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Ekspedisi Saintifik Lata Jarum 2009 
Views from the physicists 

The physicists Mrs. Tina Rezaie Matin, MSc., and Prof. Ille C. Gebeshuber from the 
Institute of Microengineering and Nanoelectronics (IMEN) at UKM were 
participating in the Scientific Expedition Lata Jarum 2009, applying the Biomimicry 
Innovation Method (BIM) in the rainforest. BIM has four key elements: Identify 
Function: The challenges posed by engineers/natural scientists/architects and/or 
designers are distilled to their functional essence. Biologize the Question: In the next 
step, these functions are translated into biological questions such as “How does nature 
manage lubrication?” or “How does nature manage joining rigid parts in relative 
motion?” The basic question is “What would nature do here?” Find Nature’s Best 
Practices: Scientific databases as well as e.g. scientific expeditions to the rainforest 
with its high species variety are used to obtain a compendium of how plants, animals 
and ecosystems solve the specific challenge. Generate Process/Product Ideas: From 
the best practices, ideas for products and processes are generated. 

The project in Lata Jarum was to find Nature’s best practices concerning current 
issues in nanotechnology, exemplified by  

• colours that are based on nanostructures (rather than pigments), 
• attachment and defense structures, 
• reinforcement structures, 
• reflectors of night active spiders. 

The fern Selaginella willdenowii (Figure 1) has iridescent blue colors that change 
with the viewing angle. As reported by Professor Lee, a former researcher at the 
University of Malaya, a nanostructured thin layer system is the reason for these 
colors1. Inspired by this natural photoprotection system, photoprotective coatings for 
emerging microelectromechanical systems (MEMS) shall be developed at IMEN.  

!
D1E*+&$F"$G)&$6&+4$Selaginella willdenowii, a masterpiece of nanostructures in Nature,  

and very interesting for emerging micro- and nanotechnology.$
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=+>$!?$(@$A!B(@$!BCDB?.!-$D3?(-!B+?$A!7ECD3-$!4:&!FA!>$)2C+)$*!+)!()!$GH$*C2C+)!
2+!=(I(B!C)!/3?.!4;;8!J-+>!/C>>.!K>(-L!B$(*!+J!2B$!M*3N(2C+)(?!O-+D-(>>$!()*!
P+3-!Q++-*C)(2+-!(2!%()3>!R(??$.!EC$?*!Q$)2-$L! 2B$!B+?$A!(-$!>(*$!I.!()C>(?A!
,B+! $(2! H(-2! +J! 2B$! H?()2! ,BC?$! C2! CA! A2C??! @$-.! .+3)D! ()*! -+??$*! 3H&! PBCA! CA! (!
J(I3?+3A! $G(>H?$! 2+! 2$(NB! A23*$)2A! 2B(2! A+>$2C>$A! .+3! B(@$! 2+! ?$(@$! .+3-!
2,+*C>$)AC+)(?!,(.!+J!2BC)SC)D!,B$)!.+3!,()2!2+!3)*$-A2()*!2B$!,B+?$&!!

!
D1E*+&$;"$G)&$+&E*I3+$)AI&($14$5)1($/I345$3+&$C3*(&0$'B$341:3I($$

@)A$6&&0$A4$5)&:$@)&4$5)&$I&3J&($3+&$(51II$+AII&0$*/.$

T(22()!7ECD3-$!U:!B(A!$?(I+-(2$!>$NB()CN(?!(22(NB>$)2!()*!*$J$)N$!A2-3N23-$AV!
B++SA!()*!AHCS$A!+)!@(-C+3A!?$@$?A!+J!BC$-(-NB.!W!$@$)!+)!2B$!?$(@$A&!T$N3--C)D!
H-C)NCH?$A! +J! IC+?+D.! (-$! N+--$?(2C+)! +J! J+->! ()*! J3)N2C+)L! >+*3?(-C2.! ()*!
C)N-$>$)2(?! NB()D$L! D$)$2CN! I(ACAL! N+>H$2C2C+)! ()*! A$?$N2C+)L! BC$-(-NB.! ()*!
>3?2C<J3)N2C+)(?C2.4&!R(-C+3A!H?()2A!B(@$!*$@$?+H$*!A3NB!>$NB()CN(?!H-+2$N2C+)!
A.A2$>A!7A$$!$&D&L!ECD3-$!6:&!

