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MDM4U%�Module%1:%Combinatorics%!�!Unit!1:!Permutations!�!Lesson&2! ! ! !!!!!!!!!Date:___________!

More%Organized%Counting!%

A.%Restrictions%
When!we!count!the!number!of!outcomes!without%restrictions,!we!are!able!to!use!all&of!the!possible!options!
available,!as!well!as!use!them!more&than&once!(unless!otherwise!stated).!Restrictions!are!placed!to!limit!which!
options!we!can!choose!from!and/or!to!limit!the!number!of!times!we!can!use!them.!In!permutations,!we!may!also!
have!restrictions!on!which!items!can/cannot!be!grouped!together!in!an!arrangement.!
!
Ex.%1:!! a)!How!many!different!3Gscoop!cones!can!be!made!from!vanilla,!chocolate,!and!strawberry!ice!cream?!
!
!
!
!
!
!
!
!
!
!
!
!
! b)!How!many!different!cones!can!be!made!if!each!flavor!can!only!be!used!once!(i.e.!each!scoop!is!unique)?!
!
!
!
!
!
!
!
!
!
!
!
! c)!How!many!cones!can!be!made!where!at!least!2!scoops!are!the!same!flavour?!
!
!
!
!
!
!
!
!
!
!
!
% %
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B.#Indirect#Methods#
!
In!part!c)!above,!we!could!have!used!an!indirect#method!to!complete!our!calculations.!Sometimes!it!is!easier!to!
count!the!number!of!outcomes!that!do!NOT!meet!the!conditions!set,!and!then!subtract!this!value!from!the!total!
number!of!possible!outcomes!(without!restrictions):!
!
!

Total!#!of!cones!possible!(without!restrictions)!!!�!!!#!of!cones!where!each!scoop!is!unique!!!=!!
#!of!cones!where!at!least!2!scoops!are!the!same!flavour!

!
!
!
!
!
!
!

��!!!!!___________!!!�!!____________!!=!!_____________!
!
!
!
!
Ex.2:!If!we!revisit!example!6c)!from!last!class,!we!can!use!an!indirect!method!here!as!well:!!�Using!digits!from!!
0!to!9,!how!many!3Ldigit!numbers!are!possible!that!contain!at!least!one!5?�!
!
 
 
 
 
 
 
! !

6



C.#More#Advanced#Counting#Problems#
#
Ex.#3:!How!many!6*digit!even!numbers!over!300!000!can!be!formed!using!the!digits!0*5!without!repetition?!!
!
!
!
!
!
!
!
!
!

!
!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
Ex.#4:!Brittany!is!writing!a!multiple!choice!quiz!consisting!of!6!test!questions!with!4!possible!answers!each.!!
!How!many!ways!can!she!complete!the!quiz!(assuming!that!she!answers!each!question)?!
!
!
!
!
!
#
#
#
#
Ex.#5:#The!score!at!half*time!for!a!football!game!is!5*2.!How!many!different!scores!were!possible!after!the!first!
quarter?#
!
!
!
!
!
!
!
!
!
!
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Ex.$6:!Student!council!is!forming!a!committee!with!three!distinct!positions:!president,!vice!president,!and!treasurer.!
The!student!council!members!include!four!grade!12s,!five!grade!11s,!three!grade!10s,!and!two!grade!9s.!
!
a)!How!many!different!committees!are!possible?!
!
!
!
!
b)!How!many!different!committees!are!possible!in!which!there!are!two!senior!students!and!one!junior!student?!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
Ex.$7:!!Eight!dogs!are!competing!in!the!Doggy!Olympics.!
!

a) In!how!many!different!orders!can!the!8!dogs!finish!the!race?!
!
!
!
!

b) How!many!different!ways!could!gold,!silver,!and!bronze!collars!be!awarded?!
!
!
!
!

c) One!of!the!doggies!is!your!Chihuahua,!Chuck.!How!many!possible!finishes!would!include!Chuck!!
winning!a!collar?!
!
!
!
!
!
!
!
!
!
!

d) How!many!possible!finishes!would!leave!Chuck!out!of!the!���������standings?!
!
!
!
!
!
!
CW:$p.$229-231$#10,$11,$12,$13,$14,$17,$18ab,$19,$23$
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MDM4U%�Module%1:%Combinatorics%!�!Unit!1:!Permutations!�!Lesson&3! ! ! !!!!!!!!!Date:___________!

