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V#) #V! &L7%(`7=Ò Y&9!\ !&L7%(`7=Ò Y&9̀ DI 7L#################################################################################) ] !
V#) #W! &L7%(`A955`Y&97=A%###################################################################################################################) ] !
V#) #] ! &L7%(`95&L`Y&9!\ !&L7%(`95&L`Y&9̀ DI 7L###########################################################################) R!
V#) #R! &L7%(`?5,`&,,9!\ !&L7%(`?5,`&,,9̀ DI 7L ###############################################################################) R!
V#) #" C! &L7%(`,I ; 5`,%̀( ,97=?############################################################################################################3C!
V#) #" " ! &L7%(`,I ; 5`(7a5######################################################################################################################3C!

V#3! X5&L!@%9,9&=!. Q-!L5(897; ,7%=#####################################################################################################3C!
V#>! <%S ; 7'7=?!&=L!'7=F7=?!&; ; '78&,7%=(##########################################################################################3) !

Q! RF&J?:5&J2@=C4((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((DD!
W#" ! -=,9%L: 8,7%= #######################################################################################################################################33!
W#) ! @%%,59####################################################################################################################################################3>!

W#) #" ! [ 59(7%=#########################################################################################################################################3>!
W#) #) ! 0AA(5,( !%A!7=L785( #####################################################################################################################3>!
W#) #3! -=L785( ##########################################################################################################################################3>!

W#3! Q9%85(( !$9%: ; (##################################################################################################################################3V!
W#3#" ! Q$!+5&L59###################################################################################################################################3W!
W#3#) ! [ &9(!'7( , ########################################################################################################################################3] !
W#3#3! . ,,97D: ,5( !'7( , ############################################################################################################################3] !

S! *4?:?4?56((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((H) !
] #" ! &L7%(`'7=,##############################################################################################################################################>C!
] #) ! D; '( #########################################################################################################################################################>C!
] #3! D; L: S ; ################################################################################################################################################>" !

P! 123>5@45@6(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((HH!
R#" ! D; ) +B####################################################################################################################################################>>!
R#) ! D; ) =8L##################################################################################################################################################>>!
R#3! D; ) &(877################################################################################################################################################>>!
R#>! Q&9&''5'!<%=Y59,59!4%%'( ###############################################################################################################>B!

') !T@2AN&@5C;U9@?45&N@27566((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((HG!



  

v 
 

" C#" ! $Z 97,5\ ?95&L\ 95&L#######################################################################################################################>V!
" C#) ! . LL!8%=L7,7%=&'!5H; 95((7%=######################################################################################################>W!
! / 5; 5=L5=8I !7=!K &F5A7'5######################################################################################################################>W!
" C#3 ####################################################################################################################################################################>W!

'' ! 1&F@2<@C==?3<&9?4O&!"#$%(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((HS!
" " #" ! T%=M. / -01!Q9%?9&S ####################################################################################################################>] !
" " #) ! <%=(,9: 8,!&=!JK G!@7'5#################################################################################################################>R!
" " #3! $5=59&,5!#8+!A7'5!N(P#######################################################################################################################>R!
" " #>! Q01-J!,9&=(; %9,!S 5,+%L!NQ!Z 97,59(b!Q!A7'5(P######################################################################BC!
" " #B! K Q-M-0!,9&=(; %9,!S 5,+%L!NQ!Z 97,59(b!" !A7'5P######################################################################B" !
" " #V! X5&L7=?!L&,&!A9%S !,+5!(&S 5!=: S D59!%A!; 9%85((%9( ######################################################B) !
" " #W! * 97,7=?!,%!1+&95L!@7'5( !NQ!Z 97,59(b!T!A7'5(P########################################################################B3!
" " #] ! $'%D&'!. 99&I ( ###################################################################################################################################B>!
" " #R! * 97,7=?!47S 5M-=L5H!7=,%!&![ &97&D'5#######################################################################################BV!

'B ! "5>5:2N5@&.C3AC:(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((LP!
" ) #" ! <95&,5!T5Z !49&=(; %9,!K 5,+%L( ##############################################################################################BR!

" ) #" #" ! . LL!,+5!=5Z !S 5,+%L!S &89%(!7=!&L7%(`,9&=(; %9,`+%%F(#+ #################################BR!
" ) #" #) ! <95&,5!&L7%(`&D8#8################################################################################################################VC!
" ) #" #3! . !Z &'FM,+9%: ?+!5H&S ; '5###################################################################################################V" !

" ) #) ! Q9%A7'7=?!,+5!. ; ; '78&,7%=!&=L!. / -01#####################################################################################VW!
" ) #) #" ! _(5!; 9%A7'7=?!. Q-!7=!(%: 985!8%L5####################################################################################VW!
" ) #) #) ! _(5!Z 9&; ; 59!'7D9&9I ############################################################################################################WC!

'D ! !NN53;?V ((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((QB!

!



  

vi 
 

K?<A@56&
&
@7?:95!" #!./-01!;9%?9&SS7=?!5H&S;'5##################################################################################"" !
@7?:95!) #!^H&S;'5!JKG!8%=A7?:9&,7%=######################################################################################"3 !
@7?:95!3#!^H&S;'5!JKG!A7'5!A%9!,7S5!&''%8&,7%=#####################################################################"] !
@7?:95!>#!159Y59MA975=L'I!S5,&L&,&!&;;9%&8+c!%AA(5,!,+5!895&,5\%;5=!7=!,7S5######)C!
@7?:95!B#!/&,&4&;!&98+7,58,:95####################################################################################################)3 !
@7?:95!V#!6Q!A7'5!(,9:8,:95##############################################################################################################3>!
@7?:95!W#!$9%:;!7=L5H!,&D'5###########################################################################################################3B!
@7?:95!] #![&97&D'5(!7=L5H!,&D'5####################################################################################################3V!
@7?:95!R#!Q9%85((!?9%:;!(,9:8,:95##############################################################################################3W!
@7?:95!"C#!.,,97D:,5!5=,9I!(,9:8,:95#########################################################################################3R!
@7?:95!"" #!D;'(!:,7'7,I#######################################################################################################################>" !
@7?:95!") #!D;L:S;!:,7'7,I ##############################################################################################################>3!
@7?:95!"3 #!097?7=&'!;9%?9&S!N5H&S;'5(\<\S&=:&'\"`=%=&L7%(`5H&S;'5#8P#########>R!
@7?:95!"> #!^H&S;'5!8%=A7?#HS'!A7'5#############################################################################################>R!
@7?:95!"B#!^H&S;'5!?Z97,5`,5S;59&,:95#8+!A7'5###################################################################BC!
@7?:95!"V#!^H&S;'5!&L7%(!;9%?9&S!,%!Z97,5!Q!A7'5(!A9%S!Q!;9%85((%9(!
N5H&S;'5(\<\S&=:&'\)`&L7%(`Z97,5#8P##################################################################################B"!
@7?:95!"W#!X5&L!7=!L&,&!?5=59&,5L!DI!)`&L7%(`Z97,5!:(7=?!?95&L`,5S;59&,:95#8+!
N5H&S;'5(\<\S&=:&'\3`&L7%(`95&L#8P####################################################################################B3!
@7?:95!"] #!^H&S;'5!%A!&!?5=59&,5L!?95&L`,5S;59&,:95#8+!A7'5######################################B3!
@7?:95!"R#!^H&S;'5!./-01!;9%?9&S!Z97,7=?!T!A7'5(!A9%S!Q!;9%85((%9(!NTP############B>!
@7?:95!)C#!<%=A7?#HS'!A%9!&!?'%D&'!&99&I!!N5H&S;'5(\<\?'%D&'M
&99&I\&L7%(`?'%D&'#HS'P#################################################################################################################BB!
@7?:95!)" #!?Z97,5!+5&L59!A7'5!?5=59&,5L!A9%S!8%=A7?#HS'################################################BB!
@7?:95!)) #!<%=A7?#HS'!A%9!&!?'%D&'!&99&I!Z7,+!,7S5!N5H&S;'5(\<\?'%D&'M&99&IM
,7S5\&L7%(`?'%D&',7S5#HS'P##########################################################################################################BW!
&

!

! !

!



  

vii 
 

!WW@5>?C4?236&
./-01 ! ! .L&;,7Y5!-=;:,\ 0:,;:, !1I(,5S !

.Q- ! ! ! !!"#$%&#'()" *'+*%,) #(&-*.%$-b!&!(5,!%A!9%:,7=5(b!
;9%,%8%'(b!&=L!,%%'(!A%9!D:7'L7=?!(%A,Z&95!&;;'78&,7%=(#!
.!?%%L!.Q-!S&F5(!7,!5&(759!,%!L5Y5'%;!&!;9%?9&S!DI!
;9%Y7L7=?!&''!,+5!D:7'L7=?!D'%8F(#!.!;9%?9&SS59!,+5=!
;:,(!,+5!D'%8F(!,%?5,+59#!!

K%(,!%;59&,7=?!5=Y79%=S5=,(b!(:8+!&(!K1M*7=L%Z(b!
;9%Y7L5!&=!.Q-!(%!,+&,!;9%?9&SS59(!8&=!Z97,5!
&;;'78&,7%=(!8%=(7(,5=,!Z7,+!,+5!%;59&,7=?!
5=Y79%=S5=,#!.',+%:?+!.Q-(!&95!L5(7?=5L!A%9!
;9%?9&SS59(b!,+5I!&95!:',7S&,5'I!?%%L!A%9!:(59( !
D58&:(5!,+5I!?:&9&=,55!,+&,!&''!;9%?9&S(!:(7=?!&!
8%SS%=!.Q-!Z7''!+&Y5!(7S7'&9!7=,59A&85(#!4+7(!S&F5(!7,!
5&(759!A%9!:(59(!,%!'5&9=!=5Z!;9%?9&S(#!!
!

! ! !

/.X4 ! ! /58%:;'5L!&=L!.(I=8+9%=%:(!X5S%,5!49&=(A59(!

$4<! ! $I9%F7=5,78!4:9D:'5=85!<%L5!

UQ<! ! +7?+M;59A%9S&=85!8%S;:,7=?!

-\0 ! ! 7=;:,\%:,;:, !

K/1 ! ! S5,&L&,&!(59Y59!

KQ-! ! K5((&?5MQ&((7=?!-=,59A&85!

T<<1! ! T&,7%=&'!<5=,59!A%9!<%S;:,&,7%=&'!1875=85(!

0XTG! ! 0&F!X7L?5!T&,7%=&'!G&D%9&,%9I!

01! ! %;59&,7=?!(I(,5S!

Q$! ! ;9%85((!?9%:;!

Q01-J! ! Q%9,&D'5!0;59&,7=?!1I(,5S!-=,59A&85!

X/K. ! ! 95S%,5!L7958,!S5S%9I!&885((!

JKG! ! ^H,5=(7D'5!K&9F:;!G&=?:&?5!

! ! !

! ! !

! ! !



  

viii 
 

Acknowledgments 
4+5!.L&;,7Y5!-=;:,\0:,;:,!N-\0P!(I(,5S!N./-01P!7(!&!d%7=,!;9%L:8,!%A!,+5!
T&,7%=&'!<5=,59!%A!<%S;:,&,7%=&'!1875=85(!NT<<1P!&,!0&F!X7L?5!T&,7%=&'!
G&D%9&,%9I!N0XTGP!&=L!,+5!<5=,59!A%9!̂ H;597S5=,&'!X5(5&98+!7=!<%S;:,59!
1I(,5S(!&,!,+5!$5%9?7&!-=(,7,:,5!%A!458+=%'%?I#!4+7(!Z%9F!7(!D57=?!'5L!DI!18%,,!
e'&(FI!N0XTGPf!g&I!G%A(,5&L!N$5%9?7&!458+b!A:=L5L!A9%S!1&=L7&!G&D(P!7(!,+5!S&7=!
8%=,97D:,%9#!./-01!+&(!?95&,'I!D5=5A7,5L!A9%S!,+5!5AA%9,(!%A!,+5!A%''%Z7=?!0XTG!
(,&AAc!1,5Y5!U%L(%=b!Z+%!?&Y5!,95S5=L%:(!7=;:,!&=L!?:7L&=85f!<+5=!g7=b!Z+%!
7=,5?9&,5L!./-01!9%:,7=5(!7=,%!S:',7;'5!(875=,7A78!&;;'78&,7%=(f!T%9D59,!
Q%L+%9(aF7b!Z+%!7=,5?9&,5L!./-01!Z7,+!,+5!e5;'59!Z%9FA'%Z!(I(,5S!&=L!Z%9F5L!
Z7,+!E7=?!$&9I!G7:!%=!,+5!95&L!.Q-#!./-01!&'(%!D5=5A7,5L!A9%S!,+5!5AA%9,(!%A!,+5!
$5%9?7&!458+!,5&Sb!7=8':L7=?!Q9%A#!e&9(,5=!18+Z&=b!Q9%A#!K&,,!*%'Ab!U&((&=!
.DD&(7b!&=L!@&=?!h+5=?#!*57!e5=?!G7&%b!T%9,+Z5(,59=!_=7Y59(7,Ib!&=L!*&=?!/7b!
1_Tb!+&Y5!&'(%!D55=!7=Y&':&D'5!7=!%:9!8%L7=?!5AA%9,(!%A!./-01b!Z97,7=?!(5Y59&'!
7S;%9,&=,!8%L5!;&9,(#!^((5=,7&''Ib!./-01!7(!8%S;%=5=,7a&,7%=!%A!-\0!,9&=(;%9,!
S5,+%L(#!.S%=?!,+5!(:7,5!%A!,9&=(;%9,!S5,+%L(b!/58%:;'5L! &=L!.(I=8+9%=%:(!
X5S%,5!49&=(A59(!N/.X4 P!Z&(!L5Y5'%;5L!DI!Q9%A#!K&=7(+!Q&9&(+&9!&=L!+7(!
(,:L5=,!< 7;97&=!/%8&=!%A!X:,?59(!_=7Y59(7,I#!

*7,+%:,! &!(875=,7A78!&;;'78&,7%=b!./-01! Z%:'L! =%,!+&Y5!8%S5!,+7(!A&9#!1;587&'!
,+&=F(!?%!,%!1,5;+&=5!̂ ,+759!&,!,+5!Q97=85,%=!Q'&(S&!Q+I(78(!G&D%9&,%9I!N$41Pf!
X5(5&98+59!i%=?!J7&%!&=L!Q9%A#!h+7+%=?!G7=!A9%S!,+5!_=7Y59(7,I!%A!<&'7A%9=7&b!
-9Y7=5!N$4<Pf!g:'7&=!<:SS7=?(! &,!,+5! <&'7A%9=7&!-=(,7,:,5! %A!458+=%'%?If!&=L!
15:=?MU%5!&=L!Q9%A#!<#!1#!<+&=?!&,!T5Z!i%9F!_=7Y59(7,I!NJ$<P#!

&

MO?6&N@2X574&?6&6N2362@5;&WY&$,/0Z&T52@<?C&M57OZ&MO5&%7?534?J?7&"C4C&
.C3C<5=534&15345@&[%".\&C4&0C9@5375&R5@85:5Y&/C4?23C:&0CW2@C42@YZ&C3;&

4O5&*(%(&"5NC@4=534&2J&"5J5365(&&

&

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

T52@<?C&M57Oc!U&(&=!.DD&(7b!g&I!G%A(,5&Lb!e&9(,5=!18+Z&=b!@&=?!h+5=?b!K&,,+5Z!
*%'A!

/1%* c!J7&%(%=?!K&!!

/2@4O9 5645@3&*3?>5@6?4Yc!.'%F!<+%:L+&9Ib!*57!e5=?!G7&%b!<+5=!g7=!

$,/0 c!1,5Y5!U%L(%=b!18%,,!e'&(FIb!E7=?!$&9I!G7:b!T%9D59,!Q%L+%9(aF7b!1,5Y5!
Q%%'5!

,A4<5@6&*3?>5@6?4Yc!<7;97&=!/%8&=b!K&=7(+!Q&9&(+&9!

%*/ c!*&=?!/7
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0 $) *+( 1. ' *,( ) !

020 3( 45/!
.(! 8%S;:,&,7%=&'!;%Z59!+&(!7=895&(5L!L9&S&,78&''I!Z7,+! ,+5! 7=895&(5!7=!,+5!
=:SD59! %A!;9%85((%9(b!7=;:,\%:,;:,! N-0P!; 59A%9S&=85!+&(!D58%S5!%=5!%A!,+5!
S%(,! (7?=7A78&=,!D%,,'5=58F(!7=!,%L&Ij(! +7?+M;59A%9S&=85!8%S;:,7=?! NUQ<P!
&;;'78&,7%=(#!*7,+! ,+7(!7=!S7=Lb!0XTG!&=L!,+5!$5%9?7&!-=(,7,:,5! %A!458+=%'%?Ij(!
<5=,59!A%9!^H;597S5=,&'!X5(5&98+!7=!<%S;:,59! 1I(,5S(! +&Y5!,5&S5L!,%?5,+59!,%!
L5(7?=!,+5!.L&;,7Y5!-\0! 1I(,5S! N./-01P! &(!&!8%S;%=5=,7a&,7%=!%A!,+5!-0! '&I59b!
Z+78+!7(!(8&'&D'5b!;%9,&D'5b!&=L!5AA7875=,!%=!L7AA595=,!8':(,59(! %9!(:;598%S;:,59!
;'&,A%9S(#!*5! &95!&'(%!;9%Y7L7=?!5&(IM,%M:(5 b! +7?+M'5Y5'!&;;'78&,7%=!;9%?9&S!
7=,59A&85(!N.Q-(P!(%!,+&,!&;;'78&,7%=!(875=,7(,(!8&=!5&(7'I!&L&;,!,+5!./-01! '7D9&9I!
&=L!;9%L:85!(875=85!Z7,+%:,!L7Y7=?!,%%!L55;'I! 7=,%!8%S;:,59!8%=A7?:9&,7%=!&=L!
(F7''(#!!

026 7 84*!$/!" #$%&9!
!./-01! 7(! &! (,&,5M%AM,+5M&9,! 8%S;%=5=,7a&,7%=!%A!,+5! -0! (I(,5S! ,+&,! +&(!
L5S%=(,9&,5L!7S;95((7Y5!-0! ;59A%9S&=85!95(:',(! %=!'5&L59(+7;!8'&((!S&8+7=5(!
&=L!8':(,59( f!(%S5,7S5(!(+%Z7=?!&=!7S;9%Y5S5=,!%A!S%95!,+&=!"CCC!,7S5(!%Y59!
Z5''! F=%Z=!;&9&''5'!A7'5!A%9S&,(#!./-01! 7(!5((5=,7&''I!&=!-\0! 8%S;%=5=,7a&,7%=!%A!
L7AA595=,!-\0! ,9&=(;%9,!S5,+%L(#! 4+7(!A5&,:95!&''%Z(!A'5H7D7'7,I!A%9!&;;'78&,7%=!
(875=,7(,(!,%!&L%;,!,+5!D5(,!-\0! S5,+%L!A%9!L7AA595=,!8%S;:,59! 7=A9&(,9:8,:95(!
Z7,+!Y59I!'7,,'5!S%L7A78&,7%=!%A!,+579!(875=,7A78!&;;'78&,7%=(#!./-01! +&(!&!(:7,5!%A!
(7S;'5b!5&(IM,%M:(5! .Q-(#!-=(,5&L!%A!D57=?!;9%Y7L5L!&(!,+5!&9?:S5=,(! %A!.Q-(b!&''!
,+5!95O:795L!S5,&L&,&!&95!(,%95L!7=!&=!5H,59=&'!̂H,5=(7D'5!K&9F:;! G&=?:&?5!
NJKGP!8%=A7?:9&,7%=!A7'5b!Z+78+!7(!95&L&D'5b!5L7,&D'5b!&=L!;%9,&D'5!A%9!S%(,!
S&8+7=5(#!!

02:  ; 8<!=4/ ,' !" #$%&!3+( . >!?( ) ' <>*!
!4+5!./-01! k?9%:;l!7(!&!8%=85;,!7=!Z+78+!7=;:,! Y&97&D'5(!&95!,&??5L!&88%9L7=?!,%!
,+5!A:=8,7%=&'7,I!%A!,+579!95(;58,7Y5!%:,;:,! A7'5(#!@%9!5H&S;'5b!&!8%SS%=!(875=,7A78!
&;;'78&,7%=!+&(!8+58F;%7=,!A7'5(!;95A7H5L!Z7,+! restart ! &=L!S%=7,%97=?!A7'5(!
;95A7H5L!Z7,+!diagnostics #!-=!,+5!JKG!8%=A7?:9&,7%=!A7'5b!,+5!:(59! 8&=!L5A7=5!
,Z%!(5;&9&,5!?9%:;(!Z7,+!,&?!=&S5(!%A!&L7%(M?9%:;!&(!k95(,&9,l!&=L!kL7&?=%(,78#l!
^&8+!?9%:;!8%=,&7=(!&!(5,!%A!Y&97&D'5(!&=L!&,,97D:,5(!,+&,!=55L!,%!D5!Z97,,5=!7=,%!
,+579!95(;58,7Y5!%:,;:,! A7'5(#!̂&8+!?9%:;! 8&=!8+%%(5! ,%!+&Y5!L7AA595=,!-\0!
,9&=(;%9,!S5,+%L(b!Z+78+!8&=!D5!%;,7S&'!A%9!,+579!-\0!;&,,59=(#!

