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ABSTRACT

!"# $%&' ( #)&*% +,+-#). /0&+. 1+#+ -2&3*-*4'&% )#-"43+ 45 3#%*6#2, -4
/789: )&*% ;4<#+ ="*%# 1+*'> & 1+#2?%#6#% 5*%# +,+-#). /0&+@5+. -4 -2&'+A
%&-# )&*% ;4<#+ 45 6&2*41+ 542)&-+ *'-4 & +*'>%#. B4'6#'*#'- 542)&- 542
&BB#++C /'542-1'&-#%,. *- 34#+ '4- 34 +4 #55*B*#'-%,C /0&+@5+ 2#&3+ #'-*2#
54%3#2+ *'-4 B42#C D"#' 3#%#-*'> #)&*% 524) )&*% ;4<#+. -"# #'-*2# )&*%
;4< *+ 2#=2*--#'C 8 3#+B2*;# "4= /0&+@5+ "&+ ;##' &3&0-#3 -4 1+# B&B"A
*'>. *'3#<*'> &'3 & '#= )&*% ;4< 542)&- E)3*2F -4 %*)*- 8@G. 2#31B# B42#
+*H# &'3I#%*)*'&-# -"# '##3I-4I2#=2*-# )&*% ;4<#+C

1. Introduction

J"&*'#3I&- "*+I244- -=4I+B*4'I3#)4'+I3=#%%
! K2&+)1+IL&2=*'.I!"# M4-&'*BIN&23#'

O- J42&*3. #)&*% *+ -"# %&2>#+- 2#+412B# 1+#2 *' -"# +,+-#) ;, 423#2+ 45 )&>'*-13#C O+
45 P1%,. QRRS. 2#=2*-*'> )&*% ;4<#+ =&+ 1+*'> TRRUM@3&, 4' -"# DGVU &'3 +#6#2&%
1+#2+ 2#W1*2#3 )42# -"&' XRRUM 45 B42#C O+ 45 P1%,. QRRY. 2#=2*-*'> )&*% ;4<#+ =&+
1+*'> YRRUM@3&, 4' -"# DGVU &'3 +#6#2&% 1+#2+ 2#W1*2#3 )42# -"&' ZCQNM 45 B42# -4
2#&3 #)&*%C J%#&2%, -"#+# &2# 3*55*B1%- -4 +1+-&*' %#6#%+ 45 >24=-". #6#' =*-"41- >24=-"
45 -"# B4)0&',C D# '##3#3 -4 %*)*- -"# &)41'- 45 3*+[ +0&B# 1+#3 &'3. )42# 12>#'-%,.
2#31B# /0&+@5+" B42# +*H#C

!"# -#B"'*W1#+ #)0%4,#3 &2# +*)0%#C U&*% *+ '4= +-42#3 *' & 3*2#B-42, =*-" 4'# )#+A
+&># 0#2 5*%#C !"*+ #%*)*'&-#+ -"# '##3 -4 2#=2*-# )&*% ;4<#+C /0&+@5+ '4= )&*'-&*'+I&'
*'3#< ="*B" &%%4=+ *- -4 02#+#'- B4)0%#-# )#++&># +1))&2*#+ =*-"41- 2#&3*'> *'3#<#3
)#++&>#+C J4);*'*'> -"# -=4 -#B"'*W1#+ &%%4=+ /0&+@5+ -4 2#&3 4'%, '#= 42 2#5#2A
#'B#3 )#++&>#+C \*'&%%,. B&B"*'> %*)*-+ ;4-" -"# -4-&% '1);#2 45 *'?B42# )#++&>#+ &'3
-"#*2I-4-&% +*H#C

2. Mdir Format

8' &33*-*4' -4 )##-*'> 412 12>#'- 40#2&-*4'&% 2#W1*2#)#'-+ 45 2#31B*'> )#)42, &'3
3*+[ 544-02*'-. -4 )##- -"# #<0#B-&-*4'+ 45 412 1+#2+ =# 2#W1*2# & +4%1-*4'I-"&- *+I&;%# -4
"&'3%# 54%3#2+ 10 -4 -#' -"41+&'3 )#++&>#+. 40#' 54%3#2+ W1*B[%,. %*+- -"# B4'-#'-+ 45
54%3#2+IW1*B[%,I&'3I+10042- -"# B122#'- +#- 45 )&*% 2#&3#2+C

