
Form 836 (7/06) 

LA-UR- 
Approved for public release;  
distribution is unlimited. 

 
 

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC 
for the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By acceptance 
of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-free license to publish or reproduce the 
published form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests 
that the publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National 
Laboratory strongly supports academic freedom and a researcher’s right to publish; as an institution, however, the Laboratory does not 
endorse the viewpoint of a publication or guarantee its technical correctness. 

Title:  

Author(s):  

Intended for:  

11-04757

Radiography Test Problem for MCNP

Erik F. Shores,
Duane P. Flamig, and
John D. Zumbro, XCP-7

Distribution to
Transport Applications (XCP-7) and
Monte Carlo Codes (XCP-3)
Group Members



!"#$ ! %& !"

#$%&'()$*+, -./0 1)'23.4 5') 6781

9)&: ;< =+')./> ?@$A. 1< ;3$4&( $A% B'+A ?< C@42)'

'( )* ++ ,-./.

+, (0#012 3,++

D2/0)$E0

45627$289 :";8%#:"<71 ="5 >$ 9:$"2$; ?827 27$ '%1 (@"=%1 A%62$ B":@%

9%;$ ABC!D (&2$: 9:$"286# " <:%>@$= #$%=$2:5E ":>82:":5 %>F$92 28@21

"6;G%: :%2"28%61 ">%02 %6$ %: =%:$ "H$1 ="5 >$ 9%618;$:$; >5

I9%%:;86"2$ 2:"61&%:="28%6J $62:8$1 %: 18=<@5 :%2"286# " 1%0:9$

;$2$92%: 1512$= ">%02 27$ %>F$92 2% >$ 8="#$;D ( 18=<@$ ABC! 2$12

<:%>@$= ?"1 ;$K81$; 2% 8@@012:"2$ $&&$921 %& K":8%01 9%;$ %<28%61 "6; 81

;$19:8>$; 7$:$D ( 'CLMNCO =$17 :$<:$1$62"28%6 %& 2781 #$%=$2:5 ?"1

<:%;09$; ?827 ABC!P 2% $H$:981$ 27"2 :$9$62 9"<">8@825D

FA0)'%@E0&'A

O7$ IQ@0H R="#$ *";8%#:"<7JE %: !"#$%& 2"@@5 86 ABC!+ <":@"69$E 81 17%?6 197$="289"@@5 86 Q8#0:$ + "6;

="S$1 15627$289 :";8%#:"<75 "<<@89"28%61 <%118>@$ ?827 ABC!D B%0<@$; ?827 27$ #$6$:"@ 1%0:9$

;$&86828%6 "6; %27$: 2"@@5 &$"20:$1E 27$ 01$: ;$&86$1 "6 8="#$ #:8; ?827 !'$ "6; ($ $62:8$1 "6; 7"1 #:$"2
&@$H8>8@825 2% =%;$@ 1%0:9$ %>F$92 ;$2$92%: 1512$=1D T6@5 <7%2%6 :";8%#:"<75 81 9%618;$:$; 7$:$ >02 27$

!"# 2"@@5 "@1% ?%:S1 ?827 6$02:%61D

(1 #$%=$2:8$1 >$9%=$ =%:$ 9%=<@89"2$; U$D#D 27:%0#7 01$ %& 9%%:;86"2$ 2:"61&%:="28%61 "6;G%:

:%2"28%61VE 27$ 01$: ="5 &86; 06$H<$92$; 2"@@5 :$10@21 8& 27$ #$%=$2:5 "6; 8="#$ #:8; 9%%:;86"2$ 1512$=1

":$ =8106;$:12%%;D N8:$928%61 %& 27$ 8="#$ <@"6$ ;$&8686# ' "6; ) "H$1 86 Q8#0:$ +E &%: $H"=<@$E

;$<$6; %6 27$ 01$: ;$&86$; :$&$:$69$ ;8:$928%6 K$92%:D Q0:27$:=%:$E <%12 <:%9$1186# 2%%@1 U%&2$6 01$;

2% K810"@8W$ 2"@@5 %02<02V ="5 :$6;$: 8="#$1 86 "6 06$H<$92$; ?"5D ( 18=<@$ 2$12 <:%>@$= ?827 9@$":

%:8$62"28%6 &$"20:$1 ?"1 ;$K81$; 2% 86K$128#"2$ :";8%#:"<789 8="#$ <:%;0928%6 &:%= K":8%01 9%;$

%<28%61D 48=8@": 8110$1 "6; 2$12 <:%>@$=1 7"K$ >$$6 ;$19:8>$;3EME- >02 86<021 ?$:$ 6%2 <:%K8;$;D

=$4*3. 1)'23.4

O7$ 1"=<@$ <:%>@$= 81 " 2:069"2$; "@0=860= U3D. #G99V 9%6$ 9%62"8686# 27:$$ 206#12$6 U+X #G99V

1<7$:$1 %& + 9= :";801Y ?82786 $"97 1<7$:$ 81 " 95@86;:89"@ K%8; :$#8%6D ( 12$$@ U.DX #G99V 1<7$:$ %& + 9=

:";801 9$62$:$; "2 UZE[E\V ] U/E/E/V 81 869@0;$; &%: ";;828%6"@ %:8$62"28%6D O7$ :$@$K"62 ABC! 86<02 &8@$ &%:

