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

!""#$/"("'&-)0"$123"45

!'6$1&'-)($7"(8)&(*$1)(

9:;$%&<2'&-2')"5$=>"')?&

1&'$@AB$@C@D

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

0".".1*(.&*0#&%)".1



!"#$%$#&'()'*+,-'(#.//*-01#,'#234#5(/+,#'6#7-80#9%9

!

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

,%%-.+//%,01(234(56#%,&75#0/$04802&%#04./!9:048;<=5,%12



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

!

!"#$"%%&'%()'$%)$%*&$)+%,+%$-(.&$"'/$%*&$'+01&2$)3$,"2"0&%&24

!"#$"#%&'()%*%,"//('5$

667866789

/2),)+%

:;<

/2),)+%

:;<
9=9$

4%2(/&$6



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

!

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

,$$-.+//#012,34"$,%53"0/-0.$./6789:7;:<=*'&.$2=*"=4:>?@A./

!!"#

"!"#

!!

"!



!



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

!

!"#$%&'()&'*"$+(,$$-.+//0001#.1$2&23$21'*%/45&67'./6.&%89:;<1-*=



!



!



!



!"



!!



!"picture credit: https://jalammar.github.io/illustrated-transformer/



!"
picture credit: https://jalammar.github.io/illustrated-transformer/



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

!"!""#$%&&'()*+,-(.&#/0&1123,45556,#/0



!"#$%&$'()#*+,+"-".&"%(/$0$#,&"1$(2*'$-.(3"&4(5"''$0(60"&.

! "#$%&'()%*+%,'%)-($.%,/-%0'1-)%2($(0-,-$+%,'%0(3*0*4-%,/-%)'&52$'6(6*)*,7%'8%1(,(%3
! "#$%&'&()*+#$%&*,-#*./0#+*1$%$.#,#%2*.$3'.'4'&(*+/(*1536

! 7&8#%#&9#)*'&8#%*,-#*-'00#&*2,$,#2*8%/.*15-*:*36
!"



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

!"

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

.$12($3&&,)4567

!"#$%&'()(&*+,-)&.&/(0&,)0&+1-&"($,(),+-(2&*($(3#)#$0&4546778&92#.,:2#&:;)&-+)&0<(2(:2#=



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

!"

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

.$12($3&&,)4567

!""#$%&%#'()*&+#+,%-.#%#/%-)%&)(*%"#)*0.-.*1.#*.&2(-3#4#'%-%5.&.-)6.$#78#%#*.9-%"#*.&2(-3:



!"#$%#&'(')#*#(+,'*+-.$!(+/0$12+.3$'$4#*#()+.+2*+/$56./*+-.$7'&&+.3

!"!"#$%&'&#(')*++"#$,'-./012#30("#$'4&5"&/"0#&+'6&7*89':;<='>?@A



!"#$"%$&'"()*'+,#,'-,).$%/)%/,)0,1"#"2,%,#$3"%$&')4#$-5

!"

!"#$%

!"#$%&'&#(')*++"#$,'-./012#30("#$'4&5"&/"0#&+'6&7*89':;<='>?@A



!"#$"%$&'"()*+%&,'-&.,#)/$%0)")12&%#&3$-)4+(%$5"#$"%,)6"+22$"')7#$&#

!"!"#$%&'&#(')*++"#$,'-./012#30("#$'4&5"&/"0#&+'6&7*89':;<='>?@A



!"#$"%$&'"()*+%&,'-&.,#)/$%0)" 12&%#&3$-)4+(%$5"#$"%,)6"+22$"')7#$&#

!"

!"#$%&'()&'*"$+(,$$-.+//0"0"123'2454"$,%65"7/0"08074/9:;</:</;9/=&7>81%$7'2#7*'&8$786'$18?1'5,$>0



!"#$%&''

!!
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



!"#$%$%&'()*'+,$%&'-$%$./#012'(#"$#0$3%#4'5%67"7%17'8$02'027'

97:#"#;707"$<#0$3%'!"$1='

!"!"#$%&'&#(')*++"#$,'-./012#30("#$'4&5"&/"0#&+'6&7*89':;<='>?@A



!"#$%&'$()*)'+,-*.$/0123$4-.-,5

!"
!"#$%&'()&'*"$+(,$$-+../01&2345#67.02&"2$"632892%$6'3#6*'&49':-82"3'*.