! !
D1E*+&$K"$L35534$)3($0166&+&45$(/17&($14$5)&$(5&:,$5)&$'+34C)&($340$5)&$(:3II$I&3J&(.  

These spikes serve as defence mechanism against herbivores.$
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=+>$! D$)$-(?! H-C)NCH?$A! 2B(2! N()! I$! (HH?C$*! I.! $)DC)$$-A! ,B+! (-$! )+2! (2! (??!
C)@+?@$*! C)! IC+?+D.! B(@$! I$$)! *CA2C??$*U&! PB$A$! I(ACN! H-C)NCH?$A! N+>H-CA$!
145&E+351A4$ 14(5&30$A6$300151J&$ CA4(5+*C51A4L!A/51:1P351A4$A6$ 5)&$@)AI&$ 14(5&30$A6$
:3.1:1P351A4$A6$3$(14EI&$CA:/A4&45$ 6&35*+&L!:*I51Q6*4C51A43I15B$ 14(5&30$A6$:A4AQ
6*4C51A43I15BL! &4&+EB$ &661C1&4CB! ()*! 0&J&IA/:&45$ J13$ 5+13IQ340Q&++A+$ /+AC&((&(&!
=.A2$>(2CN! 2$NB)+?+D.! 2-()AJ$-! J-+>! IC+?+D.! 2+! $)DC)$$-C)D! 2B$-$I.! I$N+>$A!
D$)$-(??.!(NN$AACI?$L!$@$)!J+-!2B$!$)DC)$$-!,B+!CA!)+2!(2!(??!C)@+?@$*!C)!IC+?+D.&!

!
D1E*+&$R"$8155I&$(/17&($A4$5)&$I&3J&($(&+J&$3($:&C)341C3I$/+A5&C51A4"$

Q?C>IC)D! H(?>A! A3NB! (A! 2B$! BCDB?.! AH$NC(?CA$*! -(22()! H(?>A! C)! 2B$! A+32B$(A2!
FAC()! -(C)J+-$A2A! $@+?@$*! ?$(@$A! (->$*! ,C2B! B++SA! ()*! D-(H)$?A! J+-! N?C>IC)D!
7ECD3-$A!U<5:&!])!>().!H?()2A!2B$!I-()NB$A!(-$!N+)A2-3N2$*!2+!+H2C>CX$!I$)*C)D!
()*!2+-AC+)!C)!-$?(2C+)!2+!2B$!*$H?+.>$)2!+J!-$N3-@$*!B++SA&!^++SA!C)N-$(A$!C)!
A2-$)D2B!2+,(-*!2B$!I(A$!+J!(22(NB>$)2!+-D()A!()*!(?,(.A!J(C?!I$J+-$!2B$!(GCA!C)!
A2-$)D2B!2$A2A&!^++S!ACX$!()*!A2-$)D2B!*CJJ$-!I$2,$$)!AH$NC$A!()*!(-$!-$?(2$*!2+!
I+*.! ACX$! ()*! $N+?+DCN(?! H-$J$-$)N$&! #(-D$-! AH$NC$A! H-+*3N$! ?(-D$-! B++SAL! I32!
A>(??$-! N?C>IC)D! H(?>A! +J! 2B$! 3)*$-A2+-.! *$H?+.! JC)$! AB(-H! B++SA! 2B(2! (-$!
$JJ$N2C@$! +)! A>(??! *C(>$2$-! A3HH+-2A! (A! ,$??! (A! ?(-D$! I-()NB$A! ()*! 2-3)SA!
7ECD3-$A!U<5:&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
U!1(NB2CD(??!'&!?A+'1I0$M35*+S$T1A417QO&(1E4$6U+$6*4751A4&II&($%&(53I5&4&!=H-C)D$-L!0$-?C)!7"889:!
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!
D1E*+&$V"$2/17&($340$)AA7($14C+&3(&$14$(5+&4E5)$5A@3+0$5)&$'3(&$A6$3553C):&45$A+E34($$