27$ :";8%#:"<789 2$12 %>F$92 U*OTV 81 17%?6 >$@%? "6; 2?% 9021 27:%0#7 27$ #$%=$2:5 ":$ 17%?6 86

Q8#0:$1 3 "6; MD O7$ @"22$: &8#0:$1 ":$ 1% 9"@@$; [\ <@%21 ?7$:$ 27$ 5 ;8:$928%6 <%8621 2% 27$ :8#72E 27$ W

;8:$928%6 81 K$:289"@ "6; 27$ <%1828K$ H ;8:$928%6 <%8621 2%?":; 27$ K8$?$:D O7$ <:%>@$= %:8#86 &%: 2781

:8#72 7"6;$; 9%%:;86"2$ 1512$=E 86;89"2$; >5 27$ 9:%11 7"8:1 86 27$ 9$62$: %& Q8#0:$1 3 "6; ME 81 17%?6 "2

U[E\V ] U,E,VY H ] , "6; H ] / 9=E :$1<$928K$@5D



!"#$ G %& !"

!

!

Q8#0:$ +D N8"#:"= %& 27$ &@0H 8="#$ :";8%#:"<7 UQR*V 2"@@5 &:%= *$& +

Q8#0:$ 3D *OT #$%=$2:5 1@89$ "2 H ] , 9=Y ;8=$618%61 ":$ 9=

Q8#0:$ MD *OT #$%=$2:5 1@89$ "2 H ] ^/ 9= 78#7@8#721 12$$@ 1<7$:$ "2 UZE[E\V]U/E/E/V

^W

^H
^5

^W

^H
^5



!"#$ " %& !"

( 27:$$ ;8=$618%6"@ K8$? %& 27$ *OTE 9:$"2$; ?827 27$ '%1 (@"=%1 #:"<7891 <"9S"#$ T4T'TBT/E 81

17%?6 86 Q8#0:$ - ?827 " <%:28%6 :$=%K$; 2% K810"@8W$ 27$ 862$:8%:D O7$ 27:$$ + 9= :";801 206#12$6

1<7$:$1 "6; 27$8: 95@86;:89"@ K%8;1 %& K":8$; :";88 ":$ :$";8@5 K818>@$ ?82786 27$ "@0=860= 9%6$D O7$

$H2$:6"@ 12$$@ :$&$:$69$ 1<7$:$E "2 @%9"28%6 UZE[E\V ] U^/E^/E^/VE 81 17%?6 86 :$;D

Q8#0:$ -D MN <$:1<$928K$ %& 27$ *OT #$%=$2:5 U?827 " <%:28%6 :$=%K$;V "1 :$6;$:$; ?827 T4T'TBT

^W

H^5



!"#$ H %& !"

"#$%&!#'()*+,-'.*,/!01'(1-.2!3+45-!6*/1!

!

#'+*7,/!819-!%.')/1(!

7!

7!8:*9!9*(4/1!"#$%!4.')/1(!*9!*+-1+;1;!-'!*//59-.,-1!

7!91<1.,/!.,;*'=.,4:*7!4.'>17-*'+9?!

7!

7!@A!B,+!C@D@!

7!E.*F!6?!G:'.19H!I5,+1!%?!6/,(*=!,+;!B':+!I?!J5().'H!K#%LM!

7!

7!N*/1!O!7'+1!P!@A!B,+!D@!P!4.')/1(!7.1,-*'+!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!#EQQ!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

D!!!!D@D!LDT?@!!LD!D@!!!!!!!*(4U4OD!V!W!94:1.1!

C!!!!D@D!LDT?@!!LC!DD!!!!!!!*(4U4OD!V!W!94:1.1!

X!!!!D@D!LDT?@!!LX!DC!!!!!!!*(4U4OD!V!W!94:1.1!

Y!!!!D@X!LC?M!!!ZD!C!X[!LY!!*(4U4OD!V!R/!7'+1!

A!!!!D@Y!LM?T!!!LA!!!!!!!!!!*(4U4OD!V!GG!94:1.1!N'.!'.*1+-,-*'+!

&!!!!D@A!LD?@1LX!Y!A!L\T!!!!*(4U4OD!V!,*.!

D@!!!!!@!!!!!!!!LD!LD@!!!!!!*(4U4OD!V!W!<'*;!

DD!!!!!@!!!!!!!!LC!LDD!!!!!!*(4U4OD!V!W!<'*;!

DC!!!!!@!!!!!!!!LX!LDC!!!!!!*(4U4OD!V!W!<'*;!

T@!!!D@A!LD?@1LX!\T!L\\!!!!!*(4U4OD!

\\!!!!!@!!!!!!!!!!!!!\\!!!!!*(4U4O@!

7!1+;!71//9!]*-:!)/,+F!94,71!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!G^S6R#E!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

D!!!!9'!!!!D?@!

C!!!!9_!!!!C?A!!D!

X!!!!9_!!!LC?A!!D!

Y!!!-.7!!!!@!!!!@!!!LA!!!!@!@!D@!!!C?A!A!

A!!!!!9!!!!A!!!!A!!!!A!!!!D!

D@!!7`a!!!!@!!!!@!!!!@?A!

DD!!7`a!!!!@!!!!C?A!!@?MA!

DC!!7`a!!!!@!!!LC?A!!@?CA!

\T!!!9'!!\@@!

