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;'.+P%!01&.$&127)#+%
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$;'33%0,%$;'33+,P%!01&.$&127)#+%
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2!#;LMC4033+(-#2*%.'-'%02%-,'//#(%'((#.+2-%/'-'3#-#+$F%-"+%S'-#02'3%T#*"B'=%!,'//#(%?'/+-=%
L.;#2#$-,'-#02%"'$%/012.%-"'-%UV:WG%0/%-"+%I#(-#;$%"'I+%K:KG%<300.%'3(0"03%(02-+2-%XDL4YZ%
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3+'$-%K:8K%&+,(+2-%DL4:%

Q0,%'%,'2.0;3=%$+3+(-+.%I#(-#;F%%

':%N"'-%#$%-"+%&,0<'<#3#-=%-"'-%-"+%I#(-#;H$%DL4%B'$%'-%3+'$-%K:K8GP%!01&.$&127)#+%
<:%M#I+2%-"'-%-"+%I#(-#;%"'.%<++2%.,#2)#2*%&,#0,%-0%-"+%'((#.+2-F%B"'-%#$%-"+%&,0<'<#3#-=%-"'-%
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L$$1;#2*%-"'-%'%$#;&3+%3#2+',%,+*,+$$#02%;0.+3%#$%'&&,0&,#'-+%/0,%'2'3=R#2*%-"+%'<0I+%.'-'F%

-"+%/0330B#2*%,+$13-$%',+%0<-'#2+.%/,0;%'%3+'$-%$[1',+$%/#-%0/%-"+%;0.+3]%

0 10 1=  4.8615,   S   0.5201,   =  0.3466,    S   0.0587 b bb b= ! = %

129.05,    28.2,    68.6999,  SS 11.324,   3.0733xx yyx y SS SSE= = = = =! !
%

': L-%9G%$#*2#/#('2(+%3+I+3F%#$%-"+,+%'2=%+I#.+2(+%-0%(02(31.+%-"'-%'I+,'*+%"01,3=%,'-+%

(02-,#<1-+$%1$+/13%#2/0,;'-#02%/0,%&,+.#(-#02%0/%[1#-%,'-+$P%N"'-%.0+$%-"+%;0.+3%
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!01&.$&127)#+$
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!01&.$&127)#+%%
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2!#;LWC!"+%;'2'*+,%'-%'%,+'3C+$-'-+%0//#(+%"'$%&,0I#.+.%-"+%/0330B#2*%&,0<'<#3#-#+$%/0,%-"+%
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(:%T0B%302*%B#33%#-%-')+%<+/0,+%WKG%0/%-'E&'=+,$%"'I+%<++2%$+2-%-"+#,%,+/12.$P%

!01&.$&127)#+%
%
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,)&1+$$
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2!#;L\CL((0,.#2*%-0%'2%+$-#;'-+F%;0,+%-"'2%/01,%"12.,+.%-"01$'2.%4'2'.#'2$%',+%/#,+.%
/,0;%-"+#,%\0<$%+I+,=%=+',:%L%$-1.=%<=%LD4%>2(:%#.+2-#/#+.%-"+%/0330B#2*%,+'$02%/0,%/#,#2*%

X$"0B2%#2%-"+%/#,$-%(031;2Y]%

%

% &]'$0FC?$ #ICIFG$2E^_JI$
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S+*'-#I+%'--#-1.+% `7G% `9K%

A#$"02+$-% 8VG% 89K%

5-"+,% 8`G% 8KK%
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':%>$%-"+%(1,,+2-%.#$-,#<1-#02%0/%,+'$02$%B"=%+;&30=++$%B+,+%/#,+.%.#//+,+2-%/,0;%-"+%,+$13-$%

0<-'#2+.%<=%LD4%>2(:P%!+$-%-"+%"=&0-"+$#$%1$#2*%'%9G%3+I+3%0/%$#*2#/#('2(+:%

#)`)'%$(@a$>)2$@P$1"a%
<:%5/%-"+%UKKF%`9KF%89K%'2.%8KK%+;&30=++$%#2-+,I#+B+.F%,+$&+(-#I+3=F%`9KF%`7KF%8UK%'2.%WK%

"'.%,+(+#I+.%'%B',2#2*%/,0;%-"+#,%+;&30=+,%&,#0,%-0%-"+%/#,#2*:%L-%'%8KG%3+I+3%0/%

$#*2#/#('2(+F%('2%#-%<+%(02(31.+.%-"'-%-"+%,+'$02%/0,%/#,#2*%#$%,+3'-+.%-0%&,+I#01$%B',2#2*$%

*#I+2%<=%-"+%+;&30=+,P%#)`)'%$(@a$>)2$@P$1"a%

2!#;;LC!"+%3+2*-"%0/%-#;+%,+[1#,+.%-0%(0;&3+-+%'%$;'33C<1$#2+$$%#2(0;+%-'E%/0,;%<=%'%
&,0/+$$#02'3%-'E%'((012-'2-%#$%'&&,0E#;'-+3=%20,;'33=%.#$-,#<1-+.%B#-"%'%;+'2%0/%U:9%"01,$%