340$3I@3B($631I$'&6A+&$5)&$3.1($14$:&C)341C3I$(5+&4E5)$5&(5("$

K)! 2B$! $GH$*C2C+)! 2+! 2B$! %()3>! R(??$.! C)! =(I(BL! +)! 2B$! )CDB2! 2-(NSAL! ,$! A(,!
>3?2CN+?+3-$*!-$J?$N2C+)A!2B(2!23-)$*!+32!2+!N+>$!J-+>!2B$!$.$A!()*!?$DA!+J!)CDB2!
(N2C@$!AHC*$-A&!F?2B+3DB!2B$!$.$A!(-$!_3A2!A+>$!B3)*-$*A!+J!>CN-+>$2$-A!C)!ACX$L!
-$J?$N2C+)A! N()! I$! A$$)! J-+>! 4;! >$2$-A! (,(.L! ()*! >+-$&! %+C)D! -$A$(-NB! +)!
AHC*$-`A! $.$A! C)! 2B$! >C**?$! +J! 2B$! )CDB2! A$$>$*! A2-()D$! 2+! +3-! -()D$-AV! 2B$.!
)$@$-! A(,! ,B(2! ,$! A(,! 7AC)N$! 2B$! ?CDB2! -$J?$N2A! I(NS! 2+! 2B$! B$(*?CDB2! +J! 2B$!
-$A$(-NB$-AL! 2B$! D3C*$A! AC>H?.! *C*! )+2! A$$! 2B$! -$J?$N2C+)Aa:L! 2B$! -()D$-A! ,$-$!
(?,(.A! (>(X$*! B+,!,$! N+3?*! A3NN$AAJ3??.! ?+N(2$! 2B$! AHC*$-A! $@$)! *3-C)D! -(C)!
7,BCNB! CA! (N23(??.! $(A.! 2+! *+L! AC)N$! -(C)*-+H! -$J?$N2C+)A! (-$! ,BC2$L! ,B$-$(A!
AHC*$-! $.$! -$J?$N2C+)A! (-$! N+?+3-$*:&! E-+>! 2B$! -$J?$N2C+)A! C)! 2B$C-! $.$AL! ,$!
?+N(2$*!2B$!AHC*$-AL!>(*$!(!HB+2+D-(HB!7ECD3-$A![!()*!9:L!()*!,$-$!>$(A3-C)D!
2B$!>(GC>3>!*CA2()N$!2+!2B$!AHC*$-!,B$-$!,$!A2C??!N+3?*!A$$!2B$!-$J?$N2C+)A&!

])! 4;;8L! b$I$AB3I$-! ()*! N+<,+-S$-A! J-+>! cdY! H-+H+A$*! (! )+@$?! ,(.! 2+!
*$AN-CI$!2B$!N+>H?$GC2.!+J!IC+?+DCN(?!()*!$)DC)$$-C)D!(HH-+(NB$A!*$H$)*C)D!+)!
2B$!)3>I$-!+J!*CJJ$-$)2!I(A$!>(2$-C(?A! CA!H-+H+A$*V!MC2B$-!>().!>(2$-C(?A! (-$!
3A$*! 7:35&+13I! *+>C)(2$A:! +-! J$,! >(2$-C(?A! 76A+:! *+>C)(2$A:! +-! _3A2! +)$!
>(2$-C(?! 7(5+*C5*+&! *+>C)(2$A:&!PB$.! A2(2$! 2B(2! 2B$! N+>H?$GC2.!+J! 2B$!(HH-+(NB!
7C)!IC+?+D.!(A!,$??!(A!C)!$)DC)$$-C)D:!C)N-$(A$A!,C2B!*$N-$(AC)D!)3>I$-!+J!I(A$!
>(2$-C(?A!()*!H-+H+A$!2B(2!IC+>C>$2CNAL!C&$&L!2$NB)+?+D.!2-()AJ$-!J-+>!IC+?+D.!2+!
$)DC)$$-C)DL! CA! $AH$NC(??.! H-+>CAC)D! C)! 2B$! *$@$?+H>$)2! +J! >CN-+<$?$N2-+<
>$NB()CN(?!A.A2$>A!7YMY=:!I$N(3A$!+J!2B$!>(2$-C(?!N+)A2-(C)2A!C)!I+2B!JC$?*A6&!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6!b$I$AB3I$-!]&Q&L!=2(NB$?I$-D$-!^&L!b()_C!0&F&L!E3!%&Q&L!e3)(A!/&!()*!Y(_?CA!0&e&!-./IA+14E$5)&$144AJ351A43I$
/A5&4513I$A6$'1A:1:&51C($6A+$4AJ&I$KO$W-W2&!F*@&!Y(2&!T$A&!96!74;;8:!4[5<4[Z&!
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! !
! !