\\!!!9'!D@@@!

7!1+;!95.N,719!]*-:!)/,+F!94,71!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!IR8R!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!LT!;1=.11!.'-,-*'+!,)'5-!2!Z54[b!

-.X!!!@?!!!!!!!!!!!!!!!!!!@?!!!!!!!!@?!

!!!!!!@?\\@C&T@&TMYDAM@X&!@?!!!!!!!L@?DX\DMXD@@\&@@&AYY!

!!!!!!@?!!!!!!!!!!!!!!!!!!D?!!!!!!!!@?!

!!!!!!@?DX\DMXD@@\&@@&AYY!@?!!!!!!!!@?\\@C&T@&TMYDAM@X&!D!

7!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!"R8ES3RQ!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

(D@D!!!MYDTY!D?@@@@@@!V!W!

(D@X!!!DX@CM!D?@@@@@@!V!R/!

(D@C!!!MXDTD!D?@@@@@@!V!8,!

(D@A!!!!M@DY!@?MM@\@@!!T@D&!@?CD\A@@!DT@@@!@?@@\&@@!V!,*.!

(4+D@A!!M@DY!T@D&!DT@Y@!

(D@Y!!!C&@A&!@?&\T@@@!CY@AC!@?C@&@@@!CT@AT!@?@\&@@@!V!!GG!

(D@&!!!MDDMA!C?@@@@@@!DY@CT!D?@@@@@@!T@D&!A?@@@@@@!!V!QGc!

(4+D@&!MXDTD!DY@CT!T@D&!

7!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!Gc^S#EU!#RSIG!



!"#$ I %& !"

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

(';1!4!

4:29U4!>!@!@!

75-U4!>!@?D!

9;1N!4'9!LDXX!@?!@?!

!!!!!<17!!!!D!@!!@!

7!9;1N!4'9!LDXD?M@A&AXDYC&CTTYMC&!@?!!LDT?AD@@CCYCM&TTM@XXC!V!9(,//!1+;!-'!9'5.71!

7!!!!!!<17!@?\\@C&T@&TMYDAM@X&!!!!@?!!!!@?DX\DMXD@@\&@@&AYY!!

7!9;1N!4'9!LDXD?M@A&AXDYC&CTTYMC&!@?!!!DT?AD@@CCYCM&TTM@XXC!V!/,.=1!1+;!-'!9'5.71!

7!!!!!!<17!@?\\@C&T@&TMYDAM@X&!!!!@?!!!L@?DX\DMXD@@\&@@&AYY!

7!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!8RQQd!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

N7A!G,(4/1!S,;*'=.,4:!

N*.AU4!!!X\C!!!!!!!!!!!!!!!!!!!@?!!@?!!!@!!!@?!@?!@?!!@!@!@!!

7!N*.AU4!XTT?DTA@TC\YAA\AAATT@!@?!!AY?AAATAAAMAXYAAY\AY!

7!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!@!!!@?!@?!@?!!@!@!@!V!9(,//!1+;!-'!9'5.71!

7!N*.AU4!XTT?DTA@TC\YAA\AAATT@!@?!LAY?AAATAAAMAXYAAY\AY!

7!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!@!!!@?!@?!@?!!@!@!@!V!/,.=1!1+;!-'!9'5.71!

N9A!LCC?YT!DDCX*!CC?YT!

7A!!LCC?YT!DDCX*!CC?YT!V!.,;*'=.,4:*7!=.*;!

-,/+4!A!!!!!!!!!!!!!!!!V!;'+e-!4.*+-!-,//2!)*+9!

+49!D!!!!!!!!!!!!!!!!!!V!:*9-'.*19!

+'-.+!!!!!!!!!!!!!!!!!!V!.,2!-.,71!

4.;(4!>!D!D!C!!!!!!!!!!V!;5(4!7'+-.'/!

4.*+-!!!!!!!!!!!!!!!!!!V!(,F1!9'(1!'5-45-f!

7!N'.!Q$gXI$8!N*/1!7.1,-*'+!

(19:!!=1'(!a2_!'.*=*+OLT!LT!LT!!.1NO@!@!@!!

!!!!!!!*(19:!T!

!!!!!!!**+-9!T@!

!!!!!!!>(19:!T!

!!!!!!!>*+-9!T@!

!!!!!!!F(19:!T!

!!!!!!!F*+-9!T@!

;,]]=!4'*+-9OD@!a917O+;*/*)!

!

!

O7$ 6%=86"@ 1%0:9$ 81 <%1828%6$; "2 UZE[E\V ] U +MME,E,VE ;8:$92$; 27:%0#7 27$ 2$12 %>F$92 86 " ;8:$928%6

%:27%#%6"@ 2% 27$ 9%689"@ 15==$2:5 "H81E "6; 8698;$62 %6 " ;$2$92%: #:8; "2 UZE[E\V ] UM_3E,E,VD O7$ 86<02

&8@$ 9%62"861 "6 %<28%6"@ 2:"61&%:="28%6 "6; $A '*0&'A$3 &A*@0 23'E: 0' E).$0.> J&$ 6781K> $ L8M"?8-
J.)/&'A '5 0+&/ (.'4.0),D R6 2781 9"1$E 27$ >86":5 &8@$ 1N9/*+F-19- ?"1 9:$"2$; ?827 2781 9%=="6;P`

(7+4&!(!*O7'+1?*!/*+F'5-O1N9/*+F-19-!