'2.%$-'2.',.%.+I#'-#02%0/%K:c%"01,$:%!"+%'((012-'2-%"'$%bK%$;'33C<1$#2+$$%-'E%/0,;$%-0%

(0;&3+-+:%

':%L<01-%"0B%;'2=%0/%-"+;%B#33%-')+%;0,+%-"'2%U%"01,$%-0%(0;&3+-+P%%!01&.$&127)#+%
<:%L-%3+'$-%"0B%302*%B013.%#-%-')+%-0%(0;&3+-+%'%/0,;%-"'-%#$%02+%0/%-"+%8K%;0$-%-#;+C

(02$1;#2*%/0,;$%-0%(0;&3+-+P%!01&.$&127)#+%
(:%>/%'%/0,;%-')+$%302*+,%-"'2%'I+,'*+%-0%(0;&3+-+F%B"'-%#$%-"+%&,0<'<#3#-=%-"'-%#-%B#33%-')+%

302*+,%-"'2%9:8%"01,$P%!01&.$&127)#+%
%

2!#;;;C!"+%&"',;'(+1-#('3%#2.1$-,=%#$%'%I+,=%/'$-C*,0B#2*%$+*;+2-%0/%-"+%f:?:%'2.%
#2-+,2'-#02'3%+(020;#+$:%e+(+2-3=F%-"+,+%"'$%<++2%(02-,0I+,$=%0I+,%"0B%$-1.#+$%',+%.02+%-0%

$"0B%-"'-%.,1*$%',+%<0-"%$'/+%'2.%+//+(-#I+:%52+%.,1*%&,0.1(-F%4=;<'3-'F%B"#$"%#$%'2%

'2-#.+&,+$$'2-F%B'$%&1,&0,-+.%#2%'%&1<3#$"+.%'<$-,'(-%0/%'2%',-#(3+%#2%'%;+.#('3%\01,2'3%-0%

<+%$1&+,#0,%-0%0-"+,%(0;&+-#2*%&,0.1(-$:%g+-%-"+%',-#(3+%#-$+3/%$-'-+.%-"'-%20%$-1.#+$%"'.%

'(-1'33=%<++2%.02+%-0%$"0B%$1("%(0;&',#$02$%<+-B++2%4=;<'3-'%'2.%0-"+,%(0;&+-#2*%

&,0.1(-$:%>2%'2%L1*1$-%7KK9%,+&0,-%#2%'2%',-#(3+%-#-3+.%h%e+'.#2*%Q#2+%d,#2-F%>2$1,+,$%

i1+$-#02%A,1*%?-1.#+$j%#2%-"+%N'33%?-,++-%J01,2'3F%-"+%/0330B#2*%.'-'%B+,+%&,+$+2-+.%

$"0B#2*%-"+%f:?:%$'3+$%0/%'2-#.+&,+$$'2-%.,1*$%<=%;'\0,%<,'2.:%!"+%$'3+$%.'-'%/0,%-"+%/#,$-%

"'3/%0/%7KK9%',+%$"0B2%#2%-"+%/0330B#2*%-'<3+]%
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(EJb$MLLX$VF$
]VJJV@F4T$

^//+E0,%ke% _%8:7W%

@+E'&,0% _%8:K`%

l030/-% _%8:99%

4=;<'3-'% _%K:7V%

5-"+,% _%K:WV%

%

2!#;;MCL%;13-#&3+%,+*,+$$#02%#$%1$+.%#2%(0$-%'2'3=$#$%-0%$"+.%3#*"-%02%-"+%/'(-0,$%-"'-%('1$+%
(0$-$%-0%<+%#2(1,,+.%'2.%-"+%;'*2#-1.+$%0/%-"+#,%+//+(-$:%!"+%$';&3+%.'-'%/,0;%'%/#,;H$%

'((012-#2*%'2.%&,0.1(-#02%,+(0,.$%/0,%7K%B++)$%&,0I#.+%(0$-%#2/0,;'-#02%'<01-%-"+%/#,;H$%

$"#&&#2*%.+&',-;+2-:%@LD5e%XgF%#2%"01,$Y%#$%-"+%.+&+2.+2-%I',#'<3+F%B"#3+%-"+%#2.+&+2.+2-%

I',#'<3+$%',+%d5fSA?%$"#&&+.%Xk8F%#2%8KKK$YF%&+,(+2-'*+%0/%fS>!?%$"#&&+.%<=%-,1()%Xk7F%GY%

'2.%'I+,'*+%$"#&&#2*%N^>MT!%Xk`F%#2%&012.$Y:%%!"+%-'<3+%<+30B%$"0B$%&',-#'3%^E(+3%,+$13-$%

0<-'#2+.%/,0;%/#--#2*%'%;13-#&3+%,+*,+$$#02%;0.+3%X@'<0,%I+,$1$%d012.$F%f2#-$F%N+#*"-Y]%%

