vQM/ i?2 AMMQp�iBQM 6mMM2HX h2+?MQH@
Q;v AMMQp�iBQM J�M�;2K2Mi _2pB2r- eĜRy UkyRjVX

8yX a+?`2m/2`b- CX � G2;2bb2- �X P`;�MBx�iBQM�H �K#B/2ti2`Biv, >Qr aK�HH h2+?MQHQ;v 6B`Kb
"�H�M+2 AMMQp�iBQM �M/ amTTQ`iX h2+?MQHQ;v AMMQp�iBQM J�M�;2K2Mi _2pB2r k- RdĜkR
UkyR3VX

8RX h22+2- .X CX- SBb�MQ- :X � a?m2M- �X .vM�KB+ *�T�#BHBiB2b �M/ ai`�i2;B+ J�M�;2K2MiX
ai`�i2;B+ J�M�;2K2Mi CQm`M�H R3- 8yNĜ8jjX UJ�`+? RNNdVX

8kX h22+2- .X CX 1tTHB+�iBM; /vM�KB+ +�T�#BHBiB2b, i?2 M�im`2 �M/ KB+`Q7QmM/�iBQMb Q7 Ubmb@
i�BM�#H2V 2Mi2`T`Bb2 T2`7Q`K�M+2X ai`�i2;B+ J�M�;2K2Mi CQm`M�H k3- RjRNĜRj8yX BbbM,
yR9j@kyN8 U.2+2K#2` kyydVX

http://ec.europa.eu/competition/sectors/pharmaceuticals/cycle.html
http://ec.europa.eu/competition/sectors/pharmaceuticals/cycle.html
http://dx.doi.org/10.1101/cshperspect.a020941
https://www.ncbi.nlm.nih.gov/pubmed/25377145%20https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4315916/
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Short introduction to the project 
 
How can pharmaceutical companies use open innovation platforms to increase their global reach 
of external innovation? 
 
LEO Pharma as a case study, they open innovation platform has a high degree of openness, no 
strings attached and free testing. It is mainly used to source molecules. 
 
This leads us to our sub questions and the information we would like to find for the interview; 

- What is the value that open innovation platforms need to provide participants? 
- What roadblocks and challenges can be encountered when participating in an open 

innovation platform? 
- How does the difference in geographical location influence external collaborations? 

 
Also, we want to explore open innovation as a concept and the understanding of innovation 
strategies in the industry. 
 
Warm-up 
 
W1 Can you tell me a bit about your background and your current role in the organization you 

work in. 
 
W2 Have you ever considered to have your drug candidate tested by an external organization 

with the aim of potential collaboration? Why/why not? 
 
W3 Do you consider external collaborations to be a necessity for innovation to bring novel 

drugs to market? 
a. How do you think geographical local may influence these collaborations positively 

and negatively? 
b. If a US-based counterpart to an international company was available, would you 

prefer a domestic or even local collaboration? Why/why not? 
 
W4 How do you test your drug candidates at this moment? Is it both internally and externally? 

a. If you need a test not available in your lab and outside your competencies, how 
would you test your drug candidate? 

b. What aspects of having your drug candidate tested externally is important to you 
and why are they important? (E.g. time of testing, price, proprietary tests/assays, 
security of IPRs etc.) 

 
Let’s move on two your understanding of the innovation strategies currently employed in the 
pharma and biotech industry. I would like to know 
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T1 The nature of research professionals’ knowledge about the shift from closed to open 

innovation and collaborations through licensing agreements and acquisitions; 
(Knowledge about Innovation Strategies)  

 
Q1.1 How is you attitude to the current model of innovation where big pharma acquires start-

ups or collaborates through license agreements to source external innovation? 
a. Do you believe this is sustainable? Why/why not? 
b. Do you think it is necessary? Why/why not? 
c. Do you think that small companies and universities can freely choose between large 

companies to collaborate with? Why/why not? 
 
Q1.2 How do you see the future role of big pharma for bringing novel therapies to the market? 

a. What benefits and limitations do you see with this model? Why? 
b. How do you think a more open approach to innovation can help? 
c. Do you consider external collaborations to be a necessity to fully develop a drug? 

Why/Why not? 
 

Q1.3 How well do you think that you understand your organization’s internal innovation model?  
a. How much does it rely on external collaborations?  
b. Would you consider collaborating with a big company to develop one of your 

products? Why/why not? 
 
 
 

Great! Now I would like to get a bit more specific and move on to your understanding of open 
innovation – when and how to use it.  
 
As there is a huge variety of interpretations of open innovation, I want to be a bit specific here. 
Therefore, we will use the case study, LEO Pharma. Please bear in mind that it does not necessarily 
have to be within dermatology, as we can think about it more theoretically. I.e. the same setup for 
platform but with different assays. 
*Show flyer* and explain;  
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T2 The extent to which the research professionals feel they know when and how to use an 

open innovation platform; 
 (Understanding of open innovation platforms) 
 
Q2.1 Prior to speaking with us, have you ever heard about “open innovation”? 

c. What are your initial thoughts on open innovation? 
d. Were you ware about the offering of open innovation platforms/programs? 
e. Can you name a few companies offering these? 

 
Q2.1 How do you think open innovation platforms can benefit the pharma and biotech industry? 

a. Can you elaborate on your view of these open innovation platforms, is it good or 
bad? 

b. Have you ever investigated an open innovation platform? Why not/how did you do 
it? 

c. When and why do you think you would look for an open innovation platform? 
d. Why do you think companies provides such a platform? 
e. Will you be looking for one in the future? Why/why not? 

 
Q2.3 Based on the information I provided; do you feel that you know when you should contact a 

company regarding participating in their open innovation platform? 
a. Which information do you think should be provided about the open innovation 

platform and participation? 
b. Which way do you find it most appropriate to connect with the open innovation 

platform? Why/why not? (e.g. email, telephone, website form or another) 
c. Would you be more prone to interact with an open innovation platform if you had 

spoken with a person in a physical presence? Why/why not? 
 
 
So, to be a bit more specific about actual things that you would value in an open innovation 
platform, I would like to explore this with the next questions. 
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T3 The benefits and protection that research professionals feel that an open innovation 

platform should be providing; 
 (Value that an open innovation platform should bring) 
 
Q3.1 What would you value in an open innovation platform for drug discovery? 

a. What level of openness would you require by them? Why? 
b. What kind of testing of your drug candidate would you like? Why? 
c. Do you think that an open innovation platform with free testing and no strings 

attached could be essential for your drug discovery and development? Why/why 
not? 

d. How do you compare the services provided by an open innovation platform to a 
Contract-Research Organization? Do you prefer one or the other? Why? 
 

Q3.2 Which benefits and opportunities would you expect from an collaboration with a large 
company’s open innovation platform? 

a. What benefits of innovating together with a large company do you see? Why? 
b. What concerns do you have with this type of collaboration? Why? 

 
 
Q3.3 What are your initial thoughts on an open innovation platform with free testing and no 

strings attached? 
a. How do you think it could benefit your organization? 
b. Which challenges and roadblocks do you immediately recognize? Why? 
c. What concerns do you have about this platform? Why? How do you think these 

could be addressed? 
d. Is the reputation of the company providing the platform an important 

consideration for you when considering participation in their open innovation 
platform? 

 
Q3.4 As open innovation platforms may need IP sensitive information and also handle the data 

generated by testing, how do you feel about these requirements? 
a. How does this raise concerns for you? 
b. How do you think it should be handled? 
c. Regarding this handling, what is the most important aspect for you? 
d. How can trust to the provider help alleviate the concerns related to this? 

 
 
The interaction between stakeholders in collaborations is often complex, so I want to explore how  
you think the interaction between you and an open innovation platform could be. 
Especially, an international one that would require exchange and interaction across country 
borders. 
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T4 The extent to which the research professional feel that they can easily interact with an 
open innovation platform and international collaboration 

 (How to interact with an open innovation platform) 
  
Q4.1 Ideally, how would you like to discover an open innovation platform? 

a. Would you actively search for one online? Why/why not? 
b. What information do you think is important to highlight? Why? 
c. What communication channel do you find the best to interact through? Why? 
d. What might limit your willingness to contact an open innovation platform for 

collaboration? 
 
Q4.2 If participation in an open innovation platform requires shipment of your drug candidate 

internationally, how do you perceive this requirement? 
a. What concerns you in this regard? Why? 
b. Would you be more prone to participate if shipped domestically or even locally? 

Why/Why not? 
c. Do you consider the workload related to documentation for shipping internationally 

is burdensome? Why? 
d. For international shipment, how would you like the provider to address these 

issues? 
 
Q4.3 Considering legal aspects when sharing your drug candidate with another company, how 

do you evaluate the documentation required for interacting with an open innovation 
platform? (Do you consider it difficult or easy?) 

a. Why do you consider the workload to be troublesome? 
b. How is your experience with MTAs?  
c. Generally, how is your experience with contracting for collaboration? 
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T5 The extent to which an open innovation platform is meeting the research professionals 
needs; 
(Are you satisfied with the open innovation platform) 

 
Q5.1 How did the external collaboration through the open innovation platform live up to your 

expectations? 
a. What challenges did you encounter? 
b. How do you think it should be improved? 
c. Why did you choose to participate in the first place? 
d. How do you think the future for open innovation platforms look like? 

 
Q5.2 How do you evaluate the trust between you and the provider? 

a. How did you feel about data sharing? 
b. How did you feel about disclosing IP sensitive information? 
c. How do you think the trust can be improved? 
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T6 Extra questions for Anil 
 (L’Oreal specific questions about their open innovation platform) 
 
Q6.1 Why was the open innovation program introduced at L’Oreal? 

a. How does it work? 
b. How do you think it contributes with value to L’Oreal? 
c. How do you think it provides value to the participants? 
d. Do you think it is necessary to offer an open innovation platform to source external 

innovations? Why/why not? 
e. Which are the biggest challenges you have encountered with the program? Why? 
f. How would you evaluate the success of the open innovation program? 

 
Q6.2 How do you maintain the trust between you and the participants? 

a. How do you raise the trust?  
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Interview 1 
Q: Why was open innovation introduced at LEO pharma? 

A: in order to, so now I'm going to answer as my role as the driving force and the designer of LEO pharma open 
innovation. It was designed to make external collaborations happen much much easier and improve external 
engagement.  

Q: So to ease the collaboration with the outside world? 

A: Yes. 

Q: So was it more like an exploratory system to find out what is happening what's happening in the world? 

A: I guess yes and no. Not only but one of the main reasons was to be enabled to connect quicker with biotech 
and potential in-licencing partner opportunities. But to do that it was also good to explore what the options 
were out there and you can only explore if you do it in an easy way, you can't explore if you have to write up 
documentation and paperwork.  

Q: So can you explain briefly how the open innovation at LEO pharma works? 

A: It is based on us opening up and being transparent and giving access to others to our early drug discovery 
capabilities and those capabilities are advanced, disease relevant in-vitro assays, to those that would like to test 
molecules in these assays, what we call "with no strings attached". That means, you can see what they are, so it 
is disclosed what it is and there is no business term, meaning we don't need to have the first right to negotiate, 
we don't have to take the business on, and the partner will then own the data, and they don't have to tell us the 
molecule if they don't want to. So all these criteria, and of course doesn't cost anything, - and these criteria 
lowers the barriers for engagement to an almost none existent level. So with the ease of engagement, and then 
you can use that platform to explore different kinds of relationships. It is all based on trying out molecules if 
they could have an effect in our disease relevance. 

Q: So what value for the participants would you expect to come out of it? Is it just having access to these assays 
or? 

A: First value is they know what it is. Transparency so our partner could see what we do, is valuable. It is valuable 
for them to receive the data and have ownership of it. Then there is the possible value of creating a partnership. 
But that's more as a carrot than a value. And they also get feedback from a professional scientist on the results. 
Those are 3 points I suppose.  

Q: Now, do you think it's necessary for LEO pharma to have an open innovation platform to engage quickly with 
the environment or is it something that you are trying out to see how it goes? 

A: I think it is necessary to engage with those partners, with that science, but it's not the only thing you should 
have, or could have, in order to engage with partners. You can also engage with other partner in other ways. So 
I will say yes it's important in order to connect someone else with our R&D pipeline, then we needed this. It's 
also possible to connect other partners to other things and you can do it differently. But the whole thing is kind 
of pushing the mindset in the corporation, so you can change things and make things differently and then also 
other things can happen. 

Q: How has it changed the mindset in the corporation do you think? 

A: It has changed to some degree, it is also pushing for a continuous change towards 1) we should always start 
with the possibility of working with external partner, as a default thinking instead of a last resort. It should be a 
default thing you would consider. It has changed the corporation into thinking it's ok to disclose more, because 
everything does have to be confidential in order to protect the business, some things yes, but not everything. 
So if the culture is changing into accepting that, then it's much easier to engage with external research 
communities. 

Q: What have you noticed have been the biggest problems you have encountered while setting up this platform? 

A: Well there are problems and there are hurdles and there are difficulties, and of different kinds. So there is 
internal problems and external problems. Internally it's always been a hard push to change things that are usually 
against what we usually do. So that the points I've told you before on how to make it work without having 
business commitments and so on, those things are difficult to change. That's been a long one, and changing the 
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legal parameters on how you do this. That's a difficult change. Then you need to know the benefits and the value 
of doing that in order to argue why it should change, why you should accept a bigger risk or higher costs. Then 
externally, it is simply to make ourselves heard. "Why should I come to you, why is that a good thing", so the 
value proposition and then the channel of commentating that, communicating the value proposition. That is 
also difficult to get a hold of.  

Q: Do you think that researchers at LEO pharma are more open to accessing knowledge or help from the outside 
with their problem, as in if there is a problem that they are having, or something they are trying to figure out, 
do you think they are more likely to go externally for solutions with this happening? Or is it still kind of: their 
research, their knowledge? 

A: So when you say more, I guess that implies some kind of comparison right? 

Q: Yeah... 

A: I cannot compare because it's not a controlled study right? But I can see it, and I do think that the culture has 
changed and the culture is changing, and that is a culture towards actually being more open, and being more 
geared towards external partnerships. So in my mind, or what I can observe without having any objective studies, 
is I see many more partnerships and external collaborations happening at LEO in research, regardless of open 
innovation. So that could have been a boost towards scientists having the mindset of actually doing things more 
externally. So it has in my mind become more common, and more accepted, and more seen as an opportunity, 
than a difficulty.        

Q: So I'm thinking, which came first, the chicken or the egg. Did the corporate culture have to change towards 
openness to allow for open innovation or did open innovation push the corporate culture towards more 
openness? 

A: That is of course nothing we can conclude. We can only hypothesize about that. I think it's probably a 
combination of both right? So the corporation has to be pushed from different directions in order to change but 
open innovation is one of those directions that keep pushing. So maybe it's a joint development but previously 
there was a clear statement as a corporate strategy that was  'we need to leverage external competence'. So we 
need to leverage external competence as a strategic goal and then open innovation came out as a tactical 
implementation to achieve that goal. So we built that to deliver that, in a way the corporation had to move in 
that direction, so maybe that direction made it possible for open innovation to be implemented but at the same 
time, as the implemented open innovation, people could see that it is actually possible to do something to reach 
that goal. So I would say open innovation has played a role in transforming the organization towards being more 
transparent.  

Q: So it a synergy? 

A: Yeah.  

Q: Not just for sourcing molecules but also sourcing capabilities or competencies? 

A: I think that's happening to a greater extent but I think being very specific in the beginning of sourcing 
molecules made it very clear that this can be done and going away form, - because many people are a bit 
sceptical in the beginning, because when you say you are going to be more open, you are going to take in more 
things externally, it can almost appear to be a bit anarchistic or without control or, it’s going to be difficult from 
a legal perspective, confidential perspective, but by doing this, - setting up this open innovation as a control 
process we could show internally that you can actually do this and keep control and make it fit into business, 
therefor showing it is possible to do it.  

Q: I've heard some of your corporate managers talk about being the most open company in the pharma industry, 
so they wear this like a badge. 

A: Some of them do 

Q: Yeah some of them do, so it makes sense that it would affect their behaviour 

A: Yes and this kind of corporate change and this behaviour change takes 4 or 5 years, as studies have shown, at 
least.  

Q: So when did you first start the program? 

A: So this is 4 or 5 years ago 
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Q: So about 2015? 

A: Yeah something like that. 

Q: So I'm wandering, since you are trying to reach this external sourcing or innovation, uhhh, of course at first 
you might get more, it's easier to approach people in your neighbourhood, in Copenhagen, in the Scandinavian 
area but we are looking at now more global sourcing, have you noticed any differences in needs of participants 
depending on if they are very close by or very far away? 

A: Very close by and very far away (thinking) One thing is shipping, some are more concerned but obviously this 
is more on a case by case, so some partners think something is important, and someone else thinks something 
else is important. But looking at it as a whole, some partners have mentioned shipping being an issue. Some 
partners have mentioned that the scientific detail that we discussed is much more important than anything else, 
to have that clear. Some will be more focused on what potential business outcomes as being the most important 
thing. So I've seen different aspects of what potential partners think is relevant or less relevant to discuss.  

Q: So I've heard you mention before, and you talked about this being a successful program for LEO but how 
evaluate success? 

A: Yeah I had this question recently as well. Given that discovery and research and development has high 
attrition rate during the entire process. It is difficult to say that it takes something from here to the clinic, because 
everything fails pretty much (laughing) or 95% fails. We cannot say that we are going to cure that attrition 
problem right away even though some studies show that externally sourced molecules are actually more likely 
to make it to the clinic than otherwise. There was a Deloitte article about that actually. Otherwise success criteria 
could be perhaps be replaced by KPIs or Key Performance Indicators, that are showing at least that it works and 
one KPI for this is simply how many partners do get in, and in my mind we get more now than before and we do 
get roughly about 20 per year. So right now we have had more than 80 partners signing up and sending their 
molecules. So that's a KPI saying 'yes we do get partners to sign up'. 

Q: So engagement is something that you do..... 

A: Engagement for me is a success criteria, you would not have business success unless you have engagement. 
But you can have engagement without having business success of course. So they can sign up and they can send 
in molecules and we tried them and I have a rough number saying in about in total in these years we have about 
5 that made it further, going into further evaluation or partnership or business development opportunity. For 
me, just having a handful of those is really really good. 

Q: So Where are they now the 5? 

A: Those 5 have all been closed again. That is also a success, because that means we took something in, evaluated 
it and said 'no thank you'. I have one currently open that we are going to be discussing in the next couple of 
weeks, to see if there is an opportunity, because it has some interesting scientific results. So we do see 
interesting scientific results, perhaps at least 10-20% but then we go into the next phase and discuss what that 
could be and maybe half of those we say 'ohh ok that's the reason, well that's not interesting to us'. But half of 
those we say ' ok let's continue to discuss and see if there is an opportunity to do business or follow-up science'.  

Q: This might be a pretty difficult question to answer but how predictable is this success if you get a positive 
from the models you are offering.  

A: Very very low 

Q: Very very low? 

A: Yeah. So these models are not 100% translational. So many times if we see results in these assays, you may 
not have the same results in a clinic, of course. Something that works in the assays might not work in a clinic. 
Something that doesn't work in the assays could still work in the clinic, unfortunately. This is the problem in the 
whole industry. But there is a change of bringing it further in, so we also want to have a data-set that we can 
start having a discussion about. So sometimes we have a data-set about the molecule and we discuss it, and 
based on the discussion with the partner, then we have actually got to studies on another molecule, that wasn't 
tested. So it's the data-set that started the discussion on a scientific level.  

Q: So would you say it would be better for the company, to have assays that give good results that don't work 
in the clinic, than give a bad result that might work. So kind of false positive and false negatives.  
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A: Yeah we actually took away one assay that kind of gave false positives. That assay had a little bit too many 
molecules looking like they were working. So we had many good positive results in this assay but when we 
looked at it we said 'well that assay doesn't really represent the disease biology that we would like to pursue'. 
So we took that one away and put something else in that is more disease relevant. So we are trying to make a 
scientific platform that we offer as relevant for us as possible.  

Q: Do you think that the assays that you are offering are very specialized for LEO, or is it something that could 
be done in a CRO? 