Factorials%and%Permutations%

A.%Factorials!%
Many!counting!and!probability!calculations!involve!multiplying!a!series!of!consecutive!natural&numbers.!!
!
Ex.%1:!!Five!friends!are!posing!for!a!photo!you!are!taking.!If!they!stand!next!to!one!another!facing!you,!how!many!
possible!arrangements!could!you!have?!
!
!
!
!
!
!
!
What!if!you!had!fifteen!friends!posing!for!this!picture?!Or!25!friends?!You!would!probably!not!be!inclined!to!
multiply!out!the!entire!product!of!25!x!24!x!23!x!.!.!.!x!2!x!1!!Instead,!you!could!use!factorial%notation%to!help!you!
calculate!this!value!more!easily!�!:!
!

!
!
%
Ex.2:!Evaluate!each!factorial!expression.!
!
a)!!!!5!! ! ! ! ! b)!!!12!! ! ! ! ! c)!!!(�!2)!!!
!
!
!
!

d)!!!!

�

10!
5!
!! ! ! ! ! ! e)!!!!

�

83!
79!

!! ! ! ! !

!

 
 
 
 
Ex.3:!Simplify!each!factorial!expression.!
!
a)!!!!5!x!4!x!3!! ! ! ! ! ! ! b)!!!30!x!4!! ! ! ! !!

 
 
 
 

Factorial)Notation)

In&general,&for&any&natural&number&n:&&
n!))=))n))x))(n)�)1)))x))(n)�)2)))x))(n)�)3)))x))(n)�)4)))x)).).).))x))3))x))2))x))1&

������������������
��
������������
��������	��&

9



!
B.!Permutations!
A!permutation!is$a$distinct$arrangement$of$a$certain$number$of$items$in$a$definite$order.$$There$are(n$possible$
ways$of$selecting$the$first$item,$(n(�(1)(ways$of$selecting$the$second$item,$(n(�(2)$ways$of$selecting$the$third$item,$
and(so(on.$$
$
I.!!Arranging!all#n!items$
Ex.!4:$��
�
���
���������������
���������������	������
	��	������If$I$play$the$album$on$shuffle$using$my$
iPod,$in$how$many$different$orders$could$the$10$songs$be$played$without$repetition?$$
$
$
$
$
$
$
$
Using$the$Fundamental$Counting$Principle,$the$total$number$of$ways$of$arranging$all!n!distinct!items$is:$$$
n((x(((n(�(1)((x(((n(�(2)((x(((n(�(3)((x(((n(�(4)((x((.(.(.((x((3((x((2((x((1.((This(can(be(written(as((n!((or((nPn((or((P(n,#n).!
$

$
�

��$$_________$$$=$$_________$$$=$$_________=$$_________$
!
!
Ex.!5:!a)!In$how$many$ways$can$you$arrange$the$letters$of$the$word$trickle?$
$
$
$
$

b) What$if$the$two$vowels$must$be$adjacent?$
$
$
$
$
$

c) What$if$the$k$must$be$first$and$the$t$must$be$last?$$
$
$
$
$
$

d) What$if$the$i$must$NOT$be$in$the$middle?$
$
$
$
$
$

$

Permutations#of#n#distinct#items#chosen#n#at#a#time#in(a#definite#order:#

nPn(=(P(n,(n)(=(n!((=((n((x(((n(�(1)((x(((n(�(2)((x(((n(�(3)((x(((n(�(4)((x((.(.(.((x((3((x((2((x((1(
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II.##Arranging#r#of#the#n#items!
Ex.#6:!Someone!is!trying!to!crack!the!combination!for!your!locker.!The!combination!consists!of!3!distinct!
numbers!selected!from!60!numbers!on!the!face!of!the!lock.!How!many!permutations!are!possible?!
!
!
!
!
!
!
!
!
!
���������	��������������������
�����

��n)#of!the!items?!We!want!to!arrange!a!few!(r)!items!at!a!time.!We!are!
looking!at!a!scenario!where!we!have!n!items!and!only!r!positions!available!to!arrange!them!in.!The!total!number!
of!ways!of!arranging!r#of#the#n#items!is:!!!n##x##(n#�#1)##x##(n#�#2)##x##.#.#.##x##(n#�#r#+#1).#This#can#be#written#as##nPr##or##
P(n,#r).!
!

