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xy_pool :: Tube

maxlength :: Int

:: Dnastrand
:: Dnastrand
:: Dnastrand
:: Dnastrand

combine :: Tube -> Tube
combine t = lig
              (un
                (lab
                  (cut
                    (extr t
                    ’restriction enzym
                  ’-P’
                  5)
                (cut
                  (extr t
                  ’restriction enzym
              maxlength

splicingop :: Tube -> Tube
splicingop t = un
                 (un
                   (extr

                     (combine t)

                 t

                   (extr

                     (combine t)

splicingop xy_pool
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                                          (mel (splicingop t1)))

                                        (un
                                          (mel

                                                  (un
                                                    (filter_f2 (splicingop t1))
                                                    (filter_f3 (splicingop t1)))

                                              ’+B’

                                                  (filter_f4 (splicingop t1)))
                                                (filter_f5 (splicingop t1)))

                                                (un

tail (x:xs) = xs

f_sense :: [Char] -> [Char]
f_antisense :: [Char] -> [Char]

head :: [[Char]] -> [Char]
head (x:xs) = x

tail :: [[Char]] -> [Char]

tt6 :: Tube -> Tube -> Tube -> Tube -> Tube -> Tube

next_loop :: Tube -> Tube -> Tube -> Tube -> Tube -> Tube -> Tube
next_loop t1 t2 t3 t4 t5 [] = tt6
                                (distr_t1 t1 t2 t3 t4 t5)
                                (distr_t2 t1 t2 t3 t4 t5)
                                (distr_t3 t1 t2 t3 t4 t5)

tt6 t1 t2 t3 t4 t5 = next_loop t1 t2 t3 t4 t5 (filter_f6 t1 t2 t3 t4 t5)

next_loop t1 t2 t3 t4 t5 t6 = t6

                                (distr_t4 t1 t2 t3 t4 t5)

XBSG Y

Xα Z
XβZ

all elements from A

                                (distr_t5 t1 t2 t3 t4 t5)

, each encoded by

             (axioms (tail l))

i

for T

for T(i mod 5)+1

((i+2) mod 5)+1for T

((i+1) mod 5)+1for T

((i+3) mod 5)+1for T

(i mod 5)+1from T

((i+1) mod 5)+1from T

((i+2) mod 5)+1from T

((i+3) mod 5)+1from T

               maxlength)
                 (syn (f_antisense (head l))))

complementary sense and antisense ssDNA                 (syn (f_sense (head l)))
               (un
             (ann
axioms l = un

6

axioms [[]] = []
axioms :: [[Char]] -> Tube

’, ’Z’’Z’’’])
ZY’’, ’ ’])
ZY’’, ’ ’])
X’Z’, ..., ’ZY

’, ...])
application of the function:

(axioms [’
(axioms [’
(axioms [’
(axioms [’ ’])
(axioms [’

-- functions distr_t2 until distr_t5 analogue
                              (filter_f1 (splicingop t5)))
                                (filter_f1 (splicingop t4)))
                                  (filter_f1 (splicingop t3)))
                                    (filter_f1 (splicingop t2)))
                                      5)
                                      ’-B’
                                        maxlength)

                                              5)

                                            (lab

                                      (ann
                                    (splbl
                                  (un
                                (un
                              (un
                            (un
distr_t1 t1 t2 t3 t4 t5 = tt6
distr_t1 :: Tube -> Tube -> Tube -> Tube -> Tube -> Tube
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F
(i mod 5)+1 ((i+3) mod 5)+1

                                              (un

maxlength

FF

tt6

Z’Z’

F

...

’-B’

((i+2) mod 5)+1((i+1) mod 5)+1

5

5

’+B’

Annealing

Synthesis

Union

Union

SynthesisSynthesis

Melting

Union

Splicing

Labeling

Melting

Operation

Union

Union

Union

Union

Union

Filter Filter

Annealing

Filter

SepLabel

Filter

Union

maxlength

Annealing

Union
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f(X’)

f(Y’α)

