. 0 u+ 0" .2.1 O#+
oO!'" 2& -#1 + U0UCE 12 +0 %01
-#1 + 0E& 12 + . 0%

' @I TEACHERS
Ol PYZIKEZ EMZTHMEZ ZTO NMPOZKHNIO rox TEACHERS

E®EYPIZKONTAZ TO MEAAON ZTHN
EKMAIAEYZH TQN @YZIKQN EMIZTHMQN

NATIONAL SCIENCE ON STAGE

FESTIVAL

} A W S
- "l ’l =
e =
= L fl oo

SKILLS FOR THE FUTURE

SCIENCE 7 ON STAGE 2019

t*** CASCAIS

THE EUROPEAN NETWORK FOR SCIENCE TEACHERS

uE 0 . ****
U# 0 . 12 E * # - _
1o [ w SCIENCE " ON STAGE
u # 2 12 UuE 2! E 2 # E&! 1 2 "

©-#1 " 0& 12 0" 12 1 * u#!+E @



10

+

&

2.1 O#+

0

2&

-HYF O+

UE 12



u # 2 12 uE 2! & 2 # E! ! .2
©-#1 " U0E& 12 0" 12 11 + U#!'+CE @

. 0 u + 0" .2.1 0#+
oO!. 2& -#1 + 0E& 12 +
o 01 -#1 + OUE€ 12 +

0%

1. 2
u -au 0& u
+
-0 # #
uE 0 .
u# 0 . 12 E* #== 112 | # |/

.2 & .0 & U+ & .2.10#+ . 0!, 2& -#% + UCE 12



2 " . 0 u + 0" .2.1 O#+ . 0O!. 2& 2#1+ +#+ UCE
0 01 -#1 o+ UuE 12 + . 0% 1. 2
u 0& u . . -0 gl #
a /)2 - u # 2 12 UE 2! E 2 # E! | .2 120-#1
1 + U#!'+CE 2
uE. 0 + /. y& ! 3 #
HWVLWROERPRWHQHW JU

o/ 1

EO0* #

/1" u# 0 . 12 & * # + 12 | # [/
,6%1
,661
ucE 12
0 0 . u# 0 . 12 €& * #£ £ |12 [ # |/
b /1. 2 . E 1 2 # # *2 # )R )Yy HBE2HEL2.1 120" .
/1.1 #" 10 @& ./ E 20 . /. 0 E.I0@#®R1L " . OI#3E B # 2&
1# 1.3 & . 2 # 01/)2 uE. !0*02. .E *ZR"20 .24 @) E
0O ! 0 02 O#1 2 # 1# ) # VL #" 2 # ! # $0
2! E & 0 . 1$*0 1 O!. EO! & O0# .2 " 21 ."

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12

1
i

"uE 1

) E &



. &2 uE 2! &

12 @* # + 12/ # | U# 0 . 3#1 )" H#EOU# OR# U

. #2 120, 2 # E@! ! 2" © -#1 " UE 12 @&" 12 11
#I+E 2
+ . @! " & 12.2 " 3#1 )" E!+ 1# Ol X" 20& U -
+0&! )E # " ! 12 " 3#1 )" 0 &. /0#2 )" 2 #1 #0&0 * # 0
JE *" & 12.2 " 3#1 )" O E. /0O#2 )" DHH# # +0& * #
E#! 2" & 12.2 " . .2 )" 0 E./0#2 ) A ## +0
0 0&

UE 12 uE 2! E

12 E@* # + 112/ # [ u# 0 . 3#1 )" #GOW# OR# U

. #2 121, 2 # E@! ! 2" © -#1 " UE 12 a" 12 11
i#l+E 2

2" &* " . 2"2" $ Ul & E$.! 3&
2 # 0 * 021) #  #20$ 0 #
+ . E! ." & 12.2 " 3#1 )" E!+ 1# 0u h " 20& 0 -

LE *" & 12. 2 " 3#1F Hu2 #u  0&
+0&! )E # " 112 " 3#f+p2 #H1  0&

i#. 0 G * # U O $ )" 0 E. /O#20)" 2 ## 0 #

L #

E2 0 .12.1. $ )" 0 E. /o#@ )™2#0 # 0! 120! #

- ) #s. ) " 1#0! 2" 2 # U -.0O0UE. P@#2 )"

2 # #+0 * #0 #0 0&

U # 2 12 uE 2! &

12 E@* # + 112/ # [ u# 0 . 3#1 )" #GOW# OR# U

. #2 121 . 2 # E@! ! 2" © -#1 " U@ 12 a" 12 11
#l+E 2

+ . E! . &12.2 " 3BAO)"2" 2# U -0 U O0&

0 E. /0#2 )“2® * #0 # 0 0&

+0&! )E # " 112 " 3#1 )" 2 # # +0 * #0 # 0 0&
i#. 0 GE * # U O ® E)"/0#2 )" 2 #0 * # 0 #

Y #

LE *t & 12.2 " 3#L1FWU2 #U 0&

2" &* " . 2"2" $ "Olo)& E$.! 3&

2 # 0 * 021) # #20$ 0 #

E2 0 .12.1 . $ )" O E. /o#@ )™2#0 # 0! 120! #

- ) #S. Y1# 0! 2" 2# 4 -0 o 0& . 0 E./0#2 )

2 #% 40 * # 0 # U 0&

& .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



0! 0$) O

0! 0%) O .

) "

102 1 )" 2 #0404 $)2.2 # ! [V #2 "0 "0 L#R)E # WE
aa vy

E&!)!. . ©6FLHQFH RQ 6WDJH + (WURSH?2u + 0" .2.1 O#+
. 0! 2& -#1 + 0CE 12 +
u . &1 !'. 0# 0 1+ O! .1 +
al! .1 0" & . O & U+ & 2.1 0#+ . 0 % & 12-#4
&2 " . /0" al'. o ) E0 -#1 " 12 1$ 0o 1."
©uE) 2 + 12 « Al 2
+#!' 1 )& 00 $)0 " E"

Eo! .1 )" S
a o . a0 20 !3 " 0u!'0 20 02.2'.®.121Q0) 2.«x0 [/ .2
u$ . #2 A*2 2.
&2 'XLQR

(VFDSLQJ ZLWK 6FLHQFH

6SDUWDQ &RUSXV #@E) 01 $. 2. E. @B .7 OE)D.E."/O0#2

.2 #  31 ) 1*12 .
.2.10# 0)" .E *3.1.23&2 2! # .2 "0 JEOIEL212 1$

2.1 0# 0 )" 3.1 .2 3&2 2! # 1.2 * §$. * )12 #2 1%$03.)
or .12

2.1 0O# .+ #%0 + 0#. 1 2 & &8&1E) 3#2 " $

a #! L 0E® 2''® & . $ / + 10,0 .2 w $ O+.%11.

02. * % " . $#

b 0 2! 2 1)" /.$2# | & # $ 10*0
bo2' . 21) & 7(6/%

EO0!$2 ) .1 21." E)L2.1" L .E )" ILD 0 .0 2 &."
#E)% 2 0! 1.1, . 2 #1.1 . LLL 1) .1 1. 21
17& .1 2 1. 0! 1.1 ."
IX[PHWHU $!'1 & + 2." /'5 /LJKW 'HSHQGHQW 5HVLVWRU
G1*! .2 " #EO0! $2 )"/ .)E2" 0. .2 )" D&!. 2 12 $&
52. .E .! 2. 2&1 1# 210 20 2FER112.2

E2 O0EO ) 1 G.!2 2&

. 2. . 02!+ 2." 1210" .2 3. )0 'RSSOHU
#1 1 . 0 02!+
G 1.30" . y12 10" . 2. 2 $0 .

"1.CE # )EO0!0"

b . 0 21) #1

10 /0" 0.2 0" . ©.%.! 2 #&22%$ 0.

11 E®O0 ! .2. .2 3&" 02 .2 0)" . 2

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



- 1 02! . #1 0 . | #

1& .2 " @& 1*$ 0" # 3& 0"
E .E " 02. 13+10 " 2 # 0! *
+ 0 . 01*«'U RI 3K\VLFV
W#2 .2 & 1*12 . ,QWHUQHW RI 7KLQJV ,R7 #12 &.!. *
E0! . 2 + @E.!. 21& 1$02 + 02.0& 3.0 . */.2.
0/.3 " 2 )yt v 12t
2.1 0# .#2 .2 & "/ 2. " &1& 5RXWHU 0 $UGXLQR
%LR/RJLF . 03.! E. $ / .2 a .
b$!'1 2#2# | (E 12 $UGXLQR 12 0&2 -81 .XtE + €O !. 2
2. .2 . /0 2& $.1.2112 + 2201 E2 .
& " AXLQFNH #1 0o# # "“h$ 2 + # 2&
0UE ! . 28&1 / # 10 0! 12103) 0 #" a0 1 #"
.2.10# .E*." .00 # .1.& . O O0OL.)E.G!. #i3.! 12
0 2 2"0E /!.1" O! !.1."12 1 2"$0'& 11!l & ."
(3.1 "E " "L 0*$! 12 "2m)y A1 " 02 1% )
0! .12 | E . .1 02. 12 1# 2 .0! #3DULVOLDRAD" 0
10 . #/.2 | .* .2.
a & 2. 2 1.2 . " 3&1 " &" . B.0#2 " .3.
.2
G !&1 0/ 3 #" .E) O)E #!0 . EO! " 2 " O0E E2+10
7HVOD 0 # 2 # 1% 01 .12 1 #* &12"# | # .
' .1 0" "o 01" -#1 + UE 12 + . 0%
0! .2. )2 U . (/ )Uu®E. 0 .2 )+# D& *0 0
0! .2.-#1 " . 0." .E) 2 +i 0 0&
2.1 0# " . 2+ 12 . 2" 0% 44 @) 20 0&
0! .2. .E) 2 +# 1 U 0&
0! .2.-#1 " . 0." .E)2 0 2 )1$062 & ©® E.
. /0 .2
i E. /0#2 | & 2 .l ® 2 .12 ®o/ 2" $ "
0! .2. . ®)2 +# 1 2& U E./0#2 ! & © . . /0 .2
I 1# & .0 & U+ & 2.1 0#+ . 0. 2& 121l++ UCE
Q#1021  # 1.3 &

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



1) !

© .0 0 + 0" .2.10#+ . O0!. 28E-#2 + & 2.
02! 0/ &1 12 0 /. 2 # U#!&E.' * Ei#1 "2i{'E12 0"
12 11 + U#!+E @ 6FLHQFH RQ 6WDJH + (XURSH . E!. .2 C
S0 #. # 12 4 -0 0  0& 10 $&!! .+ P. .E) 2
i .12 1 ) 21 -#1 + U@ 12 + 0 -0. 20 u0&
#2 12 UE 2! E 2 # E! ! .2 " 6FLHQFH RQ 6WDJH + (XURSH
i -0 0 0& ! &10 2.#2)$%! . 0/ &10 M1 - #D +
iE 12 + . 0$ ra12 [ $+!
2 @€.!)2.2) 2& &' 2 + EO0O! . 28& 2&0EOQ I3 "2R
. 2.1 0#+ E # /.& 1 . *L2®" © #" 0 + 0" .2.1 O#+
01!. 2& -#1 + GE 12 +2a . +" . 0/ 2 .EWO#L" 2&
.2+ 1% 0 & 2" +i O 0* GO#20M0#1 "" 0l &. E #
1# 020 $. 12 0 @G1 -#1 + 12 + . 0% "a. 0l . 02
0OE 1" $.1021)" 2# u $) # 1 /L # 2" 0" 1 yEL 1.2
H#)E # # 0 0!&2 o 0 /082 E #" 2& U + & 2.
1.0 . 2. 1.3. E! # "2& 0+ & . .2+4™ 0. 02 70 2 2*E #
.2 00 "-012
b /1 .#2 .E 200 . o1# ) 10 OWS$.)12"*2 #"
1# 02 $ 20" 12 #" 0 + 0" . 12 0.012 E2# ." G! 13 | # 2 "
0! .1 0" 2 #" U &G #0 )2 .. +120" O EH#/0#2 ) .. .2
0)/ #" $! 1 L2 /1.1 . . 2& -#1 + 18E0122+#"12.
Q#$.1 12 *0 2 @& #!'0 . /0 ." . 2 4010 O0*.# 0 @O#Q#1 "
o .t .2 1& .02 0 #1 28 EIIDXE. @&+ .2"E 1 .
2& |/ . .0 & 0+ & .2.1 0#+ . -BlU.+2&8E 12 + . +"
. 2& 20 .01 10& -#1 + UE 12 + . 0% &" 1' GE.#
i#$.! 12 *0 OE 1 " 2 #" .@E02. [ # ,0 / B .+00 O# *#£10. #
8 0& ..l Y& O O0# #2 2# (/2% t@# 01. # 0 0&
2 #" 10 0E / VA 2 x 112 . 02@®. WO#2 #*{ /| *
UE. 0 .2 * +# .1 # + #0 # U 0& 2 #2 #7% +u )
0! 120! # - 102 y&* +#2 4 # 0! 120! # . +0! 0 @& . 1
1# 2. *$ 0 E. /O#2 ) 2" +i 0 0 0 0" 2"#%2+8" * 2# 0 #
O 0& & 12.2  -1# . o+ 0! 002 &2 ! 1 02+
) # 0.1 2 1 . .0l BHE" . 2" 2 # U . #
(/ *UE. 0 .2 *+# .1 # + #0 # u# M&)E # - EE
2. @ # |/ 0 2 # O . /l0 010 2 #
+ +12 a 2! 0ol L. 42 0 E U M)+!
1. 0&! ) . 01.30 #1 L2 #" y+$ #1210 2
.1 . & * # . 1. 01 .2) # OE #! ) BHOQ&E* )H#20# #
O 0& .2 0 2#" 12 [/ ! &1 2" 0/ &1"

# 1
ucE
2.2
2
+

0E g o" or.12 0"/ 10* 2. )YE&" .2.2 .2 y. # !
$&! " 0)20! OEO O! .1 . & 1# 1.3 "0 $ # /.)2 B. 1+ .
E [/ & 20 @&!) . 0CE & " O # 02120E0 2 #EO0*.
u# 0 . 12 & * #+ 112/ # HAWYPWRPDD@ORWHQHW JU