!
!
!

��!!_________!!!=!!_________!!!=!!_________!!!=!!_________=!!_________!!!=!!_________!!!!
#
!
#
#
Ex.#7:!! a)!How!many!4Gletter!arrangements!can!you!make!using!the!letters!from!the!word!potluck?!

!
!
!
!
!
!
b)!What!if!you!must!include!the!letter!c?!
!
!
!
!
!
!
!
!
!
!
c)!What!if!you!must!NOT!include!the!vowels?!
!
!

!

Permutations#of#n#distinct#items#chosen#r#at#a#time#in#a#definite#order:#

nPr##=##P(n,#r)##=######n!########=###n##x##(n#�#1)##x##(n#�#2)##x##.#.#.##x##(n#�#r#+#1)#
(n#�#r)!###############n####n###############n########n#n#
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Ex.$8:$In#how#many#ways#could#10#different#questions#be#arranged#on#your#next#quiz#if:#
#

a) there#are#no#restrictions?#
#
#
#

#
#
#

b) the#easiest#question#must#be#first?#
#
#

#
#
#
#
#
#
#

c) the#easiest#question#must#be#first#and#the#most#difficult#question#must#be#last?#
#
#

#
#
#
#
#
#
#
#

d) the#easiest#question#and#the#most#difficult#question#must#be#side>by>side?#
#
#
#
#

#
#
#
#
#
#
#
#
#

e) the#easiest#question#and#the#most#difficult#question#must#NOT#be#side>by>side?#
#
#
#
#
#
#
#
#
$
CW:$$p.$239-240$#1-4,$6abc,$7,$9$�$11,$14$
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MDM4U%�Module%1:%Combinatorics%!�!Unit!1:!Permutations!�!Lesson&4! ! ! !!!!!!!!!Date:___________!

Permutations%With%Some%Identical%Items%

So!far,!permutations!have!been!used!to!count!the!number!of!distinguishable&arrangements!when!we!choose!r&of!
n&distinct!items.!What!if!some!of!the!items!are!not!distinct?!What!happens!to!our!permutations!when!some!
items!are!identical?!
!
Ex.%1:!!�	����

���������	�������������������!

a) if!you!can!use!a!subscript!to!differentiate!between!the!two!Ls.!
!
!
!
!
!
!

b) if!you!can!not!use!a!subscript!to!differentiate!between!the!two!Ls!(i.e.!they!are!indistinguishable!)!
!
!
!
!
!
!

In!how!many!ways!can!you!arrange!2!distinct!items?!
!
!
!
!
!
!
%
Ex.2:!How!many!distinguishable!4Jletter!arrangements!(permutations)!are!there!of!each!of!the!following!words?!
!
MASE! ! ! ! ! ! MASS! ! ! ! ! ! SASS!
!
 
 
%

%

%

%

% %
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!

!
Ex.3:!Calculate!the!number!of!permutations!of!the!letters!in!the!following!words:!

!
a)!!!!WATERLOO!! ! ! b)!!!TORONTO! ! ! ! !c)!MISSISSAUGA!
 
 
 
 
 
 
 
 
!
Ex.!4:!������
��������������������������������������������������
�����������	�������������"���������������������� �
times,!�������������!������������
���� ������������������������������������session!have!occurred?!!
!
!
!
!
!
!
!
!
!
Ex.!5:!!How!many!permutations!of!the!word!TENNESSEE!do!NOT!start!with!the!letter!N?!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
CW:!!p.!245-246!#1ab,!2-4,!6,!7,!11,!12!

Permutations,With,Some,Identical,Items,

The$number$of$permutations$of$a$set$of$n$objects$containing$a,identical$objects$of$one$type,$b$
identical$objects$of$another$type,$c$identical$objects$of$a$third$type,$and$so$on$is$

��
�� �� ���!
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! ! !

!"!#$%&!'()*+%,-%.'/01234'5167%!"!#$%&!'(!)*+,-&.&%/$0!!!!!!!!!!!!! !!!!!!!!!! ! !!!!!!!1.&*(222222222222222!

%

$214%,%8+91+:%';%<+=%.'26+>47%

!

! ?5++%(13@53/7!.+*!-0*3-4!&//40!3/+!/+5.$%6*7!8/-$&%$5!9%&:!.!0,.44!$-,;*+!/3!/<&%/$0=!