A: We believe, and I must say though that we haven't done significant studies to conclude this, but we do believe 
these are fairly unique. So there are, at least some of them, specialized to dermatology which is something that 
you don't usually see at CROs. This is something we believe but I think we need to be more clear about this. 

Q: So that would be another part of the value I would guess, that you are offering these specialized assays. 

A: Yes. We should say 'we offer unique assays that you can not find easily otherwise'.  I wanted to come back to 
the question you said what the success measurement is, because I did mention the KPIs and engagement, and 
the potential of getting something that we can work with. Another success criteria that we came to understand 
is the positive effect on LEO pharma branding. So this is a success factor that we haven't been able to quantify 
that much, but we have all noticed it. And that increased branding has been very relevant for the whole narrative 
for the company. So people working in marketing, sales and others perhaps don't care if we get a new partner 
and a new molecule, but they simply can say 'look we have something unique, that is really cool'. That branding 
value has been even more valuable than getting things in the pipeline.  

Q: Since LEO pharma isn't a really big company on the pharma scale, do you feel that people have heard about 
LEO more through the open innovation? 

A: Yes. I think so. We all have heard people say, yeah I'm looking for a position at LEO because we heard about 
the platform, because it's so cool. Several of those examples.  

Q: So I mean, we are talking about here sourcing molecules, people sending in their molecules to be tested in 
your assays. So this would require a lot of trust from the participants. How have actively been trying to raise this 
trust? 

A: So it's easy to say 'trust us', and there are a couple of factors that you could say that would support that 
statement. First of all it is good for us to make sure that it is known that we are a foundation owned company, 
and that the trust that we claim is also covered in the contract. Because when it comes down to it, it will be the 
contract. So we have to put the trust in the contract. That contract has been designed from an outside-in 
perspective. So we are not trying to protect ourselves or make business be ours. It's made so the partner will 
come to us. These points I've mentioned to you are so unique, so that the trust is in the contract.  

Q: So is this something, this trust that you are trying to build, is this something that you want to have to allow 
participants who don't have maybe strong patent protection yet on their molecules to be able to participate? 
Or is it something you would not recommend? 

A: The trust isn't for that, the trust is more needed to say 'come to use and we see we are actually scientific 
partners'.  'Come to us because you trust we can actually make the best of your molecule'. 'Come to us because 
what we say is actually real'. And if you do that then yes, we can try molecules that isn't patented, we can try 
molecules which you couldn't do much otherwise easy at least, because it's really difficult to get funding and 
find a partner. If you go to pharma companies and say 'I have this really early molecule' they will say 'well come 
back when you have a clinical candidate'. So in a way we say, we will trust you to come to us when you think you 
have something of relevance, because we trust you to understand our scientific platform because it's open, so 
you won't waste your own resources and therefor we won't waste ours. So it's kind of a trust relationship saying 
'the doors are open, you can come in here'. 

Q: So it's up to the participants to build up the knowledge of their own molecules before they engage. 

A: That is the standard set-up. So we can take the molecule, and if they want to we can continue to co-develop 
that into the pipeline. That is often the case for biotechs. We can also take a molecule that where there is no 
intention of developing a clinical candidate. This could be chemical probe molecule, a tool molecule, that has 
been developed in order to investigate a specific target. And there could be an academic department saying  ' 
we would like to try this molecule, not to make business, but just to simply see if there is any biology that 
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overlaps with this new target molecule'. So now we can explore science and they can make a publication of it. 
And that has also happened. 

Q: So it could be reverse where you provide maybe molecules and they have the target or the assays? 

A: No not that way. Well that could happen, but what I'm talking about here is actually they have a molecule but 
the molecule isn't made for the purpose of creating a clinical candidate, the purpose of the molecule is to simply 
target a specific protein, and if you do that you are usually focused-, that research group is usually focused on a 
specific protein, to understand the function of the protein biology, what kind of diseases could be relevant for 
this protein. Then they want to make usually a scientific understanding about that, so maybe they think 'well 
maybe this protein is relevant for TNF-alpha signalling and maybe that's relevant for psoriasis'. So they can 
explore what kind of possible disease mechanisms could be involved in this protein by sending this molecule to 
a platform. We don't use the platform for this as much as we would like to do, because I think the opportunities 
should be a bit clear.  

Q: So we want to do a little investigative question here about the participants because we talked about the 
differences that are locally and globally. Have you noticed any noticeable differences in where the participants 
come from. Are they mainly European or are big part of them from Asia, or US? 

A: So what we have noticed is that it happens more likely if someone has been in that area or that region. So 
conferences in Europe has been a good way to announce this message, so therefor we have quite a few 
participants from Europe, and also because many of our networks, personal networks, are in Europe. Business 
contacts, friends and so on. So yes we have quite a few from Europe, then we have had a specific launch in 
Japan, and we have had a specific business development person in Japan, contacting Japanese pharmaceutical 
companies, so there we also have a higher representation of pharmaceutical companies in Japan as well. That 
works really really good. Other than that, we have a scatter participation from north America, US and Canada, 
Australia, and some scatter, not so much but little bit, in Asia. That is what we have seen but it kind of reflects 
where we have put down our foot.  

Q: So you can see pattern in the participation? 

A: Yeah for sure.  

Q: So where do you actually see this open innovation platform going in the future? 

A: We have decided that we would like to-, the open innovation platform should assist LEO research in 
establishing a presence in the US. So we would like to make sure that the platformed is geared to engage US 
participants, both biotechs and universities. And we also would like to expand to other Asian regions, such as 
Korea and China. 

Q: And how to you expect to exploit the opportunities that come from this kind of exploration? Is there just 
individual business deals or is there some path way that people know that, if this happens then A and B happens. 

A: We have those kind of scenarios but I guess we could potentially make those possible scenarios a bit more 
clear. So there could be on the website or there could be kind of spelled out more 'if you do this then this could 
happen or this could happen'. We could continue more deeper understanding, with confidentiality agreements 
and look into if there is in-licencing opportunity or co-development opportunity. Or is there simply an 
opportunity to simply go in and do funding for a specific experiment, to create more value for LEO and the 
partner. So that's one way to do it and I think maybe we could be more clear about those opportunities, but also 
simply to write an article. For some that is actually important I think. Maybe I'm thinking, it's more important 
for academia, of course, but sometimes I've heard about early start-ups would also like to position themselves 
as being scientifically relevant, and they are also a bit more interested in making scientific publications than 
perhaps the more established biotech and pharma companies. 

Q: Now in more general, with open innovation in the pharmaceutical industry as a whole, now what we have 
noticed and people have talked about is that a lot of innovation is happening now more distributed than ever. 
So a lot of biotechs, start-ups and academics are doing innovative work. Do you think an open innovation 
platform, or at least some open source platform, would be the future for pharmaceutical development in 
general? 

A: Yes. 

Q: Yes? 
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A: Simple answer, yes. I would even eat my hat if that doesn't happen. I don't even actually have a hat. But I 
predict a split in the pharma industry. So today many pharmaceutical companies come from a strong science 
push, they develop science, they develop molecules that specific scientific properties and then they find the 
disease. In the near future you will see more and more pharmaceutical companies focusing on their core 
business and that is finding solutions for the patients. There is no pharma company here that are not going to 
say they are focusing on the patient, they are all doing it. But if you focus on the patients you can't also focus on 
something else. So if you look at the R&D process from left to right, the far right are the patients. If you focus on 
those you can also focus on the far left. Doesn't make any sense. So I predict a focus from the pharma companies 
on the far right to the patients, understanding the patient needs and understanding the science they need to do 
in order to deliver patient needs. But then they need to be more open in the left part, in the early discovery part. 
They have to explore more possibilities in order to find solutions for the patients. Therefor I think it's going to 
be a larger pre-competitive platform around the early discovery that will be more flexible and dynamic to move 
research assets around between biotech start-ups and pharma companies in order to support this patients 
centricity. 

Q: So in this patient-centric environment, do you think the pharma companies will be become more specialized, 
focusing on a specific patient group, rather than trying to find the next blockbuster? 

A: I think so. I think it's going to be critical for pharma companies to create a relationship with their customers, 
and therefor they need to really invest in that relationship with patients, and create that kind of community with 
patients. So they are going to have to focus on patients and understanding their needs, more than knowing the 
disease relevance.  

Q: So just out of interest, last weak you had this patient centric day, what do you call this imaginary patient? 

A: Sara 

Q: Sara yes.  

A: That's an avatar yeah. 

Q: So what goes on in these kind of patient-centric days? 

A: So these kind of patient activities you have them in all other pharma companies. It's in a way rather simple. 
It's a way to make sure that the company is aligned towards this change. Because it is a significant change to go 
from being technical and scientific and marketing - sales focused, to being patient focused. To make that change 
happen you have to reiterate the whole thing "we are patient-centric, we are patient-centric...". These are the 
examples, so what goes on in these events is showing examples to the company on how this can happen and 
then reiterating this as a fact. Because otherwise you will not. And you have to say it so much until you could 
puke on it. But it's so important for the company make the change so it's about exemplifying, and showing 
others, and aligning the company in that direction.  

Q: So do you have some kind of open engagement for the patients? 

A: So patients-centricity and patient engagement can happen in so many different levels. Some will claim we 
work with patients because we have clinical trials. Yes we work with patients in a way we treat them as guinea 
pigs or subjects, but it's getting more and more common in companies to involve patients in designing the clinical 
trials, and also defining the outcome, so patient decided outcomes is getting very popular. So the patients or the 
patient organization says 'so we think it's important to feel better this way, so in the clinical trials you should 
measure this and this'. This is really good because it will also make it more likely for the product to be accepted 
by the FDA or EMA. So that's one way you can engage patients, and you can also engage patients in the whole 
process of co-creating a product. So let's say in formulation, do you want to have a gel or an ointment or should 
it feel cold or warm or what kind of product do you want to use. And then at the very beginning of research, this 
is something I would like to try with open innovation, is seeing can we also engage patients scientifically, because 
we have an open platform, we have open science, we have open access, we have open data, so we actually have 
platform to involve anyone,- biotechs, pharma, students, universities, citizens, and patients. Everyone can 
actually be working with this platform because we have taken away all the confidentiality. So that's something 
we are about to explore right now with some educated patients. 

Q: (Pointing to the diffusion of innovation funnel) So I'm thinking about this funnel, do you think this funnel is 
more open at both ends with open innovation, and the company in the middle? 
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A: If you have the funnel, get me a piece of paper (gets some paper), so if you have this funnel, I'm gonna draw 
the funnel. So this is the company, driving forward to patients, and here comes something in and here something 
in and here (drawing the funnel) and something goes out. This is the foundation of Henry Chesbourghs open 
innovation. So when you think ahead and not just LEO pharma does it (OI) another company does it, and a 
biotech does it, university does it and a third company does it, then you gonna start to see this picture right? 
(drawing many interconnected funnels). So this is another interesting picture, you are going to these funnels 
being a part of a whole ecosystem. So this is what they call the open innovation ecosystem. What is going to 
happen when more companies adopt the same thing. So this is what I want, because if you just have one, it's 
not going to help that much, because you need things to come in and come out, so you realize this will work 
better if it's a part of an ecosystem. So everyone realizes it's a win-win. So when another company does the 
same thing and a third company, then you are going to see real power happening. So that's a thing we are going 
to head towards but no one can decide how to do it. But something that I've been working on a little bit is 
establishing the legal set up. So let's say these actually cannot start work together but they can do that if they 
have the same legal platform. 

Q: So how do you think the development of this will influence the distribution between sourcing external 
innovation from these open innovation platforms but also from corporate venture arms and normal business 
development and M&A? 

A: We will see those things happen quicker when this happens. Because right now you have one platform so 
let's say there is a venture capital over here (pointing into the ecosystem) financing these biotechs, this 
relationship here exists, but exists in a very traditional manner. Right now it's difficult to say to someone 'you 
guys should change because we do things differently' and they say 'well don't work for you guys, we work with 
these and these, and they don't work with open innovation so we don't see why we should change just to kind 
of work with you guys differently'. But if we show them that our partner here does that and these companies 
do that, then they could say 'well maybe actually we could perhaps give money in a different way' and when 
that happens, I think we are going to see a loosening up. We are going to see things move around quicker. I have 
this molecule and should you use this or you use it? 

Q: So you think if this ecosystems start taking shape you would start to see more collaborations between big-
pharma companies? 

A: Yes for sure, but only if they have the same basic rule-sets. Because what you see today is quite a few 
companies saying 'we do open innovation' and others say 'oh yeah we also do open innovation', but actually 
what they do is the same thing, so they have the same holes here right? So that doesn't speed things up but 
they just put the same label on it. So they might have a tech scout or something. 

Q: I mean you never know if AstraZeneca has a molecule that is very relevant to you but they are not using it? 

A: That's right, exactly.  

Q: That would be advancement at least for research in general 

A: I would say also optimizing the return on the investments that has been made in research, on a communal 
basis. Because there are so many people here sitting with assets that didn't make it. 'I made this molecule! but 
it doesn't work for psoriasis' and then he goes 'why should I bother sending this to someone else? Why should I 
bother with drawing up a big business contract about things that might not work because I've not tried it out in 
oncology'. If I say 'I'm going to try it out in oncology with very low hurdle' they say 'here take it' and they try it. 
If it doesn't work then fine they just put it back in the drawer. So that circulation of those assets, I think that 
would be very beneficial. Also, another thing is, these pharma companies (pointing at imaginary companies on 
the table) we all work on the same targets, we all make the same mistakes, so we all waste resources, we don't 
tell other because then will not make the same error and then they will gain a benefit. So there is secrecy and 
there is a culture of not disclosing things because it will be competitive edge for someone else.  

Q: So do you think this kind of disclosure problem might be driving up some of the cost? 

A: Sure yeah.  Maybe not the cost so much, because the cost in early research isn't that significant but it sure 
drives down the speed and translation of science. All of these kind of things can be more transparent.  

Q: I think this is general problem also in academia where all these experiments have been done and no one is 
writing up the articles so it never gets out so it is the same with this. So how do you see the split between the 
different, like drug re-purposing of core products and none core products, because you talk about people having 
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a product that didn't work for their indications or their targets, they could send that out and then there would 
be this synergy. But do you see the ideal scenario to be non core products that are tested.... 

A: No I see a complete mix. You will get more core products because you circle everything right? So I will say by 
making sure that there is an opportunity to explore non-core assets with a low threshold and a high potential 
gain, those things will start to circulate, and that can become the core business for someone else.  

Q: In regards to something you spoke about earlier with the 5 companies that went further, where one was open 
and 4 others were not interesting for LEO, do you know if they found or could use the data to find other 
collaborators? 

A: ahhhh I don't know. But they could potentially. I simply don't know because I haven't asked. I do know that 
one specific sample with a Swedish biotech, couple of years ago, they had something that looked really 
interesting in this assay that we later removed. It looked really interesting so we looked into it and we concluded, 
'well it looks good but we just don't know if it's actually going to be relevant for psoriasis'. So we couldn't really 
commit. So we said we lack this certain information, we simply lack this understanding. So we funded an 
experiment by a CRO. So the biotech sent the molecule to the CRO and we paid the CRO to do a test and then 
the CRO sent back the data that was owned by the biotech but we got to look at it. We paid for it and it was 
difficult to make the pitch internally and say 'we are going to pay x amount for their data, that they are going to 
keep'. So we paid and they got the data-set and we could say 'oh sorry guys this will not hold for psoriasis, but 
you have the data and now you can go out and make applications to another investor or another funder'. So it 
was very valuable for them to have us as a partner to then go to talk to venture or something like that. I don't 
know if that helped them or not, they later went bankrupt, but it would be possible at least for them to do it. I 
think it would be even better if we could make more of those things happen, so someone comes to us with the 
intention of taking this to us and then going out to someone else, that would be so cool.                        
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Interview 2 
Q: So could you please tell me a bit about your background and current position? 

A: So like I said before, I have worked for companies from size 5 to 120.000 from brain implants to beauty, so from a 
startup that made only consumer products to an R&D firm that made defense, nuclear weapons to GSK which is a 
pharma company to J&J (Janssen) and now L'Oreal. It is a very broad dynamic range, so I would speak about open 
innovation in general as a platform. It is probably better off. 

Q: That sounds really great, then we want to investigate the different open innovation strategies that is currently being 
employed. And in this interview we will take the pharma and biotech industry. So what do you think about the current 
model of innovation where you have these big pharma companies that acquires by acquisitions of startups or inlicensing 
agreements for sourcing external innovation. What do you think about that model and what is your attitude towards 
that? 

A: I think the model works, but it depends on who you ask I would say. See it is all about risk and reward, early stage 
assets take more risk but the reward is higher. The earlier you go working with these kind of companies like the LEO 
Science & Tech hub, right? The bigger the reward is but the cost is lower. Because, you get to do a lot of experiments 
and triangulate on your output, and the key there is areas you can investigate, for example you know, the developing 
of your own IL-whatever, IL-17 or something might take you ten times more than a small startup would right. So why 
not partner with the startup on a new molecule, let's say IL-34 or whatever, so it is a hedging strategy, it is a way to 
work with an outside company to do things that you are not doing and then it works, right? I am favorable to that kind 
of a model. 

Q: Okay cool, do you think that if you take the perspective of the smaller companies, do you think it is actually necessary 
for them to participate in these types of collaborations or do you think they could avoid that? 

A: Ehh, depends on the kind of small company, for example it is a very general question - it is hard answer that question 
and I will tell you why. Because if think about a biotech company, the average series A amount that they are raising 
nowadays is around $60 million which is inflated. Crazy inflated nowadays. But that is the market situation right now 
for biotech companies and you can reference that to Bruce Boots' article, he is a partner in Atlas Ventures, Forbes, okay 
look it up. You will see the average numbers there and they are very high. So you don't need a strategic company on 
the outside world to come in and fund you, so you know if venture dollars are big enough. But, that will work for 
companies that have very strong founders, world-renowed dermatologists in your case or cardiology, imagine the 
worlds best, the guy who wrote the textbook started the company. They get to raise big money. But for companies that 
are not able to do that, they do not help, they need help from companies like yourself (LEO) or Johnson&Johnson or 
Pfizer, pick a company, or Apple or Google on the tech side. So for them they would need some kind of strategic 'dollars' 
that may or may not involve licensing agreements. Licensing agreements actually tie up the people, so it is a little of a 
double-edged sword. Because licensing is only good as good as the field in which your licensing. You have to ensure that 
the companies stay afloat but also get what you want. For example, I find some let's say pick a cytokine mAb, let's say 
if the mAb is a platform technology for other indications. Now, pharma companies don't like indications splits, you know 
this, they want it to be exclusive, they want to take everything. But that is hard for small companies because they are 
banking on other indications, so what do they do, it becomes a little bit of a trap, so it is a double edged sword. 

Q: Okay, so now that you say that these kind of licensing agreements lock you up, how do you think then that open 
innovation and open innovation programs and platforms can contribue to this collaborations without maybe hurting 
these smaller companies? 

A: Yeah that is a tough one right. The one way that I have found that is very very useful is the corportate venture, the 
corporate venture arm truly helps you to not lock people up. And it gives you the freedome to explore the things that 
you want to but also gives you an insider view on the program, on the pipeline, okay? (Yeah). But most companies don't 
know how to do corporate venture, the companies who think they know how to do corporate venture - don't know how 
to do corporate venture. And the companies that are saying they are doing corporate ventures - also don't know how 
to do corporate venture because they have internal people who are promoted from the den, i.e. R&D head or some 
corporate finance people or some corporate strategy people or some useless lawyers. One of the four, right? (yeah). 
And they think they know how to do corporate venture, but people who REALLY know how to do corporate venture is 
actually venture capitalists. But in order to bring them into your company they cost you an arm or an leg, because they 
get paid a lot a lot of money. Usually, they get paid 2-20's or what is the number they use, meaning 2% management 
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fee and 20% carrier interest. That means let's say you have a $100 million fund, you pay them 2% as mangement fee 
($2 million), let's say you have two partners you pay them a million dollars each a year. And on top of that you pay them 
20% carried interest, THAT's a lot of money for companies to pay because that amount of money is probably more than 
what your CEO is getting paid, and your CEO hates that. So there will be a huge clash and it doesn't work, so it is 
corporate venture again, everything I tell you today will have two sides to it - one positve and one negative. There is no 
right answer to any of these. 