% % % % %

$ '@Ib$ 2)$'@Ib$ G$ _$

>2-+,(+&-% 8`8:W7% 79:cW% % %

d012.$% 7:V7c% 7:7V9% % %

f2#-$% K:KUV77% K:KW``9% % %

N+#*"-% C7:9bVU% K:cU7b% % %

%

&FEJH4V4$@b$6EPVEFCI$

2@BPCI$ =!$ 22$ ,2$ !$ -$

e+*,+$$#02% %% %% %% % %

e+$#.1'3%^,,0,% %% 89`W:W% %% %% %

!0-'3% %% ccWb:7% %% % %

% % % % % % % %

': >$%-"+,+%$1//#(#+2-%+I#.+2(+%'-%-"+%9G%3+I+3%0/%$#*2#/#('2(+%-0%(02(31.+%-"'-%-"+%;0.+3%#$%

1$+/13%#2%&,+.#(-#2*%3'<0,%(0$-P%%?-'-+%=01,%(02(31$#02%#2%-"+%(02-+E-%0/%-"+%&,0<3+;:%

#)`)'%$(@a$>)2$@P$1"a%
<: >$%-"+,+%$1//#(#+2-%+I#.+2(+%'-%-"+%9G%3+I+3%0/%$#*2#/#('2(+%-0%(02(31.+%-"'-%/#,;H$%"01,$%

0/%3'<0,%',+%,+3'-+.%-0%'I+,'*+%$"#&&#2*%B+#*"-P%%N"'-%#$%-"+%'&&,0E#;'-+%!CI'31+P%
-86&.<)+%

(: ^$-#;'-+%-"+%(0+//#(#+2-%0/%.+-+,;#2'-#02%'2.%+E&3'#2%#-$%;+'2#2*%#2%-"+%(02-+E-%0/%-"+%

&,0<3+;:%!01&.$&127)#+%
.: ^$-#;'-+%-"+%'I+,'*+%"01,$%0/%3'<0,%<'$+.%02%'%$"#&;+2-%0/%cFKKK%&012.$F%UKG%0/%B"#("%

',+%-,1()+.%B#-"%'I+,'*+%$"#&;+2-%B+#*"-%0/%7K%&012.$:%!01&.$&127)#+%
%
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$
2!#;;NCL%$('--+,%.#'*,';%('2%<+%1$+.%-0%.0%B"#("%0/%-"+%/0330B#2*P%
LY%A+-+,;#2+%-"+%-,+2.%#2%'%I',#'<3+%

DY%L2'3=R+%-"+%,+3'-#02$"#&%<+-B++2%-B0%I',#'<3+$%

4Y%A+$(,#<+%-"+%<'$#(%.#$-,#<1-#02%/0,%'%[1'2-#-'-#I+%I',#'<3+%

AY%?"0B%-"+%&+,(+2-'*+%0/%'%I',#'<3+%-"'-%#$%'$$0(#'-+.%B#-"%+'("%('-+*0,=%#2-0%B"#("%-"'-%

I',#'<3+%"'$%<++2%.#I#.+.%

%

2!#;;WCL-%J0+m$%e+$-'1,'2-F%bK%&+,(+2-%0/%-"+%.#2+,$%',+%2+B%(1$-0;+,$%X"YF%B"#3+%7K%
&+,(+2-%',+%,+-1,2#2*%(1$-0;+,$%X#Y:%Q#/-=%&+,(+2-%0/%-"+%2+B%(1$-0;+,$%&'=%<=%(,+.#-%(',.F%
(0;&',+.%B#-"%VK%&+,(+2-%0/%-"+%,+*13',%(1$-0;+,$:%>/%'%(1$-0;+,%&'=$%<=%(,+.#-%(',.F%B"'-%

#$%-"+%&,0<'<#3#-=%-"'-%-"+%(1$-0;+,%#$%'%2+B%(1$-0;+,P%!01&.$&127)#+%
$
2!#;;XC!"+%;'2'*+,%/0,%?-'-+%D'2)%'2.%!,1$-%"'$%,+(+2-3=%+E';#2+.%-"+%(,+.#-%(',.%
'((012-%<'3'2(+$%/0,%-"+%(1$-0;+,$%0/%"+,%<'2)%'2.%/012.%-"'-%7KG%"'I+%'2%01-$-'2.#2*%

<'3'2(+%'-%-"+%(,+.#-%(',.%3#;#-:%?1&&0$+%-"+%;'2'*+,%,'2.0;3=%$+3+(-$%89%(1$-0;+,$%'2.%

/#2.$%U%-"'-%"'I+%<'3'2(+$%'-%-"+%3#;#-:%L$$1;+%-"'-%-"+%&,0&+,-#+$%0/%-"+%<#20;#'3%

.#$-,#<1-#02%'&&3=:%N"'-%#$%-"+%&,0<'<#3#-=%-"'-%U%0,%/+B+,%(1$-0;+,$%#2%-"+%$';&3+%B#33%"'I+%

<'3'2(+$%'-%-"+%3#;#-%0/%-"+%(,+.#-%(',.P%%

!01&.$&127)#+%
$
2!#;;YC>/%'%<#20;#'3%.#$-,#<1-#02%'&&3#+$%B#-"%'%$';&3+%$#R+%0/%$%O%7KF%/#2.%-"+%+E&+(-+.%
I'31+F%$%O%7KF%!%O%K:7K:%!01&.$&127)#+%
%

