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! !&IG,/,(+%2)&GE"($-

! 2"-7$)>%D%"($"/>/,-"%-"0/&'

! 2)&GE"($%?""2-

! &/01*,(+%$'"%1"<

! E"&'0(,&-%)?%&/01*,(+

! J#$/0&$,(+%$'"%&)($"($
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! !(%+"("/0*N%$'/""%2,??"/"($%-)G/&"-%)?%20$0

! M"-7$)>%D%"($"/>/,-"%-"0/&'

! 0**%*)&0*%?,*"-N%/"E)60<*"%E"2,0N%("$1)/7"2%2/,6"-

! !"<%D%-,$"%-"0/&'

! 0**%>G<*,-'"2%>0+"-%)(%0%-G<=("$1)/7%)?%,($"/"-$

! M)&GE"($%?""2-

! @AAD!$)E%?""2-%9"H+H%111H+))+*"H&)ED/"02"/:

! &)EE"/&,0*%?""2-O%!8N%@"G$"/-N%!&IG,/"L"2,0



!"#$%&'()*+*,&-)"%*./0%123"4*5676
@
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! !&IG,/"%"6"/F$',(+%$'0$%,-%?"0-,<*"

! 2)%()$%?,*$"/%<F%-G<P"&$%D%IG0*,$F%D%$/G-$1)/$',("--

! ()%-G&'%$',(+%0-%<02%20$0%)/%$))%EG&'%20$0

! 3,*$"/,(+%,-%EG&'%"0-,"/%)(&"%,$Q-%,(2"#"2

! <"$$"/%E)2"*-%)?%-G<P"&$%D%0G$')/,$F%D%->0E
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! @"->"&$%$'"%/G*"-

! 6,-,<*"%R 0&&"--,<*"%R -$)/0<*"%R >/"-"($0<*"
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! 3,(2,(+%2)&GE"($-%"0-FO%

! 2"-7$)>O%$/06"/-"%?,*"-F-$"E

! "($"/>/,-"O%,($"/&">$%?,*"= D%E0,*= D%!L=-"/6"/%$/0??,&

! L0,(%&'0**"(+"O%G>20$"%->""2

! G-"/-%"#>"&$%0**%/"&"($%&'0(+"-%$)%<"%-"0/&'"0<*"

! /"+,-$"/%!A%'))7-%?)/%0**%?,*"=&'0(+"%)>"/0$,)(-

! ("$1)/7=E)G($"2%2/,6"-%'06"%$)%<"%/"=,(2"#"2

! M"-7$)>%,(2,&"-%EG-$%<"%-E0**

! A$)/"%0(2%/"->"&$%>/,60&F%D%0&&"--%>"/E,--,)(-
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! !-"2%?)/%B>G<*,-'"2C%2)&GE"($-

! ("1-N%>/"--%/"*"0-"-N%<*)+ >)-$-N%?)/GE-N%G-"("$

! >)-$-%/"*"0-"2%0$%0%?,#"2%$,E"N%/0/"*F%G>20$"2

! J(+,("%+"$-%0%*,-$%)?%"6"/F$',(+%060,*0<*"

! 0260($0+")G-%$)%<)$'%>G<*,-'"/%0(2%$'"%"(+,("

! $,E"-$0E>-%2"$"/E,("%1'0$%(""2-%$)%<"%,(2"#"2

! !1)%$F>"-%)?%?""2-O

! !"#$ ?""2-O%&)EE"/&,0*%("1-1,/"-N%0++/"+0$)/-

! !"%% ?""2-O%?/""%("1-N%<*)+- 6,0%@AAD!$)E
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! !-G0**F%&)EE"/&,0*%("1-%D%8@%>/)6,2"/-

! 6"(2)/%>/)6,2"-%0(%!8!%9G-G0**F%&*)-"2=-)G/&":

! 9S:%*)+,(N%9T:%-G<-&/,<"N%9U:%/"+,-$"/%&0**=<0&7N%9V:%?""2

! -G<-&/,<"%$)%"6"/F$',(+%,?%>)--,<*"N%?,*$"/%F)G/-"*?