"6; 27$ :$10@2"62 =$17 81 $11$628"@@5 " +P H +P H +P 9= 90>$ %& X, H X, H X, $@$=$621D O7$ 3 == U+P 9= G

X, =$17 $@$=$621V I#:8; K$:18%6J %& 2781 #$%=$2:5 81 17%?6 86 Q8#0:$1 / "6; PD

O7$ &%@@%?86# 19:$$6 %02<02 ?"1 <:%;09$; ;0:86# ABC!a1 'CLMNCO &8@$ 9:$"28%6 "6; 81 17%?6 7$:$ &%:
9%=<@$2$6$11Y 1097 86&%:="28%6 ="5 >$ 01$&0@ 86 10>1$b0$62 2:"61<%:2 :061 ="S86# 01$ %& 27$ @86S&8@$D

!

#'+<1.-*+=!"#$%!01'(1-.2!-'!Q$gXI$8!"19:!

!!!!!!!!!!!!!!!!!!!!!!!G-,.-!-*(1!O!!@M`C@`DD!DAUXMUC\!!

!I'+1!]*-:!7'+<1.9*'+!'N!"#$%!01'(1-.2!-'!Q$gXI$8!"19:!

!!!!!!!!!!!!!!!!!!!!!!!E+;!-*(1!O!!@M`C@`DD!DAUY&U@A!!

8:1!cSIESEI!/*9-!'N!(,-1.*,/9!].*--1+!-'!-:1!Q$gXI$8!N*/1!*9U!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<'*;P!(,-1.*,/!*+;1a!h!!!!!!!@!

!!!*+;1a!h!!!!D!/*9-1;!,9!(,-1.*,/!7,.;!h!!!!!D@DP!(,-1.*,/!*+;1a!h!!!!!!!D!

!!!*+;1a!h!!!!C!/*9-1;!,9!(,-1.*,/!7,.;!h!!!!!D@XP!(,-1.*,/!*+;1a!h!!!!!!!C!

!!!*+;1a!h!!!!X!/*9-1;!,9!(,-1.*,/!7,.;!h!!!!!D@AP!(,-1.*,/!*+;1a!h!!!!!!!X!

!!!*+;1a!h!!!!Y!/*9-1;!,9!(,-1.*,/!7,.;!h!!!!!D@YP!(,-1.*,/!*+;1a!h!!!!!!!Y 



!"#$ K %& !"

 
 
         
 
 

Q8#0:$ /D 3 == 'CLMNCO K$:18%6 %& 27$ *OT "2 H ] , U@$&2V "6; H ]^/ 9= U:8#72VY ;8=$618%61 ":$ 9=

Q8#0:$ PD B:%11 1$928%6"@ Z[ <@%2 "2 W ] ^/ 9=

O7$ #$%=$2:5 1@89$ 86 Q8#0:$ /E 06@8S$ 27"2 86 Q8#0:$ ME :$K$"@1 " <%:28%6 %& 27$ "@0=860= 9%6$ 9%0:2$15
%& 1$K$:"@ I=8H$;J 9$@@1D R61<$928%6 %& Q8#0:$ P "2 Z ] / %: [ ] / 9= <:%K8;$1 "6 "@2$:6"2$ <$:1<$928K$D
A8H$; 9$@@1 ":$ "@1% $K8;$62 "2 27$ >%06;":5 %& $"97 206#12$6 1<7$:$ 86 Q8#0:$ /D

( + == 'CLMNCO K$:18%6 %& 27$ *OT 81 " &"92%: %& X @":#$: 27"6 27$ 3 ===$17 U_XDM Ac K1 +3DM AcVD



!"#$ N %& !"

O7$ '%1 (@"=%1 A%62$ B":@% 2$"= UZB! MV 81 90::$62@5 ?%:S86# %6 " A%62$ B":@% (<<@89"28%6 O%%@S82.

UAB(OLV "6;E "=%6# %27$: &$"20:$1E 2781 9%;$ 869@0;$1 " #$%=$2:5 <@%22$: 862$6;$; 2% K810"@8W$
'CLMNCO &8@$1D A"2$:8"@ 86;$H "6; ;$61825 U#G99V &%: 27$ + == 'CLMNCO K$:18%6 %& 27$ *OT 81 17%?6 86
Q8#0:$ .D AB(OL 81 2701 "6 "@2$:6"28K$ 2% 862$::%#"286# 2781 #$%=$2:5 ?827 27$ ABC! <@%22$:D T6$ %& 27$
9%6K$68$62 &$"20:$1 %& 2781 2%%@ 81 27$ ">8@825 2% 862$:"928K$@5 I19:%@@J 27:%0#7 <@"6": 1@89$1 %& 27$
#$%=$2:5 "6; 27$ 16"<17%2 86 Q8#0:$ . :$<:$1$621 27$ 9$62$: %& 27$ =$17D

*$#":;86# 27$ 'CLMNCO &8@$ ="2$:8"@ 86;$HE + 81 27$ K%8; :$#8%6 ?82786 $"97 206#12$6 1<7$:$E 3 81 27$
206#12$6E M 81 "@0=860=E - 81 "8: "6; /E 6%2 K818>@$ 86 Q8#0:$ .E 81 27$ 12$$@ :$&$:$69$ 1<7$:$D

Q%: '%1 (@"=%1 01$:1E AB(OL 81 &%06; 86 `59.`4.'>17-9`(7,-F`.1/1,91D

Q8#0:$ .D + == 'CLMNCO K$:18%6 %& 27$ *OT :$6;$:$; 86 27$ AB(OL #$%=$2:5 K8$?$:



!"#$ O %& !"