02@ %*8<+!$)*<+</ *,) A!B<4*. +</ !( C!" #$%&!
./-01! 8%=,&7=(!&!=5Z! (5'AML5(897D7=?!A7'5!A%9S&,b!6Q#!4+5!6Q!A7'5!A%9S&,!Z&(!
(;587A78&''I!L5(7?=5L! ,%! (:;;%9,! L5'&I5L! 8%=(7(,5=8Ib! '7?+,Z57?+,! L&,&!
8+&9&8,597a&,7%=b!&=L!95(7'75=85#! ./-01! &'(%!8%=,&7=(!;I,+%=! (897;,(! ,+&,!&''%Z!
:(59(! ,%!5&(7'I!Z97,5!5=,795!k?9%:;(l! Z7,+!,+5!7=8':(7%=!%A!%=5!7=8':L5!(,&,5S5=,!
7=(7L5!,+579!@%9,9&=\<!8%L5#!.=%,+59!7=,595(,7=?!A5&,:95!%A!./-01! 7(!,+&,!7,!&''%Z(!
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:(59(! ,%!:(5! S:',7;'5! -\0! S5,+%L(!A%9!&!(7=?'5!?9%:;#!4+7(!7(!5(;587&''I! :(5A:'! 7A!
:(59(! Z&=,! ,%!Z97,5!L&,&!%:,! ,%!,+5!A7'5!(I(,5Sb! (7S:',&=5%:('I! 8&;,:97=?!,+5!
S5,&L&,&!7=!&!L&,&D&(5!S5,+%Lb!&=L!Y7(:&'7a7=?!Z7,+!&!Y7(:&'7a&,7%=!S5,+%L#!

4+5!95&L!.Q-! 5=&D'5(!95&L7=?!&9D7,9&9I!(:D&99&I(!%A!Y&97&D'5(!7=!&!6Q!A7'5!&=L!
,+:(! Y&97&D'5(!Z97,,5=!%:,!A9%S!T!;9%85((%9!8&=!D5!95&L!7=!%=!&9D7,9&9I!=:SD59!
%A!;9%85((%9(#!./-01! &'(%!,&F5(!8&95!%A!,+5!5=L7&==5((!;9%D'5S!&,!8%=Y59,7=?!,%!
,+5!95&L59j(!&98+7,58,:95!&:,%S&,78&''I!&,!95&L7=?!,7S5#!K&,'&D!95&L59!7(!7=8':L5L!
7=!,+5!95'5&(5!Z+7'5!,+5![7(-,! ;&9&''5'!7=,59&8,7Y5!Y7(:&'7a&,7%=!(%A,Z&95!8&=!95&L!
6Q!A7'5(!,%%!NA9%S!Y59(7%=!"#"3P#!!

./-01! 7(!A:''I! (:;;%9,5L! %=!<9&I!J4! &=L!-6K! 6':5$5=5\Q! 8%S;:,59(! &(!Z5''! &(!
%=!G7=:H!8':(,59(#!!

02D B. *. +<!" #$%&!62E!3( 45/!
0=5! %A!,+5!S&7=!?%&'(!A%9!./-01! )#C!7(!,%!;9%L:85!A&(,59!95&L(!Y7&!7=L5H7=?!
S5,+%L(#!.=%,+59!?%&'!7(!,%!;9%Y7L5!S%95!&LY&=85L!L&,&!,I;5(! Y7&!JKG!7=!./-01!
(%!,+&,!7,!Z7''!D5!8%S;&,7D'5!Z7,+!@RC\8\<mm!(,9:8,:95(\%Dd58,(#!!

*5! Z7''!&'(%!Z%9F!%=!,+5!A%''%Z7=?!&LY&=85L!,%;78(!A%9!./-01!)#Cc!!

¥ .!'7=F!,%!&=!5H,59=&'!L&,&D&(5!A%9!;9%Y5=&=85!958%9L7=?#!
¥ .:,%=%S78(! ,+9%:?+!&! A55LD&8F!S58+&=7(S!A9%S!,+5! A7'5!(I(,5S! ,%!

%;,7S7a5!-\0! ;59A%9S&=85#!@%9!7=(,&=85b!./-01! 8&=!D5!&L&;,7Y5'I!8+&=?5L!
A9%S!&!(I=8+9%=%:(!,%!&=!&(I=8+9%=%:(!S5,+%L!%9!L587L7=?!Z+5=!,%!Z97,5!
95(,&9,!,%!7S;9%Y5!-\0!;59A%9S&=85#!

¥ .!(,&?7=?!&95&!A%9!L&,&!O:59I7=?b!&=&'I(7(b!&=L!7=!(7,:!Y7(:&'7a&,7%=#!
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6 $) / *4554*,( ) !

620 %- *4,) ,) A!" #$%&!
i%:!8&=!L%Z='%&L!,+5!'&,5(,!Y59(7%=!A9%S!,+5!A%''%Z7=?!Z5D(7,5!!

ht t p: / / www. nccs. gov/ user - suppor t / adi os 

626 F. ,' G!$)/ *4554*,( ) !
4%!?5,!(,&9,5L!Z7,+!./-01b! ,+5!A%''%Z7=?!(,5;(! 8&=!D5!:(5L! ,%!8%=A7?:95b!D:7'Lb!
,5(,b!&=L!7=(,&''!,+5!./-01!'7D9&9Ib!+5&L59!A7'5(b!&=L!(:;;%9,!;9%?9&S(#!!

cd t r unk/  

. / conf i gur e Ðpr ef i x=<i nst al l - di r > - - wi t h- mxml =<mxml - l ocat i on> 

make 

make i nst al l  

T%,5c!4+595!7(!&!r unconf ! D&,8+!(897;,!7=!,+5! ,9:=F! (5,! :;! A%9!%:9!S&8+7=5(#!
1,:LI7=?! 7,!8&=!+5';! I%:! (5,,7=?!:;! ,+5!&;;9%;97&,5!5=Y79%=S5=,!Y&97&D'5(!&=L!
8%=A7?:95!%;,7%=(!A%9!I%:9!(I(,5S#!

62620 H,).I!'5./*<+ !
4+5! A%''%Z7=?!7(!&! (=&;(+%,! %A!,+5! D&,8+!(897;,(! %=!̂ Z%Fb!&=!-=,5'MD&(5L!
-=A7=7D&=L!8':(,59!9:==7=?!G7=:Hc!

expor t  CC=mpi cc 
. / conf i gur e - - pr ef i x  = <l ocat i on f or  ADI OS sof t war e i nst al l at i on> 
            - - wi t h- mxml =<l ocat i on of  mi ni - xml  i nst al l at i on> 
            - - wi t h- hdf 5=<l ocat i on of  HDF5 i nst al l at i on> 
            - - wi t h- net cdf =<l ocat i on of  net CDF i nst al l at i on> 

62626 ?+4J!K;@!
4%!7=(,&''!./-01! %=!&!<9&I!J4>b!,+5!97?+,!8%S;7'59!8%SS&=L(!&=L!8%=A7?:95!A'&?(!
=55L!,%!D5!(5,#!4+5!95O:795L!8%SS&=L(!A%9!./-01! 7=(,&''&,7%=!%=!g&?:&9!&95!&(!
A%''%Z(c!

expor t  CC=cc 
expor t  FC=f t n 
. / conf i gur e - - pr ef i x  = <l ocat i on f or  ADI OS sof t war e i nst al l at i on> 
            - - wi t h- mxml =<l ocat i on of  mi ni - xml  i nst al l at i on> 
            - - wi t h- hdf 5=<l ocat i on of  HDF5 i nst al l at i on> 
            - - wi t h- net cdf =<l ocat i on of  net CDF i nst al l at i on> 
 

6262: &.>>(+*!C(+!L4*54-!
K&,'&D!95O:795(!./-01! D5!D:7',! Z7,+! ,+5! $T_! <! 8%S;7'59#!-,! &'(%!95O:795(!
95'%8&,&D'5!8%L5(b!(%!I%:!=55L!,%!&LL!,+5!nAQ-<!A'&?!,%!<@G.$1!D5A%95!8%=A7?:97=?!
./-01#! 4+5!S&,'&D!95&L59!7(!=%,!D:7',!&:,%S&,78&''I!&,!S&F5!&=L!7(!=%,!7=(,&''5L!
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Z7,+!./-01#! i%:! =55L!,%!8%S;7'5!7,!Z7,+!K&,'&Dj(!K^J! 8%S;7'59!&A,59!,+5!S&F5!
&=L!8%;I!,+5!A7'5(!S&=:&''I!,%!(%S5Z+595!Z+595!K&,'&D!8&=!(55!,+5S#!

cd t ool s / mat l ab 
make mat l ab 

!

62:  " #$%&!#<><) 1<) ' ,</ !

62:20 L,), MKLH!>4+/<+!N+<O.,+<1P!
4+5!K7=7MJKG!'7D9&9I!7(!:(5L! ,%!;&9(5!JKG!8%=A7?:9&,7%=!A7'5(#!K7=7MJKG!8&=!D5!
L%Z='%&L5L!A9%S!!

ht t p: / / www. mi ni xml . or g/ sof t war e. php 

62:26 LQ$!4)1!LQ$M$%!N+<O.,+<1P!
KQ-!&=L!KQ-M-0!7(!95O:795L!A%9!,+5!./-01!"#C!95'5&(5#!

<:995=,'Ib!S%(,! '&9?5M(8&'5!(875=,7A78!&;;'78&,7%=(!95'I! %=!,+5!K5((&?5!Q&((7=?!
-=,59A&85!NKQ-P!'7D9&9I!,%!7S;'5S5=,! 8%SS:=78&,7%=!&S%=?!;9%85((5(#!@%9!
7=(,&=85b!Z+5=! ,+5! Q%9,&D'5!0;59&,7=?!1I(,5S! -=,59A&85!NQ01-JP!7(!:(5L! &(!
,9&=(;%9,!S5,+%Lb!,+5!9&=F!%A!5&8+!;9%85((%9!7=!,+5!(&S5!8%SS:=78&,7%=!?9%:;b!
Z+78+!=55L(! ,%!D5!95,975Y5L!DI! ,+5! 859,&7=!KQ-! .Q-(b!7(!8%SS%='I!:(5L! 7=!
L5A7=7=?!,+5!%:,;:,! A7'5(#!KQ-M-0! 8&=!&'(%!D5!8%=(7L595L!,+5!S%(,!?5=5978!-\0!
'7D9&9I!%=!'&9?5M(8&'5!;'&,A%9S(#!!

62:2: B(+*+4)RE!'(S>,5<+!N(>*,()45P!
4+5!@%9,9&=!RC!7=,59A&85!&=L!5H&S;'5!8%L5(!&95!8%S;7'5L!%='I!7A!,+595!7(!&=!ARC!
8%S;7'59!&Y&7'&D'5#!6I! L5A&:',!7,!7(!95O:795L!D:,! I%:!8&=!L7(&D'5!7,!Z7,+!,+5!%;,7%=!
- - di sabl e- f or t r an#!

62:2@ &<+,45!T<*?#BM:!N(>*,()45P!
4+5!bp2ncd!8%=Y59,59!:,7'7,I! ,%!T5,</@!A%9S&,!7(!D:7',!%='I!7A!T5,</@!7(!&Y&7'&D'5#!!
<:995=,'I! ./-01! :(5(! ,+5! T5,</@M3! '7D9&9I#! _(5! ,+5! %;,7%=!
- - wi t h- net cdf =<pat h>!%9!5=(:95! ,+&,!,+5!T^4< /@`/-X! 5=Y79%=S5=,!Y&97&D'5!
7(!(5,!D5A%95!8%=A7?:97=?!./-01#!

62:2D &<+,45!U#BD!4)1!T<*?#B!N(>*,()45P!
4+5!bp2h5! 8%=Y59,59!:,7'7,I! ,%!U/@B!A%9S&,!7(!D:7',!%='I! 7A!&!U/@B!'7D9&9I!7(!
&Y&7'&D'5#!<:995=,'I! ./-01! :(5(! ,+5!"#V!Y59(7%=!%A!,+5!U/@B!.Q- !D:,!7,!8&=!D5!D:7',!
&=L! :(5L! Z7,+! ,+5! "#]#H! Y59(7%=! %A!,+5! U/@B!'7D9&9I!,%%#!_(5! ,+5! %;,7%=!
- - wi t h- hdf 5=<pat h>!%9!5=(:95!,+&,!,+5!U/@B`/-X!5=Y79%=S5=,!Y&97&D'5!7(!(5,!
D5A%95!8%=A7?:97=?!./-01#!

*5! Z7''! 8%=,7=:5!,%!Z%9F!%=!,+5! ;&9&''5'7a5L!8%=Y59,59(b!Z+78+!Z7''! 95O:795!
QU/@B!&=L!Q=5,</@#!
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62:2V QU#BD!N(>*,()45P!
4+5!,9&=(;%9,!S5,+%L!Z97,7=?!A7'5(!7=!,+5!Q&9&''5'!U/@B!A%9S&,!7(!D:7',!%='I!7A!&!
;&9&''5'!Y59(7%=!%A!,+5!U/@B!'7D9&9I!7(!N&'(%P!&Y&7'&D'5#!i%:! =55L!,%!:(5! ,+5!%;,7%=!
- - wi t h- phdf 5=<pat h>!,%!D:7'L!,+7(!,9&=(;%9,!S5,+%L#!!

T%,5!,+&,!7A!I%:!D:7'L!,+7(!,9&=(;%9,!S5,+%Lb!./-01! Z7''!L5;5=L!%=!QU/@B!Z+5=!
I%:! '7=F!&=I!&;;'78&,7%=!Z7,+!./-01! 5Y5=!7A!I%:!,+5!&;;'78&,7%=!L%5(!=%,!7=,5=L!,%!
:(5!,+7(!S5,+%L#!!

62:2W X<41M()5J!,)/*4554*,()!
-A!I%:! d:(,! Z&=,! ,+5!95&L!.Q-! ,%!D5!8%S;7'5L!NA%9!5H&S;'5b!%=!K&8!01JP!A%9!
95&L7=?!6Q!A7'5(b!:(5!,+5!- - di sabl e- wr i t e %;,7%=#!

62@ B. 55!$)/ *4554*,( ) !
4+5!A%''%Z7=?!'7(,!7(!,+5!8%S;'5,5!(5,!%A!%;,7%=(!,+&,!8&=!D5!:(5L!Z7,+!8%=A7?:95!,%!
D:7'L!./-01!&=L!7,(!(:;;%9,!:,7'7,75( c!

  - - hel p              pr i nt  t he usage of  . / conf i gur e command 
  - - wi t h- t ags[ =TAGS]   i nc l ude addi t i onal  conf i gur at i ons [ aut omat i c ]  
  - - wi t h- mxml =DI R     Locat i on of  Mi ni - XML l i br ar y  
  - - wi t h- genget opt =<pat h> Locat i on of  genget opt  
  - - wi t h- hdf 5=<l ocat i on of  HDF5 i nst al l at i on> 
  - - wi t h- hdf 5- i ncdi r =<l ocat i on of  HDF5 i nc l udes> 
  - - wi t h- hdf 5- l i bdi r =<l ocat i on of  HDF5 l i br ar y> 
  - - wi t h- phdf 5=<l ocat i on of  PHDF5 i nst al l at i on> 
  - - wi t h- phdf 5- i ncdi r =<l ocat i on of  PHDF5 i nc l udes> 
  - - wi t h- phdf 5- l i bdi r =<l ocat i on of  PHDF5 l i br ar y> 
  - - wi t h- net cdf =<l ocat i on of  Net CDF i nst al l at i on> 
  - - wi t h- net cdf - i ncdi r =<l ocat i on of  Net CDF i nc l udes> 
  - - wi t h- net cdf - l i bdi r =<l ocat i on of  Net CDF l i br ar y> 

1%S5!7=A':5=,7&'!5=Y79%=S5=,!Y&97&D'5(!&95!'7(,(!D5'%Zc!

  CC        C compi l er  command 
  CFLAGS    C compi l er  f l ags 
  LDFLAGS   l i nker  f l ags,  e. g.  - L<l i b di r > i f  you have l i br ar i es i n a 
            nonst andar d di r ect or y  <l i b di r > 
  CPPFLAGS  C/ C++ pr epr ocessor  f l ags,  e. g.  - I <i nc l ude di r > i f  you 
            have header s i n a nonst andar d di r ect or y  <i nc l ude di r > 
  CPP       C pr epr ocessor  
  CXX       C++ compi l er  command 
  CXXFLAGS  C++ compi l er  f l ags 
  FC        For t r an compi l er  command 
  FCFLAGS   For t r an compi l er  f l ags 
  CXXCPP    C++ pr epr ocessor  
  F77       For t r an 77 compi l er  command 
  FFLAGS    For t r an 77 compi l er  f l ags 
  MPI CC     MPI  C compi l er  command 
  MPI FC     MPI  For t r an compi l er  command 
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:  " #$%&!7 +,*<!" Q$!
.(! S5=,7%=5L!5&9'759b! ./-01! Z97,7=?!7(! 8%S;97(5L! %A!,Z%! ;&9,(c! ,+5! JKG!
8%=A7?:9&,7%=!A7'5!&=L!.Q-(#!-=!,+7(!(58,7%=b!Z5!Z7''!5H;'&7=!,+5!A:=8,7%=&'7,I!%A!,+5!
Z97,7=?!.Q-!7=!L5,&7'!&=L!+%Z!,+5I!&95!&;;'75L!7=!,+5!;9%?9&S#!!!

: 20 !7 +,*<!" Q$!#</ ' +,>*,( ) !

:2020 $)*+(1.'*,() !
./-01! ;9%Y7L5(!D%,+!@%9,9&=!&=L!<!9%:,7=5(#!.''! ./-01! 9%:,7=5(!&=L!8%=(,&=,(!
D5?7=!Z7,+!,+5! ;95A7H!k&L7%(`l ! #!@%9!,+5!95S&7=L59!%A!,+7(!(58,7%=b!%='I!,+5!<!
Y59(7%=(!%A!./-01! .Q-(! &95!;95(5=,5L#!4+5!;97S&9I!L7AA595=85(!D5,Z55=!,+5!<!&=L!
@%9,9&=!9%:,7=5(!7(!,+&,!599%9!8%L5(!&95!95,:9=5L!7=!&!(5;&9&,5!&9?:S5=,! A%9!
@%9,9&=!&(!%;;%(5L!,%!,+5!95,:9=!Y&':5!A%9!<!9%:,7=5(#!!

.! :=7O:5!A5&,:95!%A!./-01! 7(!?9%:;!7S;'5S5=,&,7%=b!Z+78+!7(!8%=(,7,:,5L!DI!&!'7(,!
%A!Y&97&D'5(!&=L!&((%87&,5L!Z7,+!7=L7Y7L:&'!,9&=(;%9,!S5,+%L(#!4+7(!A'5H7D7'7,I!
&''%Z(!,+5!&;;'78&,7%=(!,%!S&F5!,+5!D5(,!:(5! %A!,+5!A7'5!(I(,5S! &88%9L7=?!,%!7,(!
%Z=!L7AA595=,!-\0!;&,,59=(#!

:2026 "#$%&M+<O.,+<1!C.)'*,()/ !
4+7(!(58,7%=!8%=,&7=(!,+5!D&(78!A:=8,7%=(!=55L5L!,%!7=,5?9&,5!./-01! 7=,%!(875=,7A78!
&;;'78&,7%=(#!./-01! 7(!&!'7?+,Z57?+,!-\0! '7D9&9Ib!&=L!,+595!&95!%='I!(5Y5=!95O:795L!
A:=8,7%=(!A9%S!Z+78+!:(59(! 8&=!Z97,5!(8&'&D'5b!;%9,&D'5!;9%?9&S(!Z7,+!A'5H7D'5!
-\0!7S;'5S5=,& ,7%=!%=!(:;;%9,5L!;'&,A%9S(c!

C;?26]?3?4o 7=7,7&'7a5!./-01!&=L!'%&L!,+5!8%=A7?:9&,7%=!A7'5!
C;?26]2N53o %;5=!,+5!?9%:;!&((%87&,5L!Z7,+!,+5!A7'5!
C;?26]<@2AN]6?^5o ;&((!,+5!?9%:;!(7a5!,%!&''%8&,5!,+5!S5S%9I!
C;?26]9@?45o Z97,5!,+5!L&,&!57,+59!,%!7=,59=&'!D:AA59!%9!L7(F!
C;?26]@5C;o &((%87&,5!,+5!D:AA59!(;&85!A%9!L&,&!95&L!7=,%!
C;?26]7:265o 8%SS7,!Z97,5\95&L!%;59&,7%=!&=L!8'%(5!,+5!L&,&!
C;?26]J?3C:?^5o ,59S7=&,5!./-01 !
!
i%:! 8&=!&LL!A:=8,7%=(!,%!I%:9!Z%9F7=?!F=%Z'5L?5!7=895S5=,&''I!Z7,+%:,!+&Y7=?!
,%!'5&9=!5Y59I,+7=?!&,!%=85#!@%9!5H&S;'5b!I%:!8&=!&8+75Y5!D5,,59!-\0! ;59A%9S&=85!
%=! (%S5! ;'&,A%9S(! DI! (7S;'I! &LL7=?! ,+5! &(I=8+9%=%:(! A:=8,7%=(!
&L7%(`(,&9,`8&'8:'&,7%=b!&L7%(`5=L`8&'8:'&,7%=b! &=L!&L7%(`5=L`7,59&,7%=!,%!I%:9!
95;59,%795#!4+5(5! A:=8,7%=(!Z7''! D5!L5,&7'5L!D5'%Z!7=! &LL7,7%=!,%!,+5! (5Y5=!
7=L7(;5=(&D'5!A:=8,7%=(#!
!
4+5!A%''%Z7=?!;9%Y7L5(!,+5!L5,&7'5L!L5(897;,7%=(!%A!95O:795L!.Q-(! Z+5=! :(59(!
&;;'I!./-01!7=!,+5!@%9,9&=!%9!<!&;;'78&,7%=(#!