Q: So when you say that corporate venture that would the way for open innovation for example? 

A: Fantastic way! 

Q: But that would require investments into the smaller companies? 

A: That would require investing managers who know to make good.. 

Q: Okay so knowledge? 

A: Who know how to do investments. People you think are good to make investments internally are not good at 
investing - they are terrible at it. Because what they know is how to develop a product from THAT company's standpoint, 
what they don't know is how to invest in companies. So they ones who really knows how to invest in companies are the 
VCs and those VCs are expensive. 

Q: And how do you think that these will actually provide value to participants of the startups, would that be through 
strategic knowledge or would it be through the actual capital invested by the corporate venture? 

A: Very good question! So, companies always values strategic knowledge, right? (yeah), they know final everything 
about the pipeline, they think that they are the best people right. If they know everything about the business, let's say 
there is a business student head of the franchise of a particular brand, let's say. Then they know everything about that 
brand, so they are very good business people. So companies seem to value strategic knowledge, but, when you go 
outside of the company what you realize is that the ones who are really good, who are extraordinary at investments are 
the ones who knows how to invest. So again, it is a double-edged sword, so what you want to find is someone who 
knows the strategic but is good at investing which is HARD. 

Q: So they need both competencises, so they can help choosing the companies and provide the knowledge to the 
companies. Okay, so if we are going to talk about maybe some roadblocks for these startup companies to actually 
interact with these large companies. Which kind of challenges could you see that these startup companies could have 
by interacting with for example a corporate venture capital? Or any open innovation? 

A: The biggest problem is the procurement process. Companies treat startups like a vendor, they treat them like a BIG 
company and they bring a contract and their due dilligence checklist of 50 pages and their contracts are a 100 pages 
long - it scares startups. These guys are usually five people in a garage, you know. Some guys are working on regulatory 
consulting, they are working with some tissue culture flask, they are not scaled up, they are really small, they have wires 
running everywhere, they don't have good QC, right. They are really terrible about thinking about cost - oh yeah I don't 
worry about cost. So things like that, standardization and organization, the things that big companies are really good at. 
So from the standpoint of procurement, from the time it takes for you (LEO) to start your engagement to the day they 
sign the contract, the longer that takes, the worse it is for the companies.  

Q: Both the small and large, or? 

A: For the small company, I am thinking purely the standpoint of the small company. Because for them time is money. 
For you (LEO) time everything, because you got all the time in the world. Someone else is selling, you are setting on 
someone else's P&L and R&D is overhead anyways. So at the end of the day for small companies, they want to close as 
fast as they can, preferably, less than 4 months end-to-end. And most companies regardless of where I have worked, 
they have taken deals have taken 6-12 months. So there is a fundamental mismatch there, in engineering we call it 
impedence mismatch. And it is a hard problem to solve. I think if you could solve the procurement process problem, 
most of it is going to go away. Second is decision making, open innovation is hugely problematic because we don't know 
who is the decision-maker, the guy who is talking with the startup is not the guy who assigns the check. 

P: Okay, so there is a very decentralized decision-making? 

Q: Yeah, let's say, take LEO, Mike has a budget so that is great because he signs the check. But Mike still has to sell the 
idea to someone else, someone from Denmark. Sometimes it also happens that Mike leaves for example, now a new 
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guy or gal comes in, and the new person has no relationship with the mothership. And that new person takes twice as 
long to sell the idea to the mothership and that makes the small company really frustrated because imagine that 
George/Jorge is the one talking to them, he is the one who signs off all the scientific stuff - he is the science guy. And 
let's say Lene is working on the BD side, she is okay everything is ready. But the person who signs the check is someone 
from New Jersey, or the new Sanofi guy whoever you guys hired, the german guy what is his name *no one knows*. 
Anyway, so THEN there is a mismatch as it takes longer and George/Jorge sends data and it is reviewed and it keeps 
going back and forth in circles - and this happens A LOT.  

Q: So a bureaucracy problem? 

A: Yes, a huuuge problem. The one who signs the check and the one who talks to the startup are two different people. 
So those are the two key problems that I see, more often than not. The third problem I see is the amount of due 
dilligence, I think that depends on different kinds of companies. We (L'Oreal) tend to due dilligence the death out of 
people, we tend to go on and on and on about due dilligence and we do due dilligence on small companies, like for 
example; we were doing a series B deal with a company and we literally send PwC to their company and they opened 
their drawers. And it is that kind of accounting, they don't have these type of financial savvyness these companies. They 
are working paycheck-to-paycheck and they don't even have an accounting system *laughing*. Sometimes they find 
checks in the drawers that are uncashed, you can't blame a startup for that. BUT, there is a huge financial risk about 
this start up bla bla bla, so the amount of due dilligence you run - it has to be light. But most companies do not 
understand that.  

Q: So the lighter the due dilligence the better, at least fo rinvestment purposes? 

A: Depends, again, every company has its own set of things that they care about. You have to know what you care about 
and you have to know what you don't care about. And decision-making is the key, when do you say stop right. So you 
have to know your Pareto principle (80/20 rule) because most decisions and the outcome of a clinical program, you 
cannot say the result. 90% of the program you cannot say what the outcome is going to be - so why beat them to the 
death (with due dilligence). So it is an experiment, a business experiment that you run and you accept that there are 
risks and inherent risks and as long as it is a calculated risk, it is okay. You have to understand what is a calculated risk - 
most people don't. They think all risks are risk, not all risks are the same, right? (Yeah). The risk of me falling down (from 
the building/14th floor) is miniscule. But there is a risk, I might just be flying around, I might do that, lots of things could 
happen. But if I am standing off the ledge there *points to edge of window*, the risk goes higher, you know. I might slip 
or something. Anyway, so catastrophic risk vs calculated risk, most people don't understand. No matter HOW 
experienced they are, there is an irrationality to this, because money is involved. 

Q: That's really interesting actually. If we take for example, I don't know you knowledge to LEO OIP. But currently, it is 
for sourcing molecules, basically it is completely free, so you don't have to attached yourself business wise. You don't 
have to do a collaboration with LEO; you can just get the molecules tested by sending to LEO through their own assays 
used on their own compounds as well. And the IP rights and everything you have full ownership. It is really interesting 
the focus you have according to this, how do you see the value of this when both as you said money is important through 
corporate venture arms but it is also important for the startups.. 

A: *Interupts* How is this gonna help the startups? It is a service model right? 

Q: It is a complete service model, you get your assay (compound tested in assay) in a setting that LEO are experts in. 

A: So here is the problem with this, I see this is a very LEO-centric - this has nothing to do with the startup, right. You 
are not helping the startup but in the real world, the best value you get is from how much effort you put in. You have 
to help the startup to shine. And only THEN, you will get value (provide value). So, this is more of a gimmick, I see this 
as a complete gimmick. Yeah you are providing a service, great, what is the startup going to do with this? I mean yeah 
maybe they get some data (that is valuable) but it is not giving them funding to move forward. And let's say there is a 
hundred molecules, a hundred molecules put into this - what is the chance of even one working? 

Q: Ehh, less than 5% - much less *laughing*. 

A: Yeah right, so I would say even if you provided an opportunity for the companies (startups) to have two-way dialogue. 
Provide this but also give them a chance to talk to you, maybe, you will not run all the one hundred molecules through 
your system. Maybe you will only run 10, because you now know which ones have a better team (start up team) and 
which ones have what we call in VC heuristic frameworks. The things like this *drawing* OUTSIDE (Opportunities, 
Uncertainties, Team, Strategy, Investment, Deal, Exit) - this is how we look at opportunities. Any company you bring 
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me, I will look through these lense. So for me if I understand it, so from a company if there is one area like you said, if 
there is ezcema does inflammation and there are 10 companies that submit a molecule, their own versions of molecules. 
If they pitch to me I will probably only do valuation on one of them or two of them. Regardless, if I know this and if I 
don't know this (the OUTSIDE), I will have to do valuation on all 10 of them and you don't still own any of it. You still 
have to go and negotiate the rights, so instead what I would do is, I would host something like an office hours.  

Q: So physical presence for them to actually come in and talk? 

A: Yes to come and pitch! No strings attached, exactly the same model and sit down and look at each one of them and 
decide which one or two you would actually want to do the valuation for. That way you increase your chances of 
someone who will actually win, who will actually be helpful for real. That is what I would say. So an office hours program 
could be a more intersting one than this *points to flyer from LEO*. This has all the right building blocks, it just needs 
one more touch point, it is too removed. 

Q: Yeah too removed, so you only have that one way (communication channel), you say "hey I am interested in our 
open innovation platform" and then you submit your compound? 

A: Yeah maybe the objective was that, maybe the objective was to look and create that optics to the outside world - 
that "we care about entrepreneurs" or "we care about outside people and we work with them freely". If that was the 
objective, done - 100% achieved. But if the objetive is to identify the best companies out there with the highest 
probability of success, then you need attach that to that as well. 

Q: That makes sense. And how do you think that we consider these tests that are offered, they could interest the 
companies that could participate, but if you compare them if the same test could be in a CRO and as you say they maybe 
have raised $60 million in series A, do you think that they would be more prone to the CRO rather than entering such a 
program, if so why? 

A: Absolutely! Any day, I would pick a CRO any day. Why would I pick LEO? 

Q: Okay yeah, why would you pick the CRO? 

A: I would pick it for that, because then you have an opportunity to actually speak with LEO. You see an engagement 
dialogue means very different things than just submitting something. So, A) you are getting feedback on their capability 
and B) you are creating a dialogue and you have a relationship, and if you are the one or two (out of the ten in example 
from previously), you have a chance of getting a license in the future. A deal done. 

Q: So regarding that dialogue do you think that for these external collaborations if we take it on an international scale, 
how do you think that would influence the small startups' decision whether or not to collaborate with an international 
company, e.g. if a counterpart US-based was available? How do you think that would influence their decision? 

A: Why would that matter?  

Q: In accordance with the physical appearance as office hours. 

A: Office hours can be done remotely, not all the time everyone will be available, right? 

Q: Yes okay, so the communication channel could be digital? 

A: It has to, we live in a digital world. I mean I spend 80% of my time on the phone, because this is the second face-to-
face meeting I have had to day but I have been in meetings since 7 o'clock in the morning. So yeah, digital is the way we 
go, I think it is important to have different people from the company (LEO) involved from different parts of the 
organization in the office hours program. Because you want different perspectives; someone to give you a regulatory 
perspective, someone to give you IP perspective, someone to give you a research perspective, someone to give you an 
investment perspective - four or five people in the committe who is going to review this once the startup pitchs. And 
that is how you create the dialogue and not everyone is going to be in the same place, so you create a virtual platform, 
and in the virtual platform the entrepreneurs can come and pitch. And they send you a non-confidential slide deck about 
their approach, and you give them feedback, and if you like them you select them for this program. And then they will 
run it through (their compound in the assay) and if their results are great, then you engage with a formal due dilligence 
request and you enter into a non-binding offer for a license or an acquisition or investment. If it is a platform technology 
and one of their therapeutics, then you don't want to take the whole company up, you want to take a minority 
ownership. You say here is the pipeline and I want to invest, here is the option agreement and voila there you go. 
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Q: Yeah, so how do you see the future of this entire open innovation, where do you see it is going? Will it move more 
towards the CVC or will it move other directions? Like how do you see the entire open innovation phenomenon 
developing from now? 

A: That is a hard question to answer. Because these things come cycles, CVC are often created to create strategic interest 
but often on books, if you do your research what you will find out is that CVCs will start extremely with strategic interest. 
But become more and more financially driven over time because often people who give money to CVC often want the 
ROI, where is it? It is the only way to measure them (KPI for success) and then they become fully financial, so they start 
doing non-strategic sh*t and then they say that CVC never made any sense. The new CEO comes and the new CEO says 
well that was total garbage, I am going to kill that and start my own CVC. And they are going start with fully strategic 
and they slow slide to financial, so it comes in cycles. Take it with a grain of salt, but I think that there are some very 
good CVCs out there that has regardless of what happened to their CEO or whatever - they have stayed very strong, 
Johnson&Johnson is one of them. Very good CVC arm, extraordinary performance, extraordinary returns but 
extraordinary strategic value - they have always done that. I would say who else, Qualcomm ventures - extraordinary 
returns and extraordinary strategic value. GE ventures, sorry, Google Ventures. Intel Capital is another one, 
extraordinary performance - always date one of the founders of corporate venture capital. So there is some exceptions 
to that rule, but there is a lot of bad ones - a lot of horrible ones that don't know what they are doing. And there is 
nothing that you can do, because when you think about we are all creatures of habit, we are all cult - very religious in 
some way. Even if we were not designed that way, I mean we are designed that way, WIRED to sort of think in a cult 
like manner. "Oh we are creating a corporate venture capital arm, we are investing dollars, so the first thing we need to 
do is to invest in something that our people will take - it is only for us - exclusive for us". And when you try to do that it 
is a very strange phenomenon where you start creating diminishing returns, you start invest in things that you would 
have actually invested in as an R&D. You always use your venture dollars like an internal R&D and that is usually recipe 
for failure. And that is why when you bring the outside people, they will be like "what, why are you doing it this way" 
and they clash and so on. So, where is open innovation going, I think open innovation in the life science sector has done 
a pretty decent job. In working with outside parties. Tech I think has also done well. Automobile industry is now doing 
it well such as Bosch, Tesla and all the other guys - people who is interested in autonomous vehicles and so on. Uber is 
doing a lot fo that work and so on. So people are trying to do it - I don't know if they are doing it welll enough. I think 
life science industries are really leading this in definitely on the open innovation side. And I think there is a lot of these 
pitch competitions and sort of these challenges, I don't know where those go to be honest - I don't know return on 
those challenges. 

Q: No, there is quite many hackathons and biohackers etc. 

A: Yeah there is a lot of them, and very very few of them actually succeed to go on and become a product that will 
actually change the company. The ones that really work are when you do an R&D collaboration where you put your 
internal scientists with the outside parties scientists and you let them 'hack at it' - your electrofy is a great example 
where things have worked out well. Or you do a corporate venture investment where you invest and you guide the 
company to go in certain direction and run the programme from the outside and check with that time to time. Not be 
too needy but be sort of you know keep them at an arms length but help them. So those are the two points that I have. 

Q: Okay cool, so yeah a lot of focus on investment and CVCs... 

A: *interupts* that's my bias. 

Q: Yep sure, it is good insight. 

A: Only because if you start doing licensing agreements, small companies have the ??? to do it. How do you do a licensing 
agreement, have you done a licensing agreement before?  

Q: I haven't done one but I know the overall structure but I haven't actually done one. 

A: Yeah okay, so they are very complicated, right? The reason is why, first you gotta get the P&L sheet figured out, you 
gotta do revenue modelling, anything that the startup does is wrong - revenue side. They don't know the penetration 
rate, they don't know what patients, they don't know at which rate they are going to penetrate, which geographies they 
will go or which markets they will go. So most of them will be wrong. Cost side, they don't know what the cost side are 
going to be or what the margin is going to be and they don't understand the taxes, S&M costs, A&P cost, they don't 
understand what kind of dollars they need to put into the development. They don't understand it will cost to scale, 
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manufacturing bla bla bla. So they don't understand the revenue site or the cost site, so they don't understand the tax 
implications - so how do you do the DCF then. 

Q: yeah, so you cannot do a valuation. 

A: Yeah, so you can't do a valuation, right. So it is very difficult to do these deals, and people throw numbers around 
and no one really agrees with those numbers - the startup comes of the number, company company comes up with a 
number and they are universes apart. So, there is a misalignment, so they go on and on back and forth and it takes 1 
year minimum, licensing deals takes one year minimum. 

Q: Yes, and as you said time is money for the startup right? 

A: So it is very good to do licensing deals with late stage starts up (phase 2 or 3), phase 2 maybe, and phase 3 is probably 
the right one and the juncture.  

Q: And that would be much later than this (refering to open innovation platform which is discovery). Ten years before. 

A: Exactly, you don't even know if it is preclinical, in vitro, so licensing deals become very errenous, especially for early 
stage companies. They are running month to month, paycheck to paycheck, 12 months they will be bankrupt. Imagine 
putting a lock on their thing and then go home right *laughing*. So they don't have that kind of money (or time), so 
that is why corporate venture give sthem the right amount of funding, maybne $2 million, $3 million or $5 million - 
whatever that amount is. And you give that early dollars and you see what happens. 

Q: So what about open innovation in regard to academia for example? Because they don't have the same money that 
the startups do? 

A: Oh academia gets more grafts - they mose on, and most of that research doesn't lead to anything anyways. And you 
can go do academic projects but convert into products, you have to convert them into companies - you know companies 
are the ones that makes these thing happen. Unless, you find an academic who has developed a molecule that you can 
just directly put into you manufacturing system and directly license with the academic straight upfront - they don't care 
about the business they just want money. THAT, how many of those do you see? One in a BILLION probably *laughing*. 
I mean, how many deals have you seen LEO do that have come straight of academic research and become products?  

Q: None probably. Not straight out of academic no (I pressume). 

A: None, almost impossible right. Theys should have done some development, some preclinical work, some clinical set, 
at least first-in-human in order for you to get engaged to do something with that. So I would say doing open innovation 
with just academics is an R&D dream, you want to do some very interesting research that you have never done before. 
So as an axis or point/challenge of innovation, you can use them as an axis point. For things that you have never done 
before, let us say you have never done anything before in genomics of exomes or something like that. And you found 
an absolute expert in exosomes who has a post doc who does genomics. Great! Go and work with that right, you don't 
know what is going to happen but it is a good channel. If something comes up - great big bonus, then you can figure out 
if it can be commercialized. Then you can figure out the commercial pathway to it. But you have to look at academic 
open innovation as a sunk cost, that would be business school 101 - you put your money in there and you do not think 
of any returns. You say it is a lost cost, you almost took the money and put it down the fire. Think of it like that, then if 
something comes up - great, but it is a channel of innovation, it is not a growth driver - I would not look at it that way. 

Q: Okay. Cool, that sounds great.  

A: Okay is there anything else, I gotta run. 

Q: Eh okay, if just one minute, maybe like if you know more generally about L'Oreal? They also have an open innovation 
program, why was that introduced and has it been succesful? What has been the challenges? 

A: No it has been horrible actually. Just like everyone else, no one knows how to do this right. Very few people know 
how to do it right. L'Oreal's open innovation was started to work with academics. For pure research purpose. And the 
ones who headed it up where basically people who had done PhD in certain areas and they just wanted to continue 
working in that area with their fairy professor. Imagine if I get a chance to work with George Church - great I would love 
to work with George Church, I see him all the time. In the mall, I live close to his house *laughing*, he shows up. Would 
I like to work with him? Absolutely, it would be my dream. But would I create a product from his work? Not sure, it is 
tough. So for people who want to do that, that is how it started, slowly when the number of people increase, the budget 
increase, so now suddenly it was $20 million or something they were burning. And somebody in finance where like "hey 
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guys, you are doing a lot of projects, how many of them have resulted in products?", so now everyone has to do only 
products. So it is like a complete flip, so there is no balance in discovery, invention and translation. Again, if a venture 
capitalist look at it, they are going to be "okay, I am going to do couple of invention projects, I am going create a portfolio 
of projects and figure out what their returns are going to be". Some are going to be homeruns, some are going to be 
singles and some you are gonna get out of. So if you look at it that way from a portfolio standput, but if you put 
researchers who do research, as open innovation, it is going to be disastrous. right now it is disastrous, we have had 
only 3 or 4 success - all of them coming from one guy. 

One indivudal, the UV patch, the cool all the pH sensor, the make-up genius, the app, all of that is from one guy. And 
well he just know how to do things in a very different way and is pretty rowdy, and he is cool, smart guy. That is why 
people are very important, you can't just hire anyone or anybody to do it. There is some people that were just wired to 
do it that way. 

Q: Yeah okay, because it seems like the it is structure of the OUTSIDE framework, it (L'Oreal's open innovation) is not 
open to everyone, you have to do this pitch etc. structure. And even then you still have these issues with ... 