! !
D1E*+&$X"$M1E)5$3C51J&$(/10&+($5)35$@&+&$IAC35&0$'B$5)&$(5+A4E,$$
CAIA*+6*I$+&6I&C51A4($A6$5)&$I1E)5$A6$A*+$)&30I1E)5($14$5)&1+$&B&("$

!
D1E*+&$Y"$Z*+$14J&(51E351A4($A6$5)&$+&6I&C51J&$/+A/&+51&($A6$5)&$&B&($A6$5)1($41E)5$3C51J&$(/10&+$()A@&0$5)35$@15)$

A*+$)&30I1E)5($A4IB$ZM-$A6$5)&$&B&($3//&3+&0$5A$'&$+&6I&C51J&$35$&3C)$/A145$14$51:&"$$
G)1($1401C35&($)1E)IB$01+&C51A43I$+&6I&C51J15B$/+A/&+51&($A6$5)&$&B&("$
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=2-3N23-$! ()*! J3)N2C+)! (A!,$??! (A! A2-3N23-$! ()*!>(2$-C(?! (-$! N?+A$?.! -$?(2$*! C)!
)(23-(?! A.A2$>A&! ^CA2+-CN(??.! C)2$-$A2$*! -$(*$-A! >CDB2! (?A+! ,()2! 2+! -$(*!
^($NS$?fA!I++S!gF-2!J+->A!C)!)(23-$h5!()*!%`F-N.!PB+>HA+)fA!I++S!gK)!b-+,2B!
()*!E+->h[L!$AH$NC(??.!NB(H2$-A!R!+)!IC+>C)$-(?CX$*!A2-3N23-$A!()*!R]]]!+)!J+->!
()*!>$NB()CN(?!$JJCNC$)N.&!])@$A2CD(2C+)A!+)!2B$!N(3A$!+J!2B$!$GN$??$)2!H-+H$-2C$A!
+J!)(23-(?!>(2$-C(?A!?$(*!2+!C)@$A2CD(2C+)A!+J!C)2-C)ACN!>(2$-C(?!H-+H$-2C$A&!Y().!
+J!2B$!A2-3N23-$A!C)!1(23-$!(-$!+J!(>(XC)D!I$(32.!7ECD3-$A!Z!()*!8:&!PB$!J3)D3A!
+)! 2B$! 2-$$! 2-3)S! (A! AB+,)! C)! ECD3-$! Z! $G$>H?CJC$A! C)! (! I$(32CJ3?! ,(.! 2B$!
2-()AC2C+)!J-+>!2B$!AC>H?$!2+!2B$!N+>H?$GL!(A!C2!+NN3-AL!$&D&L!C)!1(23-$L!C)!2B$!2-$$!
+J!S)+,?$*D$L!()*!C)!ANC$)2CJCN!$)*$(@+3-A9&!!