!"#2# &2# +#6#2&% 04-#'-*&% +-,%#+ 45 )&*% ;4<#+C !"# )&*%3*2]Z^ 542)&- "&+ +4)# &--2&BA
-*6# 0240#2-*#+C U&*% B&' ;# 3#%*6#2#3 -4 42 3#%#-#3 524) & )&*% ;4< =*-"41- %4B[*'>C
7#= )&*% 42 3#%#-#3 )&*% )&, ;# 3#-#B-#3 =*-" & 3*2#B-42, +B&'C D"#' 1+#3 =*-" DGVU
+-42&>#. -"# &)41'- 45 +-42&># 2#W1*2#3 *+ '4 )42# -"&' -"# +*H# 45 '#= )&*% 2#B#*6#3C
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!"#$ %#&'() *(+ &,-./&, )0() ( +,1 *#23 #% )0, /+"#$ ", 4)#&,5 ,6,&3 5(37 86,+ 1/)0
4)#&(9, )0() *#(:,4*,4 5.2:/*(), ":#*;4 4.*0 (4 <,+)/= 5,:,)/+9 ( ',44(9, 1/:: 9,+,&(::3
&,-./&, +,1 4)#&(9, 4/+*, ',44(9,4>(&, +#) 5/4;?":#*; (:/9+,57 !(/:5/&>5#,4>+#) &,5.*,
)0, *#4) #% )0, *#''#+ )(4; #% ( 4.''(&3 :/4)/+9 #% '(/: 4.*0 (4 9,+,&(),5 "3 (*',
!(/:7

@0, '(/:4ABC %#&'() 2&#2#4,4 ( 5/&,*)#&3 2,& '(/:7 D *#23 #% )0, '(/: (4 5,:/6,&,5 /4
4)#&,5 (+5 ,(*0 '/', 2(&) /4 5,*#5,5 /+ 4.*0 ( 1(3 )0() ( '(/: &,(5,& *#.:5 5/42:(3 )0,
%/:, 5/&,*):37 E#''(+5 :/+, )##:4 /+ )0, 4)3:, #% !FAGC (&, .4,5 )# 5/42:(3 (+5 2&#*,44
'(/:7 H2(4I%4 /4 +#) +,*,44(&3 %#& &,(5/+9 :#*(: '(/:7 !(/:4 0(4 )0, 2#),+)/(: )# &,5.*,
','#&3 %##)2&/+) ",:#1 )0() #%%,&,5 "3 '5/&4 %#& +()/6, ,'(/: &,(5/+97 F#1,6,& (:: #%
)0, :(&9,4) '(/: "#$,4 () #.& 4/), (&, 4,&6,5 ,$*:.4/6,:3 )0&#.90 J!DK7 @0, 2&,%#&'()L
)/+9>"3>'(/:4>1#.:5>", .++,*,44(&3>%#&>4.*0>(**#.+)47

M)0,& '(/: 4,&6,&4 4.*0 (4 N#).4 O#),4APC 4)#&, ,'(/: /+ ( *.4)#' 5()("(4, %#&'()
10/*0 (::#14 %#& %/,:5,5 (+5 %.::?),$) 4,(&*0/+9 #% '(/: %#:5,&47 Q.*0 ( %#&'() 2&#6/5,4
6,&3 -./*; '(/: :/4)/+94 (+5 9##5 4,(&*0 *(2("/:/)/,47 Q.*0 ( 4#:.)/#+ 1#.:5 +#) :,+5
/)4,:% 1,:: )#>( )##:?"(4,5>,+6/&#+',+)= +#&>1#.:5>/) ", 4/'2:,7

