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!'#-(7$ ,-$ I/&-0$ 35,#-5#8&R!& 'ERC'E(%& !=4654>5.7& :22?17@@,86%83;@'S%'S'W@*'VWSC

'V)E^(X_S'S') CR&

#8,; .31/&G%&!%&'()W%&U6236J694268-&6-:6>62831&6-&4;36905203.%&D*>'-&/$*E$@-+,'*-6#-0&/$35,#-5#$W$

%#&/0"8$I&'0$<:$@-+,'*-6#-0&/$35,#-5#$W$@-),-##',-)8&R'!&XS'CXRR%&



X8C/8+9'#$"D!

! "GF!

#z<.3/&D%&Q&*9:6556-;/&G%&'()W%&$:81?:8301&3.e063.<.-21&8J&2:.&A:.42&?54-2&6-&=436801&124;.1&

8J&621&56J.&9+95.%&I/&-0$&-($3*,/8&(' !&RR'CRR(%&!=4654>5.7&'S%'SSX@LKSR')'X)(&

#81./&B%&\%/&$.3M6-1/&]%&Z%/&*4:4/&L%&[%/&N49M18-/&D%&#%/&$4226/&!%&K%/&\4-;/&]%&"%&D%/&F4?;88,/&

[%&$%/&F84,5.+/&!%&K%&!%&Q&"4=4;-438/&\%&#%&RS'W%&!&158A&3.5.41.&-6238;.-&J.326561.3&

?38,09.,&>+&16<0524-.801&;34-054268-&4-,&10?.3:.42.,&12.4<&,3+6-;&8J&03.4&A62:&>38A-&

9845%&F"#6,5&/$ &-($ 4,*/*),5&/$ !#5"-*/*),#7$ ,-$ <)',5>/0>'#8& V%& !=4654>5.7&

'S%'')W@1TSEV)CS'WCSSWRC) &

#811/&N%&!%/&L4+.3/&"%&Z%/&*89:4/&#%&$%/&*89:83/&" %&*%/&K56.3<4-1/&" %&L%/&B9[6-1.+/&$%&"%/&B6556-;1/&

B %&#%/&$:6J.3/&B %&!%/&$8A.55/&[ %&#%/&*.3M6a/&* %&B%/&*4??6-;28-/&K%&"%&Q&\0369M/&" %&]%&

RSSV%&]=4504268-&8J&-420345&4-,&6-C1620&3.<.,64268-&2.9:-858;6.1&J83&4&9845C3.542.,&<.2451&

?50<.%&Z &70#$U&-&)#6#-0$?ZUA$i`g$F*-E#'#-5#/&\0918-&̂!b_/&c-62.,&*242.1/&K.>3043+&

RVCRX%&

#0>6.34/&K%/&!3.-65541/&!%/&K0.-2./&]%/&B65.1/&U%&Q&$61/&N%&N%&'(((%&]JJ.92&8J&2:.&;36-,6-;&>.:4=6803&

8J&9845&>5.-,1&8-&9845&0265614268-&J83&98<>01268-%&I*N(#'$ !#5"-*/*)18 &'SE!&VE'CVEW%&

!=4654>5.7&'S%'S'W@*SSVRCE('S^((_SS'E)C) &

#0, <6-/&B%/&!>,0554+.=/&]%/&#0>4-/&!%/&L0+4M8=/&!%/&Q&*8M28.=/&L%&RS'(%&B.9:4-89:.<6945&

?3.?434268-&8J&158A&3.5.41.&J.32656a.3&>41.,&8-&;54098-62.j 03.4&98<?5.I.1%&U,-#'&/78&(%&

!=4654>5.7&,867'S%VV(S@<6-(S(SESX&

#0<?.5/&"%/&G3882.1/&$%B%/&[ z;.5C[-4>-. 3/&H%&RSS'%&":43492.3614268-&8J&2:.&<6938>645&>68<411&

6-& 56;-62.C98-246-6-;& <6-.& 18651& >+& 34,68943>8-& <.4103.<.-21%&3*,/$ 4,*/*)1$ W$

4,*5"#6,70'1/&VV/&RS'(CRSR'%&

#0<?.5/&"%/&[ z;.5C[-4>-. 3/&H%&RSSR%&\:.&385.&8J&56;-62.&6-&2:.&943>8-&9+95.&8J&56;-62.C98-246-6-;&

<6-.&186517&.=6,.-9.&J38<&943>8-&<6-.345614268-&4-,& :0<69&496,&.I2349268-1%&X')&-,5$

]#*5"#6,70'1 /&VV/&V(Vj V(( %&

*4,5.3/&Z%&l%&Q&*6</&[%&G%&'(('%&#.,09268-&8J&9845CA42.3&<6I203.&98-1612.-9+&A62:&18,4&41:&4-,&

56<.%&F&-&(,&-$D*>6&/$*E$F"#6,5&/$@-),-##',-)8&W(!&'RRSC'RRT%&

*4JA42/& *%& B%& Q& B4224/& B%& ]%& RS')%& !,183?268-& 8J& 03.4& 8-28& ;34-0543& 4926=42.,& 450<6-47& !&

98<?43426=.&120,+&A62:&;34-0543&4926=42.,&943>8-%&D*>'-&/$*E$;,7O#'7,*-$35,#-5#$&-($

!#5"-*/*)18 &V(!&'W(( C'XS(%&!=4654>5.7&'S%'S)S@S'(VRW('%RS')%'TW'WTT&

*4:4/&L%&[%/&$4226/&!%&K%/&#81./&B%&\%/&D8-;/&O%&U%&Z%&Q&"4=4;-438/&\%&#%&RS'(%&!&158A&3.5.41.&

>38A-&9845C03.4&J.326561.3&3.,09.,&;41.801&U&5811&J38<&1865&4-,&6-93.41.,&165=.3&>..2&

+6.5,&4-,&U&0?24M.%&35,#-5#$*E$0"#$!*0&/$@-+,'*-6#-08&WT(!&X(VC)SS%&!=4654>5.7&

'S%'S'W@Y%196282.-=%RS')%S)%'TE&

*4:4/&L%&[%/&#81./&B%&\%/&D8-;/&O%/&"4=4;-438/&\%&#%&Q&$4226/&!%&K%&RS'X%&F+>36,&>38A-&9845C

03.4& J.326561.3& 3.,09.1& -6238;.-& 5811& 98<?43.,& 28& 03.4& 458-.%&35,#-5#$ *E$ 0"#$ !*0&/$

@-+,'*-6#-08&WS'@WSR!&'T(WC'EST%&!=4654>5.7&'S%'S'W@Y%196282.-=%RS'X%SE%RXS&



X8C/8+9'#$"D!

! "GG!

*45<4-a4,.:/&B%/&L45M1/&B%&#%/&F43254-,/&!%&Q&*9:6??.3/&Z%&!%&RS'W%&"4,<60<&4990<054268-&6-&

2:3..&98-234126-;&U.A&b.454-,&18651&A62:&2:.&14<.&?:81?:42.&J.32656a.3&:61283+%&]#*(#'6&$

C#),*-&/8&X!&RX'CRX)%&!=4654>5.7&'S%'S'W@Y%;.8,31%RS'W%SE%SS' &

*45<4-a4,.:/&B%/&*9:6??.3/&Z%&!%/&L45M1/&B%&#%/&F43254-,/&!%/&B0,;./&$%&Z%&Q&Z6225.3/&#%&RS'X%&

\:.&.JJ.92&8J&6336;4268-&8-&94,<60</&034-60</&4-,&?:81?:8301&98-2.-21&6-&4;3690520345&

18651%&<)',5>/0>'#8$ @5*7170#67$ &-($ @-+,'*-6#-08& RTX!& )TC(S%& !=4654>5.7&

' S%'S'W@Y%4;..%RS'X%SW%SR)&

*434:/&!%&G%&Q&#4Y4-6M4-2:/&L%&*%&RS'W%&U8I&3.,09268-&J38<&>68,6.1.5&.I:4012&>+&?541<4&6-,09.,&

8a8-.&6-Y.9268-&10??832.,&>+&56;-62.&A412.&4,183?268-%&9@@@$!'&-7&50,*-7$*-$;,#/#50',57$

&-($@/#50',5&/$9-7>/&0,*-8&RV!&RSSWCRS'T%&!=4654>5.7&'S%''S(@\`]H%RS'W%XEEWTXR&

*43,6/& [%& Q& "162436/& G%& '(()%& $8241160<& J6I4268-& 8J& ,6JJ.3.-2& 1865& 2+?.1& 4-,& -0236.-2& 5.=.51%&

F*66>-,5&0,*-7$,-$3*,/$35,#-5#$W$I/&-0$<-&/17,78&R(!&')TV%&

*43246-/&N%&L%&RS'(%&G**($E*'$0>'E:$3/*N'̂#/#&7#$-,0'*)#-$gP-56-.h%&$.-28-&B.,64&H-9%&!=4654>5.7&

:22?7@@AAA%;380-,1C<4;%98<@<4;@;380-,1{<46-2.-4-9.{J88,{203J{158A3.5.41.@&

g!99.11.,&')&P928>.3&RS'(h%&

*9:855:83-/& #%& '((T%& B42.36451& 4-,& B8,.517& K49.1& 8J& H-2.39454268-& ":.<6123+%&9-: &B055.3C

D43<02:/&D%&Q&*9:855:83-/&#%&^.,1%_&I'*)'#77$,-$9-0#'5&/&0,*-$C#7#&'5"B&̀883,3.9:27&

*?36-;.3%&

*.--4/&!%&B%/&L34;4&,8&"43<8/&N%/&*4-24-4&,4&*65=4/&N%&B%&Q&L82438/&O%&#%&RS'E%&*+-2:.161/&

9:43492.36a4268-&4-,&4??5694268-&8J&:+,38;.5&,.36=.,&J38<&9.550581.&49.242.&41&4&10>12342.&

J83&158AC3.5.41.&U$[&J.32656a.3&4-,&A42.3&3.2.-268-&6-&1865%&D*>'-&/$ *E$@-+,'*-6#-0&/$

F"#6,5&/$@-),-##',-)8&V!&((WC'SSR%&!=4654>5.7&&

:22?17@@,86%83;@'S%'S'W@Y%Y.9.%RS'E%SV%SS)&

*:4=6=/&!%&RSSS%&!,=4-9.1&6-&98-23855.,&3.5.41.CJ.32656a.31%&<(+&-5#7$,-$<)'*-*618&X' !&' CT(%&

!=4 654>5.7&:22?7@@,I%,86%83;@'S%'S'W@*SSWECR''V^S'_X'S'' CE&

*:4=6=/&!%&RSSE%&"8-23855.,&3.5.41.&J.32656a.31%&9-:$9G<$9-0#'-&0,*-&/$Z*'_7"*O$*-$@-"&-5#(^

@EE,5,#-51$G#'0,/,Q#'7/&K34-MJ032/&G.3<4-+%&R)j VS%&

*:6-/&l%CN%&Q&*:.-/&N%&RSSX%&$3.?434268-&8J&9845&15033+&A62:&83;4-69&185=.-21%&F"#6*7O"#'#8&W)!&

V)( CV(V%&

*6<<5.3/&B%/&"64,4<6,438/&Z%/&*9:056-/&#%/&B4,.Y8-/&$%/&#.61.3/&#%/&"50941/&Z%/&D.>.3/&$%&Q&

#8>6-18-/& L%& RS'V%& Z6;-62.& 3.,09.1& 2:.& 1850>6562+& 4-,& ?54-2& 0?24M.& 8J& 94,<60<& 6-&

?41203.54-,1%&@-+,'*-6#-0&/$ 35,#-5#$&-($ !#5"-*/*)18 &TX!&TT(XCTEST%& !=4654>5.7&

'S%'SR'@.1VSV'')4&

*6<8--./&]%&F%&Q&F029:6-18-/&"%&B%&RSSE%&"8-23855.,C3.5.41.&J.32656a.31&J83&=.;.24>5.&?38,09268-&

6-&2:.&.34&8J&>.12&<4-4;.<.-2&?349269.17&\.49:6-;&-.A&2369M1&28&4-&85,&,8;%&%*'0,5>/0>'#$

!#5"-*/*) 18&'E !&VWCTW%&



X8C/8+9'#$"D!

