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W"0%&HA.Y%F#+ ()# CHE&OD1S$).,B. ()%+D. + $%"((0 SOSAE%",V9%(,0%/ EOF,BYSB., X
(-.( E,D#UAROES$) T%"+%% %+& EOF,B%E@S$,",B,.(. E,D# 2%+. U# B)#+W%B)=
U#,By#+W%BH&OSH&)H (#'@ ,+ O# $0.0A@OA.E/ SAWE, )#&The Direction of Time %1(#"
#.$0A.+F . @ E%" #3. .+ #%"E#30"D.7 .AB) %. Elements of Symbolic Logic 3)#"# )#

3" (#.'()%("2#"%BE, (A.
) L) (&L (0% ()% (%" #", +0('%' (), +F + O# B+ 01 %+ H+&A" +F
AW. (%+BH#WA(' %+ #-#+( #iAH+BH +'3),B) @%((#"&0#. ' +0("#@%, +'(J# . % @#C')#,.'3"0+F7
)03#-#"7", 1')#3%+(.' (0, +1#" () %C(, (', +O($#'@, .., WE# (0'BO+.,&#" %" ,-#"%. %' (),+F='"L)#
@#%+,+F'01'(#'$) % . #A0# Y @#" -#'g',. % @%((#"01'&#c+,(,0+C'%+&'3,()' ) &#c+,(,0+'01
O#30"&'4" -#"0'%. &#+0(,+F'%'(), +F'()%(BO+.,.(.", +'Yo+'#-#+( #iA#+B# (is $0.., WE# (0
(#$'(3,B# +(0' (. @#" -#'=

Y+The Direction of Time7TU#,B)#+W%Bp&0$(.()# (#'@ >F#+,&#+(,(/G(0 &#.B",WH&#+(,(/
01(),. .0"(=\. )# #ZSE%,+%>(),+F ,. #"#. Ol#-#+(. ABBH#H&, +F+# %+0()#" + (,@#C
0%o+/ (30 #-#+(. 01(),. H#'#. %"HF#+ &#+(BWEW BO+B#$013$)/.,BYE &#+(,(/7 01 %+

JO=N,&#"7"J] 7'100(+0(#'SS=
JI=U#, B)#+W9%B)'KJI] [17'8[S;8[ =
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+&,-, &AWE),+F ()%( "H#@%,+.0# .%@#()"'0AF)OA( %.('#(B) O1(,@#, W% H#HD+ (#

$"OSH"(H#.'01'(),. HEY%(,0+=82A" ) #" @0"#7

[Plhysical identity 01'%'(),+F7'%E.0'BY%RE#H8entity T @A.(WH#&,.(,+FA,.)#&'1"0@'EOF, B%E
&t+(,(1=\+'#-#+(',."EOF, BWEE/ &#+(,BWE'3,()',(#ELC'WA('3)#+'3#'.%/" () Yo(#-#+(.'%"# .(Yo(#.
01'()#.%@%#(),+F7'3##@SEQ/ % " #EYo(,0+'01' F#+,&#+(, (I"\OE &, +F WH(3H#+ (V# ##-#+(.=\
$)/.,BBE'(),+F',. OA. %" #" #.'01'#-#+(.C'%+/'(30'#-#+("WHEO+F +F'(0'(),. #" #.'%"# BBEE#&
Fit+,&tt+(,BUE="L)#"#EY%(,0+' 01 F#+ &#+(,(I',. O# #10"# %' (30XSE%B#'$"0$0.,(,0+%E'1A+B(,0+
3),B)",../@@#(",BUET ("Yo+.,(,-#7'%+&" H#i#Z,-H#>