!
D1E*+&$["$25+*C5*+&($14$M35*+&S$I1C)&4$A4$+AC7"$

])! ()! +)D+C)D! -$A$(-NB! H-+_$N2L! ]??$! b$I$AB3I$-! ()*! N+<,+-S$-A! J-+>! 2B$!
c)C@$-AC2.! +J! FHH?C$*! F-2AL! RC$))(! C)@$A2CD(2$! (-NBC2$N23-$! *$JC)$*! I.! )(23-(?!
H(22$-)A&!#C@C)D!1(23-$!CA!N+)2C)3+3A?.!NB()DC)D!C)!(!H-+N$AA!+J!(*(H2(2C+)!()*!
2B$-$I.!(*_3A2A! 2+!(!N+>H?$GL!NB()DC)D!$)@C-+)>$)2\!32C?CA(2C+)!+J! 2B$A$!BCDB?.!
+H2C>CA$*! A+?32C+)A! H-+>CA$! C))+@(2C+)A! 2B(2! (-$! A>(-2$-! ()*! >+-$! $JJCNC$)2!
2B()! 2-(*C2C+)(?!+)$A&! =2(2CN!()*!*.)(>CN!)(23-(?!H(22$-)A!(-$! C)@$A2CD(2$*!()*!
2B$!-$A3?2A!AB(??!I$!C>H?$>$)2$*!(A!*$ACD)!A2-(2$DC$A!@C(!(!2-()AJ$-!H-+N$AA&!PB$!
>(C)! D+(?! +J! 2BCA! -$A$(-NB! CA! 2B$! C)@$A2CD(2C+)! +J! ($A2B$2CN! ()*! J3)N2C+)(?!
C)2$-H-$2(2C+)A!J+-!(!)+@$?!2.H$!+J!(-NBC2$N23-$&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5!^($NS$?!M&!\*4(56A+:&4$0&+$M35*+&!7F-2!J+->A!C)!)(23-$:&!#$CHXCD!()*!RC$))(V!0C+I?C+D-(HBCANB$A!])A2C232!7"Z887&!
[!PB+>HA+)!%`F&!Z4$E+A@5)$340$6A+:"!Q(>I-C*D$!c)C@$-AC2.!O-$AAL!Q(>I-C*D$L!M)D?()*!7"8"9:&!
9! b$I$AB3I$-! ]&Q&! ()*! Y(_?CA! 0&e&! M&@$ @3B($ A6$ (C1&45161C$ /*'I1()14E$ 340$ 3CC&((14E$ )*:34$ 74A@I&0E&$ 14(/1+&0$ 'B$
5+34(01(C1/I143+B$3//+A3C)&(&!P-CI+?+D.!<!=3-J(N$AL!Y(2$-C(?A!()*!])2$-J(N$A!67U:!74;";:!"6U<"5"&!
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!
D1E*+&$="$25+*C5*+&($14$M35*+&S$5+&&$5+*47,$C*5$'34343$I&36$340$6*4E*($E+A@14E$A4$5)+&&$5+*47"$
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! Z!

PB$!-$?(2C+)!I$2,$$)!A2-3N23-$!()*!J3)N2C+)!C)!1(23-$!CA!I$(32CJ3??.!$G$>H?CJC$*!
I.! A2-3N23-(?! N+?+3-A&! PB$-$! (-$! 2,+! 2.H$A! +J! N+?+3-AV! NB$>CN(?! N+?+3-A! ()*!
HB.ACN(?! N+?+3-A&! ])! NB$>CN(?! N+?+3-AL! N+?+3-$*! HCD>$)2A! (-$! 2B$! A+3-N$! +J! 2B$!
N+?+3-&!PB$!>(2$-C(?!C2A$?J!*$2$->C)$A!,BCNB!N+?+3-!,$!N()!A$$&!OB.ACN(?!N+?+3-AL!
+)!2B$!+2B$-!B()*L!(-$!D$)$-(2$*!I.!2B$!A2-3N23-$!+J!2B$!>(2$-C(?&!PB$!A2-3N23-$A!
C)2$-(N2! ,C2B! 2B$! ?CDB2L! ()*! 2B$! N+?+3-A! (-$! D$)$-(2$*! @C(! @(-C+3A! HB.ACN(?!
HB$)+>$)(! A3NB! (A! C)2$-J$-$)N$! +-! *CJJ-(N2C+)&! E+-! 2BCA! 2+! I$! $JJ$N2C@$L! 2B$!
A2-3N23-$A!B(@$!2+!I$!+)!2B$!-()D$!+J! 2B$!,(@$?$)D2B!+J! 2B$! ?CDB2L!,BCNB!>$()A!
2B(2! C)! 2B$! @CACI?$! -()D$L! A2-3N23-$A! +J! A$@$-(?! )()+>$2$-A! (-$! )$$*$*&! ])! +3-!
#(2(! /(-3>! $GH$*C2C+)L! ,$! N(>$! (N-+AA! )(23-(?! A2-3N23-(?! N+?+3-! A(>H?$A! C)!
C)A$N2AL! J-3C2A! ()*! ?$(@$A! 7ECD3-$! ";:&! PB$! -$J?$N2C+)! +)! 2B$! J?.! CA! @$-.!>$2(??CN!
()*! ()D?$<*$H$)*$)2L! ()*! 2BCA! CA! *3$! 2+! 2B$! B$?CN(?! HC2NB! +J! 2B$! ?Ci3C*! N-.A2(?A&!
]-C*$AN$)2!I$$2?$AL!I322$-J?C$AL!N$-2(C)!A$(!+-D()CA>A!()*!>().!IC-*A!*$-C@$!2B$C-!
3)Ci3$! N+?+3-A! J-+>! 2B$! C)2$-(N2C+)! +J! ?CDB2! ,C2B! HB.ACN(?! A2-3N23-$A! +)! 2B$C-!
$G2$-)(?!A3-J(N$A&!c)*$-A2()*C)D!B+,!2B$A$!A2-3N23-$A!DC@$!-CA$!2+!2B$!A23))C)D!
N+?+3-A!,$! A$$! C)! )(23-$! N+3?*! I$)$JC2! 2B$! i3$A2! J+-!>C)C(23-$! +H2CN(?! *$@CN$A!
()*!HB+2+)CNA&!PB$-$!(-$!A2C??!N+?+3-A!C)!1(23-$!,B$-$!C)@$A2CD(2C+)A!B(@$!.$2!2+!
N(--C$*!+32! 2+!*$2$->C)$!+J! 2B$!N+?+3-(2C+)!N+>$A! J-+>!A2-3N23-$A!+-!HCD>$)2A!
7ECD3-$!"":&!!