!

! >3!?/-!8.$!8://0*!3+/,!!!%&*,0!/3!/$*!&?<*!.$7!"!%&*,0!/3!.$/&:*+@!&:*+*!.+*!!!!!

"!9.?0!&/!8://0*!/$*!%&*,!/3!*.8:!&?<*!A;)2(3/+243*%6')2412@%>51261>*+B=!

!

! >3!?/-!8.$!8://0*!3+/,!*%&:*+!!!%&*,0!/3!/$*!&?<*!/+!"!%&*,0!/3!.$/&:*+!&?<*!A.$7!

;/&:!*C*$&0!.+*!/)4)3**=%+A6*)719+B@!&:*$!&:*!&/&.4!$-,;*+!/3!9.?0!?/-!8.$!8://0*!

.$!%&*,!%0!!#D!"!A3((1419+%6')2412@%>51261>*+B=!

!

! E/,*&%,*0!.$!12(15+64%/+4B'(!<+/C%7*0!.$!*.0%*+!9.?!&/!0/4C*!.!<+/;4*,=!!

!

! F:*$!5%C*$!5+7451641'27@!?/-!,-0&!8/$0%7*+!!"#$#=!E*&!-<!?/-+!8.0*0!-0%$5!/$*!/3!

&:*!+*0&+%8&%/$0@!8/$&%$-*!&/!3%44!%$!C.4-*0!;.0*7!/$!&:*!/&:*+!+*0&+%8&%/$0@!&:*$!

3%$.44?!.00%5$!C.4-*0!&/!&:*!-$+*0&+%8&*7!</0%&%/$0=!

!

! G!;364'513*!%$7%8.&*0!&:*!,-4&%<4%8.&%/$!/3!8/$0*8-&%C*!$.&-+.4!$-,;*+0(!

!

    

! 

n!= n(n "1)(n "2)# ...#1!

!

! H:*!$-,;*+!/3!<*+,-&.&%/$0!/3!%%(1741264%14+/7%6B'7+2%%%34%3%41/+!%$!.!7*3%$%&*!

/+7*+!%0(!

! ! ! ! ! !!!!!!!!!    

! 

n
P

n
= n!!

!

! H:*!$-,;*+!/3!<*+,-&.&%/$0!/3!&%14+/7%43C+2%;5'/%%%(1741264%14+/7!%0(!!

!!!!!!!!!!

! 

n
P
r

= P(n,r) =
n!

(n " r)!
!

!

! F:*$!7*.4%$5!9%&:!<*+,-&.&%/$0!/3!"!%&*,0!&:.&!%$84-7*!$%1(+24163*%14+/7%/3!/$*!

&?<*@!%!%7*$&%8.4!%&*,0!/3!.$/&:*+!&?<*@!&!%7*$&%8.4!%&*,0!/3!.$/&:*+!&?<*@!$"'#()#)"@!

?/-!8.$!-0*!&:*!3/+,-4.(!

! ! ! ! ! !!!!!!!!!
    

! 

n!

a!b!c!...
!

!

'

()*$(!-0%$5!&:%0!3/+,-4.!%,<4%*0!&:.&!3**%%%14+/7!.+*!;*%$5!.++.$5*7=!>3!?/-!/$4?!

$**7!&/!.++.$5*!.!(*%(+,!/3!&:*!%&*,0@!?/-!,-0&!8/$0%7*+!*.8:!!"#$!%$7%C%7-.44?=!
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!"!#$%&!'()*+%,-%.'/01234'5167%!"!#$%&!'(!)*+,-&.&%/$0! ! ! ! !!!!!!!!!1.&*(22222222222!

8+5/)4341'27%9+74%:+;1+<=%

'3 4!)56!$-,7*+!8/+!.!7.$9!:.+;!:/$0%0&0!/8!<=>!;%?%&0@!A%&B!$/!+*0&+%:&%/$03!C/A!,.$D!0-:B!)56!

$-,7*+0!.+*!E/00%7F*G!HC%$&(!:/$0%;*+!I!:.0*0J!

!

K3 C/A!,.$D!;%88*+*$&!L=;%?%&!7%$.+D!:/;*0!.+*!E/00%7F*G!HM%$.+D!:/;*!%0!,.;*!-E!/8!N0!.$;!'0!

A%&B/-&!+*0&+%:&%/$0J!

!