L)A.7 10"#-#+(. &#+(,(/ ,. @%,+(%,+#80"3%"&. %+&W%BD3%"§"0AF)0A( (,@#%.%
BO+.#A#+B#OL()#," )%-,+F %.,+FEHE, +#YB)%,+01#Z,.(#+(,%B%A.%(, OWH#(3##+#@=
Y+%&&,(,0+# "HEY%(,0+.),$01 F#+,&#+(,(/ ,. %$SE,BUWEBO@S$0.,(#10"F%+,Bt+(,(#.7
AB) %. "-#". %+& )A@%+ W#,+F.=2#+B#7 U#,B)#+W%BA'F#. A. (0 &,.B%"&()#
&,B)O(0@/ WH(3t+(),+F. %+&H-#+(. Yo+&## "%(O#" 0%( O# (30 >"#$"#.#+( @H"HE/
& 11# #+@08&#. 01 .$##B)7G.AB) ()%( )# $)"%.# >(),. (‘##,. OE&G. ("%+.E%(#&,()
HA%ELY%B,E,(0 O# $)"%.#7>L)# c".( #-#+(. 01(0# #"#. BO+.((AG+F(),. ("##%"##$%X
"Y(H&'W/'%'E0+F'.("#(B)'01'(, @#'1"0@' (#'$"#.#+(#-#+H=G

R,D#()# $"#.#+( %BBOA+(#,B)#+W%BpBD+03E#&FH%( &AH#(0 (J# @AE(,$E,B,(/
01 B%.AYED++#B(,0+ WHB##+#-#+(.7 ,(,. +0( .ALcB #+((0 .$#%D01 F#t+ &#+(,(/ 0+ ()#
W%.,.01 B%.A%B0++#B(,0+%EQ0+#BB0"&,+FE/7)# &#c+#. (30 D,+&. 01 F#+,&#+(,(/=
>506(#" Yol #+,&#+(,(/G )%. ()'## +#B#..%"/ BO+&,(,0+.KBO+(,+A,(/ 01 B)%+F#7$%(,%E
#ZBEA.,04%+8&,.B#"+,W, E, (01.$%(, %R (#'B)%+F#%203#-#"7 ,13# #Z%@,+@# 30"E&
%()# IA%+(A@E#-HETH c+& ()%(%EBEL(#.# $"0$#"(#. %"HE%BD, €A .AW%(0@ B%"(,X
BE#. J#+B# >()#'# ,. +0 @%(#" Y88 &tt+(,(| Yo(WERE ()# $)/.,.B%E30"E&7S ()OAF) 3#
@%/BO+(, +A#(0 .$#%DBO0+-#+(,0+%ERL. )0OAF) (#"# 3#"#=L)# O+E/ ("A# F#+ &#+(,(/
+ iA%+(A@ 30"E& ,. >1A+B(,0+%dB+ &#+(,(/=G*+10"(A+%(HE/)O3#-#"T %. P%. -%o+
?2"%%. #+%0+&Y YOWHBEB)%"& +O(# .+ (#," S%SH'>YE&H#+(,(/_-#" L,@#7C#,B)#+W%B)
>&0#. +0( 011#'%+#Z$E,B &#c+,(,0+G10" 1A+B(,0+%FBH+,&#+(,(/2 U%()#" 1U#,B)#+W%B)

J8=U#,B)#+W%B)'kJ]a:I7'88 =
JSHbid=7'S<=

J'=Ibid=7'88"=

Ja=Ibid=7'88a=
J:=1bid=7'8S:=
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OWE,IA#EI#@%"D ()%( 1A+B(,0+%d8#+,&#+(,(/ ,. >%F#+&#+(,(/ ,+ %3,8#" #+H#HT1G,+
3),B) (# E%((#30 iA%E,(,#01F#+,&#+(,(/ %"t##((,.0+#&7>3)#"#%. (# c".( ,. A A%EE/
%&)#"#&'(0=6

U#,B)#+W%B) %&@,"%WER6+DoWOA[# 1%B)%((#"# ,. +0 >("A#G&#c+,(,0+ 01
Fit+,&tt+(,(/7 ., +B# 3# >BY%&#c+# Fit+,&#+(,(/ (0 .A,( OA" $A"$0.#.=G 203#-#'7 W/
&ttc+,+F Fit+,&#+(,(/ %.("%+.,(,-# %+&/@ @#(",BN/# )%. @%&#H,. BO+B#SEH.. A #1AE+
O0# B%.#01W"%+B),+F8&#+(,(#.5\F%,+7(# ),0 %+8&5,.0A", "-#'. %"#&,.(,+B(1"'0@
0+# %+0()#",+ .$,(# 01L(#," +0( W#,+R&,.(,+B(1"0@(# EO03#"5,..,...$$,= N,@,E%"H)#
Y@#+#..01 )# %BO"9%+&()# 0%D&0#. +0( #+(%,B)# Y%@#+#..01()# %B0"+%+&()#
&#.D=L)A.7 (# BO+B#$(01 F#+,&#+(,(/ %. &#c+#8& W/ U#,B)#+W%B) +0( .AlcB,#+((0
@%$'YEE'01'0A"BO@ @O0+.#+., BBE'. % @#+#.."#E%(,0+.=