A: *interupts* even if you identify the best, they may not win. But I will give you an example; I look at around 200 ideas 
a year, that is the average, in the 200 I do around 10 NDAs. So that is 5% strike rate. In that 10 NDAs, I may do 3 deals, 
so it is 1% strike rate and in those 3 deals two of them fails. And actually most of them fail. So even if you do all of this 
fancy stuff, in the end you might not get a return. So my message there is that it is a game of quality, the more quality 
pitches you receive the better it can be. But early on, its quantity, when you establish your open innovation system, 
where you get lots of these things, it is quantity. You get lots and lots of it is noise, but once you get it started you wil l 
establish relationships. It is key, like Science & Tech hub, now you guys have relationships. Now you can choose, hey 
professor X from MGH, you guys are very good at Raman spectroscopy or whatever, I want to do a project in this area. 
Now it becomes a lot better because you focused on chosing who you wanna work with, rather then them chosing. So 
what happens 1) you wanna establish a relationship, this is a relationship game. Open innovation most people think is 
an idea game, that is totally wrong, it is a relationship game (network based). And the best ideas come through 
networks. Actually in fact, the best ideas comes from referals from your network, because they are already vetted and 
they come from people whom you trust.  

Q: Already vetted is a good one adn you trust the people who refers them. 

A: Yep, the ones Jurge sends me are the ones that I trust the most - it is very easy. For me it is what does Jurge say, is it 
something because I trust him. Because I know he has got a mind that most people pay millions for, he is a very smart 
guy, so for me it is very easy. And for you guys, the people I send are vetted from my standpoint. 

Q: Yeah so it goes both ways. 

A: It goes both ways, correct it is a synergy,. And that is how you survive, otherwise, you will start going to do anything 
and you will not know how to do anything right. You will probably do everything the wrong way. And each geography is 
different, the ecosystem in London may be different than Boston, the ecosystem in Singapore is different. Every local 
ecosystem has its own intricacies, so you need to have local managers. 
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Interview 3 
Q: But basically, it is a, we are doing a project on Copenhagen business school in collaboration with LEO Pharma. And 
eh we want to investigate, how open innovation can kind of contribute to pharmaceutical companies getting a more 
global outreach to external innovations. So how can this actually both benefits of course the companies offering these 
open innovation platforms, but also benefit the actual participants in these open innovation platforms. To kind of see 
ehh, the entire concept of open innovation and the try to like evaluate how that could, for an international company, 
for example a european based one, how would that/how would they actually be able to source some participants in the 
US for example. Ehh because it has not really been that too impactful here in the US compared to Europe, it has been 
more penetrated in Europe. That is kind of some of the things we try to address. More specifically, we have our research 
questions is, yeah again, how can pharmaceutical companies use open innovations platforms to increase their global 
outreach of external innovations. And ehh, then we want to find out what is the value perceived by potential 
participants, which is you, ehh and that is both early-stage startups and academia, and it could even be ehh I mean 
private persons, large companies that just has some molecule they would want to maybe develop in another direction 
or try to things. So ehh it is kind of a vague term, open innovation, but yeah so we kind of use LEO Pharma as a case 
study, ehhm, and eh it is kind of, Open innovation in general if you know too much about it?  

A: No, I actually wanted to ask specifically, because the, ehh, the framework or structure that I am most familiar with is 
Boehringer Ingelheim, where they offer the use of molecules. So it is kind of the inverse as I understand of this platform. 

Q: Yeah and that is basically because like, the open innovation in general as a concept is basically that you have this kind 
of silo menality back in the 70's 80's and so forth where you kind of have this fully integrated pipeline, where you have 
the discovery and R&D - all within the same company, and then you take that through the entire development and don't 
share this with anybody. Whereas now, there is more like a general trend to you want to source your innovations 
externally, so that is called inbound kind of grab innovations into the company, into your own pipeline and of course 
develops your own. And then there is the outbound innovation which is what Boehringer Ingelheim is doing, where they 
kind of like take their molecule and source that out. 

A: And say do you want to, ehh, can you find some use for it. 

Q: Yeah, they say "this is what we have and can you find some use for it". Exactly. So that is kind of the two things, 
whereas this open innovation platform here *shows LEO flyer* is inbound. And ehh, basically it is that we use it as a 
case study but in your regard for example, you kind of have to think it as the platform setup and not necessarily what it 
actually offers. Because ehh, the assays are for ezcema and psoarasis and other dermotological indications. But it could 
basically be for anything. So that is kind of the standpoint. 

A: Okay, so it could be for anything. 

Q: But they basically offer this where you kind of get into contact with them where they have this completely open 
platform, so you know exactly which assays they are running and why they are running them and for which indications 
and which targets etc. 

And then you can choose to participate in them, where you can send you molecule free of charge and they will give you 
the data whether or not these have worked and how well they worked through their assays. And these are all assays 
that LEO Pharma uses by themselves for their own drug discovery. 

A: For their drug discovery. 

Q: Yeah exactly, and the point is that there is no strings attached, so there is no business commitment, ehh, you don't 
have to put any money and you don't have to sign anything over. So all the IP and all the IP sensitive information is all 
yours, and of course there is only the data that LEO will also see because they have to interpret the data prior to giving 
it data. And then afterwards it could potentially be future opportunities that you could explore, right. But ehh yeah that 
is basically the concept of their open innovation platform which is kind of the example we use in this interview as well. 
Ehhm, yeah so I think we can just start with some of the more general questions and that is just like you background 
and what you company is doing, a little about that which we also kind have talked about a bit but ehh yeah. 

A: Yeah, okay fantastic. Yeah, so ehhmm, let us see, I ehh, my background is in Physics and Biophysics, I was here 
(Boston) and then in Copenhagen back again in Harvard Physics where I did a post doc and then I was approached by 
ehhm, a friend from my PhD in a lab at MIT. Eehm, who was a post doc of George Church, she had had this idea and ehh 
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we got, it was a very early in 2017 and we billy bootstrapping. And this idea about how to tackle challenges of the 
immune system with cell-based therapies, and from that we grew into a company that is focused on creating CAR T-
products or cell-based products for immune diseases, ehm, defined broadly. 

Q: So yeah cool, so it could be many different things. And like ehm, for example when you are working with this of 
course, have you ever considered having one of your candidate products being tested by an external organization with 
the aim of a potential collaboration? Maybe you are already doing this? 

A: So certainly having a platform technology like ours, one of our major focuses is on outlicensing or go-developing to 
co-license, ehm, strategies. A lot of that has had to do with due dilligence, so showing internally conducted experiments, 
I actually haven't considered and haven't realized that it was open for consideration this kind of testing in situ.  

Q: But cool, but do you think that these actual external collaborations and also licensing licesne agreements, do you 
think it is actually neccessary to bring new or novel product to market. 

A: Certainly as a young startup, a small startup with a limited budget, we are looking at a billion dollars to bring a product 
to market. We certainly see the reality of you know a licensing or partnership for the development of the drug. 

Q: So which kind of things do you think that you get ouf of these collaborations, is it like money, competencies or what 
do you think? 

A: So it is certainly, it is certainly competencies, I mean ehm, it is certainly a scale and uh an access to market, uhm, that 
means that you go from something that is just a theoretical product that is working well and you know, we, WE intend 
to take our candidates through safety studies. So we get first-in-human, and then afterwards we will sell that product, 
phase 1, so that is our business model. But certainly, you know co-develop, something that was offered to us along the 
way was these co-development processes, where you could use some money and co-develop, get some option-to-
license (milestone payments etc.). All these extremely tempting, because you get both resource that is monetary but 
also scientific. 

Q: Cool. How do you think like for example these like geographical differences can have influence on who you choose 
to collaborate with? 

A: Ehm, so I know that right now a change to the US, a very specific change to US law, a set of laws know as CFIUS, it 
means that international collaborations is much more difficult than they used to be. So eh, so eh, it, they will remain 
agnostic to what the actual intend of these laws was. But they certainly means that if we were to partner with an 
european pharmaceutical company, there would have to be major standards that we showed that they did not have a 
controlling interest, or that they weren't feeding them confidential information and we would have to pass all these 
checks.  

Q: Okay so that would be a lot of documentation and workloads for you. 

A: Exactly, there is now as I understand it, I am no lawyer, but I understand it that there is one thing that founders like 
I have to be cognizant  about, is eh, much longer timeline, if we are interested in partnering with a foreign owned 
pharmacetical company, so we just have to be aware of that whenever we are structuring the development plan. 

Q: Well okay, so that basically, I have one more question for that but we kind of already answered it, but ehm, so if 
there was a US-based counterpart to an internation pharmaceutical company available, would you rather chose it and 
why? 

A: It is certainly, I mean, well, not necesssary, I think it is always what is going to be the best partner. But it is certainly 
going to be one of the factors or parameters considering the workload for international collaborations. 

Q: Okay, very cool, I didn't know about that law so it is really interesting. 

A: Yeah, so eh, it is called CFIUS. 

Q: And it is a new law? 

A: Yeah it went it to effect in november 2018, so it is really quite new. 

Q: Okay cool, and then yeah like, so at the moment how do you test you candidates is it all internally or also externally? 

A: So one of the things, one of I don't know advantages or disadvantages of being a young startup, a small and nible 
startup, is that we weren't sure how compelling data that we collected ourselves would be. We always thought that 
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externally validated labs were going to have to be much more compelling. You know if we tested something and said 
"look at it, it works like..", it works great you know. So there is good and bad, we usually develop our assays internally 
and then send it out to be redone externally. 

Q: Okay, that makes sense. But then you have customized assays?  

A: Exactly, yeah, exactly. 

Q: And then ehh what is then like, what aspects of having candidates tested externally is the most important? 

A: Yeah, I would say especially as you more toward IND, the FDA you know, wants your procedures to be logged. The 
information from those tests become part of the package that you apply for the investigational new drug kind of 
approval, and so having something that is a well-known and well characterized assay that isn't going to change that is 
externally validatable, this is very important.  

Q: Yeah, what about for example time or cost for the testing, does that have an influence? 

A: I mean.. I think that or for us, I mean obviously time and cost is always important but for us the best assay is the one 
that gives us the most information. 

Q: Okay yeah. Then I just I kind of want to move on to be a little more specifically with... 

A: If I can go back to what I just said, actually. The recent for that is that the upfront cost of this kind of testing is always 
going to be orders of magnitude less than the cost of testing in later phases. So it is much better to spend upfront to 
disprove something that you are holding out hope will work. The money spent now is much more worth. 

Q: Fail fast, fail often or what. 

A: Yeah exactly.  

----- 

Q: Yeah then we can move into the like a bit more ehm, specific ehm, we kind of also briefly touched this because your 
kind of internal innovation model seems to be a lot reliant on actually having collaborations. 

A: Yeah. 

Q: So if we move to the like understanding of these open innovations platforms, of course I can answer any questions 
if you are in doubt. So like, prior to speaking with me, you didn't really know too much about or have you ever heard 
about open innovation platforms before? 

A: Ehhm no, let us say no. 

Q: And what is your initial thoughts on these platforms, the inbound wants, the initial thoughts of that. 

A: Yeah exactly, so the initial. My initial thoughts for that this could be very good especially for "non-core" technologies, 
does that make sense? So we have a platform like ours, we have a number of indications and a number of therapeutics 
that we want tested, I think that I would never consider moving one of my core candidates forward in a way like this. 
Ehh 

Q: So non-core candidates? 

A: But non-core candidates, the ones that we don't have the time or resources to pursue now and that aren't kind of 
crucial for the growth ambtions for the company could be easily tested here. 

Q: Okay cool (should have asked why..), can you mention any of these companies offering open innovation platforms. 

A: So Boehringer Ingelheim but this was the opposite direction where they would offer you uhm, molecules to test, and 
if you could come up with a use for them, you know, their ability to license them was there. Mmm, I am trying to think 
now that I understand this if I have come across anything similar. Maybe on a case-by-case, certainly on a case-by-case 
basis, you know kind of behind closed doors of meetings but never kind of in the open, modular in the open, just come 
to us all commerce.  

Q: Yeah exactly, because that is kind of the philosophy with this kind approach because it is kind of open up for your 
pipeline and drug discovery and then you can be approached.  
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A: But they spend a lot of work developing these assays, so it is a good reason to participate. 

Q: Yes, if they have success in commercializing their products, so why should your product be able to get the same out 
of it. 

Q: So you have not really investigated open innovation platforms, but you would probably also only do it for non-core 
products. 

A: Yes. 

Q: So if we have to investigate your perception of it, why do you think a large pharmaceutical company would offer this 
sort of platforms (open innovation platforms)? 

A: Now I am speaking you know in a way that I hope LEO Pharma does mind me speaking *laughing*. I would, I mean, 
Boehringer Ingelheim and LEO Pharma and the people I know are offered these things are pharmaceutical companies 
that are perhaps not, they don't have the largest market share in the world, I know it is inappropriate to say, but you 
know there is more looking to build and looking to expand in these companies. And so I would think of this and suspect 
that the reason that they are looking for this is because they have a very good model and assay system established and 
not enough candidates to sent through it from their own internal research. 

Q: Cool. Like could you imagine yourself now that you have become aware of these platforms, would you be looking for 
these arrangements in the future? 

A: The truth is that I love Denmark and I lvoed the companies and people I worked with there. So I would be much more 
trusting of a company like that. I think though that this sort of arrangement requires a tremendous amount of trust on 
both sides. 

Q: So do you think that the actual reputation of the company is important? 

A: I think the reputation of the company is extraordinary important. For example if this were a company that I was not 
aware of, you know if it was my first time hearing about it and I didn't search for it. And they were open to take my 
compound and test it. I would not, no matter what they were promising me, and especially if they were promising it to 
me for free, I would probably *laughing* walk the other way.  

Q: Do the due dilligence for this, atleast? 

A: Yeah exactly.  

Q: Okay, and if you were to contact a company about such an opportunity and you have a lot of emphazis on the trust, 
how do you think would be the best way for you to actually interact with them? 

A: Yeah, so I would not, despite the modularity and openness of this platform, I think even if I had been thinking about 
this back when I was a researcher, an academic researcher, hmm. Maybe as an academic research I would have been 
more open to moving forward toward like this but I probably would have discovered a colleague who had this model 
assay and just collaborated with them. So now, I am a young startup, the truth is that I would see this, it would incentives 
be to reach out to LEO specifically. And I would want a human point of contact, long before I thought of uploading 
something about our molecules. So even though this is a great way of getting me to participate, my first point of contact 
would not be shipping anyone a drug candidate. 

Q: And what kind of information do you think should be shown to you when you investigate this opportunity? 

A: Yes that is a good question. I think that I would need to get a very good feeling because a lot of business is social, so 
I would need that from the initial contact person. I would also need them to be high enough up in the company, so I 
knew that  I was talking to someone who was involved in the processes as opposed to just a sales representative who 
was speaking from a script, you know. I would need this person to be kind of accountable for the companies actions to 
me. So, you know I think that any person who has a drug candidate believes that theirs is worth a tremendous amount 
whether true or not. Every startup founder believes that what they have is something really specially. They are very 
protective, so I think the barriers to entry to getting someone to trust you is very high. 

Q: So how would that contact be established, would it be the first point of contact via phone or conference or eh?  

A: Yes exactly, so I think the first point of contact would be a solicitation email followed up for arrangement for a 
webconference. And I think that that would probably be the beginning of the agreement. You know we are not allowed 
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to take any action as an internal mechanism as a company, we don't allow ourselves to enter anything without having 
our lawyers going through any kind of agreement. So eventhough it says that it is "no strings attached", we would want 
all the document ready, so we could send it to our lawyers to have them look at it. 

Q: Yes, that is actually a really nice way for us to move forward. Because now we can go directly into the actual platform 
in this format and then that is actually some of the things that we also are interested in. For example, these open 
innovations platforsm often will require you to share some IP sensitive information, e.g. the structure or how your 
compound is administrated, and they will also handle the data generated prior to giving you the results and the data. 
So even though, they are like trustworthy, but how would you feel about these requirements? Would you think they 
were necessary or not? 

A: It makes absolute sense that they would certain things about administration or about the compound. You know, I 
also know that working with the cell therapy, working also with the compound, a compound you can run through mass 
spec, cell therapy you can sequence and it is at all times if I allow that outside of my own lab, I know that I am opening 
the way to someone figuring out what it is (reverse engineering the technology). So we take that step only if we are 
very causiously. I have to say that this would not be the determining factor for me for moving forward in an open 
innovation platform if I trusted LEO enough to do this. Them needing to know certain things about the compound would 
not prevent me, what would prevent me would be the step before there a contigency. If I did not trust them I would 
not move forward, while if I do trust them I would not mind giving them certain information as long as it is not disclosed. 
And I would need certain requirements over the disclosures. 

Q: Okay yeah, so how do you think these requirements should be handled? How would you ensure that? 

A: So it absolutely have to be contractual and it absolutely has to be something that we can look over and get signed 
and we just wouldn't move forward until that is in order. 

Q: Okay, so is that an important aspect for you? Having the contracts in order? 

A: It would not, it could not happen without the contracts. That is not to say that for other, it might not be important 
but if I was in a position with absolutely no lab but just an idea. Would I consider it? I just don't know, but I know for me 
and other people in my position, it is important. 

Q: Yes, because I guess if you are in the lab and you have something, it is even further in the steps, so you don't have IP 
or anything, so it is really vulnerable if youa ctually expose too much of it. Also the trust is also important, it is good to 
have this iterated as we think it is important to this (the trust). 

Q: So let us see here. What other than this, which challenges or roadblocks do you see for actually getting to this 
participation? Other than the contractual and the trust establishment? Do you see any other important things? 

A: I think that probably it wouldn't be out of the realm of imagination that people might wanna know what the 
collaboration would look like. Even though, that wouldn't have to be something that is negotiated upfront. My guess is 
that people might wanna know the realm of possibilities, because otherwise it is just not worth the exposure. For 
example, if the terms are just totally unpalitable, then it is not worth the exposure. I think that one way to incentives 
people to get to this is that if you give them that information, so it says "we test and share the data with you", if you 
can gurantee that LEO does not share the information and that you (the participant) has full rights to that data, I think 
that is a good way of incentivizing people to do this. I mean the payment is through data that they then can share with 
investors when they are fundraising. 

Q: It is their data, so they can use it for whatever they want. 

A: Yes, so I think that as long as LEO is contractually obligated not to share that data and you can freely use that data, I 
think that in it self would be enough to get people to actually participate. 

Q: Okay, and how would you consider the workload for all this contractual work, you say that you would have to send 
it through your lawyers prior to signing. And I mean, for people in a not so well established company, how do you think 
that would be? 

A: It might be burdensome but I also know that might just skip it, I know that we spent huge amount on lawyers and 
our lawyers are very good and very expensive. So it would be possible that they skip. You know, it is true that by the 
time we had assesed, yeah, maybe I would only consider doing this if I had very many drug candidates that I wanted to 
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test. Because the burden, the voluntary burden of getting the contract approved might be so much that it doesn't 
actually make sense until you are testing a bunch of candidates. Does that make sense? 

Q: yeah that makes perfect sense, but what if for example for mutual transfer agreements and these kind of contracts, 
if there were a premade by LEO quite simple and they had external lawfirms actually validating this, would you think 
that would be able to alleviate some of the concerns regarding the contractual work prior to signing? 

A: I think that if the terms non-negotiable, I think that if LEO offers the terms that were absolutely non-negotiable and 
this was the only thing that would relieve the burden. Because then it is not a back and forth, it is someone just looking 
at this and giving approval and if it is not a good deal then you just don't go for it.  

Q: Yes, so, how about for example we spoke a bit earlier about it, how do you compare these services that could 
potentially be offered through an open innovation platform like that versus if the same tests were available in a CRO, 
how would you compare and choose? 

A: It depends if there is burdensome. If the CRO was so costly that it was a significant barrier to testing, then I might 
consider this possibly (the OIP) but I would always be making that trade-off. You know what I mean. What I mean to say 
is that I would always be comparing this *showing LEO OIP flyer* with what it costs at a CRO.  

Q: Yes, that is exactly our point as well. 

A: I would always be in my mind "oh I am about to spend $5000 on lawyers, is this something I can get done in a CRO 
for $5000, is it the thing I only can get done at the CRO for $80.000", so maybe at $20000 being guranteed privacy and 
not exposing my compound. Maybe that is a good trade-off or maybe a $100.000 or $400.000 that is not what I want 
to spend but here. There is a price to when the exposure becomes worth it. 