2!#;;Z86'*#(%n'33+=%6+;0,#'3%T0$&#-'3%'.;#2#$-,'-0,$%"'I+%,+(+2-3=%,+(+#I+.%'2%#2-+,2'3%
'1.#-%,+&0,-%-"'-%#2.#('-+$%-"'-%89G%0/%'33%&'-#+2-%<#33$%(02-'#2%'2%+,,0,%0/%02+%/0,;%0,%

'20-"+,:%L/-+,%$&+2.#2*%(02$#.+,'<3+%+//0,-%-0%#;&,0I+%-"+%"0$&#-'3m$%<#33#2*%&,0(+$$F%-"+%

'.;#2#$-,'-0,$%',+%(02I#2(+.%-"'-%-"#2*$%"'I+%#;&,0I+.:%!"+=%<+3#+I+%-"'-%-"+%2+B%+,,0,%

,'-+%#$%$0;+B"+,+%(30$+,%-0%K:K9:?1&&0$+%-"'-%,+(+2-3=%-"+%"0$&#-'3%,'2.0;3=%$';&3+.%8K%

&'-#+2-%<#33$%'2.%(02.1(-+.%'%-"0,01*"%$-1.=%-0%.+-+,;#2+%B"+-"+,%'2%+,,0,%+E#$-$:%>-%/012.%

`%<#33$%B#-"%+,,0,$:%L$$1;#2*%-"'-%;'2'*+,$%',+%(0,,+(-%-"'-%-"+=%"'I+%#;&,0I+.%-"+%+,,0,%

,'-+%-0%K:K9F%B"'-%#$%-"+%&,0<'<#3#-=%-"'-%-"+=%B013.%/#2.%`%0,%;0,+%+,,0,$%#2%'%$';&3+%0/%8K%

<#33$P%!01&.$&127)#+%
%

2!#;;[8A+33%40;&1-+,$%,+(+#I+$%3',*+%$"#&;+2-$%0/%;#(,0&,0(+$$0,$%/,0;%>2-+3%40,&:%>-%
;1$-%-,=%-0%+2$1,+%-"+%&,0&0,-#02%0/%;#(,0&,0(+$$0,$%-"'-%',+%.+/+(-#I+%#$%$;'33:%?1&&0$+%

A+33%.+(#.+$%-0%-+$-%/#I+%;#(,0&,0(+$$0,$%01-%0/%'%$"#&;+2-%0/%-"01$'2.$%0/%-"+$+%

;#(,0&,0(+$$0,$:%?1&&0$+%-"'-%#/%'-%3+'$-%02+%0/%-"+%;#(,0&,0(+$$0,$%#$%.+/+(-#I+F%-"+%

$"#&;+2-%#$%,+-1,2+.:%>/%>2-+3%'2.%A+33%'*,++%-"'-%>2-+3%B#33%20-%&,0I#.+%;0,+%-"'2%9G%

.+/+(-#I+%("#&$F%('3(13'-+%-"+%&,0<'<#3#-=%-"'-%-"+%+2-#,+%$"#&;+2-%B#33%<+%,+-1,2+.%+I+2%

-"01*"%023=%9G%',+%.+/+(-#I+:%!01&.$&127)#+$
$
2!#;;\8@'$-%B++)F%8Kb%(',$%,+(+#I+.%&',)#2*%I#03'-#02$%#2%-"+%;'#2%12#I+,$#-=%&',)#2*%30-:%
5/%-"+$+F%7V%"'.%12&'#.%&',)#2*%-#()+-$%/,0;%'%&,+I#01$%I#03'-#02:%L$$1;#2*%-"'-%3'$-%B++)%

B'$%'%,'2.0;%$';&3+%0/%'33%&',)#2*%I#03'-0,$F%/#2.%-"+%W9%&+,(+2-%(02/#.+2(+%#2-+,I'3%/0,%-"+%

&+,(+2-'*+%0/%&',)#2*%I#03'-0,$%-"'-%"'I+%&,#0,%12&'#.%&',)#2*%-#()+-$:%%

!01&.$&127)#+$
$
2!#;ML8L%;'21/'(-1,+,%0/%!n%$+-$%B'2-$%-0%/#2.%-"+%'I+,'*+%$+33#2*%&,#(+%0/%'%&',-#(13',%
;0.+3:%L%,'2.0;%$';&3+%0/%7b%.#//+,+2-%$-0,+$%*#I+$%-"+%;+'2%$'3+%&,#(+%'$%_``U%B#-"%'%

$-'2.',.%.+I#'-#02%0/%_8c:%M#I+%'%WKG%(02/#.+2(+%#2-+,I'3%/0,%-"+%;+'2%$+33#2*%&,#(+%0/%-"+%

!n%;0.+3:!!01&.$&127)#+%



!"#$%&$'()'*+$'",-.)%)$//////$01'",-.)%)//////$

!"#$%&'()'*+%#$%(,+'-+.%/0,%+.1('-#02'3%&1,&0$+$%0/%$-1.+2-$%+2,033+.%#2%4566789%(01,$+:%40;&#3+.%<=%