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



102 1 )" 2 # 0 $)2.2 # ! /1L # 2" ma 1.2
I YE #)E # #

2 2 0E 10% ." .2)E @&!)1 1" 2% 12 10/ )
12" 000 ! #
M1# $.1& . 2" 0 0" /.110" 1." 12) -012 O#!&CE
1&2 # ." ©-#1 " UE 12 0" 12 11 )2 20" . @a0 a
. & . 1." E& )2 00 E# $0 .).1 .0 ..*2DI" 1# $. l&
.) (@&O0! 11)20! . .#2) 0 . )2 02 $020 #7..#2 @ . BD
20012 .1 1. O0EO0! 0 .2 & * 2.) 02" +!." O#1&E."
E!&2 # .)E&" 010 " &! 020 . *20!. .@E) 0 .
"1 $.1& .2 1. .E) .#2 2 1&2 # .2 " U&B. /0#2
2 " 00#20! "0 E./O#1 " .1$ 010 O@ ./U$02 02.
2 )I13&1 2& . 2+ 12 $+! 2& -#1 4&UIE#IR! M2 ! # O
2 21)E .#2) @E! 10 *020 E! " 2 $+! 2& -#1 .+ |HE A2
2 #" . 020 2 #" ! 20" . . .2. # . ®&. O#1l + UE 12 +
2.#2 $1) &" 2 #" .. 020 .0 .2 "00% 1 .I.
o/+ . 0. .12. + EO0! 11)20! 0..#2)2000 +1&) . )$
) 12 G4 /. 0 )20!. 2" 0 LE. + . *5&)2
0% .0 . . .E) 2. 0#0 120!. / U #H+E2.#2 #0* .2 " .
E 3* #0 ) .#2 2 . $.12 .2 1% .©20%. 3 .2 . 2
©20$ 3 .2 . /*0 2" @&! .2 " /.1210"2"208 & O
LE) 2. 0# 0 120!. / #! .2. 2 # 0 !+@E #0/40%0.2". 0 =
| &" 12 #" . 2" .E) .#2 2 . 2. /+1## 02 .2. & 0 .
18" 2 2 " 1" . 2" )I3&1 '"&€2&/ &" WHOE) 2 .3 ! 2"
,02 " UE 12 0" &2 [ ./ 0% EO0// &7.10. 0E .. 0O 12.
E. / 12 #" 2" )2 /0 E! 0 +!0#% 22 EL#13B !
o " I# " 1& /[ &" 2 # 0 ./ 2*# 1. ®" Q 1#11&!0*0
@ !'3!. . . 0 11 .#2 . .3 1@®0 .g2) 20 .
02.2l B0 * . .2 E& .E 2 @& !3!. 40 1410E 12
I €0 . # 2. &. I 010 " 0 1D0 .20 2)R" 2
02. . G./0¥1020 )2 [/ &" 12" ,02 0 UG 2 .070 20 . .
0OE O0.+0" .#2 2. @& . $0 " 0 #E !$0 E0"" + .2 21
E! 02. iE 12 )$ 1. .E) 2 OE..®@HLRZ .0E O0#1
1 .2 )0 . . #0 12 #"  #" . 1+E # G2 '@.!. # 2/ )
2 #"¢$! "0 . .E)OO . E!. 1. .2E)DR0 61.2! B2 # 12
iE 12 /2.2 [# .2)2 2. 17 .#2 . @&0!Qa)20! U .
0 $1 ")y & v .2 0 " /# "/)$2.EP® .. L@E)
2 20)E 0 2 E 2  E! 10 #0 0 .E .! D! # & #2
E.! # 2. & / 10 0 0O " 1 01.3)202. 00 $! . .
. 2 #" 120!0 2 /# .2)22. .00 $ * .®€) .1 0 . &
60. .1."0 + . #2 " 2" 1 %0*20l.2 R" D" & " # 2.
€ !.1. &" 0 E. /0#2 )" . .#2 /Y22 .. 0 .1 B8O
#$.121. 0 0 .120 #&EO0! 3. .01 " . 1# $0 .

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



"3&2 1.3 ." 6FLHQFH RQ 6WDJH *UHHFH

i ) . o/t " 2" i "o 1.2 . I YE " "# )E #
0 2. 2 "0 "E 12 "

3&2 1.3 ." 6FLHQFH RQ 6WDJH *UHHFH

a ) . o/t 2" "0 2 ."

I O)E # #
02 .1$ )2"0 LE 12 "

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



u . o ! #
a0 "O0E 2#% . 0 & . 2+ -#1 + 0E& 12 +

/. 4 & O E. /0#2 + 1/ 10 .0 . 12/ .1QaBI&E." )
3012 © -#1 " UE 12 0" 12 I 1 PIJMFLEQFH R®M 16W
1# 0/! . ) 2! (VWRULO 12 &DVFDLV 2 "28&2 # ." &E) 2 "

0 ! # 3012 / 1.+ 0 .E) 6FLHQFH&Q26WDRIH 3RUW X.
I #E 12! 2 # 0 # &DVFDLV . LBQRHORQL6WO®BHF (XURSH 6
#E) 2 . /. 2# ! [v# 2" 12 . "0 #E.A2" 2 2 # T7LERU
1IDYUDFVLEV #" 2" U#IKE.' " UE 20EH#" ../02"# 2 E #!

12

i E 12 LE 20 *1. . 0##220" D&E* @0

.0 & U+ & 2.1 O#+ . 0!. 2& U@I2+ + 2 (E #
E!. .2 E 12 " -0.1 #.1 # 12 4 -0 0o 0& . 2.

13. $ 3#1 )" +0 ) * 0 ClE g *1
#21 #! yoO! €EO02!. 1 2"

2t a2+ "% )" D2#E 01!..2 ) p0. Q # O
12"

" 40+ " 3#1 )" D2#E 0. .2 ) 0. O #O0

k2" 21" Q020 ) " . 02 Qway.. ."

L/ 42" &2 1 " 0& ) " EO*H# " 2 # Ul 222#) . *

“#1 + UE 12 + 0 -0 Oll+

. E. 0 $ )" EO*# 2 # U! .12 . -#1 +2

iE 12 + 0 -0a . & ."

.2 U#. 0 . 3#L 4+ 1 0 #0..1 # ,011.

1 #21 #/ " 0l2! )" 3#1 )" EO*@E 12R21# ¢ 21 #

“#1 + UE 12 + G -0 p!. 0o # 12"

*1 " g.1 0 " 3#1 )"  EO* # " 2 # Ul211R -#1*+

iE 12 + U -0 ,01E!&2 ."

+0+1 gLt )y to+# 1 UM L L+ 0. 1*28&

# & " "#1 )" & a/ 21." .0E 12 # 2" ul .12

U 3&2 ", L. " Q&0 ) 1" ypa Y u .

12 CE* # + 112/ # | U#0 . 3#1 1" y # I+

EO0* # Ul .12 1 . * 21 # -#1 + UE 12 + D& - i 0

#2 121 . 2" g2 12 " UE 2! E2"" 20# E! |

“#1 " UE 12 0" 12 11 a % )2t "E 12

2 . O#!1&E.') -012 E # .E 200 2/0#D . *2001 0 XE".

G#I+E " . . 2" -#1 + UE 12 + .. 3000 02$@0" . 2

a ©6NLOOV IRU WKH )XWXUH2 0 $.0" D E.0/0#2 1#
0 E. /0#2 *" 67(0 6FLHQFH 7HFKQRORJ\.EQJLGHHULQIO 0DWK
10 ! . ZRUNVKRSV . OE /0 0 " 2& .2.1 Q#+ 2 #" poO! .1 . O

© &2 " . /0" al. o ) 0 -#1 " 12 1$ 0 1."®

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



2 # 3. $ . # & 0 0 EN1I&E 2 3. $

/710 2 ua!. @2 .2 . © 3.)" ua3. 21)" . uE&. /0#1 12
-#1 " UE 12 '@'PLWDO /LWHUDF\ DQG GBFLHQF& IGXFDWLRQ
1# " . )" 2& 01+ E #/.& 12 .2 10 .#2. 2

iE0 1. .E) 2 @O0 UE 2! E 2 # EH1 1.2 " 12.E.
+LJKOLJKWYV 10 0 .
OUE) 2 + 12 «2Ai@a *2 # 21 # 1. |
©+#! 1 )E 00 $) 0 "20 4E #21 #/ 0l2! * 1.
UE 1" O0OUE) 2 + 12 « X2 *2 # 21 # E.!' #1 1 0 10
& 2. 02/1 102 0" . 2+ 2" # &,  .""_ 820" 0!.10"2&
i & O @E. /0#2 + E! 1 . L E.#1 .D **M0 B EH&SIOH
0&" 1 0!, @ /. $0 1. 0#20 12 " .24 LEYLRD " P #
E! ! .2" & # 1# 020 $0
0OE) 0 U#!&E.' ) -012 .0 2 12 ! . 10$ .

6FLHQFH RQ 6WDJH 0 10 2 JBe  &".IOBIOWLEY RQ 6\
©6FLHQFH RQ 6WDJH® &" 0 E. /0#2 E1&20 #E) E # $! .2
U#1&E." 0 &1 UE) 2 E'1&2 # . 1# 0/% DR&EER
0 E. /0#2 + @E # /'#1. 2 ©6FLHQFH R&® .@WDJH20OE ® ) )
0 /!. 2 Go! E # #E) 0 2. 12 +0/1.12).2. 10$0 €&!0"

L 2# 67(0 0 E. /O#2 + 12 " #2722 B0 EO* #
2 2" L [1#2 ) " 2 # 6FLHQFH.RQ#60NDJH 20E. * # =

L 12 [ # | 3#1 )"

02./0 3012 2 ©6FLHQFH RQ GOWEDJW2 #E 12 ! 0 2%
0 E. /0#2 + 0 )" 12)$ "0 . .2 02+E 132 2 AE*1
E! 1 #1 &EO0! 11)20!& 1E #/.12+ 12" D2 O$UE 12 D

$. .2 1 3 1 . 02 &1 2" 1#.1L .2." 0 E. /0O#2 *"
182 " . G0#20! "0 E. /O#1 " @& #.0QE0!0#1 2%
E!&2)2#E0" [/ 0" 0" 0 )/ #" //.1. ." 2.1M8 " .E #"
L& * 2. . .2.2& -#1 + UE 12 + 1221%&"0... #D +
E! !. 2& 2& 1# 020%) 2& $&!+ . . .00 F¥*#H0R 2 #" O
2 . ol &
O 0" . 2" -#1 + UE 12 + #. 1#.R2 " 2& 1% 0 &

. . 0$. & . &30 * .®) 2 O @EE! [0#2" )2 ) . 2"
E! 210" .0 &E./0#2 " . 2. . ".0 E.20OH#PE # 02.3 ! # 0 2.
E . .E'1E. 1 #0 ./ ./+1 #0 0 ) #"22)@&E #E!)LG 1#"/!

ol /0" . 11.10 0 (. /0#2 (@&O0! / @EIO1LE20." Q#0 & 12 * 0
)2 . $#02 1& . 2 0 #1 2# @&#! 0 # . /0 ."

b .I$ )" 2" u "E 12

u# 0 . 12 ® * #x 112/ # |/
Eo*# 2" "# 2 12 "uC€& 2! E " 2 # E! ! 20"

H PDHOVLWRS>D@RWHQHW JU
Z727Z VELHQFH ROWWWSD/JIH VHRAOWWS HHHWVLWR P\VFK JU

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



J)DFHERRRVJUHHFH
+ .2 #" 0 E! 1+E #" 2& 1& 03 !''&1 ¥ 3&2 '.3 0" & !'0 20
2 1020 .SWUHVV#VFLHQFH RQ VWDJH HX

a 20 ! & -01KRWWSV 7Z7ZZ \RXWXEH FRP XVHU 6FLHQFHRQ6WD.
7KH )HVWLYDO RQ 7ZLWWHU 6RQ6

2 @E!)!. . 1# 02 $ # 0 " $+10" 0 H#@A2!". Wi . . U#
a# 1. 4. . +0!. . +0&! . Q0. . fu OR& U G.1 O
gyl ./ . y1./. y1E&. . y1!. y2. . /.M. 12@E! ". 02
L A " U 2 D & . 12 #.. ..
o . # /. #' . 10$ . . - ..

#SonS2019 .
SCIENCE ON STAGE -

FESTIVAL

31 DCTOBER -3 NOVEMBER 2

3&2 !'.3." 6FLHQFH RQ 6WDJH *UHHFH
b E 12

6FLHQFH RQ 6WDJH )HVWLYDO
&DVFDLV 12 .