!

!
D1E*+&$F<"$25+*C5*+3I$CAIA*+($14$14(&C5(,$6+*15($340$I&3J&("$$
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!
D1E*+&$FF"$G)&$)31+($A6$5)1($I&36$3+&$(A65$340$)3J&$0166&+&45$CAIA*+$0&/&4014E$A4$5)&1+$IAC351A4S$CIA(&$5A$5)&$
3553C):&45$A6$5)&$I&36,$5)&$)31+($3+&$/147]$A4$5)&$I&36$15(&I6,$5)&B$3+&$5+34(/3+&45"$!5$(51II$+&:314($5A$'&$

14J&(51E35&0$16$5)1($&66&C5$(5&:($6+A:$(5+*C5*+3I$CAIA+351A4"$

=+>$! I322$-J?C$A! B(@$! H(22$-)A! +)! 2B$C-! ,C)DA! 2B(2! ?++S! ?CS$! B3D$! $.$AL! ()*!
H-$*(2+-A! >CA2(S$! 2B$! A>(??! ()C>(?! J+-! (! ,(.! ?(-D$-! ()C>(?L! H-$@$)2C)D! 2B$!
I322$-J?.!2+!I$!$(2$)&!PB$!N(2$-HC??(-!AB+,)!C)!ECD3-$!"4!2(S$A!()+2B$-!jA2-(2$D.`V!
C2A!2,+!$)*A!?++S!?CS$!B$(*AL!()*!C2!B(A!J(S$!$.$A!()*!()2$))($&!

!
D1E*+&$F;"$G)1($C35&+/1II3+$)3($3$C)34C&$A6$V<^$5A$(*+J1J&$16$(A:&$A5)&+$341:3I$@345($5A$$

'15&$15($)&30$A66,$16$5)&$C35&+/1II3+N($+&3+$&40$1($:1(537&4$6A+$5)&$)&30"$$
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! ";!