Q%: 10>1$b0$62 2:"61<%:2 :061E <%118>@5 862$6;$; &%: ;8:$92 9%=<":81%6 ?827 !(*OR4C U$D#D *$& XVE 1869$
27"2 ;$2$:=8681289 '%1 (@"=%1 9%;$ "@1% ="S$1 01$ %& 27$ 'CLMNCO =$17E "6 ABC!P 86<02 &8@$ ?827 "6
$=>$;;$; 'CLMNCO =$17 :$b08:$1 ";;828%6"@ $62:8$1D Q8#0:$1 / "6; PE &%: $H"=<@$E ?$:$ 9:$"2$; ?827
27$ &%@@%?86# 86<02 &8@$ "6; /.J.)$3 A.P .A0)&./ $). +&(+3&(+0.% &A 2'3% 0,*.D

"#$%&!*+45-!N*/1!]*-:!1()1;;1;!Q$gXI$8!(19:!

!

#'+*7,/!819-!%.')/1(!

7!

7!8:*9!9*(4/1!"#$%!4.')/1(!*9!*+-1+;1;!-'!*//59-.,-1!

7!91<1.,/!.,;*'=.,4:*7!4.'>17-*'+9?!

7!

7!@A!B,+!C@D@!

7!E.*F!6?!G:'.19H!I5,+1!%?!6/,(*=!,+;!B':+!I?!J5().'H!K#%LM!

7!

7!N*/1!O!7'+1/+F?*!P!@A!R5=!DD!P!1()1;;1;!(19:!1a,(4/1!!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!#EQQ!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

D@!!!!!!!!@!!!!!!!!!@!5O1D@!*(4U+H4OD!V!<'*;!1/1(1+-9!

D@@@!!!!D@D!LDT?@!!!@!5O1D@!*(4U+H4OD!V!W!94:1.1!

C@@@!!!!D@X!LC?M!!!!@!5O1D@!*(4U+H4OD!V!R/!7'+1!

Y@@@!!!!D@Y!LM?T!!!!@!5O1D@!*(4U+H4OD!V!GG!94:1.1!N'.!'.*1+-,-*'+!

X@@@!!!!D@A!LD?@1LX!@!5O1D@!*(4U+H4OD!V!,*.!

A@@@!!!!!!@!!!!L\T!N*//O1D@!*(4U+H4OD!

&@@@!!!!!!@!!!!!\T!L\\!!!!!!*(4U+H4OD!!!

\\\\!!!!!!@!!!!!\\!!!!!!!!!!*(4U+H4O@!

7!1+;!71//9!]*-:!)/,+F!94,71!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!G^S6R#E!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

D!!!!9'!!!!D?@!

C!!!!9_!!!!C?A!!D!

X!!!!9_!!!LC?A!!D!

Y!!!-.7!!!!@!!!!@!!!LA!!!!@!@!D@!!!C?A!A!

A!!!!!9!!!!A!!!!A!!!!A!!!!D!

D@!!7`a!!!!@!!!!@!!!!@?A!

DD!!7`a!!!!@!!!!C?A!!@?MA!

DC!!7`a!!!!@!!!LC?A!!@?CA!

\T!!!9'!!A@!

\\!!!9'!!A@@@!

7!1+;!95.N,719!]*-:!)/,+F!94,71!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!IR8R!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!LT!;1=.11!.'-,-*'+!,)'5-!2!Z54[b!

-.X!!!@?!!!!!!!!!!!!!!!!!!@?!!!!!!!!@?!

!!!!!!@?\\@C&T@&TMYDAM@X&!@?!!!!!!!L@?DX\DMXD@@\&@@&AYY!

!!!!!!@?!!!!!!!!!!!!!!!!!!D?!!!!!!!!@?!

!!!!!!@?DX\DMXD@@\&@@&AYY!@?!!!!!!!!@?\\@C&T@&TMYDAM@X&!D!

7!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!"R8ES3RQ!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

(D@D!!!MYDTY!D?@@@@@@!V!W!

(D@X!!!DX@CM!D?@@@@@@!V!R/!

(D@C!!!MXDTD!D?@@@@@@!V!8,!

(D@A!!!!M@DY!@?MM@\@@!!T@D&!@?CD\A@@!DT@@@!@?@@\&@@!V!,*.!

(D@Y!!!C&@A&!@?&\T@@@!CY@AC!@?C@&@@@!CT@AT!@?@\&@@@!V!!GG!

(D@&!!!MDDMA!C?@@@@@@!DY@CT!D?@@@@@@!T@D&!A?@@@@@@!!V!QGc!

7!



!"#$ Q %& !"

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!Gc^S#EU!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

(';1!+!4!

4:29U4!>!@!@!

75-U4!>!@?D!

9;1N!4'9!LDXX!@?!@?!4,.OD!

!!!!!<17!!!!D!@!!@!

7!9;1N!4'9!LDXD?M@A&AXDYC&CTTYMC&!@?!!LDT?AD@@CCYCM&TTM@XXC!V!9(,//!1+;!-'!9'5.71!