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



E!)!. . ©6FLHQFH RPQURBRWBIH

. 0 u+ 0" .2.1 O#+
O!. 2& -#1 + U0CE& 12 +
u# 0 . 12 & * # = | 123k% )"
&o*# a4t .12t . * 2! # -#1 + OUE® 12 +0&U -0 u
# 2 12! .2 "0 & 2 & "2 # 20"

HWVLWRS>D@RWHQHW JU

© -#1 " UuE 12 0" 12 11 + 6FAIHEFH RQ 6WDJH + (XURSH
.0E 12 &1 0!/ 1 & 0 /10!2. 40! @& + /!1* 0
2 I 2 # LE) 2 #" 1# 2 12" 2& D& O#IGE.2!+E+
E! !. 2& ©p -#1 12 13AK\VI?FV RQ .6V@DJH#1 " UE 12 0"
12 11 a6FLHQFH RQyAWDJIH " 2" 0OE 12 " &1 " 6FLHQF
6WDJH + (XURSH .2 4 /. 2. . HH#I012 /1#2 /E BH#HE )"
biu /.0 . ") & .#2+ 2& @&! !. 2& .E) 2 &" 1 0!.
i#1&E.' ) E!)!. . ©p -#1 12 3K\YLFVa RQ 'SWImDJ R
12 LE) 2" /0" U .o O#1 " 2 # &(51 1RHI&E#1) U
& .2/ & 2" (6% UH#HI&E.'" & 101 . 0 #1062.20%!1&E2 ) )2
0120!' 1 &EO 0/ +10 " 2 # G! | .2 " 012 12 "20(XI2RSHDQ
6FLHQFH DQG 7HFKQRORJ\ :HHN a . 0%$. @' D21 .E) 2
E!)!. . ©p -#1 12 | BK\WVEFV RQ.@GWHH)2. ) 10
3#1 *"
E!)!. . 1# 0$ 12 0 &" ©p!-#1 1WK\VLFV RQ 6WDRJIH
/0*20! U#!&E.') -012 0 /.1 . ." 2& +#12 + UGE 12+ 02.
$! .2/ 202. .E) 2 (6% 0 2 #E 122!# (@2# &(5165)
i#1&E." E !'01 . u 2 R 2 2 # (0%/[120¥1&E." ) !
Lo 2 # ()'SUHVEE.' ) *3& U E2# " 2" *x2 v
2 # /1 y 12 2 *2 [DXH /IDQJHYLQ
010# 2 ] &(51 (6% (65) (0%/ 62)'S$ -(71 (
1# 12 * 2 (,52IRUXP 2 @& 0 $! .2 )EEL' .@)&P2 (#!&
I &10 2 @E!)!. . ©p -#1 1 12 2a3K\VLFV RQ 6WRJIR! 2
#1&E." ) -012 a/.1. ."2& -#1 + UE 12ZEH 12 .2. ©Op
#1121 1 a3K\VLFV RQ 6WMPH-#1 12 ! 1 3K\VLFV
RQ 6WDJEO# * 2. ) 10 3#1 *"
2 @E!)!. .©p -#1! 112 23K\VLFV RQ 60@DJE -#1 "
iE 12 02 ! 1 a 6FLHQFH RQ .6W.IOBG# * 02. 10 ) #" 2 #"
0 E. /0#2 *" 2& -#1 + UE 12 + /¥ + U#2&E.". -012
0 /.1 . ." 2& -#1 + UE 12 + 2 12 &XY81 (65)2,//
$! .2 /)21 .E) 2 uU#!&E." 0 &1 120 0 +#€02 p1L0
iE 2! GFLHQFH RQ 6WDJH #+HUPD.Q\0 3012 12 Go! 2
0$! .2/)21 .E) 2 1E / )MKHQDNWLRQ RI *HUPDQ (PSOF
$VVRFLDWLRQV LQ WKH OHWDO DQG (QHF®W 2EEDO2 (£ BIOQRHULQ
2. 0 . 1# 2 12 " 2& U + UIE12! G+ .[@E 3 +1 #
2 @E!)!. . 6FLHQFH RQ 6WDJH (XURSH 10 0.. ./22 1§12."2 /)2

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



2 . : 02! ) 1* . ©OuE) 2 #" 0 @S /@H&E *". 28&#"
0O E. /0O#2 *" 2& 1% 0 & 2@ u0CE) 2)2020$3012 0 2. E 12

&0 $ a. . 2 12 6a8%,&( & . . J)UDQNIRXUW 2GHU
12 / b & u.1 0 2 12 '"HEUHEHQ #2.!
&DVFDLV 2 . .
1 E 2 # E&! ! 2" 0 .
x o H# 1 . o#E)Y# 1 2# [/ .) # 02. */082&+ 0 & #
OE * E'!'&2 E ! . E! ! 2. .o 2. QAR *E ) # 12
12 O0#!*20! 0 . /0#2 )2 2.
x p . 2. . 02. * $ & 0 E. /0#2 + O®/B#HS . & *
/[r.r 0 .t 0 3! 0O 2" -#1 " 0E 12 D" 1* /a1l 2&
-#1 + UE 12 + 0 2 . 0! &
x # 0! .1 . 0!'0# 2+ . 0 E. /0#2 + . 00E B»20#1 .2 2
0 &1 2& & 2+ 2 " u#!+@®& "
x u* 1 2#0/.3! 2" 2& & . 1CE #/ 1 #0"™-#1 " 0CE 12
x 0 &1 2 # 0CE 12 *. 3. 21 *
x QO #! . 0# . ! + ./ 0 0" O0E&.3"
&'!)!. . 6FLHQFH RQ 6WDJH * (XURSH ®W)2 . 02. 10 0
O 2! E 2 2 /0. 24# E! ! 2" 01/2+10 "3 L.0"
. *20!0" &' 2 10" OCE 2. . . 1#UH#H0RZES$S'H -DA2
ars’/.1r. " 2& -#1 + UE 12 + 2 E/* $!'p2. 100 .3 !'02
$+!. . .E 200 2 '#3. . 0/ &1 2 # &P ! 2&" AEQ!.

$# 1# 02 1%$0 12 " 0/ +10 " 2 # EO! E #E) 2 "OSHE!OVO#R #
1# 02 $ # 12 @&!) .

$+10" E # 1# 02 $ # 12 E!)!. . ©0"-#2 "l 0E 12+
G#1+E @ 0 . 0 #E2 " 0 . . U#12! . G+. .G HOLL ..
+0&! . G. . U 02. 4 /. p & .1 0./ §!V1KE. y1 y1!.
y2. . . .12 Lt @YY 02 . LW L H# L L
& . 12 .. # .. o 0 . #/ . 0s#!l . 1
-
0 u + 0" .2.1 0#+ . O!. 2& -#12++0CE
.0 0 + 0" .2.10#+ . O0!. 2RE-BA # .E 20 * 2
1 .0/ &1 2# G! ! 2" 12 4 [. .*@!. @R @E&2 #
. 0# 2" "2 12 " UE 2! E2 2@ GEH1!
UE 12 0" 12 I 1 + U#I+E 2
o$ # &!. 2 & 0 [/ . .0 0 + 0" &Y +10'0!.#2
E *2. 0 1.3 2" G 0*# 1" @& #/+ GOEH2#1L " 2 #
E #!'0 # ./0." 10 ) 0" 2" 1$ " [0" .00#ZE .
0 E. /0#1 " 2" $+1." . [/ . & . 1# 02 $ " OKE# /OQ#2 E #
[/ 1 # -#1 " U@ 12 0" 12 0G0#20! .. 0 EL&D#1 0
) " /" 0! .10" . 0! .1 0" BE@E.EA#2.2+E .0
1# 02 $ . 2+ 0GO#20! L 1&2 "t U @E.. 1081 E! EO
. ..31 2. 12 0 12 20 2 # @' ! .2."0.. E.R* O# "
EO0! .2. . 2) O E./0#2 ) # ) 10 0!B 2#&LGHR FG URP
1) 0.2! E.!'12.1 &! 210" . ZRUNVKRGWWOUHL2 !

DFWLYLWLHV &.! #1 10 "

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



o 0" E&! 20 ) 00" O! .1 0" #&) O 2. 10.! 120p ED@®E

02. .E) 0E024 ® " i "# 2 12 " UE 2! E ""20# E! |
“#1 " UE 12 0" 12 11 + U#I+E 2
1201, . ) 1" 2& 0!.1+ @# #@)!. 2.012 2E
28&
Xp 1# 2" @! 20 )0 " O!.1." 2# O0'EL20#2.2.%)#
1# /#.1 * .1 + 0 + 2& -#1 + UG 12 2 #lp @ 20 .2 "
2 # E! 1 2"
X . )" . O0E/!.12 )2 2."2"0!.1." 02 #" . 2"
X . )" E!&2 2#E ." 2 " 0! .1 ."
Xp /# .2)2 2. . .E.!. & " . [ $#1 " 12 O0)E2/0#2E. /0#2 *"
L2
xXp & )22. . .1 2 2" 2.10#" 2#0 E. /0#2 * #
0 E. /0#2 E # !.0* 2. 12 #" . 002 $ #" W0+20" 0! .1 0"
2 #" 12 ) E0! ®20! . /. & ./ 181 DLIE! ! .2 "
6FLHQFH RQ 6WDJH + (XURSH . OFE2 /06R2.B0"(®RR2 " &! 02.
2 11010 " $+10" & # 02 $ # 12 @E!)!. .
1+2 . 0 0+ 0" .2.1 0#+ . O !. 28F #12." .
E!+2 6FLHQFH )DLU 12 u /. . 1D 12 @E290
o/l# . Ulo# + .1 #1 1 . 0! .1 0" .&) /108 2. EED" E!
2" E@)O0" uw . a! . y # " ,011. ..ya. .12 1
I #1.  03. 2 21, ® 1!2 . .2 ..a!DO*.
0 E. /0#2 E 1# 020 $. 12 2 @ ZE! 10 /.2&1 CE # 0
12 &(51 +0 0* 12" &" 0 ! # b ol .1. @"$. ) .
1 /.1 " 5XWKHUIRUG 0 & 02! 21 €0 .2 /.0 D EYRI&E 2
E. /&' 012 &(51 . 02 02. 122 # © !l)onm "a
G0*20! . 0 0+ 0" .2.10#+ . O0!. 2& -#12 "™ .
12 # 12 G ) 6/!'# . ulo# + .1 #1 1 ) ol/0"0" .@E
E 0" E! !$ 2. .®) 2" E)O0O" u . 0+0! ./10 . pu. 20 .
- +2/." ,011. y & L2, 200 210 1 0 .
1# .ol /.t xpo N 102 0 2+
0 E. /0#2 E 1# 020 $. 12 2 @ ZE! 10 [.2&1 @& # 0
12 (6% (67(& 12 1RRUGZLMN /. 12" p&O! .LE! #
©+!. ) 0.12 ) 1 .2 0 2 2& #. 2& 213 H#H#EO* #
2#0 -0 pO." E!02 R !.0O 2" .O#H'&®E.' "/ ! &1
12 .0 0+ 0" .2.10#+ . O1!. 280 -#1 @-#1
. Y& @ .12 . 0E20 ! # 1122 # 210 22 #
O+ #1010 . 0! .1 0" .&) /0" .E.@)" ZE" E$ 02"
O .+ ,011. L. 2. I #1.  0*1@p1. 0 #
12" )1# .oal [t al'. 0*2 . /@#2 0 . E
1# 020 $. 12 02! 0/ &1 2 # GE! 10 12 " B$H(67(& 12
1RRUGZLMN . 12 & 0o ! # /21 &IOHI&E.
® 0" 0 E. /0#2 E!. 2.0 " 1.0.
X 3#1 )" p ." . 1 # #EO*# "2 # U -uz2p®." 1/ 10
1.0 2"/ ! &1" 142 OU#!&E.') !. 0 @#Ll+ ." 2&
UE 12 +2a . 2 (@E!&2)2#E .2.1 0# 2 # @110 . 2." 2
2 # . 1+@E& # .#2 *a

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



X 3#1 )~ a *1 " bx " 1# 0! 2" 2 # 0."- 0!/ D@12
/0*20! .CE) 2. I.o. ®!'&2 & !. * 0 E. D#2Y *#t . *
2 # 0 # 1. © u St 20 /0*0 A 1l# 02.
X u ) EO! E20! 12 01 2& .2.1120#+. (E !0 .22 2
1# 2 # &.! #1 . 12 | | &1 .0 EGLU&ED 2 0
E 12 " 3#1 )" u# 0 . 12 & */# #EO0*LZ | #
# 0 -0 0 0& . #EO* # 2" 02 ""u@&E2! ®&® " 2 #
I "

2.12 .0 0+ 0" .2.10#+ . O0!. 28GE#HR + 0
. © -#1 " UE 12 0" . 2 U !&@EP2"2.2 O0E20 ! # =+
28& | # 12 U ) 6/'# . U0# + J#1 1 _E&) o!.10"
/0" E 0" E! !$ 2. .E)2"E)O0" a 0. +,011. b!
S B B # . Ul. E2 .0 E. /0#2
E 1# 020 $. 12 0 2! 0/ &1 2XE##E! 0 1.2 "&(51
+0 0* 12 " &" 0o ! # b 0! .1 . D& 'R$2 0.
0 E!)I&E 2 " /2 u#. . LE. #. @) 1D 2 1.0 .
E!'&2 E ! . *0 E. /0#2 * #  *
E2 .0 0+ 0" .2.1 0#+ . 0. 2& 121 ++ UCE
12 " : 0 ! # 12 4 ) 021) #2Q0$ 0 1#1
0! .1 0" .E) /0" E 0" E&! I$ 2. .E)2"pE)O" u . q
,011. L2, I #1. nokp # .. .01.10%2 .
2+ 0 E. /0#2 E 1# 020 $. 12 2 H E! 10 [2& & #
012 (65) +!0) E 12" &" UE! #
o2 .0 0+ 0" .2.1 0#+ . 0. 2& 2# +00UCE.1
©u $ . &2 2.2 M . 2 # 1&.228& [-#1. + UE 12 + 2
.12 . 28& | # 12 4 -4 0 10& .l #1
0! .1 0" .E) /0" E 0" E&! !$ 2. .E) 2"#EpO" u 1"
A211. 1 # a) " ,011. LLo20 pn. o+ # L.
ko # S " YE # 0. . & 122!
at. 0*2 . 2+ 0 E. /0#2 E 16 2020 9./ 1@1 2 #
E' ! 2" E # 012 &0 $ G. . @2 " # &" p 0! .1 .
0 . ©OUE) 2 #! 2) 12 $ 0 .2& $!& 28 % 2 W po.
2 . .E)2. 1.0.2# u#!&E.' * -012
o / .0 0+ 0" .2.10#+ . 0. 2& 121++ WE
© OEO0! + 2." 2. 1* 1. 12 /[ /.1 . .®&2-#12+ . 12"
28& | # 12 4 -4 o O0& .l #1 1 0" .@E)o0! .1
/0" @ 0" E! !$ 2. .E) 2" E)O0" u DY *L # U
011 ." aG) " p! O 12" ,011. a."¢ yeu! . y& )"
o1t 2. 21 Hyroot&" r oo lo" ...
-2 "gl. 0%*2 . 2+ 0 (E. /0#2 020 $.E12 1# 2!
0/ &1 2# E®! | .2" & # 0 12 6a8%,8UDQNIXUW 2GHU
+0! . . 12" &" uUE! # /" 01 @08"# O &262
00 E!I&E 2" [."2 .1 .12 {2+!*22.0.E02 .1*2 2.
GE /1.1 2" 1*22." 12 .E ) 0 !0 " "0 O/.(E!QL1&E #2/
). O0OEO0 1. .E)2 00 UE2 E 2 #E@!'#1 12 " 10
1# 0/10 0" ODVWHU FODVVHV 12 G#!&E.'.)03012 & + 0" /
2.1 0#+ . 01!. 2& -#1 + WUE 12 + .. .&2./) 1&