!"#"$"# %&'()*'+',-
4+7(!.Q-!7(!95O:795L!%='I!%=85!7=!,+5!;9%?9&S#!-,!'%&L(!JKG!8%=A7?:9&,7%=!A7'5!&=L!
5(,&D'7(+5(!,+5! 5H58:,7%=!5=Y79%=S5=,#!65A%95!&=I! ./-01! %;59&,7%=!(,&9,(b!
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adios_init ! 7(!95O:795L!,%!D5!8&''5L!,%!895&,5!7=,59=&'!95;95(5=,&,7%=(!%A!
Y&97%:(!L&,&!,I;5(!&=L!,%!L5A7=5!,+5!,9&=(;%9,!S5,+%L(!:(5L!A%9!Z97,7=?#!!

7=,!&L7%(`7=7,!N8%=(,!8+&9!!/ )xml_fname P!
-=;:,c! !

xml_fname !n!(,97=?!8%=,&7=7=?!,+5!=&S5!%A!,+5!JKG!8%=A7?:9&,7%=!A7'5!
!

@%9,9&=!5H&S;'5c!!
8&''!&L7%(`7=7,!Np8%=A7?#HS'pb!7599P!

!"#"$"$ %&'()*(+,- .
4+7(! .Q-! 7(! 8&''5L! Z+5=5Y59!&! =5Z! %:,;:,! A7'5!7(! %;5=5L#!&L7%(`%;5=b!
8%995(;%=L7=?!,%!f open ! N=%,!(:9;97(7=?'IPb!%;5=(! &=!&L7%(M?9%:;! ?7Y5=!DI!
group_name )&=L!&((%87&,5(!7,!Z7,+!%=5!%9!&!'7(,!%A!,9&=(;%9,!S5,+%L(b!Z+78+!8&=!
D5!7L5=,7A75L!7=!A:,:95!%;59&,7%=(!DI!,+5!@7'5!(,9:8,:95! Z+%(5!;%7=,59!7(!95,:9=5L!
&()fd_p #!4+5!?9%:;!=&S5!(+%:'L!S&,8+!,+5!%=5!L5A7=5L!7=!,+5!JKG!A7'5#!4+5!-\0!
+&=L'5!fd_p !;95;&95(!,+5!L&,&!,I;5(! A%9!,+5!(:D(5O:5=,! 8&''(!,%!Z97,5!L&,&!:(7=?!
,+5!7%`+&=L'5#!4+5! ,+79L!&9?:S5=,b! file_name , ! 7(!&!(,97=?!95;95(5=,7=?!,+5!
=&S5!%A!,+5!A7'5#!.(! ,+5!'&(,!&9?:S5=,b!mode!7(!&!(,97=?!8%=,&7=7=?!&!A7'5!&885((!
S%L5#!-,!8&=!D5!&=I!%A!,+5(5!,+955!S%L5!(;587A759(c!kr bl  kwbl  %9!ka#l  <:995=,'Ib!
./-01! (:;;%9,(! ,+955!&885((!S%L5(c!kZ97,5!%9!895&,5!7A!A7'5!L%5(!=%,!5H7(,bl!k95&Lbl!
&=L!k&;;5=L!A7'5#l!4+5!8&''!%;5=(!,+5!A7'5!%='I!7A!=%!8%%9L7=&,7%=!7(!=55L5L!&S%=?!
;9%85((5(!A%9!,9&=(;%9,!S5,+%L(!,+&,!,+5!:(59(! +&Y5!8+%(5=!A%9!,+7(!&L7%(`?9%:;b!
(:8+! &(! Q01-J! S5,+%L#!0,+59Z7(5b!,+5! &8,:&'! A7'5!Z7''! D5! %;5=5L! 7=!
&L7%(`?9%:;`(7a5!D&(5L!%=!,+5!;9%Y7L5L!&9?:S5=,!commb!Z+78+!Z7''!D5!5H&S7=5L!
7=!158,#!>#"#)#3#!.(! ,+5! '&(,! &9?:S5=,b!Z5! ;&((! ,+5! ;%7=,59!%A!8%%9L7=&,7%=!
8%SS:=78&,%9!L%Z=!,%!,+5!,9&=(;%9,!S5,+%L!'&I59!7=!./-01#! 4+7(!8%SS:=78&,%9!
7(!95O:795L!7=!KQ-M-0nD&(5L!S5,+%L(!(:8+!&(!8%''58,7Y5!&=L!7=L5;5=L5=,!KQ-M-0#!

7=,!&L7%(`%;5=!N7=,V>`,!q!fd_p b!8%=(,!8+&9!q!group_name  
           b8%=(,!8+&9!q!file_name b!8%=(,!8+&9!q!mode,void *comm P!
-=;:,c! !

fd_p o ;%7=,59!,%!,+5!7=,59=&'!A7'5!(,9:8,:95!
group_name o (,97=?!8%=,&7=7=?!,+5!=&S5!%A!,+5!?9%:;!!
file_name o (,97=?!8%=,&7=7=?!,+5!=&S5!%A!,+5!A7'5!,%!D5!%;5=5L!!
modeo (,97=?!8%=,&7=7=?!!&!A7'5!&885((!S%L5!
8%SSo !8%SS:=78&,%9!A%9!S:',7M;9%85((!8%%9L7=&,7%=!

@%9,9&=!5H&S;'5c!!
8&''!&L7%(`%;5=!N+&=L'5b!k95(,&9,lb!k95(,&9,#D;lb!pZpb!8%SSb!7599P!

!"#"$"! %&'()*/0(1+*)'2, .
4+7(!A:=8,7%=!;&((5(! ,+5! (7a5!%A!,+5! ?9%:;! ,%!,+5! 7=,59=&'!./-01! ,9&=(;%9,!
(,9:8,:95! ,%!A&87'7,&,5!,+5!7=,59=&'!D:AA59!S&=&?5S5=,!&=L!,%!8%=(,9:8,!,+5!?9%:;!
7=L5H!,&D'5#!4+5!A79(,!&9?:S5=,!7(!,+5!A7'5!+&=L'5#!4+5!(58%=L!&9?:S5=,!7(!,+5!(7a5!
%A!,+5!;&I'%&L!A%9!,+5!?9%:;!%;5=5L!7=!,+5!&L7%(`%;5=!9%:,7=5#!4+7(!Y&':5!8&=!D5!
8&'8:'&,5L! S&=:&''I! %9!,+9%:?+!%:9!;I,+%=! (897;,#!-,! L%5(!=%,!&AA58,!95&L!



  

8 
 

%;59&,7%=!D58&:(5!,+5!(7a5!%A!,+5!L&,&!8&=!D5!95,975Y5L!A9%S!,+5!A7'5!7,(5'A#!4+5!
,+79L!&9?:S5=,!7(!,+5!95,:9=5L!Y&':5!A%9!,+5!,%,&'!(7a5!%A!,+7(!?9%:;b!7=8':L7=?!
;&I'%&L!(7a5!&=L!,+5!S5,&L&,&!%Y59+5&L#!4+5!Y&':5!8&=!D5!:(5L! A%9!;59A%9S&=85!
D5=8+S&9F(b!(:8+!&(!-\0!(;55L#!!

7=,!&L7%(`?9%:;`(7a5!N7=,V>`,!q! fd_p, ! :7=,V>`,! group_size b!:7=,V>`,! q!
total_size P!
-=;:,c! !

fd_p —;%7=,59!,%!,+5!7=,59=&'!A7'5!(,9:8,:95!
group_size —(7a5!%A!L&,&!;&I'%&L!7=!DI,5(! ,%!D5!Z97,,5=!%:,#!-A!,+595!7(!
&=!7=,5?59!)!r!3!&99&Ib!,+5!;&I'%&L!(7a5!7(!>q)q3!N>!7(!,+5!(7a5!%A!7=,5?59P!
%:,;:,!c !
total_size —,+5!,%,&'!(:S! %A!;&I '%&L!&=L!%Y59+5&Lb!Z+78+!7=8':L5(!
=&S5b!L&,&!,I;5b!L7S5=(7%=(!&=L!%,+59!S5,&L&,&P!
!

@%9,9&=!5H&S;'5c!!
8&''!&L7%(`?9%:;`(7a5!N+&=L'5b!?9%:;(7a5b!,%,&'(7a5b!7599P!

!"#"$"3 %&'()*40'5,.
4+5!&L7%(`Z97,5!9%:,7=5!(:DS7,(! &!L&,&!5'5S5=,!var  A%9!Z97,7=?!&=L!&((%87&,5(!7,!
Z7,+!,+5!?7Y5=!var_name b!Z+78+!+&(!D55=!L5A7=5L!7=!,+5!&L7%(!?9%:;!%;5=5L!DI!
&L7%(`%;5=#!-A!,+5!./-01! D:AA59!7(!D7?!5=%:?+!,%!+%'L!&''!,+5!L&,&!,+&,!,+5!&L7%(!
?9%:;! =55L(! ,%!Z97,5b!,+7(! .Q-! %='I! 8%;75(!,+5! L&,&!,%!D:AA59#!0,+59Z7(5b!
&L7%(`Z97,5!Z7''!Z97,5!,%!L7(F!Z7,+%:,!D:AA597=?#!<:995=,'Ib!&L7%(`Z97,5!(:;;%9,(!
%='I!,+5!&LL95((!%A!,+5!8%=,7?:%:(!D'%8F!%A!S5S%9I!,%!D5!Z97,,5=#!-=!,+5!8&(5!%A!&!
=%=8%=,7?:%:(!&99&I!8%S;97(7=?!&!(5975(!%A!(:D8%=,7?:%:(!S5S%9I!D'%8F(b!var  
(+%:'L!D5!?7Y5=!(5;&9&,5'I!A%9!5&8+!;7585#!

-=!,+5!=5H,!JKG!(58,7%=b!Z5!Z7''!A:9,+59!5H;'&7=!,+&,!var_name  7(!,+5!Y&':5!%A!
&,,97D:,5!k=&S5l!Z+7'5!var !7(!,+5!Y&':5!%A!&,,97D:,5!k?Z97,5bl!D%,+!%A!Z+78+!&95!
L5A7=5L!7=!,+5!8%995(;%=L7=?!sY&9t! 5'5S5=,!7=(7L5!&L7%(`?9%:;!7=!,+5!JKG!A7'5#!
6I! L5A&:',b!7,!Z7''!D5!,+5!(&S5!&(!,+5!Y&':5!%A!&,,97D:,5!k=&S5l!7A!k?Z97,5l!7(!=%,!
L5A7=5L#!!

7=,!&L7%(`Z97,5!N7=,V>`,!fd_p b!8%=(,!8+&9!q!var_name b!Y%7L!q!var P!
-=;:,c !

fd_p —;%7=,59!,%!,+5!7=,59=&'!A7'5!(,9:8,:95!
var_name —(,97=?!8%=,&7=7=?!,+5!&==%,&,7%=!=&S5!%A!(8&'&9!%9!Y58,%9!7=!

,+5!JKG!A7'5!
var !—,+5!&LL95((!%A!,+5!L&,&!5'5S5=,!L5A7=5L!=55L!,%!D5!Z97,,5=!

@%9,9&=!5H&S;'5c!!
! 8&''!&L7%(`Z97,5!N+&=L'5b!pSIY&9pb!Yb!7599P!

!
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!"#"$"6 %&'()*0,%&.
4+5!Z97,5!.Q-! 8%=,&7=(!&!95&L!A:=8,7%=!N+7(,%978&''Ib!,+5!A79(,!%=5P!,+&,!:(5(! ,+5!
(&S5!,9&=(;%9,!S5,+%L!&=L!,+5!HS'!8%=A7?!A7'5!,%!95&L!7=!L&,&#!-,!Z%9F(!%='I!%=!
,+5! (&S5! =:SD59! %A!;9%85((5(! &(! ,+5! L&,&! Z&(! Z97,,5=! %:,#!4I;78&''Ib!
8+58F;%7=,\95(,&9,!A7'5(!&95!Z97,,5=!&=L!95&L!%=!,+5!(&S5!=:SD59!%A!;9%85((%9(!
&=L!,+7(!A:=8,7%=!7(!,+5!(7S;'5(,! Z&I! ,%!95&L!7=!L&,&#!U%Z5Y59b!7A!I%:!=55L!,%!95&L!
7=!%=!&!L7AA595=,!=:SD59!%A!;9%85((%9(b!%9!I%:!L%!=%,!Z&=,!,%!8&99I!,+5!HS'!8%=A7?!
A7'5!Z7,+!,+5!95&L7=?!&;;'78&,7%=b!I%:!(+%:'L!:(5! ,+5!=5Z59!&=L!S%95!?5=5978!95&L!
.Q-!L7(8:((5L!7=!158,7%=!V#!

17S7'&9!,%!&L7%(`Z97,5b!&L7%(`95&L!(:DS7,(! &!D:AA59!(;&85!var A%9!95&L7=?!&!L&,&!
5'5S5=,!7=,%#!4+7(!L%5(!T04! &8,:&''I! ;59A%9S!,+5!95&L#!.8,:&'! ;%;:'&,7%=!%A!,+5!
D:AA59!(;&85!Z7''!+&;;5 =!%=!,+5!8&''!,%!&L7%(`8'%(5#!-=!%,+59!Z%9L(b!,+5!Y&':5N(P!%A!
var ! 8&=!%='I! D5!:,7'7a5L!&A,59!&L7%(`8'%(5!7(! ;59A%9S5L#!U595b!var_name  
8%995(;%=L(!,%!,+5!Y&':5!%A!&,,97D:,5!k?95&Lk!7=!,+5!sY&9t! 5'5S5=,!L58'&9&,7%=!
Z+7'5!var !7(!S&;;5L! ,%!,+5!Y&':5!%A!&,,97D:,5!k=&S5#l!6I! L5A&:',b!7,!Z7''!D5!&(!
(&S5!&(!,+5!Y&':5!%A!&,,97D:,5!k=&S5l!7A!k?95&Ll!7(!=%,!L5A7=5L#&

7=,!&L7%(`95&L!N7=,V>`,!fd_p b!8%=(,!8+&9!q!var_name b!:7=,V>`,!!read _size b!
Y%7L!q var )

P!
-=;:,c !
!!!!!!fd_p !n!;%7=,59!,%!,+5!7=,59=&'!A7'5!(,9:8,:95!
!!!!!!va r_name !n!,+5!=&S5!%A!Y&97&D'5!958%9L5L!7=!,+5!A7'5!
!!!!!!var !n!,+5!&LL95((!%A!Y&97&D'5!L5A7=5L!7=!(%:985!8%L5!
!!!!!!read _size !n!!(7a5!7=!DI,5(!%A!,+5!L&,&!,%!D5!95&L!7=!!
!
@%9,9&=!5H&S;'5c!!
! 8&''!&L7%(`95&L!N+&=L'5b!kSIY&9lb!]b!Yb!7599P!
!

!"#"$"7 %&'()*89(),.
4+5!&L7%(`8'%(5!9%:,7=5!8%SS7,(!,+5!Z97,7=?!D:AA59!,%!L7(Fb!8'%(5(!,+5!A7'5b!&=L!
95'5&(5(!,+5!+&=L'5#!.,! ,+&,!;%7=,b!&''!%A!,+5!L&,&!,+&,!+&Y5!D55=!8%;75L!L:97=?!
&L7%(`Z97,5!Z7''!D5!(5=,!&(M7(!L%Z=(,95&S#!-A!,+5!+&=L'5!Z595!%;5=5L!A%9!95&Lb!7,!
Z%:'L! A5,8+!,+5!L&,&b!;&9(5!7,b!&=L!;%;:'&,5! 7,!7=,%!,+5!;9%Y7L5L!D:AA59(#!4+7(!7(!
8:995=,'I!+&9LM8%L5L!,%!:(5!;%(7H!-\0!8&''(#!

7=,!&L7%(`8'%(5!N7=,V>`,!q!fd_p Pf!
-=;:,c! !
!!!!!!fd_p !n!;%7=,59!,%!,+5!7=,59=&'!A7'5!(,9:8,:95!
!
@%9,9&=!5H&S;'5c!!
! 8&''!&L7%(`8'%(5!N+&=L'5b!7599P!
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!"#"$": %&'()*;'-%9'2,.
4+5 adios_finalize  9%:,7=5!95'5&(5(!&''!,+5!95(%:985(!&''%8&,5L!DI! ./-01!
&=L!?:&9&=,55(!,+&,!&''!95S&7=7=?!./-01! %;59&,7%=(!&95!A7=7(+5L!D5A%95!,+5!8%L5!
5H7,(#!4+5! ./-01! 5H58:,7%=!5=Y79%=S5=,!7(! ,59S7=&,5L!%=85!,+5! 9%:,7=5!7(!
A:'A7''5L#!4+5!proc_id ;&9&S5,59!;9%Y7L5(!:(59(! ,+5!%;;%9,:=7,I!,%!8:(,%S7a5!
(;587&'!%;59&,7%=!%=!proc_id o :(:&''I!,+5! -/ !%A!,+5!+5&L!=%L5# &

7=,!&L7%(`A7=&'7a5!N7=,!proc_id P!

-=;:,c! !
proc_id !n!,+5!9&=F!%A!,+5!;9%85((5!7=!,+5!8%SS:=78&,%9!%9!,+5!:(59 M
L5A7=5L!8%%9L7=&,7%=!Y&97&D'5!

!
@%9,9&=!5H&S;'5c!!
! 8&''!&L7%(`A7=&'7a5!N9&=Fb!7599P!

:202: T()-5('G,)A! C.)'*,()/ !

!"#"!"#  %&'()*.+&*',./%,'(+ -
4+5!&L7%(`5=L`7,59&,7%=!;9%Y7L5(!,+5!;&87=?!7=L78&,%9#!6&(5L!%=!,+5!5=,9I!7=!,+5!
JKG! A7'5b!7,! Z7''! ,5''! ,+5! ,9&=(;%9,!S5,+%L!+%Z!S:8+! ,7S5!+&(!5'&;(5L! 7=!&!
,9&=(A59#!

!"#"!"$ %&'()*)5%05*-8%9819%5'(-<.%&'()*,-&*8%9819%5'(-.
4%?5,+59b!&L7%(`(,&9,`8&'8:'&,7%=!&=L! &L7%(`5=L`8&'8:'&,7%=!7=L78&,5!,%! ,+5!
(875=,7A78!8%L5!Z+5=! =%=D'%8F7=?!S5,+%L(!(+%:'L! A%8:(!%=!5=?&?7=?!,+579!-\0!
8%SS:=78&,7%=!5AA%9,(!D58&:(5!,+5!;9%85((!7(!S&7='I!;59A%9S7=?!7=,5=(5b!(,&=LM
&'%=5!8%S;:,&,7%=#!0,+59Z7(5b!,+5!8%L5!7(!L55S5L!'7F5'I!,%!D5!8%SS:=78&,7=?!
+5&Y7'I!A%9!8%S;:,&,7%=!8%%9L7=&,7%=#!.=I! &,,5S;,(! ,%!Z97,5!%9!95&L!L: 97=?!,+%(5!
,7S5(!Z7''! =5?&,7Y5'I!7S;&8,!D%,+!,+5!&(I=8+9%=%:(!-\0! ;59A%9S&=85!&=L!,+5!
7=,59;9%85((!S5((&?7=?#!

:202@ %*8<+!C.)'*,() !
0=5!%A!%:9!L5(7?=!?%&'(!7(!,%!F55;!./-01! .Q-(! &(!(7S;'5! &(!;%((7D'5#!-=!&LL7,7%=!,%!
,+5!D&(78!-\0 !A:=8,7%=(b!Z5!;9%Y7L5!&=%,+59!9%:,7=5!'7(,5L!D5'%Z#!!

!"#"0"# %&'()*1.,*2/',.*3455./ -
4+5!&L7%(̀?5,`Z97,5`D:AA59!A:=8,7%=!95,:9=(! ,+5!D:AA59!(;&85!&''%8&,5L!A9%S!,+5!
./-01! D:AA59!L%S&7=#!-=!%,+59!Z%9L(b!7=(,5&L!%A!&''%8&,7=?!S5S%9I!A9%S!A955!
S5S%9I!(;&85b!:(59(! 8&=!L7958,'I!:(5! ,+5!&''%8&,5L!./-01! D:AA59!&95&!&=L!,+:(!
&Y%7L!8%;I7=?!S5S%9I!A9%S!,+5!./-01!D:AA59!,%!&!:(59ML5A7=5L!D:AA59#!

7=,!&L7%(`?5,`Z97,5`D:AA59!N7=,V>`,!.01!b!8%=(,!8+&9!q!Y&9`=&,- b!:7=,V>`,!q!2#3-b!
Y%7L!qq!45..-*P!
-=;:,c! !
!!!!!!AL`;!n!;%7=,59!,%!,+5!7=,59=&'!@7'5!(,9:8,:95 !
!!!!!!var_name !n!=&S5!%A!,+5!Y&97&D'5!,+&,!Z7''!D5!95&L!
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!!!!!!(7a5!n!(7a5!%A!,+5!D:AA59!,%!95O:5(,!
%:,;:,c! !
!!!!!!D:AA59!n!7=7,7&'!&LL95((!%A!95&LM7=!D:AA59!A%9!(,%97=?!,+5!L&,&!%A!var_name !