F6 = {σi | i=1,...,n}
+

filter_f6 :: Tube -> Tube -> Tube -> Tube -> Tube -> Tube
filter_f6 t1 t2 t3 t4 t5 = splbl
                             (ann
                               (un
                                 (un
                                   ...
                                     (un
                                       (lab (syn (f_antisense B)) ’+B’ 5)
                                       (lab (syn (f_sense B)) ’+B’ 5))
                                     ...
                                   (lab (syn (f_sense Z’’)) ’+B’ 5))
                                 (mel
                                   (un
                                     (un
                                       (un
                                         (un t1 t2)
                                         t3)
                                       t4)
                                     t5)))
                               maxlength)
                             ’-B’
                             5

F3 = Y’α{X’@ }

Y’α Y’β{B,α β, , X, X’, Y, Y’, , , Z, Z’, Z’’},VG

all elements from

each encoded by complementary sense and
antisense ssDNA

filter_f5 t = extr t (f BY)
filter_f5 :: Tube -> Tube

5F

β                (f Y’)
                (extr t (f X’))
filter_f4 t = extr
filter_f4 :: Tube -> Tube

βf(Y’

f(X’)

)

=4F {X’@ βY’

α
β

β

                  (f Y’))
                  (extr t (f X))
                (extr
                  (extr t (f X )))
                    (extr t (f X )))
                        (f Y’))
                        (extr t (f X))
                      (extr
                        (f Y’))α

                        (extr t (f X))

}

                      (extr

                  (un
                (un

                    (un

=

filter_f2 t = un
filter_f2 :: Tube -> Tube

@}

’+B’
5

α

’+B’
5

{@BY}

...

f(BY)

’+B’
5

X@,

’-B’
5

βX

from T1

from T

from T

from T

from T

2

3

4

5

F1 = {X@Y}

filter_f3 :: Tube -> Tube
filter_f3 t = extr
                (extr t (f X’))
                (f Y’)α

X@,Y’, X@=2F {X@ βY’αf(X)

f(Y)

filter_f1 :: Tube -> Tube
filter_f1 t = extr
                (extr t (f X))
                (f Y)

,

f(X)αf(X)βf(Y’)αf(Y’f(Y’) β )

Y’

Labeling

Union

SepLabel

Union
Synthesis

Extraction Extraction Extraction Extraction

Labeling

Synthesis

Melting

Union

Extraction

Extraction

f(X)