7!!!!!!<17!@?\\@C&T@&TMYDAM@X&!!!!@?!!!!@?DX\DMXD@@\&@@&AYY!!

7!9;1N!4'9!LDXD?M@A&AXDYC&CTTYMC&!@?!!!DT?AD@@CCYCM&TTM@XXC!V!/,.=1!1+;!-'!9'5.71!

7!!!!!!<17!@?\\@C&T@&TMYDAM@X&!!!!@?!!!L@?DX\DMXD@@\&@@&AYY!

7!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

7!8RQQd!#RSIG!

7!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!

N7A!G,(4/1!S,;*'=.,4:!

N*.AU+!!!X\C!!!!!!!!!!!!!!!!!!!@?!!@?!!!@!!!@?!@?!@?!!@!@!@!!

7!N*.AU4!XTT?DTA@TC\YAA\AAATT@!@?!!AY?AAATAAAMAXYAAY\AY!

7!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!@!!!@?!@?!@?!!@!@!@!V!9(,//!1+;!-'!9'5.71!

7!N*.GU4!XTT?DTA@TC\YAA\AAATT@!@?!LAY?AAATAAAMAXYAAY\AY!

7!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!@!!!@?!@?!@?!!@!@!@!V!/,.=1!1+;!-'!9'5.71!

N9A!LCC?YT!DDCX*!CC?YT!

7A!!LCC?YT!DDCX*!CC?YT!V!.,;*'=.,4:*7!=.*;!

-,/+4!A!!!!!!!!!!!!!!!!V!;'+e-!4.*+-!-,//2!)*+9!

+49!D!!!!!!!!!!!!!!!!!!V!:*9-'.*19!

+'-.+!!!!!!!!!!!!!!!!!!V!.,2!-.,71!

4.;(4!>!D!D!C!!!!!!!!!!V!;5(4!7'+-.'/!

4.*+-!!!!!!!!!!!!!!!!!!V!(,F1!9'(1!'5-45-f!

7!

7!N'.!Q$gXI$8!N*/1!7.1,-*'+!

7!(19:!!=1'(!a2_!'.*=*+OLT!LT!LT!!.1NO@!@!@!!

7!!!!!!!!*(19:!T!

7!!!!!!!!**+-9!T@!

7!!!!!!!!>(19:!T!

7!!!!!!!!>*+-9!T@!

7!!!!!!!!F(19:!T!

7!!!!!!!!F*+-9!T@!

7!;,]]=!4'*+-9OD@!a917O+;*/*)!

7!

1()1;D@!(19:=1'!!!!O!/+FX;+-!

!!!!!!!!(=1'*+!!!!!O!1N9/*+F-19-!

!!!!!!!!(,-71//!!!!O!@!D@!

!!!!!!!!!!!!!!!!!!!!!D!D@@@!

!!!!!!!!!!!!!!!!!!!!!C!C@@@!

!!!!!!!!!!!!!!!!!!!!!X!X@@@!

!!!!!!!!!!!!!!!!!!!!!Y!Y@@@!

!!!!!!!!),7F=.'5+;!O!X@@@!!!!!!!!!V!71//!+5()1.!!



!"#$ !R %& !"

#./@30/

O7$ 6%=86"@ 15627$289 :";8%#:"<789 8="#$ UI;8:$92J 2"@@5 &:%= " 186#@$ <7%2%6 7812%:5Y 8D$D 8#6%:86#

19"22$:V &:%= %0: 9%=>86"2%:8"@ #$%=$2:5 K$:18%6 %& 27$ *OT 81 17%?6 86 Q8#0:$ XD d$6$:"@@5E 27$

:";8%#:"<7$:a1 9%6K$628%6 81 2% K8$? "6 8="#$ &:%= 27$ 1%0:9$ <$:1<$928K$ "6; 27$ 12$$@ 1<7$:$ 81 2701

$H<$92$; 86 27$ 0<<$: @$&2 b0";:"62 %& 27$ 18=0@"2$; 8="#$D O7$ ;$&"0@2 8="#$ <:$1$62"28%6 ?"1

:$2"86$; &%: Q8#0:$ XE 7%?$K$:E "6; ?78@$ 82 "<<$":1 27$ K8$?$: 81 @%%S86# 2%?":; 27$ 1%0:9$E :$";$:1 ":$

:$=86;$; %& 27$ :$&$:$69$ K$92%: U+E,E,V 1<$98&8$; %6 27$ !"#$%& 2"@@5 $62:5 U1$$ Q8#0:$ +VD (@2$:6"28K$@5E
27$ :$&$:$69$ K$92%: U"6; 2701 K8$?86# <$:1<$928K$V 9%0@; >$ =%;8&8$; >5 1<$98&586# 27$ I9%%:;86"2$1