>2$-,1(-0,%?';#+%@:?:%@=:%A0%20-%1$+%-"#$%&'()'*+%B#-"01-%&+,;#$$#02:%

c%

2!#;M;8L%&',-#(13',%(';+,'%#$%$03.%B#-"%'%$-'2.',.%.+I#'-#02%0/%_87:%>2%'%$';&3+%0/%99%
,'2.0;3=%$+3+(-+.%$-0,+$F%B"'-%#$%-"+%&,0<'<#3#-=%-"'-%-"+%$';&3+%;+'2%/'33$%B#-"#2%_9%0/%-"+%

&0&13'-#02%;+'2P%!01&.$&127)#+%

2!#;MM8L%B'3)C#2%;+.#('3%(3#2#(%<+3#+I+$%-"'-%',,#I'3$%',+%12#/0,;3=%.#$-,#<1-+.%0I+,%
B++).'=$%X602.'=%-",01*"%Q,#.'=Y:%>-%"'$%(033+(-+.%-"+%/0330B#2*%.'-'%<'$+.%02%'%,'2.0;%

$';&3+%0/%8KK%.'=$:%

%

% !PIcBIFCH$
602% 79%

!1+% 77%

N+.% 8W%

!"1% 8b%

Q,#% 8c%

!0-'3% 8KK%

%

L$$1;#2*%-"'-%'%*00.2+$$C0/C/#-%-+$-%#$%-0%<+%(02.1(-+.%1$#2*%'%K:8K%3+I+3%0/%$#*2#/#('2(+F%-"+%

(,#-#('3%I'31+%#$]%!01&.$&127)#+%
%

2!#;MN8L%$-1.=%&1<3#$"+.%#2%-"+%%&'()*+$,-./($+0,.1,2/30)*,4'+056%B'$%(02.1(-+.%-0%
.+-+,;#2+%B"+-"+,%-"+%1$+%0/%$+'-%<+3-$%#2%;0-0,%I+"#(3+$%.+&+2.$%02%+-"2#(%$-'-1$%#2%?'2%

A#+*0%4012-=:%L%$';&3+%0/%VW7%("#3.,+2%-,+'-+.%/0,%#2\1,#+$%$1$-'#2+.%/,0;%;0-0,%I+"#(3+%

'((#.+2-$%B'$%0<-'#2+.F%'2.%+'("%("#3.%B'$%(3'$$#/#+.%'((0,.#2*%-0%X8Y%+-"2#(%$-'-1$%

XT#$&'2#(%0,%202CT#$&'2#(Y%'2.%X7Y%$+'-%<+3-%1$'*+%XB0,2%0,%20-%B0,2Y%.1,#2*%-"+%'((#.+2-:%

!"+%21;<+,%0/%("#3.,+2%#2%+'("%('-+*0,=%#$%*#I+2%#2%-"+%-'<3+%<+30B:%

%

% T#$&'2#(% S02CT#$&'2#(%

?+'-%<+3-$%B0,2% %`8% 8Ub%

?+'-%<+3-$%20-%B0,2% 7b`% ``K%

%

e+/+,,#2*%-0%-"+$+%.'-'F%B"#("%0/%-"+%/0330B#2*%(02(31$#02$%$"013.%<+%,+'("+.%#/%-"+%

'&&,0&,#'-+%"=&0-"+$#$%#$%(02.1(-+.%1$#2*%'2%'3&"'%O%:K9%3+I+3P%

LY%!"+%;+'2%I'31+%/0,%T#$&'2#($%#$%-"+%$';+%'$%/0,%S02CT#$&'2#($:%

DY%!"+,+%#$%20%,+3'-#02$"#&%<+-B++2%B"+-"+,%$0;+02+%#$%T#$&'2#(%'2.%B"+-"+,%-"+=%B+',%'%

$+'-%<+3-:%

4Y%!"+%1$+%0/%$+'-%<+3-$%'2.%B"+-"+,%'%&+,$02%#$%T#$&'2#(%0,%20-%#$%$-'-#$-#('33=%,+3'-+.:%

AY%S02+%0/%-"+%'<0I+%

%

2!#;MW8N+%B'2-%-0%-+$-%B"+-"+,%-=&+%0/%(',%0B2+.%X.0;+$-#(%0,%/0,+#*2Y%#$%#2.+&+2.+2-%0/%
*+2.+,:%L%(02-#2*+2(+%-'<3+%#$%0<-'#2+.%/,0;%'%$';&3+%0/%WWK%&+0&3+%'$%

%

%

%

L-%'3&"'%O%K:K9%3+I+3F%B+%(02(31.+%-"'-]%

!Md%
!01&.$'"1'.<20"1+%
%

$
$



!"#$%&$'()'*+$'",-.)%)$//////$01'",-.)%)//////$

!"#$%&'()'*+%#$%(,+'-+.%/0,%+.1('-#02'3%&1,&0$+$%0/%$-1.+2-$%+2,033+.%#2%4566789%(01,$+:%40;&#3+.%<=%