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



[ .1 2# # &) 2 . 0 $ )y a 2# ".02 &120 0 . .!2 O
12 / 0* #KWWS YRG VFK JU YKGHRSYLHREG VFK JU YLGHR YLHZ

5 / .0 0 + 0" .2.1 0#+ . O !. 2& -2Z1++ OIE 1
©0 .3&2 2. 2 0 E. /0#1 2& -#1 + .0@2A2 + .
0o ! # 12 4 -0 o 0& ! #1 1 | 0! /D"0" .E)
E 0" E&! !$ 2. .E) 2" E)O0O" U . .WO0G./20)"p!. &
+.0 b #0 21. p! 0 12" 0! 11.1 # P&
y& )" . 1" L. 2. 121, 20! L &" 1 1.
O .1 .11)" p!. 0O # 12 21, ... o1& .
ar. 0*2 . 2+ 0 E. /0#2 E12 1# DRO %0/ &1
2 # ! | 2" E # 0 12 4XHHQ ODU\ 8QL&HUWLW\O0L2 /
12 " &" yo# # 2 COH#IGE." |/ 10" &IE. /0#2
E'! 2.0 " I.0.
t pOo'.1. 0 . © @2 )1*12 . 22& 3.L.1*2 0 2& #
A +0&! # 1/ 10 2 /0*20! UG#!&E.').a!"0 a0 /.1
“#1 + UE 12 + 12 2 1. Op UE 12 )1 " a"e1
6FLHQFH DQG 2XU 6 XEWDLQREDH ORUOG
=R ol .1. 0 . ©O2EHUSIDIIHQKRIHQ $ # 0 @&!)
/| 010# 2 0 2 2"0& E" / /127 .. %% G 28&
0 . 1#1 O# 20 9&5 . 20 1) 1&E 02 "
/"2 0)/&! 0!l 2 &" 3UHVHQWDWLRQ 10 0 .
tp .2 ol'.1. 0 . ©.2.1.3 2% + 20/3_&/VD$4RXV E
! 2. 2&1 . /.12 .2. 10" 03. 1"12 % BR13
$. & 2# .. +2 & ZRUNVKRS
t++ ./ 0'.1.0 . ©0 2 $0/ .1)# . 0R01I0) 0 #
E !*$ # $ .2"2a 00 E!)1& 2" |2 _2€) X2 &
2 11010 " 0! .1 0" @& # E.! #1 1 .0 @@2 *ro . e .#"
12 #" U#!& # O#2 " . 12 #" €101 0#2& 2B&!+1# AH0$) 2
0OE 1 32 . 2 3012 2 2 / 10.2#9,3 WRXU
T +.2"E'1E 0 "2" .E) 2 &" 1 0Mp#$+A0E 0*10 . O
# €& 10 2 #" 12)$ #" 2 # E&! ! .2 " 12 (H!I+HE . 12
1.0*2 0 12 @* #+ 112/ # | U# 0 .
.2 .0 0 + 0" .2.1 0#+ . O0!. 2& -Z1++ OICE 1
©u30#! 1 2." 2 12 0 E. FOHILIE21L2 -#P .12 "
. 0o ! # 12 4 -0 o 0& .'#1 1 .&) 0!.10"
/0" E 0" E! !$ 2. .E) 2" E)O" uwp!.O0p #@ "1.
,011. y0! CE02' y & . .20! DL &M 21 21,
0!. . . .. al.0*2 . 0O .0 CGE./0B2 1# 020 $.
12 02 0/ &1 2 # E! ! .2 " @ #EUHFHD® 12 'H. 12 "
yo## &" y o# o # 2 . O0#1&E." |/ 10"&1 o
0 E. /0#2 E'!. 2.0 " !1.0.
t p 0!'.1. O . © 2 )" u )" 13" 0 /(*2 % U
1.3 . 10 *XPP\ %H®UV3. $ 1/ 10 2 a2 0
2 1.0 0% o" 131! ." . UE & 6 E&. oM
2& -#1 + U@ 12 ,&7* LQ 6FLHQFHE(GXFDWLRQ 0
1# )" 1 )" 2& 0! .1+ @ #/.& 12 .2 10 .#2. 2
$+ pol.1. 0 . ©.2.10# E 2 * -&2 #2.' UDFNHO
0 0! 11 &1 2" 1" 2"+ "8 .1. 00 E!)I&E 2

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



*2 21 1/ 10 2 G'.20# OUCE. 2 2 )20! # 2) # EO0 !
'"HPDQGLQJ DQG LQQRYDAVERIR H[SHE)LRPHQW 1# 0!
E # E.! #1 1 .

T UEO 1. .E)2 0G0 UE2IE 2# E!1!1.2." 12.CE.!

+LJKOLJKWYV 10 0 .

0 © 22 ) *12 .2 # .1 * E !*$ I+ EH2R # U
L2 u2& # . 1 +0&! ¥ .

U © 2 )" 0 )" 13" 0 /(*2 £ U XPIP3 . 10
%HDUV2a 2 # 13, $ 1.

0" . 1 0!, 0l # # /O .2 2.0
O+ 0" .2.1 O#+ 0!. 2& -#1 + UEGIl12- & 0l2 0&
/.2 .0 0+ 0" .2.1 O#+ 1, R&UE 12 + $ #
02! ) ©00 )2 20" 2 a 1 #1 0" 2€) 0! /D"

E 0" E! '$ 2. .E) 2" E)O0O" u al /pLp #0221
011, yo! E02!. y& ... 2., .200 110" *[. E 12

. 3. ,. 1. 0# * 0E2 0 E. /0#2 E i .E 20 1 #
LE 12 . 1# 02 1$ # 12 02! 10V &2 "2@H#E. O
12 &DVFDLV 12 12 " 28& | # &" 0 ! #

2 E.! #1 02. 1# E2 Loyt 280 )&2&.
0! .1 + E 0" 1# 020 $. 12 #" [/ . 00 .2.B'O#w+
0!. 2& -#1 + UE 12 + E # E!. .2 &. &" 1 0

0 O+ 0" .2.1 O#+ /0" i .1 0" & |#

0!. 2& -#1 + UE 12 + 1# 020$)|m&! #1 1

0E20 !
2 #
0E20 !
0E20 | # 28&
0 ! #
28 | #
28 | #
0 ! #
0 ! #
S0l #. #
I, 2 & .0 & U + & 2.1 O#+ 0! 2& -#% + UE 12

1

#

*

20"

OII

2



u 10 " -#1 + O0E 12 + : 0%

G 10" -#1 + U@ 12 + . 0$ .E)"20" /1.12 1 )2 20" 2 #
Q! .12 1 . * 21 # -#1 + U®E 12 + ( -.0 E0L. .D&E * 2.
12. € . 1. 2 # U#'&E." * E! | .2 " © -¥1 1 LE 12+ 0"
i#!+@E BFLHQFH RQ 6WDJH & XURSH2 $" $ # ) . 2" 2&
+# .1& U .& #0& . U0 2" +#DO0O* # 1™ WAE. /O#1 "
a L i 10" /0 $# $.!.21!./.8& 1E* . 2. 1.0 .
2" EL#1L # 2" 2.1 0#" . 2/ [ED!..A2E ¥$ 2
10 #" . 2" 10 O (E. /O#2 *" 1@®* 0 .. WO .2. E #
E.! #1 2. E !'* .0 . E!&2)2#E. ) 2. #TEO0!. 12 . E*"
[ oxn . EO0 !, 2& 2 [ . 2# 28 @ 12pR" .#2+ 0 .
1 2# 0/ .31 2" 28& . 2+ 2" ol EUEEL21 2&
0! .1 + 2& 1# 020$) 2& 0 E. /0#2 +.! 128 2& O0O# 2+ .E)
2 0 .1$) 1 2 #" 0 2" -#1 " UGE 12)2072. R&EI1 ABE& 2
0/.3! 2" 2 & " 0&E. /0#2 " )2 2.0 0 @®+/0#2 2 #
2 E *2*@ #0 . O 0 ).

3&2 !'.3 . U U u 0&
() . 0O 01 -#1 + 0UCE 12 + . 0% O# -0 #L)
u -0 u 0&

2 .. E.!' #1 02. 1# &2 N )" 2& 1P Q@& . L
1# 020%) 2& .2+ 12 ¢ /0 . 10 "+#1. + 0%CE 12" & #
E!'. .2 & . &" 1 0!,

u! )" u! )"
u 10 " -#1 + OUC€E 12 + . 0$1# 020%$)|2& 0209%) &
1$ 0 & . 2+
y # # + 0 01 .) 21 O #
0! 120
g # i -0 u

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



g # -0 -0 u

g # = -0 u

g # -0 -0 u

g # = -0 u

g # U -0 u

ucE! # 20 -0 u
O !' # 210 -0 u

O ! # 210 -0 u

-0 #D #4110 -0 u

n o0" 0/ +10 "

a #! . 1210 /." 12 | .| 2# E.! #1 1028& 282 #/1.12 |
&' ! .2"101/0 . E. 0 .1# /1 / .1 00000™0 .' O#2 +

1 1& 10 / 0 .0 0E 12 E0.! 12 04"l 2*@E
/. 0"10 . 2" 3 22" 0 E./O#2) *"01 O#!*& 0 .g O#1 "
2" 0@ 12 " . /1 1$02 * .2.) #© /0 @&. /0#2+ "0 0 )
.oyl ) ! # E.1.& & 0 . ©8 . )1. &! 020 .. 2.
12 $0 +/ 1& .2 /. . /0 2 *1.20 [ !&2 DOBORO . . 2. U . .
*x0 .2 " $+1." 02. +21 . E.!. &2 # 2q5A. . +/ . 2 #" 10
). 2. 0 -0 2" $+!." ODVWHU FODVVKV.212 & -#1. .28 " .
0 CE./0#2 *" 0 . 0! " @) 2" 0%/l.12 )2 2@". E . 2 #
&' ! .2" 0.3! 2. 0/0 2 210" .) [1.121)2 20"

uE 12 / or/. 0O .
© -#1 "0 12 0" 12 1 + U#!'+E 2 £+ O . . 2
©0 .3&2 2." 2 O E. /0#1 2& -#1 + UE 12 + &
Q! .12 1 .) 21 -#1 + UE 12 + i - &ILO0 0&

0E 12 / 0l/. O . © -#1 " U@ 12 @"{MR2+E 2 + 0

L2 ©0 .3&2 2." 2 0 E. /O#@E 2R +#1 12 U

2& ! # 12 .3 .21 2 # #+0 * #0 # 0 O0&

2 " 28& | # E.! #1 12 . [* #E! . " .")00"1 0U
E # 1# 020 $. 12 6FLHQFH RQ 6WDJH (XURBHEQ LHVWEYDO
&' ! .2"© -#1 " uU& 12 0" 12 11 ++0# 0 EE 1.

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12

2



EN1 1 #E "0l
0!. 2& -#1 +
2 " 2& | #
+LJJV 12 &(512 .@E)
3.1 1 & .2+
#20% 0 #
110 " . 1
2 # 0l
CE /121 . *
.2 U E. /o#1
1 # 0)20!. /0/
#1. . 121 + 2 #
2 # 0 x
LE) 2 )2 .2
3.1 1 & L2+
#20$ 0 #
2 0! /.
EO0! $ " 2" $+1."
& 2. 18& | .1 2# #

2 "/ 0l /.". .12
KWWS YRG VFK JU

&2 "

&(51 3+ $7/$6 &ROODERUDWLR

120 # o ."
. 0E€ 12

E /121 . *

1# 020 $.
i3 11.

1o+ 2 #"  #" 0"

E.! #1 12 @ ! .
2 .2 u# 0
“#1 o+ UE 12 +

281 Q#+

uE 12 +

8%
+.1 2"#2 "

2 # &

o # 2 E®)2 . 2 $. *
0! 2 " 12 0 ."
# o0+ o/l. 0

2 00 3)! o @E2# 121 O0I1(EO .

E! &2 "2 .E) 2 2luEy #!

#1 'y+& 2 #I IHE
L0@E 12 # 0 +.
+12. V12 [ # | 2 #

“#1 +  UE 12 +

2 #

2." -#4

JO#2 2 .®)

0 E. 2 .E).
* L @® D

)
p! 0 12" *E 0
LE) 2 .0 $ 2) 0 2
12 "/ O# * 10 "
YLGWR Y LHARG VEMBO YLGHR YLHZ

KWWS YRG VEK JU

YLKWRIYLHARG VRKRWBO YLGHR YLHZ

KWWS YRG VFEK JU

YLKWRYLHARG VRRWBO YLGHR YLHZ

KWWS YRG VFEK JU

YLKWRYLHARG VRRWBO YLGHR YLHZ

1%) .
Ou#$.! 12 * 0 .2 ]
/*1 $+!
E # "/
& . 3#1

02. 0'$)

0 CE.

y& 2. "0 .E 12

b o/ &1 &!.
2 E. .
2 # 0120! 1
2 # 2 01

00

.2 E

12 $+!
0 2 #! .
$1 1 E
/ 1"
21& . 2& ! & .
1# /#.1) 0O 2 0/ 1
E&E.'.2110 "
a . 0 0 % 31
.2 12.1 2" .2 )13.
#E&Oo! . . 2 #"

121 #20 E

2& .E) 0"

E.!' #1 .1

.E 12 10&" . O
2 #2 01 & # . 12

1o t!'o/* .. . E&®. 2 3.

2.

. .E) 2.
. E!1E O .
1# O#®'A 1240 .". 2
0120 10 0.3 3" #" 1 ./. EO0!
JO#1 " $&! "2 # K" E ¥ $0" 01E.
10&"

E&e.r.2110 "

0 12" .o #

2 #ul20! 1
&0 # . O 0 0 2 1$! r
E # o 0 C&E!

02 U -d$ulo
E0 ¥ 0.
0 (E2

D# 1@12#12."
1# $0 .
E.!'.2!
2 #" 12! )

12! +

0% 0

10830 *+ 12

2 "0 )" .12 . a! 00&.2.0

P 0/ .31 2& 1B #020®) 2%
2 10) 2 / o0 2"

.2 & .0 & U+ &

2.1 0#+ . 0! 2& -#% + UE 12

$-#"
2 821) #*
Qa®p R E.20#1
0 0# # 2

2#281(6&Q ! 1
20#
1#@EHR+10 "

2 §21) #*

g 2" 0!

[0#2

2 #ul20l. 1 @&EO

.1lu

20121 E #!. )2
#2) 20"
* D&#22 080 @ # 2&
10& ®O# #1120! 1 10
#" ED ## 1120!
"HUL 2 #
2#1 +/ "

Oll

KWPC
KWPC
KWPC
KWPC

* .8) 28 01#£ .0/D#2 +
0 2"&0 E2/0#E ")A@.

E *

o# . !