Q: Okay cool. Let's try to move into which kind of, if you were to use such a platform which is a bit different to when 
you do customized assays. Which benefits and opportunites would you want to actually enter this (not based on the 
money or contract), if it should really be appealing? 

A: No that is fine. So what is interesting is that I would need to know the assays, so I would be concerned and I would 
want to know, I am looking at the inflammation assay.  

Q: The target certainty and these kinds? 

A: Yeah, the funny thing about a blackbox assay is that if it fails, because it is a blackbox it doesn't necessarily mean that 
it isn't a good one, you know what I mean? (yeah) and uhm, I mean that especially, oh "your science is disclosed", so 
they tell you what their assays are particularly? 

Q: Oh yes, that is the point of openness, so it is completely open it is everything. 

A: Ah okay, fantastic, no worries. But that would be a major concern and I think that it is a major feature that you know 
what the assay is, because no one wants to get a blackbox assay and an answer. It doesn't tell you much. 

Q: What about if you compare it whether it is a generic or proprietary assay? 

A: I mean it doesn't matter.  

Q: Okay, because that is also something we have been talking about. These assays in LEO has been proprietary but are 
not now, so you could actually go to a CRO to get it done. 

A: But eh, it doesn't matter. But patent protected assays are just a little bit more annoying, you know *laughing*, you 
cannot disclose all of it and you have other worries.  

Q: Ehm, then there is also these kind of roadblocks that could be preventing participation in these open innovation 
platforms, and if they required you to actually physically ship your compound across borders? 

A: I absolutely wouldn't mind but I am not sure if I am allowed or not and this is something we debate all the time to 
whether or not we can actually ship the compound. If I want to ship a cell-therapy product (not suited for this) but let's 
imagine the assays where suitable. I know that there is certain things that you can and can't ship and I think that is 
totally fine. But even as you can do mass spec, I think it would still be much better than actually having somebody 
making the compound for your, requiring you to send the structure and synthesis. It would be better to physically ship 
it. This is the perfect setup for that. 
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Q: Yes, because you have no disclosure of structure. 

A: Yes exactly. 

Q: And what about if you were to participate, what you are allowed to send, so if you were to participate would you be 
more prone if you just shipped it within the US? 

A: It would be much easier to.  

Q: Because the less documentation? 

A: Yes, it would just be much easier. So if the question is whether you should setup a small facility here, then it would 
be much easier. 

Q: Yes, because even though the cost for shipping is covered, you (the participant) still have to do a lot of 
documentation. 

A: Everything is much easier. Having shipping here within the US is so much easier. 

Q: Okay, let's see here *going through questions*. If we go a bit back to the communication channels, you wanted the 
first point of contact to be a person and it seemed important to you. When you were actually in the program, how do 
you think the communication should be there for updating on progress? 

A: So I think that in the ideal world, what I want to do is talk to someone in the early stages, very much in charge, the 
head of something. And then they could give us a contact, a point of contact, who is maybe junior to them who should 
update us through the process. I think that is how I would feel very confortable, so meeting the head of this whole 
platform and through web-video, a very brief introduction or none the less an introduction and during that meeting 
being passed off to someone who could be muhc more a point of contact that is more direct contact. 

Q: If you could just summarize if we look at this particular setup and what are the challenges and benefits, if you can 
summarize what was the value you think it should be providing and what are the main challenges that you foresee? 

A: I think that the major value would be in low cost, fairly easy so it is not always the cost (the monetary cost) of 
managing a CRO and assay that weighs on you as a founder. It is also just the process of establishing the relationship 
and managing and vetting, so there is many advantages in terms of "low cost" and easy of vetting of specifically non-
core target molecules or something. The major barriers to entry I think would begin and end with trust, a lot of that can 
be overcome with contracts but a big part of that is going to be the face and person responsible in interacting with you. 
Like with you as the inventor, and so I think this could easily be something that works if LEO is extremely responsive and 
attentive and is really interaction (early contacts).  

Q: So you also think that one of the challenges would be fore the core-products? 

A: Yeah I don't think, unless it is a very unlikely to be valid product. Well, unless it is someone who has been totally 
unable to raise money which means that is not a great product, you know that it is less likely that it is gonna be a huge 
success. Yep. So if someone has raised money around their product, then they are not going to, at least of my 
understanding, it is very unlikely that they are going to test a core technology here, no matter what.  

Q: Yeah okay, so considering the structure of both development and the actual testing, how do you compare for example 
this being valid for pharmaceuticals versus biopharmaceuticals, do you think it is better for one or the other? 

A: yeah, so I don't think it much matters. I think I would easily, if it was open to T-cell assays, if I could send you CAR T-
products and get them tested, I would love to do that. Really any kind of assay that was established, I would absolutely 
love to engage, I mean and the truth is that since we, since I have such a fondness for Denmark, I would totally love to 
do it, I mean it is important with the reputation. The reputation really is important. 
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Interview 4 
Q: Have you ever considered getting your drug candidates, in the start-up you work in or organizations you have 
been working for, tested by an external organization with the aim of a potential collaboration. 

A: Yes we have thought about that, one thing is to develop the drug candidate and another actually to test it 
under the more clinical, or production relevant conditions. So we have definitely thought about that and that 
might also be an outcome for some of the drugs that we have tried to develop here. 

Q: So do you think it is a necessity to take your products and develop them fully to have these external 
collaborations or... 

A: what do you mean precisely? 

Q: Generally if a company wants to take a potential drug candidate to the market, do you think it's necessary to 
have these external collaborations with larger pharmaceutical companies? 

A: I think for small start ups and for newcomers to the field, I think it is clearly in my opinion to have external 
collaborations to help with you with the last part of the process. So I think that's clearly very helpful. Also when 
you start to go into the more development part of these products, some of the experience that you can tap upon 
in these big consortium or something like that is quite valuable for bringing [pharmaceuticals] to market. So I 
think that's an advantage, especially when you are small, I think the bigger ones might be little more problematic 
if they should or should not do it, but for small ones really helpful. 

Q: How do you think the geographical differences will influence these collaborations? Do you think the 
geographical location has an influence on the process? 

A: So I think that's a very interesting question and I can reply that in many ways without mentioning much about 
past experience. I can say that I have located in one big site and clearly there was silos between the different 
departments in that site. But collaboration across other sites, for example China and US, was much more 
smooth. I think there is a cultural thing that can actually make a huge difference there. Right now we also have 
collaborators on the west coast of the US and that works perfectly fine. We also have collaborators in the Boston 
area and that also works very fine. So I think it's more of a cultural issue when you have these boundaries to 
reach out to other companies. Having said that, there is clearly some cultural differences that you need to take 
into account. I work quite a lot with our Asian site and also work quite a lot with our Asian post-doc and PhDs 
and you really need to take the cultural differences into account. Or when you go from Europe to the US, how 
do you actually interpret "extremely good", is actually extremely good or is it just good. So there are things you 
need to take into account when you start these inter-continental collaborations in my opinion. 

Q: So which cultural influence, the personalities of people or work regiment (need to be taken into account) 

A: So I think it's the work environment and then it's also the cultural things. So if you go to the east coast and 
some places in Europe, it's ok to be quite direct. If you go to other places in Europe, people prefer to be more 
passive aggressive, for example we work with people from the west coast, it's not as direct and when we work 
with people, especially China, hierarchical and you have to be very cautious before you actually criticize or 
question data that are presented. I will give you an example that I did, when you have Chinese collaborations 
you should not immediately say that "that number looks wrong", that is not a good start of the conversation, 
whereas if you collaborate with the east cost or some European countries, it's ok to say "ok this data point is not 
very credible. 

Q: So you can easily address directly. 

A: Yes, but that is clearly something you need to know when you start to do these collaborations, that there are 
differences. 

Q: So you have to map these prior to..... If we take a look at the company you are in now, how do you actually 
test the products you are developing now, do you do it internally or externally? 

A: So we have it both internally and externally. Internally we test it by having some assays that we think are 
proxies for the real assay that has to work in humans one day, and then our collaborator will test them in a 
better assay and that could be for example an animal assay to see if it works better. Also because none of us will 
have the experience to perform animal experiments, and we don't want to go down that rout anyway. 
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Q: If you were to test something and you don't have the competencies or the laboratory equipment for doing 
that analysis. How would you go about getting that tested. 

A: That would be either finding a CRO or external collaborator and because we are not very big at the moment, 
we would probably go with an external collaborator, such as we have somebody to actually share the pain or 
bring the muscle into the experiment. 

Q: What aspect is important to you when having you product tested externally, is it the assays or is it the price 
or benefits? 

A: I think there are many things in that question. So one is clearly price that should not be underestimated. When 
you start to do these experiments it can become extremely expensive all the way when you go into clinical trials. 
Then another thing that we have, that's not general, is that we think that tapping into others experience within 
these fields is something that we can actually learn from and improve our product. So it comes down to actually 
a balance, the more you keep internally, ideally you want to keep as much internally, because then you can make 
much more money. But on the other hand, you lack some experience and it might actually be more expensive 
to bring something to market if you don't collaborate with people that actually have the experience to do it. 

Q: And also if you make a mistake or something.  

A: Exactly, so that is clearly something. But I mean if you ask good old companies, they often tend to say lets 
keep it in-house because then we can make the much money out of that as possible. And if you see to newbies, 
some of the newbies have very big ambitions, I talked to a lot of my colleagues about this, and they want bring 
everything to market because then they have done it and they can make sure that it is the 
process. [00:07:27]  But I think in general, in our company at least, I think we want to engage with external 
collaborators and we do that because we don't think we have the expertise to do it. 

Q: If we take a look again at your organisation, your internal innovation model, how do you see that, how do 
you think that works right now? 

A: Do you mean.... 

Q:Like you said, one of the old ways would be thinking about developing everything yourself and new ways 
would be..... 

A: So clearly I think there are two things in this. So if you are big pharma for example and you have all the 
resources in the world you might want to take up some of the tasks and develop some of these things yourself. 
I think that in our case, what we would like to do is actually to engage with experts within the fields where we 
are not experts. The reason for that is that we cannot reinvent the wheal and I also don't think we have time to 
actually do that, we don't want to build that up. I'll give you an example that I can talk freely about, our internal 
computational stuff was all cloud based, we engaged with Amazon or Google or some other vendors to actually 
improve this for us because we believe they actually have the know how to do this quite easily. And when it 
comes to experimental testing before clinical phase, that's exactly the same strategy we'll put in there. It's a 
little more sensitive for people in the field of biotech and pharma but essentially we don't think that we should 
reinvent the wheal or do this ourselves. 

Q: You mentioned some of the external collaborations could be a CRO. What about big established companies, 
would you consider co-developing or collaborate with them? 

A: So we have a collaboration with one of the bigger companies here in the Boston area and also on the west 
coast, so we clearly do that. I think in general these are very fruitful collaborations because everybody wants to 
succeed and they have there expertise and we have ours, but we definitely also learn form their expertise. 

Q: So there will be some knowledge sharing? 

A: yes knowledge sharing, I think that's the best. I mean there is also collaborations where we are more like a 
kind of a CRO where we get a problem and then solve that for them, but it's not very fruitful and many times we 
don't really get the same momentum to solve their problems because we need to know what they have tried 
and what is the idea with this. If we don't get that knowledge it's much harder for us because then we have to 
crack out those problems as well. 

Q: Makes sense. Peter outlines the concept of the OI platform at LEO [00:10:21]. What are your initial thoughts 
on this approach to open innovation? 
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A: I think it is very nice, and it could be very fruitful. I also read 3 and 4 (on the pamphlet) that the results will 
somehow, I mean you have to trust your collaborator quite a lot in this here, because it's quite sensitive and if 
this is done before any filing or anything like that this could be extremely problematic. So clearly you need to 
build up trust and have very trustworthy people handling this, otherwise I would be very skeptical about 3 and 
4. Having said that I think it's great, now we are not in dermatology but if we were I think this is definitely a 
platform we would consider to actually test. 

Q:Did you know these kind of platforms and programs existed before this interview? 

A: I actually did hear about open innovation at LEO. 

Q: Ah ok so you have heard about that one. Is that the only one you have heard about? 

A: Yeah that's the one I've heard about. 

Q: How do you think in general, if we take the entire industry, how do you think these open innovation platforms 
could actually benefit the industry? [00:12:35]  

A: I think that if this is handled correctly, I mean now we don't know actually what is coming out of these open 
platforms yet, so let's see if it brings a couple of things to market. But in general what it could do is test something 
out on a much more controlled conditions and ideally that would lead to better drug candidates in my opinion. 
That would be my hope at least. 

Q: Why do you think a larger company would provide this, why do you think they would do that? 

A: I think there are two reasons for that and one of the reason, and I might be over-interpreting data now, but 
one of the things is that big companies have had quite big issues with innovation in the last couple of years and 
by actually putting up platforms like this they will then start to tap into these ecosystems to actually get the 
newest technologies or newest molecules that are available out there. Also because that small companies might 
do is they will test a technology that is not matured enough for big companies and in that perspective the big 
companies will then both have talent and scouting technologies at the same time. I think without sounding too 
naive, I also think that some of these companies do care about their patient groups and want to bring out good 
drugs for those patients.  

Q: Based these things [00:14:14] (unclear) do you feel that you know how you would start interacting with these 
kind of platforms? 

A: Yes, I think with these open innovation things, and I think LEO has a reputation of that, it's quite easy to reach 
out and actually discuss the potential for collaboration, so I don't see that as an obstacle. I think the obstacle is 
more, like you asked a minute ago, so how many do you know, and I know LEO but how many are out there, and 
how do you make sure that people have fast access to knowing which open innovation labs are out there that 
you can tap into. 

Q: Which kind of information do you think they should provide, now that you have seen this one, but if you were 
to imagine you in contact with another one, which information do you think is the most important... 

A: Clearly what is most important is that, and I presume that's what LEO claims that they also have here, is that 
they know which assays are the most predictive. For actually reaching success. Either with compounds or with 
pharmaceuticals. So that is clearly I would like to see is that these assays are very predictive within whatever 
disease area or biotech area that you are interested in. And they are also relatively reproducible in their hands, 
and maybe there could also be a price issue that these assays would be very costly and time consuming to set 
up for smaller businesses. 

Q: Which communication channel would be the best point of contact for these platforms? Which one would you 
prefer? 

A: You have an office here, and I think that's a very good idea. Second best or maybe the best would also be 
something like independent people that somehow would say that this is the one you should actually go to etc. 
Once you go into the LEO tech hub you are, no matter how you see it in my opinion, somewhat within LEO. If 
you have any doubts or little paranoid about things then having an independent source or something to get into 
this would probably be very nice. Having said that, it seems like the hub you have here in Boston is fine.  

Q: So a person of contact basically? 
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A: A person of contact or some office of contact and the less it has to do with the mothership, I think the better, 
especially in the beginning. You don't want to come with your technology and then have a feeling that "ok next 
week they will be conducting these experiments at their headquarters of this company". Something that is a 
little bit in between. 

Q: Now we move into the what the think should be in these kind of platforms. If you were to choose one, what 
would you value the most about an open innovation platform if you were to use it? 

A: If I was going to use it I would value two things. First of all is I would ask, how predictable is this assay for 
actually going into market for whatever disease I'm interested in. So that would be extremely important for me 
and there the companies that actually provide this should at least show that this is actually state of the art assay 
to predict if something is going to work or not. Second of all, I think reproducibility is also something that I would 
like to see in these assays. So the problem is that the closer you get, the harder it is to get something that is 
significant or reproducable with the assays that you provide. I think those two things would be very important 
to me. 

Q: Cool. What kind of test would you like - now we mentioned assays mainly - but would only the assays for drug 
discovery or should it also be other kinds of tests that could be used for later stages maybe in development? 

A: I think again, if you want to be tapping into the small biotech ecosystem, then all the tests where big-pharma 
- now that might be flattering LEO a little bit (said jokingly) - but where pharma has a lot of experience and a lot 
of know-how , where small biotechs do not have it. That could for example that could be how do you actually 
secure the disc?(hard to hear [00:19:06] ) can go CMC without any problems, how do make sure that this 
molecule that you have is immunogenic right. I just talked to a biotech last week and they have this great idea 
but they no clue how to actually put a drug to market or actually test if this is immunogenic. So the production 
and some of the more hardcore things that could happen to drugs. Some of that is something that they could 
provide, where they actually do have a lot of experience, I think that would be very nice. 

Q: So on top of the actual testing, it would be nice to have some competency transfer. 

A: Yeah one thing is you have the drug that passes all the assays and stuff like that, and then what? How do 
actually take the next step, is that signing everything off to LEO or? Is LEO actually able somehow to provide 
guidance on "ok we are not your best collaborator for this but we can provide contacts for this and this...". 
Something alone those lines would be very nice. It might be a little naive but it would be very nice to have. 

Q: Yeah that is basically what we are here to find out, what is actually valued. How would you compare these 
kinds of tests against having a test in a CRO? 

A: So the problem is. This is an edge where you could really have a competitive edge compared to CROs. So the 
problem with CROs is you know - you ask them to make an assay, and then they will make that assay under those 
conditions that you have asked them to do, and if it's a nice CRO they might actually say, "well have you actually 
considered that this assay is not going to give you anything". So I would consider this, if it's going to be successful 
it has to also be a team player for you right. Saying that these and these assays are predictive, this is good for 
your compound or this is not good for your compound. Where as a CRO, if you pay they will deliver something 
and the problem is in my experience with CROs is that some of them can be very good but in general you really 
have to be very cautious what you send there. 

Q: So how do you think about, now that you have mentioned the assay for example, that you say to a CRO and 
they design the assay and test it and there would be some feedback. Should the assays be proprietary or generic 
and how would that influence how you compare these? 

A: What do you actually mean by the.... 

Q: How would you compare the CRO and the services that a CRO can offer and open innovation platform if it 
were for example proprietary versus non-proprietary? Would that make a difference in your opinion? 

A: I mean again you are always a little bit paranoid in this business that somebody else will move something 
along very fast or that you actually use the information so clearly you would be sitting and you would be 
discussing how much trust do we have to these open lab people. Will they publish it on facebook tomorrow so 
we can't patent anything or is it some trustworthy partnership that we can develop with these people. Back to 
the initial part of our discussion, that is for this to work you need to have a lot of trust in the people.  

Q: This type of collaboration, in open innovation, what concerns do you have about that? 
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A: Clearly IP concerns, also because I mean, if data slips out of this then all of a sudden you could be out of a 
business if you only have one product and all of a sudden is published for some wrong reasons or something like 
that. So that is clearly a concern that I would have. Another concern could also be, now I'm not into dermatology 
as I've said before but, the problem is also if you don't have at least a filter between what is going on, in for 
example LEO or someone that provides this, is that lets say that we came with a compound that actually is very 
close to what LEO is working on and then what? I mean how is that going to impact there internal process versus 
the external process, - are they going to speed it up or? So concerns like that where you actually come with 
everything that you have, an asset that you believe is actually worth something and then you don't want to lose 
it right there. The things that surrounds losing it should be treated very carefully. 

Q: One of the solutions for that - if we take LEO for example - is that they are quite open and try to protect the 
founders and inventors as much as possible, so they don't require you to disclose the structure or anything. But 
there is of course a risk of reverse engineering it but there is also a clause in the contract saying they won't do 
these things. 

A: No no, I think with respect to that I actually do think that many companies will not do that (steel ideas I think) 
but I'm more wandering, lets say that you all of a sudden have a perfect target against IL-4, LEO has something 
against IL-4, depending on where it might be in the process, but lets say that is quite close to actually drug that 
should also be tested here. Are they going to accelerate that process knowing that somebody else is a little bit 
ahead? Because they have the muscles to actually do it now. It would be more those kind of concerns. 

Q: Then you are thinking more about the competitive advantage? 

A: Yes. Because I mean the you know let’s say you slip an email saying "ok IL-4, there something out there that 
looks pretty promising and we need to accelerate our candidate as well" 

Q: That makes a lot of sense. 

A: That competitive advantage would be very problematic on how you would actually handle that. 

Q: How do you think that could be handled? 

A: That's a good question. Because the problem is that lets say, I don't know the business model of LEO, but if 
you take a company like Novo for example and you start to threaten them on the GOP-1 market, then they 
would definitely accelerate projects with in that. Nobody would say "why not?", you have the knowledge that 
somebody else is pursuing that.  