Union

Union

Union

Union

Extraction

Extraction

Extraction

Union

Union

Annealing

maxlength

Synthesis

Labeling

Union

Union

Extraction

Extraction

Extraction

Extraction
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×PÞ®ë�ÝOä�æ N�Ù¨çOÛ[øYÙXÚ�çOæEë�æ�ßOæ
äiØ[Ü�ÞÉÚ�æ�äiØ³Ú¨æ�ìVÜ®ÛMÛ�åÈåOäiØ³á�Ú¨Þ®Ù¨æ
ìVÞÉß.E 8 ÝOßMÚ�ÞÉÜCE�L�í��gØ[á#ç*Þ®Ú¨æ�ä#Ø[Ú¨æ
ì
Ü®ÛQÛfå²Þ®ß#E B é L�4 �[D a_a a D n�ç5Ø³ÙXã5æ
æ�ßVÞ®ßOÞ®Ú¨Þ¹Ø[Ü®Þ���æ�ìøYÞ®Ú�ç²Ú�çOæsØ��MÞÉÛfâIÙ�àJä�Û�â Ú¨çOæIØ³á�á�Û�ä�ìOÞ®ßOë�Ù¨æ�Ú
^ B æ�ßOá�ÛMìOæ
ìeãMüVØ[åOå@ä¨Û�å@ä¨Þ¹Ø[Ú�æ�ÝOßOÞ®ûMÝOæ�ýdó}þ ìOÛ�ÝOã@ÜÉæÙ¨Ú�äiØ[ß@ìOÙ?íÈöYçOæIæ�ß@á�ÛMìOÞ®ßOë²Þ®ÙXì@Û�ßOæãQü
Úbø�ÛVÛfßOæ�Ú¨ÛVÛfßOæàJÝOßOá�Ú�Þ®Û�ßOÙ����������	���*Ø[ßOì
����������������	����Ú�ç5Ø[Ú�åOä�ÛMìOÝOá�æá
Û�âIå@ÜÉæ
âIæ�ßMÚiØ³ä¨ü
Ù¨Þ®ßOëfÜÉæ�Ù�Ú¨ä#Ø[ßOìOæ
ìeýdó}þ)Ù�Ú¨ä�ÞÉß@ë�Ù�àJä�Û�â Ø[ßMü H ^AB�Ø[ßOìÈàJä¨ÛfâïØ³ßQü H �Yí�öYçOæ�ã/ÛQì@ü²Û³àÆæ?Ø³á#ç
Þ®Ú¨æ�ä#Ø[Ú¨æ
ìÜ®ÛQÛfå�ÞÉÙYá
Û�âIå/Û�Ù�æ�ì�ãMüIÙ¨Ú�æ�åOÙ�Ù¨å@ÜÉÞ®á�Þ®ßOë/é �5Ü®Ú¨æ�ä�Þ®ßOë5éOØ³ßOì�ìOÞ®Ù¨Ú¨ä�Þ®ãOÝOÚ¨Þ®ßOë/í,�gØ³á#çÙ¨åOÜ®Þ®á�Þ®ßOë
Ù¨Ú�æ�åVæ��Mæ�á�ÝOÚ�æ�ÙEÚ¨çOæ�Ù�åOÜ®ÞÉá
ÞÉß@ëIÛ�å/æ�ä#Ø[Ú¨Þ®Ûfß Ø³á�á�Û�ä�ìOÞ®ßOëIÚ�Û ��B}Ø[Ú�âIÛfÙ¨ÚYÛ�ß@á�æ�íEöYçOæEÙ¨ÝOãOÙ�æ�ûMÝOæ�ßMÚ
�5Ü®Ú¨æ�ä�Þ®ßOëÅÙ�Ú¨æ�å-åOä¨æ
å5Ø[ä�æ�Ù�ÞÉß æ?Ø[á#ç EWBaá
Û�åOÞ®æ�ÙÛ[àaÚ�çOÛ�Ù�æ²ýdó}þ Ù�Ú¨ä#Ø[ßOìOÙØ³á�á�Û�ä�ìOÞ®ßOëÅÚ�Û �5Ü®Ú¨æ�ä
å5Ø[Ú�Ú¨æ�ä�ßOÙ �  é � �47LqÙ¨æ�å/Ø[äiØ³Ú¨æ�Ü®üMí�þdÜ®ÜOåOä¨æ
å5Ø[ä�æ�ìý}ódþFÙ¨Ú�äiØ³ßOìOÙgâ�Ø[Ú¨á#çOÞ®ßOë��  Ø[ä�æYìOÞ®Ù¨Ú¨ä�Þ®ãOÝOÚ¨æ
ì
Ú¨Û7E  í0� N�æ��MÚ¨ä#Ø[á�Ú�ÙaÚ�çOÛ�Ù�æIý}ódþ)Ù¨Ú�äiØ³ßOìOÙEä¨æ�åOä�æ�Ù¨æ
ßQÚ�Þ®ßOë Ø³ßÅØ[ä�ãOÞ®Ú¨äiØ³ä¨üø�Û�ä�ì,H >(���]�ðØ³ßOì
á�Û�Ü®Ü®æ�á�Ú�ÙXÞ®Ú}Þ®ß7E�N�ídöYçOæEÞ®Ú¨æ�ä#Ø[Ú¨æ
ìVÜÉÛMÛfåOÙ}Û³à�öYö��Ú�æ�ä¨âÞÉß/Ø[Ú¨æEØ[Ù}Ù�ÛMÛ�ßVØ[ÙðØ³ß Ø³ä¨ãOÞ®Ú�äiØ[ä�ü�ø�Ûfä¨ì
H > �3����æ��MÞ®Ù¨Ú�ÙaÞ®ß E�N�íÈöYçOæIá;Ø[Ù¨æb> �3����4P/�Ü®æ?Ø[ì@ÙaÚ�Û²Ø�ßOÛfßQÚ�æ�ä¨âÞ®ß5Ø[Ú�ÞÉß@ë�å@ä¨ÛMá�æ�Ù�Ù?í*öYçOÞ®Ù
á�Û�ß@Ù¨æ�ûMÝOæ�ß@á�æ�á�Û�Þ®ßOá
ÞÉì@æ�ÙYÚ¨ÛIØEÚ�æ�ä¨âÞÉß/Ø[Ú¨Þ®ßOë»åOä¨Ûfå5æ�ä�ÚbüIÛ³àBå@ä¨Û�ëfäiØ³âIÙgøYÞ®Ú¨ç�â�ÝOÚ�Ý5Ø[Ü/ä¨æ
á�ÝOä¨Ù�Þ®Û�ß�í