R(-C+3A! H?()2A! C)! 2B$! 2-+HCNA! $GBCIC2! ).N2C)(A2CN! >+@$>$)2AV! 2B$A$! (-$! H?()2!
>+@$>$)2A!C)!-$AH+)A$!2+!2B$!*(C?.!N.N?$!+J!?CDB2!()*!*(-S!7ECD3-$!"U:&!MG(>H?$A!
+J!H?()2A!2B(2!*$>+)A2-(2$!2B$A$!>+@$>$)2A!C)N?3*$!B+)$.?+N3A2!2-$$AL!AC?S!2-$$A!
()*!I$()!H?()2A&!PB$!H-(.$-!H?()2!D$2A!C2A!)(>$!J-+>!2B$!J(N2!2B(2!C2A!?$(J!I?(*$A!
(-$!@$-2CN(?!(2!)CDB2L!-$A$>I?C)D!H-(.C)D!B()*A&!%3-C)D!2B$!*(.L!B+,$@$-L!2B$!?$(J!
I?(*$A! (-$! H+AC2C+)$*! B+-CX+)2(??.&! Q(-+?3A! #C))($3A! H?()2$*! (! kJ?+,$-! N?+NSk!
>(*$!+J!*CJJ$-$)2!AH$NC$A!+J!H?()2A!,C2B!).N2C)(A2CN!>+@$>$)2A&!PB$!>+@$>$)2A!
+J!$(NB!H?()2!AH$NC$A!+NN3--$*!(2!(!AH$NCJCN!2C>$!+J!*(.!,B$)!2B$!?CDB2!,(A!-CDB2!
J+-! 2B$! H?()2! 7B22HVll$)&,CSCH$*C(&+-Dl,CSCl#C))($3AmnJ?+,$-nN?+NS:&! K)! 2B$!
I(ACA! +J! $G2$)AC@$! I32! C)*C-$N2! $@C*$)N$L! %(-,C)! H-+H+A$*! 2B(2! ()! C>H+-2()2!
J3)N2C+)!+J!*(C?.! ?$(J!>+@$>$)2A! CA! 2+!>C)C>CX$!-(*C(2C@$!B$(2! ?+AA!2+!2B$!)CDB2!
AS.! ()*! 2B$-$I.! H-+2$N2! 2B$! ?$(@$A! J-+>! )+N23-)(?! NBC??C)DL! ()! C)2$-H-$2(2C+)!
,BCNB!B(A!N3--$)2?.!J(??$)!C)2+!*CA-$H32$Z&!!