! "G$!

*M8,341/&G%/&[8M838216M81/&$%&Q&*.34J6,80/&B%&RS'T%&"4268-&.I9:4-;.&94?4>6562+&4-,&3.4926=62+&

8J&58AC34-M&9845&4-,&9:431%&F#-0'&/$@>'*O#&-$D*>'-&/$*E$F"#6,70'1/&'R^'_/&VVCTV%&

*<65.M/&N%/&*.,5mu.M/&$%/&[456-4/&B%&Q&[50umM8=m/&B%&RS'E%&P-&2:.&385.&8J&:0<69&496,1‚&943>8I+5&

;380?1& 6-& 2:.& >6-,6-;& 8J& 9:43;.,& 83;4-69& 98<?80-,1%&F"#6*7O"#'#8&'V) !&ESVCE'S%&

!=4654>5.7&:22?17@@,86%83;@'S%'S'W@Y%9:.<81?:.3.%RS'E%SW%S(V&

*8-;/&b%/&l48/&Z%/&N6-;/&"%/&b:48/&k%/&D4-;/&D%&Q&B4/&"%&RS'X%&`3+6-;&>.:4=683&8J&56;-62.&

0-,.3&<6938A4=.&:.426-;%&;'1,-)$!#5"-*/*)18 &VE!&TVVCTTV%&!=4654>5.7&

'S%'S)S@SXVXV(VX%RS'W%'')RETX&

*8-6>43./&P%&P%/&F4.;.3/&\%&Q&K85.+/&*%&K%&RS'S%&*230920345&9:43492.36a4268-&8J&U6;.364-&98451&>+&

k C34+& ,6JJ349268-/&#4<4-&4-,&K\H#&1?.9238198?+%&@-#')18&VE!&EVTXCEVEV%&!=4654>5.7&

:22?17@@,86%83;@'S%'S'W@Y%.-.3;+%RS'S%SX%SRE&

*?.431/&`%&#%/&*4,+/&D%&Q&[61?.32/&Z%&`%&'(('%&!-&6-=.126;4268-&8J&2:.&9:.<6123+&8J&2:.&?83.&

12309203.& 8J& 9845& 6-& 2:.& ?3.1.-9.& 8J& 4& 1A.556-;& 185=.-2& 016-;& 4& -8=.5& ]$#& 2.9:-6e0.%&

<6#',5&- $F"#6,5&/$3*5,#01$;,+,7,*-$*E$G>#/$F"#6,70'18$#. ?36-21&VW!&'RXXC'R)R%$

*?.6;:2/&N%&G%&RSSE4%&":4?2.3&'&C&F61283+&4-,&\.3<6-858;+%&9-:&*?.6;:2/&N%&G%&^.,%_&%&-(.**_$*E$

F*&/$<-&/17,7B&U.A&N.31.+/&c%*%!7&D65.+&Q&*8-1/&H-9%&

*?.6;:2/&N%&G%&RSSE>%&":4?2.3&E&C&$38I6<42.&!-45+161%&9-:&*?.6;:2/&N%&G%&^.,%_&%&-(.**_$*E$F*&/$

<-&/17,7B&U.A&N.31.+/&c%*%!7&D65.+&Q&*8-1/&H-9%&

*?.6;:2/&N%&G%&RSSE9%&":4?2.3&W&C&c526<42.&!-45+161%&9-:&*?.6;:2/&N%&G%&^.,%_&%&-(.**_$*E$F*&/$

<-&/17,7B&U.A&N.31.+/&c%*%!7&D65.+&Q&*8-1/&H-9%&

*?.6;: 2/&N%&G%&RSSE,%&":4?2.3&X&C&$:+16945&$38?.326.1%&9-:&*?.6;:2/&N%&G%&^.,%_&%&-(.**_$*E$F*&/$

<-&/17,7B&U.A&N.31.+/&c%*%!7&D65.+&Q&*8-1/&H-9%&

*?81628/&G%&Q&D.>.3/&N%&F%&'()W%&*83?268-&8J&2349.&<.2451&>+&:0<69&<42.36451&6-&18651&4-,&

-420345&A42.31%&F',0,5&/$C#+,#N7$,-$@-+,'*-6#-0&/$F*-0'*/8&'W!&'(V CRR(%&!=4654>5.7&

'S%'S)S@'SWTVV))WS(V)'XTE&

*24JJ83,/&!%&`%/&$45<.3/&!%&*%/&N.+4M0<43/&$%/&F.,5.+/&B%&N%&Q&!-,.318-/&"%&D%&U%&RS')%&*865&

94,<60<&4-,&U.A&b.454-,&,463+&J43<17&H<?492&8J&A:85.CJ43<&98-24<6-4-2&=4364>6562+&

8-&.-=638-<.-245&<4-4;.<.-2%&<)',5>/0>'#8$@5*7170#67$&-($@-+,'*-6#-08&RET!&R)RCR('%&

!=4654>5.7&'S%'S'W@Y%4;..%RS'X%''%SVV&

*2.=.-1/&`%&$%/&B9540;:56-/&B%&N%&Q&!5128-/&!%&B%&'((X%&$:+2828I6962+&8J&450<6-60<CJ50836,.&

98<?5.I.1& 4-,& 2:.63& 0?24M.& J38<& 1850268-&905203.& >+& !=.-4& 1426=4& 4-,& Z+98?.31698-&

.1905.-20<%&I/&-0$W$3*,/8&'(R !&)' C(V%&

*0-/&N%/&L46/&B%/&*:.-/&N%/&G36JJ62:/&`%&D%&\%/&`.-<.4,/&P%&\%/&F655/&N%/&Z4</&*%&[%/&B816.3/&!%&#%&

Q&":.-/&`%&RS'W%&]JJ.921&8J&56;-62.&4??5694268-&8-&4<<8-64&4-,&-623801&8I6,.&.<61168-1&

J38<& 94225.& ?.-1%&!"#$ 35,#-5#$ XE$ !"#$ !*0&/$ @-+,'*-6#-08&EWE!&'T) C'ET%& !=4654>5.7&

'S%'S'W@Y%196282.-=%RS'W%ST%'EW&



X8C/8+9'#$"D!

! "GH!

*00>.3;/& ]%& B%/& P24M./& l%/& Z4-;-.3/& B%& N%/& Z.0-;/& [%& \%& Q& B65814=5Y.=69/& H%& '((T%& "845&

<4938<85.90543&-.2A83M&12309203.&4-45+1617&*85=.-2&1A.556-;&2:.3<8,+-4<691&4-,&621&

6<?5694268-1%&@-#'1)$W$G>#/78&) !&'RTXC'RWR%&

*a454+/& !%& '(WT%& "4268-& .I9:4-;.& ?38?.326.1& 8J& :0<69& 496,1& 4-,& 2:.63& 6<?8324-9.& 6-& 2:.&

;.89:.<6945& .-369:<.-2& 8J& cPR„„& 4-,& 82:.3& 94268-1%$Y#*5",6,5&$ #0$ F*76*5",6,'&$

<50&8&R)!&'WSEC'W'T%&!=4654>5.7&'S%'S'W@SS'WCXSVX^WT_(SSS(CR&

*a+<4-1M4/&B%/&*a434/&]%/&*81051M6/&\%/&D41/&!%/&O4-&$30611.-/&G%&D%&$%&Q&"83-.5611.-/&#%&Z%&

RS'(%& *230=62.ƒ 4-& 6--8=426=.& J.32656a.3& J38<& 4-4.38>69& ,6;.1242.& ?38,09.,&6-& 4& >68C

3.J6-.3+%&@-#'),#78&'R%&!=4654>5.7&'S%VV(S@.-'RSRSR(W&

\4,381/& \%& K%& RS'E%& ":4?2.3& V&C&]5.9238M6-.269& ?:.-8<.-4& 4-,& a.24& ?82.-2645%&9-0#'E&5,&/$

I"#-*6#-&$&-($F*//*,($30&.,/,01:$4&7,5$I',-5,O/#7B&L.356-/&G.3<4-+7&`.&G30+2.3%&

\4:63/&B%&B%/&[:031:6,/&B%/&[:4-/&B%&b%/&!>>416/&B%&[%&Q&[4a<6/&B%&F%&RS''%&Z6;-62.C,.36=.,&

:0<69&496,&.JJ.92&8-&;38A2:&8J&A:.42&?54-21&6-&,6JJ.3.-2&18651%&I#(*7O"#'#8&R'!&'RTj 'V'%&

\4M4-8:41:6/&\%/&U4M4<034/&[%&Q&H6-8/&B%&'(((%&"8<?02.3&16<054268-&8J&<.2:4-85&1A.556-;&8J&

9845&<85.905.1%&@-#')1$W$G>#/78&'V !&(RRC(RW%&

\ 4M4-8:41:6/&\%/&l4-4;6,4/&\%&Q&H6-8/&B%&'((W%&]I2349268-&4-,&1A.556-;&8J&58AC34-M&98451&A62:&

=436801&185=.-21&42&388<&2.<?.34203.%&@-#')1$W$G>#/78&'S !&''R) C''VR%&

\4-;/&k%/&q64-/&N%/&F04-;/&N%/&D4-;/&F%&Q&b:0/&k%&RSSX%&!??5694268-&8J&2.234:+,38J034-&,61?.314-2&