!"#$%"&'()'*#%+,-.&'/0'123

!"!"#$%&'&#(')*++"#$,'-./012#30("#$'4&5"&/"0#&+'6&7*89':;<='>?@A



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

!"
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



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

!"
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



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

!"
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



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

!"
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



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

!"
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



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

!"
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



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

!"
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



!"#$%&'()#*)+,-.)/0&"%122345)617&47)8219&

!!
!"#$%&'()&'*"$+(,$$-.+//$012&*.*2$2.#"'3#'4#05/%3*'&.$23*"36782&"2$"032972%$0'3#0*'&.782'.7:;<=><?>?:;@



!"#$%&%"#'()*+,)-./010)+10)2&/01)!"#$%&%"#%#3)41%"156

!"!"#$%&'()&'*"$+(,$$-.+//0&1"234&5/-*6/789839:;9<3-*6



!"#$%&%"#'()*+,)-./010)+10)2&/01)!"#$%&%"#%#3)41%"156

!"
!"#$%!"#$%&&%'()*$+$,%!-*./-.*(0%1.-2.-%3(2*(4($-)-+"$%.4+$,%5((2%6"$0+-+"$)7%8($(*)-+9(%:"0(74;%<=>!%?@AB;



!"#$%#&'(')#*#(+,'*+-.$!(+/0$+.$123

!"#$%&'()*"#&+,(-#&.+)/+#/(0+1&/0'")"02"&'()&3+4/3/5/0*&1(*&6748&,-#&'(2-%&(0&#9"&

6)(,+,/1/#:&;/%#)/,-#/(0&('&674<58&/#%"1'=&>"&2+0&"+%/1:&%+361"&')(3&674<58=&>9/29&1"+;%&

#(&+&0/2"&?@A@BCDEF@&3(;"1&+0;&#)+0%'()3%&+&%/361"&?+-%%/+0&;/%#)/,-#/(0&#(&+&

2(361"4&;+#+&;/%#)/,-#/(0&6!748&#9)(-*9&+&(0"G#(G(0"&3+66/0*&'H&5&I&4

C&;/)"2#&+66)(+29&#(&+1/*0/0*&(-)&*"0")+#";&;+#+&;/%#)/,-#/(0&6!748&>/#9&)"+1&;+#+&

;/%#)/,-#/(0&6"748&/%&#(&6")'()3&3(3"0#&3+#29/0*=&'()&"J*J=&3/0/3/5/0*&3+4/3-3&

3"+0&;/%2)"6+02:&/0&+&9/*9G;/3"0%/(0+1&'"+#-)"&%6+2"&/0;-2";&,:&+&K")0"1&7K")0"1&

LLM8J

!"



!"#$%&'"()#)*+(,-.)/+%0"+120+'$)0')#)3'(,-.4)/+%0"+120+'$

!"

!"#$%&'()&'*"$+!""#$%&&"'()*+$+)")$,-./,.0,'1&2/+.*$")/+-/343./.*)"-5.4)+5.*$)*-)64/."('*7$43)/$4,+8.98:;)<=



!"#$"%&'()*#!++',-).#/,'#0,1+-'&"2#3&4*'&56*&,"4

! "#$%&'(#)*$*&+),-.*/%+'(#)01$2&&+$%*3+&4#+524+(%*,678**4(*$*9(),-.:*3$4$*

3+&4#+524+(%*,!6:8*4;#(2<;*$*(%.=4(=(%.*)$,,+%<*'>*7*?*:

! @%*+%3+#.94*$,,#($9;*+&*4(*$&&2).*4;$4*A.*;$B.*$%*(#$9-.*3+&9#+)+%$4(#*4;$4*9$%*

,.#'.94-C*3+&9#+)+%$4.&*A;.4;.#*(#*%(4*$*3$4$*,(+%4*+&*'#()*4;.*#.$-*3$4$*

3+&4#+524+(%D*E.*9$%*)$F.*2&.*('*4;+&*(#$9-.*3+&9#+)+%$4(#*4(*+),#(B.*(2#*

<.%.#$4+B.*%.4A(#F**&29;*4;$4*(2#*<.%.#$4.3*3$4$*3+&4#+524+(%*,.#'.94-C*$-+<%&*

A+4;*4;.*#.$-*3$4$*3+&4#+524+(%D

! G%*,#$94+9.H*A.*3(%I4*;$B.*4;+&*(#$9-.*3+&9#+)+%$4(#H*524*A.*9$%*4#.$4*+4*$&*$*3..,*

%.2#$-*%.4A(#F*$%3*-.$#%*+4*'#()*3$4$D !"



!"#"$%&'(")*+("$,%$'%-)."&/0$1)2!*.3

!"

! "#$%&'()%'*%+#$%,-./0-1-2(+'0%3%-.%+'%,-./0-1-2(+$%4#$+#$0%(%.(15)$%/'1$.%*0'1%

+#$%0$()%,(+(%,-.+0-67+-'2%8+0(-2-2&%,(+(9%'0%+#$%&$2$0(+$,%,(+(%,-.+0-67+-'2%

8&$2$0(+$,%,(+(9:

! "#$%&'()%'*%+#$%&$2$0(+'0%;%-.%+'%+0(2.*'01%(%.-15)$%8$:&:<%;(7..-(2<%=2-*'019%%

,-.+0-67+-'2%+'%(%0$()%,(+(%,-.+0-67+-'2%.7/#%+#(+%+#$%&$2$0(+$,%.(15)$%4-))%*'')%

+#$%,-./0-1-2(+'0:

! "#-.%-.%(%1-21(>%+4'?5)(@$0%&(1$:%A2%(%&)'6()%'5+-171<%3%4-))%'7+57+%B%

$C$0@4#$0$%(2,%5!8>9%D%5"8>9

!""#$%&&"'(!"#$%&)(!%*%+,-./%(0#/%+1,+.,&(2%-13(2456(789:3



!"#"$%&'(")*+("$,%$'%-)."&/0$1)2!*.3

!"

!"#$%&'()&'*"$+!""#$%&&"'()*+$+)")$,-./,.0,'1&2/+.*$")/+-/343./.*)"-5.4)+5.*$)*-)64/."('*7$43)/$4,+8.98:;)<=

,--*.'//-0(!"#$%&1(,'2'&3$"4'(5*4'&63&"3/(7'$68(79!:(;<=>8



!"#"$%&'(")*+("$,%$'%-)."&/0$1)2!*.3

!"!""#$%&&"'(!"#$%&)(!%*%+,-./%(0#/%+1,+.,&(2%-13(2456(789:3



!"#$%&'()(*+(,-.-/&#$0-(120-/3&/$&'(4-#5*/63

!"!""#$%&&"'(!"#$%&)(!%*%+,-./%(0#/%+1,+.,&(2%-13(2456(789:3



!"#$%&'()*'+#$*,(*-(./,/0&#$1/(231/04&0$&'(5/#6*074

!"!""#$%&&"'(!"#$%&)(!%*%+,-./%(0#/%+1,+.,&(2%-13(2456(789:3



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

!!