Y+(#," #ZS$E0"%(,001()# .Y, #+BaL &#t+(,(/ Yo+&8F #+ &#+(,(IT-Yo+ ?"%%. #4%+&
1#.B)%"& 1A"O#" %"FAH)%( ., +B# #'# % "H#HA%+(A@.A$#'$0.,(,0+. ,+ 3),B) %$%,"01
$%"(,BEAY-# +0 & 11##+(,%(,+B)%"%B#",.(B)# R#W+,V, %" +B,$SE#01 ()# Y+&,.X
B#"+,W,E, (01 Y&#+(,BUE@A.( WH&,.B%"&#8&=qTr0+B#$(A%E . B#"+,W,E,(B%++0(#-#+
EOF,BY%ERB610A+&%(,040" D+03E#&FH1+A@#" BUE. (,+B(+#..7TWA(. %lA"(#" .(YoF#
01 D+03E#&F#3),B) )%. (0 ,+-0E-# %BOF+,(,-# $"0B#8&A"#01 ,+&,-,&A%(,0+73),B)
"HA"#. $%"(,BAEWBO+&,(,0+. 01$0..,W,E,(/=8 L)A.7 3),E# 10" U#,B)#+W%R)A+B(,0+%E
Fat+ &#+(,(/ ,. EO.(,+ B#"(%,++(#"%B(,0+ R+ 2"%%. #9%+&8#.B)%"& ,+.,.( 0%((## ,. %
&,.(;+B( BO+B#$(01 ,&#+(,(/ 3),B) ,. $"##"-#& ##+ &A"+F #+(%+FEH#Q#+PH#+B#
U#,B)#+W%B)dr#+,&#+(,(/ ,. +0( O# .%@#%. )# D,+& 01 &#+(,(/ 0-#' (,@# 3),B)
AW%(0@,8%"(,BEAY%-#=\. 10" @/ 03+ $"0$0.%ED# $",+B,$E#1BO+(,+A0A. "#BOFX
+ V%W, E (/ +0( .ALcB,#+((0 .$#%D%WOAJ# ,+.(%+(%+H#OAHELX % @#+101$%"(,BE#+