6-&<6938.<05168-&J83&J4>369426-;&2624-64&<.18?83801&2:6-&J65<%&D*>'-&/$*E$5*//*,($&-($

,-0#'E&5#$75,#-5#/&gHâR_/&??%E)TCE))%&

\4-;/& l%& Q& D4-;/& F%& RS'(%& ]I?.36<.-245& 6-=.126;4268-& 8-& <693812309203.& .=850268-& 4-,&

1?8-24-.801&98<>01268-&?38?.326.1&8J&1.98-,43+&8I6,4268-&8J&56;-62.%&I'*5#77$3&E#01$&-($

@-+,'*-6#-0&/$I'*0#50,*-8&'RT!&'TVC'ES%&!=4654>5.7&'S%'S'W@Y%?1.?%RS'(%S'%SV'&

\.<M6-/& B%& N%& Q& $+a:.=/& O%& '(TS%& #.9.-2& <8,6J694268-1& 28& Z4-;<063& 6182:.3<1%&<50&$

I"17,*5",6B$PC338&'R!&R'Xj RRR%&

\:63<6a63/&B%&b%&!%/&#4:6</&*%/&N4-6/&*%&B%/&H1:4M/&b%&!%&B%&Q&\46>/&#%&B%&RS''%&[.-4JC>412CJ6>.3C

J655.,&>68,.;34,4>5.&?85+^>02+5.-.&10996-42._&98<?8162.17&]JJ.921&8J&J6>.3&584,6-;/&J6>.3&

5.-;2:/& 4-,& <45.42.,& ?85+^>02+5.-.& 10996-42._& 8-& 2:.& J5.I0345& 4-,& 6<?492& ?38?.326.1%&

D*>'-&/$*E$<OO/,#($I*/16#'$35,#-5#8&'RR!&VSEECVSWV%&!=4654>5.7&'S%'SSR@4??%VTSTW&

\:804-,/& G%/& `034-,/& B%& N%/& B405/& !%/& G4-9.2/& "%& Q& L58M/& F%& RS''%& U.A& 98-9.?21& 6-& 2:.&

.=4504268-& 8J& >68,.;34,4268-@?.31612.-9.& 8J& 9:.<6945& 10>124-9.1& 016-;& 4& <6938>645&

6-89050<%&G'*-0,#'7$,-$U,5'*.,*/*)18&R%&!=4654>5.7&'S%VV)(@J<69>%RS''%SS'WT&

\6??6-;/&]%/&L49M.1/&"%&!%&Q&F035.+/&B%&!%&'())%&\:.&98<?5.I4268-&8J&?3828-1/&450<6-60<&4-,&

945960<&>+&4e04269&:0<69&10>124-9.17&!&<8,.5&6-983?83426-;&>6-,6-;C162.&:.2.38;.-.62+&

4-,& <493868-69& .JJ.921%&Z&0#'$ C#7#&'5"8&RR!&E(XCW''%& !=4654>5.7& 'S%'S'W@SSTVC

'VET^))_(SSW'C( &



X8C/8+9'#$"D!

! "GI!

\34-/& F%& U%/& l80/& *%CN%/& F811.6-6CL4-,.;:434.6/& !%& Q& ":48/& F%C$%& RS'X%& B6124M.1&4-,&

6-98-1612.-96.1&3.;43,6-;&4,183?268-&8J&98-24<6-4-21&J38<&4e0.801&1850268-17&!&93626945&

3.=6.A%&Z&0#'$C#7#&'5"8&'RS!&)) C''W%&!=4654>5.7&'S%'S'W@Y%A423.1%RS'X%ST%S'T&

\34-/&[%&\%&"%/&#81./&B%&\%/&"4=4;-438/&\%&#%&Q&$4226/&!%&K%&RS'E%&Z6;-62.&4<.-,<.-2&:41&56<62.,&

6<?4921&8-&1865&<6938>645&98<<0-626.1&4-,&<6-.345&-6238;.-&4=4654>6562+%&<OO/,#($3*,/$

@5*/*)18&(E!&'TSC'ES%&!=4654>5.7&'S%'S'W@Y%4?1865%RS'E%SW%SRS&

\3.6=01/&]%&L%&'((T%&P-&2:.&9:869.&8J&185=.-2&J83&93+124556a4268-%&D*>'-&/$*E$F'170&/$]'*N0"8&'TV!&

VW(CVXS%&

\3.-M.5/& B%& ]%& RS'S4%& ":4?2.3& V&C&":43492.3612691& 4-,& 2+?.1& 8J& 158A4-,& 98-23855.,C3.5.41.&

J.32656a.31& 4-,& -6236J694268-& 4-,& 03.41.& 6-:6>62831%&9-:&\3.-M.5/& B%& ]%& ^.,%_&3/*N $̂&-($

5*-0'*//#( '̂#/#&7#$ &-($ 70&.,/,Q#($ E#'0,/,Q#'7:$ <-$ *O0,*-$ E*'$ #-"&-5,-)$ ->0',#-0$ >7#$

#EE,5,#-51$ ,-$ &)',5>/0>'#B&$4361/& K34-9.7& H-2.3-4268-45& K.32656a.3& H-,0123+& !118964268-&

^HK!_%&

\3.-M.5/& B%& ]%& RS'S>%&3/*N $̂&-($ 5*-0'*//#( '̂#/#&7#$ &-($ 70&.,/,Q#($ E#'0,/,Q#'7:$ <-$ *O0,*-$ E*'$

#-"&-5,-)$ ->0',#-0$>7#$#EE,5,#-51$,-$&)',5>/0>'#8$$4361/&K34-9./&H-2.3-4268-45&K.32656a.3&

H-,0123+&!118964268-&^HK!_%&

\38<4-1/&`%&Q&B..9:/&N%&!%&RSST%&K349203.&280;:-.11&4-,&103J49.&.-.3;6.1&8J&98=45.-2&

<6-.34517&2:.83.26945&.126<42.1%&U,-#'&/7$@-),-##',-)8&'X !&' C'E%&!=4654>5.7&

:22?17@@,86%83;@'S%'S'W@Y%<6-.-;%RSSV%S(%SSW&

\0/&l%/&K.-;/&$%/&#.-/&l%/&"48/&b%/&D4-;/&#%&Q&k0/&b%&RS'(%&!,183?268-&8J&4<<8-64&-6238;.-&8-&

56;-62.&4-,&621&6-J50.-9.&8-&9845&A42.3&15033+&?3.?434268-%&G>#/8&RV)!&VTCTV%&!=4654>5.7&

'S%'S'W@Y%J0.5%RS')%'S%S)E&

=4-& [3.=.5.-/& `%& D%& '()R%& `.=.58?<.-2& 8J& 9845& 3.1.439:&ƒ &4& 3.=6.A%&G>#/8&W'!&X)WCX(S%&

!=4654>5.7&:22?17@@,86%83;@'S%'S'W@SS'WCRVW'^)R_(SVSTCS&

O4-&bA6.2.-/&Z%/&*6-;:/&L%&$%/&[6<>.3/&*%&D%&Z%/&B03?:+/&`%&O%/&B49,8-45,/&Z%&B%/&#012/&N%&Q&

B83361/&*%&RS'T%&!-&6-90>4268-&120,+&6-=.126;426-;&2:.&<.9:4-61<1&2:42&6<?492&URP&J50I&

J38<&1865&J8558A6-;&>689:43&4??5694268-%&<)',5>/0>'#8$@5*7170#67$&-($@-+,'*-6#-08&'(' !&

EVCWR%&!=4654>5.7&'S%'S'W@Y%4;..%RS'T%SR%SVS&

O.1.58=1M66/&O%&*%/&O6-8;34,8=4/&Z%&$%/&P35.4-1M4+4/&G%&Z%/&\.3?8;818=4/&]%&!%&Q&!5.1M..=4/&U%&

`%&'(WX%&*96.-26J69&?36-96?5.1&J83&2:.&10??3.1168-&8J&1?8-24-.801&98<>01268-&8J&9845&4-,&

83.1%&D*>'-&/$*E$U,-,-)$35,#-5#8&V!&TXSCTXX%&

O6-8,:/&#%/&[6</&`%&[%/&G4-.1:/&B%/&$.-;/&B%&B%/&!>6,8=/&!%/&[361:-4<032:+/&U%/&$454-69:4<+/&

B%/&":4/&D%&*%&Q&N4-;/&F%&\%&RS'E%&F+?.393811C56-M.,&56;-62.&J83&UPI&4-,&"PR&183?268-%&

D*>'-&/$ *E$ 9-(>70',&/$ &-($ @-),-##',-)$ F"#6,70'18& RV!& '(T C'((%& !=4654>5.7&

'S%'S'W@Y%Y6.9%RS'T%S)%S'E&



X8C/8+9'#$"D!

! "$E!

O62801.M/&$%&B%/&!>.3/&N%&`%/&F8A432:/&#%&D%/&Z6M.-1/&G%&]%/&B4218-/&$%&!%&Q&*9:6-,5.3/&`%&D%&

'((X%& F0<4-& 452.34268-& 8J& 2:.& ;58>45& -6238;.-& 9+95.7& 18039.1& 4-,& 98-1.e0.-9.1%&

@5*/*),5&/$<OO/,5&0,*-78&X!&XVXCXES%&

O5414M/&$%&Q&":434/&b%&RS''%&]JJ.92&8J&?432695.&16a.&,61236>0268-&4-,&98-9.-234268-&8-&J58A&

>.:4=683&8J&,.-1.&150336.1%&I&'0,5>/&0#$35,#-5#$W$!#5"-*/*)18&R(!&EVCWE%&!=4654>5.7&

'S%'S)S@SRXRWVE'%RS'S%ES)ES(&

O59M8=4/&b%/&G3411.2/&Z%/&!-2818=4/&L%/&$.M43/&B%&Q&[09.36M/&N%&RSS(%&Z6;-62.&?3.C23.42<.-2&4-,&

621&.JJ.92&8-&>68C126<05426=.&?38?.326.1&8J&3.1?.926=.&56;-62.&:0<69&496,1%&3*,/$4,*/*)1$W$

4,*5"#6,70'18&T' !&')(T j '(S'%&

=8-&D4-,301aM4/&#%&RSSS%&F0<69&496,17&\:.63&,.2.3;.-2&e045626.1&4-,&?82.-2645&01.1&6-&?8550268-&

3.<.,64268-%&]#*5"#6,5&/$!'&-7&50,*-78&R!&'S%&!=4654>5.7&'S%'')W@'TWXCT)WWC' C'S &

D4-;/&k%&N%/&D4-;/&b%&q%&Q&Z6/&*%&G%&'((E%&\:.&.JJ.92&8J&:0<69&496,1&8-&2:.&4=4654>6562+&8J&