!""#$%&&"'(!"#$%&)(!%*%+,-./%(0#/%+1,+.,&(2%-13(2456(789:3



!"#$%&'#(")*+,"-%.#/#%+0%-1/"2%3455-6/",%+2%#%7-89.%

:#2+1-$,
!"#$%&'&$()*+,$-.'./01$*23'%)%/$*23'%01$4.-%"01$35/6"7'6$/6%$8.9%5$083:%$.0$;%#<$

6.'6=-.2%>0.">35&$

*/?0$%30<$/"$@.>-$3$8%#@%:/$-.0:#.2.>3/"#$/"$0%83#3/%$6.'6=-.2%>0.">35$-3/3$

0788"#/%-$.>$5"A=-.2%>0.">35$083:%&

!"!"#$%&'()&'*"$+,$$-.+//0"0"123'2454"$,%65"7/0"08074/9:;</:=/9:/>&7?8@AB8$78C@AB5,$?0



!"!"#$%&'(%$#)*&+%#,+%#&-#.&/01)#2&/342132.&52$&!%(%25&6%027.&819:;2&9<;=



!"!"#$%&'(%$#)*&+%#,+%#&-#.&/01)#2&/342132.&52$&!%(%25&6%027.&819:;2&9<;=

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

+)./,%0).#)'1,%23%/.)4#,'(555



!""#$%&'(&)*+,&'-)$./0$1!%./023$%00$."'"4-+&4

!"
!"#$%&#'!"#$%()'*+,*-.!/0,.1'!.-!.,.+23204+'5.3!+0+6'7028'1..-'94+/45*204+35'6.+.!320/.'

31/.!,3!035'+.274!:,('095!';<=>



!"#"$%&"'()%*+,"-(./(01!23

!"



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

!"



!"#$%#&'$(#)*&+,-&."%/012"#/)%&3$412#4&)5&6789:

!"



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

!"!"#$%&'()*+),-./))0*#*%,+&#1)!&$*"2)3&+4)5'*#*)67#,8&'2/)9:;5)<=>?.)



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

!"#$%&$'&(%)*&+,-./-012&,34!5.,56,7&-!85,7&,8369&./-01!.6.)&6:75&

;<=>)&?''@A2BBC@$"D$EF$G)"$'B@HIJFHK1=LM4"<>NO

+$"$D('$H&PQAFR&.(S@%$A2&?''@A2BBS(#$"'()'$"ACDI%CG)CD#B#("AT"'?

!"



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

!"

!""#$%&&'()*+,-(.&#/0&1211,1342,#/0



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

!"#$%&"#%#'()#(*#+'%,"'"-.#)/%01012#-%)%#01#%#

3(4/5"#-(6%017#%1-#8"#9'%1#)(#-"9'(:#(4/#

'"%/1"-#6(-"'#01#)$"#3(4/5"#-(6%01#)(#%#)%/2")#

-(6%01#)$%)#$%3#%#-0**"/"1)#-%)%#-03)/0,4)0(1#

*/(6#)$"#(1"#01#)$"#3(4/5"#-(6%01;

!!
!"#$%&'()&'*"$+(,-'./(!"#$%&0(1*2'&34&"45(6"3#&"7".4$"2'(6874".(1*49$4$"8.0():!;(<=>?@



!"#$%&'%(')*+$',-%$*.$'%/(/0*12%*324'(/*!"'5,',(2/

!"
!"#$%&!"#$%&'&()*#+,-+.-/&0.,1+.2.$-3.*#&042-.$&()-53-3.4$'&6789&:;<=>



!"#$%&'(

!"

!"#$%&$'()*$+,-'./%0$12'3%4&5412'3%$6/',7('&.5,$#7.,3$89:(%485,7.7&%,&$;0<%/7'/.'($=%&>5/?7)$188@$ABCD)



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

!"

!"#$%&$'()*$+,-'./%0$12'3%4&5412'3%$6/',7('&.5,$#7.,3$89:(%485,7.7&%,&$;0<%/7'/.'($=%&>5/?7)$188@$ABCD)