!
D1E*+&$FK"$_$5+A/1C3I$/I345$&.)1'1514E$4BC5143(51C$:AJ&:&45S$$

5)&$I&3J&($3+&$3C51J&IB$:AJ&0$5AE&5)&+$14$5)&$41E)5"$

E?+,$-A! (22-(N2! ()C>(?A! C)! *CJJ$-$)2!,(.A&! =+>$! J?+,$-A! (-$! I-CDB2?.! N+?+3-$*L!
()*! A>$??! ,+)*$-J3?! 7ECD3-$! "6L! ?$J2:L! ,B$-$(A! A+>$! +2B$-AL! A3NB! (A! L366I&(13!
7ECD3-$!"6L! -CDB2:L! A>$??! ()*! ?++S! ?CS$! -+22$)! J?$AB\! I+2B! (22-(N2! C)A$N2A! A3NB!(A!
J?C$A! ()*! I$$2?$A! 2B(2! H+??C)(2$! 2B$>&! '$! B(*! 2B$! D-$(2! NB()N$! 2+! $)N+3)2$-!
L366I&(13! C)! J3??! I?++>! C)!#(2(! /(-3>a!L366I&(13! CA! (! D$)3A!+J!H(-(AC2CN! J?+,$-C)D!
H?()2A&! ]2!,(A!*CAN+@$-$*! C)! 2B$! ])*+)$AC()! -(C)! J+-$A2! I.! ()! ])*+)$AC()! D3C*$!
,+-SC)D! J+-!%-&! /+A$HB!F-)+?*! C)! "Z"ZL! ()*!)(>$*! (J2$-! =C-! PB+>(A! =2(>J+-*!
T(JJ?$AL! 2B$! ?$(*$-! +J! 2B$! $GH$*C2C+)&! ]2! N+)2(C)A! (HH-+GC>(2$?.! 49! AH$NC$AL! (??!
J+3)*! C)! A+32B$(A2$-)! FAC(L! +)! 2B$!Y(?(.! O$)C)A3?(L! 0+-)$+L! =3>(2-(L! ()*! 2B$!
OBC?CHHC)$A&!PB$!H?()2!B(A!)+!A2$>AL!?$(@$A!+-!2-3$!-++2A&!]2!CA!()!$)*+H(-(AC2$!+J!
@C)$AL!AH-$(*C)D!C2A!-++2<?CS$!B(3A2+-C(!C)AC*$!2B$!2CAA3$!+J!2B$!@C)$&!PB$!+)?.!H(-2!
+J!2B$!H?()2!2B(2!N()!I$!A$$)!+32AC*$!2B$!B+A2!@C)$!CA!2B$!JC@$<H$2(?$*!J?+,$-&! ])!
A+>$!AH$NC$AL!A3NB!(A!L366I&(13$3+4AI011L!2B$!J?+,$-!>(.!I$!+@$-!";;!N$)2C>$2-$A!
7U8!C):!C)!*C(>$2$-L!()*!,$CDB!3H!2+!";!SC?+D-(>A!744!?I:&!PB$!J?+,$-A!?++S!()*!
A>$??!?CS$!-+22C)D!J?$ABL!B$)N$!C2A!?+N(?!)(>$A!,BCNB!2-()A?(2$!2+!kN+-HA$!J?+,$-k!
+-!k>$(2!J?+,$-k&!PB$!@C?$!A>$??!2B(2!2B$!J?+,$-!DC@$A!+JJ!(22-(N2A!C)A$N2A!A3NB!(A!
J?C$A! ()*! N(--C+)! I$$2?$AL! ,BCNB! 2-()AH+-2! H+??$)! J-+>!>(?$! 2+! J$>(?$! J?+,$-A&!
#C22?$! CA! S)+,)! (I+32! A$$*! *CAH$-A(?&! ^+,$@$-L! 2-$$! AB-$,A! ()*! +2B$-! J+-$A2!
>(>>(?A!(HH(-$)2?.!$(2!2B$!J-3C2A!()*!*CAH$-A$!2B$!A$$*A&!T(JJ?$AC(!CA!()!+JJCNC(?!
A2(2$!J?+,$-!+J!2B$!Y(?(.AC()!A2(2$!=(I(B&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Z!M)-CDB2!/&P&!2I&&/$:AJ&:&45($A6$I&3J&(S$!4$0&6&4(&$A6$O3+@14`($145&+/+&5351A4&!K$N+?+DC(!5674:!7"8Z4:!45U<458&!
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! ""!

! !
!D1E*+&$FR"$T&3*516*I$6IA@&+("$G)&$A4&$A4$5)&$I&65$(:&II($I17&$/&+6*:&,$5)&$A4&$A4$5)&$+1E)5$aL366I&(13$(/"b$(:&II($

340$IAA7($I17&$+A55&4$6I&()"$TA5)$355+3C5$6I1&($340$'&&5I&($5)35$/AII1435&$15"$$

]2! ,(A! (! ,+)*$-J3?! 2-CHL! J3??! +J! _+.L! ?+@$?.! H$+H?$! 7ECD3-$! "5:! ()*! )$,!
$GH$-C$)N$Aa!PB()S!.+3L!O-+J&!/3>((2a!

!
D1E*+&$FV"$2A:&$A6$5)&$/3+51C1/345($A6$5)&$8353$93+*:$;<<=$&./&0151A4,$$
/+&/3+14E$5A$EA$'3C7$5A$5)&$C3:/$365&+$J1(1514E$L366I&(13$14$6*II$'IAA:"$$

$

E+-!J3-2B$-!C)J+->(2C+)L!SC)*?.!N+)2(N2!2B$!(32B+-V!

O-+J&!%-&!]??$!Q&!b$I$AB3I$-!
])A2C232$!+J!YCN-+$)DC)$$-C)D!()*!1()+$?$N2-+)CNA!7]YM1:!
c)C@$-AC2C!d$I()DA(()!Y(?(.AC(!
6U[;;!cdYL!0()DCL!=$?()D+-!
YF#Fe=]F!
!
Y!o[;!"U!U"8!Z5ZZL!o[;!"4!U84!84UU!
P!!o[;!U!Z84"![U;5L!E!!o[;!U!Z845!;6U8!
M!!C??$&D$I$AB3I$-p>(N&N+>!
^!!B22HVll,,,&C??$&N+>!
B22HVll,,,&3S>&>.lC>$)!