>2$-,1(-0,%?';#+%@:?:%@=:%A0%20-%1$+%-"#$%&'()'*+%B#-"01-%&+,;#$$#02:%

V%

$
2!#;MX8N"#("%0/%-"+%/0330B#2*%$-'-+;+2-$%#$%-,1+%B#-"%,+$&+(-%-0%'%$#;&3+%3#2+',%,+*,+$$#02%
;0.+3P%

LY%!"+%&+,(+2-%0/%I',#'-#02%#2%-"+%.+&+2.+2-%I',#'<3+%-"'-%#$%+E&3'#2+.%<=%-"+%,+*,+$$#02%

;0.+3%#$%+[1'3%-0%-"+%$[1',+%0/%-"+%(0,,+3'-#02%(0+//#(#+2-%<+-B++2%-"+%7%'2.%=%I',#'<3+$:%
DY%>/%-"+%(0,,+3'-#02%(0+//#(#+2-%<+-B++2%-"+%7%'2.%8%I',#'<3+$%#$%2+*'-#I+F%-"+%$#*2%02%-"+%
,+*,+$$#02%$30&+%(0+//#(#+2-%B#33%'3$0%<+%2+*'-#I+:%

4Y%>/%-"+%(0,,+3'-#02%<+-B++2%-"+%.+&+2.+2-%'2.%-"+%#2.+&+2.+2-%I',#'<3+%#$%.+-+,;#2+.%-0%

<+%$#*2#/#('2-F%-"+%,+*,+$$#02%;0.+3%/0,%8%*#I+2%7%B#33%'3$0%<+%$#*2#/#('2-:%
AY%L33%0/%-"+%'<0I+%',+%-,1+:%

%

2!#;MY841$-0;+,$%0/%-"+%?)=%6012-'#2%M,0(+,=%("'#2%',+%,01-#2+3=%'$)+.%'-%-"+%("+()01-%
B"+-"+,%-"+=%&,+/+,%&'&+,%0,%&3'$-#(%<'*$%/0,%-"+#,%&1,("'$+$:%>2%'%,+(+2-%$-1.=F%,+$+',("+,$%

0<$+,I+.%-"+%-=&+%0/%<'*%$&+(#/#+.%'2.%$1,I+=+.%-"+%(1$-0;+,%/0,%0-"+,%#2/0,;'-#02F%

#2(31.#2*%"#$%0,%"+,%3+I+3%0/%+.1('-#02:%Q0,%-"+%8V9%&+,$02$%#2%-"+%$';&3+F%<'*%$+3+(-#02%'2.%

+.1('-#02%3+I+3$%B+,+%$"0B2%<+30B:%L-%-"+%K:K8%3+I+3F%#$%<'*%$+3+(-#02%#2.+&+2.+2-%0/%

+.1('-#02%3+I+3P%D'$+.%02%-"+%("#C$[1',+%-'<3+F%B"'-%#$%-"+%;0$-%'((1,'-+%$-'-+;+2-%-"'-%('2%

<+%;'.+%'<01-%-"+%&CI'31+%/0,%-"+%-+$-P$$

)ABCEGV@F$.IQIJ$
$ $ $

(VRe$
2Ce@@J$

$
2@^I$
'@JJIRI$

$
'@JJIRI$
9PEA$

$
9PEABEGI$
2GBAH$

$

]ER$
2IJICGV@F$

-E_IP$ 8U% 8`% `U% 7% c`%

-JE4GVC$ 8V% 8W% 8W% `% 9b%

1@$-PIbIPIFCI$ b% 7b% 8`% 9% 9U%

$ $ `W% cK% cc% % 8V9%

%

!01&.$'"1'.<20"1+%
%

2!#;MZ8f$+%-"+%/0330B#2*%,+*,+$$#02%,+$13-$%-0%'2$B+,%-"+%[1+$-#02%%<+30B:%
%

%

%

N"#("%0/%-"+%/0330B#2*%#$%-,1+P%

LY%7%+E&3'#2$%'<01-%bb:9%&+,(+2-%0/%-"+%I',#'-#02%#2%8:%
DY%8%+E&3'#2$%'<01-%bb:9%&+,(+2-%0/%-"+%I',#'-#02%#2%7:%
4Y%7%+E&3'#2$%'<01-%Vb:U%&+,(+2-%0/%-"+%I',#'-#02%#2%8:%



!"#$%&$'()'*+$'",-.)%)$//////$01'",-.)%)//////$

!"#$%&'()'*+%#$%(,+'-+.%/0,%+.1('-#02'3%&1,&0$+$%0/%$-1.+2-$%+2,033+.%#2%4566789%(01,$+:%40;&#3+.%<=%

>2$-,1(-0,%?';#+%@:?:%@=:%A0%20-%1$+%-"#$%&'()'*+%B#-"01-%&+,;#$$#02:%

b%

AY%8%+E&3'#2$%'<01-%Vb:U%&+,(+2-%0/%-"+%I',#'-#02%#2%7:%
%

2!#;M[8L%,+(+2-%$-1.=%<=%'%;'\0,%/#2'2(#'3%#2I+$-;+2-%(0;&'2=%B'$%#2-+,+$-+.%#2%
.+-+,;#2#2*%B"+-"+,%-"+%'221'3%&+,(+2-'*+%("'2*+%#2%$-0()%&,#(+%/0,%(0;&'2#+$%#$%3#2+',3=%