! &0**=<0&7%?G(&$,)(%&0**"2%1,$'%"0&'%("1%>)-$

! G-G0**F%>0--"2%0-%KL5=0(()$0$"2%-$/,(+

! 6"/F%*,$$*"%>/)&"--,(+%$,E"%9SWW%>)-$-%D%-"&)(2:

! &0&'"%0(2%E)6"%)(N%,(2"#%0-F(&'/)()G-*F

! 4"(2)/-%?)&G-%)(%*0$"(&F%9E-:

! E0F%>/)6,2"%&*0--,?,&0$,)(N%"($,$F%"#$/0&$,)(%$0+-
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M0F&0/"!0)+)/'*

!0-'."*

!1#"2*

!1#"23-'."*

!-'"/+('*

!-/4*!(6"-$A)G/&" !"/E,(0$"-%8/)+/0E%!,$'%8'F-,&,0(-%!2G*$%

M0F&0/"!0-/4*

!0-'"/+('*

!"+5)6+1%)#6*L0/7"$%!,/"!0"+5)6+1%)#6*

!01#"23-'."*

!1#"23$#()'()*

!7*X!"!!"#!!"%YJ!.XN%.!%== 9L!@ZJ!%!!@J:%==

!$-6#(*WTDTTDW[!0$-6#(* ==

!#68*!(6"-$A)G/&"N%!(&H!0#68*N%0%<)G$,IG"%E"2,0

/"*0$,)(-D,(6"-$)/%/"*0$,)(-%?,/E%->"&,0*,\,(+%,(%>/)6,2,(+%"#>)-G/"%>),($-%

?)/%-E0**= 0(2%E,&/)=&0>%&)E>0(,"-N%0(()G(&"2%$)20F%$'0$%,$%,-%-"6"/,(+%

0**%$,"-%1,$'%!#68*8'F-,&,0(-%!2G*$%M0F&0/"N%!(&H!0#68*N%0%>/)6,2"/%)?%

02G*$%20F&0/" -"/6,&"-H%M"->,$"%/">"0$"2%0$$"E>$-%$)%1)/7%,(%&)(PG(&$,)(%

1,$'%8'F-,&,0(-%!2G*$%M0F&0/" $)%2"$"/E,("%$'"%-)G/&"%)?%0%&0E>0,+(%)?%

,**"+0*%]IG)$^->0E]IG)$^%"E0,*-%>/)E)$,(+%8'F-,&,0(-%!2G*$%M0F&0/"N%

!(6"-$A)G/&" '0-%<""(%G(0<*"%$)%/"-)*6"%$'"%,--G"H%.)(-"IG"($*FN%

!(6"-$A)G/&" ?,(2-%()%0*$"/(0$,6"%)$'"/%$'0(%$)%&"0-"%,$-%)1(%,(6"-$)/%

/"*0$,)(-%>/)+/0E%G(2"/$07"(%)(%<"'0*?%)?

!9(:76#;+"'6<.&'*L0/7"$%!,/"!09(:76#;+"'6<.&'*

!9(:76#;+"'6=#"'*S[!09(:76#;+"'6=#"'*

!9(:5'6;+$'<.&'*!A%8/"--%@"*"0-"-!09(:5'6;+$'<.&'*

!9(:5'6;+$'=#"'*S!09(:5'6;+$'=#"'*

!9(:7%1/+$.)+#(>+&'*TWW[=WT=TT!WWOWWOWW=W_OWW!09(:7%1/+$.)+#(>+&'*

!9(:6'$'+;'">+&'*TWW[=WT=TT!WWOWWOST=W_OWW!09(:6'$'+;'">+&'*

!9(:;'("#6?.).*!LKO8G<*,-' @"0-)(`%!@!#!"!5!09(:;'("#6?.).*

!9(:;'("#6?.).*!LKO!*"/$`3!5AJ!09(:;'("#6?.).*

!9(:;'("#6?.).*!LKOX"02*,(" !(*F`3!5AJ!09(:;'("#6?.).*

!9(:;'("#6?.).*!LKO!"E>)/0/F`3!5AJ!09(:;'("#6?.).*

!9(:"'5$6+7)+#(*WTDTTDW[%== !(6"-$A)G/&"N%!(&HN%0%<)G$,IG"%E"2,0%

/"*0$,)(-D,(6"-$)/%/"*0$,)(-%?,/E%->"&,0*,\,(+%,(%>/)6,2,(+%"#>)-G/"%>),($-%?)/%

-E0**= 0(2%E,&/)=&0>%&)E>0(,"-N%0(()G(&"2%$)20F%$'0$%,$%,-%-"6"/,(+%0**%$,"-%

1,$'%8'F-,&,0(-%!2G*$%M0F&0/"N%!(&HN%0%>/)6,2"/%)?%02G*$%20F&0/"