?:81?:8301&J.32656a.31&6-&45M456-.&18651%&3*,/$P7#$&-($U&-&)#6#-08&'' !&(( C'SR%&!=4654>5.7&

'S%''''@Y%'TXECRXTV%'((E%2>SSEST%I&

D.-/&$%/&D0/&b%/&F4-/&l%/&"34=8228/&G%/&D4-;/&N%&Q&l./&L%C"%&RS'X%&B6938A4=.C!11612.,&

*+-2:.161&8J&4&U8=.5&L689:43CL41.,&*58AC#.5.41.&U6238;.-&K.32656a.3&A62:&]-:4-9.,&

D42.3C#.2.-268-&"4?4962+%&<F3$3>70&,-&./#$F"#6,70'1$W$@-),-##',-)8&E!&XVXTCXV)R%&

!=4654>5.7&'S%'SR'@4911019:.<.-;%X>S'XR'&

D839:/& ]%& RS'R%&<(7*'O0,*-$ !#5"-*/*)1$ ,-$ Z&0#'$ !'#&06#-0:$ G>-(&6#-0&/78$ O'*5#77#78$ &-($

6*(#/,-)8$L.356-@L8128-/&`.&G30+2.3%&

D 81M8>8.-M8/&K%&'()E%&C"#*/*)1$*E$.'*N-$5*&/$7/>'',#7B&$:`&\:.161/&c-6=.3162+&8J&B.5>803-.%&

D81M8>8.-M8/&K%/&F8,;.1/&*%&Q&[3-69/&b%&'()X%&3*/&'$('1,-)$*E$/*N$'&-_$5*&/$7/>'',#7B$M*/B$gB$

G>-(&6#-0&/$9-+#70,)&0,*-7$3@FM$C#O*'0$L;bJhb`gaB$

D81M8>8.-M8/&K%/&F8,;.1/&*%/&[3-69/&b%&Q&L389MA4+/&`%&N%&'())%&*8543&,3+6-;&8J&58A&34-M&9845&

150336.1%&O850<.&'7&10<<43+%&*]"O&#.1.439:&4-,&`.=.58?<.-2&`.?432<.-2/&#.?832&U8%&

U`@)X@SVT%&'%&

D81M8>8.-M8/&K%/&*249+/&D%&P%&Q&#461>/&`%&'(('%&":4?2.3&T7&$:+16945&12309203.&4-,&?38?.326.1&

8J&>38A-&9845%&9-:&̀0 36./&#%&!%&^.,%_&!"#$35,#-5#$*E$M,50*',&-$4'*N-$F*&/:$30'>50>'#8$

I'*O#'0,#7$&-($F*-7#=>#-5#7$E*'$P0,/,7&0,*-B&PIJ83,7&L022.3A832:CF.6-.<4--%&

D0/&Z%/&Z60/&B%&Q&#06/&Z%&RSS)%&$3.?434268-&4-,&?38?.326.1&8J&4&,80>5.C9842.,&158AC3.5.41.&U$[&

98<?80-,&J.32656a.3&A62:&10?.34>183>.-2&4-,&A42.3C3.2.-268-%&4,*'#7*>'5#$!#5"-*/*)18&

(( !&ETXCEET%&!=4654>5.7&'S%'S'W@Y%>6832.9:%RSSW%'R%SRX&

k648/&k%/&l0/&Z%/&k6./&K%/&L48/&k%/&Z60/&F%/&N6/&b%&Q&":.-/&Z%&RS'X%&P-.C12.?&<.2:8,&28&?3.?43.&

12439:C>41.,&10?.34>183>.-2&?85+<.3&J83&158A&3.5.41.&8J&J.32656a.3%&F"#6,5&/$@-),-##',-)$

D*>'-&/8&VS(!&WSXCW'W%&!=4654>5.7&:22?17@@,86%83;@'S%'S'W@Y%9.Y%RS'W%'S%'S'&

k6./& "%& b%& RSS(%&@-+,'*-6#-0&/$ ,6O&507$ *E$ #EE/>#-0$ 5*-0&,-,-)$ @;!<$ E'*6$ (&,'1$ O'*5#77,-)$

O/&-07B&̀89283&8J&$:65818?:+/&c-6=.3162+&8J&D46M428%&



X8C/8+9'#$"D!

! "$" !

k0/&F%/&D4-;/& l%/&F04;-/&G%/&K4-/&G%/&Z6:06/&G%&Q&Z6/&k%&RS'W%&#.<8=45&8J&e06-856-.&J38<&

4e0.801& 1850268-1& >+& 56;-62./& 98M6-;& 9845& 4-,& 4-2:34962.%& !,183?268-& M6-.2691%&

I"17,5*5"#6,5&/$ I'*./#67$ *E$ U,-#'&/$ I'*5#77,-) 8& ER!& R'TCRRX%& !=4654>5.7&

'S%ERXX@??<?'WS'VV&

l4-;/&l%/&U6/&k%/&b:80/&b%/&l0/&Z%/&Z60/&L%/&l4-;/&l%&Q&D0/&l%&RS'X%&$.3J83<4-9.&8J&<4236IC

>41.,&158AC3.5.41.&03.4&6-&3.,096-;&-6238;.-&5811&4-,&6<?38=6-;&<46a.&+6.5,1&4-,&?38J621%&

G,#/($F'*O7$C#7#&'5"8&R'R!&XVC)'%&!=4654>5.7&'S%'S'W@Y%J93%RS'X%SX%SSE&

l4-;/&l%/&\8-;/&b%/&G.-;/&l%/&Z6/&l%&Q&b:4-;/&B%&RS'V%&L68>41.,&$85+<.3&"8<?8162.1&`.36=.,&

J38<&"83-&*28=.3&4-,&K.42:.3&B.451&41&`80>5.C"8426-;&B42.36451&J83&"8-23855.,C#.5.41.&

4-,&D42.3C#.2.-268-&c3.4&K.32656a.31%&D*>'-&/$*E$<)',5>/0>'&/$&-($G**($F"#6,70'18&W'!&

)'WWC)'XT%&!=4654>5.7&'S%'SR'@YJTSRE'(2&

l48/& l%/& G48/& L%/& b:4-;/& B%/& H-+4-;/& B%& Q& b6<<.3<4-/& !%& #%& RS'R%& ]JJ.92& 8J& >689:43&

4<.-,<.-2&8-&183?268-&4-,&5.49:6-;&8J&-62342./&4<<8-60</&4-,&?:81?:42.&6-&4&14-,+&

1865%&F"#6*7O"#'#8&)( !&'TWXC'TX'%&!=4654>5.7&'S%'S'W@Y%9:.<81?:.3.%RS'R%SW%SSR&

l42.1/&Z%&B%&Q&O8-&D4-,301aM4/&#%&'(((%&`.98-24<6-4268-&8J&?85502.,&A42.3&>+&23.42<.-2&A62:&

4& 930,.& :0<69& 496,& >5.-,%&@-+,'*-6#-0&/$ 35,#-5#$ W$ !#5"-*/*)18&VV!&RSXWCRS)S%&

!=4654>5.7&'S%'SR'@.1()STS)M&

l4=0a/&#%&Q&[090M>4+34M/&*%&'(()%&]JJ.92&8J&?432695.&16a.&,61236>0268-&8-&3:.858;+&8J&56;-62.C

A42.3&15033+%&@-#')1$3*>'5#78&RS!&X)XCX(T%&!=4654>5.7&&

`PH7&'S%'S)S@SS(S)V'()S)(XSS()&

l./&#%&D%/&!=.3655/&L%&!%&Q&\6.,Y./&N%&B%&'((T%&`.-6236J694268-7&?38,09268-&4-,&98-10<?268-&8J&

-62369&8I6,.%&<OO/,#($<-($@-+,'*-6#-0&/$U,5'*.,*/*)18&WS!&'SEVC'SE)%&

l65<4a/&B%&Q&`.56;8a/&F%&'(('%&H-=.126;4268-&8J&2:.&J83<4268-&8J&:0<69&496,1&J38<&56;-62.&>+&

016-;&<8,.5&98<?80-,1%&@-#')1$3*>'5#78&'V !&R'' CR'W%&

b:4-;/&k%C<%/&Z6/&l%/&F0/&"%/&F./&b%Ce%/&D.-/&B%CI%/&G46/&G%C1%/&F04-;/&b%C:%/&l4-;/&l%CJ%/&F48/&

k%Cl%&Q&Z6/&k%C+%&RS'(%&]-:4-9.,&?:81?:8301&3.5.41.&J38<&?:81?:42.&389M&4926=42.,&A62:&

56;-62.&>+&<.9:4-6945&<693893+124556a4268-7&]JJ.921&8J&1.=.345&2+?6945&;36-,6-;&?434<.2.31%&

3>70&,-&.,/,018&'' !&'SW)%&!=4654>5.7&'S%VV(S@10''ST'SW)&

b:4-;/&l%/&Z6/&l%/&U6-;/&l%/&Z60/&`%/&\4-;/&$%/&l4-;/&b%/&Z0/&l%&Q&D4-;/&k%&RS'X%&!,183?268-&

4-,&,.183?268-&8J&034-60<^OH_&8-28&:0<69&496,1&,.36=.,&J38<&034-60<C.-369:.,&56;-62.1%&

Z&0#'$35,#-5#$&-($!#5"-*/*)18&XX!&(RSC(VS%&!=4654>5.7&'S%R'WW@A12%RS'X%WS)&

b:.-;/& *%& N%& RS'S%& "38?& ?38,09268-& 8-& 496,69& 186517& 8=.398<6-;& 450<6-60<& 28I6962+& 4-,&

?:81?:8301&,.J696.-9+%&<--&/7$*E$4*0&-18&'SW!&')V C')T%&!=4654>5.7&'S%'S(V@48>@<9e'VT&

b:80/&K%/&":.-;/&N%/&Z60/&N%/&b:80/&N%&Q&".-/&[%&RS')%&H<?38=6-;&?:+16989:.<6945&?38?.326.1&8J&

0?;34,.,&H-,8-.164-&56;-62.&2:380;:&<6938A4=.&6334,64268-&A62:&9:43&4,183>.-2%&G>#//&

RHJ/&??%RXECR)'%&



X8C/8+9'#$"D!

! "$D!

b:80/&\%/&D4-;/&l%/&F04-;/&*%&Q&b:48/&l%&RS')%&*+-2:.161&98<?8162.&:+,38;.51&J38<&

6-83;4-69C83;4-69&:+>36,1&>41.,&8-&5.J28=.3&369.&J83&.-=638-<.-2CJ36.-,5+&98-23855.,C

3.5.41.&03.4&J.32656a.31%&35,#-5#$*E$!"#$!*0&/$@-+,'*-6#-08&W'E!&TRRCTVS%&!=4654>5.7&

:22?17@@,86%83;@'S%'S'W@Y%196282.-=%RS'X%S(%S)T&

!

!

! !



T$$&1,8N(T(2&A&1%(3%4,8&3(+1(/8918%&(81(A+0C81#%8+1(78%"(18%'+9&1(81(#9'8A4/%4'&!

! "$#!

!
!

!

$ ''2-3!4$ $ $%2+2-#$"#(3!2"$%-$

*!.-!#2$ !-$+%5)!-,#!%- $6!#0$

-!#/%.2-$!-$ ,./!+(*#(/2 "
!

!

A#$ B/91/.2$(13$C$5+D(006/5(./+1$

!

G0"0%/+D9F%G3%/D7%)+%8="%.BH0$2%

!

O'-.),/ %

?80!('!69<!LDE"GM!(3.9-;(5 !D@.*6+(!6..9/,6'/-0!-&!9/10/'(!6'!6!)6'(!-&!#!N1j3! !L.*6+(!"M!