E # 9
+ a



b $ 2" & 1"

1# 02 $ 20" 02.*2& @E & L 2" C®.3*1..2 .
E.!.1 0%.1. *12  0*2 . 2. #12 * #12. 0#2 @& # 32 .
210" / 1. 2 21 @ #! & # E.!.1 0# ¥..a 0.1LE)D22
0.2 ) I .2 1.1 E# 1.%. . E2'#1 .#®1...E. 0 0"

E 2& 1$02 02 1.1 $1! . 2. p& ¥ .E®!" $ * 1.
/. 0" .2 121 . 2" E 1" " ®!. &$" 2 * 1.1 *
EO0! . 2.0 2. E. .+ .E 12.21&. & "0 M+l E. b
0! .#2 0/ &1 @&!. .2 & 012 " 28&-U % 0&12 i
# EO! 1 .2.

. 20 0#2. . $!) . & 2& & 2+ 2& (DH!BIAE2! + $&!+.
EO0! 11)20! .E) 1* 02. 20$% E! ') 2. EE&" 12 "0 2! 1.
02.31" . 2 0E & ." 2 ,. G0! 00/ .!@)y .#0)0
0/ .31 . 2. E # .E 20 * 2 (E#!" 28 "-#D.H WE 12 +
. 2" 0% " 12)1 @) & " 0l0# +# 1B #1f 0 $24
U#1&E." + $&!+ [ .E 12+ 0 .0 2#EXL1 .0 $+ ODE2E +
+10& 1# /0#)0 .E) . /.1 +" 0 *Q@s$0@ / .30!'2. 2 .2.
H#2

2 01 0E 12 . 20% 1 o# ] LR
0 .*20! 1) 12 / .)!3&1 2" . 0! "0l'1®?20! "E)1 .
.. .120 . ®E! $&! 10 10 OCGE " 22&"E @@N.02 2 .EE *
0E EO0/ +10& 2& .1 + .I$+ 2& -#1#40GEHE.12 &2
1 .1." 2 . .0.13. 10 12 #" U#!&E0 #"1E O0ZO"ED/ O
+10& 12 " -#1 " UGE 12 0"

OUE 12 "§{ 10 "® 6FLHQFH )BLU 120" & 0"+ 0"

2.1 0#+ . O01!. 2& -#1 + 0GE 12 + " -#1 & @A 12 +

0% e E" 0/ +10 ".2'% @!#! 12)$
0 O0!+1 # O . /0#2 *" 2 " Q0#20! @ E.L ML "

. I+E #" 2& 1& . " UE & " 1$0®2° .0 2)#'¢" 21)E #"
I /1" @& '3+ . 0 #" [ /.1 . ." . 22428&F!. 1. 28&

. .31 02" -#1 " U@ 12 0" . 2 281-#1* 0 (E 12 +
2 . 0! " & O # 2 O0# .1 . BO &' O*E. /O#2 *"
0E * E!&2 E ! . @E! ! .2. . 2. &l12*E 1D# N2 O0O#!
0#1*20! 0 E. /0#2 )2 2. 0% # O@EL12 #1Q)5.32! 2¢" 2&
& . 1E #/ 1 # -#1 " UE 12 0" 212 0 &1* 2 . 0E1 *
2 / #! .0# .!+ ./0 0"O0E.3"

E'!'0 2 0/.3!" . E.!'#1 .1 ) & 28# @EN +108 " .E)
2 0l'1 . 2 & )2*@E@ .E)2 2 0).12.2E€DYV )3& 0. )"
E # ! 02. &" /. 20!. 02 )

uE "
E 20 1 .2. 2" .2 " #2 " E! 1E*0 ."E."20/ #0 2
1&1 021 & .0 & . 2 + U+ &+ .2.10!. 2&

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12

E #



-#1 o+ uE 12 + 0O Oo# * 2 # € #!' 0 # (EQ)ZHE .22&2

. 0 & .2+ 208 + u + & L.at .12t -#1 +

uE 12 + a -a $ # 2 #E / o2t L)y2A A0 L.

1#2 1 # .#2*2# 0/ #" 2" 0/ +10 "O! .12 . /2.1 . .

2& -#1 + 0E 12 + 2 2.) 1 2 #" 2 #20 /.33 1 2" 2&
2+ 2" -#1 " U0&® 12 0" .0 E

J.E E

2" 12 1KWWS HWVLMWRWSVFXKZZIUVFLHQFH RQ VWDJH HX
J)DFHERRRVJUHEKHWWSY 7277Z \RXWXEH FRP #VRQVJUHHFH

3&2 1.3 ." 0 -0 u 0&
. 0 u+ 0" .2.1 O#+ .01 2&E#N2 ++
0 01 -#1 + UE 12 + . 0%
-0 £ # a -0 u 0&

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



u . &1 . O# 0 1+ O! .1 +

u# 0 . 12 G * # = | 13#1# )]

EO0* # U! .12 1 . * 21 # -#1 + (& 12 +0&04 -0 0
#2 121 .2 "0 "UE 20 E "2 # 1 1 2
HWVLWRS>D@RWHQHW JU
' .. +1#02. !.0. . 0. .1."0'P%&! 12 .
2 #" . 2" E® # 1# 02 $ # 12 @E.! *1.D7 &1E # 2. 0/+ )
2 E)O0# .2" E2" E # E! 02 L 0#2 "$2!" /¥ E W 0
0/+ .E) 2 E'!'& &" 2 1 /# . . 1."O0E.1#HL 2 #"2 " . .)
$0 ! 1)2 . .2 #" 1# 02 $ 20" 0 (E/ #0@2 2*#"E.HO0 2#E&L .10
#E * 120 E # /0 E ! *0 . /+1 #0 '#E.*1020 #£ # E 0"
0.102 "O0!.10"/0 . !.0# * 2 B01#0 2 .E! I#
26 U+ & GE# 00)2 2 2& 1.0 &/0#2 O"1B 8 M. 0 $.
1.O# 0 12" ! *00" / ! . +10" 2 #uE! ! ®£2 QA2
iE 2! E .E 3110 )3& . . 0 +10 .2 122% * 1D0" & #£& 2
i + UE 2! &+ 12 /0 /1 &1 . . E.1.$&#201@
0 E. /0#2 ) .E 2." 0E2 !'. 0. U E20#)0 . OL##P& @
. O# 20" . 2" . 0 E./0#2 0 .
3. " $ " +0 ) *0 R |
#21 #! yO! €E02!. 0 O U 1 # 0! 3 ¥O& !"2 " .
g1 )" & G/ 21!." .0E 12 # ! 2 "38&R.12" q
. . " Q&0 ) 1" ypO OyEI)I&E 2  !3. $
2 0!.1.2#" 0 . ©@&2 " . /O" @1 0" ) @@
1$ 0 1."a1.0
L2t a2+t R T e T )2 #E
0!..2 )+0 ) *0 p!. 0 # !'2" G0 & OPpB!O.
12" 00 ENI&E 2" /.2 .1 .12 (02+1 .2 #2 0
© E0! .l ), . "3a.0
k2" 20" 4 . U0 .. . aaa 01, 0! 310 .
022 " .2 0!.1.2# 0 . ©OU@E) 2 +!.1® « fil @
Sl 42 &2 1" 0 EO0* # " U -G O!'+ Qai
0o/'310. 02! " .0/ ." . . *@E. i o # EO0
@ -4 .& ." aau .& ." 0!310. 0 GEE!)L&E O
2 .1 +2 &2 .2 0!.1.2#" ©. 00O@O !!3 "
'o 20 02.2!' & " 10 . «-.2.12 G)2. 0.0 .2 a
.2 0 0 i G 2 ) 1% 0 u$.! + .. 2 U#. 0
i +# 1 0 # u..1 # ,011. " /" o+
i a 2 )1%$ 0 wul/.." 00 E!II&E 2 ...2 U O
2 0!.1.2#" 0 . ©u$ .#2 0 1#2@2 % 20" . 2"
O # aG.1 " oyl .ot J#11 " 2 # & 2 D+
Lot /#11 ."  # 2 #1 " 1" # EO'E * # 4. ! 2
+ ".20 /"4 4+l E.LE*IH# G . .1 .. -A2 "
1 " " # 0 L2081 . r 0l #l+ 1 &3

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



.. +2 " y1&12 0. .212 . 2)2. + 1 . . E.] E # #
N T ¢ ## 02. oL #10)E
0 o0 /Ut 12 #2 . 021 .22 &DN /"
+0+! " @ KL, 201 " &2 /" &2 1 "  EO/OCE /" U#!
#$2 | # #$1 %.$. [ # U 1 A1, #1!
112" 11 @&.2) # )." -& & * # +0&#% 2!.2.
112 o .12.1 . & 12.2 | #.y&
L0/+ L 12)/ # "0 2#E +U  U#. 0*1 ™ $
aauo ai o ." 0!'310. 022 " .2"0!21 ® .2.4 O#
0) .E * 3.1 .2 3&2 2! # .2 "0 E @I.12 ! 1% )
© .2.1 0# 0 )" 3.1 .2 3&2 2! # 1.2 * $. 03.1)12 42
1$ ) o0! .12 1! a . © .2.1 0# L+ H#%0 + DH.E) 2 E
3#2 " $1&12 0"21# 02 $ #10" . 21 0" #12+ E.] E * #
& 12. 2 . . #! # N yi1. . €./ E2v @
E *. 00 /1. 12 # 1#1* . . #! | 1&.. /3. §y
! 0! 0 2 - #L L 21 + . 2 . 0.FE) 1
"0l .1 .t 2413 221 .12 % + %, 4 0"
E" . 2" .2 2 O0&E) 1 2" 0!.R2"22. 3B
bo2 )& $. + . $. + G 12+ .0
1 #21 #/ " 012! )" i +0 ) *0 +. # ©0
02 )E # " 4G U p!. 0 # 0! 310 .0!1.2" 2 # 20
©+#! 1 )E 00 $) 0 g 02 $ 20" . 2" 0 1
01 2 +# 1 # 4. # U O0# ! " HE . Qi#2 . +0$.
$ #2 ai 2 +u +. 1. #®
L &2 1& L+ 12 @ * # + | 12 [3#1/ )U##HEO* # 2 #
i@ -0 0 0& +7i 0 1 @ " UGE1" 0 022 013402 12!
2 " 0 "# 2 12 " UE 2! E " 2 # E!1! ".AE ®2 O¥ 12
! + G#!+E @ . 0 E! 1&E 1 # 2 U /0 12&1 022#
E! ! .2 " 6FLHQFH RQ 6WDJH * (XURSH @&&# #E!. &'E 0
0o ! # 12 &DVFDLV 12 12 . . 2 .&21&#®/ &1
P 0 E. /0#2 LE) $+10" E # 1# 02 $ # 12 &E!) !.

N <

al. 0*2 . 0OE 1" O GE. /0#2
*1 " 0.1 0 " 0 E0*# " U -0 ,01EM&2"." . 21
.1 0 " U +# 1 p #0 21." G QU ,01E!&2 ." 0! 3
pEO!# 00 E!I&E 2" [." 2 *1 u.1 .02 #" .02 O
. ©&2 'XLQR2 0 1# 02 $ 20" . 2" 0O ."#-fi2 12"
G 2! # p "y #1 ] ALy # . NEEEERZ:)
R I "1 12)3 1" + 404! 1"M12 E "
g# o " .2, " r1tv doorro 12 2
o # ) . .E 1& .2 ) "2t " E 12
0 0 [/ # 1#1 i a2 0! i N2#E +0
g#. 0 " $ " L " QG u Gi 0 ." 0! 30/0 EUPR&CE
2 " [ 2 0 0 [ # 1#1 .2 0!.1. ®Da" 6! .
iE 2! & .$ /+ 10 ,0 .2 G $ 0 .+ Ap1.20 0
1# 02 $ 20" . 2" 4 2. @ * # a!. #/0 + #21$ #
#/ . 4. .)" 2. 2" 0. [ 4040 " 1" @@lol. *
+ oH#l # 2 0 ) Lty # 0 /! #12+ 02" L 2)

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



a 20 " 3! " +0+! " #! '#1 * . 0 12.# U

E * . #12+ 0 11+ " 112" + EE." .| . & #1
0..1. . .E & .2 ) "2 "E 12

L. &2 ) " E0* # " U -u Gy&. & @
y&. & 01310 . pEO!# .2 0l @02 # 0% "

$ #2 .. E 1& .2 ) "2 "E 12 "

#1021 " +0 ) *0 3. &* 0 +0*/.)
0 a0 o L& ol 310. 12" . 2" 0!.10M.2#" 0
©p 02! . 21.)" [.$2# | @& # $ 10*0 . E . 7(6/%
@ 1 2!a2 o! .12! . $UGXLQR . EO0!$ 2 ) .1 21." . E
L.E )" LL 0 02 & .10 .. 20" #E)% 2 2
# 1.1 . LLL 1) .1 1. 21 0! 1.1 ." #% +# 002!
OX[PHWHU LQ 6, 2 ©ul*! .2 " #@EO0! $ 2 )" 2& YE2 " 0 .
. 212 $& 02! . 2 +.2aCE 1& .2 ) "2t "
LE 12

b #2 12 iE 2! E .E 3110 O3&. 12.€ 0
2& . 2" .2 @!'1E 0. 2 # 1EO#TI 2"2 .2. @& #
OE /O . .2 2 @&.!'#1 .1 2" 0! .1 ."2#" .3. 2

o/t . 42 L. #L A L L &2 E ¢ O# .02

.+ 0 0 0&!' . ,0/&' & * # 3. . fil. 02

#1 L2 @ * #0301, . .21,
a# ! oal )/ 2# . 2. * )y . " M2
0 .82 G 00 E!&2 02 " 3 221 .12 .+ 2 # 0
2 # *+0 * #0 # 0 4+ 110 O Ga ai o.." 0!310
022 0 #EO* # #" . 2" 2  _-#1+2) "2 #* +0  *

#0 # 0 o+ 110 #1 . )E # -#1)) 2 # +0  *

#0 # U O# 0! # 1/0 * . 0 .12 1 @D ) R #

#0 # .. ." 00 E!)1&E 2" [.m2 ...2+20! .1 0"
2 #" 0 .2. ©62. E ! 2. 2812 124 1P 12.2
0 2*E@&1 2 © E2 OEO0 ) 1 0 .!2 2&2a 020+.2."2."