;$&8686# %02?":; 6%:="@ 2% 8="#$ #:8;a "1 UY@@!@!@[ %6 27$ QR* $62:5E :$10@286# 86 " :$&$:$69$ K$92%: %&

U +E,E,VE >02 27$ 8="#$ ?%0@; :$b08:$ " +X,e :%2"28%6 UQ8#0:$ _VD R6 "65 9"1$E <%12 <:%9$1186# 2%%@1 ="5

$"18@5 I7%:8W%62"@@5 &@8<J 27$ 8="#$ 17%?6 86 Q8#0:$ XD 4%@%=%6a1 IABO('OTT'J 028@825_E+, ?"1 01$; 2%

$H2:"92 2"@@5 86&%:="28%6 &:%= ABC!a1 A%62$ B":@% O"@@5 UABO('V &8@$ &%: 8="#$ <:%;0928%6 86 dC)!'TO

?827 2781 9%=="6;`

(7-,/-''/!L*!(7-,/N*/1!L'!'5-45-N*/1!La!9!L2!7!L+!A!fi:1/4 ":#0=$62 81 "K"8@">@$gD

Q%: '%1 (@"=%1 01$:1E 2781 028@825 81 @%9"2$; 86 `591.9`79'/'('+`9:,.1`5-*/*-*19D

O7$ 15627$289 8="#$1 86 Q8#0:$1 +, "6; ++ ":$ <:$1$62$; "1 " :";8%#:"<7$: ?%0@; 2:";828%6"@@5 K8$? "

<8$9$ %& &8@=h&:%= 27$ 1%0:9$ <$:1<$928K$D R6 Q8#0:$ +,E 27$ 1%0:9$ ;$2$92%: 1512$= 7"1 >$$6 28@2$;

">%02 27$ #$%=$2:5 1097 27"2 27$ %>F$92 U9%6$ <@01 :$&$:$69$ 1<7$:$V "<<$":1 28@2$; X ;$#:$$1D O781 81

"6 "@2$:6"28K$ 2% "<<@586# " O* 9":; 2% 27$ $628:$ #$%=$2:5D R6 %27$: ?%:;1E &%: Q8#0:$ +,E 8="#86$ 27$

1="@@ $6; %& 27$ "@0=860= 9%6$ 7"1 >$$6 28@2$; 2%?":; 27$ 1%0:9$D c5 9%62:"12E 27$ @":#$ $6; %& 27$

9%6$ ?"1 28@2$; 2%?":; 27$ 1%0:9$ 86 Q8#0:$ ++D C%2$ 27$ <%1828%6 %& 27$ :$&$:$69$ 1<7$:$ 86 $"97 8="#$D

(:>82:":5 862$61825 06821 ":$ 17%?6 86 Q8#0:$1 X ++ >02 ":$ 27$ 1"=$ &%: $"97 &8#0:$D

R6 17%:2E &%: 27$ ABC! 01$: 2% 06;$:12"6; 27$ :$@"28%6178< >$2?$$6 27$ #$%=$2:5 9%%:;86"2$ 1512$=

"6; 27"2 %& 27$ ;$2$92%: #:8;E ABC!a1 %02<02 &8@$ 17%0@; >$ 120;8$;D O?% 01$&0@ 9%==$621 ":$ 27%1$

78#7@8#7286# 27$ :$@$K"62 K$92%:1`

;*.17-*'+!7'9*+19!41.41+;*75/,.!-'!*(,=1!=.*;!O!LD?@@@@Ej@@!!@?@@@@Ej@@!!@?@@@@Ej@@

*(,=1!;1-17-'.!,a19U!!!!-!Z7!7,.;[!,a*9!O!!@?@@@@!!@?@@@@!LD?@@@@!!!!!9!ZN9!7,.;[!,a*9!

O!!@?@@@@!!D?@@@@!!@?@@@@?

R62$:$12$; :$";$:1 ":$ $69%0:"#$; 2% $H<@%:$ 19"22$: 9%62:8>028%61 86 2781 *OT >5 $H2$6;86# <7%2%6

<751891 "6; 2:"61<%:2D R="#$ >@0::86# &:%= 19"22$: >$9%=$1 :$";8@5 K818>@$ ?827 "1 &$? "1 +,, 7812%:8$1E

&%: $H"=<@$D (;;828%6"@ %<28%61 =8#72 869@0;$ ="S86# 9%62:8>028%61 2% $"97 <8H$@ ?827 " :"6;%= %&&1$2

U$D#D 6%6W$:% 2$627 $62:5 %6 27$ QR* 2"@@5VD



!"#$ !! %& !"

Q8#0:$ XD C%=86"@ 15627$289 :";8%#:"<7 %& 27$ *OT :$b08:$1 7%:8W%62"@ <8H$@1 2% >$ :$K$:1$;Y 27$

:$&$:$69$ K$92%: 81 U+E,E,VE 1 "H81 81 U,E+E,V "6; 2 "H81 81 U,E,E+V

Q8#0:$ _D 45627$289 :";8%#:"<7 %& 27$ *OT ?827 "6 "@2$:6"2$ :$&$:$69$ K$92%: 1<$98&89"28%6 :$b08:$1 27$

8="#$ 2% >$ :%2"2$;Y 7$:$E 27$ :$&$:$69$ K$92%: 81 U +E,E,VE 1 "H81 81 U,E+E,V "6; 2 "H81 81 U,E,E +V



!"#$ !G %& !"

Q8#0:$ +,D 45627$289 :";8%#:"<7 %& 27$ *OTY 1="@@ $6; %& 9%6$ 28@2$; 2%?":; 1%0:9$

Q8#0:$ ++D 45627$289 :";8%#:"<7 %& 27$ *OTY @":#$ $6; %& 9%6$ 28@2$; 2%?":; 1%0:9$

\
\



!"#$ !" %& !"