-"/6,&"-H!09(:"'5$6+7)+#(*

!9(:;'("#6?.).*L@Z!!!@JO!!.0$"+)/F`3,(0(&,0*%A"/6,&"-O!(6"-$E"($

A"/6,&"-%0(2%!/02,(+^%8/)?"--,)(0*%A"/6,&"-O!(6"-$)/ @"*0$,)(-^

!09(:;'("#6?.).*

!9(:;'("#6?.).*L@Z!!!@JOA)G/&"`!(6"-$A)G/&"N%!(&H!09(:;'("#6?.).*

!9(:;'("#6?.).*L@Z!!!@JO#")+/0>',&

.)2"`@JDX!"!!"#!!"$YJ!.X!09(:;'("#6?.).*

!9(:;'("#6?.).*L@Z!!!@JO#")+/0>',& .)2"`@JD.!!09(:;'("#6?.).*

!@AA =/.55+,+'6BAA*

!9(:+("%5)62=#"'*!.D?,(,!09(:+("%5)62=#"'*

!9(:+("%5)62=#"'*"!D"J.!09(:+("%5)62=#"'*

!9(:5%1C'$)=#"'*"!D"J.!09(:5%1C'$)=#"'*

!9(:5%1C'$)=#"'*K.D0(FH&)E>0(F!09(:5%1C'$)=#"'*

!9(:5%1C'$)=#"'*K.D0(F!09(:5%1C'$)=#"'*

!9(:;'("#6?.).*!LKOA>"&,0* .)2"`L.DX!!!09(:;'("#6?.).*
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8G**%?""2-

! !-G0**F%?/""%("1-D<*)+-D$1""$-%6,0%@AAD!$)E

! "(+,("%>"/,)2,&0**F%&'"&7-%0%7()1(%!@5

! +"$-%0%*,-$%)?%0**%&G//"($*F=060,*0<*"%>)-$-%9KL5:

! *,-$%&)($0,(-%$,E"=-$0E>N%$,$*"N%!@5%?)/%"0&'%>)-$

! "0-F%$)%2"$"/E,("%1'0$Q-%("1N%0(2%?"$&'%)(*F%$'0$

! *,-$%&)($0,(-%0%$,E"=$)=*,6"%9!!5:%?,"*2

! $"**-%F)G%')1%*)(+%*,-$%1)(Q$%<"%G>20$"2%9E,(G$"-:

! L0,(%2/01<0&7O%&)6"/0+"

! -)E"%-)G/&"-%>/)6,2"%0%-E0**%-G<-"$%6,0%@AA
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@AA%"#0E>*"%9<*)+:
a;#E*%6"/-,)(`CSHWCb

a/-- 6"/-,)(`CTHWCb

a&'0(("*b%

a$,$*"b%!(?)/E0$,)(%@"$/,"60*%Y*)+ aD$,$*"b

a*,(7b%'$$>ODD111H'F>)$'"$,&0*=,/=<*)+H&)E aD*,(7b

a2"-&/,>$,)(b%""1%2"6"*)>E"($-%,(%%!(?)/E0$,)(%@"$/,"60* aD2"-&/,>$,)(b

a*0(+G0+"b%"(=G- aD*0(+G0+"b

a>G<M0$"b%L)(%A">%Tc%WWOVSO_W%YA!%TWWd aD>G<M0$"b

a$$*b%eW aD$$*b

HHH

a,$"Eb

a$,$*"b%fG0($GE%!@ aD$,$*"b

a*,(7b%'$$>ODD111H-)E"=)$'"/=-,$"H&)EDIG0($GE=,/H'$E* aD*,(7b

a2"-&/,>$,)(b%!%("1%E)2"*%<0-"2%)(%IG0($GE%E"&'0(,&- aD2"-&/,>$,)(b

a>G<M0$"b%L)(%A">%Tc%WWOVSO_W%YA!%TWWd aD>G<M0$"b

a+G,2b%'$$>ODD111H'F>)$'"$,&0*=,/=<*)+H&)EDgVcc aD+G,2b

aD,$"Eb

HHH
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!$)E%"#0E>*"%9!1,$$"/:

a"($/Fb

a,2b$0+O-"0/&'H$1,$$"/H&)ENTWW_OSVeVdUSeeWWaD,2b

a>G<*,-'"2bTWSW=W_=TV!TSOT[O_ThaD>G<*,-'"2b

a*,(7%$F>"`i$"#$D'$E*i%'/"?`i'$$>ODD$1,$$"/H&)ED6,**,"20$/G$'D-$0$G-"-DSVeVdUSeeWWi%/"*`i0*$"/(0$"iDb%%%%

a$,$*"b%@!%jLh!!AX%!))%E0(F%>")>*"%*,6"%,(%0%?0,/F$0*"%E,(2?/0E"HHH+"$%/"0*HHH)G/%+"("/0$,)(%,-%0%E"--HH!

?""*%-)//F%?)/%EF%)1(%7,2-DD-'0E"%,-(Q$%,$%aD$,$*"b

a&)($"($%$F>"`i'$E*ib@!%]*$^0 '/"?`]IG)$^'$$>ODD$1,$$"/H&)EDLh!!AX]IG)$^]+$^jLh!!AX]*$^D0]+$^%!))%

E0(F%>")>*"%*,6"%,(%0%?0,/F$0*"%E,(2?/0E"HHH+"$%/"0*HHH)G/%+"("/0$,)(%,-%0%E"--HH! ?""*%-)//F%?)/%EF%)1(%

]*$^<]+$^7,2-]*$^D<]+$^DD-'0E" ,-(]0E>^0>)-^$ ,$aD&)($"($b

aG>20$"2bTWSW=W_=TV!TSOT[O_ThaDG>20$"2b

a*,(7%$F>"`i,E0+"D>(+i%'/"?`i'$$>ODD0SH$1,E+H&)ED>/)?,*"$,E0+"-DcS[eWTWUdDW_SVSWS_T_$()/E0*HP>+i%

/"*`i,E0+"iDb%%%%

a$1,$$"/O+")b%%%%aD$1,$$"/O+")b

a$1,$$"/OE"$020$0b%a$1,$$"/O/"-G*$$$F>"b/"&"($aD$1,$$"/O/"-G*$$$F>"b%%aD$1,$$"/OE"$020$0b%%%%

a$1,$$"/O-)G/&"b]*$^0 '/"?`]IG)$^'$$>ODD$1,$$"/H&)ED]IG)$^]+$^1"<]*$^D0]+$^aD$1,$$"/O-)G/&"b

a$1,$$"/O*0(+b"(aD$1,$$"/O*0(+b

a0G$')/b

a(0E"b6,**,"20$/G$' 94,**," 45=!G("7\:aD(0E"b%%%%%%

aG/,b'$$>ODD$1,$$"/H&)ED6,**,"20$/G$'aDG/,b

aD0G$')/b%

aD"($/Fb
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!"<%&/01*,(+

! !"<%,-%0%+/0>'%9()2"-`>0+"-N%"2+"-`*,(7-:

! !%&/01*"/%9->,2"/:%>"/?)/E-%+/0>'%$/06"/-0*O

! ?/)($,"/O%>/,)/,$F%IG"G"%)?%0**%>0+"-%$)%<"%&/01*"2

! ,(,$,0*,\"2%1,$'%0%-"$%)?%B-""2C%-,$"-%

! >/,)/,$F%/"?*"&$-%?/"-'("--N%/)$0$"-%')-$-

! &0(%"(&)2"%-G<P"&$%>/,)/,$,"-%?)/%?)&G-"2%&/01*,(+

! &0(%<"%$'/"02"2%,?%?/)($,"/%,-%+*)<0*%D%*)&70<*"

!"# $%&"'()*+",-'-./ 0%-"*'"*)1%2!+!+

3)4#%$%5+).!"#,3'6)7!"#,-85+/%

6)'"+%.!"#73)4#/%0%689+%8%:'-1

&'"%+8:3%!"# *(%3)4#;%0%8<<%(+=%#*(>6

&"'()*+",-!63.!"#7)*4+/
!"#$%&'()*+*,&-)"%*./0%123"4*5676
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1
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3"$&',(+%0%>0+"

! 5,(7-%0/"%2"?,("2%<F%!@5-

! ')-$(0E"O%&)(6"/$%$)%!8%022/"--%9STUHV_eH[dcHSW:

! /"IG,/"-%M"A%IG"/FN%>)--,<*"%>"/?)/E0(&"%<)$$*"("&7

! &)(("&$%$)%!8%)(%>)/$%dW%0(2%-"(2

! !"#%?:6*(&'?-+'-#+,3)4# @##$?A,A

! $%&# ! ?)/%?,**,(+%?)/E-N%$F>,&0**F%()$%G-"2

! @"'( ! $)%+"$%-$0$G-%9"#,-$-N%-,\"N%&'0/-"$N%$,E"-$0E>:

! *)1=<0(21,2$'%10F%$)%&'"&7%?/"-'("--

+*899&:"2*;1:<1$4*566=
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@"->"&$,(+%$'"%/G*"-

! 3))-;??===,3'6),:'4?"'B')6,)C)

! 2"?,("-%1')%&0(%0&&"--%1'0$

! 0*10F-%&'"&7%<"?)/"%&/01*,(+%$'"%-,$"

! ,+()/,(+%,-%0%IG,&7%10F%$)%+"$%F)G/%!8%<*0&7*,-$"2

! @"E"E<"/O%6,-,<*"%R 0&&"--,<*"%R -$)/0<*"
!6+"D85+();%E

(*68##'=;%?-"*98)+?

(*68##'=;%?')3+"?

'##'=;?')3+"?-!B#*:?

!6+"D85+();%"<*(B!"53F"8=#+"

(*68##'=;%
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!(%$'"%1"<%R 8G<*,&%2)E0,(

B!(%$'"%1"<C%2)"-%()$%E"0(%F)G%&0(O

D 2)1(*)02%,$%G-,(+%0(%0G$)E0$"2%>/)+/0E

D >"/E0("($*F%-$)/"%0(F%>)/$,)(%)?%,$

D >G<*,-'%0(F%>)/$,)(%)?%,$%)/%"6"(%*,(7%$)%,$%92"">=*,(7,(+:
!"#$%&'()*+*,&-)"%*./0%123"4*5676

7=

Z"">,(+%G>%1,$'%&'0(+"-

+*899&:"2*;1:<1$4*566=

! !'"(%-')G*2%1"%/"=&/01*%0%>0+";

! -$0*"%>0+"%HHH%'0-%&'0(+"2%-,(&"%1"%&/01*"2%,$

! ?/"-'("--%HHH%W%,?%>0+"%,-%-$0*"N%S%,?%()$

! L0#,E,\"%(GE<"/%)?%?/"-'%>0+"-O

! >/)<*"E0$,&O%()%B2"+/""C%)?%-$0*"("--

! -$0*"%<F%S%E,(G$"%-0E"%0-

-$0*"%<F%S%E)($'

! L,(,E,\"%B0+"C%)?%>0+"

! g%20F-%,$Q-%<""(%-$0*"

! -"$%0-%>/,)/,$F%)?%$'"%G/*

!
!

!"#$%& !"
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Z"">,(+%G>%1,$'%&'0(+"-%9T:

! 8/)<*"EO%2)(Q$%7()1%1'"(%>0+"%'0-%&'0(+"2

! >0+"%G>20$"-%k%8),--)(%9&:

! J#>"&$"2%0+"%)?%0%>0+"O

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

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

! (-./01""!-0"")""*#+"$%&#",%$

! 8/,)/,$F%`%"#>"&$"2%0+"

! B*"0/(C%&%?)/%>)>G*0/%G/*-

! <"%-G/"%$)%/)$0$"%')-$-

+*899&:"2*;1:<1$4*566=

!! !"!
!

!

"#

!

$##!"$$##!#!%&$'!"&'()$$'

66

!"!!"###"

A1: 1-at-a-time
A2: independent

exponential
arrival times
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Z"">,(+%G>%1,$'%&'0(+"-%9U:

! X)1%2)%1"%*"0/(%$'"%/0$"%)?%G>20$"-%&;

! ( !%"#>"&$"2%(GE<"/%)?%>0+"%&'0(+"-%>"/%20F

! 1"%&/01*%>0+"%1,$'%,($"/60*-%!!.1"!!*1"!!- !

! *"$%(& <"%$'"%(GE<"/%)?%&'0(+"-%2G/,(+%,($"/60*%!!&
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