Q: Do you think the trust and reputation of the company is important as well? 

A: Oh yes absolutely 

Q: So once you have a company that's trustworthy and reputational, but then if you separate the platform from 
that, then maybe you would...[00:26:10]  

A:So when you say that it's also depending on who is backing something up right? 

Q: yeah 

A: So for example I think LEO, - I don't know too much but - I think they have a pretty good reputation. There 
are others out there that might not have as good of a reputation and if they are backing up an open innovation, 
I would be much less inclined to actually even engage with these people. So even just knowing where this money 
came from, I think that is something that is quite important.  

Q: So it could be for example an organization instead and then they were backed by the company? 

A: Yes, something that is separated on an organizational level.  

Q: So the same people won't just go into the next office [to share information]. 

A: Lets say that you are at a LEO tech hub and then tomorrow you ran a project on IL-4, right? It cannot be this 
close at least, I think that would be problematic.  

Q: Regarding the IP sensitive information again, that could be a requirement in order to participate that you 
actually disclose some information and there would also be some data generation that would also be handled 
at the company. So how would you feel about those requirements?  
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A: Again, it comes down to trust and then reputation. You really have to have high levels of trust in order to give 
your assets over to that and the question could also be like, let’s say that I came with a fantastic compound, in 
my opinion or something like that, and then in three out of the four assays it actually performs perfectly, so it 
doesn't perform very well in one assay and once I want to go to market, is LEO going to tell the world that the 
fourth assay didn't go very well, and should that be of concern with the FDA, or commercialization or something 
like that? So it really comes down to trust in that you actually are handling very confidential and important data. 

Q: So how do you think this trust alleviates, this contract for example. How can trust actually make you believe... 

A: That's the problem with stuff like this, so trust is to be built up, right? I mean, clearly if you have a good 
reputation as a company, mouth to mouth, we can say that "well these guys are actually trustworthy", you know, 
the person you have hired have good track-records and been able to actually keep confidential data, they don't 
you know, have a reputation that they are all over the place within the pharma spaces, or something like that. I 
think that is actually one thing. 

Q: So if there was somebody to have actually tried it and have vetted them kind of? 

A: Yes exactly. I also think that an interesting part here now, when I think about it, you might not want to have 
somebody running this show that has been "in bed" with everybody. Because things can go very fast in networks, 
that is my experience.  

Q: So now we have kind of gone through the challenges and benefits of this kind of platform, so now the 
interaction between different stakeholders and all this is always difficult, so I just want to try and address some 
of the question regarding that actual communication like ideally how would you like to discover such a platform? 
You haven't heard about anything else but LEO's, how did you hear about that?[00:29:53]  

A: It was at medboards at some point, and I know that Novo was also looking into something in the Boston area 
for innovation, and how open should that be so it came quite naturally around that. I think a lot of these tech 
hubs now are popping out like mushrooms all over the place.  

Q: So you would think it was something like you just bumped into one? 

A: Yeah but I think in general if want to structure this then maybe kind of targeted information flow through the 
people that either are within the disease area that are interesting for the innovation hub here, where you try to 
target key opinion leaders within the fields such that they can spread the word that this is out there.  

Q:If we have a look at the communication between [firms], what do you think would be the best, digital or 
physical or? 

A: I think both. I think clearly you can do stuff digitally, but if you are present here, I think physical interaction 
will also look very nice. 

Q: Beside all the things about trust, and all these things, do you have anything else that might limit your 
willingness to contact such a platform. You saw one that might fit you, is there anything that you can think about 
that, that would limit your willingness to participate? 

A: Besides trust and concerns around that? 

Q: Yes besides that 

A: I mean I would like to engage the contact and once I see what kind of assays and the quality of the assays, 
that's another thing that also should be quite obvious is that the assays they run are actually pretty good and 
state of the art. Otherwise I don't think I would use it, just to have another check box done. I think that would 
be important. So another thing would be clearly the quality of the research performed in these innovation labs 
is also quite important, and again that comes down to trust and... but actually they will build up cases showing 
that "oh this innovation center can actually do this and that, and so good that you can see some publication or 
something like that".  

Q: Yeah so you have some data backed... 

A: Yeah exactly, I would never in that, and again it might be a little catch 22, but I would not go to open innovation 
that can not show me any experimental data.  

Q: So it could be like CROs has technical data sheets and (unclear) [00:32:34]  

A: yeah and also like whats the limits of this bla bla bla, right? 
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Q: So we could take another issue like logistics, so I told you these will often require to actually ship your 
compound. So how do you think that requirement will influence your challenges and roadblocks that you have 
to ship your actual drug candidate to the company and it could potentially be internationally. 

A: I don't think I would worry too much about that. Already now we ship around genes and everything, so I think 
that should be fine.  

Q: So there are some protocols for handling that? 

A: yeah.  

Q: So you wouldn't actually differ between participating in such a platform domestically versus in another 
country, that does not have an influence. 

A: I know that a lot of the old folks around me might be a little more, going to especially China. That would be, 
but for US or Korea or Japan or something, I would not care. 

Q: ok cool. Then we can talk about some of the legal aspects when you have to share these drug candidates, 
because of course the trust is one thing, but also usually you will have some kind of an MTA or contract that 
actually states that the thing written as well. So how do you evaluate the agreements that are required to 
actually interacting with these like, do you think it's burdensome or do you think it's eh, not to worry too much 
about? 

A: uhhhhh, I think in general, some of these MTAs or NDAs or CEAs or whatever you have are relatively standard. 
So I would not worry too much about that and of course it cannot be extremely complicated otherwise you 
won't use any effort to actually get it up and running. So back in the days of big-pharma for me, you know, we 
had a legal department that had to go through all of this and then some people signed that off, and here, you 
know, our management board which I'm a part of, we read through and then we send it to a lawyer to make 
sure it's not completely saying what is going on. But of course it cannot be too complicated with different, you 
know, foot notes or anything like that, - it has to be pretty straight about what is going on. 

Q: Like how, -  now you mentioned that you see that they are quite template-like, so how is your experience 
with MTAs? 

A: It has worked just fine. It has been no problem.  

Q: How, in general, is your experience with these kind of contracting, when you actually do collaborations, any 
external collaboration basically? 

A: uhhhhh I think it really depends who you are engaged to work with. For some companies it's smooth, meaning 
that you go through and sign the papers, and everything works out well. Then you have the bad experiences you 
are like engaging and nothing works so there is no communication or everybody misunderstood everything on 
both parts of the table so I think you have the whole spectrum there. The problem is again that once you start 
to have bad reputation with some of these things and other things within the field as well, it's very hard to 
actually come back and say "well, sorry but we will do it better this time". 

Q: So if we just summarize all of it like, the benefit and the challenges of potentially participating in such a 
platform, how would you summarize all that we talked about briefly. 

A: I think it would be, lets say 51 - 49, meaning I would clearly try to engage with this platform. If I start to see 
that I would have to climb a mountain or if it's going to be very cumbersome to actually get to this, then I would 
say "ok that's not worth it, lets go for the CRO”, even though I know this has issues and stuff like that. But if I see 
quality and I see trust, and I see engagement from the open innovation platform, then I start to be encouraged 
and I just say "ok this is what we go for guys, lets get the legal papers".  

Q:And about the challenges summarized? 

A: I mean the challenges would simply be, you know, get over the barrier of trust that is this platform good 
enough,are the people conducting the experiments, are they good enough. Will the information stay 
confidential until necessary and once the confidential is actually over, then we can start to you know dishh... for 
example back to my assay 4 even though the 3 others work and stuff like that. I mean you don't want something 
to backfire on you, two years later from an open lab or CRO or something like that.  

Q: So in general do you think you would look for one in the future now that you have become... 
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A: I think it's a very good idea for many of the smaller biotechs here in Boston for example, or in Denmark or 
anywhere. I think this is extremely useful. So I think the main question right now is actually get some show cases, 
showing that this actually has value for the companies or the biotechs. I think until that is out there we still have 
this, maybe this is good, maybe this is no. Lets say we sit down and discuss this in 5 years and open innovation 
at LEO has put 3 drug candidates into clinical trials. It would be quite convincing. So right now you are on the 
low end to get this open innovation out into the open but I think clearly people would like to do it. So hopefully 
nobody screws up and the whole ecosystem collapses.                                                          
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Interview 5 
A: My background is PhD in biological engineering from MIT and also Broad institute where I invented new 
methods in drug discovery and understanding the microbiome, whether it's cut, skin or agricultural microbiome. 
Through that process I ended up working mostly in antibiotic discovery and drug re-purposing. The other fraction 
of my time I've spent over the past 7 years I've build up a lot of the infrastructure and support for entrepreneurs 
in biotech in MIT. That included student organization and classes and now I've been working on full time at 
building an independent laboratory at MIT which we could envision as start-up incubator. I also do some 
consulting for start-ups and stuff like that. 

Q: The view that we will take here is more general one and you could represent the start-ups since you have 
worked in that environment and guided them. The target group is people that would potentially participate in 
the platform but since you have a lot of exposure to these kind of potential participants, I guess you could give 
the same or even better feedback. 

A: Sure I'll do my best 

Q: Do you think the general that start-ups here get their drug candidates tested externally? [00:03:36]  

A: Of course, I think the devil is in the details here, but if everything you say is true about LEO pharma's approach, 
where you don't give up anything to LEO pharma to use their models. I think that would be of tremendous value. 

Q: Right now, we try to take it to a geographic level, do you think that external innovation is more approached 
domestically or do you think it can be approached more globally? [00:04:03]  

A: Globally I think. There are a number of examples of this in other areas, both in the non-profit and for profit 
space. Typically, I've seen them incentivize people to work on diseases where there is not as much of a 
commercial pathway. My background is mostly in antibiotics where it is very difficult to incentivize development, 
so you have seen a lot of companies open up. I think GSK had a program similar to this in antibiotic discovery, 
also the Broad institute in the Boston area. There are collaborations in the area of antibiotic discovery with 
similar approaches. But in all of those I think there are somewhat restrictive IP agreements. I think it depends 
but this is the first time I've heard where you actually give up nothing. I think that would be extremely attractive. 
But what would you think the disadvantage, if any, would be because for me it's hard to envision what 
disadvantages you would have to taking advantage of such a platform. Seems like there is no risk. 

Q: for the participants? 

A: yes. I would say that one thing that maybe in drug development, the devil is really in the details here. I might 
have to look at what exactly is going on here. The only time I would see someone not using this is because it's 
not useful to them. I don't know how things work globally since I only have exposure to the start-ups that I have 
worked with here. Typically what you see is that start-ups have a new platform. There are not as many start-ups 
that are working with a small number of small molecule assets, which it seems that this [OI] is most useful for. 

Q: It is HTS, so it is the same assays that LEO pharma uses to test their own candidates up to lead optimization. 
So they have complete open access so you can go to the website and see the assays they test. 

A: I guess what I'm trying to say is that typically, from my experience, we see things flipped, where start-ups 
have a new way of doing the discovery such as a new assay, and what they need is access to a large screening 
library. So they will approach someone like GSK, which have a large bank of say 3 million compounds as their 
standard set of screening decks. Now if you tried to build that yourself, it would be a tremendous investment 
but since GSK is operating at scale, they just have that ready to go and so the thing that is most valuable to start-
ups is to get access to the library to run on your own assay. What I'm trying to say is that this is kind of flipped 
where you expect [participants] to have a library of compounds and put it through LEO pharma's assays. I think 
that situation is probably rare. Typically, start-ups [are through the big funnel] and have a large number of 
candidates, and now what they need help with is the hit to lead work. So medicinal chemistry and all the 
associated assays there, synthesizing new series of compounds, testing them for toxicity and bio-availability and 
all these other kinds of issues that come up when you try to develop small molecules. That's the thing where 
pharma companies have large teams that have lots of experience where start-ups don't. [00:08:47]  So typically 
start-up have this (assays) and it sounds like with LEO pharma model, they are proposing to do this for the start-
ups, which seems to me like kind of redundant. What people typically need is help with this stuff (optimizing 
leads) and not this stuff (HTS). 
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Q: So you mean that the start-ups already have the actual hits? [00:09:08]  

A: Right. So that seems the most useful for people that having a unique library of compounds and want to test 
them on these assays, that is a bit rare. You see that within groups of innovative chemistry platforms, so they 
might have some new synthesis approach that lets them synthesize a new library of compounds that are 
different to what has ever been tested before. So that might be my only concern with this model specifically 
that it might be less useful for start-ups. 

Q: So would you say that it would be more useful if you have some hits, or leads, that you would like those small 
molecules optimized by putting it in a platform that could make analogs of these and test them for a second 
iteration. 

A: Yes, right. 

Q: I think the main approach here is that the ones that work in these assays they can potentially take forward to 
pre-clinical trials and potentially forward from there. But it makes sense to have this second iteration as well. So 
let's talk a little more general about open innovation. Have you ever heard about open innovation? [00:10:33]  

A: I've heard the word but maybe people mean different things by it when they say it. 

Q: So what is your general thought about it without considering the platform (at leo), but in general open 
innovation for sourcing innovation? 

A: The way I would think about it in a global societal need is to incentivize people to develop drugs for certain 
diseases where there is not a commercial pathway for people to take it in themselves. That means that everyone 
has to collaborate to make it happen. In fields like neglected tropical diseases or infectious diseases, orphan 
diseases etc. I think that is one approach there. I think now that about 60% of revenue in biotech come from 
externally acquired assets and that number has grown from about 10% 10-15 years ago. So clearly the model 
for pharma has switched to where most of the R&D is happening outside the organization. In that sense there is 
a huge strategic need to build those relationships and keep an eye on everything that's going on outside the 
company. Open innovation seems like a broad enough term, it's hard to say specifically, but at a high level it 
could be a good approach to source external innovation. 

[00:12:34]  

Q: About these open innovation platforms, you mentioned a bit about GSK, have you ever heard about similar 
offers, where you can test your compounds in a company assays? 

A: I can't recall specifically of the top of my head, but I've heard of similar platforms. Typically it's with academics, 
where in the US there is lots of incentives, federal incentives, that require commercial partner and academic 
partner, where each bring their strengths. So let's say the academics have a new chemistry platform but then 
they need the drug development expertise of a pharma company to help them identify hits or then go hit to 
lead. I've seen plenty of models like that, maybe many of them are negotiated on a deal by deal basis. There is 
no open call like LEO pharma is presenting themselves, such as anyone can use this [platform]. Novartis, Pfizer, 
and more are all here and they are working with the universities in different ways trying to leverage their 
expertise. So maybe it's less open but it's still open to people outside the company. 

Q: So is access more network based where you know somebody that can get you similar approach but there is 
not an open call? 

A: Yes right, it's not a open call or maybe they will put out a specific proposal but there is not a standing 
infrastructure that is open to everyone. 

[00:14:18]  

Q: Regarding this version where we try to do it completely open, so you have the entire inside into the actual 
assays and insides into the needs of the company and you try to do an open call. Which information do think is 
the most important highlight in these deals? You mentioned the devil is in the detail, but which information do 
you think is most important for ensuring potential participants, for example regarding IP being protected and 
that sort of information. 

A: I think IP is going to be the primary thing that people want to understand. But it's not going to stop people 
from engaging, I expect people would engage with this and learn more. This statement here "if the results are 
promising we discuss further opportunities" is a little cryptic. (Interviewee inspects the pamphlet from LEO) "We 
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evaluate scientific potential" what does that mean? I would make it very clear who owns what, if it's true that 
the business retains ownership of everything.  

Q: Is there challenges or concerns with this that you immediately identify just by hearing about the platform and 
looking at it? [00:17:14]  

A: I don't think I'm the right person to ask but to me it sounds great so far. I expect that this would be most 
interesting to academics who are looking, or have some assets that have identified a target and then run some 
primary screens for that target and they have hits and want to synthesize a series and want to test it or broaden 
the number of assays they want to test the compounds activity in. I'm also an academic so maybe I'm biased. 
For me it looks attractive, but I would just make clear statements about IP.  

Q: So IP would be your primary concern? 

A: Yes.  

Q: What communication channels do you think would be the best to approach people with the platform? 

A: Conferences. 

Q: Would that mainly be for academics then? 

A:No both industry and academic conferences. Typically many of the conferences are heavily attended by 
industry people. When you go to any of these industry groups focused on inflammation, immunology etc. they 
will have pharma start-ups and academics. 

Q: So would you say physical appearance and speaking to somebody in person would help out? 

A: Yes I think that would help a lot. 

[00:19:42]  

Q: Why do you think a company would offer such a platform? 

A: I'm surprised they would want to open up so much without retaining anything but I guess it would be to build 
relationships. But I'm not sure why they would do this. It sounds too good to be true and I'm reading into these 
statements (of the platform) which might be innocuous and trying to see where is the catch. So more advertising 
might be helpful and lay out exactly what is the reason why LEO is doing this so it doesn't raise my skepticism. 
Like what exactly do they expect to be the next step after this, what are the future options to collaborate. 

Q: what about having case studies or something like that? 

A: yes a case study is a great example. 

Q:How do you think the reputation of the company will influence your perception of the platform? 

A: I would say, at least around here that LEO is a less known company. They are a reputable company. 

Q:How do you think these services with this kind of approach would compare to for example a CRO? How would 
you compare them? 

A: CRO I would have to pay for it, that's how I would compare them.  

Q: So mainly cost based comparison? 

A: Yes, the other thing with CROs is typically that for highly commoditized assays, meaning that anyone can do 
it, that's where people are going to trust CROs. Typically people are distrustful of CROs for assays that require a 
lot of expertise to develop, run and interpret the data. That is where there is a lot of value in partnering with 
companies that have build those assays in-house and use them for their development. If these assays are 
something special then even if you are paying for it you would prefer to partner with LEO than going to a CRO. 
CROs are great because everyone knows that it's just cost basis and there is nothing about these future 
collaboration opportunities or IP sharing or anything like that. You just get what you paid for. 

Q: How do you think the generic versus proprietary assays offered could influence peoples perception of value 
in open innovation platform? Like you mentioned the more specialized ones are more valuable perhaps. 

A: That's right.  

Q: Do you think it would be better if it were a proprietary assay or just a specialized one? 

eYk BNj3aqC3s ja�Nc,aCUjc S:e



4 
 

A: Both. It does not have to be proprietary in the sense that it's secret, I mean how do I interpret the data if I 
don't know what the assay is? So it has to be very transparent with the assays, but the thing is that researchers 
in the field will know if this is a very difficult assay to run, that requires a lot of careful attention to the details of 
how the assays are performed which is something that's highly commoditized. So for example if you are just 
running an in-vitro enzymatic screening, so if there is an enzyme target and I'm just screening a compound 
library, anyone can do that, nothing can go wrong. In this case where the assay requires much more careful 
attention such as screening conditions which the cells are tested passage number the cells were and other 
quality control metrics on the cells. That's the kind of thing where people prefer having a partner with expertise 
and good reputation.  

Q: How in regard to presenting IP sensitive information such as structure, sample or interpretation of the date 
would be of concern to you confidentiality wise? Does that raise any concerns to you that the company would 
have to handle this information? 

A: Without a pre-existing contract it would be a concern but with some contract to protect myself I would not 
worry too much that. I think the contract should clearly state how the results are handled and then if you were 
being taken advantage of it would be very easy to get compensation. I'm not too worried about that. 

Q: So you would more value a good contract rather than trust? 

A: yes a 100%. 

[00:28:26]  

Q: There can be a lot of stakeholder management and it can be complex when you have these kinds of 
collaborations, and especially the international ones can pose some challenges to potential US based 
participants. For example, this platform would require you to have your drug candidate shipped internationally 
across boarders so how do you perceive that requirement that you would have to ship your molecule across the 
globe. 

A: I'm not aware of what issues that would have. It's not too much of an issue. I've shipped things across boarders 
before with no problems.   

[00:29:38]  

Q: The legal aspects of having your drug candidate tested in this open innovation platform, what do you think 
about the contract and the legal work? Do you think it's considered easy or difficult and why? 

A: Well it's going to be as easy and difficult as you make it I think. If it's a 30 page contract then it's going to be 
quite difficult, but if it's a 1 page contract with very clear terms then I think it will be very simple and I'm sure 
that there is existing expectation or standards there. Say in an area like infectious disease or tropical disease 
there are some existing agreements to base things on.  