!(/:5/& %#&'() 4,,',5 )0, ",4) "(4/* %#&'() ".) /)4 2(&)/*.:(&4 (&, )/,5 )# )0, HOJR ,+6/L
&#+',+)S '5/& /4 ( 5,4*,+5(+)7 D '5/& %#:5,& /4 ( 5/&,*)#&3 1/)0 )0, +(', #% )0, %#:5,&7
!,44(9,4 /+ )0, '5/& %#:5,& (&, 4)#&,5 /+ ( %/:, +(',5 utime.seq7 Utime /4 5,%/+,5 (4
)0, 5,*/'(: HOJR 4,*#+54 10,+ )0, ',44(9, 1(4 (55,5 )# )0, %#:5,&7 T#& )0, /+"#$=
)0/4 )/', 1/:: *#&&,42#+5 )# )0, HOJR !T&#' " :/+,7 Seq /4 ( )1#?5/9/) 4,-.,+*, +.'",&
4)(&)/+9 1/)0 00. @0, :#1,4) (6(/:(":, 4,-.,+*, +.'",& /4 .4,5 )# 4)#&, )0, ',44(9,7
@0.4= )0, %/&4) ,'(/: 2#44/":, 1#.:5 ", +(',5 0.00. @# 2&,6,+) (**/5,+)4= ',44(9,
%/:,4 (&, 4)#&,5 1/)0 )0, (22,+5?#+:3 (+5 ,$*:.4/6,?(**,44 "/)4 ).&+,5 #+7 @0, ',4L
4(9, /4 4)#&,5 /+ )0, 4(', %#&'() /) 1#.:5 ", /+ '"#$ %#&'()S ,(*0 ',44(9, /4 ( 6(:/5
'"#$>%#:5,&>1/)0>( 4/+9:, ',44(9,7

3. Indexing

U0,+ .2(4I%4 %/+54 (+ .+/+5,$,5 ',44(9,= /) /4 (55,5 )# )0, /+5,$7 @0, /+5,$ /4 ( %/:,
+(',5 foldername7/5$ (+5 *#+4/4)4 ( 4/9+().&, (+5 #+, :/+, 2,& !J!8 2(&)7 8(*0 :/+,
*#+)(/+4 )0, QFDV *0,*;4.' #% )0, ',44(9, W#& ( 2:(*, 0#:5,& %#& 4."2(&)4X= #+, %/,:5
2,& ,+)&3 /+ )0, messageid/info %/:,= %:(94 (+5 )0, +.'",& #% 4."2(&)47 @0, %:(94 (&,
*.&&,+):3>( 4.2,&4,) #% )0, 4)(+5(&5>J!DK %:(947 @0,3>2&#6/5, )0, 4/'/:(& %.+*)/#+(:/)3 )#
'(/:5/&#4 '#5/%/,5 %/:, +(',47 @0.4 )0, $Q# W(+41,&,5X %:(9 &,'(/+4 4,) ",)1,,+ /+6#*(L
)/#+4 #% '(/: &,(5,&47 M)0,& '.)(":, /+%#&'()/#+ ("#.) ( ',44(9, '(3 ", 4)#&,5 /+ (
4/'/:(&>1(37

Q/+*, )0, info %/:, /4>&,(5>"3>(:: )0, '(/: &,(5,&4>)#>2&#5.*, '(/: :/4)/+94= '(/: "#$,4 '(3
", :/4),5 1/)0#.) #2,+/+9 (+3 '(/: %/:,4 10,+ +# +,1 '(/: 0(4 (&&/6,57 Q/'/:(&:3= #2,+L
/+9 ( +,1 '(/: "#$ &,-./&,4 &,(5/+9 )0, /+5,$ (+5 *0,*;/+9 +,1 '(/:7 J+5,$ %/:,4 (&,
)32/*(::3 ",)1,,+ Y7Z[ (+5 Z[ )0, 4/\, #% )0, %.:: '(/: "#$7 8(*0 )/', )0, /+5,$ /4 9,+L
,&(),5=>/) /4>%.::3>&,1&/)),+7