1 210" .2 3. )0 'RSSOHU2
+ .21, . 0V @E * # ,0 /+!. .xmvog.21
a0 . ) .u &/ I/, "+ 1 " #l *E L& 1212

o2 #F ey 1 # 0 " QGO0 0i 0 . 00310, 022
#EO* # #" . 2" 2 H# . i 21" g1l

& 12.2 " 0 00 E!)1&E 2 " [." 22.2g12!. &
2 0!.1.2#" 0 . ©-#1 1 . 0 02!+a

& 12. 2 00 . /! +0+]1 .1 )E # a.1 0 E 2
J.E& # 0 2! .. +2 21 A O - ! 8h".am2.
+0+! +1 O )E # o2& .. . C1E* # !
C1E*! # 2. G.8. .1 @O0 . .* +1L1E0 @i @ )

$ 0 #$  * 2 i 112 a0 2. , 0 'ao

02.!1 . G1 # Y& . y +2 2. 6.1 0 G& 2 u/

& 12.2 00 ./ +0+!  G.1 YE # U.2 #  .o#3

0o." +# .1 & . #0& 0!'1.0& #$ * 0" a ai 0
0! 310 . 022 " O #@EO0* # . 21 .20#/.21 U #
2 # i U!1.0 # +0 * # 0 # #$ * #72 "00! .2.0" 2

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



©u !.3 0" . y12 1t o0" . 2. 2 $0 .2 )®0!0"a 1.E #
©p . 02!)#1 2 © .10 /0" 0.2 0" . @ &2!a 2
$ 0.2 © .11 &0 ! .2. .2 3&" 0 2 22 0)"
©- !'1 02! . #1 0. [ #® . © 1& .2 " 3® 0% 0" #
) . o+ 21 G 2!  +0&! .2 §y1& + #) +# O* Y&
0 )E # 1#1.# 0 * # 0 1 02 .. @ o1
0 E 2. . & 12. 2 )2 a4 2! ) 2E@EWM &
a's 0 0 2 ) $ 0  #$ * . +0+! E 23%) V&
E) 2 +i ull 0 @ 2 ) $ O #$ * ull 00..0 2 $
#$ * 0 U Gi 0 ." 0!310. 022 ". 02#EO02 #
21 # u#/ . 0 2 # Ui U'l. 0 # +O0#$ **# 0 #
2 0l.1.2#" 0 . © & . 02. 13+10 " 2 # 0! *a
Al u#12. YE # V& ( ) . H#HI& #I&V& .. |
+ L4221 & 12,2 E.)E # ' L. 2.#
T + o+ E a 2! E ) .0 . i#.2) #
+0+! 1 +08&! . # 0 L0 s # E! ! .21 !
0 /10 / o Jd210$ L - * 2. .+ +1)EU# 1281
0'1.0& 0 2 + $ 0& #$ * 0 0O0WUBAO ."022
0 #@EO0* # #" /1 . #" 2.3E *u# . + . E * #
! i . &! . )E # +12. 0 . & . E ¢+
2 . 0 E.!.1 0# 1®!0. E!)1&E 2" [." 2 2. & * #
3. .2 0!'.1.2#" 0 . ©+ 0 . 01*'U RI 3K\VLFva
+0&! # .*  + .1 U0 2 & 12. 2. Y 1+ . #D2#
#+0 * # 0 .#- ./ 30 ." 44U 0i0 ." 0!310. 022
HEO* # L20. 2812 +2  1#1 i .
EO0* # U - U - . 30 ." .2 "0!01 . .2 #
ou#2 .2 & 1*12 . ,QWHUQHW RI ZKLQ@J\® ,R7 .2 @
#1 €O! . 2 + @E.!. 21& 1$02 + @.2.20& 3.0 . *
0 0 G . 2 @ *1 " # .1 )" 0w .20l . £ #/1.12 .
ao/ *1 y . "y %l 0. .1 . L. # 4 21" 2@
0 .12.1 . ' [ # 0. . L #! #/ 0 E #E 4 E"'"
*x @ 3 @ 2 . . ,0)/&!' " # )EFm# A#HH " )
© 10 @ gad ai 0 ." 0!310. 022 " Q@WHED* # .
# E. 'E 21 +2 # 0 .2 0! .1 ./23%" 0O . ©0
2 )" " &12 "a
C1# $.0 * 0 2 #" 1. 0# 20" . ) #" 204" Q#2 0DI$.120" 2 #"
1." O#$.112 1 #0 ) #" . 2 1# 02 $ 11.'0 12&1 E.! * .
.. 0+1 #0 2 1.20 * . _ @®.!) 0" 0/ +10.™ a$.! 12 * 0
CE *
I, 2 & .0 & U + & 2.1 O#+ . o!'!'. 2& -#% + 0UCE 12



ua! .1 0" & 0 & U +
2.1 0#+ oO!. 2&
-#1 + 0& 12 +
L0 & U+ & .2.1 0#+ 0!. 28& -#¥ + UE 12



10

+

&

2.1 O#+

0

2&

-HYF O+

UE 12



&2 " . /0" at. o ) 0 -#1 " 12 1% O 1.
2SWLFDO 7ZHH]J]HUV 7KH 1REHO 3UEKRR® 3K\VLFV

13. " $ " -#1 )" +0 ) * 0 . I1x 4 . *
+# 1 #21 #! y0! @®02!. 12"
RUIDOQDN>D@JPDLO FRP
# & " "#1 )" & a/ 21!." .0E 12 # ! 2" Gl .12 !
U 3&2 ", 1. " Q@0 ) 1" ypa y u
1+2 G#!&E.') G!. 0 a /.1 . ." -#1 + (@& 12 .40 12 . )"
0 3. 21)" . U E./O#1 12 " -#1 " UWEWRUDP DIQGEVSBDHQFH
(GXFDWLR@!. 0 & .0 & 0+ & 2.1 0#+
01!. 2& -#1 + UE 12 +
0! %
3&" &" 02! . 2 .2 .0 . &020)2002.3 !
i . 0OE 1" &12) )2 2 3&" & !0 ./....12P0 ..O0&E &" .
.0 @& !'!0. .+" /[ .//02. .®) . /.3." 1p1® .1. @& #
E.! #1 02. 0/+ EO0! ! 30 E&" 2. E.!.E #&382)"2.1 1B * 2.
.2 . E2# © E2 + . /& @ €2/ .2 0YOEG® . E + 2."
2 " E!..300 0 10" /)2 20" 2 # 3&2)" @€ 2! ® #$®@! 1F). .E) 2
3&" / .3)!& 1& .2/ & . 1#12.2 + & @ /0 )2. 12"
/.2 0" @®2 + . /& 2 3&" #E&) 2E& .20 " O'G@D( . E. /0*0
. . 02. 0 /.3. 1& .21/ . E2 % .E/0%R# $3.1 + 10
E!. & 010# 2 0! .12 1 . . 2 )1 ) &0 !-#1
LE 0 0 02.* & . 12 (E'&2 E)!28 "20$E2 2 " E2
E. /0#1 " .1 +" )& 2" 0 " 1# 0 13+ " .2&& (E2
0E 12 10# . 2 0! .1 . .#2 GEEwW?2 ®2! 10 0E EO0/
/0#20! "0 E. /O#1 " 2 E&" . & LZQ0 .. .2.1 @. O
| 2. E2 " E. /0#1 " $. * )12 #" 1R 11$2&) OH1 +
iE 12 + E)" 2"0!.1."0 . (E.!#12& 1UBH#"2." 2E2
E. /0#1 " 2)1 0&'2 )1 . EO!. )2 20"0!.I121 10 " .
. 0@ 12 " 02010" 12 0! .12 120H)E . & '2 O .. . *E2 #
2 -#1 € 1& .E) 2 .0 )EO0 2# # .02 1le1¥B2H $ #
/1.$0 12 @& .1 2 # ..#2 * @&! | ".22 2% -1 p /| 2.
E # E.! #1 02. 0/+ OCE 2! GO0 12 #" .0 2IE 0!0U%*2 )
03.1) 2." 20% " E 0" E!'1 + # R&20E 1D!)1."E #
/1,121 & *2. 010# 2 12 2 .2" E@2" E.@O#1 "2 "
E! 20 )0 "/ 2. " 02.3102. 1* $! 1$0E)1D! .1D2!
. 2" 0 0+ 2. 0 2 0!0# 2 0*L1 2.". @ER
E *2 0" /0 )2 20" .E.!. 220" .2 0@®.19JE 122 #12

$SEVWUDFW

/[LJKW DV HOHFWURPDJQHWLF UDGLDWLERQRFPQREZVWHKQ@NU O\L D
FDQ EH UHIOHFWHG RU UHIUDFWHG DQG WRXFOQRK IWQIH VW UG IQ

.2 & .0 & U+ & .2.10#+ . O0!. 2& -#% + 0CE 12



PHGLXP WR DQRWKHU 7KH SURMHFW SUHVHQWH®RMKHUH G
FKDUDFWHULVWLFV RI OLJKW FDQ EH RWLTAHHGHURU VIR W LGHDY
WZHH]HUV DUH PRGDOLWLHYV XVHG IR U SOSIMLLIFDOICHW DRSS EQR MR,
VDPSOHYV DQG KDYH QXPHURXV DSSOREDWVY RQM K Q GP WX\HUZRAHA
RWKHU ZRUGV ZLWK RSWLFDO WZHH]HIWRQW LL\K W BOHS WEBR W/KIHD
PDQLSXODWH REMHFWYVY 7KH 1REHO 3ULHRQUQRMWKWIURMW WR XX
SLRQHHU VFLHQWLVW WKDW OHG WKH UHWHMDWBSK Gid | W B WKIQRIUT W
GXH WR WKH VLIJQLILFDQFH WKDW WHKBYVHKW Ak KQ ISTURHWH ik VY H U
IRU WKH ILUVW WLPH LQ VHFRQGDU\ HGXFDWLWQ FRXOH-O0EHKR Z
GHYHORSHG DQG XWLOL]JHG LQ WKH VFKRWOLVFWRQEFHHVBR W7
VWXGHQWY WKH SULQFLSOHV RI RSWLFDOOWUEDXSELDROVRKORW
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6WXGHQWYV ZLWK KDQGV RQ DFWLYLWLHV G LYG RRRUI MWEBPIVBHK \WW
ZLWK WKH SULQFLSOHV RI WKH VFKRR® W FPLRHEIFGIL WX USLLHF\XID@V
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NASA Mars mission

The Curiosity rover is designed to travel Mars studying climate and geclogy. The rover is
looking for signs of carbon, the building blocks of life. Some of the rover's features:

Robotic arm Laser Color cameras UHF antenna
Used to examine and Burns small holes in Stereo mastcamsa Primary
manipulate soil and rocks and soil up to on either side of the transmission .
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scientific instruments, identifies chamical color pictures and
one uses X-rays lo elements movies in 3-D i
determine materials’ ”pm",‘,e“‘,‘;’:.',me 2 . # l ) 2 0 I N ' 2 # 0 GE 1 * 2 #
composition and the |
other is a magnifying L3 A nuclear battery
camera Y — that converts heat
il — into electricity

<
- ‘é -7 Neutron
- 4 detector
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Weather station Radiation detector  Inside:

Records wind spead/ Measures radiati <l y lab
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humidity, temperature supernovae and and soil samples  a rock or 2oil sample to
and LV radiation other sources for organics identify types of minarais
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(QHUJ\ ERWK LQ HYHU\GD\ OLIH DQG LQ VFKRRBRO GG OLW\
FRQIXVLRQV ,WV YDULRXV IRUPV VHHP WR EH DEVWUDFW DQG

(QHUJ\ LV GHILQHG DV 37KH DELOLW\ WR GURGXFRIUNS:RUN"~
VKRXOG DOVR EH GHILQHG WKH GHILXHOMVLE MHBGVFWR D (QLF
KRZHYHU LV WUDQVSRUWHG IURP RQH ERGR WR DR W RMK HLUN
LW LV XVHG H[SORLWHG PDLQWDLQHG GHDODBO\GLWQGVVRRO
FORVHO\ UHODWHG WR WKH KLVWRU\ Rl PIWE VLQFH KLV DSSHD

,Q WKH SUHVHQW ZRUN ZLWK D ¥W B WLGFGEW AXWDHE OR-D BRIPBIRQ
PXOWLGLPHQVLRQDO VFKRRO H[SHUMPHIQW \L VDIPWR @ H RIWKHIE WK
LQ WKH FXOWLYDWLRQ RI VWXGHQWY VNLOOVQRWIWBEAXWXUH
LWV IRUPV 7KH ZKROH DSSURDFK LV EDVHGI RQQW® S BQGQFKHO
FRQVWUXFWLYH UHIORZ Rl WKH SXSV®DY\DDGNHIQDRH.QY W VL G B DL
E\ FDVH EDVLV LW FDQ EH XVHG DWHBWFKW\BEXFRWVRRRROW® H
VFKRROV RI 6SHFLDO (GXFDWLRQ

IHYHUWKHOHVYV LW UHYHDOV WKH LQWHUGHSMIQREHZEWKRI (
HYHU\ KXPDQ DFWLYLW\ 7KXV VXEMHFWV Rl 3KQWIFY &KHF
6FLHQFH +\JLHQH (QWHUWDLQPHQW DQQG €MPGHRXYRISHGHQ Q!
WDXJKW MXVW E\ IRFXVLQJ RQ WKLV V VL PRYOHW L\GA B LSO EQ K
LQWHUDFWLYH WRRO WKDW VXSSRUWV HIIHRW LFYRI@DRAHS WHRG H V |
(QHUJ\ DQG LWV WUDQVIRUPDWLRQV VXFK DV
$ )URP +F\FOLVWYIV &KHPLFDO (QHUJ\ WR .LQHWLF (QHUJ\
$ )JURP .LQHWLF WR (OHFWULFDO (QHUJ\
$ )JURP (OHFWULFDO WR .LQHWLF (QHUJ\
+ )JURP &KHPLFDO WR '\QDPLF (QHUJ\ DQG VR RQ

1IRWH WKDW E\ F\FOLQJ WKH VWXGHQW FDQ
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SURGXFH WKH UHTXLUHG (QHUJ\ WR H[WWDMAW PKH RKUORJE
GULQNLQJ WKLV MXLFH KH UHSOHQLVKHV SBHWWNVRHWKH (Q
VDPH WLPH KH OHDUQV SOHDVDQWO\FRHSHHKH QY WDHA\
WKH WUDQVIRUPDWLRQV RI (QHUJ\ DQG LWKN DOPRXQWKURXJ
RI MXLFH SURGXFHG LV D PHDVXUH RI WKIE KQIHRWIW RDGH
WKH F\FOLVW