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

!"#$%&'&()*%#+#)*'$&,-*-.'+#/-&0)%-$&+)&,-*-.'+-&/#%-)1&2.)0&+-3+&('4+".#*,&

%#22-.-*+&()*+-3+"'$&1-0'*+#(1&)2&*'+".'$&$'*,"',-&%-1(.#4+#)*1

5'4'6$-&)2&('4+".#*,&6)+7&1+'+#(&()*+-*+&&'*%&%8*'0#(&0)+#)*&2-'+".-1&)2&

/#%-)1

57'$$-*,-1

9 :+;1&7'.%&+)&()*%#+#)*&)*&+-3+<&'&6#,&,'4

9 :+&#1&7'.%&+)&6"#$%&4)=-.2"$&/#%-)&,-*-.'+).&

9 >)&4"6$#($8&'/'#$'6$-&%'+'1-+

?)=@&:*+-,.'+#*,&ABC&'*%&DB>

!"!""#$%&&'''()$("*+*,"*(-./&0)/"1&2-3"456.-*777849:;(#.<



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

! !"#$%&'()*+"#,%#$%&"'-")$,&"#.&"/#+,00")#12$.&3#2"%"',&$(%4

! 56"#-()"0#$.#&',$%")#"%)7&(7"%)4

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

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

/&-"0

!"#$%&'()$

10&." 10&."

!"



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

! *+)$%-#.$/0()%$"(%)$#$+-%1(#$/0()%'1%#%2+&('3

! *+)$%4(5(0#$+'5%4+2()%#%)6($-"3%

!"#$%&'()

!"#"$%&"'(

)*'"+

,"-&(*#./&

0+*1"

!"



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

!"

!"#$%"&#$'()&#$*&+$!*,-)&.)#$///0$1234

!""#$%&&'''()$("*+*,"*(-./&0)/"1&2-3"456.-*777849:;(#.<



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

!"



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

Text: Playing Golf on

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

! $+,-

! -#.("

/'$. 0'*(,

!"



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

/0&&%&'()&(123(+3#

4,%--%&'(%&(+,%--%&'(.))"!"#$%&'(')"*

4#%"%&'()&(123(+3# 4#%"%&'()&(+&), 4#%"%&'()&('5#++ /0&&%&'()&(+#&6

!"



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

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

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

!!



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

!"

!"#"$%&'(%)&'!"%&'*+,##"--"&'").'/0"12'*3).%4%3)"#'/56'7%4+'8%9:0%;%)"4%<,'=%#4,0'/,),0"4%3)'130'>,?4@43@A%.,3'BC)4+,9%92'DE*5D'FGHI2



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

!"

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

$-*'./)-0)**12-(34'.)-+(-516+,/-+,-'-

7+'/1,'*-8'9:-+,-9:)-,1.9:)'(9-7+.);9+1,

$-*'./)-/.)),-;+.;*)-+(-516+,/-+,-'-<+/<'/-

8'9:-912'.7(-)'(9

$-*'./)-.)7-9.+',/*)-+(-516+,/-+,-'-

(9.'+/:9-*+,)-912'.7(-,1.9:-',7-'-*'./)-

0)**12-(34'.)-+(-516+,/-+,-'-<+/<'/-8'9:-

912'.7(-2)(9

$-*'./)-.)7-9.+',/*)-+(-516+,/-+,-'-<+/<'/-

8'9:-912'.7(-(149:-',7-'-*'./)-=*4)-

9.+',/*)-+(-516+,/-+,-'-<+/<'/-8'9:-

912'.7(-2)(9



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

!"

!"#$%&'(

)&*#+



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

!"

!"#$%&'('")*+',-'$,./%,0##/(%#/%.1')/-'.2+'%,3#44#/(%#/%2..+



!"#$%&'"()*+,&-*).&/0$"10"2&!34&4"051)6)78&'"9$":2&

;)..<1$0%+$)1,&)-&=;!2&"+0>

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



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

!"#$%&'%()$*+(&'&',$-.$/01$2-#3'4*$'#5#33(+&67$5-'8#+,#$&'$9+(5*&5#:$

;.$<#$"(8#$($9#+.#5*$2&35+&%&'(*-+$&'$*"#$=#,&''&',>$*"#$,+(2&#'*$-.$*"#$6-33$.?'5*&-'$

<&*"$+#39#5*$*-$,#'#+(*-+$9(+(%#*#+3$&3$56-3#$*-$@#+-$('2$*"#$6#(+'&',$&3$8#+7$36-<