605!G!N1j3! !L.*6+(!DM!-0!6!&((59-'!.(0!605!&-805!'*6'!TP ' !(3/ ++/-0+!&)-3!'*(!3608)(!/0!

'*6' !&((59-'! .(0!C()(! )(58,(5!7;!6+!38,*!6+!#E!J<!T-'!699! '*(! )(+89'+!C()(! .-+/'/:(4!

0/')-8+!-2/5(!(3/++/-0+!/0,)(6+(5!7;!BE!J! 605!F$!J!/0!.*6+(!"!605!D4!)(+.(,'/:(9;<! ?/0,( !

'*(! T ! !(3/++/-0+!C()(!-09;!c !E<"!J!-&! '*(! '-'69!(2,)('(5 !T4!'*(!/0,)(6+(!/0!T ! !(3/++/-0+!

C6+!/0+/10/&/,60'!,-3.6)(5!'-! '*(!)(58, '/-0!-&!/05/)(,'!T ! A!(3/++/-0+!'*6'!&-99-C!TP' !

:-96'/9/+6'/-0<!?80!('!69<!LDE"GM!69+-!&-805!'*6'!'-'69!0/')-1(0!9-++(+!58(!'-!6!,-37/06'/-0!

-&!9(6,*/014!)80-&&!605!T! !(3/++/-0+!C()(!)( 58,(5!7;!IE !J!,-3.6)(5!'-!6!.(0!'*6'!5/5!

0-'!)(,(/:(!9/10/'(!')(6'3(0'< !

!

H3/(K//3)+%

='!/+!/3.-)'60'!'-!0-'(!'*6'!'*(/)!+'85;!5(69'!C/'*!:();!+3699!63-80'+!-& !T!/0!'*(!3608)(!

L"<D@D!J!TM<!S68'/-0!38+'!7(!'6N(0!C*(0!(2')6.-96'/01!'*(!)(+89'+!&-805!*()(!'-!+;+'(3+!

C/'*!*/1*()!,-0,(0')6'/-0+!-&!T4!+8,*!6+!/0!+;+'(3+!+/3896'/01!&()'/9/+()+!"E!@!FEJ!T<!

%9+-4!?80!('!69<!LDE"GM!5/5!0-'!/0:(+'/16'(!-)!+.(,896'(!67-8'!' *(!3(,*60/+3+!7;!C*/,*!

9/10/'(!/+!679(!'-!)(58,(!'-'69!0/')-1(0!9-++(+!&)-3!'*/+!.6)'/,896)!T!+-8),(!L3608)(M4!C*/,*!



T$$&1,8N(T(2&A&1%(3%4,8&3(+1(/8918%&(81(A+0C81#%8+1(78%"(18%'+9&1(81(#9'8A4/%4'&!

! "$B!

C-895!7(!:698679(!N0-C9(51(!/0!'*(!5(:(9-.3(0'!-&!6!9/10/'(@76+(5!,-0')-99(5!)(9(6+(@

&()'/9/+()<!

!

G0"B%/+D9F%I 3%J85868:@,-86%)+%8="%.BH0$2%

!

O'-.),/ %

O*(!+'85;!-&!̀ 6)636+*/:63!('!69<!LDE"GM!/+!/0'()(+'/01!7(,68+(!'*(;!,-3.6)(5!'*(! TP (
) !

605!TA '
*! +-).'/-0! ,6.6,/';! -&! '*)((! 5/&&()(0'! ';.(+! -&! 9/10/'(W! T(C! a69(! 9/10/'(!

L?-8'*96054! T(C! b(69605M4! S*6)9(+'-0! 9/10/'(! Lf(+'! S-6+'4! T(C! b(69605M4!R /99()'-0!

9/10/'(!Lf(+'!S-6+'4!T(C!b(69605M<!O*(;!&-805!633-0/83!+-).'/-0!C6+!0(19/1/79(!&-)!

'*(! S*6)9(+'-0 ! 605! R/99()'-0! 9/10/'(+! 78'! +/10/&/,60'! &-)! T(C! a69(! 9/10/'(<! O*/+!

5(3-0+')6' (+!'*(!96)1(!:6)/67/9/';!-&!.*;+/,-,*(3/,69!,*6)6,'()/+'/,+!63-01+'!9/10/ '(+!605!

*-C! '*/+! 360/&(+'+! /'+(9&! /0! :6+'9;! 5/&&()(0'! 65+-).'/-0! ,*6)6,'()/+'/,4! 6! &/05/01!

,-))-7-)6'(5!7; !L`(*9/:60!m!%)+9604!DEE$M<!T(C!a69(!9/10/'(!5/+.96;(5!'*(!*/1*(+'!,6'/-0!

(2,*601(! ,6.6,/';! 605! C6+! +(9(,'(5! &-)! &8)'*()! (2.()/3(0'+< ! T-! TA '
*! +-).'/-0! C6+!

-7+():(5! -0'-! (/'*()! -&! '*(!9/10/'(+4!C*/,*!C6+! 58(! '- ! '*(!0(16'/:(!+8)&6,(! ,*6)1(! -&!

9/10/'(!L?/339()!('!69<4!DE"#M<!P-C(:()4!/'!38+'!7(!+6/5!'*6'!/ 0!(6)9/()!)(+(6),*!7;! X*60!

('!69<!LDE""M!TA '
*!+-).'/-0!7;!9/10/'(!*6+!7((0!6,,-3.9/+*(5!7;!,* (3/,69!69'()6'/-0!-&!'*(!

+8)&6,(!605!'*()369!6,'/:6'/-0<!

!

&'/KB-/%

f*(0!+'85;/01!'*(!(&&(,'!-&!.P!/0!'*(!)601(!B<B!Q!G<$4!76',*!+-).'/-0!(2.()/3(0'+!+*-C(5!

6!.P!5(.(05(0'!:6)/679(!,*6)1(!-0!T(C!a69(!9/10/'(!'*6'!)(+89'(5!/0!60!/0,)(6+(5!+-).'/-0!

,6.6,/';!&- )!TP (
) !C/'*!)/+/01!.P<!S-9830!9(6,*/01!(2.()/3(0'+!+*-C(5!'*(!655/'/-0!-&!

6! */1*()! .(),(0'61(! -&! T(C! a69(! 9/10/'(! / 0,)(6+/019;! )(58,(5! TP(
) ! 9(6,*/01! &)-3!

7/-+-9/5+!8.!'-!6!)6'/-!-&!D!W!F!7/-+-9/5+!@!9/10/'(4!6&'()!C*/,*!'*(!)(58,'/-0!+'6106'(5<!=0!

9;+/3('( )!(2.()/3(0'+ 4!'*(!)(+(6),*()+!&-805!0-!+/10/&/,60'!)(58,'/-0!/0!TA'
*!9(6,*/01!

C*(0! ,- @6..9;/01 !a69(!9/10/'(!C/'* !8)(6<!O*(!655/'/-0!-&!T(C!a69(!9/10/'(!*65!0-!(&&(,'!

-0! 7/-36++! ;/(95! -&! 8)(6! &()'/9/+6'/-0! 78'! )(58,(5! '*(! (&&(,'/:(0(++! -&!7/-+-9/5+!

&()'/9/+6'/-0<!

!



T$$&1,8N(T(2&A&1%(3%4,8&3(+1(/8918%&(81(A+0C81#%8+1(78%"(18%'+9&1(81(#9'8A4/%4'&!

! "$F!

H3/(K//3)+%

A0!6!,)/'/,69!0-'(4!̀ 6)636+*/:63!('!69<!LDE"GM!,-058,'(5!'*(!+-).'/-0!+'85;!C/'*!6!9-C!

,-0,(0') 6'/-0!L"EE!31j\M!-&!LTP(M! ?A(4!605!'*(!(&&(,'!-&!.P!C6+!+'85/(5!-:()!6!06))-C!

)601(!-&!B<B!@!G<$<!A'*()!)(+(6),*!*6+!&-805!'*6'!/0/'/69!08')/(0'!,-0,(0')6'/-0!LO8!('!69<4!

DE"IM!605!.P!LT6]6)/!('!69<4!DE"HM!,60!*6:(!5)636'/,! (&&(,'+!-0!'*(!(2'(0'!-&!+-).'/- 04!

C*/,*!/+!&8)'*()!5/+,8++(5!/0!S*6.'()!D<F<!O*(+(!.6)63('()+!+*-895!7(!/0:(+'/16'(5!/0!'*(!

.)- .-+(5!)(+(6),*!'-! 362/3/+(!08')/(0'!65+-).'/-0!-0'-!9/10/'(!,-69!'-!,)(6'(!60!(&&(,'/:(!

,-0')-99(5@)(9(6+(!&()'/9/+()<!O*(+(!/++8(+!6+/5(4!'*(!+((3/01!96,N!-&!/0,)(6+(!/0!7/-36++!

;/(95!'*6'! `6)636+*/:63!('!69<!LDE"GM!,96/3(5!C/99!7(!60!/++8(!C*(0!,-0:/0,/01!&)63()+!

'-!/0:(+'!/0!6!0(C!9/10/'(@76+(5!&()'/9/+()!+')6'(1;<!

!

!

A4$ B/91/.2D&)2($9)(1&6(./+1$

!

GB"0%/+D9F%C3%K;:)%)+%8="%.BH0$2%

!

O'-.),/ %

e-+(!('!69<!LDE"GM!6''( 3.'(5!'-!,)(6'(!605!6++(++!T @9-++(+!&)-3!6!9/10/'(@8)(6!,-0')-99(5@

)(9(6+(!&()'/9/+()!/0!'*(!&-)3!-&!1)6089(+<!O*(;!,-3.6)(5!1)60896'/-0!-&!8)(6!C/'*!7)-C0!

,-69!7;!(/'*()!6/)5);/01!-)!+8.()*(6'(5!+'(63!5);/01!'-!,)(6'(! 8)(6!@!7)-C0!,-69!LYiSM!

1)6089(+<!Z)83!1)60896'/-0!-&!8)(6!.-C5()!605!7)-C0!,-69!LFE!J!3-/+'8)(4!.6)'/,9(!+/](!

c!#!33M!'--N!"E!3/0!605!C6+!&-99-C(5!7;!$D!*!-&!6/)5);/01<!OC-!5/&&()(0'!)6'/-+!-&!8)(6!

@!7)-C0!,-69!1)6089(+!C()(!.)-58,(5W!C/'*!*/1*!8)(6!,-0'(0'!LYiS @P/1*4!"$<"!J!T M!605!

1)6089(+!C/'*!9-C!8)(6!,-0'(0'!LYiS @\ -C 4!H<$!J!TM<![-)!'*(!+8.()*(6'(5!+'(63!5);/014!

1)60896)!8)(6!C6+!.)(@3/2(5!C/'*!7)-C0!,-69! '-!,)(6'(!1)6089(+!C/'*!60!/0'()3(5/6'(!8)(6!

,-0'(0'! LYiS @R (5/834!"E<$!J!TM<!Z8)/01! '*(! .)-58,'/-0! .)-,(++4! '*(;!6++83(5! '*6'!