� 	ÀÒ�ÏIÕ�";Ô��=Ö�Ò�Ï��

öYçOÞ®ÙXå5Ø³å5æ�ä»ÞÉâåOÜ®Þ®æ�ÙðØ�å@ä¨Û�å/Û�Ù#Ø[ÜgÚ�ÛÚ¨ç@æ�ìOÞ®Ù¨á�ÝOÙ�Ù¨Þ®Û�ßÅØ³ã5ÛfÝOÚXìOÞ®Ù�Ú¨ä¨Þ®ãOÝ@Ú¨æ�ìVÙ�åOÜ®ÞÉá
ÞÉß@ë�Ù�üMÙ¨Ú¨æ
âIÙ?í
öYçOæ�Û�ã � æ�á�Ú¨Þ®èfæ�ÙXÜ®æ?Ø[ì@ÞÉß@ëIÚ¨Û�Ú�çOæaì@æ�è�æ�Ü®ÛfåOâIæ�ßMÚdÛ[àYöYö��Þ®ßOá�Ü®ÝOìOæEÚ¨ç@æ�á�Û�âåOÜ®ÞêØ³ßOá�æ�øYÞ®Ú¨ç ���
ãMü Ø�á
Û�ßOÙ�ÚiØ[ßMÚEßMÝOâ�ã5æ
äXÛ[àYÚ¨æ�Ù�Ú�Ú¨ÝOã/æ�Ù#�T>��é=ãMü ØßOÛfßOæ��MÚ¨æ
ßOìOæ�ìFýdó}þ)Ù�Ú¨ä�ÝOá�Ú¨Ý@ä¨æ�éYØ[ß@ìVãQü
Ø[ß*æ �Iá�Þ®æ�ßMÚXìOæ
ä¨Þ®è�Ø[Ú�ÞÉÛfßÛ[à�á�Û�âåOÜ®æ��MÞÉÚbüÚ¨çOæ
Û�ä¨æ
Ú¨Þ®á?Ø[Ü�ä¨æ
ÜÉæ
è�Ø[ßMÚ�Ù¨üMÙ¨Ú�æ�â å5Ø[ä#Ø[âIæ
Ú¨æ�ä�Ùðì@ÞÉä�æ�á�Ú�ÜÉü
àJä¨Ûfâ Ú�çOæYë�ä#Ø[âIâ�Ø[ä;í ��æ
Ú .��ã/æYÚ¨ç@æ}Ù¨æ
ÚgÛ[à�Ú¨æ�ä�âIÞ®ß5Ø³Ü�Ù¨üMâ�ã/Û�Ü®Ù1Ø³ßOìs� �Ú�çOæYÙ¨æ�Ú�Û[à�ë�äiØ³âIâ�Ø[ä
åOä¨ÛMìOÝ@á�Ú¨Þ®Û�ß@Ù?éMÚ¨ç@æ�ß�öYö�dä¨æ�ûMÝOÞ®ä¨æ
Ù��!� � ������� � .�� � �1Ø��MÞÉÛfâIÙ�Ø³ßOì�Ù¨åOÜ®Þ®á�Þ®ßOëdä¨ÝOÜ®æ�ÙgÞ®ßOì@æ�å5æ
ßOìOæ�ßMÚ
Û[àgÚ¨ç@æðßMÝOâ�ã/æ�ä�Û[àgßOÛfßQÚ�æ�ä¨âÞ®ß5Ø[Ü/ë�ä#Ø[âIâIØ³ä=Ù¨üMâ�ã5ÛfÜ®Ù?í