:202D ?+<4*<!4!C,+/*!"#$%&!>+(A+4S!
@7?:95! " ! 7(!&!;9%?9&SS7=?!5H&S;'5! ,+&,! 7'':(,9&,5(! +%Z!,%!Z97,5!&!L%:D'5M
;9587(7%=!&99&I!t !&=L!&!L%:D'5M;9587(7%=!&99&I!Z7,+!(7a5!%A!NX!7=,%!A7'5!8&''5L!
k,5(,#D;bl!Z+78+!7(!%9?&=7a5L!7=!6Qb!%:9!=&,7Y5!,&??5L!D7=&9I!A7'5!A%9S&,#!4+7(!
A%9S&,!&''%Z(!:(59(! ,%!7=8':L5!978+!S5,&L&,&!&((%87&,5L!Z7,+!,+5!D'%8F!%A!D7=&9I!
L&,&!&(!Z5''!,+5!7=L5H7=?!S58+&=7(S!A%9!L7AA595=,!D'%8F(!%A!L&,&!N(55!<+&;#!BP#!!

!

/*example of parallel MPI write into a single file */ 
#include <stdio.h>    // ADIOS header file required 
#include ”adios.h” 
int main (int argc, char *argv[]) 
{ 
      int i, rank, NX; 
      double t [NX]; 
      // ADIOS variables declaration 
      int64_t handle; 
      uint_64 total_size; 
      MPI_Comm comm = MPI_COMM_WORLD; 
 
      MPI_Init ( &argc, &argv); 
      MPI_Comm_rank (comm, &rank);  
 
      // data initialization 
      for ( i=0; i<NX; i++) 
            t [i] = i * (rank+1) + 0.1; 
 
      // ADIOS routines 
      adios_init ( “config.xml”); 
      adios_open (&handle, “temperature”, “data.bp”, “w”,&comm); 
      adios_group_size (handle, 4, total_size); 
      adios_write (handle, ”NX”, &NX); 
      adios_write (handle, ”temperature”, t); 
      adios_close (handle); 
      adios_finalize (rank); 

      MPI_Finalize(); 
      return 0; 
} 

!

B,A. +<!02!" #$%&!>+( A+4S S ,) A!<I 4S >5<2!



  

12 
 

@ KL H!?( ) C,A!B,5<!B( +S 4*!

@20 !%Y<+Y,<Z !
JKG!7(!L5(7?=5L!,%!&''%Z!:(59(! ,%!(,%95!&(!S:8+! S5,&L&,&!&(!,+5I! 8&=!7=!&=!
5H,59=&'!8%=A7?:9&,7%=!A7'5#!4+:( !,+5!(875=,7A78!&;;'78&,7%=(!&95!'5((! ;%'':,5L! &=L!
95O:795!'5((!5AA%9,!,%!D5!Y597A75L!&?&7=#!

@79(,b!Z5!;95(5=,!,+5!JKG!,5S;'&,5#!158%=Lb!Z5!L5S%=(,9&,5!+%Z!,%!8%=(,9:8,!,+5!
JKG!A7'5!A9%S!,+5!:(59j(! %Z=!(%:985!8%L5#!4+79Lb!Z5! =%,5!+%Z!,%!,9%:D'5(+%%,!
&=L!L5D:?!,+5!599%9(!7=!,+5!A7'5#!!!

.D(,9&8,7=?!S5,&L&,&b!L&,&!,I;5b! &=L!L7S5=(7%=(!A9%S!,+5!(%:985!8%L5!7=,%!&=!
JKG! A7'5!?7Y5(!:(59(! S%95!A'5H7D7'7,I!,%!&==%,&,5!,+5! &99&I(!%9!Y&97&D'5(!&=L!
85=,9&'7a5(!,+5!L5(897;,7%=!%A!&''!,+5!L&,&!(,9:8,:95(b!Z+78+!7=!95,:9=b!&''%Z(!-\0!
8%S;%=5=,7a&,7%=!A%9!L7AA595=,!7S;'5S5=,&,7%=!%A!,9&=(;%9,!S5,+%L(#!6I!
8&,&'%?:7=?!,+5! L&,&!,I;5(! 5H,59=&''Ib!Z5! +&Y5!&=!&LL7,7%=&'!L%8:S5=,&,7%=!
(%:985!&(!Z5''! &(!&!Z&I! ,%!5&(7'I!Y&'7L&,5!,+5!Z97,5!8&''(!8%S;&95L!Z7,+!,+5!95&L!
8&''(!Z7,+%:,!+&Y7=?!,%!L587;+59!,+5!L&,&!95%9?&=7a&,7%=!%9!(5'58,7%=!8%L5!,+&,!
S&I! D5!7=,59(;59(5L!Z7,+!,+5!Z97,5!8&''(#!-,!7(!:(5A:'! ,+&,!,+5!JKG!=&S5!&,,97D:,5(!
&95!d:(,! (,97=?(#!4+5!%='I!95(,978,7%=(!A%9!,+579!8%=,5=,!&95!,+&,!7A!,+5!7,5S!7(!,%!D5!
:(5L! 7=!&!L&,&(5,!L7S5=(7%=b!7,!S:(,! =%,!8%=,&7=!8%SS&(!&=L!S:(,! 8%=,&7=!&,!
'5&(,!%=5!=%=M=:S5978!8+&9&8,59#!4+7(!7(!:(5A:'! A%9!7=8%9;%9&,7=?!5H;95((7%=(!&(!
Y&97%:(!&99&I!L7S5=(7%=(!5'5S5=,(#!@7?:95!) !7'':(,9&,5(! ,+5!8%995(;%=L7=?!JKG!
8%=A7?:9&,7%=!A%9!,+5!5H&S;'5!Z5!L5S%=(,9&,5L!7=!@7?:95!" #!!

.,! &!S7=7S:Sb!&!8%=A7?:9&,7%=!L%8:S5=,! S:(,! L58'&95!&=!adios - config !
5'5S5=,#!-,!(59Y5(!&(!&!8%=,&7=59!A%9!%,+59!5'5S5=,(f! &(!(:8+b!7,!K_1 4!D5!:(5L! &(!
,+5!9%%,!5'5S5=,#!4+5!5H;58,5L!8+7'L95=!7=!&=I!%9L59!Z%:'L! D5!adios - group b!
S5,+%Lb!&=L!D:AA59#!4+5!S&7=!5'5S5=,(!%A!,+5!HS'!A7'5!A%9S&,!&95!%A!,+5!A%9S&,!!

<element-name attr1 attr2 …> 

 
s&L7%(M8%=A7?t!

s&L7%(M?9%:;t !
sY&9!\t!
uu !
s&,,97D:,5!\t !
uu !

s\&L7%(M?9%:;t !
u !
sS5,+%Lt!
uu !
sD:AA59t!

s\&L7%(M8%=A7?t!
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!

B,A. +<!62![ I 4S >5<!KL H!' ( ) C,A. +4*,( ) !

@26 41,( /MA+( . >!
4+5!&L7%(M?9%:;!5'5S5=,!95;95(5=,(!&!8%=,&7=59!A%9!&!'7(,!%A!Y&97&D'5(!,+&,!(+&95!
,+5!8%SS%=!-\0 !;&,,59=!&(!(,&,5L!7=!,+5!D&(78!8%=85;,(!%A!./-01! 7=!A79(,!8+&;,59#!
-=! ,+7(!8&(5b!,+5!?9%:;! L%S&7=!L7Y7(7%=!'%?78&''I!8%995(;%=L(!,%!,+5!L7AA595=,!
A:=8,7%=(!%A!%:,;:,! 7=!(875=,7A78!&;;'78&,7%=(b!(:8+! &(! 95(,&9,b!L7&?=%(7(b!&=L!
(=&;(+%,#!/5;5=L7=?!%=!,+5!L7AA595=,!&;;'78&,7%=(b!&L7%(M?9%:;!8&=!%88:9!&(!S&=I!
,7S5(!&(!7(!=55L5L#!!

@2620 #<'54+4*,()!
4+5!A%''%Z7=?!5H&S;'5!7'':(,9&,5(! +%Z!,%!L58'&95!&=!&L7%(!?9%:;!7=(7L5!&=!JKG!
A7'5#!@79(,!Z5!(,&9,!Z7,+!&L7%(M?9%:;!&(!%:9!,&?!=&S5b!Z+78+!7(!8&(5!7=(5=(7,7Y5#!-,!
+&(!&=!7=L7(;5=(&D'5!&,,97D:,5!8&''5L!k=&S5bl!Z+%(5!Y&':5!7(!:(:&''I! L5A7=5L!&(!&!
L5(897;,7Y5!(,97=?!7=L78&,7=?!,+5!A:=8,7%=!%A!,+5!?9%:;#!-=!,+7(!8&(5b!,+5!(,97=?!7(!
8&''5L!k95(,&9,bl!D58&:(5!,+5!A7'5(!7=,%!Z+78+!,+7(!?9%:;!7(!Z97,,5=!&95!:(5L! &(!
8+58F;%7=,(#!4+5! (58%=L!&,,97D:,5!k+%(,M'&=?:&?5l! 7=L78&,5(!,+5! '&=?:&?5!7=!
Z+78+! ,+7(! ?9%:;j(! -\0! %;59&,7%=(!&95! Z97,,5=#!4+5! Y&':5! %A!&,,97D:,5!
k8%%9L7=&,7%=M8%SS:=78&,%9l!7(!:(5L! ,%!8%%9L7=&,5!,+5!%;59&,7%=(!%=!&!(+&95L!
A7'5!&885((5L!DI! S:',7;'5! ;9%85((5(! 7=! ,+5! (&S5! 8%SS:=78&,%9!L%S&7=#!
k<%%9L7=&,7%=MY&9l!;9%Y7L5(!,+5! &D7'7,I!,%!:(5! ,+5! :(59 ML5A7=5L!Y&97&D'5b!A%9!
5H&S;'5!SI;5 b!9&,+59!,+&=!&=!KQ-!8%SS:=78&,%9!A%9!A7'5!8%%9L7=&,7%=#!!

sC;?26_<@2AN!3C=5 vk95(,&9,l!!
+%(,M'&=?:&?5vk<l !
8%%9L7=&,7%=M8%SS:=78&,%9vl8%SSl!
8%%9L7=&,7%=MY&9vlSI;5l !
,7S5M7=L5Hvl7,59l\t!

X5O:795Lc!

w!=&S5—8%=,&7=7=?!&!L5(897;,7Y5!(,97=?!,%!=&S5!,+5!?9%:;!

0;,7%=&'c!!

w!+%(,M'&=?:&?5—'&=?:&?5!7=!Z+78+!,+5!(%:985!8%L5!A%9!?9%:;!7(!Z97,,5=!

w!8%%9L7=&,7%=M8%SS:=78&,%9—KQ-M-0!Z97,7=?!,%!&!(+&95L!A7'5!

w!8%%9L7=&,7%=MY&9—8%%9L7=&,7%=!Y&97&D'5(!A%9!=%=MKQ-!S5,+%L(b!(:8+!&(!
/&,&,&;!S5,+%L!

w!,7S5M7=L5H—time attribute variable!

@2626 \4+,4-5</!
4+5!=5(,5L!Y&97&D'5!5'5S5=,!kY&9l!A%9!&L7%(`?9%:;b!Z+78+!8&=!D5!57,+59!&=!&99&I!
%9!&!;97S7,7Y5!L&,&!,I;5b!7(!L5,59S7=5L!DI!,+5!L7S5=(7%=!&,,97D:,5!;9%Y7L5L#!!
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0"$"$"# 6.78%/%,'(+-
4+5!A%''%Z7=?!7(!&=!5H&S;'5!(+%Z7=?!+%Z!,%!L5A7=5!&!Y&97&D'5!7=!,+5!JKG!A7'5#!!

s>C@!3C=5 vkaM;'&=5!7%=!;&9,78'5(l!!
?Z97,5vka7%=l!
?95&Lvla7%=`95&Ll!
4YN5vl&L7%(`95&'l!
L7S5=(7%=(vlWbS7S&Hl!
95&LvlI5(l\t !

!

0"$"$"$ 9,,/'34,.-8'), -
4+5!&,,97D:,5(!&((%87&,5L!Z7,+!Y&9!5'5S5=,!!&(!A%''%Z(c!!

X5O:795Lc!

w!=&S5!n!,+5!(,97=?!=&S5!%A!Y&97&D'5!(,%95L!7=!,+5!%:,;:,!A7'5!

w!,I;5!n!,+5!L&,&!,I;5!%A!,+5!Y&97&D'5!

0;,7%=&'c!!

w!?Z97,5!n!,+5!Y&':5!Z7''!D5!:(5L!7=!,+5!;I,+%=!(897;,(!,%!?5=59&,5!&L7%(`Z97,5!
9%:,7=5(f!,+5!L5A&:',!Y&':5!Z7''!D5!,+5!(&S5!&(!&,,97D:,5!(%,- !7A!
?Z97,5!7(!=%,!L5A7=5L#!

w!?95&L!n!,+5!Y&':5!Z7''!D5!:(5L!7=!,+5!;I,+%=!(897;,(!,%!?5=59&,5!&L7%(`95&L!
9%:,7=5(j!,+5!L5A&:',!Y&':5!Z7''!D5!,+5!(&S5!&(!&,,97D:,5!(%,- !7A!!
?95&L!7(!=%,!L5A7=5L#!

w!;&,+!M!U/@MBM(,I'5!;&,+!A%9!,+5!5'5S5=,!%9!;&,+!,%!,+5!U/@MB!?9%:;!%9!L&,&!
7,5S!,%!Z+78+!,+7(!&,,97D:,5!7(!&,,&8+5L#!!4+5!L5A&:',!Y&':5!7(!k\l#!

w!L7S5=(7%=(!M!&!8%SS&M(5;&9&,5L!'7(,!%A!=:SD59(!&=L\%9!=&S5(!,+&,!
8%995(;%=L!,%!7=,5?59!Y&9!5'5S5=,(!L5,59S7=5!,+5!(7a5!%A!,+7(!
7,5S#!-A!=%,!(;587A75Lb!,+5!Y&97&D'5!7(!(8&'&9#!

w!95&L!n!Y&':5!7(!57,+59!6-2!%9!(' f!7=!,+5!8&(5!%A!=%b!,+5!&L7%(̀95&L!9%:,7=5!Z7''!
=%,!D5!?5=59&,5L!A%9!,+7(!Y&9!5=,9I#!-A!:= L5A7=5Lb!,+5!L5A&:',!Y&':5!Z7''!
D5!I5(#!!

@262: "**+,-.*</ !
!4+5!&,,97D:,5!5'5S5=,! A%9!&L7%(`?9%:;! ;9%Y7L5(!,+5! :(59(! Z7,+!,+5!&D7'7,I!,%!
(;587AI!S%95!L5(897;,7Y5!7=A%9S&,7%=!&D%:,!,+5!Y&97&D'5(!%9!?9%:;#!4+5!&,,97D:,5(!
8&=!D5!L5A7=5L!7=!D%,+!(,&,78!%9!LI=&S78!A&(+7%=(#!!

0"$"!"# 6.78%/%,'(+-
4+5!(,&,78!,I;5!%A!&,,97D:,5(!8&=!D5!L5A7=5L!&(!A%''%Z(c!
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sC44@?WA45!=&S5vk5H;597S5=,&'!L&,5l!!
!!!!!!!!!!!!;&,+vk\a7%=l!
!!!!!!!!!!!!Y&':5vl15;M"RM)CC]l !
&&&&&&&&&&&&,I;5 vl&L7%(`95&'l\t!
!

-A!&=!&,,97D:,5!+&(!LI=&S78!Y&':5!,+&,!7(!L5,59S7=5L!DI!,+5!9:=,7S5!5H58:,7%=!%A!
,+5!;9%?9&Sb!7,!8&=!D5!(;587A75L!&(!A%''%Z(c!
sC44@?WA45!=&S5vk5H;597S5=,&'!L&,5l!!

!!!!!!!!!!!!;&,+vk\a7%=l!
!!!!!!!!!!!!Y&9vl,7S5l\t!
!

Z+595!Y&9!k,7S5l!=55L!,%!D5!L5A7=5L!7=!,+5!(&S5!&L7%(M?9%:;#!

0"$"!"$ 9,,/'34,.- 8'), -
X5O:795Lc!

w!=&S5!M!!=&S5!%A!,+5!&,,97D:,5!

w!;&,+!n!+759&98+78&'!;&,+!7=(7L5!,+5!A7'5!A%9!,+5!&,,97D:,5!

w!Y&':5!n!&,,97D:,5!+&(!(,&,78!Y&':5!%A!,+5!&,,97D:,5b!S:,:&''I!5H8':(7Y5!Z7,+!,+5!
&,,97D:,5!7%*!

w!,I;5!n!(,97=?!%9!=:S5978!,I;5b!;&795L!Z7,+!&,,97D:,5!7%"5-b!7=!%,+59!Z%9L(bb!
S:,:&''I!5H8':(7Y5!Z7,+!,+5!&,,97D:,5!7%*!&'(%!

w!Y&9!n!&,,97D:,5!+&(!LI=&S78!Y&':5!,+&,!7(!L5A7=5L!DI!&!Y&97&D'5!7=!7%*)

@262@ 3Z+,*<]/+' !
4+5!5'5S5=,!s$Z97,5\(98t!7(!:='7F5!sY&9t!%9!s&,,97D:,5tb!Z+78+!&95!;&9(5L!&=L!
(,%95L!7=!,+5!7=,59=&'!A7'5!(,9:8,:95!7=!./-01#!4+5!5'5S5=,!s?Z97,5t!%='I!&AA58,(!
,+5!5H58:,7%=!%A!;I,+%=!(897;,(!N(55!<+&;#!"CP#!.=I!8%=,5=,!N:(:&''I!8%SS5=,(b!
8%=L7,7%=&'!(,&,5S5=,(b!%9!'%%;!(,&,5S5=,(P!7=!,+5!Y&':5!%A!&,,97D:,5!k(98l!7(!
8%;75L!7L5=,78&''I!7=,%!?5=59&,5L!;95M;9%85((7=?!A7'5(#!/58'&9&,7%=!

s?Z97,5!(98vl!!!!l\t !

X5O:795Lc!

w!(98!M!!&=I!(,&,5S5=,!,+&,!=55L(!,%!D5!&LL5L!7=,%!,+5!(%:985!8%L5#!4+7(!8%L5!
S:(,!Z7''!D5!7=(59,5L!7=,%!,+5!(%:985!8%L5b!&=L!S:(,!D5!&D'5!,%!D5!8%S;7'5L!7=!
,+5!+%(,!'&=?:&?5b!<!%9!@%9,9&=#!!

@262D 35(-45!4++4J/!
$'%D&'MD%:=L(!7(! &=!%;,7%=&'!=5(,5L! 5'5S5=,! A%9!&L7%(M?9%:;#!-,! (;587A75(!,+5!
?'%D&'!(;&85!&=L!%AA(5,(!Z7,+7=!,+&,!(;&85!A%9!,+5!5=8'%(5L!Y&97&D'5!5'5S5=,(#!-=!
,+5!8&(5!%A!Z97,7=?!,%!&!(+&95L!A7'5b!,+5!?'%D&'MD%:=L(!7=A%9S&,7%=!7(!958%9L5L!7=!
6Q!A7'5!&=L!8&=!D5!7=,59;95,5L!DI! 8%=Y59,59(!%9!%,+59!;%(,;9%85((7=?!,%%'(!%9!
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:(5L! ,%!Z97,5!%:,!57,+59!U/@B!%9!T5,</@!A7'5(!DI! :(7=?!QU/@B!%9!,+5!Q=5,</@!
S5,+%L#!

@262V ;,S< M,)1<I !
./-01! &''%Z(! &!L&,&(5,!,%!D5!5H;&=L5L!7=!,+5! (;&85! L%S&7=!?7Y5=!DI! ?'%D&'!
D%:=L(!&=L!7=!,7S5!L%S&7=#!-,!7(!Y59I!8%SS%=!A%9!(875=,7A78!&;;'78&,7%=(!,%!Z97,5!
%:,!&!S%=7,%97=?!A7'5!&,!95?:'&9!7=,59Y&'(#!4+5!A7'5!:(:&''I! 8%=,&7=(!&!?9%:;!%A!,7S5M
D&(5L!Y&97&D'5(!,+&,!+&Y5! :=L5,59S7=5L!L7S5=(7%=&'!Y&':5! %=!,+5! ,7S5!&H7(#!
./-01! 7(!17S7'&9!,%!T5,</@!7=!,+&,!7,!&88:S:'&,5(! ,+5!,7S5M7=L5H!7=!,59S(!%A!,+5!
=:SD59!%A!958%9L(b!Z+78+!,+5%95,78&''I!8&=!D5!&LL5L!,%!7=A7=7,I#!

-A!&=I!%A!Y&97&D'5(!7=!&=!&L7%(!?9%:;!&95!,7S5!D&(5Lb!,+5I!8&=!D5!S&9F5L!%:,!DI!
&LL7=?!,+5!,7S5M7=L5H!Y&97&D'5!&(!&=%,+59!L7S5=(7%=!Y&':5#!!

0"$":"# 6.78%/%,'(+-
s<:2WC:_W2A3;6!;?=536?236vk=H`?b!=I`?l!2JJ6546vk=H`%bCl\t!
! u!Y&97&D'5!L58'&9&,7%=(!u!
s\ <:2WC:_W2A3;6`&

X5O:795Lc!

w!L7S5=(7%=(!M!!,+5!L7S5=(7%=!%A!?'%D&'!(;&85!

w!%AA(5,(!n!,+5!%AA(5,!%A!,+5!L&,&!(5,!7=!?'%D&'!(;&85!

.=I! Y&97&D'5(!:(5L! 7=!,+5! ?'%D&'MD%:=L(!5'5S5=,! A%9!L7S5=(7%=(!%9!%AA(5,(!
L58'&9&,7%=!=55L!,%!D5!L5A7=5L!7=!,+5!(&S5! &L7%(M?9%:;!&(!57,+59!Y&97&D'5(!%9!
&,,97D:,5(#!!