Q: So if it is clearly stated, easy and short it would be 

A:Yeah I mean if it's a 30 page contract then I would have to hire my own legal advising and if it's a 1 page 
contract with very clear terms and I can interpret clearly what it says, I don't need to get a special consul, I can 
have the university legal team or my company look at it. 

[00:31:09]  

Q: What is your experience in general in contracting and collaborations? Has it been cumbersome or is it usually 
not difficult with getting the MTAs in order and these kind of agreements? 

A: I don't know if I have ever done anything quite like this. It's been fairly simple. The only context where I have 
done this would be in sponsored research, where companies sponsor research in an academic lab. Hasn't been 
much of a problem. 

Q: How would you ideally like to discover such a platform? 

A: Conferences and case studies would the best. You would want to have companies that participated in this 
that I could talk to so before you lunch a large marketing effort it would be good to find a few partners that 
tested the platform and collect some data on how that went or find the contract and make it as simple as possible 
and make sure they had a good experience and that LEO pharma had a good experience and they could both 
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speak about how that went for them and what the future opportunities went and then I would just lunch a 
greater effort to attend conferences where people are with relevant background. 

Q: So you would not likely be going online to find these kind of services. 

A: No probably not. In my experience I have never gone googling for something like that. Normally it's form a 
word of mouth or a recommendation or something like that.     
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Interview 6 
Q: *Brief introduction about project*, talked about the flyer 

A: I have it open (referring to the flyer). So about my background, I did my masters and PhD in Denmark at the Technical 
University of Denmark. So my background is Computational Biology, so even going a bit more back in time, I did my 
bachelor in Biotechnology back in Poland and then I moved to Denmark and engaged more in the computational sides 
of doing biology and biotechnology. And at DTU I was very fortunate to start working with human gut microbiome, that 
was during the time when the microbiome research was really taking off at a very rapid pace. So I kind of saw how it 
has been developing from the early days, when the new sequencing technologies were introduced and some of the 
initial discoveries were made. So that was during my PhD, and I was both involved in developing methods and doing 
some basic biology discoveries. So from what I like doing is I am not so much of a method person anymore, I like much 
more to kind of engage into what is the biology behind some of those relationships that we are observing in the big 
data. So then after the PhD at DTU, I did a very short post doc to finish up some papers in the same group at DTU. And 
then I moved to a startup called Clinical Microbiomics which is a microbiome CRO, so it is not really like a typical biotech 
startup where you have a product that you try to launch, but it is more a contract research organization that offered 
microbiome research like sequencing of the samples and collaborations with companies and with academia, providing 
the expertise on a constancy based expertise to do microbiome research and to extract meaningful information from 
the data that the customer had. I was there almost a year and they I felt the urge to go back to research and I came to 
Boston to do a post doc at the Broad Institute. But like in my mind I never intended to stay in academia, so it was more 
to get exposure to the regional landscape here and get some good network and interactions going. And at some point, 
I am likely coming back to Denmark to work in one of the biotech companies, e.g. Chr. Hansen or one of the Novo 
families. So what I am doing currently is still a lot of big data and analysis but a lot in the context of the underlying 
biology. So would you like to know some of the projects that I am working on now? 

Q: We don't have to know too much about the projects, so you are back in research again basically through the post 
doc or? 

A: I am back in the research through the post doc but I am also trying right now to move to a less scientist position to 
be more engaged with the research but more on the professional side than the typical academic side where you have 
to do teaching and what is associated. So maybe for briefly about some of the research projects that I am involved in, 
there is a lot related to autoimmunity and immune diseases, so I think it is very interesting to that information you 
shared with, because there is really a lot of overlaps of what we seem to be doing on the overlap side. Once we have 
established an interesting connection between microbes for example in the gut and diseases, then we often actually 
take those microbes into the lab and try to figure out what is special about them or is there anything special about 
them. Are they "up" in the disease for a specific reason or is just like an epiphenomenal - something that comes as a 
consequence of the disease. 

Q: Okay cool. That sounds good because it is more like we want to establish were you are as a researcher and it sounds 
really interesting as it also sounds that you could do projects where you are trying to find these drug candidates, which 
is basically what our topic is about. How you can use open innovation for drug discovery, so it is more to get that baseline 
established and then we can direct the questions to you regarding your position. I guess you should anticipate that you 
are working with some actual potential candidates and then we will se how and whether an open innovation platform 
could potentially provide you with any value. 

A: Yeah. Please. 

A: So just to start it up, have you ever considered testing your drug candidates in an external organization? 

A: So I mean in the current setup, we are actually a very large lab, and in the sense we actually have capabilities across 
really many kind of spectrums of professions or expertises. So in our typical framework, we have kind of the big data 
part that does a lot of discovery, do correlations and statistical modelling and analysis to find if there is any microbe 
that is implicated in a disease. We also work with metabolic data, is there any metabolise up or down which may be 
interesting for the phenotype. But we also have people doing experimental work and in that space then we actually 
have our own immunity assays, where we are testing our compounds. But it is so that you can only have as many assays 
at your disposal, and there might be others that we are not looking at because we just don't have enough capacity to 
do it. But like in terms of the labs size, we are around eight (80) people, so in that sense it is a very big group, so we are 
actually covering a lot of the aspects of the testing of compounds. So from my level of, where I am as a post doc, I am 
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super dependent on what it is my boss / PI is willing to do, so there would be anything we could test it would be him 
pulling the strings and making all the decisions. 

Q: Okay, so how about for example if you consider external collaborations, do you think that would be necessary to 
bring some of your discoveries or inventions to be marketed? 

The testing now, on a bit longer term would it require external collaborations? 

A: Yeah, so in that space is completely not covered by what we are doing. So yes, so the Broad institute itself is a non-
profit organization but it also differs from the like danish market or the danish universities. The market here (Boston) is 
also very special because there is so much money that is being pumped into biotech. And I think that it compares to the 
station based on, if you just compare the academic institutions, let's say DTU and Broad institute - I feel at Broad we are 
much more focused on patenting things and figuring out if there is any value in what we are discovering. And then, you 
know building enough of an IP portfolio around it so you can actually protect it. I felt at DTU there was never, so much 
focus about like making IP or making discoveries that are patentable. But that might be specific to the fact that I am 
now in the lab a bit more, that is wet lab focused and discovery focused. But to come back to your question, I don't 
think we would even try to launch anything ourselves, we would either have to partner with others or try to spin it out, 
but it would be more of a spint-out from Broad institute as a whole rather than from our own group. If you look at the 
landscape in Boston, there are many research groups that are actively pushing products out to the markets. I know that 
George Church is probably a good example, he has a lot of startups going on, and it is like really driven by him and 
inspired by him. In my group, even though we are doing a  lot of those discoveries in the space of the outer immunity 
and immune diseases, my PI has maybe 1 or 2 startups he is involved in but I don't think there is this kind of pressure 
or kind of push from the PI to do so.  

Q: Okay but looking into the open innovation platform that we have, that way you can send molecules to be tested in 
the LEO assays, is that something that you would consider when doing exploration search for the value of your 
innovations? 

A: Yes, definitely. I see that on my own, if I did not have this kind of have this kind of backup of other people who could 
do the experimental work, I would definitely consider it. But I would also consider it as it is also an extend into a different 
space than we are typically evaluating. Our work deals are primarily with the gut microbiome, and we are performing a 
lot of the assays that are a bit more relevant for IBD like conditions, such as Chrons disease , so conditions that are 
affecting the intestinal duct. But, you know the microbes and molecules that we find up or down in those diseases, they 
could have interesting properties related to kind of skin diseases and skin immune diseases. So yeah, I would consider 
that. Another thing that in my space, where some of the associations I am doing are with species and cells rather than 
a specific molecule, another interesting kind of level would be if LEO had a platform to perform some of those like 
fractionations of those bacteria that we find up or down. So I don't have to zoom in on my own to zoom in on a specific 
molecule but I may be able to zoom in on a species or strain that is interesting. And then there is additional level of help 
from the innovation platform that is "how can we break down that species that you grow". You grow the species and 
then you break it down to e.g. sixty or hundred fractions depending on seminal driven by chemical properties of the 
molecules that you can stratify the bacteria based on proteins or different sizes, stuff like that. And then followed up 
with the immune assays that are offered by LEO. I think that this kind of especially in the microbiome, there are actually 
not so many groups that are capable. First of all doing what you are suggesting with this open platform for screening 
for immune properties, but also suggest can we identify some interesting strains that are implicated in some phenotype 
disease immune activation. Can you help with breaking those strains apart and then screening those fractions by 
exposing the in the assays offered. But that is maybe a completely different level of complexity. 

Q: Yeah that would be next level I guess. Would you consider these types of collaborations where you have external 
collaborations with you, do you think the geographical different would have an influence on who you choose to 
collaborate with? 

A: Ehm, no. Especially in the case of a Danish company, maybe because I am bit biased by having lived in Denmark, and 
kind of like embrace the culture in Denmark, I know that it is like as people have so much to offer in terms of reliability. 
I expect that a good quality of what comes out from Denmark, so that is a big motivating factor for me to collaborate 
with this open innovation. If that is possible.  

Q: Yeah cool. And like regarding those assays you were talking about, for example the assays that could be offered to 
you. What would you think about those for example if they were proprietary vs more generic ones? 
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A: I think I wouldn't mind. Could you walk me through again what is actually the model that LEO is proposing here. 

Q: Yeah sure, if we take a look at the flyer now, we can get into the more specific questions about open innovation in 
general and about the platform as well. So, just to put open innovation in a setting, I don't know how much you heard 
about but I can give a brief introduction to it. *introducing open innovation*.  

Prior to speaking with us, have you ever heard about open innovation? 

A: I think I might have heard about it during the opening of the innovation center in Boston. But I am not sure. 

Q: So not that specific anyways? 

A: No not very specific no. 

Q: So based on what we just told you, what are you initial thoughts on open innovation? 

A: I think it is really good idea. I recognise that as science or company we cannot have that expertise that is super broad 
that we can test everything that we want, right. So I see it as a very attractive strategy to be able to collaborate in that 
manner. I think like being at the time when I worked at this CRO (Clinical microbiomics), I think it became obvious that 
you have the biggest pharma in the world or the biggest food industry in the world, and they cannot have the expertise 
that we were offering them. And I feel like this like very parallel situation here that there is not a single company that 
can have expertise in all the aspects of the experimental testing, so this is wonderful if this can actually take off and 
become something.  

Q: Yep. And where you aware that any companies were offering these kind of platforms where you can actually interact 
with open innovation? 

A: No, so I was not aware. I don't know if there are anymore that are having a similar model.  

Q: There is different companies offering open innovation, but I mean open innovation takes quite many forms at the 
moment, so it is quite rare to see such an open ended platform as LEOs which is also why it is a good case study. But it 
was just to see if you knew anybody else, like generally how spread out is open innovation. But it is completely fine that 
you don't know any. 

So if we take a look at these platforms and use LEOs as the one to address, how do you think these open innovation 
platforms can benefit the industry? 

A: Well I think I agree with what you are saying that the best would be if we can propel more drugs into the market or 
find more candidates that are currently sitting somewhere in the drawer and they are not used because they may not 
be a good indication in whatever the primary business in a given company. But you can either repurpose some of those 
drugs or molecules or actually just get them onto market because they are actually interesting in a condition that was 
not initially suspected. I think another thing might also be the specific immune assays. Another interesting thing might 
be us trying to understand the immune function, I think this is like an area that is getting more and more tension given 
there is so many outer immune diseases that are currently on the rise. There is the new aspects of cancer therapy, the 
immune checkpoint therapies that are working but they are only working in about half of the patients or less. And that 
is a lot of it is because we do not know how to stratify the patients but there is likely a lot of immune functions in those 
patients.Half are missing in order to take a full advantage of those drugs. So in that context I feel like having a screening 
platform for immune function which this could become as well right, it is very interesting. So it can become more broad 
that just their methodology in that sense. 

Q: So do you know or how do you feel when and why you would actually look for one of these platforms and maybe 
even participate in one? 

A: I think it would be, so I actually have a lot of cohort studies where there are various outer immune diseases where 
we typically do not know what are the drivers of those diseases. But we do see strong microbiome signatures, either 
directly on the taxonomical composition, sometimes on the metabolite composition, so we actually in the metabolite 
composition case, we can pull out specific compounds that are up or down. And in that context I could see how we 
actually need screening platform almost right away to validate some of the findings. Or you know to show whether 
there is any of it has a potential, kind of immunostimulatory value. The main question I have to it is, what is throughput 
of this platform, or what is the capacity, how many compounds can I test? When would I have to come to open 
innovation, is it 10 compounds, is it 100, is it you know 1000s.  
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Q: actually, I mean if we have to do a bit a bout the LEO specific, from LEO's perspective they just want as many 
compounds as possible and they do these assays on a regular basis because they use for their own drug discovery. So 
usually they say the turnaround time is 4 weeks at most, so when you ship the compounds they will put them into the 
next round of doing these assays. And then they will spend some time doing the data analysis, and then discuss the 
results with the participants. The limitation is not that large regarding the number of compounds, so it could be as many 
compounds that you could ship. I think it is mainly a problem to find enough compounds that could be relevant in the 
assays. And they are currently rolling out some new AI based in silico screening that you can access freely as well, in 
order to see if a potential compound could be relevant in these assays, where they score it up against what works in 
the assays. They are very open for any compounds, any companies or any institutions really. And we can take that 
afterwards if you want some contacts that you can talk to at LEO if you have some compounds that you are interested 
in testing, but yeah.  

A: Do you know if it is only pure compounds that LEO is interested in, or is it also more like fractions of compounds, the 
way we sometimes approach this problem is that we grow the microbe of interest and we apply various of chemical 
filtering or separation steps. So from one culture you get maybe 60 different fractions and these will be mixes of various 
compounds. It is like a simplified soup of compounds that is associated with a given microbe. Is that something they are 
also interested in, or is it too far away from the actual you know testing? 

Q: I think that is definitely something they could be interested in, I think the whole point is basically that you don't have 
to disclose the compound structure. So LEO does not know or does really not want to know what the actual tested 
material is made of, in order to keep it confidential right. So there won't be able possible risk for the participants of 
exploitation, so I mean on that level I think that it would definitely be a possibility. But you would have to check up with 
the scientist out here if that is actually a possibility, because I am actually not aware of it. But they are very interested 
in getting their hands on some biotech based compounds and not just chemically synthesised compounds. 

Dai: Yeah it is not only small molecules. 

Q: No it is also biopharmaceuticals or biotech derived molecules. 

A: Yeah, so you could actually follow up with some contact. 

Q: Yes definitely, I know they would be very interested in that.  

Cool, now we have established your understanding of the current form and I guess you already answered to the next 
question, if you would be look for an open innovation platform in the future to potentially participate in? I guess that is 
a yes. 

A: Yeah. 

Q: In regard to this actually, now you have us a a contact, but how would you actually like to interact with these open 
innovation platforms, which way do you think would be good to get into contact with those? 

A: I think it would be.. The leaflets are definitely very interesting in regard to the initial understanding of what is going 
on and I think they are actually nicely packaged, it is very clear what is actually intentional and what is the read-out. But 
then I think it would be great to actually talk to people that are either responsible on the assay or scientific level. What 
would we have to send in exactly, so you know in terms of amounts, concentrations, purity and things like that. And 
then it would probably be useful to also discuss the results afterwards with the research group or the person responsible 
for the data analysis and interpretation of results. There would definitely have to be some human contact at some 
point.  

Q: Yeah human contact. 

A: I think that it is always very nice. 

Q: How would you have this human contact, via email, via telephone or via this (Skype interview)? 

A: I think like a conference call would be good. There is usually those conference calls can be quite poor, I think that we 
are having a good quality call now *laughing*. As it feels like we are in the same room which does not happen so often 
due to poor connection. I think if it becomes particular interesting, like the point forward for future opportunities, then 
I think having actually personal a meeting in the same room would probably be important to see what can happen in 
the future. 
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Q: Cool. Then we can move a bit forward now. You already have spoken a bit about the things here, but we would like 
to know more about what you would value in these open innovation platforms. Like as a potential participant, what 
would be most valuable for you in these offers? 

A: I think it will be from one side the openness about what is being actually tested and how it is being tested. And i think 
that is very important because that can then inform some of the science that is happening around those molecules, or 
around the particular biological questions that we are having. So I think that just having the readout of kind of like the 
cytokines that are produced or just a label that this is psoriasis assay that would be probably not enough to help me 
moving forward with some of the research activities. So I think from that perspective that would be very very important. 

Q: So the more openness the better? 

A: I think the more openness would be better, because then it hopefully can become a kind of feedback that actually 
informs for future discoveries and future research. I think another think would probably be the breadth, so how many 
assays you do, but that I don't know how easy that is to adjust.  

Q: So the number of assays? 

A: Yeah. But I think it is the openness is the like the top criteria. I think like the idea behind this whole platform in terms 
of the legal agreements and everything, that everything is very simple. And LEO is not trying to take anything away. So 
that is already kind of settled, so that would be probably the most important part. Because it would be difficult to 
establish this kind of relationship if we were afraid that we would somehow lose the ownership of the fractions or the 
of the compounds. 

Q: Yeah so that actually leads quite well to the next question. What kind of challenges and concerns do you see in 
actually participating in such an open innovation platform? Because you already briefly mentioned it now.  

A: Another thing that I would be afraid of would be what if we don't want to follow up with LEO on it, what if we take it 
away, I feel that it would be maybe a little bit unfair *laughing*. That we would decide to do that, I think that I don't 
know how much I would be able to you know as a scientist prevent this. At the Broad, you know we have the whole 
organization that had maybe a different idea of how maybe some things should be moving forward.  

Q: So you don't have too many concerns in regard how your IP is protected and confidentiality and these things? 

A: I think I guess I trust much what you are selling or what you are describing *laughing*. But yeah no that is definitely 
a concern, that is a major concern that what we are shipping to LEO or what open innovation platform is actually secure. 
If it is a pure molecule we are sending, I am sure a company like LEO Pharma has a team of chemists that can figure out 
exactly is in the soup that we are providing. But I can see that you can always look into the legal agreements and there 
is always a level of gentlemen agreement that you are actually not exploiting. And I think I am concerned about it but I 
also see it as a company like LEO Pharma is such a big player in the field that it would probably damaging to LEO Pharma's 
extending into the Broad community which for myself makes a kind of protection. I don't see it as in LEO's perspective 
it would be in their interest to try to exploit some of those collaborations. Especially, like with you know big academic 
players like the Broad institute if we are looking into that aspect as well. 

Q: So do you think the reputation of the company in this case LEO is important for these kinds of Collaborations? 

A: I think so, yeah. I think it gives a lot of credibility to the platform and then it also provides credibility from the 
perspective of molecular drug discovery and the manufacturer, so the quality and compliance and standard, but also 
big player as in the opinion about the company. And such open innovation is also really depending on good relationships 
between the platform and collaborators and those things can very quickly be hurt by wrong actions and misconduct. I 
think that facilitates that it seems like a reliable operation.  

Q: So who do you think would be the most suitable participant for this platform, e.g. academia or startups or SMEs or 
even large companies? 

A: Yeah I think there are a lot of startups that working in the microbiome space that are using fractioning microbes and 
trying to figure out where is the function. So I think they (LEO) have a lot of assays that they are interested in. And I 
think they might not be capable of doing some of the immune assays that this open innovation platform is proposing. 
So I think there is a lot probably in the Boston area, some of the microbiome startups, that could probably go into this 
kind of collaborations without thinking a lot about hurting their own business because they are focusing on some other 
aspects but what if something shows activity. That would just be a benefit to their operation. So there is many, I don't 
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know if you are aware of it, but the flagship pioneering that is like a big venture firm, so their flagship has a lot of 
microbiome startups. And I feel like many of those startups would probably be interested in taking advantage of some 
what seems to be a free activity assays, I think that would be wonderful. In terms of academia, I don't know, in the back 
of my head I am thinking about my group and how we are operating. There is a bit of, I could see how there would be 
some resilience to try the open innovation platform for the molecules or the fractions that we have identified. But I will 
actually bring it up with some of my managers that I am working with, some of the group leaders in my group to see 
what they are thinking as well if we could take advantage of this. Because I think it would be very useful. And it is not 
because we don't have operations within the industry, it is on the contrary, we actually collaborate with multiple pharma 
companies and like food industry companies. So there is a precedence for it. So I could see this working for us actually. 