J[=d%+"2"%%. #+7'8)=

J<=U#,B)#+W%B)'kJ]a:|7'88:=

JJ=1bid=

89=0%+?"%% #+3a=20" @/ $%"(W30+&#" 3)/ (30 $)0(0+. ,+ A$H#'X$0.,(,0+ @ F)( +0( WHHF%"&H&o
. +FE#>&0AWEH#XS$)0(0+#0Q%$. (# WHE #-# 30AE&-,0E%(# BD)%@"%\V0"¥+%-+/ #-#+(7Y3,EE#1"%,+
1"0@"1A"(#"BO@ @#+(7"., +B#Y'E%BD'()# @%()#@%(,B%E"W%BDF '0A+&'(0'fA.(, 1/ AB) . $#BAEY%(,0+=
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AS$H'X$0.,(,0+7EHQOEO+HD .$H#%DWWOA(H," .Y@#+#..WH#10"Bo+8%1 (##+(Y%+FEH@#+(7
0',('(00'@A.(WHY%W%+&0+#&'%. Yo+ Y% &HIAY(# &#.B" $(,0+'01' ) #iA%+(A@'30"E&=
Ly# A$)0( 01(),. .. (%(+#0#" O# BO+B#$OLF#+&#+(,(/ +0" O# BO+B#$(O1
BO+(,+A0A.E/ "#BOF+,VY%WRHE 1X$#"$#(A%(,0%"# Y&HIA%(HO &#.B" WH()# 30"E& ,+
B#"(%, $A%+(A@BO+CFA"%(,0+.20" ()# $A"$0.#. 01@/ $"0$0.%B03#-#"7 (),. ,. +0( %
&% @+,+R&,1cBAE(/7+B# BO+(,+A0A.E/"#BOF+,V%WEE 1X$#"$#(A%(,0+ +0( @#%+(0
&#.B" WHLEED.., WED, +&. 01.%@#+#.."#E%(,0+ B%()#"7( ,. YHA",.(,B ()%(E #.0-#" (0$
013)%(#-#" O+(0EOF/ %+ +&,-,&A%ED%/)/$O0#. V# 10" ()# AE(,@%@ $#+XAE(,@%(#
BO+.(,(A#+(. OL"HYE, (/WH( $#'&A"%o+(, @ B+EA"%+(,.@0" .0@#(),+F 3)0EE/ & 11#"#+(=
\. 10" U#,B)#+W%B))"## +#B#..%"/ @%"D.01 @%(#",%EH+ &#+(,(/ KBO+(,+A,(/ 01
B)%-+F#7$%(,%BZBEA. 0+%+&&,.B#"+ W, E, (01 .$%(,%E+(#"B)%+F#B),E# (#.# B%+
H'# %. %A H#1AELO" @%E,V%(,0%BO+(,+A0A. "#BOF+ VoW, E9+& #E LX$#"$#(AY(, O+
B#"(%, BO+(#Z(.7Y WHE #-#)%( AE(,@%(HEDO"# A #1AEB",(#" %%"#()0.# ()%( #-0E-#
0"F%-+,BUEED@ %+, +(#'$"#(,-# BO@@A+,(/"%(O#" )%+ %+ BO@SEH#HEZH#&T10"@%E
&#.B",$(,0+ 013)%( ,( ,. (0 WH'HBOF+ VI\WEH.HELXS$H $#(AY(,NKH@S(+F (0 &#Hc+#
Ot (#'@. SHOY(AHE] A# (0 EH%ED A+ +(#H+8#8& +BEA. 0+ %+8#ZBEA., 0+ ¥ )#
HHHE %", #. 10" %.)%"SH+H& &#c+ (,0+ OL#,(0#" (#'@7(#+ 3# B%+A.# U#, B)#+W%B)g.
B",(#",986.()# .(%"(,+F$0,+( 10"1A"()#" "#c+#@#+((OF#()#" 3,) (O# #@WO0& #&.(,+B(.
01'()#.0B,#(I'01',+iA,"/=
)D 3"&K$
% H 3),B)  (O#'# . %.A"1#,(01$"#XHZ,.(,+FBO@ @A+YEEYEOFABWOAJH +%(A"#
01.%@%#+#..,. ()%(01$#".0+%E&H+(,(/= 203#-#"T %. "#D 1%"c( 3",(#. ,+),. $%$H#"

SI#" 0+%E'Y&#+(,(/7G'+0(3,().(%+&,+F'(),.'& YEOFA#7
N#'BY%+0'&#.B" W#B%.#.' +3),B)7'()0AF)'3# D+03'()#'%+.34#" (0'#-#"/'O()#"iA#.(,0+7
3#')%-#'+0', &#%")03'(0'%+. 34" % 1A (,0+%WOA($H".0+%E" &+ (,(/='L)# #'B%.4#.'%"# +0(
BO-#"#& W/ ()#'B", (#",%'01'$#".0+%E" &#+(, (/') %( 3# % B(A%EEVA #=

8J3%"c(7'S=
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L)%(,.7 %+%WA+&%+BE, Y EOFA###& +0( $"0&AB#BO+.#+.A. 7T#-#+ 3)#+ ()# 1%BQ0"#
BO@SE#(#EL.(YOWE,.)#&%"( 01 ()# $"OWE#@®BBB0"&,+K0 1%"c(7,. ()%( 0A" ,+(A,(,0+.
%WOASH".0+%E&H#+(,(/ %"#)#E& A+A.A%EE("'0+FE/ %+&,+ BO+fA+B(,043,() %+0()#"