,+3'-+.%-0%-"+%'221'3%&+,(+2-%("'2*+%#2%&,0/#-$%/0,%-"+%(0;&'2=:%!"+%/0330B#2*%.'-'%B'$%

.+-+,;#2+.%/0,%V%,'2.0;3=%$+3+(-+.%(0;&'2#+$]%

%

f$'eEFRI$2G@CD$-PVCI$ f$'eEFRI$VF$-P@bVG$
b:U% U:7%

W:9% 9:c%

8`:c% 88:7%

C`:7% U:9%

V% 87:7%

8b:U% 87%

C7:8% C8`:U%

%

D'$+.%1&02%-"#$%$';&3+%#2/0,;'-#02F%B"#("%0/%-"+%/0330B#2*%#$%-"+%,+*,+$$#02%+[1'-#02P%

LY% %O%U:8W%o%:c87,
DY% %O%89:KU%o%U:797,
4Y% %O%8:8W%C%`:KK7,
AY% %O%7K:8W%o%:KK97,
%

2!#;M\8402$#.+,%-"+%/0330B#2*%&',-#'33=%(0;&3+-+.%(0;&1-+,%&,#2-01-%/0,%'%,+*,+$$#02%
'2'3=$#$%B"+,+%-"+%.+&+2.+2-%I',#'<3+%#$%-"+%&,#(+%0/%'%&+,$02'3%(0;&1-+,%'2.%-"+%

#2.+&+2.+2-%I',#'<3+%#$%-"+%$#R+%0/%-"+%"',.%.,#I+:%

%

%

%

D'$+.%02%-"+%#2/0,;'-#02%&,0I#.+.F%B"'-%#$%-"+%Q%$-'-#$-#(P%!01&.$&127)#+%
%

2!#;NL8!"+%+.#-0,$%0/%'%2'-#02'3%'1-0;0-#I+%;'*'R#2+%,+(+2-3=%$-1.#+.%`K%.#//+,+2-%
'1-0;0<#3+$%$03.%#2%-"+%f2#-+.%?-'-+$%B#-"%-"+%#2-+2-%0/%$++#2*%B"+-"+,%-"+=%(013.%.+I+30&%'%

;13-#&3+%,+*,+$$#02%;0.+3%-0%+E&3'#2%-"+%I',#'-#02%#2%"#*"B'=%;#3+$%&+,%*'3302:%L%21;<+,%0/%

.#//+,+2-%#2.+&+2.+2-%I',#'<3+$%B+,+%(033+(-+.:%!"+%/0330B#2*%,+*,+$$#02%01-&1-%XB#-"%$0;+%

I'31+$%;#$$#2*Y%B'$%,+(+2-3=%&,+$+2-+.%-0%-"+%+.#-0,$%<=%-"+%;'*'R#2+m$%'2'3=$-$]%



!"#$%&$'()'*+$'",-.)%)$//////$01'",-.)%)//////$

!"#$%&'()'*+%#$%(,+'-+.%/0,%+.1('-#02'3%&1,&0$+$%0/%$-1.+2-$%+2,033+.%#2%4566789%(01,$+:%40;&#3+.%<=%

>2$-,1(-0,%?';#+%@:?:%@=:%A0%20-%1$+%-"#$%&'()'*+%B#-"01-%&+,;#$$#02:%

W%

%

%

%

D'$+.%02%-"#$%01-&1-%'2.%=01,%12.+,$-'2.#2*%0/%;13-#&3+%,+*,+$$#02%'2'3=$#$F%B"'-%#$%-"+%

(,#-#('3%I'31+%/0,%-+$-#2*%-"+%$#*2#/#('2(+%0/%-"+%0I+,'33%,+*,+$$#02%;0.+3%'-%'%K:K9%3+I+3%0/%

$-'-#$-#('3%$#*2#/#('2(+P%!01&.$&127)#+%
%

2!#;N;CN"#("%0/%-"+%/0330B#2*%#$%20-%'2%#2.#('-#02%0/%&0-+2-#'3%;13-#(033#2+',#-=%&,0<3+;$P%
LY%!"+%$#*2%02%-"+%$-'2.',.%+,,0,%0/%-"+%+$-#;'-+%#$%&0$#-#I+:%

DY%L%$#*2%02%'%,+*,+$$#02%$30&+%(0+//#(#+2-%#$%2+*'-#I+%B"+2%-"+%$#*2%02%-"+%(0,,+3'-#02%

(0+//#(#+2-%B'$%&0$#-#I+:%

4Y%!"+%$-'2.',.%+,,0,%0/%-"+%+$-#;'-+%#2(,+'$+$%B"+2%'%I',#'<3+%+2-+,$%-"+%;0.+3%#2%-"+%

&,+$+2(+%0/%0-"+,%#2.+&+2.+2-%I',#'<3+$:%

AY%L2%#2.+&+2.+2-%I',#'<3+%*0+$%/,0;%<+#2*%$-'-#$-#('33=%$#*2#/#('2-%-0%<+#2*%#2$#*2#/#('2-%

B"+2%'%2+B%I',#'<3+%#$%'..+.%-0%-"+%;0.+3:%

$
2!#;NMC!"+%Q#-2+$$%4+2-+,%;'2'*+,%"'$%(033+(-+.%.'-'%02%-"+%21;<+,%0/%I#$#-$%-0%-"+%(31<%
+'("%B++)%/0,%-"+%&'$-%b%B++)$:%!"+$+%.'-'%',+%$"0B2%'$%/0330B$:%N"#("%0/%-"+%/0330B#2*%