=@44$),

ABC! 01$:1 7"K$ #:$"2 &@$H8>8@825 2% =%;$@ 1%0:9$ %>F$92 ;$2$92%: 1512$=1 &%: :";8%#:"<789 "<<@89"28%61D

( 1"=<@$ :";8%#:"<789 2$12 %>F$92 U*OTV ?"1 ;$K81$; 2% $H$:981$ ABC!a1 :";8%#:"<789 2"@@5 %<28%61 "6;

8@@012:"2$ <:%<$: 8="#$ %:8$62"28%6D R6 17%:2E ABC!a1 %02<02 ;$19:8<28%6 %& 27$ ' "6; ) "H$1E 9%0<@$;

?827 27$ 2"@@5a1 :$&$:$69$ K$92%:E ":$ S$5 2% 06;$:12"6;86# 27$ !"#6`< 2"@@5 %02<02D O781 ?%:S
9%::%>%:"2$1 O$=<@$a1 9%69@018%61- "6; 27$ "027%:1 $6;%:1$ 781 <:%<%1$; =%;8&89"28%61 2% 27$ ABC!

="60"@ :$#":;86# 781 I>$22$: ;$19:8<28%6 &%: 27$ :";8%#:"<75 2"@@5JD *$@"28K$ 2% 2:";828%6"@ 9%=>86"2%:8"@

#$%=$2:5E 6$? &$"20:$1 86 ABC!P ?$:$ 01$; 2% <:%;09$ "6"@%#%01 + == "6; 3 == 'CLMNCO K$:18%61

%& 27$ <:%>@$= "6; 2781 6%2$ <:%K8;$1 " <:"9289"@ $H"=<@$D

D**.A%&S

Q0:27$: :$10@21 ":$ 869@0;$; "1 "6 "<<$6;8H "6; 862$6;$; &%: K8$?#:"<7 <:$1$62"28%6D

DE:A'P3.%(.4.A0/

O7$ "027%:1 ?%0@; @8S$ 2% 27"6S A%62$ B":@% O$"= =$=>$:1 '"::5 B%HE (:2 Q%:12$: "6; i$:$=5 4?$$W5

UZB! MV &%: 01$&0@ ;8190118%61 %6 2781 2%<89 "6; '"0:" '"6# Uj!B +V &%: T4T 9%@@">%:"28%6D O$::5 (;"=1

"6; 42$K$ C%@$6 UZB! MV <:%K8;$; 28=$@5 AB(OL "11812"69$ "6; Bi 4%@%=%6a1 UZB! .V ABO(' &8@$ <":186#

028@825 "6; "11812"69$ ?827 T4T ":$ "@1% "<<:$98"2$;D

?&/0)&2@0&'A

O:"61<%:2 (<<@89"28%61 UZB! .V "6; A%62$ B":@% B%;$1 UZB! MV #:%0< =$=>$:1D

kQ4`$&1

#.5.).AE./
f+g Z / A%62$ B":@% O$"=E IABC! l ( d$6$:"@ A%62$ B":@% C !":289@$ O:"61<%:2 B%;$E m$:18%6 /E m%@0=$ +`
TK$:K8$? "6; O7$%:5JE '( )* ,M +_X. U3- (<:8@ 3,,ME :$K81$; ,+ Q$> 3,,XV
f3g c:8"6 (D O$=<@$E IABC!/ *";8%#:"<75 O"@@5 R6<02 A%;8&89"28%61JE '( )* ,- ,_+, U,P Q$> 3,,-V
fMg c:8"6 (D O$=<@$E Im$:8&89"28%6 %& B%61812$695 c$2?$$6 *";8%#:"<75 "6; QAk4j O"@@8$1 &%: 48=0@"2$; Z *"5
*";8%#:"<71 86 ABC!JE 06<0>@817$; U33 N$9 3,,-V
f-g c:8"6 (D O$=<@$E I(;;$6;0= 2% '( )* ,- ,_+,E ( B@":8&89"28%6 %& 27$ ABC!/ :";8%#:"<75 2"@@5 ;8:$928%61JE
'( )* ,P XM-/ U3_ C%K 3,,PV
f/g '"0:" '"6#E T4T'TBT +D+D3E " 9%612:0928K$ 1%@8; #$%=$2:5 UB4dV $;82%:E '( BB ++ ,., U3,++V
fPg '"::5 B%HE I'CLMNCO d$%=$2:5 40<<%:2` )1$: d08;"69$ &%: B:$"286# "6; k=>$;;86#JE 2% >$ <0>@817$; U3,++V
f.g ZB! M A%62$ B":@% O$"=E AB(OL` A%62$ B":@% (<<@89"28%6 O%%@S82E <$:1%6"@ 9%==0689"28%61 U3,++V
fXg k:8S Q 47%:$1E IABC! "6; !(*OR4C *$10@21 &%: O?% B:8289"@825 c$697=":S !:%>@$=1JE '( )* ++ ,MP-_
U3+ i06 ++V
f_g B@$@@ iD 4%@%=%6E ABO('OTT'E <$:1%6"@ 9%==0689"28%6 U33 i0@5 3,++V
f+,g B@$@@ iD 4%@%=%6E I( O"@$ %& O?% )28@828$1` A(OOTT' n ABO('OTT'JE '( )* ++ ,-/3P U3,++V