;.$<#$"(8#$($8#+7$=(2$2&35+&%&'(*-+>$<#$2-'4*$,#*$%?5"$?3#.?6$.##2=(5A$.+-%$*"#$

2&35+&%&'(*-+B

!+(&'&',$5('$=#$?'3*(=6#B

C-2#$5-66(93#:$*"#$,#'#+(*-+$-'67$,#'#+(*#3$($3?=3#*$-.$*+(&'&',$2(*($2&3*+&=?*&-'$

%-2#3$*-$.--6$*"#$2&35+&%&'(*-+$('2$.(&63$*-$#)96-+#$-*"#+$%-2#3B

!"



!"#$%&'&(&)*+$,-./&0*12*'3*$45$67894*$!

!"

!"#$%&'

!"#$(&)

!"#$%&'()&'*"$+(,$$-.+//0'*"%01#20/34256$,657,%"/8659:6..'&.$'"598659:86598-9;6<6=66<>?@A



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

The Wasserstein distance of  p and q is the minimum cost of transporting mass in 

converting the shape of a data distribution q to the shape of a data distribution p. It is also 

called Optimal Transport Cost or Earth Mover Distance.

!"
!"#$%&'()&'*"$+(,$$-.+//0'*"%01#20/34256$,657,%"/8659:6..'&.$'"598659:86598-9;6<6=66<>?@A



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

The Wasserstein distance of  p and q is the minimum cost of transporting mass in 

converting the shape of a data distribution q to the shape of a data distribution p. It is also 

called Optimal Transport Cost or Earth Mover Distance.

!"
!"#$%&'()&'*"$+(,$$-.+//0'*"%01#20/34256$,657,%"/8659:6..'&.$'"598659:86598-9;6<6=66<>?@A



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

The Wasserstein distance of  p and q is the minimum cost of transporting mass in 

converting the shape of a data distribution q to the shape of a data distribution p. It is also 

called Optimal Transport Cost or Earth Mover Distance.

!"

!"#$%&'()&'*"$+(,$$-.+//0'*"%01#20/34256$,657,%"/8659:6..'&.$'"598659:86598-9;6<6=66<>?@A



!"#$%&'()*+%,,-&,.-'(*/',.%(0-*1'.2*34/*%(5*67/*

!!
!"#$%&'()&'*"$+,$$-.+//0"0"123'2454"$,%65"7/0"08074/9:;</:=/9:/>&7?8@AB8$78C@AB5,$?0



!"##$%#&$'()*+,)-!*+,.)/'('0'1'(2)!"##$%#&$'()3'#&"(4$)

5$&6$$()7!""(8)7#

!"

!"#$%&'()!"#$%&'#*+&&,"&-,./)0,/,"+-.%,)!1%,"&+".+2)3,-4$"'&5)6789):;<=5



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

!"

!"#$%&'(#)*#+,-*#,#./010.#)01+#,#2.,3,/#451651#)01+451#347



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

!"

!"#$%&'( !"#$%&'#)*&&+"&,+-./0+.+"*,-%+/!1%+"&*"-*2/3+,4$"'&5/6789/:;<=5



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

!"



!"#$%&'#('$)*+$*,-".'#-'/,#($0 1'23#)*+4$5$1'23#)*+06%

!"

!""#$%&&'()*+,-(.&#/0&1121,22134,#/0!""#$%&&'()*+,-(.&'5$&6761,2879:



!"#$%&%#'(!%))*&%$#(+,$-.-%/%&0%1(2$3"/&(.#3(4/$5&(67$0(8$9","3:

!"
!"#$%&'(%)*+,&-++./,001*1*#23%2$4$*+-564*70.7/+/0898:;9<;::;)*==5/*72;"7)%1/0



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

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

! 0"1

! 2"3

! "45$+-,+&,6)7'/,&%)"4,8#,#&'%9):;<6$2"3

! *$=#>0&4$')?;%#@$-&-

! A,--$+-#$&%)2"3

!"



!"#$%&'

!"#$%&'()*

!"