4. Caching

H2(4I%4 4)#&,4 ,(*0 ',44(9, /+ ( Message 4)&.*).&,7 @# ,+(":, *(*0/+9= )0/4 4)&.*L
).&, 1(4 42:/) /+)# %#.& 2(&)4] @0, Idx W#& /+5,$X= ',44(9, 4."2(&)4= /+%#&'()/#+ #+ )0,
*(*0, 4)(), #% )0, ',44(9, (+5 ( 4,) #% 2#/+),&4 /+)# )0, 2&#*,44,5 0,(5,& (+5 "#537
M+:3 )0, 2#/+),&4 )# )0, 2&#*,44,5 0,(5,& (+5 "#53 (&, 4."^,*) )# *(*0/+97 @0, (6(/:L
(":, *(*0, 4)(),4>(&, Cidx= Cheader (+5 Cbody7
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!"#$ %"# "#&'#( &$' )*'+ &(# $*% ,(#-#$%. %"# &/#(&0# 1#--&0# 23%" -4),&(%- %&5#-
(*40"6+ 789 *: 1#1*(+; <"4- & =>.>>> 1#--&0# 1&36 )*? 2*46' (#@43(# (*40"6+ 7>A9
*: B*(# 3$ &''3%3*$ %* &$+ B&B"#' 1#--&0#-; C#&'- *: %"# info *( subject :36#- B&$
)# -&%3-:3#'D:(*1D%"# 3$:*(1&%3*$D3$D%"# Idx -%(4B%4(#;

E3$B# %"#(# &(# & :&3( $41)#( *: /#(+ 6&(0# 1#--&0#-. (#@4#-%- %"&% B&$ )# -&%3-:3#' )+
(#&'3$0 %"# 1#--&0# "#&'#(- '* $*% (#-46% 3$ %"# :466 1#--&0# )#3$0 (#&'; C#&'- *: %"#
header *( rawheader :36#- *: %*,F6#/#6 1#--&0#- &(# -&%3-:3#' 3$ %"3- 2&+; C#&'3$0
%"# -&1# :36#- :*( -4),&(%-. "*2#/#(. (#-46%- 3$ %"# #$%3(# 1#--&0# )#3$0 (#&'; G&B"3$0
%"# "#&'#(D(#-46%-D3$D%"# Cheader B&B"# -%&%#;

E3136&(6+. (#&'3$0 %"# body (#@43(#- %"# )*'+ %* )# (#&'. ,(*B#--#' &$' (#-46%- 3$ %"#
Cbody B&B"# -%&%#; C#&'3$0 :(*1 AHAI -4),&(%- &6-* (#-46%- 3$ %"# Cbody B&B"#
-%&%#;

<"# B&B"# "&- & -31,6# JCK (#,6&B#1#$% ,*63B+; I&B" %31# & B&B"#' 1#1)#( *: & 1#-L
-&0# 3- &BB#--#'. 3% 3- 1*/#' %* %"# "#&' *: %"# 63-%; <"# B&B"# B*$%&3$- & 1&?3141
$41)#( *: 1#--&0#- &$' & 1&?3141 -3M#; !"36# %"# 1&?3141 $41)#( *: 1#--&0#-
1&+ $*% )# #?B##'#'. %"# 1&?3141 B&B"# -3M# 1&+ )# #?B##'#' 3: %"# -41 *: &66 %"#
B4((#$%6+ (#:#(#$B#' 1#--&0#- 3- 0(#&%#( %"&$ %"# -3M# *: %"# B&B"#; H$ %"3- B&-# &66
4$(#:#(#$B#' 1#--&0#- 2366 )# :(##'; !"#$ (#1*/3$0 & 1#--&0# :(*1 %"# B&B"# &66 *:
%"# B&B"#&)6# 3$:*(1&%3*$D3-D:(##';