@%9!L5,&7'5L!?'%D&'!&99&I(!:(5b!(55!,+5!5H&S;'5!7'':(,9&,5L!7=!158,7%=!""#] #!

<+&=?7=?!-\0 !*7,+%:,! <+&=?7=?!1%:985c!4+5!S5,+%L!5'5S5=,! ;9%Y7L5(!,+5!+%%F!
D5,Z55=! ,+5! &L7%(M?9%:;! &=L! ,+5! ,9&=(;%9,!S5,+%L(#!4+5! :(59! 5S;'%I( ! &!
L7AA595=,!,9&=(;%9,!S5,+%L! (7S;'I! DI! 8+&=?7=?!,+5! S5,+%L!&,,97D:,5!%A!,+5!
S5,+%L!5'5S5=,#!-A!S%95!,+&=!%=5!S5,+%L!5'5S5=,!7(!;9%Y7L5L!A%9!&!?7Y5=!?9%:;b!
5&8+!5'5S5=,!Z7''!D5!7=Y%F5L!7=!,+5!%9L59!(;587A75L#!4+7(!=5&,'I! ?7Y5(!,97??597=?!
%;;%9,:=7,75(!A%9!Z%9FA'%Z(#!4%!,97??59!&!Z%9FA'%Z!%=85!,+5!&=&'I(7(!L&,&!(5,!+&(!
D55=!Z97,,5=!,%!L7(Fb!,+5!:(59! S&F5(!,Z%!5'5S5=,!5=,975(!A%9!,+5!&=&'I(7(!&L7%(M
?9%:;#!4+5!A79(,!7=L78&,5(!+%Z!,%!Z97,5!,%!L7(Fb! &=L!,+5! (58%=L!;59A%9S(! ,+5!
,97??59!A%9!,+5!Z%9FA'%Z!(I(,5S#! T%!958%S;7'&,7%=b!95'7=F7=?b!%9!&=I!%,+59!8%L5!
8+&=?5(!&95!95O:795L!A%9!&=I!%A!,+5(5!8+&=?5(!,%!,+5!JKG!A7'5#!

@262W #<'54+4*,()!
4+5!,9&=(;%9,!5'5S5=,!7(!:(5L! ,%!(;587AI!,+5!S&;;7=?!%A!&=!-\0 !,9&=(;%9,!S5,+%Lb!
7=8':L7=?!%;,7%=&'!7=7,7&'7a&,7%=!;&9&S5,59(b!,%!,+5!95(;58,7Y5!&L7%(M?9%:;#!4+595!
&95!,Z%!S&d%9!&,,97D:,5(!95O:795L!A%9!,+5!S5,+%L!5'5S5=,c!!

s4@C36N2@4!<@2ANvk95(,&9,l!!
=54O2; vkKQ-l!
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;97%97,Ivl"l!
7,59&,7%=vl"CCl\t !

X5O:795Lc!

w!?9%:;!M!8%995(;%=L(!,%!&=!&L7%(M?9%:;!(;587A75L!5&9'759!7=!,+5!A7'5#!!

w!S5,+%L!n!&!(,97=?!7=L78&,7=?!&!,9&=(;%9,!S5,+%L!,%!:(5!Z7,+!,+5!&((%87&,5L!
&L7%(M?9%:;!

0;,7%=&'c!!

w!;97%97,In!&!=:S5978!;97%97,I!A%9!,+5!-\0!S5,+%L!,%!D5,,59!(8+5L:'5!,+7(!Z97,5!
Z7,+!%,+59(!,+&,!S&I!D5!;5=L7=?!8:995=,'I !

!!!!!!!w!D&(5M;&,+n,+5!9%%,!L7958,%9I!,%!:(5!Z+5=!Z97,7=?!,%!L7(F!%9!(7S7'&9!
;:9;%(5( !!

w!7,59&,7%=(n!&!=:SD59!%A!7,59&,7%=(!D5,Z55=!Z97,5(!%A!,+7(!?9%:;!:(5L!,%!
?&:?5!+%Z!O:78F'I!,+7(!L&,&!(+%:'L!D5!5Y&8:&,5L!A9%S!,+5!
8%S;:,5!=%L5!

@262^ L <*8(1/!5,/*!
.(!,+5!8%S;%=5=,7a&,7%=!%A!,+5!-0!(:D(,9&,5b!./-01!(:;;%9,(!&!'7(,!%A!,9&=(;%9,!
S5,+%L(b!L5(897D5L!7=!158,7%=!Bc!

¥ T_GG!
¥ Q01-J!
¥ KQ-M-0!
¥ KQ-M<-0!!
¥ KQ-M14X-Q !̂
¥ QU/@B!
¥ ./.Q4-[^ !N&(!95(5&98+!S5,+%Lb!=%,!;:D'7(+5L!7=!"#CP!
¥ /.4.4.Q! N&(!95(5&98+!S5,+%Lb!=%,!;:D'7(+5L!7=!"#CP!

@2:  !=. CC<+!/><' ,C,' 4*,( ) !
4+5!D:AA59!5'5S5=,! L5A7=5(!,+5!&,,97D:,5(!A%9!7=,59=&'!D:AA59!(7a5!&=L!895&,7=?!
,7S5!,+&,!&;;'I! ,%!,+5!Z+%'5!&;;'78&,7%=!N@7?:95!3P#!4+5!&,,97D:,5!&''%8&,5M,7S5!7(!
7L5=,7A75L!&(!D57=?!57,+59 k=%Zl!%9!k%=8&''l!,%!7=L78&,5!Z+5=!,+5!D:AA59!(+%:'L!D5!
&''%8&,5L#!.= ! k%=8&''l! &,,97D:,5!Z&7,(! :=,7'! ,+5! ;9%?9&SS59!L587L5(!,+&,! &''!
S5S%9I!=55L5L!A%9!8&'8:'&,7%=!+&(!D55=!&''%8&,5L#!-,!,+5=!8&''( !:;%=! ./-01! ,%!
&''%8&,5!D:AA59#!4+595!&95!,Z%!&',59=&,7Y5!&,,97D:,5(!A%9!:(59(! ,%!L5A7=5!,+5!D:AA59!
(7a5c!K6!&=L!A955MS5S%9IM;5985=,&?5#!!

@2:20 #<'54+4*,()!
sWAJJ5@!6?^5_.R vk"CCl!!

C::27C45_4?=5vk=%Zl!\t !
!

X5O:795Lc!
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w!(7a5MK6 !n!,+5!:(59 ML5A7=5L!(7a5!%A!!D:AA59!7=!S5?&DI,5(#!./-01!8&=!&,!S%(,!
&''%8&,5!A9%S!8%S;:,5!=%L5(#!-,!7(!5H8':(7Y5!Z7,+!A955MS5S%9IM
;5985=,&?5#!

w!A955MS5S%9I!;5985=,&?5!n!,+5!:(59 ML5A7=5L!;5985=,&?5!A9%S!C!,%!"CCx!%A!
A955S5S%9I!&Y&7'&D'5!%=!,+5!S&8+7=5#!-,!7(!5H8':(7Y5!Z7,+!(7a5MK6#!

w!&''%8&,5M,7S5!n!7=L78&,5(!Z+5=!,+5!D:AA59!(+%:'L!D5!&''%8&,5L!

@2@ " ) ![ I 4S >5<!KL H!C,5<!
!

<adios-config host-language="C"> 
 
    <adios-group name="temperature" coordination-communicator="comm"> 
        <var name="NX" type="integer"/> 
        <var name="t" type="double" dimensions="NX"/> 
        <attribute name="recorded date" path="/" value="Sep 19, 2008" type="string"/> 
    </adios-group> 
 
    <method group=" temperature " method="MPI"/> 
 
    <buffer size-MB="1" allocate-time="now"/> 
 
</adios-config> 

!

B,A. +<!: 2![ I 4S >5<!KL H!C,5<!C( +!*,S <!455( ' 4*,( ) 2 
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D ; +4) />( +*!S <*8( 1/ !
658&:(5!%A!,+5!,7S5!7,!8&=!,&F5!,%!S%Y5!L&,&!A9%S!%=5!;9%85((!,%!&=%,+59!%9!,%!
Z97,5!&=L!95&L!L&,&!,%!&=L!A9%S!&!L7(Fb!7,!7(!%A,5=!&LY&=,&?5%:(!,%!&99&=?5!,+5!
;9%?9&S!(%!,+&,!(%S5!Z%9F!8&=!D5!L%=5!Z+7'5!,+5!S5((&?5(!&95!7=!,9&=(7,#!1%!A&9b!
Z5!+&Y5!:(5L! =%=MD'%8F7=?!%;59&,7%=(!,%!&Y%7L!Z&7,7=?#!U595!Z5!L5(897D5!(%S5!
L5,&7'(!A%9!&99&=?7=?!&!;9%?9&S!(%!,+&,!8%S;:,&,7%=! &=L!-\0! 8&=!,&F5!;'&85!
(7S:',&=5%:('I#!

D20 &J) ' 8+( ) ( . / !S <*8( 1/ !

D2020 T_HH!
4+5!./-01! T_GG!S5,+%L!&''%Z(!:(59(! ,%!O:78F'I!8%SS5=,!%:,!&=!./-01! ?9%:;!DI!
8+&=?7=?!,+5!,9&=(;%9,!S5,+%L!,%!kT_GGbl! :(59(! 8&=!,5(,! ,+5!(;55L! %A!,+5!9%:,7=5!
DI!,7S7=?!,+5!%:,;:,! &?&7=(,!=%!-\0 #!4+7(!7(!5(;587&''I!:(5A:'! Z+5=!Z%9F7=?!Z7,+!
&(I=8+9%=%:(!S5,+%L(b!Z+78+!,&F5!&=!7=L5,59S7=&,5!&S%:=,!%A!,7S5#!!.=%,+59!
:(5A:'! A5&,:95!%A!,+7(!-\0 !7(!,+&,!7,!O:78F'I!&''%Z(!:(59(! ,%!,5(,!%:,!,+5!(I(,5S! &=L!
L5,59S7=5!Z+5,+59!D:?(! &95!8&:(5L!DI!,+5!-\0 !(I(,5S! %9!DI!%,+59!; '&85(!7=!,+5!
8%L5(#!

D2026 Q%&$K!
4+5!(7S;'5(,! S5,+%L!;9%Y7L5L!7=!./-01! d:(,! L%5(!D7=&9I!Q01-J!-\0 !%;59&,7%=(#!
<:995=,'Ib!7,!L%5(! =%,!(:;;%9,! (+&95L!A7'5!Z97,7=?!%9!95&L7=?!&=L!+&(!'7S7,5L!
&LL7,7%=&'!A:=8,7%=&'7,I#!4+5!S&7=!;:9;%(5! A%9!,+5!Q01-J!-\0 !S5,+%L!7(!,%!;9%Y7L5!
&!(7S;'5! Z&I! ,%!S7?9&,5!&!%=5MA7'5M;59M;9%85((!-\0 !9%:,7=5!,%!./-01! &=L!,%!,5(,!
,+5! 95(:',(! Z7,+%:,! 7=,9%L:87=?!&=I! 8%S;'5H7,I!A9%S!KQ-M-0! %9!%,+59!-\0 !
S5,+%L(#!Q59A%9S&=85!?&7=(!d:(,!DI!:(7=?!,+7(!,9&=(;%9,!S5,+%L!&95!'7F5'I! L:5! ,%!
%:9!&??95((7Y5!D:AA597=?!A%9!D5,,59!(,95&S7=?!;59A%9S&=85!,%!(,%9&?5#!4+5!
D:AA597=?!S5,+%L!Z97,5(!%:,!A7'5(!7=!6Q!A%9S&,b!Z+78+!7(!&!8%S;&8,b!(5'AML5(897D7=?!
A%9S&,#!!

.LL7,7%=&'!A5&,:95(!S&I! D5!&LL5L!,%!,+5!./-01! Q01-J! ,9&=(;%9,!S5,+%L!%Y59!
,7S5#!&!=5Z!,9&=(;%9,!S5,+%L!Z7,+!&!95'&,5L!=&S5b!(:8+! &(!Q01-JM.1< --b!S&I !D5!
;9%Y7L5L!,%!;59A%9S!-\0 ! Z7,+! &LL7,7%=&'!A5&,:95(#!4+5! Q01-JM.1< --! 5H&S;'5!
Z%:'L! Z97,5!%:,!&!,5H,!Y59(7%=!%A!,+5!L&,&!A%9S&,,5L!=785'I!&88%9L7=?!,%!(%S5!
;&9&S5,59(!;9%Y7L5L!7=!,+5!JKG!A7'5#!

D202: LQ$M$%!
K&=I! '&9?5M(8&'5!(875=,7A78!(7S:'&,7%=(!?5=59&,5!&!'&9?5!&S%:=,!%A!L&,&b!(;&==7=?!
,+%:(&=L(!%A!A7'5(!%9!L&,&(5,(#!4+5!:(5! %A!KQ-M-0!95L:85(!,+5!&S%:=,!%A!A7'5(!&=L!
,+:(!7( !+5';A:'!A%9!L&,&!S&=&?5S5=,b!(,%9&?5b!&=L!&885((#!!

4+5! %97?7=&'!KQ-M-0! S5,+%L!Z&(! L5Y5'%;5L!D&(5L!%=!%:9! 5H;597S5=,(!Z7,+!
?5=59&,7=?!,+5!D5,,59!KQ-M-0!;59A%9S&=85!%=!,+5!0XTG!g&?:&9!S&8+7=5#!K&=I! %A!
,+5!7=(7?+,(!+&Y5!+5';5L! :(! &8+75Y5!5H85''5=,!;59A%9S&=85!%=!D%,+!,+5!g&?:&9!J4>!
S&8+7=5!&=L!%=!,+5! %,+59!8':(,59(#!1%S5!%A!,+5! F5I! 7=(7?+,(!Z5! +&Y5!,&F5=!
&LY&=,&?5!%A!7=8':L5!&9,7A787&''I!(597&'7a5L!KQ-`@7'5`%;5=!8&''(! &=L!&LL7,7%=&'!



  

20 
 

,7S7=?!L5'&I(! ,+&,!8&=!&8+75Y5!95L:85L!L5'&I(! L:5! ,%!S5,&L&,&!(59Y59!NK/1P!
8%=A'78,(!%=!,+5!&,,&8+5L!G:(,95!(,%9&?5!(I(,5S#!

4+5! &L&;,5L! 8%L5!,&F5(! A:''! &LY&=,&?5!%A!THK! ?9%:;7=?! ,+9%:?+! ,+5!
8%%9L7=&,7%=M8%SS:=78&,%9#!4+7(!?9%:;7=?!?5=59&,5(!%=5!A7'5!;59! 8%%9L7=&,7%=M
8%SS:=78&,%9!Z7,+!,+5!L&,&!(,%95L!(5O:5=,7&''I!D&(5L!%=!,+5!;9%85((!9&=F!Z7,+7=!
,+5!8%SS:=78&,%9#!@7?:95!>!;95(5=,(! 7=!,+5!5H&S;'5!%A!$4<!8%L5b!3)! ;9%85((5(!7=!
,+5!(&S5!4%9%7L&'!a%=5!Z97,5!,%!%=5!7=,5?9&,5L!A7'5#!.LL7,7%=&'!(597&'7a&,7%=!%A!,+5!
KQ-`@7'5`%;5=!8&''(! 7(!L%=5!:(7=?! ,+7(! 8%SS:=78&,%9!&(! Z5''! D58&:(5! 5&8+!
;9%85((!S&I! +&Y5!&!L7AA595=,!(7a5!L&,&!;&I'%&L#!X&=F!C!8&'8:'&,5(!,+5!(7a5!,+&,!7,!
Z7''!Z97,5b!8&''(!KQ-`@7'5`%;5=b!&=L!,+5=!(5=L(!7,(!(7a5!,%!9&=F!"#!X&=F!"! '7(,5=(!A%9!
,+5!%AA(5,!,%!(,&9,!A9%Sb!&LL(!7,(!8&'8:'&,5L!(7a5b!L%5(!&=!KQ-`@7'5`%;5=b!&=L!(5=L(!
,+5! =5Z! %AA(5,!,%! 9&=F!)#! 4+7(! 8%=,7=:5(!A%9!&''! ;9%85((5(! Z7,+7=!,+5!
8%SS:=78&,%9#!.LL7,7%=&'!L5'&I(! A%9!;59A%9S&=85!D&(5L!%=!,+5! =:SD59! %A!
;9%85((5(!7=!,+5!8%SS:=78&,%9!&=L!,+5!;9%d58,5L!'%&L!%=!,+5!G:(,95!K/1! 8&=!D5!
:(5L! ,%!7=,9%L:85!(%S5!&LL7,7%=&'!&9,7A787&'!L5'&I(! ,+&,!:',7S&,5'I! 95L:85!,+5!
&S%:=,!%A!,7S5!,+5!KQ-`@7'5̀%;5=!8&''(!,&F5!DI! 95L:87=?!,+5!D%,,'5=58F!&,!,+5!
K/1#!.=! 7S;%9,&=,!A&8,!,%!D5!=%,5L!7(!,+&,!7=L7Y7L:&'!A7'5!;%7=,59(!&95!95,975Y5L!DI!
KQ-`@7'5`%;5=!(%!,+&,!5&8+!;9%85((!+&(!7,(!%Z=!A7'5!;%7=,59!A%9!A7'5!(55F!&=L!%,+59!
-\0!%;59&,7%=(#!

!

B,A. +<!@2!&<+Y<+MC+,<) 15J!S <*414*4!4>>+( 4' 8 !̀( CC/<*!*8<!' +<4*<] ( ><) !,) !*,S <!

*5 !D:7',!,+5!KQ-M-0!,9&=(;%9,!S5,+%Lb!S&7='I!Z7,+!G:(,95!7=!S7=L!D58&:(5!7,!7(!
,+5! ;97S&9I! ;&9&''5'! (,%9&?5!(59Y785!Z5! +&Y5!&Y&7'&D'5#!U%Z5Y59b!%,+59!A7'5!M
(I(,5S! M(;587A78!,:=7=?(!&95!859,&7='I!;%((7D'5!&=L!A:''I! ;'&==5L!&(!;&9,!%A!,+7(!
,9&=(;%9,!S5,+%L!(I(,5S#! @%9!5&8+!=5Z! A7'5!(I(,5S! Z5! 5=8%:=,59b!&!=5Z!
,9&=(;%9,!S5,+%L!7S;'5S5=,&,7%=!,:=5L! A%9!,+&,!A7'5!(I(,5Sb! &=L!;%,5=,7&''I!,+&,!
;'&,A%9Sb!8&=!D5!L5Y5'%;5L!Z7,+%:,!7S;&8,7=?!&=I!%A!,+5!(875=,7A78!8%L5#!

4+5!KQ-M-0!,9&=(;%9,!S5,+%L!A%9!G:(,95!7(!,+5!S%(,!S&,:95b!A:''I !A5&,:95Lb!&=L!
Z5''! ,5(,5L#!*5! 958%SS5=L!,%!&=I%=5!895&,7=?!&!=5Z!,9&=(;%9,!S5,+%L!,+&,!,+5I!
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(,:LI! 7,!&(!&!S%L5'!%A!A:''!A:=8,7%=&'7,I!&=L!(%S5!%A!,+5!&LY&=,&?5(!,+&,!8&=!D5!
S&L5!,+9%:?+!8&95A:'!S&=&?5S5=,!%A!,+5!(,%9&?5!95(%:985(# 

D202@ LQ$M?$%!
KQ-M-0! L5A7=5(!&!(5,! %A!;%9,&D'5!;9%?9&SS7=?!7=,59A&85(!,+&,!5=&D'5! S:',7;'5!
;9%85((5(!,%!+&Y5!8%=8:995=,!&885((!,%!(+&95L!A7'5(!y"z#!-,!7(!%A,5=!:(5L! ,%!(,%95!
&=L!95,975Y5!(,9:8,:95L! L&,&!7=!,+579!8&=%=78&'!%9L59#!4+5!7=,59A&85(!&95!(;'7,! 7=,%!
,Z%!,I;5(c! 8%''58,7Y5!-\0! &=L!7=L5;5=L5=,!-\0#!<%''58,7Y5!A:=8,7%=(!95O:795!&''!
;9%85((5(! ,%!;&9,787;&,5#!-=L5;5=L5=,! -\0b! 7=!8%=,9&(,b!95O:795(!=%!;9%85((!
(I=8+9%=7a&,7%=#!

<%''58,7Y5!-\0! 5=&D'5(!;9%85((!8%''&D%9&,7%=!,%!95&99&=?5!-\0! 95O:5(,(!A%9!D5,,59!
;59A%9S&=85!y)b3z#!4+5!8%''58,7Y5!-\0! S5,+%L!7=!./-01! A79(,!L5A7=5(!KQ-!A7'5Y75Z(!
A%9!&''!;9%85((5(!D&(5L!%=!,+5!L&,&!;&9,7,7%=7=?!7=A%9S&,7%=!;9%Y7L5L!7=!,+5!JKG!
8%=A7?:9&,7%=!A7'5#!./-01! &'(%!?5=59&,5(!KQ-M-0!+7=,(b!(:8+! &(!L&,&!(75Y7=?!&=L!-\0!
&??95?&,%9(b!D&(5L! %=! ,+5! &885((! ;&,,59=! &=L! :=L59'I7=?! A7'5!(I(,5S!
8%=A7?:9&,7%=#!4+5! +7=,(! &95!(:;;'75L! ,%! ,+5! KQ-M-0! '7D9&9I!A%9!A:9,+59!
;59A%9S&=85!5=+&=85S5=,#!4+5!(I=,&H!,%!L5(897D5!,+5!L&,&M;&9,7,7%=7=?!;&,,59=!
7=!,+5!JKG!A7'5!:(5(! ,+5!s?'%D&'MD%:=L(!L7S5=(7%=(!%AA(5,(t!,&?b!Z+78+!L5A7=5(!
,+5!?'%D&'!&99&I!(7a5!&=L!,+5!%AA(5,(!%A!'%8&'!(:D&99&I(!7=!,+5!?'%D&'!(;&85#!!