FUHDWH ZLWKLQ D YHUWLFDO WX€&HJKW VWSWKHHAH R.IQ DD UJ M
GLUHFWLRQ 7KH ILQDO KHLJKW RI WKH VSKHWWLY WKH (Q
FDOFXODWH WKH JHQHUDWHG RU FRQPXPHIOXRZAMH LR UX WIKJ
YDULRXV (QHUJ\ VWDWLRQV RI WKH GHYLFH
([SHULPHQWDO PXOWL GLVFLSOLQDU\ DQE&LNAVWWXFWLY
DFFRUGLQJ WR WKH VWXGHQWYV D GHRXL IX\WLWOWD®G BEIXW
WHDFKHV \RX D ORW
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GLVWDQFH FDOFXODWH'LVWDQFH
6HULDO SULQW L
6HULDO SULQW
6HULDO SULQW GLVWDQFH
6HULDO SULQW

)JXQFWLRQ IRU FDOFXODWLQJ WKH GLVWDQFH PHDVXUHG
LOMDOFXODWH'LVWDQFH 7

GLIJLWDO:ULWH WULJ3LQ /2:
GHOD\OLFURVHFRQGYV
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GUDZV WKH DUF OLQHYV

DUF 3, 7:2B3,

DUF 3, 7:2B3,

DUF 3, 7:2B3,

DUF 3, 7:2B3,
GUDZV WKH DQJOH OLQHYV

OLQH

OLQH FRYUDGLDQV VL@QDGLDQV
OLQH FRYUDGLDQV VL@QDGLDQV
OLQH FRYUDGLDQV VL@QDGLDQV
OLQH FRYUDGLDQV VLODGLDQV
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VWURNH UHG FRORU
SL[V'LVWDQFH L'LVMWRDOQFK WKH GLVWDOFH IURP WKH VHO\
OLPLWLQJ WKH UDQJH WR  FPV
LL'LVWDQFH
GUDZV WKH REMHFW DFFRUGLQJ WR WKH DQJOH DQG WKF
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QRB6WURNH
ILOO
UHFW ZLGWK

ILOO JUHHQ FRORU
FDOOV WKH IXQFWLRQV IRU GUDZLQJ WKH UDGDU
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LPSRUW SURFEHYWWVLOIRUWY OLEUDU\ IRU VHULDO FRPPXQLF

LPSRUW MO MBIWYHQW.PSRUWY OLEUDU\ IRU UHDGLQJ WKH
SRUW
LPSRUWRRIOFBSWLRQ

BHULDO P\3RUWOHYV 2EMHFEW 6HULDO
GHIXEHV YDULDEOHYV

BWULQJ DQJOH

BWULQJ GLVWDQFH

BWULQJ GDWD

BWULQJ QR2EMHFW

IORSM[V'LVWDQFH

LOMSQJOH L'LVWDQFH

LQMQGH[

LQMQGH[

3)RQW RUF)RQW

YRLVGE WXS

VL]H

VPRRWK

P\3RUWH & H U WKI\2 0 VWDUWYV WKH VHULDO FRPPXQLF
P\3BREM IHUSBQWIW®IDGY WKH GDWD IURP WKH VHULDO SRUW
DFWXDOO\ LW UHDGV WKLV DQJOH GLVWDQFH
RUF)RQMD G)R&EBHS ([WHQGHG  YOZ

YRIGGWDZ
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ILOO
WH[WRREYRQW

VLPXODWLQJ PRWLRQ EOXU DQG VORZ IDGH RI WKH PRYL

QR6WURNH
ILOO
UHFW ZLGWK

ILOO JUHHQ FRORU

FDOOV WKH IXQFWLRQV IRU GUDZLQJ WKH UDGDU

GUDZ5DGDU
GUDZ/LQH
GUDZ2EMHFW
GUDZ7H[W

YRVEHULD BHWLDO P\SRRUWMDUWYV UHDGLQJ GDWD IURP WKH 6F
UHDGV WKH GDWD IURP WKH 6HULDOQIRR W K WMRUWBEH Fk

YDULDEOH GDWD
GDWD PABROBWWULQJIBQWLO
GDWD VGHDWWDGIDWD) JW K

LQGH[ LGDWRI ILQG WKH FKDUDFWHU

LQGH]

DQJOHVEBWDUL@GH[ UHDG WKH GDWD IURP SRVLWLRQ

DQG SXWV LW L

W

YDULDEOH LQGH[ RU WKDWV WKH YDOXH RI WIKIHODQJOH WKI

SRUW

GLVWDQFHEGRQYOH] GDWIRJIJWKUHDG WKH GDWD IURP SRVLW

LQGH[ WR WKH HQG RI WKH GDWD SU WKDWV WKH YDOXH

FRQYHUWYVY WKH 6WULQJ YDULDEOHYV LQWR ,QWHJHU

L$QJQKMDQJIOH
L'LVWDIQBH. VWD QFH

YRIGGWDZ5DGDU
SXVKODWUL]J

WUDQVODWH PRYHV WKH VWDUWLQJ FRRUGLQDWYVY WR QHZ

QR)LOO

VWURNH:HLIKW

VWURNH

GUDZV WKH DUF OLQHYV

DUF 3, 7:2B3

DUF 3, 7:2B3

DUF 3, 7:2B3

DUF 3, 7:2B3,

GUDZV WKH DQJOH OLQHV
OLQH
OLQH FRYUDGLDQV VL@DGLDQV
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OLQH FRVYDGLDQV VL@QDGLDQV
OLQH FRVYDGLDQV VL@QDGLDQV
OLQH FRVYDGLDQV VL@QDGLDQV
OLQH FRVYDGLDQV VL@QDGLDQV
OLQH FRUDGLDQV

SRSODWUL]

YRIGBGDZ2EMHFW
SXVKODWUL]J
WUDQVODWH PRYHV WKH VWDUWLQJ FRRUGLQDWY WR QHZ
VWURNH:HLIKW
VWURNH UHG FRORU
SL[V'LVWDQFH L'LVMWRDQIFF WKH GLVWDOFH IURP WKH VHO
SL[HOV

OLPLWLQJ WKH UDQJH WR  FPV
LL'LVWDQFH

GUDZV WKH REMHFW DFFRUGLQJ WR WKH DQJOH DQG WK
OLSH[V'LVWBQFHEIL$QJYOH
SL[V'LVWDQFHILSQUYOH FRVYDG L$EQYOH

VLD G ILBQYOH

~

SRSODWUL]

YRIGG DZ/I"QH

SXVKODWUL]J

VWURNH:HLIKW

VWURNH

WUDQVODWH PRYHV WKH VWDUWLQJ FRRUGLQDWY WR QHZ
OLOH FRUDGILBQUOH VLODGILBQUOH GUDZV WKH OLOQH
DFFRUGLQJ WR WKH DQJOH

SRSODWUL]

YRIGGWDZ7TH[WGUDZV WKH WH[WV RQ WKH VFUHHQ

SXVKODWUL]J
LL'LVWDQFH!
QR2EMMKEEKW RI 5DQJH

H OV H
QR2EMHBW DQJH

ILOO
QR6WURNH
UHFW ZLGWK
ILOO
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W H[WE P

W H[WE P

W H[WE P

W H[WE P
WH[WG6LIH
WHREMHFWR2EMHFW
WHBQJIOHL$QJIOM
WH[WVWDQFH
LL'LVWDQFH
WH[W L'LVWDOFEH

WH[W6L]H

ILOO

WUDQVODWRHRYDGLDQV VLODGLDQV
URWDBVGIL D QV

WHI[W

UHVHWODWUL]|
WUDQVODWHRYDGLDQV VLODGLDQV
URWDDVGIL D QV

W H [ W

UHVHWODWUL]|
WUDQVODWHRYDGLDQV VLODGLDQV
U R WUIDVGHL D Q V

W H [ W

UHVHWODWUL]J
WUDQVODWHRYDGLDQV VLODGLDQV
U R WULDVGHL D Q V

WH[W f

UHVHWODWUL]J
WUDQVODWHRYDGLDQV VLODGLDQV
U R WUCDVGHL D Q V

WH[W f

SRSODWUL]

1HZ 8SGDWHG YHUVLRQ RI WKH FRGH WR ILW DQ\ VFUHHQ UHVF

-XVW FKDQJH WKH YDOXHV LQ VLJH IXQFWLRQ ZLWK \RXU VFU

S$UGXLQR 5DGDU 3URMHFW

8SGDWHG YHUVLRQ )LWV DQ\ VFUHHQ UHVROXWLRQ
-XVW FKDQJH WKH YDOXHV LQ WKH VL]H IXQFWLRQ
ZLWK \RXU VFUHHQ UHVROXWLRQ

E\ ' HMDQ 1HGHONRYVNL
Z727Z +RZ7IROHFKDWURQLFV FRP
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LPSRUW SURFHVVLQJ VHULDO LPSRUWY OLEUDU\ IRU V

LPSRUW MDYD DZW HYHQW .H\(YHQW LPSRUD/® OLEUDU\
SRUW

LPSRUW MDYD LR ,2([FHSWLRQ

BHULDO P\3RUW GHILQHV 2EMHFW 6HULDO
GHIXEHY YDULDEOHYV

6WULQJ DQJOH

BWULQJ GLVWDQFH

6WULQJ GDWD

BWULQJ QR2EMHFW

IORSM[V'LVWDQFH

LOMSQJOH L'LVWDQFH

LQMQ GH[

LQMQ GH[

3)RQW RUF)RQW

YRIMGHIWXS ~

VLIH &+$1*( 7+,6 72 <285 6&5((1 5(62/87,21
VPRRWK

P\SRUWHBHUWER R0 VWDUWYV WKH VHULDO FRPPXQ
P\SBRUW EXIIHU8B8QWLO UHDGYV WKH GWWWD IURPRWKH VI

DFWXDOO\ LW UHDGV WKLV DQJOH GLVWDQFH
RUF)RQW ORDG)RQW 2&5$([WHQGHG YOZ

YRLGGUDZ A

ILOO
WH[W)RQW RUF)RQW

VLPXODWLQJ PRWLRQ EOXU DQG VORZ IDGH RI WKH PRYL
QR6WURNH

ILOO
UHEFW ZLGWK KHLIJKW KHLJKW
ILOO JUHHQ FRORU

FDOOV WKH IXQFWLRQV IRU GUDZLQJ WKH UDGDU
GUDZ5DGDU
GUDZ/LQH
GUDZ2EMHFW
GUDZ7H[W

YRIMHULDO(YHQW 6HULDO P\3RUW ~ VWDUWY UHDGLQJ (
UHDGV WKH GDWD ITURP WKH 6HULDOQ3RR W KIS NWMRUWBEH Fk
YDULDEOH GDWD
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GDWD P\3RUW UHDG6WULQJ8QWLO
GDWD GDWD VXEVWULQJ GDWD OHQJWK

LOGH[ GDWD LQGH[2I ILQG W K M DFUKICOUEDCFHW H U DQC
LOGH]
DQJOH GDWD VXEVWULQJ LQGH] UHDG WKH GDWD IU

YDULDEOH LOQGH[] RU WKDWV WKH YDOXH RI WIKIHODQJOH WKI
3RUW

GLVWDQFH GDWD VXEVWULQJ LQGH] GDWD OHQJWK
LOQGH[ WR WKH HQG RI WKH GDWD SU WKDWV WKH YDOXH |

FROYHUWY WKH 6WULQJ YDULDEOHYV LQWR ,QWHJHU
L$SQJQKMWMQOIOH
L'LVWDQEFH LQW GLVWDQFH

YRIGUDZ5DGDU A
SXVKODWUL[

WUDQVODWH ZLGWK KHLJKW KHLJKW PRYHV WKH \
ORFDWLRQ
QR)LOO
VWURNH:HLJKW
VWURNH

GUDZV WKH DUF OLQHYV
DUF ZLGWK ZLGWK ZLGWK ZLGWK 3, 7:2B3,
DUF ZLGWK ZLGWK ZLGWK ZLGWK 3, 7:2B3,
DUF ZLGWK ZLGWK ZLGWK ZLGWK 3, 7:2B3,
DUF ZLGWK ZLGWK ZLGWK ZLGWK 3, 7:2B3,

GUDZV WKH DQJOH OLQHV
OLQH ZLGWK ZLGWK

OLQH ZLGWK FRV UDGLDQV ZLGWK VLQ UDGLD
OLQH ZLGWK FRV UDGLDQV ZLGWK VLQ UDGLD
OLQH ZLGWK FRV UDGLDQV ZLGWK VLQ UDGLD
OLQH ZLGWK FRV UDGLDQV ZLGWK VLQ UDGLEL
OLQH ZLGWK FRV UDGLDQV ZLGWK VLQ UDGLLEL
OLQH ZLGWK FRV UDGLDQV ZLGWK

SRSODWULJ

YRLGUDZ2EMHFW A
SXVKODWUL]J
WUDQVODWH ZLGWK KHLJKW KHLJKW PRYHV WKH \
ORFDWLRQ
VWURNH:HLJKW
VWURNH UHG FRORU
SL[V'LVWDQFH L'LVWDQFH KHLJKW KHLJKW
WKH VHQVRU IURP FP WR SL[HOV
OLPLWLQJ WKH UDQJH WR  FPV
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LIL'LVWDOFH N

GUubzV WKH REMHFW DFFRUGLQJ WR WKH DQJOH DQG WK|
OLQH SL[V'LVWDQFH FRV UDGLDQV L$QJOH ZLSWN'LVWDQFF
ZLGWK FRV UDGLDQV L$QJOH ZLGWK ZLGWK VLG

SRSODWUL[

YRL&GUDZ/LQH ~
SXVKODWUL]J
VWURNH:HLIKW

VWURNH
WUDQVODWH ZLGWK KHLJKW KHLJKW PRYHV WKH \
ORFDWLRQ

OLQH KHLIJKW KHLJKW FRV UDGLDQV L$QJOH KHL
KHLIJKW VLO UDGLDQV L$QJOH GUDZV WKH OLQH DF

SRSODWUL[

YRLGUDZ7H[W ~ GUDZV WKH WH[WV RQ WKH VFUHHQ

SXVKODWUL[
LIL'LVWDQFH! N
QR2EMHEW 2XW RI 5DQJH

HOWH
QR2EMHFW  ,Q 5DQJH

ILOO

QR6WURNH

UHFW  KHLJKW KHLJKW ZLGWK KHLJKW

ILOO

WH[W6L]H

WH[W FP ZLGWK ZLGWK KHLIJKW KHLJKW

WH[W FP ZLGWK ZLGWK KHLIJKW KHLJKW

WH[W FP ZLGWK ZLGWK KHLIJKW KHLJKW

WH[W FP ZLGWK ZLGWK KHLJKW KHLJKW

WH[W6L]H

WH[W 2EMHFW QR2EMHFW ZLGWK ZLGWK KHLIJKW |
WH[W $QJOH L$QJOH f ZLGWK ZLGWK KHLJKW K
WH[W 'LVWDOQFH ZLGWK ZLGWK KHLJKW KHLJKW
LIL'LVWDQFH A

WH[W L'LVWDQFH FP ZLGWK ZLGWK KHLJKW KH
WH[W6L]H

ILOO
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WUDQVODWH ZLGWK ZLGWK ZLGWK FRV UDGLDQV
ZLGWK VLQ UDGLDQV

URWDWH UDGLDQV

WH[W  f

UHVHWODWUL]J

WUDQVODWH ZLGWK ZLGWK ZLGWK FRV UDGLDQV
ZLGWK VLQ UDGLDQV

URWDWH UDGLDQV

WH[W  f

UHVHWODWUL]

WUDQVODWH ZLGWK ZLGWK ZLGWK FRV UDGLDQV
ZLGWK VLQ UDGLDQV

URWDWH UDGLDQV

WH[W  f

UHVHWODWUL]

WUDQVODWH ZLGWK ZLGWK ZLGWK FRV UDGLDQV
ZLGWK VLQ UDGLDQV

URWDWH UDGLDQV

WH[W f

UHVHWODWUL]J

WUDQVODWH ZLGWK ZLGWK ZLGWK FRV UDGLDQV
ZLGWK VLQ UDGLDQV

URWDWH UDGLDQV

WH[W f

SRSODWUL]

O U ou,d 0y u $5'8,12
L QFOXGHV WKH 6HUYR OLEUDU\
LQFOXGH B6HUYR K!