Q: Great input. If we again take a look at the actually service provided in the open innovation platform, how do you 
compare that to a CRO for example, would you prefer one or the other and why? 

A: Yeah so, that I don't have a match or experience with really. At the CRO (Clinical Microbiomics), I was maybe part of 
it, so I have a different angle of the experience I can share, but not actually trying to hire a CRO or using open innovation. 
I think that, I mean, the big difference is that this is much less flexible, the open innovation, you sign into it and then 
you get what is on the table. With CROs there is always this level of flexibility that comes of course at a cost. I think they 
are complementary, I wouldn't say that this open innovation platform is competing with CROs. But of course that 
depends on the space of the CROs, do they have similar assays, are they more flexible in those assays. That I am not 
aware of, so it is hard for me to speak about,  but I would say I recognise CROs and this open innovation as 
complementary approaches. If I was working with a CRO, I cannot see that I should not be able to get into this open 
innovation platform as well and see what I get out of it. 

Q: Oh yeah that could be a possibility, but we were more thinking that whether or not if the same generic assay was 
offered by both, which one would chose. But if you don't have any experiences there, it is also okay. 

A: Yeah the only difference in speed and time, at this time point in my project do I need to do it fast or do I just need to 
get the results at some point. Of course you would choose the thing that you can get for free if you can wait for it. 

Q: Yeah cool. So if we move on to these kind of collaborations, the interaction between the stakeholders can actually 
be quite complex, so if we want to explore more about your group interacting with an open innovation platform. If we 
look at LEO Pharma's, it would be an international platform so that would be from outside the US and across country 
borders, considering that you have to physically ship the compound to LEO Pjhara, does that raise any concerns to you? 

A: No, that sounds like a normal operation. We are typically on the receiving side of shipments, so there is often so that 
we are getting DNA samples or whatever stool samples from abroad for analysis. But I don't see how it would be difficult 
to you know turn it around, so that is not a concern at all. And I don't think we will be shipping anything difficult, so 
these will be compounds and not for example DNA, and for DNA there are some restrains for some projects that you 
have to do the sequencing, the DNA cannot leave the country, and I think there  will be the same regulation in other 
places as well. But in our case here, I cannot see how that would apply.  

Q: Mh, so it would not have any difference if you should ship it internationally or domestically, basically? 

A: No. 

Q: Okay, maybe in regard to the legal aspect, in this particular platform it offers quite simple contracts but they are also 
non-negotiable, so they are made to the benefit of the participants, thus, made to cover the participants and not LEO. 
In regard to this, how do you consider the workload of this documentation and contracting? 

A: Ehm, again about the Broad Institute, there is also an army of lawyers *laughing*, that we have. And they love looking 
through whatever agreements that we are getting. So it might actually turn out that is some terms in these agreements 
that can prohibit us from working. So that would be an interesting case to actually see, how an institution like Broad 
Institute, with their experience in patents and legal work, how they see what you call "a simple agreement", right. In 
principal, you say it is beneficial to us, but it would be interesting to see what the Broad Institute think *laughing*. 

Q: Yeah interesting. And if we take a look at how you could discover these platforms, how would you ideally discover 
such an open innovation platform? 

A: I think that ideally I would like to see it at probably some of the conferences, so either the typical scientific 
conferences, but then there is a lot of those business to business conferences. So when I was at the CRO (Clinical 
Microbiomics), I would go to the B2B, where you had some scientific presentations but it was a lot of B2B talks as well, 
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I think that is a great place to get exposure as a CRO but also as a startup, and also for getting into those relationships 
like open innovation. I think there is many of those at all the different industries, I know that microbio has a few 
european or international ones. I think they would be ideal to find important collaborations in this space. 

Q: Cool. And is there anything that might limit you willingness to contact such an open innovation platform regarding a 
collaboration ones you have heard about them? 

A: Not really, I actually think it is great setup. I will still have to read the legal documents *laughing* but it actually seems 
like a very attractive way of getting some extra knowledge about compounds or fractions that we are working with. 

Q: Cool and if we maybe just circle a bit back before we finish up, it is quite interesting insight as you have the 
background at microbiome and have these fractions that can discover these molecules that can be tested in these 
assays. It is quite cool because LEO actually want to source some more biotechs for these offers, but do you know any 
other field within biotech that may be relevant for participating in these assays?  

A: Mmm, let me think. Yeah so definitely microbiome is interesting for this purpose. I think like the metabolic studies, 
you maybe know this upcoming omics technology, it is been around for a while but it is being applied for various systems 
also for stool analysis. Metabolomics on biopsies, stool etc. which is a cleaner way to get access to molecules. The way 
we work with metabolomics is often we do both, we do microbiome analysis but also do metabolomics to investigate 
what are the compounds that are interesting. But like from these aspects I would say that the microbiome definitely 
have this untapped potential that we do not fully comprehend. And we cannot fully comprehend it before we have good 
assays, so I think that is an ideal combination between those two. 

Q: So you think it could be ideal because the internal group you have, you have limit of options for assays, because of 
course every lab has its limitations. And then if there were different open innovation platforms from different 
companies testing different disease areas, would be a good way to try to test your findings in many different indications 
at the same time? 

A: Yeah that would probably be ideal. So the assays that we have are, they do test some of the immunorespones that 
you are listing here (flyer) but they are more focusing on the gut inflammation. But I really can't see why wouldn't we 
expand into other indications. 

Q: Cool, I think that is conclusive, very nice input for the thesis.  
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Interview 7 
Q: A bit briefly about our thesis, and can you give us a bit about your background? And you already participated, and 
tried to send in molecules? 

A: Yeah, we did some testing, and we send it a couple of molecules that we wanted evaluated for a particular assay, and 
we did it through the LEO Pharma open innovation group. So a bit of background, my names is Nitin Joshi, I am a co-
founder at Cage Bio, which is a small privately founded startup company in Silicon Valley. 

Q: Yeah, and what do you work with there? Is it laboratory or are you doing something with bioinformatics? 

A: Ah no, we have a lab and we are developing products for dermatology using a new technology or chemistry that we 
have developed. 

Q: Okay, so you have some actual molecules that you have developed. And if we take a look at the more general 
questions, so you have considered to actually do external testing of your compounds in order to both get some results 
but maybe also with the aim of a potential collaboration? 

A: Yes, the idea was that the initial scope was just to really truly the open innovation, we did the offer to do some of 
these tests at no cost. So that was a huge benefit, and you know whether the collaboration follows or not is not really 
something that you can predict. But at least you get some read on your compounds in those particular assays.  

Q: Yeah that makes sense. And if these kind of external collaborations, do you think they are necessary for bringing an 
idea all the way to the market? 

A: Yeah, I would not call it necessary but I would say that they are usually beneficial. Because often times there are tests 
that you otherwise would not do, because you have limited money and you try to stay focused and you don't think 
about other aspects that could be, potentially, more valuable or more helpful to patients down the road. But small 
companies are not likely to make that investment if it cost $20-30 thousand, they are gonna say forget it, it is not worth 
it. 

Q: Okay, and do you think the geographical difference will have an influence on these collaborations? E.g. your case 
where you had to ship your molecules all the way to Denmark. 

A: Ah yeah I mean of course it would be most convenient if it was done right here in locally where we are. But that is 
not always the case, and the fact that they are based in Denmark did not stop us from doing the test. The follow through 
was a little longer than what we would have liked because some people changed position there. I had to reach out to 
somebody else and they had to dig in internally, but that can happen even if the lab is next door, if people leave that 
sometimes happen.  

Yeah so obviously if LEO Pharma had given us an option that we have group of scientists here in the Bay area that can 
do it or in Denmark - I would have said yeah of course I would have it done in the Bay area.  

Q: Yeah, so if we take it on a theoretical level, if a US counterpart was available you would probably prefer that? 

A: Yeah if the same skills exits, I would have preferred it, but if the true scientists are based in Denmark then I would 
just say let us do it in Denmark. 

Q: Okay, good to hear, and how do you test your own drug candidates now? Is it mainly internal or external testing? 

A: So we do some internal, but we do use a large external labs for testing, because you know for really small companies, 
it is not financially viable to buy equipment for everything you can test, we do not have the utilization that would justify 
buying the capital for buying this equipment. So al though it is inefficient to get it done outside, it makes more financial 
sense. 

Q: Yeah okay cool. That is basically the financial sense, because it would cost a lot of money to purchase equipment. 
And if we move onto maybe more specific, you already know a lot about the LEO open innovation platform. GEnerally 
about these open innovation platforms, did you know anything about open innovation before you heard about LEO's 
platform? 

A: No, I had not heard of any other company offering this type of open innovation platform before, now I understand 
that there is a few other companies that are trying it out. And I had not heard about LEO's either before I ran into it at 
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a conference last year. And at LEO's booth they had a site for open innovation, so I stopped by and wondered "what do 
you mean about open innovation", and then they said this is what they do, they can test for activity of your compounds 
against these specific types of targets. And it is cost free, it is done confidentially and you don't have to disclose what it 
is, and the only thing they are gonna say is that if it does look good, you are open to having a strategic discussion with 
LEO. There is no rights given either way, you don't have to do any deal, they don't have to do any deal, which is good. If 
there was any other constraints that were put in, then it would be less valuable. 

Q: Okay, so your initial thoughts were that it sounded quite promising in the way it was setup up? 

A: Yes. 

Q: So now you know that there are other companies offering these platforms but back then you did not know about 
them? 

A: That is correct. 

Q: Okay, so how do you think in general these open innovation platforms can benefit the pharma and biotech industry? 

A: For large pharma that are really funded well, I don't see them using it. But for small companies, you will truly cause 
innovation or enable it, because innovation does not happen according to a timeline. Or according to a certain schedule, 
it happens when somebody is trying something that no one else has thought of. They themself probably did not think 
of, so I think the ability to do some of these tests that you other ways forego that is against certain targets that you 
would not even look at before, that is what open innovation allows and if something clicks then you take it forward. If 
it does not, then no harm no foul, it will not interfere with what else you were going to do. So as I said, I feel if I was at 
J&J then I would be very hesitant to do it with LEO Pharma, because you know I would have the tools internally to do it 
my self. But in a small company and even midsize companies, not just startups, with 20-30 employees this could still be 
a benefit because otherwise these experiments would not get done. 

Q: So you think that it is a lot about the size and capital that is in the company that determines when you should use 
these types of offerings? 

A: Yes, I think so.  

Q: Yep. So my leading question is when and why do you think you would be looking for such an open innovation platform 
but you kind of answered that with the size, especially. 

A: Yeah. And you also in spite who is offering it, for example you know, we are interested in developing products in 
dermatology, and LEO Pharma is obviously very well recognised within that field. So you can confident that if their 
scientists do some tests, then the fidelity of those data are going to be pretty high, so that is the clear benefit. If it was 
a different company, that is not really familiar with the type of tests that we are interested in, then I would have been 
hesitant because you cannot really rely on the quality of the output. So it is important that people feel confident that 
whatever data this lab generates, it is going to be of highest quality.  

Q: So how do you think these kind of services of testing are compared between LEO's open innovation platform and 
then a CRO? 

A: I think the LEO Pharma is very limited, we did one round of testing, and we might be doing one more. But the one 
round of testing we did,  it worked out great in close regard the readout was easy to understand and nicely done. We 
did have some issue in terms of timeline because I think either our samples were misplaced or because the personnel 
changed, it took us a while. We had to do a bit of digging up and follow through to find out what happened. But 
otherwise it was good, with a CRO, you know often times, you have to work with them for developing the method 
yourselves, you cannot take a backseat. With LEO Pharma, we provided the samples exactly as they wanted in those 
concentrations and solvents, beyond that I did not even bother to go into the exact methods that were used. Because I 
am relying on LEO Pharma's scientists' to do the right thing.  

Q: So actually regarding that, when you had these challenges with the timeline etc., how do you think it is appropriate 
to connect and interact with the open innovation platform? Some of these types for example over the phone, would 
that hav made it easier for you? 

A: Yeah I think so, I think a sort of a checkin call, even if it is short 10 minutes, with the project manager would have 
been helpful. So you know that your samples are in the right place, there is no question about what you send or what 
tests you want them to do.That would have been helpful to have, just so we know that they have seen it. 
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Q: So follow ups where you preferably would be speaking to a person rather than emailing back and forth? 

A: Yeah, but emails are sometimes easier, so I get the easy of it, that is okay. But to start a call or video call (like the one 
we are having, Skype), it does not have to be long, it can be 10 minutes. 

Q: That makes sense, and if we talk again more generally, what information do you think that should be provided about 
the open innovation platform? 

A: I don't think too many people know about, so I think it is spreading the word out would be helpful, especially perhaps 
at bio meetings where a lot of smaller companies show up is helpful. AAD, I don't know if that was the best place, BIO 
might be a good place for LEO Pharma to showcase this. But you know, just get the word out. 

Q: Yeah, and what prior to actually participating, when you heard about it the first time, did you have any concerns?  

A: No actually, I did not have any concerns, I thought it was great that they were not asking us to divulge any 
confidentially information, in fact, they specifically did not want any confidential information - which is great. It keeps 
it clean, and you know, right now it is new, so you got to build a reputation. What you don't want to happen is a few 
bad examples, e.g. a company sends some stuff and then somebody within the open innovation group reverse engineers 
that and then you get into this dispute. Even one occurence like that will kill the whole thing, one such event happens 
and every other startup or small company will not be as ready to use the open innovation platform. You need people 
to be confident that you will enforce their IP protection, if this program was run out of Asia or India, I would not have 
send my samples. 

Q: Okay. So the actually geographical difference and cultures there can affect that decision for you? 

A: Yeah I mean sadly, if you know, it is not indulging on indulging people, but you have to answer to your investors, and 
they would not want you to jeopardise everything for one small test.  

Q: That makes sense, so do you think the reputation of the companies offering these platforms has an influence? 

A: Yes it is extremely important, like I said, if an unknown company offers open innovation and someting sounds too 
good to be true, you will never send your samples. 

Q: Yeah, but you did not think that this (LEO Pharma's Open Innovation Platform) sounded too good to be true? 

A: I think again LEO Pharma has a terrific reputation, it is a foundation that owns the corporation, I was not worried 
about LEO Pharma stealing our IP. 

Q: Okay cool, so you did not have any concerns. Beside the time (their data report was delayed significantly), did you 
identify any other challenges or roadblocks when you participated? 

A: No, it was really smooth for me, the only pickup we had was that it took awhile to get the report and a bit of tracking 
internally in LEO to find the data. Other than that, I think it went as smoothly as it could. 

Q: Okay cool. And why do you think companies like LEO Pharma are offering these kinds of open innovation platforms? 

A: I think it really is a win-win, because part of it is that the only thing that you give up as a company that are agreed to 
was that if the research would have been of interest for LEO Pharma, you at least engage in a strategic discussion with 
them or potential. You don't have to give up anything while they are not committing to doing any deal. So in some 
sense, when they do those tests, if LEO Pharma has a strategic interest in any particular area or particular target, and 
they see some small company that looks interesting, then they get the option to follow up. They are going to know 
about it before the Pfizer and the Mercks of the world finds out.  

Q: And how do you think that the trust is important and the IP and these sorts, the only guarantee you really had was 
of course the reputation of the company, but it was also the contracts, how do you consider the handling of this to be? 

A: The paperwork and contracts stuff? 

Q: Yeah. 

A: I thought it was surprisingly smooth, I was ready fast. I had thought that such a large company was going to take 
months before you know anything really happens. And it was surprisingly quick, it was very prompt and very simple. 
You didn't need to spend hundreds or multiple hundred of dollars for your attorneys to review the contracts, so it was 
pretty straightforward. 
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Q: Okay, so a low work load there? 

A: Yeah, and I think that it is how it should be. Because if it looks like the contracts are going make you spend thousands 
of dollar fees for your lawyers to review it, there is one more roadblock that will stop people from trying it. 

Q: Yes, so immediately that would be a barrier of entry to the program. Very nice, and for example as you also 
experienced the interaction between the stakeholders, these kind of collaborations are quite complex. So, to followup 
on this, especially in this case where it was international and you shipped the samples across borders. How do you think 
that this could have been improved in regard to logistics and communication?  

A: I think that a local lab would have made life easier just to tracking would have been easier. But I get it, that even for 
LEO Pharma it would not have been feasible to have a lab like this in Denmark, and in US and in Asia. It is not possible, 
because there is only so much of an investment that they will make. So I get it, again no concerns there. 

Q: Okay cool, and if we take a look of this shipment of your compounds, how did you handle that - was it troublesome 
or piece of cake? 

A: No Fedex, we just used Fedex and we did not have any issues. And we were not working with compounds that had 
huge handling or safety concerns. If it were then it might have been a different issue, if we were working with something 
that was extremely potent and extremely hazardous to handle, then we had to deal with that. But I would not be 
worried. 

Q: Okay cool. And if we look at the discovery of the open innovation platform, you mentioned that there were not too 
much awareness about it, and you did not hear about it before either. Ideally, how would you like to discover an open 
innovation platform? 

A: I think that scientific meetings is a great place, as I mentioned BIO would be a good place. And other scientific beings, 
you need to do it only for the first 5 years I would think and once the scientific community knows, then you don't need 
to keep on doing it. 

Q: Okay yeah, so you wouldn't go search for it actively online? 

A: Now that I know LEO has one, I might, but most people will not. Nobody is expecting that somebody is going to do 
your testing free for you. 

Q: No that is very good point. So if we just sum it all up to evaluate your participation and experience with it. How did 
entire external collaboration through the open innovation platform live up to your expectations? 

A: Great, I would give an 8/10 and it would have been a 10/10 had there not been those issues where I think it was a 
change in personnel. But again, it was not a big deal, I should not complain, but if you ask for what should be improved, 
that would be it. But overall I was very satisfied with how it was it done and how instruction of how samples should be 
shipped were very clear.  

Q: And if you have to name a few points, how do you think it should be improved? 

A: Like I said, maybe a followup or a status check either via email or a quick phone call or video call, offer that option 
might be great. Now I understand that it might not be easy to do, because it takes peoples time and I assume that there 
is not that many project managers but mainly scientists doing the work. As it should be, because the leaner it is, the 
more likely it is to stay funded within LEO Pharma, if you make it too many people it cannot justify its existence and at 
some point the senior manger might say "forget this and go shut it down". 

Q: So how do you think the future for these kind of open innovation platforms look like? 

A: I think it is very positive, I think it is very bright, I think this is how we as an industry should work.  

Q: And to return to the trust, how do you evaluate the trust between you and LEO Pharma in this case? 

A: We have talked with LEO Pharma outside of this before, so that helped that we had more than one intersection. But 
even just for this, you will rely on the overall reputation of the company. So there is some companies that have a 
reputation of not being the easiest of the friendliest to do business with, so those companies I don't know whether I 
would have done it. So which company offering it is of a lot of importance. 

Q: And how did you feel about the whole data sharing? 
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A: Good great, you know I got an email and they were clarifying with an followup question that I answered, and overall 
it was a great experience. 

Q: Great, and how did you feel about the potential IP sensitive information that were shared? 

A: I felt good, again I was very comfortable, and I knew that nobody is going to infringe on that and at no point I felt like 
there was a hidden agenda. So that was very important. 

Q: very nice, and the final question here, it is very nice to have you as an interviewee because you have actually been 
through the program. Whereas the other interviewees have not been through the program. But another interesting 
thing is also the in US geographical difference, as the other interviewees we have had has been from the Boston area. I 
just wanted to ask a question about, how do you think there is a difference between the Sillicon Valley area and the 
Boston area about maybe being prone or hostile to these kind of programs and why? 

A: No I don't know how different that it might be. I do think that the Sillicon Valley area is generally a bit more open to 
new ideas than other parts of the country. And they are open to try new stuff out and they are a lot more casual than 
the companies son the easy coast. And I think innovation in general is in the DNA in the Sillicon Valley, but I am not 
saying that it is not in Boston, but there is some small difference. I think more likely a person in Sillicon Valley will take 
a chance before somebody else risk taker - the appetite is higher. 

Q: Ending talk. 
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