4+5! ?'%D&'MD%:=L(!5'5S5=,! 8%=,&7=(!%=5!%9!S%95!=5(,5L! Y&9!5'5S5=,( b! 5&8+!
(;587AI7=?!&!'%8&'!&99&I!,+&,!5H7(,(!Z7,+7=!,+5!L5(897D5L!L7S5=(7%=(!&=L!%AA(5,#!!
K:',7;'5! ?'%D&'MD%:=L(!5'5S5=,(! &95!;59S7,,5Lb!&=L!(,978,'I!'%8&'!&99&I(!8&=!D5!
(;587A75L!%:,(7L5!,+5!8%=,5H,!%A!,+5!?'%D&'MD%:=L(!5'5S5=,#!

.(! Z7,+!%,+59!L&,&!5'5S5=,(b!5&8+!%A!,+5!&,,97D:,5(!%A!,+5!?'%D&'MD%:=L(!5'5S5=,!
7(!;9%Y7L5L!DI! ,+5!&L7%(`Z97,5!8&''#!4+5!L7S5=(7%=(!&,,97D:,5!7(!(;587A75L!DI!&''!
;&9,787;&,7=?!;9%85((5(!&=L!L5A7=5(!+%Z!D7?!,+5!,%,&'!?'%D&'!(;&85!7(#!!4+7(!Y&':5!
S:(,! &?955!A%9!&''!=%L5(#!4+5!%AA(5,!&,,97D:,5!(;587A75(!,+5!%AA(5,!7=,%!,+7(!?'%D&'!
(;&85!,%!Z+78+!,+5!'%8&'!Y&':5(!&95!&LL95((5L#!4+5!&8,:&'!(7a5!%A!,+5!'%8&'!5'5S5=,!
7(!(;587A75L!7=!,+5! =5(,5L! Y&9!5'5S5=,N(P#!! @%9!5H&S;'5b!7A!,+5! ?'%D&'!D%:=L(!
L7S5=(7%=!Z595!BC!&=L!,+5!%AA(5,!Z595!"Cb!,+5=!,+5!Y&9N(P!=5(,5L!Z7,+7=!,+5!
?'%D&'MD%:=L(!Z%:'L! &''!D5!L58'&95L!7=!&!?'%D&'!&99&I!%A!BC!5'5S5=,(! Z7,+!5&8+!
'%8&'!&99&I!(,&9,7=?!&,!&=!%AA(5,!%A!"C!A9%S!,+5!(,&9,!%A!,+5!&99&I#!!-A!S%95!,+&=!%=5!
Y&9!7(!=5(,5L!Z7,+7=!,+5!?'%D&'MD%:=L(b!,+5I! (+&95!,+5!L58'&9&,7%=!%A!,+5!D%:=L(!
D:,!&95!,95&,5L!7=L7Y7L:&''I!&=L!7=L5;5=L5=,'I!A%9!L&,&!(,%9&?5!;:9;%(5(#!!

<:995=,'I! ,+7(!S5,+%L!7(!:=A7=7(+5L!&,!,+5!,7S5!%A!Z97,7=?b!D:,! Z7''!D5!95'5&(5L!7=!
,+5!=5H,!S7=%9!95'5&(5!7=!E"!)C"C#!

D202D QU#BD!
U/@Bb!&(!&!+759&98+78&'!@7'5!(,9:8,:95b!+&(!D55=!Z7L5'I!&L%;,5L!A%9!L&,&!(,%9&?5!7=!
Y&97%:(!(875=,7A78!95(5&98+!A75'L(#!!Q&9&''5'!U/@B!NQU/@BP!;9%Y7L5(!&!(5975(!%A!
.Q-(! ,%!;59A%9S!,+5!-\0! %;59&,7%=(!7=!;&9&''5'!A9%S!S:',7;'5! ;9%85((%9(b!Z+78+!
L9&S&,78&''I!7S;9%Y5(!,+5! -\0! ;59A%9S&=85!%A!,+5! (5O:5=,7&'!&;;9%&8+!,%!
95&L\Z97,5!&=!U/@B!A7'5#!-=!%9L59!,%!S&F5!,+5!L7AA595=85!7=!,9&=(;%9,!S5,+%L(!
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&=L!A7'5!A%9S&,(!,9&=(;&95=,!,%!,+5!5=L!:(59(b!Z5! ;9%Y7L5!&!S58+&=7(S!,+&,!
Z97,5\95&L!&=!U/@B!A7'5!Z7,+!,+5!(&S5! (8+5S&!DI! F55;7=?!,+5!(&S5!8%SS%=!
&L7%(!9%:,7=5(!Z7,+!%='I!%=5!5=,9I!8+&=?5!7=!,+5!JKG!A7'5#!,+7(!S5,+%L!;9%Y7L5(!
:(59(! Z7,+! ,+5! 8&;&D7'7,I!,%!Z97,5!%:,! 5H&8,'I!,+5! (&S5! U/@B!A7'5(!&(! ,+%(5!
?5=59&,5L!DI!,+579!%97?7=&'!QU/@B!9%:,7=5(#!/%7=?!(%!&''%Z(!A%9!,+5!(&S5!&=&'I(7(!
,%%'!8+&7=!,%!&=&'Ia5!,+5!L&,&#!!

<:995=,'I b!U/@B!(:;;%9,(! ,Z%!-\ 0! S%L5(c!7=L5;5=L5=,!&=L!<%''58,7Y5!95&L!%9!
Z97,5b!Z+78+!8&=!:(5! 57,+59!,+5!KQ-!%9!,+5!Q01-J!L97Y59!DI!(;587AI7=?!,+5!L&,&(5,!
,9&=(A59!;9%;59,I! '7(,!7=!UB/Z97,5!A:=8,7%=!8&''(#!-=! ,+7(!95'5&(5b!%='I!,+5!KQ-!
L97Y59!7(!(:;;%9,5L! 7=!./-01f! '&,59!%=b!D%,+!-\0! L97Y59(!Z7''! D5!(:;;%9,5L! DI!
8+&=?7=?!,+5!&,,97D:,5!7=A%9S&,7%=!A%9!QU/@B!S5,+%L!5'5S5=,(!7=!JKG#!!

D202V QT<*?#B!
.=%,+59!Z7L5'I!&885;,5L!(,&=L&9L!A7'5!A%9S&,!7(!8&''5L!T5,</@b!Z+78+!7(!,+5!S%(,!
A95O:5=,'I!:(5L! A7'5!A%9S&,!7=!,+5!8'7S&,5!&=L!Z5&,+59!95(5&98+!8%SS:=7,75(#!-=!
./-01!)#Cb!,+7(!S5,+%L!Z7''!D5!(:;;%9,5L#!

D202W %*8<+!S<*8(1/!
./-01! ;9%Y7L5(!&=!5&(I! ;':? M7=!S58+&=7(S!A%9!:(59(! %9!L5Y5'%;59(!,%!L5(7?=!
,+579!%Z=!,9&=(;%9,!S5,+%L#!.! (,5; MDIM(,5;! 7=(,9:8,7%=!A%9!7=(59,7=?!&!=5Z! -\0!
S5,+%L!7(!?7Y5=!7=!158,7%=!")#" #!_(59(!&95!'7F5'I!,%!8+%%(5!,+5!D5(,!S5,+%L!A9%S!
&S%=?!,+5!(:;;%9,5L! %9!8:(,%S7a5L!S5,+%L(!A%9!,+5!9:==7=?!,+579!;'&,A%9S(b!
,+:(! &Y%7L7=?!,+5!=55L!,%!Y597AI!,+579!(%:985!8%L5(!L:5! ,%!,+5!(Z7,8+7=?!%A!-\0!
S5,+%L(#!

D26 " /J) ' 8+( ) ( . / !S <*8( 1/ !

D2620 LQ$M"$%!
4+5!7=7,7&'!7S;'5S5=,&,7%=!%A!,+5! &(I=8+9%=%:(!KQ-M-0! S5,+%L!NKQ-M.-0P! 7(!
;&,,59=5L! &A,59!,+5! KQ-M-0! S5,+%L#!18+5L:'5L! S5, &L&,&!8%SS&=L(! &95!
;59A%9S5L!Z7,+! ,+5! (&S5! (597&'7a&,7%=!%A!KQ-`0;5=! 8&''(! &(!?7Y5=!7=!+@@2@a&
,5J5@5375&62A@75&324&J2A3;(#!

4+5!L5?955!%A!-\0! (I=8+9%=787,I!L5;5=L(! %=!(5Y59&'!A&8,%9(#!@79(,b!,+5! ./-01!
'7D9&9I!S:(,! D5!D:7',!Z7,+!Y59(7%=(!%A!KQ-!,+&,!&95!D:7',!Z7,+!&(I=8+9%=%:(!-\0!
(:;;%9,! ,+9%:?+!,+5! KQ-`@7'5`7Z97,5b!KQ-`@7'5`795&Lb!&=L! KQ-`*&7,! 8&''(#!-A!
&(I=8+9%=%:(!-\0! 7(!=%,!&Y&7'&D'5b!,+5!8&''(!95Y59,!,%!(I=8+9%=%:(!N95&L!D'%8F7=?P!
D5+&Y7%9!7L5=,78&'!,%!,+5!KQ-M-0!S5,+%L!L5(897D5L!7=!,+5!;95Y7%:(!(58,7%=#!$

.=%,+59!7S;%9,&=,!A&8,%9!7(!,+5!&S%:=,!%A!&Y&7'&D'5!./-01! D:AA59!(;&85#!-=!,+5!
KQ-M-0!S5,+%Lb!L&,&!&95!,9&=(;%9,5L!&=L!./-01! D:AA59!&''%8&,7%=!7(!958'&7S5L!A%9!
(:D(5O:5=,! :(5! Z7,+!8&''(!,%!&L7%(`8'%(5!NP#!-=!,+5!KQ-M.-0! S5,+%Lb!,+5!k8'%(5l!
;9%85((!8&=!D5!L5A5995L!:=,7'!D:AA59!&''%8&,7%=!7(!=55L5L!A%9!=5Z!L&,&#!U%Z5Y59b!7A!
,+5!D:AA59!&''%8&,7%=!7(!5H855L5Lb!,+5!L&,&!S:(,! D5!(I=8+9%=%:('I!,9&=(;%9,5L!
D5A%95!,+5!&;;'78&,7%=!8&=!;9%855L#$
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!4+5!L5A599&'!%A!L&,&!,9&=(;%9,!7(!F5I!,%!5AA58,7Y5'I!(8+5L:'7=?!&(I=8+9%=%:(!-\0!
Z7,+!&!8%S;:,&,7%=!N,%!D5!7S;'5S5=,5L! 7=!Y59(7%=!)#CP#!-=!./-01! Y59(7%=!"#Cb!,+5!
&;;'78&,7%=!5H;'787,'I! (7?=&'(! ,+&,! L&,&! ,9&=(;%9,!S:(,! D5! 8%S;'5,5! Z7,+!
7=,5''7?5=,!;'&85S5=,! %A!,+5!&L7%(`8'%(5!NP!8&''!,%!7=L78&,5! Z+5=! -\0! S:(,! D5!
8%S;'5,5#! G&,59! Y59(7%=(! %A! ./-01! Z7''! ;59A%9S! -\0! D5,Z55=!
&L7%(`D5?7=`8&'8:'&,7%=!&=L!&L7%(`5=L`8&'8:'&,7%=!8&''(b!&=L!8%S;'5,5! -\0! %=!
&L7%(`5=L`7,59&,7%=!8&''(#!

4+7(!95(5&98+!S%L:'5!7(!=%,!95'5&(5L!7=!./-01!"#C#!

!

D2626 #4*4;4>!
/&,&4&;! 7(!&=!&(I=8+9%=%:(!L&,&!,9&=(;%9,!S5,+%L!D:7',! ,%!5=(:95! Y59I!+7?+!
'5Y5'(! %A!(8&'&D7'7,I!,+9%:?+!(59Y59ML7958,5L!-\0 ! yWb]z#!-,! 7(!7S;'5S5=,5L! &(!&!
95O:5(,M95&L!(59Y785!L5(7?=5L!,%!D97L?5!,+5! %9L59M%AMS&?=7,:L5! L7AA595=85!
D5,Z55=!&Y&7'&D'5!S5S%975(!%=!,+5!-\0! ;&9,7,7%=!8%S;&95L!Z7,+! ,+5!8%S;:,5!
;&9,7,7%=#!*5! &((:S5! ,+5! 5H7(,5=85!%A!&! '&9?5!=:SD59! %A!8%S;:,5! =%L5(!
;9%L:87=?!L&,&!NZ5!95A59!,%!,+5S!&(!k8%&%9%!)8'75=,(l P!&=L!&!(S&''59!=:SD59!%A!
-\0! =%L5(!95857Y7=?!,+5!L&,&!NZ5!95A59!,%!,+5S!&(!k8%&%9%!)(59Y59(l P!N(55!@7?:95!
BP#!!

!

B,A. +<!D2!#4*4; 4>!4+' 8,*<' *. +<!

_;%=!&;;'78&,7%=!95O:5(,b!,+5!8%S;:,5! =%L5!S&9F(!:;! ,+5!L&,&!7=!Q6-0!yRz!A%9S&,!
&=L!7((:5(! &!95O:5(,!A%9!&!L&,&!,9&=(A59!,%!,+5!(59Y59#!4+5!(59Y59!O:5:5(! ,+5!
95O:5(,!:=,7'!(:AA7875=,!95857Y5!D:AA59!(;&85!7(!&Y&7'&D'5#!4+5!S&d%9!8%(,!&((%87&,5L!
Z7,+!(5,,7=?!:;! ,+5!,9&=(A59!7(!,+5!8%(,!%A!&''%8&,7=?!,+5!L&,&!D:AA59!&=L!8%;I7=?!
,+5!L&,&#!U%Z5Y59b!,+7(!%Y59+5&L!7(!(S&''! 5=%:?+!,%!+&Y5!'7,,'5!7S;&8,!%=!,+5!
%Y59&''!&;;'78&,7%=!9:=,7S5#!*+5=! ,+5!(59Y59!+&(!(:AA7875=,!D:AA59!(;&85b!&!95S%,5!
L7958,!S5S%9I!&885((!NX/K. P!95&L!95O:5(,!7(!7((:5L! ,%!,+5!8'75=,!,%!95&L!,+5!
95S%,5!L&,&!7=,%!&! '%8&'! D:AA59#!4+5! L&,&!&95! ,+5=! Z97,,5=!%:,! ,%!L7(F!%9!
,9&=(S7,,5L!%Y59!,+5!=5,Z%9F!&(!7=;:,!A%9!A:9,+59!;9%85((7=?!7=!,+5!-\0!$9&;+#!!

*5! :(5L! ,+5!$I9%F7=5,78!4:9D:'5=85! <%L5!N$4<P!&(!&=!5H;597S5=,&'!,5(,5L! A%9!
,+5!/&,&4&;! ,9&=(;%9,#!$4<!7(!&!;&9,78'5M7=M85''!8%L5!A%9!(7S:'&,7=?!A:(7%=!Z7,+7=!
,%F&S&F(b!&=L!7,!7(!&D'5!,%!(8&'5!,%!S:',7;'5! ,+%:(&=L(!%A!;9%85((%9(#!-=!7,(!L5A&:',!
-\0! ;&,,59=b!,+5!L%S7=&=,!-\0! 8%(,!7(!A9%S!5&8+!;9%85((%9!Z97,7=?!%:,!,+5!'%8&'!
;&9,78'5!&99&I!7=,%!&!A7'5#!.(I=8+9%=%:(! -\0! 95L:85(! ,+7(! 8%(,!,%!d:(,! &!'%8&'!
S5S%9I!8%;Ib!,+595DI!95L:87=?!,+5!%Y59+5&L!%A!-\0!7=!,+5!&;;'78&,7%=#!
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4+7(!95(5&98+!S%L:'5!7(!=%,!95'5&(5L!7=!./-01!"#C#!

D262: #<'(.>5<1!4)1!"/J)'8+()(./!X<S(*<!;+4)/C<+/ !N#"X;P!
/.X4! 7(!&=!&(I=8+9%=%:(!-\0! ,9&=(A59!S5,+%L!Z7,+7=!./-01! ,+&,!5=&D'5(!'%ZM
%Y59+5&Lb! +7?+M,+9%:?+;:,! L&,&!5H,9&8,7%=!A9%S!&!9:==7=?!(7S:'&,7%=#!/.X4!
8%=(7(,(!%A!,Z%! S&7=!8%S;%=5=,(c! N"P!&! /.X4< '75=,! S%L:'5! &=L! N)P!&!
/.X4159Y59! S%L:'5#!-=,59=&''Ib!,+5! /.X4! (I(,5S! :(5(! X/K.! ,%!7S;'5S5=,!
8%SS:=78&,7%=b!8%%9L7=&,7%=b!&=L!L&,&!,9&=(;%9,!D5,Z55=!,+5!/.X4< '75=,!&=L!
,+5!/.X4159Y59!S%L:'5(#!

4+5!/.X4< '75=,!S%L:'5!7(!&!'7?+,!'7D9&9I!,+&,!7S;'5S5=,(! ,+5!&(I=8+9%=%:(!-\0!
.Q-#!-,! 7=,5?9&,5(!Z7,+!,+5! ./-01! '&I59!DI! 5H,5=L7=?!,+5!?5=5978!./-01! L&,&!
,9&=(;%9,!+%%F(#!-,! :(5(! ,+5!./-01! '&I59!A5&,:95(!,%!8%''58,!&=L!5=8%L5!,+5!L&,&!
Z97,,5=!DI!,+5!&;;'78&,7%=!7=,%!&!'%8&'!,9&=(;%9,!D:AA59#!0=85!7,!+&(!8%''58,5L!L&,&!
A9%S!&!(7S:'&,7%=b!/.X4< '75=,!=%,7A75(!,+5!/.X4159Y59! ,+9%:?+!&!8%%9L7=&,7%=!
8+&==5'!,+&,!7,!+&(!L&,&!&Y&7'&D'5!,%!(5=L!%:,#!/ .X4< '75=,!,+5=!95,:9=(!&=L!&''%Z(!
,+5! &;;'78&,7%=!,%!8%=,7=:5!7,(! 8%S;:,&,7%=(!Z+7'5!L&,&!&95! &(I=8+9%=%:('I!
5H,9&8,5L!DI!,+5!/.X4159Y59#!

4+5!/.X4159Y59!S%L:'5!7(!&!(,&=LM&'%=5!(59Y785!,+&,!9:=(! 7=L5;5=L5=,'I!%A!,+5!
(7S:'&,7%=#!-,!,I;78&''I! 9:=(! %=!L5L78&,5L!-\0! =%L5(b!&=L!,9&=(A59(!L&,&!A9%S!,+5!
/.X4< '75=,(!&=L!,%!95S%,5!(7,5(!N5#?#b!&!95S%,5!&!(,%9&?5!(I(,5S! (:8+! &(!,+5!
G:(,59! A7'5!(I(,5S#! 0=5! 7=(,&=85!%A!,+5! /.X4159Y59! 8&=!(59Y785!S:',7;'5!
/.X4< '75=,(!7=(,&=85(!7=!;&9&''5'#!@:9,+59b!,+5! (59Y59!8&=!9:=! 7=! 8%%;59&,7Y5!
S%L5!N7#5#b!S:',7;'5! 7=(,&=85(!%A!,+5!(59Y59!8%%;59&,5!,%!(59Y785!,+5!8'75=,(!7=!
;&9&''5'!&=L!,%!D&'&=85!'%&LP#!4+5!/.X4159Y59! 95857Y5(!=%,7A78&,7%=!S5((&?5(!
A9%S!,+5!8'75=,(b!(8+5L:'5(! ,+5!95O:5(,(b!&=L!7=7,7&,5(!,+5!L&,&!,9&=(A59(!A9%S!,+5!
8'75=,(!7=!;&9&''5'#!4+5!(59Y59!(8+5L:'5(! &=L!;97%97,7a5(!,+5!L&,&!,9&=(A59(!Z+7'5!
,+5!(7S:'&,7%=!7(!8%S;:,7=?!7=!%9L59!,%!%Y59'&;!L&,&!,9&=(A59(!Z7,+!8%S;:,&,7%=(b!
,%!S&H7S7a5!L&,&!,+9%:?+;:,b!&=L!,%!S7=7S7a5!,+5!%Y59+5&L!%=!,+5!(7S:'&,7%=#!

4+7(!95(5&98+!S%L:'5!7(!=%,!95'5&(5L!7=!./-01!"#C#!

!
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V " #$%&!X<41!" Q$!

V20 $)*+( 1. ' *,( ) !
*5! 8&=!95&L!7=!&=I!Y&97&D'5!&=L!&=I!(:D M&99&I!%A!&!Y&97&D'5!Z7,+!,+5!95&L!.Q-!&(!
Z5''!&(!,+5!&,,97D:,5(#!4+595!Z595!,+955!L5(7?=!8+%785(!Z+5=!895&,7=?!,+7(!.Q-c!

"#!$9%:;(!7=!,+5!6Q!A7'5(!&95!+&=L'5L!(5;&9&,5'I!