I3 OB*!)*EEF*+!8.,%FD!B.P*!.!$*A!7.7D!?%+F3!OB*D!A.$&!&/!?%P*!B*+!.!8%+0&!$.,*!.8&*+!B*+!

?+.$;,/&B*+@!B*+!,/&B*+@!/+!B*+!.-$&@!.$;!.!,%;;F*!$.,*!8+/,!.!Q0B/+&!F%0&R!/8!S!$.,*03!C/A!

,.$D!0-:B!$.,*!:/,7%$.&%/$0!.+*!&B*!)*EEF*+0!.7F*!&/!0*F*:&!8+/,G!

!

<3 C/A!,.$D!;%88*+*$&!T=;%?%&!&*F*EB/$*!$-,7*+0!:.$!.!?%P*$!.+*.!:/;*!B.P*!%8!&B*!8%+0&!;%?%&!

:.$$/&!7*!U*+/G!

!

S3 5$!B/A!,.$D!A.D0!:.$!&B*!8F.?!&/!&B*!+%?B&!7*!:/F/-+*;!%8!D/-!B.P*!'N!:/F/-+0!!

&/!:B//0*!8+/,@!.$;!$/!&A/!.;V.:*$&!+*?%/$0!:.$!7*!&B*!0.,*!:/F/-+G!

!

>3 M*F/A!%0!.!WV.+?/$!?*$*+.&/+W3!X/-!-0*!%&!7D!0*F*:&%$?!/$*!A/+;@!%$!/+;*+@!8+/,!*.:B!/8!!

:/F-,$0!4@!M@!.$;!Y3!C/A!,.$D!EB+.0*0!:.$!7*!:/$0&+-:&*;!-0%$?!&B%0!V.+?/$!?*$*+.&/+G!

!

.'*)/2%>% .'*)/2%?% .'*)/2%.%

Z-.0%! )*+,.$*$&! M*B.P%/+!

[*,%! 488/+;.7F*! )+/;-:&!

O*$&.&%P*FD! [&/%:.F! 4::*E&.$:*!

\$?/%$?! O*,E*+.&*! ]/$;*+,*$&!

1%88*+*$&%.&*;! 47*++.$&! 4&&.%$,*$&!

)/FD,/+EB/-0! ! !

%$:/$0*^-*$&%.F! ! !

!

T3 1*&*+,%$*!&B*!P.F-*0!/8!!!.$;"#!8/+!*.:B!/8!&B*!8/FF/A%$?!&/!7*!&+-*(!

._ !!$)+!!`!!>!a!S!a!<!a!I!a!K!a!'!

7_!!$)+!!`!!L!a!T!a!>!

:_!!$)+!!`!!S'N!a!SNb!a!SNL!a!SNT!

;_!!$)+!!`!!b!a!L!a!T!a!>!a!S!a!<!a!I!

*_!!$)+!!`!!.c.!"!'_c.!"!K_!c.!"!I_c.!"!<_!

!

L3 [&-;*$&0!.+*!.09*;!&/!0/FP*!&B*!^-.;+.&%:!*^-.&%/$!!$%
&
"'"(%"'")!`!N!AB*+*!&B*!:/*88%:%*$&0!$*"(*!

.$;!)!:.$!7*!.$D!P.F-*!/8!'@!K@!I@!<@!/+!S@!A%&B/-&!+*E*&%&%/$3!C/A!,.$D!;%88*+*$&!^-.;+.&%:!

*^-.&%/$0!:/-F;!&B*!0&-;*$&0!B.P*!&/!0/FP*G!

!

b3 X/-!.+*!?%P*$!&B*!A/+;!Cde4f\63!C/A!,.$D!A.D0!:.$!&B*0*!F*&&*+0!7*!.++.$?*;!%8(!

._!&B*+*!.+*!$/!+*0&+%:&%/$0!

7_!&B*!P/A*F0!,-0&!+*,.%$!&/?*&B*+!

:_!.!P/A*F!,-0&!7*!%$!&B*!8%+0&!.$;!0*:/$;!E/0%&%/$0@!.$;!e!,-0&!7*!F.0&!