6&'()!D<F!56;+!'*(!8)(6!1)6089(+!*65!5/++-9:(5!/0'-!'*(!/0')/0+/,!3-/+'8)(!-&!'*(!7)-C0!,-69!

+')8,'8)(4!78'!,-0,985(5!'*/+!-0!6!:/+869!76+/+!-09;!L8)(6!1)6089(+!C()(!0-!9-01()!:/+/79(M!

605!5/5!0-'!8+(!60;!6069;'/,69!'(,*0/K8(+!'-!:()/&;!'*(!9-65/01!-&!8)(6L@TM!-0'-! '*(!7)-C0!

,-69!+')8,'8)(<!!

!

&'/KB-/%



T$$&1,8N(T(2&A&1%(3%4,8&3(+1(/8918%&(81(A+0C81#%8+1(78%"(18%'+9&1(81(#9'8A4/%4'&!

! "$G!

e-+(!('!69<!LDE"GM!&-805!'*6'!69'*-81*!1)60896'/-0!/0!,-37/06'/-0!C/'*!+8.()*(6'(5!+'(63!

5);/01!/0,)(6+(5!96)1(@+,69(!.)-,(++!+6&(';!605!(0()1;!(&&/,/(0,;!,-3.6)(5!'-!6/)!5);/014!

/'!)(+89'(5!/0!6!+/3/96)!S!W!T!)6'/-!-&!'*(! 8)(6!@!7)-C0!,-69!1)6089(+!,-3.6)(5!'-!6/)!5);/01<!

O*(;!69+-!&-805!'*6'!:6);/01!'*(!'(3.()6'8)(!-&!6/)!605!+8.()*(6'(5!+'(63!5);/01!5/5!0-'!

6&&(,'! '*(! S! W! T! )6'/-! -&! '*(! &/069! .)-58,'<! R-)(-:()4! '*(;! +'6'(5! '*6'! '*(! (&&(,'! -&!

+8.()*(6'(5!+'(63!5);/01!-0 !'*(!)('(0'/-0!-&!8)(6!C/'*/0!'*(!1)6089(+!C6+!80,9(6)!78'!5/5!

0-'!/0:(+'/16'(!'*/+! ,)8,/69!6+.(,'!&8)'*()<!

!

=0+'(654!-09;!'*(! 'C-!6/) @5)/(5!8)(6!@!7)-C0!,-69!1)6089(! ';.(+!LYiS @\ -C !605!YiS @

P/1*M!C()(!8+(5!/0!6!BD@56;!9(6,*/01!605!5(0/')/&/,6'/-0!967-)6'-);!,-9830!(2.()/3(0' <!

O*/+!(2.()/3(0'!,-3.6)(5 !'*(! 'C-! ';.(+!-&! 8)(6!@!7)-C0!,-69!1)6089(+!'-!;P(8)(6!69-0(4!

RP(.8)(!6/)@5)/(5!7)-C!,-69!1)6089(+!605!)P(0-0@')(6'(5!.9-'+<!O*(!&6,'!'*6'!'*(!+8.()*(6'(5!

+'(63! 5)/(5! 1)6089(+! LYiS@R (5/83 M! C()(! 0-'! /0,-).-)6'(5 ! /0! '*(! 9(6,*/01! 605!

196++*-8+(!.960'!1)-C'*!(2.()/3(0'+!36N(+!/'!/3 .-++/79(!'-!K860'/&;! '*(/)!.-'(0'/69!6+!

,-0')-99(5@)(9(6+(!&()'/9/+()! -)! ,-3.6)(! '*(/)!&()'/9/+()@T! (&&/,/(0,;! '-! '*6'! -&!6/) @5)/(5!

1)6089(+<!P-C(:()4 !e-+(!('!69<!LDE"GM!5-!/3.9;!/0!'*(/)! 6)'/,9(!'/'9(!'*6'!+8.()*(6'(5!+'(63!

5);/01!1)6089(+!*6:(!7((0!.)-:(0!'-!6,'!6+!6!+9-C@)(9(6+(!&()'/9/+()4!78'!'*/+!*6+!0-'!7((0!

.)-:(0!7;! 60;!-&!'*(!(2.()/3(0'+!5(+,)/7(5!/0!'*(!6)'/,9( <!

!

e-+(!('!69<!LDE"GM!&-805!'*6'!/0!80.960'(5!+-/9!'*(!8+(!-&!9-C@T!8)(6!@!7)-C0!,-69!1)6089(+!

+/10/&/,60'9;!)(58,(5!T! A!(3/++/-0+!,-3.6)(5!'-!8)(6!69-0(4!C*/9(!*/1* @T!8)(6!@!7)-C0!

,-69!1)6089(+!+*-C(5!0-!+/10/&/,60'!5/&&()(0,(! ,-3.6)(5! '-!8)(6<!O*(;!+811(+'(5! '*/+!

3/1*' !-,,8)!7(,68+(!9-C @T!8)(6!@!7)-C0!,- 69!9/3/'+!0/')6'(!6:6/967/9/';4!-)!/'!/3.9 /(+!'*6'!

9-C@T!8)(6!@!7)-C0!,-69!1)6089(+!9/3/'!0/')6'(!6:6/967/9/';4!.-'(0'/699;!7;!+'-)/01!0/')6'(!

/0!6!]-0(!'*6'!/0*/7/'+!5(0/')/&;/01!76,'()/6<!S6;8(96!('!69<!LDE"BM!605!a60!bC/('(0!('!69<!

LDE"BM!*6:(!.-+'896'( 5!'*6'!9-C@T!7/-,*6 )!9/3/'+!0/')6'(!6:6/967/9/';!7(,68+(!/'!,6'69;+(+!

'*(!655/'/-069!)(58,'/-0!-&!T! A!'-!T ! <!

!

H3/(K//3)+%

e-+(!('!69<!LDE"GM!69+-!*;.-'*(+/+(5 !'*6'! '*(!36/0!3(,*60/+3!&-)!T!/33-7/9/+6'/-0!/+!

65+-).'/-0! -&! 8)(6! 605j-)! 3/0()69/+(5! TP(
) ! '-! '*(! 7)-C0! ,-69! 36')/24! 605! '*6'!

-:()+6'8)6'/-0!-&!+-).'/-0!+/'(+!7(,-3(+!6!.)-79(3!C*(0! '*(!8)(6 @T!J!7(,-3(+!'--!*/1*<!

O*/+!3(60+!'*(!8)(6!/+!0-!9-01()!65+-)7(5!'-!7/05/01!+/'(+!78'!)(36/0+!/0!7('C((0!'*(!

.6)'/,9(+!605!)(65/9;!5/++-9:(5!-8'!-&!'*(!1)6089(<!A:()+6'8)6'/-0!-&!+/'(+!*6+!69+-!7((0!



T$$&1,8N(T(2&A&1%(3%4,8&3(+1(/8918%&(81(A+0C81#%8+1(78%"(18%'+9&1(81(#9'8A4/%4'&!

! "$$!

)(.-)'(5 !7;!O)60!('!69<!LDE"FM!&-)!'*(/)!+'85;!-0!9/10/'(!65+-).'/-0 !605!7;!k6-!('!69<!LDE"DM!

&-)!7/-,*6)<!

!

[-)!'*(!+8,,(+ +!-&!9/10/'(@76+(5!,-0')-99(5@)(9(6+(!&()'/9/+()+4!/'!/+!/3.()6'/:(!'-!-:(),-3(!

'*(!-:()+6'8)6'/-0!-&!+-).'/-0!+/'(+!+ /0,(!6!9-C!T!J!C-895!5( ,)(6+(!'*( !'*(-)('/,69 !8+(@

(&&/,/(0,;!-&!6!9/10/'(@76+(5!,-0')-99(5@)(9(6+(!&()'/9/+()<!%!C6;!'-!.-'(0'/699;!-:(),- 3(!

'* ( !-:()+6'8)6'/-0! -&! '*(!+-).'/-0!+/'(+! /+! '-! /0,)(6+(! '*(!6:6/967/9/';! -&!+-).'/-0!+/'(+4!

699-C/01!&-)!6!*/1*()!08')/(0'!9-65/01!-0'-!9/10/'(<!O*(!6:6/967/9/';!-&!7/05/01!+/'(+!,-895!

.-'(0'/699;! 7(! /0,)(6+(5! 7;! 360/.896'/01! 9/10/'(! .)-.()'/(+4! +8,*! 6+! .6)'/,9(! +/](!

5/+')/78'/-04!+.(,/&/,!+8)&6,(!6)(64!605!3/,)-!605!3(+-! .-)(! :-983(<!R60/.896'/-0! -&!

'*(+(!.)-.()'/(+!, -895!7(!/0+'/16'(5!7;!3(,*60/,69!,-33/08'/-04! +-9:(0'!+C(99/014!605!

.P!605!'(3.()6'8)(!:6)/6'/-0+4!C*/,*! C/99!7(!5/+,8++(5!/0!S*6.'()!D<B!605!D<F<!

!

O*(!:6)/-8+!(2.()/3(0'+!-&! e-+(!('!69<!LDE"GM!.-/0'(5!'-!'*(!.-'(0'/69!-&!8)(6!65+-).'/-0!

/0'-!9/10/'(!605!+(:()69!7(0(&/,/69!(&&(,'+!-&!8)(6!@!7)-C0!,-69!&()'/9/+()+!C/'*!:6);/01!S!W!

T!)6'/-+<!P-C(:()4! '*(;!5/5!0-'! /0:(+'/16'( !'*(! 06'8)(!-&! '*(! .)-,96/3(5!n +-).'/-0 o!-&!

8)(6@T!-0'-! 7)-C0!,-694!/0+'(65!-09;!K860'/&/(5!'*(!'-'69!T!J!-&!'*(!1)6089(+<!T(/'*()!

5/5!'*(;! +'85;!'*(!8.'6N(!3(,*60/+3+!7;!3(60+!-&!N/0('/,!605!/+-'*()369!+'85/(+<!O*/+!

3(60'! '*6'! '*(;!5/5!0-'! *6:(! '*(! '--9+! '-! -.'/3/+(! '*(!9/1 0/'( @76+(5! ,-0')-99(5! )(9(6+(!

&()'/9/+()+4!0-)!C()(!'*(;!679(!'-!6++(++!'*(!&899!.-'(0'/69!-&!9/10/'(!6+!'*(!36')/2!-&!6!0(C!

&()'/9/+6'/-0!';.(<!

!

GB"B%/+D9F%4 3%/8@8%)+%8="%.BH0L2%

!

O'-.),/ %

=0! 60-'*()! +'85;! -0! 9/10/'(@8)(6! 1)60896'/-04!?6*6! ('! 69<! LDE"$M!69+-! *;.-'*(+/+(! '*6'!

7)-C0! ,-69! ,60!7(!8+(5! /0! '*(!5(:(9-.3(0'! -&! ,-0')-99(5 @)(9(6+(!&()'/9/+()+<!%+! /0! '*(!