öYö�dÞ®Ùgá�Û�ß@Ù¨Ú¨ä�ÝOá�Ú�æ�ì�øYÞÉÚ�çaä�æ�ëQØ³ä¨ìÚ¨ÛaØdåOä#Ø[á�Ú�ÞÉá;Ø[ãOÜ®æYÞ®âIåOÜ®æ�âæ�ßMÚiØ³Ú¨Þ®Û�ß�Þ®ßaÚ�çOæYÜ¹Ø[ã/Û�ä#Ø[Ú¨Ûfä¨üMí
öYçOæXìOÞ®Ù�Ú¨ä¨Þ®ãOÝ@Ú¨Þ®Û�ßÛ[à�ýdó}þ-Ù¨Ú¨ä#Ø[ßOì@Ù}ã/æ�Úbø�æ
æ�ß²Ú�æ�Ù¨ÚdÚ¨ÝOã/æ�ÙdÞÉÙYÛfä¨ëMØ[ßOÞ���æ�ì�Þ®ß�ØEøYØ;ü�Ú¨ç/Ø[ÚYâIÞ®ßMõ
Þ®âIÞ���æ�Ù�Ú¨ç@æ�ßQÝ@â�ã5æ�ädÛ[àYÚ¨ä#Ø[ßOÙ°àJæ�ä¨ä�æ�ìeýdódþ Ù�Ú¨ä#Ø[ßOìOÙ;í ��æ�üfÛ�ßOìVÛfßOÜ®üIà3æ�øÀÙ¨Ú¨ä#Ø[ßOì*ìOÝOå@ÜÉÞ®á?Ø³Ú¨æ�Ù
Ø[ä�æ}ßOæ�á
æ�Ù¨Ù#Ø[ä¨üÚ¨ÛEå5æ
äbàJÛfä¨â)Ø[Ü®Ü �5Ü®Ú�æ�ä¨Þ®ßOëaØ³ßOì�ìOÞ®Ù¨Ú�ä¨Þ®ãOÝOÚ�Þ®ßOëXåOä�ÛQá
æ�Ù¨Ù�æ�Ù?í�öYçOædßQÝ@â�ã5æ�ä=Û³à1ý}ódþ
ìOÛ�Ý@ãOÜ®æaÙ�Ú¨äiØ³ßOìOÙXÚ�ç5Ø[Ú�ç5Ø;èfæaÚ�Û�ã5æIØ;è�Ø³ÞÉÜ¹Ø³ãOÜ®æ}Þ®ßOÞ®Ú¨Þ¹Ø[Ü®Ü®üIÞ®Ù�æ�ûMÝ5Ø³Ü1Ú�Û�Ú¨çOæ�ßMÝOâ�ã/æ�ä}Û³àÆØ �MÞ®Û�âÙ?í
öYçOæ}Ûfå5æ
äiØ[Ú�Þ®Û�ßOÙgì@æ��5ßOæ�ìÞ®ßaÚ�çOæ}Ù�å5æ�á
Þ �/á?Ø[Ú�ÞÉÛfßIÛ³àqýdó}þ õ ���
	��
��� �sØ³ä¨æYã5Ø³Ù¨æ�ìÛ�ß�Û�ã@Ù¨æ�ä�è�Ø[ãOÜ®æ
åOä¨ÛMá�æ
Ù¨Ù¨æ
ÙXÞ®ß�Ú�çOæXÜ¹Ø[ã/Û�ä#Ø[Ú�Û�ä¨üMí=öYçOæXæ��Qå/æ�ä�ÞÉâæ�ßMÚiØ³Ü�åOäiØ³á�Ú¨Þ®á?Ø³ãOÞ®ÜÉÞ®ÚbüÛ[à1æ;Ø[á#çÙ¨Þ®ßOëfÜ®æðÛfå5æ
äiØ[Ú�Þ®Û�ß
øÆØ³ÙYÙ¨çOÛ[øYßPí

� �5�>�YÑ���ÏIÕ����

����� �Yí - Ù¨ÝOç/Ø � õ���Ø[ä � Ý�é��XíO×@ä¨æ
ÝOßOì�é �gí+"XØ³ä¨Þbé���íOô��Ø³ÝOß�í5ýdódþ á�Û�âåOÝOÚ¨Þ®ßOë»ã5Ø[Ù�æ�ìÛ�ß�Ù�åOÜ®ÞÉá õ
Þ®ßOë/úgÝOßOÞ®èfæ�ä¨Ù#Ø[Ü®Þ®ÚbüIä¨æ
Ù¨ÝOÜ®Ú¨Ù;í����Gj;i � j"!$#&%'�)(
r+*Dn+n�,.-0/1��-<i2% 3Ai5476'k�l8� j<n:9;%]j;i!j<k�l8,cr<% n�=�é
+�Ø;øÆØ³ÞÉÞbé � c[c> � �gí +}Ý@ßQÚ�æ�ä?é öXí,�Yí "�Ü®æ�Þ®ß�é�æ�ìOÙ?íd�
é �VÛ�ä�ÜÉìFîMá
Þ í�ô=ÝOãOÜbí®éYîMÞ®ßOëQØ³å5Ûfä¨æ�é�å�í
� �[c2> � c �Oé��_c[c[