;_!\!.$;!6!,-0&!6\O!7*!&/?*&B*+!
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!"# $%&'()*+',%-./01213'*-(45.6'7)*'45'()05'!"#$%&#'()*)+#",-'+,.'/"-"#0'1,8'

)9'&5'7)*'%*:+'-65'3;5'012136'!'<'=''

49'&5'7)*'-65'3;5'012136'"'<'>''

79'&5'7)*'%*:+'-65'%00'012136''

09'3;5',1*):'*-(45.'(-63'45'%00'?-61*2'012136'"'<'>'&13;%-3'.5@53131%*9'

59'3;5'*-(45.'(-63'45'5A5*')*0'2.5)35.'3;)*'B"""'?-61*2'012136'"'<'>'&13;%-3'.5@53131%*9'

'

!!# CA):-)35'5)7;'%,'3;5',%::%&1*2'&13;%-3'-61*2',)73%.1):6'%*'+%-.'7):7-:)3%.8'

)9'

! 

20!

18!
'

49'

! 

10!

5!4!
'

79''DB'E'BF'

09'

! 

8!

8" 7" 6!
'

'

!G# H*';%&'()*+'&)+6'7)*')'@5.6%*')*6&5.')'!"/I-5631%*'J.-5KL):65'3563'1,'3;5+').5'@5.(13350'3%'

:5)A5')*+'I-5631%*'4:)*MN'

'

!O# H*':%335.+'P'+%-'(-63'@17M'Q'*-(45.6'1*'%.05.'%-3'%,'Q"'*-(45.6'3%'&1*#'H*':%335.+'R'+%-'(-63'

@17M'O'*-(45.6'1*'%.05.'%-3'%,'B"'*-(45.6'3%'&1*'?.5@53131%*'16'*%3'@%6614:59#'S;17;':%335.+'16'

5)615.'3%'&1*N'

'

!Q# H*';%&'()*+'01,,5.5*3'&)+6'7)*'+%-'63)7M'G'01(56T'Q'*17M5:6T')*0'G'I-).35.6N'

'

!D# P'35)(',1*16;56')'G"/2)(5'65)6%*'&13;')'.57%.0'%,'!G'&1*6T'B':%6656T')*0'G'3156#'H*';%&'()*+'

01,,5.5*3'&)+6'7%-:0'3;16';)A5'%77-..50N'

'

!B# H*A5*3')'@5.(-3)31%*6'@.%4:5('3%'7%..56@%*0'&13;'3;5',%::%&1*2')*6&5.8''

! 

12!

4!3!
'

'

!U# $%&'()*+'*-(45.6'2.5)35.'3;)*'O'"""'"""'7)*'45',%.(50',.%('3;5'0121368'''!T'GT'OT'OT'QT'QT'Q'

'

!=# P'7%1*'16'3%6650'>'31(56#'H*';%&'()*+'&)+6'7%-:0'3;5'.56-:36'45'B';5)06')*0'O'3)1:6N'

'

!># $%&'()*+'@5.(-3)31%*6').5'3;5.5'%,'3;5':5335.6'1*'3;5'&%.0'RPVWCJRPXX8'

)9'&13;%-3'.563.1731%*6'

49'W'(-63'45',1.63'

79'3;5'3&%'X6'(-63'45'3%253;5.'

'

G"# H*'&;17;'&%.0'&1::'+%-',1*0'3;5'2.5)3563'*-(45.'%,')..)*25(5*36'%,')::'%,'136':5335.68''RHYZ[T'

PP\]^P\WT'%.']CC]C]N'

'

!9''''!'!!"'"""' G9'''GDB' O9'''!D' Q9'''>'"""'"""' D9'''=!"' B9'''!UD'

U')9'''!"#$%"&"#$' U'49'''!"#'%"&"#(' U'79'!"#)*+%"&"#",' U'09'''!"#"-%"&"#".' U'59'''!"#/%"&"#")' =9'''B"'

>')9'''D"Q"' >'49'''UG"' >'79'''!QQ' >'09'''OB""' !"')9'''!B="' !"'49'''QDOB'

!"'79''!G"' !"'09''GGQ"' !"'59''!""=' !!')9''O="' !!'49'''!GB"' !!'79'''=F'

!!'09'''!' !G9'''D>"Q>' !O9''':%335.+'R' !Q9'''QG"' !D9''O'DGU'!B"' !B9')*6&5.6'A).+'

!U9''O""' !=9'''=Q' !>')9''QDO'B""' !>'49'''QD'OB"' !>'79''>"'UG"' G"9''''PP\]^P\W'

'
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