WHE #1'%WOA(' # F#+#"%E'&#B,&%W,E,(/'01".AB)'iA#.(,0+.=

MO'0+#(),+D.'(),. %WOA(7".%/7'+%(,0+.'0" @%B), +#.='_A"B",(#" %'10" ()# &#+(,(I'01')#.#
&0'+0('BO-#"B#"(%,+B%.#.='MO'0+#(),+D.' ()% (", + O #.#'B%.#. O#iA#.(,0+.>Y.  (O# % @#
+9(,0+hG'0">Y.,(O# . % @# @%B), +#hG' @A.()%-#%+ .3 =

L)A.7 OA" #Z$#B(%(,00%( >$#".0+%6E&H#+(,(/G ,. %.0E,&"#E%(,0+.),$EH#%&A. (0 &,.%$X
$0,+(@#+( 3)#+ 3# &,.BO-#" ()%(,( ,. +0 @O0"# "OWA.(()%+ O(#" BO-+-#+(,0+%EE/
(SAE%(H&B'0-,.,0+%E &#fc+,(,0+.= L)# "#%.0+ (0%( (),. HZSHB(%(,0+. .0 &HHSE/
AF'% +#&+ A. . ()%( 3# WEEZSH" #+B#(# 30"E& 1'0@ (J# -#3$0,+( 01 0A" 03+
BO+.B,0A. +#. #.=2#+B# (J# >Y6+8)# iA#.(,0+ 013)%( Y @N#BO@&EHHSE/1%@ E, 10"
A=L),. 30AE&+0( WHO Wo%&ZBH#S$()%(3# FO 0+ 1"0@(),. ,+.(,+B(-# %((%B)@#+0
(O# HEL0 BO+10A+&(#" ,@$0"(%+(AR.(,0+. 3,0 %$"#.A@S(0+ ()%($#" 0+%E&H+X
(( .. %E3%/.B,"BA@.B" WOWEBHA+YHE/Q)## IAH#.(,0+.7 >B%+WH#1"##& 01 (),.
$'HA$S0.,(,0+= \+& 3+ O# %"HDH# A0+ YWOARHH((/ )%. +0 ,@$0"(%+BHEG
L)A. 19%"c(g. #Z$0.,(0"/ $A"$0.# ,. (0 $"0-,&# HZ%@SEH)%(HESA. (0 J#& OA" +(AX
(,0+.'BO+B#"+ +F'()#.0E,&,(/'01'(# #E1=

TO+.,&#" +F ()# $0..,W,E,(/ 0LW"%, €'%+.$E%+Qo+&0)# (H@$0"%"/&,-,.,0+ %+&
"HBO@W, +%(,031 W"%, J#@,.$)#"#.7 1%"c( BO+BEA&K)%(7>%$#".0+g. @#+(%E.(0"/
+48+0( WHE, DWBY+YE] 0+E/ 0+# B)%-++#EABOAERVIE, DAG',-#'7 3,() , E%+& To+&
3,0 HSW"%H HN@.ZC_+ (# W%.,01(),.7 J# %"FA#()%(3# )OAE& #$%"%(BA( ()#
BO+B#$(.01 >$#" 0+%EA"- -%EGY%+8>,8#+(,(I=G_+# BY%+A"# (# .SE,((,+F010+#g.
$H" 0+0E, (/H-#+ |1 0+#g. +A@#" BYRH+(,(/ BY%-++OWVH@ Y, +(%, +#&=1%B(J# "#%.0+
(%( 3# SE%BHAB) F'#%(#@$)%.,. 0+ $#".0+%E&H#+(,(/ ,. (%( @%,+(%,+ +P+#g.

88bid="Y +B,&#+(WEE/T'0+#@,F)('iA, WWE# ()% (' $S#OSEH# %B(A%EE/'&0' +.,.(KiA, (#'-, OE#+(E/'%('(, @#.I' )% (' (#"#
%', +FE#'BO™#B('BO+BH#S('01'+%(,0+%E" &#+(,(/='N#H# D" ##BH#. BO+(, +A#& Yo+ F#" % ( O# A.#01' )#+% @#
>506B#&0+,%G W/, (. +0"()#"+'+#, F)WO0™ 10" %' WE#. #&E/' @,E&' EEA.("%(,0+'01'(),.=