�dN � �Yí - Ù�ÝOç5Ø � õ?��Ø³ä � é��gíc"XØ³ä¨Þbé���íMô��Ø[ÝOßPíMö1æ
Ù¨ÚYÚ¨Ý@ã5æ�ìOÞ®Ù¨Ú�ä¨Þ®ãOÝOÚ�æ�ì�Ù¨üMÙ¨Ú�æ�âIÙYã/Ø[Ù¨æ
ì�ÛfßIÙ�åOÜ®ÞÉá õ
Þ®ßOë/í1@Ajok�l�,vr3p2�)(A-<n�B�*$C#éMè�ÛfÜ í��,nX�TND> 
[�
éMå�íGN�� �#õEN 
>NOé�� c[c>

�	
 � - í�×@æ�ä�ä¨æ�Ú�Ú¨Þbé+��í8EÈØ[ÝOä�Þ éPî�í�"�Û�ã5Ø;üMØ[Ù�çOÞbé�öXí	F�Ûfò�Û�âÛ�ä�Þ í+Bdß*Ú¨çOæ�Ý@ßOÞ®è�æ�ä�ÙiØ[Ü®Þ®ÚbüÛ³à ôPÛ�Ù�Ú
Ø³ßOìXÙ¨å@ÜÉÞ®á�Þ®ßOëdÙ¨üMÙ¨Ú�æ�âIÙ;íG���Gj;i ��4Kp!i!j<n�BHC[n)r�p2�
n��I@Aj0/�/J�IKCn�%�L;p �M(M-0/.NO-<i)P�%]n)pQ(�-<n�BR@Aj<k�l8,�S

� N



r -<r %]j<n ( éfè�ÛfÜbí � ��é[å�í�� ND> N �@éGE�æ�Ú �fé � c[c �Oé�Ø³ßOì���P+p!j��Fpqr %]i)-G/1@Ajok�l�,cr�p2��4Ki2%��¹éfè�ÛfÜbí N 
��>�TN[�
é
å�í � n��D> � � �Oé N4� �4�

� � � �»í5×@ä¨æ�ÝOß@ì�é �gí)"XØ[ä¨Þbé���í�ô��Ø³ÝOß�í5ýdódþ á
Û�âIå@ÝOÚ¨Þ®ßOëEã5Ø[Ù�æ�ì*Û�ßÙ�åOÜ®ÞÉá
ÞÉß@ë5ú�Ú¨çOæEæ��MÞ®Ù¨Ú�æ�ßOá�æ
Û³à1ÝOßOÞ®èfæ�ä¨Ù#Ø[Ü�á
Û�âIå@ÝOÚ¨æ�ä�Ù?í���P)p[j��Q6�j"! @Aj<k�l8,cr<% n�=�4	62( r3p;kA(�éMè�ÛfÜbí 
[NOéMåPíG[c2> ���_NOé�� c[c>c

�Kn �aô=í/×Oä�ÞÉÙ�á�Û5é���í�EØ³ÝOä¨Þbé - í5×@æ�ä�ä¨æ�Ú�Ú¨Þbí�îMÞ®â�ÝOÜ¹Ø[Ú�Þ®ßOëXö=ÝOä¨Þ®ßOëâ�Ø³áiç@ÞÉß@æ�ÙYÚ¨çOä�Û�ÝOëfçæ��MÚ¨æ
ßOìOæ�ì
â +ÅÙ¨üMÙ�Ú¨æ�âÙ?é @Aj<k�l8,cr<% n�=�� %]r PA9;%]jGS<N#j0/ p!i ,�/_pQ(Q����P)p!j��Q6A-on�B���	!l+p2�Q%]kspqn+r'(��<��í�ô �Ø[ÝOß�é
æ�ìPí �
éOîMåOä�ÞÉß@ë�æ�ä°õ?�gæ
ä¨Ü¹Ø[ë/éOîMÞ®ßOëQØ³å5Ûfä¨æ�é@å�íGN[N��)> N 
 �@é �_c[c �

�d �XöXí>+}æ?Ø³ì�íM×OÛfä¨â�Ø³ÜMÜêØ³ßOë�Ý/Ø[ë�æYÚ�çOæ�Ûfä¨üIØ[ß@ì�ýdó}þEúQØ³ßIØ[ß5Ø³ÜÉüMÙ�ÞÉÙ�Û[à�Ú¨ç@æ}ë�æ
ßOæ�äiØ³Ú¨Þ®è�æ�á?Ø³å5Ø[á õ
Þ®ÚbüIÛ³à1Ù�å5æ�á
Þ �/áaä�æ�á�Û�â�ã@ÞÉß/Ø[ßMÚ�ã/æ�ç5Ø;èMÞ®Û�ä�Ù?í	9 ,�/�/_pqr %]n7j !xr P+p$NO-<r P+p;k -or<%]i)-0/89;%]jG/_j =�6[éOèfÛ�Übí
� cG�T>��éMå�í�� 
��D> � n>cOé�� c ���

� � �XöXíC+}Þ®ß���æfé EVí1î¢Ú¨ÝOä�â²í�þ�ÝOßOÞ®è�æ
ä¨ÙiØ³Ügà3ÝOßOá�Ú�ÞÉÛfß5Ø[Ü�Ø[åOåOä�ÛQØ³áiç�Ú¨Û²ýdódþ)á�Û�âåOÝOÚ�ÞÉß@ëÂØ³ßOì
Þ®Ú¨Ù�æ��Må/æ�ä¨Þ®âIæ
ßQÚ#Ø[Ü�åOä#Ø[á�Ú�Þ®á?Ø[ãOÞ®Ü®Þ®ÚbüQí����Fp ���Fjqi!p!p)B�%]n�=G(�
<r P��$C?N *5@I4�bj����0("P+j l jon����;*
9;-G(
p)B:@Ajok�l�,vr3p2�)(�é��}ßOÞ®è�æ
ä¨Ù¨Þ®ÚbüÛ[à �qæ�Þ®ìOæ�ß�é ��æ�Þ®ìOæ
ß�éOöYçOæ�ódæ�Ú¨çOæ
ä¨Ü¹Ø[ßOì@Ù?é/å�í*N n��@é N �4�4�

�	� � ��íc" Ø³ä¨ÞbíMý}ódþ á�Û�âåOÝOÚ�ÞÉß@ë5ú�Ú�çOæXØ[ä¨ä�Þ®è�Ø[Ü/Û[à1ã@ÞÉÛfÜ®Û�ë�Þ®á?Ø³ÜOâ�Ø³Ú¨çOæ
â�Ø[Ú�Þ®á�Ù?í���P+psk5-<r P+p;k -or�S
%]i)-0/�C[n+r3pQ/'/J% =opqn)i[p2��éMèfÛ�Übí �_cG� N[��é �_c[c �

�dc � �Yí �PØ[ÝOßPéC"sí��/í �Yæ�ì@ìOüQí��Væ
ÚaÙ�åOÜ®ÞÉá
ÞÉß@ëÙ¨üMÙ¨Ú�æ�âIÙ;í ���Gj;i!p!p B�%]n�=0( j ! r P+p��.�"B��$C�N *5@I4
�bj����0("P+j!l jon���� * 9 -0( p)B
@Ajok�l�,vr3p2�)(�é �dßOÞ®è�æ�ä�Ù¨Þ®ÚbüVÛ[à}ôPæ�ßOßOÙ�üQÜ®è�Ø³ßOÞ¹ØOéPå�í � �,nD> � N>Oé
�_c[c��

��� � � - íGEØ³ä¨Ú¨Þ®ßMõ��}Þ®ìOæfé���í[ô��Ø[Ý@ß�í - ÛMÛ�å/æ�äiØ³Ú¨Þ®ßOëdìOÞ®Ù¨Ú¨ä�Þ®ãOÝOÚ¨æ
ì�Ù¨åOÜ®Þ®á�Þ®ßOë}Ù�üMÙ¨Ú¨æ
âIÙ?í��.��*$,cr3j<k5-<r -
� -<n�=�,�- =opQ(5-<n�B @Aj<k�� %]n�-<r3j��Q%]i (�éMè�ÛfÜ í �W� �_��éMå�í 
D> � @é � c>c[c

������� ��í�ô��Ø³ÝOß�é
��í:�YÛ ��æ�ßMã5æ
ä¨ë5é(þEíîOØ[Ü®Ûfâ�Ø�Ø@í�ý}ódþ - Û�âåOÝOÚ¨Þ®ßOë/í��Wp � @Ajok�l�,cr<%]n�=
��-��"-�B�% =okA(�éOîMå@ä¨Þ®ßOë�æ
äbõ��gæ�ä¨Ü¹Ø³ë5é � c>c �

��� N �$F�í�îOØ[ò�Ø³òMÞÉã/Ø[äiØ@í?îMå@ÜÉÞ®á�Þ®ßOë/é[Ú¨ä�æ�æYÙ¨å@ÜÉÞ®á�Þ®ßOë/é�Ø[ß@ìaâ�ÝOÜ®Ú�ÞÉå@ÜÉæ�Ù¨åOÜ®Þ®á�Þ®ßOë5é��bj����0("P+j!l jon N#jG/_p!iQS
,�/J-��5@Aj<k�l8,cr<% n�=�é - ç@æ�ßOß5Ø³Þ é �bß@ìOÞ¹ØOéZ�]"�íc"�ä¨Þ®Ú�çOÞ®è�Ø[ÙiØ³ß�é��Xí��}Ø³â�Ø@é?æ
ìOÙ?íd��é@å�í��[D> c nOéMý}æ õ
á�æ
â�ã5æ�ä �_c[c �

��� 
 �XöXí	F�Û�ò�ÛfâIÛfä¨Þbé�î�í�"�Û�ã5Ø;üMØ[Ù�çOÞbé - í�×@æ�ä�ä¨æ�Ú�Ú¨ÞbítBdß�Ú¨çOæ�å/Û[ø�æ
äaÛ³àÆá�Þ®ä�á�ÝOÜ¹Ø[äXÙ�åOÜ®Þ®á�Þ®ßOë�Ù¨üMÙbõ
Ú�æ�âIÙ}Ø³ßOìý}ódþ á�Û�âåOÝOÚ#Ø[ãOÞ®Ü®Þ®ÚbüQé�C!����� C[n+r3p2�
n���@AjonQ!Q�Ajon���L;jG/J,cr %]j<n�-��Q6 @Aj<k�l8,cr<% n�=�é
�bßOì@ÞêØ³ß5Ø[å/Û�Ü®Þ®Ù?éfå�íGN�� c2>GN[Nb�5é�� c[c �

���^� � - í�"�Ø³ßOìOä¨Ûfß�é - íg×Oæ
ä¨ä¨æ
Ú¨Ú¨Þbé ��í EØ[ÝOä�Þbí=þ"ä�æ�ìOÝOá�æ
ì±ìOÞ®Ù�Ú¨ä¨Þ®ãOÝ@Ú¨æ�ì(Ù¨å@ÜÉÞ®á�Þ®ßOëVÙ�üMÙ¨Ú¨æ
âùàJÛfä
���VÜ¹Ø[ß@ë�Ý5Ø³ë�æ�Ù;í��bß:��í/ô��Ø[ÝOßØ³ßOìIþEí5îOØ³ÜÉÛfâ�ØfØOé[æ�ì@ÞÉÚ�Û�ä�Ù?é#� p!iqr ,��Gp��ej<r3pQ(A%]n @Aj<k�l8,cr�p2�
4Ki2%]p;n+i!p?éPè�ÛfÜbí � N�� �Oé/å�í�
`� 2> 
[[@í5îMå@ä¨Þ®ßOë�æ
äA�gæ�ä�ÜêØ³ë5é��æ
ä¨Ü®Þ®ß�é +dæ�Þ®ìOæ�Ü®ã/æ�ä¨ë/é=ó}æ�ø F�Ûfä¨ò�é
�_c[c��

� 