+'85;!-&!e-+(!('!69<!LDE"GM!'*(;!8+(5!1)60896'/-0!-&!7)-C0!,-69!C/'*!8)(6!-0!'*(!76+/+!-&!

S!W!T!)6'/-4!78'!?6*6!('!69<!LDE"$M!655(5!+'6),*!605!3-96++(+!'-!'*(!.60!1)60896'/-0!.)-,(++!

6+!6!7/05()!'-!/0,)(6+(!1)6089(!/0'(1)/';<!O*(!1)6089(+!C()(!+87+(K8(0'9;!5)/(5!/0!6!)-'6);!

5)83!-:(0!6'!"GE !Q!DEE!pS4!)(58,/01!'*(!3-/+'8)(!,-0'(0'!-&!'*( !1)6089(+!'-!B!@!F!J<!



T$$&1,8N(T(2&A&1%(3%4,8&3(+1(/8918%&(81(A+0C81#%8+1(78%"(18%'+9&1(81(#9'8A4/%4'&!

! "$H!

Z8)/01! '*(!1)60896'/-0!605!5);/01! .)-,(++4! '*(! S!W!T!)6'/-+! -&! '*(!1)6089(+! /0,)(6+(5!

,-3.6)(5!'-!'*(!+'6)'/01!)6'/-+< !

!

?6*6!('!69<!LDE"$M!&67)/,6'(5!&-8)!5/&&()(0'!8)(6!@!7)-C0!,-69!LYiSM!1)6089(!';.(+!C/'*!S!

W!T!)6'/-+!"<H4!D<$4!F<B!605!"E<H!L,-))(+.-05/01!'-!60!T!,-0'(0'!-&!D"<BF4!"$<#"4!H<##!605!

F<$B! J! )(+.(,'/:(9;M<! O*(;! (263/0(5! C6'()! 67+-)7(0,;! -&! '*(! YiS! 1)6089(+4 ( '*(!

5/++-98'/-0! -&!T!&)-3! '*(!YiS!1)6089(+! /0!C6'()4!605!'*( !L,*(3/,69M!+')8,'8)(! -&! '*(!
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! "#P!

'N,/'+;!V!S9>*+,O/<EWPW4QT!

!

U!;*/=+!C!S"!(90*),+!+O+,?!@&),!N&,!QR!@&),;T!
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!
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!
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!
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!
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! "#6!

!!!!,+*G!9'=!V!0/(A,+/8ST!

!!!!U!;/O+!N9<+!
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!
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!

!
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! "#R!

! !!"#$%&' ( ')!#*!+ '%(*/"'

*#*)2+%+'3,$" '
!

clear all !

close all !

clc !

tic !

warning off ; !

SaveImages=1;   % Set this = 1 to save processed images for manual 

checking !

imagecorrect=0;   %leave as zero for now. !

Mean_or_max = 0;   %If this = 1 we use  mean + -  st dev, if = 0 we use 

max !

 !

N_std=4;   % Number of standard deviations to use in image processing !

NumberOfdigits=num2str(1, '%04.f' );    % change this depending on how 

many files there are. e.g. if file numbers are like 0001 then set this 

= '%04.f',  00001 then set to = '%05.f' ALSO change in the loop !

N_Colour_Points=5;     % Number of points to use in colour analysis !

 !

 !

%----  Defining the time axis --------------- !

%The vector below (ImageTimes) has a very specific structure which is 

used to define th e time vector. !

% There are 2 numbers separated by a ; followed by another two numbers 

and a ; and so on !

% The first number defines  how many images, the second number defines 

the !

% time (in seconds) between those images. !

% So for example, if we had ImageTim es = [60 60; 20 600; 10 172800]; !

%  Then the first 60 images were taken 60 seconds apart, the next 20 

images !

%  were taken 600 se conds apart (10 min) and the next 10 images were 

taken !

%  172800 seconds apart (48 hours?). !

ImageTimes = [60 60; 20 600; 10 17 2800]; !

Time=[0]; !

for  sss=1:length(ImageTimes) !
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! "##!

    Time = [Time Time(end)+cumsum(ones(1,ImageTimes(sss,1) -

1).*ImageTimes(sss,2))]; !

end !

% return !

%-------   Input Prompts ------------------ !

cd_input = warndlg( 'Please select the folder where your images are 

st ored' ); !

waitfor(cd_input); !

newdir=uigetdir; !

cd(newdir); !

if  SaveI mages==1!

    mkdir( 'Processed_Images' ) !

    Outputdir=[newdir ' \ Processed_Images' ]; !

end !

 !

File_name_answer = inputdlg( 'Please enter the name of the first image 

file without file number (e.g. "i mage_":' ); !

File_type_answer = inputdlg( 'Please enter the file type of the first 

images (e.g. png, jpeg etc etc):' ); !

prompt_answer = inputdlg( 'Please enter the number of samples in the 

images:' ); !

waitfor(prompt_answer); !

N_Samples=str2num(prompt_answer{1}); !

AllFiles=dir([char(File_name_answer) '*.'  char(File_type_ answer)]); !

A_cell = struct2cell(AllFiles); !

NNN=length(A_cell(1,:)); !

 !

%---------  Read + display first file for box location definition !

%---------------- !

prompt_answer2 = inputdlg( 'Please enter the im age number with the 

lowest solids value:' ); !

waitfor(promp t_answer2); !

prompt_answer3 = str2num(prompt_answer2{1}); !

ImageFile=A_cell(1,prompt_answer3); % We want to change A_cell(1,???) 

so we can choose which image to test on !

Imag1=imread(char(ImageFile)); !

I mag1c=Imag1; !

figure(1121);imshow(Imag1, 'InitialMagnification' ,200) !

 !

 !

for  jjj=1:N_Samples !
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! 455!

    clear x_box_i  y_box_i  x_bott_i  y_bott_i  TestRegion_i !

    %---------   Box locations input ------------- !

    mydlg = warndlg([ 'Please click in two locations to for m a box for 

sample number '  num2str(jjj) '. Please make sure the box contains the 

black material' ]); !

    waitfor(mydlg); !

    [x_box_i,y_box_i] = ginput(2); !

    !

    x_box(:,jjj)=x_box_i; !

    y_box(:,jjj)=y_box_i; !

 !

 !

    y_mid(jjj)=round((max(y_box(:,jjj)) +min(y_b ox(:,jjj)))/2); !

    hold on;plot([x_box(1,jjj) x_box(1,jjj)],[y_box(1,jjj) 

y_box(2,jjj)], 'r' ) !

    plot([x_box(1,jjj) x_box(2,jjj)],[y_box(1,jjj) y_box(1,jjj)], 'r' ) !

    plot([x_box(2,jjj) x_box(2,jjj)],[y_box(1,jjj) y_box(2,jjj)], 'r' ) !

    plot([x_bo x(2,jjj) x_box(1,jjj)],[y_box(2,jjj) y_box(2,jjj)], 'r' ) !

    !

    mydlg = warndlg([ 'Please click in a region where we can draw the 

line away from imperfectins on the tube '  num2str(jjj)]); !

    waitfor(mydlg); !

    [x_midddd,y_middd] = ginput(1); !

    x_mid(jj j)= x_midddd; !

    plot([x_mid(jjj) x_mid(jjj)],[50 700], 'y' ) !

    !

    mydlg = warndlg([ 'Please click on the bottom of test tube number '  

num2str(jjj)]); !

    waitfor(mydlg); !

    [x_bott_i,y_bott_i] = ginput(1); !

    x_bott(jjj)= x_bott_i; !

    y_bott(jjj)= y_ bott_i; !

    plot(x_mid(jjj),y_bott_i, 'b*' ) !

   !

    max_x(jjj)=max(x_box(:,jjj));min_x(jjj)=min(x_box(:,jjj)); !

    max_y(jjj)=max(y_box(:,jjj));min_y(jjj)=min(y_box(:,jjj)); !

    TestRegion_i=Imag1(ceil(min_y(jjj)):floor(max_y(jjj)),ceil(min_x (j

jj)):floor(ma x_x(jjj)),:); !

    TestRegion{jjj}=double(TestRegion_i); !

    pause(1) !

end !
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! 45"!

 !

if  imagecorrect==1 !

    mydlg2 = warndlg([ 'Please click To the right of each sample to 

help correct the image' ]); !

    waitfor(mydlg2); !

    [x_corrector,y_corrector] = ginput(N_Sample s); !

    hold on!

end !

 !

close(1121) !

figure(1121);imshow(Imag1c, 'InitialMagnification' ,200) !

for  jjj=1:N_Samples !

    clear x_box_c_i  y_box_c_i !

    mydlg = warndlg([ 'Please click in two locations in sample number '  

num2str(jjj) ' to form a box for the colour an alysis. Please make sure 

the box DOES NOT contain the black material' ]); !

    waitfor(mydlg); !

    [x_box_c_i,y_box_c_i] = ginput(2); !

    x_box_c(:,jjj) = x_box_c_i; !

    y_box_c(:,jjj) = y_box_c_i; !

    !

    hold on; plot([x_box_c_i(1) x_box_c_i(2)],[y_box_c_ i(1) 

y_box_c_i(1)], 'r' ); !

    plot([x_box_c_i(1) x_box_c_i(1)],[y_box_c_i(1) y_box_c_i(2)], 'r' ); !

    plot([x_box_c_i(1) x_box_c_i(2)],[y_box_c_i(2) y_box_c_i(2)], 'r' ); !

    plot([x_box_c_i(2) x_box_c_i(2 )],[y_box_c_i(2) y_box_c_i(1)], 'r' ); !

    min_x_c(jjj) =  ceil(min(x_box_c_i)); !

    max_x_c(jjj) = floor(max(x_box_c_i)); !

    min_y_c(jjj) = ceil(min(y_box_c_i)); !

    max_y_c(jjj) = floor(max(y_box_c_i)); !

end !

pause(3) !

 !

%-------   Pre - allocating matrix sizes ---------------- !

Cell_Lower_M = zeros(NNN,N_Samples); !

Cell_Upper_M = Cell_Lower_M; !

Colours_RGB = zeros(NNN,3,N_Samples); !

%--------------------------------------------- !

 !

%-----------    Iterating over all of the images   ---------------- !

for  iii=1:NNN !
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! 454!

    Time_Left = NNN -  iii !

    clear ImageFile  Imag1  Imag1c  Imag1col  TR_mean TR_median  TR_std  

TR_range  Line1  L_upper  cell_upper  L_lower  cell_lower  fig1  Sorted  

IndexSort !

    ImageFile = A_cell(1,iii); !

    Imag1=imread(char(ImageFile)); !

    Imag1col = Imag1; !

    figure(1121);imshow(Imag1) !

    !

  % -----    Bit that need s to go in a loop: START ------------------   !

  for  jjj=1:N_Samples !