8Sbid=7"=

8 =Ibid=7"[=



Stt+(,( . +& BY%(,-#01.A" -%EP6+&( ,. .A"-,-%E ()%(,. (# "#%B"AZO1.AB) ,+iA," #.=

20" 1%"c(7 .A"--%E ,. %@%((#'01 &#F"##. 01 $./B)OEOF,B%BO+(,+A,(/ "%()#" )%+ %+
%W.0EAEB)0(0@/=1%"c( %"FA#.10"(),. BO+BEA.,00+ (30 F'0A+&.=?,".(7 ()"0AF) %
#'#. 01()0AF)( #Z$#",@#+(. %WOAVH, +F.()%(.$E,(%+8IA#(#," ,&#+(,(I %(&,11#"#+(
(,@%#%. %+83%/.7 Y )03. ()%(%F"%&%(#&tc+,(,0+ 01$#".0+%E&#+(,(I WH((#%BB0"&.
3,() OA" +(A,(,0+.7 %+& #BO+&7)# %"FA#.()%( 1"0@ Yo+#Z$#" #+(,%80,+( 01 - #37

##,+F 0+#9.E,14"0@()# $0,+( 01-#3 ()%(,&#+(,(/ ,. %@Y%((HO1BO+(,+A,(/ Yo+&&HF"H##

0EEQ3.'0+#'% WH#((#"0A(EOOD'0+'E, 1#K

IFO,.@7'()# 1#%"+0('01"+H#%" " WA(O1'&, .(%-+('&HI%() 7' )4 " #F"#(' )%(.0' @AB)'01'0+#g.'0+E/'E, 1#
)OAE&)%-# FO+#W/X()#.#%" #+0(7'Y'(),+D7'3)0EE/+%(A"%E'0" +.(,+B(,-#="L)#/'%"# %EE
(HHFQ#HH& W/ #WHE, #1.' %WOA('SH#".0+%E", &#+(,(/'3),B)'Y")%-#WH#+%((%BD,+F="Y 1'3#
F,-#AS O#H#WHE #1.7' 0#/.)OAE&'WH 3#%D#-+#8=

L)#'# %"#30 &,.(,+B(,0+. WH(3##+%"c(g. %BBOAL, &#+(,(/ %+&)# %BBOAMLI#"H#&
40, $%$#".0 1%"2,".(7 10" ()# @0.( $%"(1%"c( #@$)%.,V#.(# ,@$0"(%+BB1S$./B)0X
EOF,BOED+(,+A,(/ (0 ()# #ZBEA.,001WO0& EBO+(,+A,(/=_+# #ZB#$(,0+,. %100(+0(#,+
3),B) )# #Z$E%,+()%( $./B)OEOF,B%BO+(,+A,(/ ,. %.ALCB,#+(B0+&,(,0+ 10" .A"-,-%E
Yo" )%+ Yo+#BH#. %"/ BO+&,(,0+7.,+B# >+ (J# %W.#+B81 $./B)0EOF,BY%BO+(,+A,(/
WO&,E[&#+(,(/ @,F)( WHALCB #+(=65/ 03+ ,+BE,+%(,0+ (0 #@$)%.,VH#(# +{#"#X
E%(#&Y(A"H#01 .0@%(,B%+&$./B)OEOF,B%EA"-,-%E7.,+B# 1%,EA® &0 .0 B%-+E#%E0
& 1CBAE(#.'+'B)%"%B(#" V,+F'B%.#.'01'%@+#.,%7#(B=

L)y# #BO+& %+&@0"# .,F+,CBY%+(&,-#"F#+B# WH(3##+ () %BBOA+(,. ()%( %.
&#.B" WHED 1%BO+(,+A0A.E/"#BOF+ VIOWEELXSH" SH(AY(,Wo. WHHEA"#Y%6(#&b. YW ,-%X
E#+("A() 1A+B(,0+£30 (),+F. #,0#" )%"# O# "#E%(,001W# +F)# .%@#D" (# &0
+O(=TEH%"EJO3H#-#"7 (H#'# %"#6&-%+(%FH0 "#SEY%B, i BO+BH#S01>.%@#+#..G,()
S&HF"##.01.,@,E%",(/G6.1%"c( )%. &O+#= +# 30AELHZSHB(( (0 WHY%. #' + FH#+#"%D
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