5. Collateral damage

I&B"D$#2 4-#(D*: & $#2 -+-%#1D4$B*/#(-D& $#2 B6&--D*: )40-;
! 9(3&$D8#($30"&$

H$ &''3%3*$ %* 4,&-N:-. ,(*0(&1- %"&% "&/# &--41,%3*$- &)*4% "*2 1&36 )*?#- &(# -%(4BL
%4(#' $##'#' %* )# 1*'3:3#'; O(*0(&1- 2"3B" '#63/#( 1&36 %* 1&36 )*?#- P'#63/#(. 1&(L
-"&6. 16. -1%,Q &$' &,,#$' 1#--&0#- %* :*6'#(- 2#(# 03/#$ & B*11*$ P$#'1&36Q :4$BL
%3*$ %* B&66; E3$B# %"3- 2&- '*$# )+ 1*'3:+3$0 :4$B%3*$- 3$ %"# K,&- B*11*$ 63)(&(+.
%"3- ,(#-#$%#' & ,(*)6#1 :*( ,(*0(&1- $*% %(&'3%3*$&66+ ,&(% *: K,&- -4B" &- &B1# A&36
&$' 31&,R'; C&%"#( %"&$ :*6' %"#-# ,(*0(&1- 3$%* K,&-. & $#2 ,(*0(&1. 1)&,,#$'.
2&-D&''#'D%*DK,&-;

H1&,R' &6-* (#@43(#- %"# &)363%+ %* (#$&1# &$' (#1*/# :*6'#(-; !"36# &$ #?%#($&6 ,(*L
0(&1 2*46' 2*(5 :*(D%"3-D&-D2#66.D%"&% &,,(*&B"D"&-D-*1# '(&2)&B5-; A*-% 31,*(%&$%6+.
HASO :*6'#(- B&$"% )# 1*/#' *( (#$&1#' 3$ %"# -&1# 2&+ 23%"*4% (#31,6#1#$%3$0 :4$BL
%3*$&63%+ %"&% 3- &6(#&'+ 3$ 4,&-N:-; H% &6-* #1,"&-3-#- %"# &-+11#%(+ )#%2##$ (#&'3$0
&$' '#6#%3$0 #1&36 &$' *%"#( :*6'#( &B%3*$-; T*6'#( (#$&13$0 &$' (#1*/&6 2#(# &''#'
%* 4,&-N:-; H% 3- 3$%#$'#' %"&% 1)&,,#$' 2366 )# (#1*/#' -**$ &$' (#,6&B#' 23%" #@43/L
&6#$% 4,&-N:-D:4$B%3*$&63%+D! &% 6#&-% :*(D$*$F'#63/#(+D,(*0(&1-;

A'3(- &6-* #?,*-# &$ *''3%+ &)*4% :36# ,#(13--3*$-; S$ &,,#$'F*$6+ :36# %"&% 3- 1*'#
0622 1&+ )# &,,#$'#' %* )+ &$+*$#. )4% 3- (#&'&)6# *$6+ )+ %"# *2$#(; !3%" & '3(#BL
%*(+. -4B" & -#%4, 3- $*% '3(#B%6+ ,*--3)6# &- 2(3%# ,#(13--3*$ %* & '3(#B%*(+ 31,63#- ,#(L
13--3*$ %* (#1*/#; <"#(# &(# & $41)#( *: -*64%3*$- %* %"3- ,(*)6#1; U#63/#(+ B*46' )#
1&'# &-+11#%(3B&6!3$B*13$0 :36#- B*46' )# 2(3%%#$ %* & 1)*?; V(. :*66*23$0 %"# #?&1L
,6# *: %"# *4%)*4$' 1&36 @4#4#. #&B" 4-#( B*46' '#63/#( %* & '3(#B%*(+ *2$#' )+ %"&%
4-#(; H$ 1&$+ 9EUF'#(3/#' KWHX -+-%#1-. %"# #-%3B5+ )3%$ *$ '3(#B%*(3#- 3- 4-#' %* 1*'L
3:+ %"# 1#&$3$0 *: %"# w )3% :*( 4-#(- 1&%B"3$0 *$6+ %"# *%"#( )3%-; T*( %"#1. %"# w )3%
03/#-D,#(13--3*$D%*DB(#&%# )4% $*% %*D(#1*/#;