    %--------   New colour bit ----------------- !

    clear Sorted  IndexSort  Imag1c  Imag1c_Red  Imag1c_Green  Imag1c_Blue  

TR_mean TR_median  TR_std  TR_range  Line1   L_upper  cell_upper  L_lower  

ce ll_lower  Line1   TestRegion_R  TestRegion_G  TestRegion_B   TR_mean_R 

TR_median_R  TR_std_R  TR_range_R   TR_mean_G TR_median_G TR_std_G  

TR_range_G !

    clear Line1_R  Line1_G  Line1_B  L_upper_R  L_upper_G  L_upper_B  

L_lower_R  L_lower_G  L_lower_B !

    Imag1c = 

Imag1col ([min_y_c(jjj):max_y_c(jjj)],[min_x_c(jjj):max_x_c(jjj)],:); !

    Imag1c_Red = Imag1c(:,:,1); !

      Imag1c_Green = Imag1c( :,:,2); !

        Imag1c_Blue = Imag1c(:,:,3); !

    [Sorted,IndexSort] = sort(Imag1c_Red(:)); !

    Colours_RGB(iii,1,jjj)=mean((Imag1c_Red( IndexSort(end -  

N_Colour_Points + 1:end)))); !

    Colours_RGB(iii,2,jjj)=mean((Imag1c_Green(IndexSort(end -  

N_Colour_Point s + 1:end)))); !

    Colours_RGB(iii,3,jjj)=mean((Imag1c_Blue(IndexSort(end -  

N_Colour_Points + 1:end)))); !

    %------------------------- ----------------------- !

%----  NOTE:  If this piece of code is present then we evaluate the !

%histogram at each time/image. If not then is based on 1st image 

averages; !

    clear TestRegion !

    Imag1_temp = Imag1; !

    if  imagecorrect==1 !

        clear Diff_Ima ge_R Diff_Image_G  Diff_Image_B  

Multiplier_Image_correct_R  Multiplier_Image_correct_G  

Multiplier_Image_correct_ B!
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! 45C!

        Multiplier_Image_correct_R = 

255./Imag1(:,round(x_corrector(jjj)),1); !

        Multiplier_Image_correct_G = 

255./Imag1(:,round(x_correcto r(jjj)),2); !

        Multiplier_Image_correct_B = 

255./Imag1(:,round(x_corrector(jjj)),3); !

        clear Imag1_ temp !

        Imag1_temp = Imag1; !

        Imag1_temp(:,:,1) = 

Imag1_temp(:,:,1).*repmat(Multiplier_Image_correct_R,1,length(Imag1(1,

:,1))); !

        Imag1_temp(:,:,2) = 

Imag1_temp(:,:,2).*repmat(Multiplier_Image_correct_G,1,length(Imag1(1,

:,1))); !

        Imag1_temp(:,:,3) = 

Imag1_temp(:,:,3).*repmat(Multiplier_Image_correct_B,1,length(Imag1(1,

:,1))); !

    end !

    !

    TestRegion_R{jjj}=double(Imag1_tem p(ceil(min_y(jjj)):fl oor(max_y(j

jj)),ceil(min_x(jjj)):floor(max_x(jjj)),1)); !

    TestRegion_G{jjj}=double(Imag1_temp(ceil(min_y(jjj)):floor(max_y(j

jj)),ceil(min_x(jjj)):floor(max_x(jjj)),2)); !

    TestRegion_B{jjj}=double(Imag1_temp(ceil(min_y(jjj)):floor(m ax_y(j

jj)),ceil(min_x(jjj)):floor(max_x(jjj)),3)); !

%---------------------------------------------- !

    TR_mean_R=mean(TestRegion_R{jjj}(:)); !

    TR_median_R=median(TestRegion_R{jjj}(:)); !

    TR_st d_R=std(TestRegion_R{jjj}(:)); !

    !

    if  Mean_or_max==1 !

        TR_range_R=[TR_mean_R -

N_std*TR_std_R,TR_mean_R+N_std*TR_std_R]; !

    else !

        TR_range_R=[0 max(TestRegion_R{jjj}(:))]; !

    end !

    !

        TR_mean_G=mean(TestRegion_G{jjj}(:)); !

    TR_median_G=median(TestRegion_G{jjj}(:)); !

    TR_std_G=std(TestR egion_G{jjj}(:)); !

    TR_range_G=[TR_mean_G - N_std*TR_std_G,TR_mean_G+N_std*TR_std_G]; !
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! 45Q!

    !

        TR_mean_B=mean(TestRegion_B{jjj}(:)); !

    TR_median_B=median(TestRegion_B{jjj}(:)); !

    TR_std_B= std(TestRegion_B{jjj}(:)); !

    TR_range_B=[TR_mean_B - N_std*T R_std_B,TR_mean_B+N_std*TR_std_B]; !

 !

    Line1_R=double(Imag1_temp(:,x_mid(jjj):x_mid(jjj),1)); !

    Line1_R(find(Line1_R<min(TR_range_R)))=255; !

    Line1_R(find(Line1_R>max(TR_range_R)))=255; !

    Line1_R(find(Line1_R<=max(TR_range_R) & 

Line1_R>=min(TR_rang e_R)))=0; !

    !

    Line1_G=double(Imag1_temp(:,x_mid(jjj):x_mid(jjj),2)); !

    Line1_G(find(Line1_G<min(TR_range_G)))=255; !

    Line1_G(find(Line1_G>m ax(TR_range_G)))=255; !

    Line1_G(find(Line1_G<=max(TR_range_G) & 

Line1_G>=min(TR_range_G)))=0; !

    !

    Lin e1_B=double(Imag1_temp(:,x_mid(jjj):x_mid(jjj),3)); !

    Line1_B(find(Line1_B<min(TR_range_B)))=255; !

    Line1_B(find(Line1_B>max(TR_range_B)))=255; !

    Line1_B(find(Line1_B<=max(TR_range_B) & 

Line1_B>=min(TR_range_B)))=0; !

    !

    L_upper_R=Line1_R(y_mid(j jj): - 1:3) + Line1_R(y_mid(jjj) - 1: - 1:2) + 

Line1_R(y_mid(jjj) - 2: - 1:1); !

    L_upper_G=Line1_G(y_mid(jjj): - 1:3) + Line1_G(y_mid(jjj) - 1: - 1:2) + 

Line1_G(y_mid(jjj) - 2: - 1:1); !

    L_upper_B=Line1_B(y_mid(jjj): - 1:3) + Line1_B(y_mid(jjj) - 1: - 1:2) + 

Line1_B(y_mid(jjj) - 2: - 1:1); !

    !

    L_upper = L_upper_R; % + L_upper_G + L_upper_B; !

    !

    cell_upper=y_mid(jjj) -  min(fi nd(L_upper>0)); !

    !

    L_lower_R=Line1_R(y_mid(jjj):1:end - 2) + 

Line1_R(y_mid(jjj)+1:1:end - 1) + Line1_R(y_mid(jjj)+2:1:end); !

    L_lower_G=Line1_G(y_mi d(jjj):1:end - 2) + 

Line1_G(y_mid(jjj)+1:1:end - 1) + Line1_G(y_mid(jjj)+2:1:end); !

    L_lower_B=Line1_B(y_m id(jjj):1:end - 2) + 

Line1_B(y_mid(jjj)+1:1:end - 1) + Line1_B(y_mid(jjj)+2:1:end); !
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! 45$!

    !

    L_lower = L_lower_R + L_lower_G + L_lower_B; !

%     pause !

    ce ll_lower=y_mid(jjj) + min(find(L_lower==3*255*3)); !

    !

    if  isempty(cell_lower) !

        cell_lower = y_bott(jjj); !

   end !

    !

     if  isempty(cell_upper) !

        cell_upper = y_bott(jjj); !

    end !

    !

    Cell_Lower_M(iii,jjj)=cell_lower; !

    Cell_Upper _M(iii,jjj)=cell_upper; !

    !

    fig1=figure(1121);hold on;plot([x_mid(jjj) x_mid(jjj)],[cell_lower 

cell_upper], 'r' ) !

    plot(x_mid(jjj),y_bott(jjj), 'b*' ) !

    hold on;plot([x_box(1,jjj) x_box(1,jjj)],[y_box(1,jjj) 

y_box(2,jjj)], 'r' ) !

    plot([x_box(1,jjj) x_box(2,jjj)],[y_box(1,jjj) y_box(1,jjj)], 'r' ) !

    plot([x _box(2,jjj) x_box(2,jjj)],[y_box(1,jjj) y_box(2,jjj)], 'r' ) !

    plot([x_box(2,jjj) x_box(1,jjj)],[y_box(2,jjj) y_box(2,jjj)], 'r' ) !

    !

  end !

    !

    % -----    Bit that needs to go in a loop: END --- --------------- !

 !

    if  SaveImages==1 !

        cd(Outputdir); !

        saveas(fig1,[ 'OutputImages'  num2str(iii, '%04.f' ) '.jpg' ]) !

        cd(newdir); !

    end !

    close all !

    !

end !

 !

ManualBottom=ones(size(Cell_Upper_M)).*y_bott; !

 !

 !
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! 45P!

cd(Outputdir); !

HeightsFi nal=abs(Cell_Upper_M - ManualBottom); !

 !

display( 'Writing xlsx file...' ) !

display( 'Writing xlsx file...' ) !

display( 'Writing xlsx file...' ) !

display( 'Writing xlsx file...' ) !

display( 'Please wait' ) !

for  jjj=1:N_Samples !

    N_Samples - jjj !

    xlswrite( 'HeightsOutputNe w.xlsx' ,{ 'Time (seconds)' },[ 'Sample '  

num2str(jjj)], ' A1' ) !

    xlswrite( 'HeightsOutputNew.xlsx' ,Time',[ 'Sample '  

num2str(jjj)], 'A2' ) !

    !

    xlswrite( 'HeightsOutputNew.xlsx' ,{ 'Height' },[ 'Sample '  

num2str(jjj)], 'B1' ) !

    xlswrite( 'HeightsOut putNew.xlsx' ,{ 'M ean colour: Red' },[ 'Sample '  

num2str(jjj)], 'C1' ) !

    xlswrite( 'HeightsOutputNew.xlsx' ,{ 'Mean colour: Green' },[ 'Sample '  

num2str(jjj)], 'D1' ) !

    xlswrite( 'HeightsOutputNew.xlsx' ,{ 'Mean colour: Blue' },[ 'Sample '  

num2str(jjj)], 'E1' ) !

    xlswri te( 'HeightsOutputNew.xlsx' ,HeightsFinal(:,jjj),[ 'Sample '  

num2str(jjj)], 'B2' ) !

    xlswrite( 'HeightsOutputNew.xlsx' ,Colours_RGB(:,1,jjj),[ 'Sample '  

num2str(jjj)], 'C2' ) !

    xlswrite( 'HeightsOutputNew.xlsx' ,Colours_RGB(:,2,jjj),[ 'Sample '  

num2str(jjj)], 'D2' ) !

    xlswrite( 'HeightsOutputNew.xlsx' ,Colours_RGB(:,3,jjj),[ 'Sample '  

num2str(jjj)], 'E2' ) !

end !

 !

display( 'FINSHED!' ) !

display( 'FINSHED!' ) !

display( 'FINSHED!' ) !

display( 'FINSHED!' ) !

toc !

!

!