K%(,!6Q!A7'5(!8%=,&7=!&!(7=?'5!?9%:;!&=L!,+5!Y&97&D'5(!&=L!&,,97D:,5(!7=!,+&,!
?9%:;!+&Y5!,+579!;&,+(! (%!7,!'%%F(!'7F5!,+5I!&95!%9?&=7a5L!7=,%!&!+759&98+I#!-A!&!
6Q!A7'5!8%=,&7=(!S%95!,+&=!%=5!?9%:;(b!,+5!(58%=L!?9%:;!8&=!+&Y5!&!Y&97&D'5!
Z7,+!,+5!(&S5!;&,+!&=L!=&S5!&(!&!Y&97&D'5!7=!,+5!A79(,!?9%:;#!*5! 8+%%(5!=%,!
,%!&LL!,+5! =&S5!%A!,+5! ?9%:;(! ,%!,+5! 9%%,!%A!&''! ;&,+(! D58&:(5!,+&,!7(!
7=8%=Y5=75=,!A%9!,+5!S&d%97,I!%A!,+5!6Q!A7'5(!8%=,&7=7=?!&!(7=?'5!?9%:;#!

)#!/7S5=(7%=(!%A!&99&I(!&95!95;%9,5L!L7AA595=,'I!A%9!<!&=L!@%9,9&=!

*+5=! 95&L7=?!A9%S!&!L7AA595=,!'&=?:&?5!,+&=!Z97,7=?b!,+5!(,%9&?5!%9L59!%A!
,+5! L7S5=(7%=(!7(!,+5! %;;%(7,5#!-=(,5&L!%A!,9&=(;%(7=?!S:',7L7S5=(7%=&'!
&99&I(!7=!S5S%9I! ,%!%9L59!,+5! L&,&!8%9958,'I ! &,!95&L!,7S5b!(7S;'I! ,+5!
L7S5=(7%=(!&95!95;%9,5L!95Y59(5L#!!

3#!4+5!<! .Q-! 95,:9=(! (,9:8,:95(! A7''5L!Z7,+!7=A%9S&,7%=!Z+7'5!,+5!@%9,9&=!.Q-!
95,:9=(!7=A%9S&,7%=!7=!7=L7Y7L:&'!&9?:S5=,(!

17=85!,+5!6Q!A7'5!A%9S&,!7(!S5,&L&,&!978+b!&=L!,+5!S5,&L&,&!7(!7SS5L7&,5'I!
&885((7D'5!7=!,+5!A%%,59!%A!,+5!A7'5b!Z5!8&=!+&Y5!&=!5&(I! ,%!:(5! .Q-! Z7,+!A5Z!
A:=8,7%=(#!4+5!%;5=!A:=8,7%=!95,:9=(!7=A%9S&,7%=!%=!,+5!=:SD59!%A!5'5S5=,(!
&=L!,7S5(,5;( !&=L!,+5!'7(,!%A!?9%:;(!7=!,+5!A7'5#!4+5!?9%:;!%;5=!95,:9=(!,+5!
'7(,!%A!Y&97&D'5(!&=L!&,,97D:,5(#!4+5!7=O:79I!%A!&!Y&97&D'5!95,:9=(!=%,!d:(,! ,+5!
,I;5! &=L!L7S5=(7%=&'7,I!%A!&!Y&97&D'5!D:,! &'(%!,+5! ?'%D&'!S7=7S:S! &=L!
S&H7S:S!%A!7,!Z7,+%:,!95&L7=?!7=!,+5!8%=,5=,!%A!,+5!Y&97&D'5!A9%S!,+5!A7'5#!!

4+5!95&L!.Q- !'7D9&9I!+&(!,Z%!Y59(7%=(#!4+5!KQ-!Y59(7%=!(+%:'L!D5!:(5L! 7=!;&9&''5'!
;9%?9&S(#!0='I! ,+5!9&=FvC!;9%85((!95&L(!,+5!A%%,59!%A!,+5!A7'5!&=L!D9%&L8&(,(!7,!,%!
,+5! %,+59!;9%85((5(!7=!&L7%(`A%;5=NP#! @7'5!&885((!7(!+&=L'5L!,+9%:?+!KQ-M-0!
A:=8,7%=(#!15O:5=,7&'!;9%?9&S(!8&=!:(5! &=I!%A!,+5!,Z%!Y59(7%=(!D:,!7A!I%:! L%!=%,!
Z&=,!L5;5=L5=8I! %=!KQ-b!'7=F!I%:9!;9%?9&S!Z7,+!,+5!=%=MKQ-!Y59(7%=b!Z+78+!
:(5(! Q01-J!-\0! A:=8,7%=(#!-=!,+7(!8&(5b!I%:! =55L!,%!8%S;7'5!I%:9!8%L5!Z7,+!,+5!
M/ `T0KQ-! %;,7%=#!4+595!7(!=%!L7AA595=85!7=!;59A%9S&=85!%9!A:=8,7%=&'7,I!7=!,+5!
,Z%!Y59(7%=(!N7=!(5O:5=,7&'!&;;'78&,7%=(P#!!

T%,5!,+&,!,+5!Z97,5!.Q-!8%=,&7=(!,+5!&L7%(`95&LNP!A:=8,7%=b!Z+78+!7(!:(5A:'! ,%!95&L!
7=!L&,&!A9%S!,+5!(&S5!=:SD59!%A!;9%85((%9(!&(!,+5!L&,&!Z&(!Z97,,5=!A9%Sb!'7F5!
+&=L'7=?!8+58F;%7=,\95(,&9,!L&,&!N(55!158,7%=!3#"#)#B#P#!U%Z5Y59b!7A!I%:! =55L!,%!
95&L!7=!A9%S!&!L7AA595=,!=:SD59!%A!;9%85((%9(!%9!,%!95&L!7=!%='I!&!(:D(5,! %A!&=!
&99&I!Y&97&D'5b!I%:!=55L!,%!:(5!,+7(!95&L!.Q-#!
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V26 X<41!?!" Q$!1</ ' +,>*,( ) !
4+5!(5O:5=85!%A!95&L7=?!7=!&!Y&97&D'5!A9%S!,+5!6Q!A7'5!7(!

M %;5=!A7'5!
M %;5=!&!?9%:;!
M 7=O:79I!,+5!Y&97&D'5!,%!?5,!,I;5!&=L!L7S5=(7%=(!
M &''%8&,5!S5S%9I!A%9!,+5!Y&97&D'5!
M 95&L!7=!Y&97&D'5!NZ+%'5!%9!;&9,!%A!7,P!
M A955!Y&97=A%!L&,&!(,9:8,:95!
M 8'%(5!?9%:;!
M 8'%(5!A7'5!

^H&S;'5!8%L5(!:(7=?!,+5!<!.Q-!&95!!

M!5H&S;'5(\< \95&L`&''\95&L`&''#8!
M!5H&S;'5(\< \?'%D&'M&99&I\&L7%(`95&L`?'%D&'!

V2620 41,(/a<++S/A!]!41,(/a<++)(!
i nt     adi os_er r no 
char  *  adi os_er r msg( )  
 
-A!&=!599%9!%88:99(!L:97=?!,+5!8&''! %A!&! <! &;7!A:=8,7%=b!7,!57,+59!95,:9=(! T_GG!
N7=(,5&L!%A!&!;%7=,59!,%!&=!&''%8&,5L!(,9:8,:95P!%9!&!=5?&,7Y5!=:SD59#!-,!&'(%!(5,(!
,+5!7=,5?59!adi os_er r no!Y&97&D'5!N,+5!=5?&,7Y5!95,:9=!Y&':5!7(!&8,:&''I! M"! ,7S5(!
,+5!599=%!Y&':5P#!K%95%Y59b!7,!;97=,(!,+5!599%9!S5((&?5!7=,%!&=!7=,59=&'!D:AA59b!
Z+78+!8&=!D5!95,975Y5L!DI!adi os_er r msg( ) #!!

T%,5!,+&,!&L7%(5̀99S(?NP!95,:9=(! ,+5! ;%7=,59!,%!,+5!7=,59=&'!D:AA59!7=(,5&L!%A!
L:;'78&,7=?!,+5!(,97=?b!(%!95A9&7=!A9%S!Z97,7=?!&=I,+7=?!7=,%!7,#!.'(%b!%='I!,+5!'&(,!
599%9!S5((&?5!7(!&Y&7'&D'5!&,!&=I!,7S5#!

V2626 41,(/aC(><)!!
ADI OS_FI LE *  adi os_f open ( const  char  *  f name,  MPI _Comm comm)  
 
./-01!@-G^!7(!&!(,9:8,!%A!

: 7=,V>`,! A+f! @7'5!+&=L'59!

7=,! ?9%:;(`8%:=,f! T:SD59!%A!&L7%(!?9%:;(!7=!A7'5!!!!!!!

7=,! Y&9(`8%:=,f! T:SD59!%A!Y&97&D'5(!7=!&''!?9%:;(!!!

7=,! &,,9(`8%:=,f! T:SD59!%A!&,,97D:,5(!7=!&''!?9%:;(!

7=,! ,7LH`(,&9,f! @79(,!,7S5(,5;!7=!A7'5b!:(:&''I!" !

7=,! =,7S5(,5;(f ! T:SD59!%A!,7S5(,5;(!7=!A7'5#!!
!! ! 4+595!7(!&'Z&I(!&,!'5&(,!%=5!,7S5(,5;!

7=,! Y59(7%=f! ./-01!6Q!Y59(7%=!%A!A7'5!A%9S&,!!!

:7=,V>`,! A7'5`(7a5f!! 17a5!%A!A7'5!7=!DI,5(!!
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7=,!! 5=L7&==5((f!! Cc!'7,,'5!5=L7&=b!"c!D7?!5=L7&=!!
!! ! i%:!L%!=%,!=55L!,%!8&95!&D%:,!,+7(#!

8+&9!!!qq!! ?9%:;`=&S5'7(,f! T&S5(!%A!,+5!&L7%(!?9%:;(!7=!,+5!A7'5!!
!! ! N8A#!?9%:;(`8%:=,P!

4+5!&99&I!A%9!,+5!'7(,!%A!?9%:;!=&S5(!7(!&''%8&,5L!7=!,+5!A:=8,7%=!&=L!7(!A955L!7=!
,+5!8'%(5!A:=8,7%=#!

-A!I%:! :(5! ,+5!KQ-!Y59(7%=!%A!,+5!'7D9&9Ib!;&((! ,+5!8%SS:=78&,%9b!Z+78+!7(!,+5!
8%SS:=78&,%9!%A!&''! ;9%85((5(!,+&,! 8&''! ,+5! %;5=!A:=8,7%=#!X&=FvC!;9%85((!
D9%&L8&(,(!,+5!S5,&L&,&!,%!,+5!%,+59!;9%85((5(!(%!,+&,!Z5!&Y%7L!%;5=7=?!,+5!A7'5!
A9%S!S&=I! ;9%85((5(!&,!%=85#!!-A!I%:! :(5! ,+5!=%=MKQ-!Y59(7%=!%A!,+5!'7D9&9Ib!d:(,!
;&((!%=!&=!&9D7,9&9I!7=,5?59!Y&':5b!Z+78+!7(!=%,!:(5L!&,!&''#!!

V262: 41,(/a C'5(/< !
i nt  adi os_f c l ose ( ADI OS_FI LE * f p)  
i%:! &95!5H;58,5L!,%!8'%(5!&!A7'5!Z+5=!I%:! L%!=%,!=55L!7,!&=IS%95#!4+7(!A:=8,7%=!
95'5&(5(!&!'%,!%A!7=,59=&'!S5S%9I!(,9:8,:95(#!

V262@ 41,(/aA(><)!]!41,(/aA(><)a-J,1 !
ADI OS_GROUP *  adi os_gopen ( ADI OS_FI LE * f p,  const  char  *  gr pname)  
ADI OS_GROUP *  adi os_gopen_byi d ( ADI OS_FI LE * f p,  i nt  gr pi d)  
 
i%:! =55L!,%!%;5=!&!?9%:;!,%!?5,!&885((!,%!7,(!Y&97&D'5(!&=L!&,,97D:,5(#!i%:! 8&=!
%;5=! &! ?9%:;! 57,+59!DI! 7,(! =&S5! 95,:9=5L! 7=! ,+5! ./-01`@-G^! (,9:8, j(!
?9%:;`=&S5'7(,!'7(,!%A!(,97=?(!%9!DI!7,(!7=L5Hb!Z+78+!7(!,+5!7=L5H!%A!7,(!=&S5!7=!,+7(!
'7(,!%A!=&S5(#!!

i%:! $%(!+&Y5!(5Y59&'!?9%:;(!%;5=!&,!,+5!(&S5!,7S5#!

./-01`$X0_Q!7(!&!(,9:8,!%A!

:7=,V>`,! ?+f!!! $9%:;!+&=L'59!

7=,! ?9;7Lf!!! ?9%:;!7=L5H!NC##./-01`@-G^#?9%:;(`8%:=,M"P!

7=,! Y&9(`8%:=,f!!! T:SD59!%A!Y&97&D'5(!7=!,+7(!&L7%(!?9%:;!

8+&9!!!qq!! Y&9`=&S5'7(,f!! [&97&D'5!=&S5(!7=!&!8+&9q!&99&I!!

7=,! &,,9(`8%:=,f!! T:SD59!%A!&,,97D:,5(!7=!,+7(!&L7%(!?9%:;!!

8+&9!!!qq! &,,9`=&S5'7(,f ! .,,97D:,5!=&S5(!7=!&!8+&9q!&99&I!!

./-01`@-G^!q!A;f!!! ;%7=,59!,%!,+5!;&95=,!./-01`@-G^!(,9:8,!!!

4+5!&99&I(!A%9!,+5!'7(,!%A!Y&97&D'5!=&S5(!&=L!&,,97D:,5!=&S5!&95!&''%8&,5L!7=!,+5!
A:=8,7%=!&=L!&95!A955L!7=!,+5!?9%:;!8'%(5!A:=8,7%=#!

V262D 41,(/aA'5(/< !
i nt  adi os_gc l ose ( ADI OS_GROUP * gp)  
 



  

28 
 

i%:!=55L!,%!8'%(5!,+5!?9%:;!Z+5=!I%:!L%!=%,!=55L!7,!&=IS%95#!!

V262V 41,(/a,)OaY4+!]!41,(/a,)OaY4+a-J,1!
ADI OS_VARI NFO *  adi os_i nq_var  ( ADI OS_GROUP * gp,  const  char  *  var name)  
ADI OS_VARI NFO *  adi os_i nq_var _byi d ( ADI OS_GROUP * gp,  i nt  var i d)  
 
4+7(!A:=8,7%=!(+%:'L!D5!:(5L! 7A!I%:!Z&=,!,%!L7(8%Y59!,+5!,I;5! &=L!L7S5=(7%=&'7,I!
%A!&!Y&97&D'5!%9!Z&=,!,%!?5,!,+5!S7=7S:S\S&H7S:S! Y&':5(!Z7,+%:,!95&L7=?!7=!,+5!
L&,&#!i%:! 8&=!95A59!,%!,+5!Y&97&D'5!Z7,+!7,(!=&S5!NA:''!;&,+P!7=!,+5!./-01`$X0_Q!
(,9:8, j(!Y&9=̀&S5'7(,!%9!DI!,+5!7=L5H!7=!,+&,!'7(,#!!

ADI OS_VARI NFO! (,9:8,:95! 7(! &''%8&,5L!7=! ,+5! A:=8,7%=!D:,! ,+595! 7(! =%!
8%995(;%=L7=?!8'%(7=?!A:=8,7%=b!,+595A%95!:(59 !+&(!,%!A955!,+5!./-01`[.X-T@0q!
;%7=,59! I%:9(5'A! Z+5=! I%:! L%! =%,! =55L! 7,! &=IS%95! DI! :(7=?! ,+5!
&L7%(`A955`Y&97=A%NP!A:=8,7%=#!

./-01`[.X-T@0!7(!&!(,9:8,!%A!!

:7=,V>`,! ?+f!!! $9%:;!+&=L'59!
7=,!! ?9;7Lf!! ?9%:;!7=L5H!NC##./-01`@-G^#?9%:;(`8%:=,M"P!
7=,!! Y&97Lf! !Y&97&D'5!7=L5H!NC##./-01`$X0_Q#Y&9`8%:=,M"P!
5=:S!./-01`/.4.4iQ^1!,I;5f !
!! ! ,I;5!%A!Y&97&D'5!
7=,! =L7Sf!! =:SD59!%A!L7S5=(7%=(b!C!A%9!(8&'&9(!!
:7=,V>`,!!q! L7S(f!! (7a5!%A!5&8+!L7S5=(7%=!!
7=,! !,7S5L7Sf! !M"c!Y&97&D'5!+&(!=%!,7S5(,5;(!7=!A7'5b!
!! ! tvCc!Z+78+!L7S5=(7%=!7(!,7S5!
Y%7L!!!!!!q! Y&':5f!! Y&':5!%A!&!(8&'&9!Y&97&D'5b!T_GG!A%9!&99&I#!
Y%7L!!!!!!q! ?S7=f!! S7=7S:S!Y&':5!7=!&=!&99&I!Y&97&D'5#!!
!! ! @%9!(8&'&9(b!?S7=!v!Y&':5#!
Y%7L!!!!!!q! ?S&Hf!! S&H7S:S!Y&':5!%A!&=!&99&I!Y&97&D'5!!
!! ! N%Y59!&''!,7S5(,5;(P!
Y%7L!!!!!!q! S7=(f! S7=7S:S!;59!5&8+!,7S5(,5;!!
!! ! N&99&I!%A!,7S5(,5;!5'5S5=,(P!
!! ! &'Z&I(!v!T_GG!7=!"#C!
Y%7L!!!!!!q! S&H(f!! S&H7S:S!;59!5&8+!,7S5(,5;!
! ! &'Z&I(!v!T_GG!7=!"#C!
!

T%,5!,+&,!I%:! 8&=!S%L7AI!,+5!./-01`$X0_Q j(! =&S5'7(,(!D58&:(5!,+5I! &95!=%,!
:(5L! 7=!,+5!L7(8%Y59I!%A!,+5!Y&97&D'5(#!U%Z5Y59b!,+5!7=L5H!%A!,+5!Y&97&D'5!7(!,+5!
7=L5H!%A!,+5!Y&97&D'5j(!;%(7,7%=!7=!,+5!%97?7=&'!%9L59!%A!,+5!'7(,#!-A!I%:! (%9,!,+7(!'7(,!
A%9!%9L595L!;97=,%:,(b!I%:!=55L!,%!95S5SD59!,+5!%97?7=&'!7=L785(!%A!,+5!Y&97&D'5(!
%9!,%!7L5=,7AI!,+5!Y&97&D'5(!DI!=&S5#!!

V262W 41,(/aC+<<aY4+,)C(!
voi d adi os_f r ee_var i nf o ( ADI OS_VARI NFO * cp)  
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@955(!:;!,+5!./-01` [.X-T@0q!(,9:8,:95!95,:9=5L!DI!&L7%(`7=O`Y&9NP#!

V262^ 41,(/a+<41aY4+!]!41,(/a+<41aY4+a-J,1!
i nt 64_t  adi os_r ead_var  ( ADI OS_GROUP    *  gp,   
                        const  char      *  var name,  
                        const  ui nt 64_t  *  s t ar t ,  
                        const  ui nt 64_t  *  count ,  
                        voi d           *  dat a)  
 
i nt 64_t  adi os_r ead_var _by i d ( ADI OS_GROUP *  gp,   
                             i nt  var i d,  
                             const  ui nt 64_t  *  s t ar t ,   
                             const  ui nt 64_t  *  count ,  
                             voi d *  dat a)  
 
4+7(!A:=8,7%=!7(!:(5L! ,%!95&L!7=!,+5!8%=,5=,!%A!&!Y&97&D'5b!%9!&!(:D(5,! %A!7,#!i%:!
=55L!,%!&''%8&,5!S5S%9I!A%9!95857Y7=?!,+5!L&,&!D5A%95!8&''7=?!,+7(!A:=8,7%=#!4+5!
(:D(5,! N%9!,+5!5=,795!(5,P!7(!L5A7=5L!DI!,+5!2&%*&!&=L!$'5(&!7=!5&8+!L7S5=(7%=#!4+5!
2&%*&! &=L!$'5(&! &99&I(! S:(,! +&Y5!&(!S&=I! 5'5S5=,(! &(!S&=I! L7S5=(7%=(!,+5!
Y&97&D'5!+&(#!:&%*&)8%=,&7=(!,+5! (,&9,7=?! %AA(5,(!A%9!5&8+!L7S5=(7%=!&=L!$'5(&)
8%=,&7=(!,+5!=:SD59!%A!5'5S5=,(! ,%!95&L!7=!&!?7Y5=!L7S5=(7%=#!-A!I%:!Z&=,!,%!95&L!
7=!,+5!5=,795!Y&97&D'5b!2&%*&!(+%:'L!D5!&=!&99&I!%A!a59%(!&=L!$'5(&!(+%:'L!5O:&'!,%!
,+5!L7S5=(7%=(!%A!,+5!Y&97&D'5#!!

T%,5!,+&,!2&%*&!&=L!$'5(&!7(!95'&,5L!,%!,+5!=:SD59!%A!5'5S5=,( !7=!5&8+!L7S5=(7%=b!
=%,!,+5!=:SD59! %A!DI,5(! =55L5L!A%9!(,%9&?5#!*+5=! &''%8&,7=?!,+5!L&,&!&99&Ib!
S:',7;' I !,+5!,%,&'!=:SD59!%A!5'5S5=,(!Z7,+!,+5!(7a5!%A!%=5!5'5S5=,#!-A!I%:!=55L!,%!
D5!?5=5978!7=!,+7(!8&'8:'&,7%=b!I%:!8&=!:(5! ,+5!&L7%(`,I;5`(7a5NP!A:=8,7%=!,%!?5,!,+5!
(7a5!%A!%=5!5'5S5=,!%A!&!?7Y5=!,I;5#!!