!"36# %"3- 3- -*1#2"&% *: & *$#F*:: -3%4&%3*$. H B"*-# %* 31,6#1#$% & /#(-3*$ *: %"#
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!!"#$%& '#"" (!#)* "+, ,-#!"#)* .//,)012)3& '#" 2) 2(4 5#3, !,46,47 8+#! 9.! #:/3,:,)",0
.! .) ,-"4. /,4:#!!#2) $+,$% 9+,) 4,:26#)* 5#3,!7 ;,9,4 "+.) <= 3#),! 25 $20, 9,4,
4,>(#4,07

6. Performance

? 4,/4,!,)"."#6, 32$.3 :.#3 '2- 9.! (!,0 "2 *,),4.", !2:, 42(*+ /,4524:.)$, )(:@
',4!7 8+, :.#3 '2- #! <<=AB .)0 $2)".#)! CDC :,!!.*,!7 8+,!, 5#*(4,! .4, !+29) #)
".'3, <7 E) "+, 924!, $.!,#.) ()#)0,-,0 :.#3 '2-#"+, ),9 (/.!F5! (!,! <CG 25 "+,
:,:24& 25 "+, 24#*#).3 9+#3, (!#)* <HG :24, $/(7 E) "+, ',!" $.!,I #" (!,! 2)3& JG 25
"+, :,:24& 9+#3, (!#)* 2)3& <HG 25 "+, $/(7 K3,.43&I . 3.4*,4 :.#3 '2- 9#33 :.%, "+,!,
4."#2! :24, .""4.$"#6,7 E) "+, "92 :2)"+! !#)$, "+, !)./!+2" 9.! ".%,)I "+." !.:, :.#3
'2-L+.!L*429)L"2LMM=AB .)0L$2)".#)!L<C<NL:,!!.*,!7

______________________________________________________
8.'3, <L$ O,4524:.)$,______________________________________________________

.$"#2) (!,4 !&!",: 4,.3 $24, !#P,
! ! ! AB______________________________________________________

230L5!L4,.0 <7DQ =7CN D7=R <HJ______________________________________________________
#)#"#.3 4,.0 <7DJ =7Q= D7Q= MJ______________________________________________________
#)0,-,0L4,.0 =7DN =7=H =7RR D7J______________________________________________________


















































7. Future Work

S+#3, T/.!% :,:24& (!.*, +.! ',,) 04.!"#$.33& 4,0($,0I #" #! !"#33 . 924%1#)1/42*4,!!7
K.$+#)* .)0 #)0,-#)* .4, .0,>(.", '(" /4#:#"#6,7 T/.!F5! #! !"#33 #)$2)!#!",)"3&
'&/.!!,0 524 .//,)0#)* :,!!.*,! "2 :.#3 '2-,!7 8+,4, .4, .3!2 !2:, 5,."(4,! 9+#$+
4,:.#) #)$2:/3,",7 ;#).33&I "+, !:.33 #)$4,.!, #) !$.3, '4#)*! !2:, ),9 >(,!"#2)!
.'2(" "+, 24*.)#P."#2) 25 ,:.#37

E" :.& ', (!,5(3 524 :.#3 '2-,! 9#"+ 6,4& 3.4*, )(:',4! 25 :,!!.*,! "2 0#6#0, "+, #)0,-
#)"2 5#-,01!#P, $+()%!7 8+,) :,!!.*,! $2(30 ', 4,.0 #)"2 . 5#-,01!#P,0 /223 25 !"4($@
"(4,! .! ),,0,07 U29,6,4 #" #! $(44,)"3& +.40 "2 !,, +29 $3#,)"! $2(30 ,.!#3& #)",45.$, .
:.#3 '2- 3.4*, ,)2(*+ 524 "+#! ",$+)#>(, "2 ', (!,5(37 K(44,)"3&I .33 $3#,)"! .!!(:, "+."
#" #! 4,.!2).'3, "2 .332$.", .) #)1$24, 0.". !"4($"(4, 524 ,.$+ :,!!.*, #) . :.#3 '2-7 82
".%, .06.)".*, 25 . $+()%,0 #)0,-I $3#,)"! V24 "+, !,46,4W 92(30 ),,0 . 9.& 25 3#:#"#)*
"+, )(:',4 25 :,!!.*,! $2)!#0,4,0 ." . "#:,7 ?3!2I 524 !($+ 3.4*, :.#3 '2-,!I #" 92(30
', #:/24".)" "2 !,/.4.", "+, #)$2:#)* :,!!.*,! 542: 230,4 :,!!.*,! "2 3#:#" "+, 924%
4,>(#4,0L"2L!$.)L524L),9 :,!!.*,!7