$-'-+;+2-$%#$%;0$-%(0,,+(-P%

%

N++)%8% N++)%7% N++)%`% N++)%U% N++)%9% N++)%c% N++)%V% N++)%b%

8U89% 8c7`% 8W`U% 8bVW% 78K7% 789c% 7988% 7UWW%

%

LY%!"+%&,0&+,%*,'&"%/0,%.#$&3'=#2*%-"+$+%.'-'%#$%'%&#+%("',-:%

DY%!"+,+%"'$%<++2%'%*,'.1'3%.0B2B',.%-,+2.%#2%-"+$+%.'-':%

4Y%L%/,+[1+2(=%"#$-0*,';%$"013.%<+%.+I+30&+.%-0%"+3&%#.+2-#/=%-"+%-,+2.%#2%-"+$+%.'-':%
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Chapter 3 Describing Data 

Sample mean:   1

n

i
i

x
x

n
 

Sample variance:  

2

2 1

1

n

i
i

x x
s

n n
x

x
n

2
2

1
1  

Sample standard deviation: 2s s  

Z score:  
mean

standard deviation
xz   

Coefficient of variation: 
standard deviation 100

mean
 % 

Chapter 4 Probability 

The rule of complement: )(1)( EPEP  

The addition rule for two events: 
)E()()()( 212121 andEPEPEPor EEP  

Conditional probability:  
)(

)E()|(
2

21
21 EP

andEPEEP  

The general multiplication rule: 
)|()()E( 21221 EEPEPandEP  

Chapter 5 Discrete Probability Distributions  
Mean (expected value) of a discrete random 
variable 

xPxxE  

Variance and standard deviation of a discrete 
random variable 

xPxExx
22  

2
x x  

Binomial probability formula 
!

! !
x n xnp x p q

x n x  
Mean, variance, and standard deviation of a 
binomial random variable 

2,  ,  and x x xnp npq npq  

Chapter 6 Continuous Probability Distribution  

Standard normal random variable:  xz
 

Chapter 7 Sampling distribution 
 

 

Sample proportion: n
xp  

 
Standard error of p : 

 

Chapter 8 Estimating Single Population Parameters 
A z-based confidence interval for a population mean  
with   known:  

Margin of error: n
ze  

Confidence interval = 
n

zx  

A t-based confidence interval for a population mean  

with  unknown: 
n

stx  

Confidence interval for the proportion:
n

ppzp )1(
 

Chapter 9 Hypothesis Testing 

n

xzmeanforTestz
 

n
s

xtmeanforTestt
 

n
)p1(p

pp
zpropor t ionforTestz   



  

  

  

  

  

  

                                                                                                                                                                                                                                              

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Chapter 13 Goodness-of-Fit Tests 
Chi-square goodness-of-fit test statistic 

k

1i i

2
ii2

e
)eo(

 

Chi-square contingency test statistic 

r

i

c

j ij

ijij

e
eo

1 1

2
2 )(

 with )1)(1( crdf  

Chapter 14 Simple Linear Regression and 
Correlation Analysis 
Sample correlation coefficient 

2222

22

)y()y(n)x()x(n

yxxyn

)yy()xx(

)yy)(xx(
r

 

Simple linear regression model: xy 10  

Least squares point estimates  

n

)x(
x

n

yx
xy

)xx(

)yy)(xx(
b

2
2

2
i

ii
1  

 
Sum of squared residuals (Sum of squares error) 

 xybyby)yy(SS E 10
2

n

1i

2
ii  

Total sum of squares: 
n

1i

2
i )yy(SST  

Sum of squares regression: 
n

i
i yySSR

1

2)(  

Simple regression estimator for the standard error 

of the estimate: 
2n

SSEs  

Coefficient of determination: 
SST
SSRrR 22  

F test for the simple linear regression model: 

)2(

1

n
SSE

SSR

F      )2,1( 21 nDDdf  

Simple regression estimator for the standard error of the 

slope: 

n

)x(
x

s

)xx(

ss
2

2
2

b1
 

Test of hypothesis for slope:  
1b

11
s

bt    2ndf  

 

Confidence interval for pxyE |)( : 

2

2
p

)xx(

)xx(

n
1tsy  

Prediction interval for pxy | : 2

2
p

)xx(

)xx(
n
11tsy  

Chapter 15 Multiple regression 
The multiple regression model: 

kk xxxy ...22110  

Standard error: MSE
kn

SSEs
1

 

Multiple coefficient of determination: 
SST
SSRR2  

An F test for the linear regression model: 

 

1kn
SSE

k
SSR

F     )1knD,kD(df 21  

Testing the significance of each regression coefficient: 

jb

j

s
b

t
0

   1kndf  