'"HILQHV 7LUJ DQG (FKR SLQV RI WKH 8OWUDVRQLF 6HQVRU
FRQVW LQW WULJ3LQ
FRQVW LQW HFKR3LQ

9DULDEOHV IRU WKH GXUDWLRQ DQG WKH GLVWDQFH
ORQJ GXUDWLRQ
LQW GLVWDQFH

6HUYR P\6HUYR &UHDWHYV D VHUYR REMHFW IRU FRQWUROOL

YRLG VHWXS ~#

SLQORGH WULJ3LQ 287387 6HWYV WKH WULJ3LQ DV DQ 2XW
SLQORGH HFKR3LQ ,1387 6HWYV WKH HFKR3LQ DV DQ ,QSXW
6HULDO EHJLQ

P\6HUYR DWWDFK '"HILQHV RQ ZKLFK SLQ LV WKH VHUYR

YRLG ORRS *
URWDWHYV WKH VHUYR PRWRU IURP WR GHJUHHYV
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IRU LQW L L L »

P\6HUYR ZULWH L

GHOD\

GLVWDQFH FDOFXODWH'LVWDQFH G IDVODYFB PHIOANKLLRHEG | R\
WKH 8OWUDVRQLF VHQVRU IRU HDFK GHJUHH

BHULDO SULQW L 6HQGV WKH FXUUHQW GHJUHH LQWR WKF

BHULDO SULQW 6HQGV DGGLWLRQ FKOGHDFOHVWHULUQW Q
WKH 3URFHVVLQJ ,"( IRU LQGH[LQJ

BHULDO SULQW GLVWDQFH BHQGV WKH GLVWDQFH YDOXH |

BHULDO SULQW 6HQGV DGGLWLRQ FKOGHDFOHVWHULUQW Q
WKH 3URFHVVLQJ ,"( IRU LQGH[LQJ

SHSHDWV WKH SUHYLRXV OLQHV IURP WR GHJUHHYV

IRU LQW L L! L »
P\6HUYR ZULWH L
GHOD\

GLVWDQFH FDOFXODWH'LVWDQFH
6HULDO SULQW L

6HULDO SULQW

6HULDO SULQW GLVWDQFH
6HULDO SULQW

)JXQFWLRQ IRU FDOFXODWLQJ WKH GLVWDQFH PHDVXUHG E\ W
LQW FDOFXODWH'LVWDQFH *

GLJLWDO:ULWH WULJ3LQ /2:
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&RQVWDQWYV

TKHUPLVWRU UHODWHG

+HUH ZH KDYH D IHZ FRQVWDQWYV WKDW®PDRH HGLWLQJ WKH
WKURXJK WKHP RQH E\ RQH

$ UHDGLQJ IURP WKH $'& PLIJKW JLYH RQH YDOXH DW RQH VD
GLITHUHQW WKH QH[W WLPH DURXQG 7R HOLPLQDWH QRLV\ L
WKH $'& SLQ D IHZ WLPHY DQG WKHQ DYHUDJH WKH VDPSOHYV
VROLG 7KLV FRQVWDQW LV XWLOL]J]HG LQ WKH UHDG7KHUPLV

FRQ\QW6$03/(B180% (5

,Q RUGHU WR XVH WKH %HWD HTXDWLRQ ZH PXVW NQRZ RXU
ZLWKLQ RXU UHVLVWRU GLYLGHU ,I \RX DUH XVLQJ VRPHWKL
OLNH DW RU HYHQ PHDVXUH LW DQG SODFH \RXU UHVXO

FRQB/R\X RABHS$ 1 & (B5(6,6725

7KLV KHOSV FDOFXODWH WKH W KIHRWP GHWRWONUHVLVWDQFH
FRQORXDSHS$'&

7KLV LV WKHUPLVWRU GHSHQGHQW DQG LW VKRXOG EH LQ W
DUWLFOH IRU KRZ WR FDOFXODWH LW XVLQJ WKH %HWD HTXI
, KDG WR GR WKLV EXW , ZRXOG WU\ WR JHW D WKHUPLVWRL
EHWD LI \RX ZDQW WR DYRLG HPSLULFDO FDOFXODWLRQV

FR QQRX BO(RAS$

7KLV LV DOVR QHHGHG IRU WKH FRQYHUVLRQ HTXDWLRQ DV
LV QHHGHG DV DQ LQSXW
FRQRXBQR0B7(03 URRP WHPSHUDWXUH LQ .HOYLQ
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7TKHUPLVWRUV ZLOO KDYH D W\SLRADRO ZUHWH WKQFH DW URRP
GRZQ KHUH $JDLQ QHHGHG IRU FRQYHUVLRQ HTXDWLRQV
FRQ@RKBQG,6725B5220B7(03

O9DULDEOHYV

+HUH LV ZKHUH ZH ZLOO VDYH WKH FXUUHQW WHPSHUDWXUH
GRXFAMUHQW7HPSHUDWXUH

3LQ '"HFODUDWLRQV
,QSXWYV
LOWKHUPLVWRUBHQH WKH $'& VDPSOHV WKH UHVLVWRU GLYLGH

2XWSXWYV

,QLWLDOL]DWLRQ

YRNVNBWXS
N

BHW WKH SRUW VSHHG IRU VHULDO ZLQGRZ PHVVDJHV
6HUEBIOL Q

0DLQ

YRIORRS
N

7KH PDLQ ORRS LV SUHWW\ VLPSOH KAV SULQWV ZKDW WKH '
VHULDO ZLQGRZ 7KH KHDUW RI WKH SURJUDP LV ZLWKLQ W
IXQFWLRQ

FXUUHQW7HPSHUDWXUH UHDG7KHUPLVWRU

GHOD\

+HUH LV KRZ \RX FDQ DFW XSRQ D WHPSHUDWXUH WKDW LV
WRR FROG RU MXVW ULJKW
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LIFXUUHQW7HPSHUDWXUH ! FXUUHQW7HPSHUDWXUH
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6HUBDOQWLYV
6HUBDOFKXWUHQW/7HPSHUDWXUH
6HUBDOQ& 3 KK YHU\ QLFH WHPSHUDWXUH

HOMHFXUUHQW7HPSHUDWXUH !
N

6HUBDOQW LYV
6HUBDORXWUHQW7HPSHUDWXUH
6HUBDOQ& QQHHO OLNH D KRW WDPDOH

HOVH

N

BHUBDOQW LYV
BHUBDORXWUHQW7HPSHUDWXUH
FHUBDOQ&VOAUUUUUU LW V &2/

)XQFWLRQV

UHDG7KHUPLVWRU

7KLV IXQFWLRQ UHDGVY WKH DQDORJ SLQ DV VKRZQ EHORZ &RC
WR D GLJLWDO UHSUHVHQWDWLRQ ZLWK DQDORJ WR GLJLWDO
GRQH PXOWLSOH WLPHV VR WKDW ZHPHADR®W HYWHWRLIM LW WR HOL
7KLY DYHUDJHG QXPEHU LV WKHQ XVHGAQURWR/ WIRQWFXODWH WKH U
$IWHU WKLY WKH UHVLVWDQFH LM YWMHHG WR FDOFXODWH WKH \
WKHUPLVWRU )LQDOO\ WKH WHPSHUDHNWXWHR LV FRQYHUWHG WI
WKH DOODERXWFLUFXLWYV FRP DUWLFOH IRU WKH VSHFLILFV D«
SURFHVYV

4XLFN 6FKHPDWLF LQ FDVH \RX DUH WRR OD]\ WR ORRN DW WK

*URXQG ? 7?7 ? 7?7 9BVXSSO\
SBEDODQFH _ SBWKHUPLVWRU

$QDORJ 3LQ

GRXBBHHG7KHUPLVWRU
N
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YDULDEOHYV WKDW OLYH LQ WKLV IXQFWLRQ
GRXBOKHUPLVWRU +ROGVY WKHUPLVWRU UHVLVWDQFH YDOXH
GRXBMOHOYLQ +ROGV FDOFXODWHG WHPSHUDWXUH
GRXBNOSHOVLXV +ROG WHPSHUDWXUH LQ FHOVLXYV
GRXBDWH$YHUDJH +ROGV WKH DYHUDJH YROWDJH PHDVXUHP
LOQWDGF6DPSOHV>6%$03/(B$BUWB({5\@WR KROG HDFK YROWDJH PHDYV

&DOFXODWH WKHUPLVWRU V DYHUDJH UHVLVWDQFH

$V PHQWLRQHG LQ WKH WRS RI WKH FR®HVZH ZLOO VDPSOF
WR JHW D EXQFK RI VDPSOHV $ VOLJKW GHOD\ LY DGGHG W
DQDORJ5HDG IXQFWLRQ VDPSOH SURSHUO\

IR W QIW L 6$03/(B180%(5 L
N

DGF6DP S O\RIBKBGPLVWRHBICQIURP SLQ DQG VWRUH
GHOD\ ZDLW PLOOLVHFRQGYV

7KHQ ZH ZLOO VLPSO\ DYHUDJH DOO Rl WKRVH VDPSOHV XS
PHDVXUHPHQW

IR W QIW L 6$03/(B180%(5 L

N

DGF$YHUDJH DGFaDEFE OWV>V@PSOHV XS
DGF$YHUDJH 6$03/(B180%(5DYHUDJH LW Z GLYLGH

+HUH ZH FDOFXODWH WKH WKHUPRQWRUNV UHVLVWDQFH XVL
GLVFXVVHG LQ WKH DUWLFOH
U7/KHUPLVWRU %$/$1&(B5(6,6725 0$;B$'& DGF$YHUDJH

+HUH LV ZKHUH WKH %HWD HTXDWLRQ LV XVHG EXW LW LV (
IURP ZKDW WKH DUWLFOH GHVFULEHV 'RQ W ZRUU\ ,W KDV
DOJHEUDLFDOO\ WR JLYH D EHWWHU ORRNLQJ IRUPXOD
WR WU\ WR PDQLSXODWH WKH HTXDWLRQ IURP WKH DUWLFC
EHWWHU DW DOJHEUD $QG LI QRW MXVW XVH ZKDW LV VKR
IRU JUDQWHG RU LQSXW WKH IRUPXOD GLUHFWO\ IURP WKH
DV LW LV VKRZQ (LWKHU ZD\ ZLOO ZRUN

W.HOYLQ  %(7$ 5220B7(03

%(7$ 5220BAJDRHUPLVWRU 5(6,6725B5220B7(03

, ZLOO XVH WKH XQLWV RI §HOVWXLWR LQGLFDWH WHPSHUL

MXVW VR , FDQ VHH WKH W\SLFDO URRP WHPSHUDWXUH ZK|

&HOVLXV ZKHQ , ILUVW WU\ WKH SURJUDP RXW , SUHIHU )L

, OHDYH LW XS WR \RX WR HLWKHU FKDQJH WKLV IXQFWLRQ

DOQRWKHU IXQFWLRQ ZKLFK FRQYHUWY EHWZHHQ WKH WZR )
W&HOVLXYV W.HOFRQYHUW NHOYLQ WR FHOVLXYV

UHWWEBRBOVLEXNWXUQ WKH WHPSHUDWXUH LQ &HOVLXYV
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EDVHG VROXWLRQ IRU PRQLWRULQJ D IOHHW RI HGXFDWI

HITLFLHQF\ 6HQVRUV
X %OXPHQIHOG 3 & 6RORZD\ ( ODU[ 53DQ@IDQMVAINJ -$

ORWLYDWLQJ SURMHFW EDVHG OHDUQLQJ 6XVWDLC

OHDUQLQJ (GXFDWLRQDO 3V\FKRORJLVW *
X %URJDQ O *DODWD % 7KH 9HU\VFKRRPDIWR MHFW
VFKRRO LOQOWHOOLJHQW ,62 HQHUJ\ PDQDJHPHQW

EXLOGLQJV yQ 3URFHHGLQJV RI WKH 6SHFLDO 7UDFNV
,QWHUQDWLRQDO &RQIHUHQFH RQ $UWLQGRIO W,IQRDNOOL

$.%, %D\RQQH )JUDQFH 6HSWHPEHU Ss
$YDLOPW®@H FHXU ZV RUJ 9RO SDSHU SGI
X %URZQ $ / '"HVLJQ H[SHULPHQWYV 7KHRIUHWHRM O DQ

LQ FUHDWLQJ FRPSOH[ LOQOWHUYH@®WURDQY RY) WEBV VHIRRPL

6FLHQFHV

x &DLQH 5 1 DQG &DIDMNL QY &RQQHFWLRQV 7HDFKLQJ DQH
%UDBQH[DQGULD 9% $VVRFLDWLRQ IRU 6XSHUYLVLRQ DQ

(XURSHDQ (QYLURQPHQW $JHQF\ $QQXDO UHSRUW

IXI[HPERXUJ 3XEOLFDWLRQV 2IILFH RI WKH (XURSHDQ

x *DLWDQL 1 &DVHV [/ ODVWUDSRVWROMWKMH :(DLRRRXOR X
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