K.$+#)* #! /.4"#$(3.43& ()!."#!5.$"24&7 ;#3,! !+2(30 ', 4,.0 #) 5#-,01!#P,0 '(55,4! !2
:.-#:(: :,:24& (!.*, 02,! )2" 0,/,)0 2) "+, !#P, 25 "+, 3.4*,!" 5#3, #)L"+, :.#3 '2-7
T)524"().",3&I $(44,)" 0.". !"4($"(4,! 02 )2" 4,.0#3& !(//24" "+#!7 E) /4.$"#$,I "+#! 3#:#@
"."#2)L+.!L)2" &," ',,)L)2"#$,.'3,7

8+,4, .4, .3!2 . 5,9 5,."(4,! "+." ),,0 "2 ', $2:/3,",07 84.$%#)* 25 4,5,4,)$,! +.!
',,) .00,0 "2 :.4!+.3 .)0 (/.!F5!7 E) .00#"#2)I "+, #)0,- /426#0,! . /3.$, "2 !"24,
:(".'3, #)524:."#2) .'2(" . :,!!.*,7 8+,!, $./.'#3#"#,! !+2(30 ', '(#3" (/2) "2 /42@
6#0, *,),4.3 "+4,.0#)*L.)0L".**#)*L$./.'#3#"#,!7
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8. Speculation

!"##$ %"&' ()# *+'+(,(+&- (),( ,** '#..,/#. +- , ',+* 0&1 '2.( 0# "#,$ ,-$ .(&"#$ +-
'#'&"3 0#%&"# , .+-/*# '#..,/# ',340# ,55#..#$64+( +.4+-(#"#.(+-/4(&4.7#52*,(# &-4, %#8
%2"()#"47&..+0+*+(#.9

!&" #1,'7*#6 +( ',3 0# 2.#%2* (& "#7*,5# .#7,",(# ',+* 0&1#. 8+() , .+-/*# 5&**#5(+&- &%
'#..,/#. ,..+/-#$ (& &-# &" '&"# :+"(2,* ',+* 0&1#.9 ;)# ,..&5+,(+&- 0#(8##- , '#.<
.,/# ,-$ , ',+* 0&1 8&2*$ 0# , !(,/9" = '#..,/# 5&2*$ 0# ,$$#$ (& &" "#'&:#$ %"&'
&-# &" '&"# ',+* 0&1#. 8+()&2( '&$+%3+-/ ()# '$+" %+*#9 >% ()"#,$. 8#"# +'7*#'#-(#$
03 (,//+-/ #,5) '#..,/# 8+() +(. "#%#"#-5#.6 +( 8&2*$ 0# 7&..+0*# (& %&**&8 ()"#,$.
,5"&.. ',+* 0&1#.6 #:#- (& '#..,/#. "#'&:#$ %"&' ,** ',+* 0&1#.6 7"&:+$#$ ()# 2-$#"<
*3+-/ %+*# 8#"# -&( ,*.& "#'&:#$9 >% , %,5+*+(3 %&" ,$$+-/ ,"0+(","36 ,2(&',(+5 (,/. 8#"#
#-,0*#$6 +( 8&2*$ 0# 7&..+0*# (& (,/ '#..,/#. 8+() ()# #',+* ,$$"#.. +- ()# ?@;A !"&'
*+-#9
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