V262R 41,(/aA<*a4**+!]!41,(/aA<*a4**+a-J,1!
i nt  adi os_get _at t r  ( ADI OS_GROUP           *  gp,  
                    const  char             *  at t r name,  
                    enum ADI OS_DATATYPES  *  t ype,  
                    i nt                    *  s i ze,  
                    voi d                 * *  dat a)  
 
i nt  adi os_get _at t r _by i d ( ADI OS_GROUP           *  gp,  
                         i nt                      at t r i d,  
                         enum ADI OS_DATATYPES  *  t ype,  
                         i nt                    *  s i ze,  
                         voi d                 * *  dat a)  
 
4+7(!A:=8,7%=!95,975Y5(!&=!&,,97D:,5!7=8':L7=?!7,(!,I;5b! S5S%9I!(7a5!&=L!7,(!Y&':5#!
.=! &,,97D:,5!8&=!%='I!D5!&!(8&'&9!Y&':5!%9!&!(,97=?#!K5S%9I!7(!&''%8&,5L!7=!,+5!
A:=8,7%=!,%!(,%95!,+5!Y&':5#!4+5!&''%8&,5L!(7a5!7(!95,:9=5L!7=!,+5!(7a5!&9?:S5=,#!!

4+7(!A:=8,7%=!L%5(!=%,!95&L!,+5!A7'5!:(:&''I#! 4+5!&,,97D:,5j(!Y&':5!7(!(,%95L!7=!,+5!
A%%,59!&=L!7(!&'95&LI!7=!,+5!S5S%9I!&A,59!,+5!A7'5!7(!%;5=5L#!U%Z5Y59b!&=!&,,97D:,5!
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8&=!95A59!,%!&!(8&'&9!N%9!(,97=?P!Y&97&D'5!,%%#!-=! ,+7(!8&(5b!,+7(!A:=8,7%=!8&''(!
&L7%(`95&L`Y&9!7=,59=&''Ib!(%!,+5!A7'5!Z7''!D5!&885((5L!,%!95&L!7=!,+&,!(8&'&9#!!

V2620E 41,(/a*J><a*(a/*+,)A!
const  char  *  adi os_t ype_t o_st r i ng ( enum ADI OS_DATATYPES t ype)  
 
4+7(!A:=8,7%=!95,:9=(!,+5!=&S5!%A!&!?7Y5=!,I;5#!

V26200 41,(/a*J><a/,b<!
i nt  adi os_t ype_si ze( enum ADI OS_DATATYPES t ype,  voi d * dat a)  
 
4+7(!A:=8,7%=!95,:9=(!,+5!S5S%9I!(7a5!%A!%=5!L&,&!5'5S5=,!%A!&=!&L7%(!,I;5#! -A!,+5!
,I;5! 7(!&L7%(`(,97=?b!&=L!,+5! (58%=L!&9?:S5=,! 7(!,+5! (,97=?!7,(5'Ab!7,!95,:9=(!
(,9'5=NL&,&Pm"#!@%9!%,+59!,I;5(b! 0%&%!7(!=%,!:(5L !&=L!,+5!A:=8,7%=!95,:9=(!,+5!(7a5!
%88:;75L!DI!%=5!5'5S5=,#!

V2:  X<41!B( +*+4) !" Q$!1</ ' +,>*,( ) !
4+5!@%9,9&=!.Q-! L%5(!=%,!L5&'!Z7,+!,+5!(,9:8,:95(! %A!,+5!<!&;7!9&,+59!7,!95O:795(!
(5Y59&'!&9?:S5=,(!7=!,+5!A:=8,7%=!8&''(#!!4+5I!&95!&''!7S;'5S5=,5L! &(!(:D9%:,7=5(!
'7F5!,+5!Z97,5!@%9,9&=!.Q-!&=L!,+5!'&(,!&9?:S5=,!7(!&=!7=,5?59!Y&97&D'5!,%!(,%95!,+5!
599%9!8%L5!%:,;:,!%A!5&8+!A:=8,7%=!NC!S5&=7=?!(:885((A:'!%;59&,7%=P#!!

.=! 5H&S;'5! 8%L5! 8&=! D5! A%:=L! 7=! ,+5! (%:985! L7(,97D:,7%=! &(!
tests/bp_read/bp_read_f.F90 #!

4+5!S%(,!7S;%9,&=,!,+7=?!,%!=%,5!7(!,+&,!(%S5!A:=8,7%=(!=55L!7=,5?59q]!N(8&'&9!%9!
&99&IP!&9?:S5=,(#!Q&((7=?!&=!7=,5?59q>!&99&I!A9%S!I%:9!8%L5!'5&L(!,%!A&,&'!599%9(#!
Q'5&(5b!L%:D'5!8+58F!,+5!&9?:S5=,(!%A!,+5!A:=8,7%=!8&''(#!!

/:5! ,%!,+5! '&8F!%A!(,9:8,:95( ! &=L!D58&:(5!,+5! @%9,9&=!.Q-! L%5(!=%,!&''%8&,5!
S5S%9I!A%9!,+5Sb!I%:! +&Y5!,%!7=O:79I!,+5!A7'5!&A,59!%;5=7=?!7,!&=L!,%!7=O:79I!,+5!
?9%:;!&A,59!%;5=7=?!7,#!i%:! &'(%!+&Y5!,%!7=O:79I!&=!&,,97D:,5!,%!L5,59S7=5!,+5!
S5S%9I!(7a5!&=L!&''%8&,5!(;&85!A%9!7,!D5A%95!95,975Y7=?!7,#!!

*+595! ,+5!.Q-!A:=8,7%=!95,:9=(!&!'7(,!%A!=&S5(!N7=O:79I!A7'5!%9!7=O:79I!?9%:;Pb!I%:!
+&Y5!,%!;9%Y7L5!5=%:?+!(;&85! A%9!,+5S! :(7=?! ,+5! 8%:=,(! 95,:9=5L! DI! ,+5!
;9585L7=?!%;5=!8&''#!!

U595!7(!,+5!'7(,!%A!,+5!@%9,9&=!(: D9%:,7=5(#!4+5!$^T^X-< !Z%9L!7=L78&,5(!,+&,!I%:!
8&=!:(5! ,+&,! A:=8,7%=!Z7,+! &=I! L&,&!,I;5! &,! ,+5! 7=L78&,5L!&9?:S5=,#! 17=85!
@%9,9&=RC!L%5(!=%,!&''%Z!L5A7=7=?!A:=8,7%=(!,+&,!8&=!,&F5!&=I!,I;5! %A!&9?:S5=,b!
Z5!L%!=%,!;9%Y7L5!&=!@RC!S%L:'5!A%9!,+7(!.Q-#!4+5!A:=8,7%=(!&95!&8,:&''I! L5A7=5L!
7=!<!&=L!L:5! ,%!,+5!'&8F!%A!8%S;7'59!8+58F7=?b!I%:! 8&=!;&((! &=I!,I;5! %A!&99&I!%9!
Y&97&D'5!Z+595!&!$^T^X-<!&99&I!7(!L5=%,5L#!!

subr out i ne adi os_er r msg ( msg)  
char act er ( * ) ,    i nt ent ( out )  : :  msg 

end subr out i ne 
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subr out i ne adi os_f open ( f p,  f name,  comm,  gr oups_count ,  er r )  
i nt eger * 8,       i nt ent ( out )  : :  f p 
char act er ( * ) ,    i nt ent ( i n)   : :  f name 
i nt eger ,         i nt ent ( i n)   : :  comm 
i nt eger ,         i nt ent ( out )  : :  gr oups_count  
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_f c l ose ( f p,  er r )  

i nt eger * 8,       i nt ent ( i n)   : :  f p 
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_i nq_f i l e ( f p,  var s_count ,   
                           at t r s_count ,  t s t ar t ,  nt s t eps,   
                           gnamel i s t ,  er r )  

i nt eger * 8,       i nt ent ( i n)   : :  f p 
i nt eger ,         i nt ent ( out )  : :  var s_count  
i nt eger ,         i nt ent ( out )  : :  at t r s_count  
i nt eger ,         i nt ent ( out )  : :  t s t ar t  
i nt eger ,         i nt ent ( out )  : :  nt s t eps 
char act er ( * ) ,  di mensi on( * ) ,  i nt ent ( i nout )  : :  gnamel i s t  
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_gopen ( f p,  gp,  gr pname,  var s_count ,   
                        at t r s_count ,  er r )  

i nt eger * 8,       i nt ent ( i n)   : :  f p 
i nt eger * 8,       i nt ent ( out )  : :  gp 
char act er ( * ) ,    i nt ent ( i n)   : :  gr pname 
i nt eger ,         i nt ent ( out )  : :  var s_count  
i nt eger ,         i nt ent ( out )  : :  at t r s_count  
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_gc l ose ( gp,  er r )  

i nt eger * 8,       i nt ent ( i n)   : :  gp 
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_i nq_gr oup ( gp,  vnamel i s t ,  anamel i s t ,  er r )  

i nt eger * 8,       i nt ent ( i n)   : :  gp 
char act er ( * ) ,  di mensi on( * ) ,  i nt ent ( i nout )  : :  vnamel i s t  
char act er ( * ) ,  di mensi on( * ) ,  i nt ent ( i nout )  : :  anamel i s t  
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_i nq_var  ( gp,  var name,  var t ype,  ndi m,   
                          di ms,  t i medi m,  er r )  

i nt eger * 8,       i nt ent ( i n)   : :  gp 
char act er ( * ) ,    i nt ent ( i n)   : :  var name 
i nt eger ,         i nt ent ( out )  : :  var t ype 
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i nt eger ,         i nt ent ( out )  : :  ndi m 
i nt eger * 8,  di mensi on( * ) ,  i nt ent ( out )  : :  di ms 
i nt eger ,         i nt ent ( out )  : :  t i medi m 
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_r ead_var  ( gp,  var name,  s t ar t ,  count ,  
                           dat a,  r ead_byt es)  

i nt eger * 8,       i nt ent ( i n)   : :  gp 
char act er ( * ) ,    i nt ent ( i n)   : :  var name 
i nt eger * 8,  di mensi on( * ) ,  i nt ent ( i n)  : :  s t ar t  
i nt eger * 8,  di mensi on( * ) ,  i nt ent ( i n)  : :  count  
GENERI C,  di mensi on( * ) ,  i nt ent ( i nout )  : :  dat a 
i nt eger * 8,       i nt ent ( i n)   : :  r ead_byt es 

end subr out i ne 
 
subr out i ne adi os_get _var mi nmax ( gp,  var name,  val ue,  gmi n,   
                                gmax,  mi ns,  maxs,  er r )  

i nt eger * 8,       i nt ent ( i n)   : :  gp 
char act er ( * ) ,    i nt ent ( i n)   : :  var name 
GENERI C,         i nt ent ( out )  : :  val ue 
GENERI C,         i nt ent ( out )  : :  gmi n 
GENERI C,         i nt ent ( out )  : :  gmax 
GENERI C,  di mensi on( * ) ,  i nt ent ( i nout )  : :  mi ns 
GENERI C,  di mensi on( * ) ,  i nt ent ( i nout )  : :  maxs 
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_i nq_at t r  ( gp,  at t r name,  at t r t ype,   
                           at t r s i ze,  er r )  

i nt eger * 8,       i nt ent ( i n)  : :  gp 
char act er ( * ) ,    i nt ent ( i n)   : :  at t r name 
i nt eger ,         i nt ent ( out )  : :  at t r t ype 
i nt eger ,         i nt ent ( out )  : :  at t r s i ze 
i nt eger ,         i nt ent ( out )  : :  er r  

end subr out i ne 
 
subr out i ne adi os_get _at t r _i nt 1 ( gp,  at t r name,  at t r ,  er r )  

i nt eger * 8,       i nt ent ( i n)   : :  gp 
char act er ( * ) ,    i nt ent ( i n)   : :  at t r name 
GENERI C,  di mensi on( * ) ,  i nt ent ( i nout )  : :  at t r  
i nt eger ,         i nt ent ( out )  : :  er r   

end subr out i ne 
!

V2@ ?( S >,5,)A!4) 1!5,)G,) A!4>>5,'4*,( ) / !
-=!&!<!8%L5b!7=8':L5!,+5!&L7%(`95&L#+!+5&L59!A7'5#!!

-=! &!@%9,9&=! RC! 8%L5b! I%:! L%!=%,!=55L! ,%!7=8':L5! &=I,+7=?#!-,! 7(!(,9%=?'I!
958%SS5=L5L!,%!L%:D'5!8+58F!,+5! 7=,5?59!;&9&S5,59(!D58&:(5!,+5! 95&L!.Q-!
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5H;58,(!7=,5?59q]!&9?:S5=,(!&,!(5Y59&'!;'&85(!&=L!;9%Y7L7=?!&=!7=,5?59!%='I!8&=!
D95&F!I%:9!8%L5!&=L!,+5=!L5D:??7=?!7,!;9%Y5(!,%!D5!Y59I!L7AA78:',#!

-A!I%:! Z&=,!,%!:(5! ,+5!KQ-!Y59(7%=!%A!,+5!'7D9&9Ib!,+5=!'7=F!I%:9!N<!%9!@%9,9&=P!
&;;'78&,7%=!Z7,+!M'&L7%(95&L#!

-A!I%:! Z&=,!,%!:(5! ,+5!=%=MKQ-!Y59(7%=!%A!,+5!'7D9&9Ib!I%:! =55L!,%!8%S;7'5!I%:9!
8%L5! Z7,+! ,+5! n/ `T0KQ-! %;,7%=! &=L! '7=F! I%:9! &;;'78&,7%=! Z7,+!
M'&L7%(95&L`=%S;7#!

W =Q!C,5<!C( +S 4*!

W20 $)*+( 1. ' *,( ) !
4+7(!8+&;,59!L5(897D5(!,+5!A7'5!(,9:8,:95! %A!6Qb!Z+78+!7(!,+5!./-01! =&,7Y5!D7=&9I!
A7'5!A%9S&,b!,%!&7L!7=!:=L59(,&=L7=?!./-01! ;59A%9S&=85!7((:5(! &=L!+%Z!A7'5(!
8%=Y59,!A9%S!6Q!A7'5(!,%!%,+59!(875=,7A78!A7'5!A%9S&,(b!(:8+!&(!=5,</@!&=L!U/@B#!

4%!&Y%7L!,+5!A7'5!(7a5!'7S7,&,7%=!%A!)! ?7?&DI,5(!DI! :(7=?!&!(7?=5L!3) MD7,!%AA(5,!
Z7,+7=!7,(!7=,59=&'!(,9:8,:95b!6Q!A%9S&,!:(5(! &=!:=(7?=5L!V>MD7,!L&,&,I;5! &(!,+5!
A7'5!%AA(5,#!4+595A%95b!7,!7(!; %((7D'5!,%!Z97,5!6Q!A7'5(!,+&,!5H855L!)! ?7?&DI,5(!%=!
;'&,A%9S(!,+&,!+&Y5!'&9?5!A7'5!(:;;%9,#!!

6I! &L&;,7=?!./-01! 95&L!9%:,7=5(!D&(5L!%=!,+5!5=L7&==5((!7=L78&,7%=!7=!,+5!A7'5!
A%%,59b!6Q!A7'5(!8&=!D5!5&(7'I!;%9,&D'5!&89%((!L7AA595=,!S&8+7=5(!N5#?#b!D5,Z55=!,+5!
<9&IMJ4>!&=L!6':5$5=5P#!!

4%!&7L!7=!L&,&!(5'58,7%=b!Z5!+&Y5!&!'%ZM%Y59+5&L!8%=85;,!%A!L&,&!8+&9&8,597(,78(!
,%!;9%Y7L5!&=!5AA7875=,b!7=5H;5=(7Y5!(5,!%A!&,,97D:,5(!,+&,!8&=!D5!:(5L! ,%!7L5=,7AI!
L&,&!(5,(!Z7,+%:,!&=&'Ia7=?!'&9?5!L&,&!8%=,5=,#!

.(! (+%Z=!7=!@7?:95!Vb!,+5!6Q!A%9S&,!8%S;97(5(!&!(5975(!%A!;9%85((!?9%:;(!&=L!,+5!
A7'5!A%%,59#!4+5!95S&7=L59!%A!,+7(!8+&;,59!L5(897D5(!5&8+!8%S;%=5=,!7=!L5,&7'!&=L!
+5';(! ,+5!:(59! ,%!D5,,59!:=L59(,&=L!N"P!Z+I! 6Q!7(!&!(5'A!ML5(897D7=?!&=L!S 5,&L&,&M
978+!A7'5!A%9S&,!&=L!N)P!Z+I! 7,!8&=!&8+75Y5!+7?+!-\0! ;59A%9S&=85!%=!L7AA595=,!
S&8+7=5!7=A9&(,9:8,:95(#!!
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!

B,A. +<!V2!=Q!C,5<!/ *+. ' *. +<!

W26 B( ( *<+!
0=5!F=%Z=!'7S7,&,7%=!%A!,+5!T5,</@!A%9S&,!7(!,+&,!,+5!A7'5!8%=,5=,(!&95!(,%95L!7=!&!
+5&L59!,+&,!7(!5H&8,'I!D7?!5=%:?+!A%9!,+5!7=A%9S&,7%=!;9%Y7L5L!&,!A7'5!895&,7%=#!
.=I! 8+&=?5(!,%!,+5!'5=?,+!%A!,+&,!L&,&!Z7''! 95O:795!S%Y7=?!L&,&#!4%!&Y%7L!,+7(!
8%(,b!Z5! 8+%%(5!,%!5S;'%I! &!A%%,!7=L5H!7=(,5&L#!*5! ;'&85!%:9!Y59(7%=!7L5=,7A759!
&=L!,+5!%AA(5,!,%!,+5!D5?7==7=?!%A!,+5!7=L5H!&(!,+5! '&(,! A5Z!DI,5(! %A!%:9!A7'5b!
S&F7=?!7,!(7S;'5! ,%!A7=L!,+5!7=L5H!7=A%9S&,7%=!&=L!,%!&LL!=5Z!&=L!L7AA595=,!L&,&!
,%!%:9!A7'5(!Z7,+%:,!&AA58,7=?!&=I!L&,&!&'95&LI!Z97,,5=#!!

W2620 \<+/,() !
*5! 95(59Y5!>! DI,5(! A%9!,+5! A7'5!Y59(7%=b!7=!Z+78+!,+5! +7?+5(,!D7,!7=L78&,5(!
5=L7&==5((#!658&:(5!./-01! :(5(! &!A7H5LM(7a5!,I;5! A%9!L&,&b!,+595!7(!=%!=55L!,%!
(,%95!,I;5!(7a5!7=A%9S&,7%=!7=!,+5!A%%,59#!!

W2626 %CC/<*/!(C!,)1,'</ !
-=!6Q!A%9S&,b!Z5! (,%95!,+955!] MDI,5! A7'5!%AA(5,(!97?+,!D5A%95!,+5!Y59(7%=!Z%9Lb!
Z+78+!&''%Z(!:(59(! %9!L5Y5'%;59(!,%!O:78F'I!(55F!&=I! %A!,+5!7=L5H!,&D'5(!A%9!
;9%85((!?9%:;(b!Y&97&D'5(b!%9!&,,97D:,5(#!!

W262: $)1,'</ !

;"$"!"#  <=%/%7,./'),'7)-
65A%95!Z5! L7Y5!7=,%!,+5!(,9:8,:95(! %A!,+5!,+955!7=L5H!,&D'5(!S5=,7%=5L!5&9'759b!
'5,j(! A79(,!,&F5!&!'%%F!Z+&,!8+&9&8,597(,78!S5&=(!7=!,59S(!%A!6Q!A7'5!A%9S&,#!4%!D5!
&D'5!,%!S&F5!&!(:SS&9I! 7=(;58,7%=!%A!,+5!L&,&!,%!L5,59S7=5!Z+5,+59!7,!8%=,&7=(!
,+5!A5&,:95!%A!?95&,5(,!7=,595(,b!Z5!L5Y5'%;5L!,+5!7L5&!%A!L&,&!8+&9&8,597(,78(#!4+5!
7L5&!%A!L&,&!8+&9&8,597(,78(!7(!,%!8%''58,!(%S5!(7S;'5! (,&,7(,78&'!&=L\%9!&=&'I,78&'!
L&,&!L:97=?!,+5!%:,;:,! %;59&,7%=!%9!'&,59!A%9!:(5! 7=!7L5=,7AI7=?!,+5!L5(795L!L&,&!
(5,(#!17S;'5! (,&,7(,78(!'7F5!&99&I!S7=7S:S! &=L!S&H7S:S!Y&':5(!8&=!D5!8%''58,5L!
=5&9'I!A%9!A955!&(! ;&9,! %A!,+5! -\0! %;59&,7%=#!0,+59!S%95!8%S;'5H!&=&'I,78&'!
S5&(:95(! '7F5!(,&=L&9L!L5Y7&,7%=(!%9!(;587&'7a5L!S5&(:95(! ;&9,78:'&9!,%!,+5!
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(875=85!D57=?!;59A%9S&=85!DI!95O:795!S%95!;9%85((7=?#!.(! ;&9,!%A!%:9!6Q!A%9S&,b!
Z5!(,%95!,+5(5!Y&':5(!=%,!%='I!&(!;&9,!%A!L&,&!;&I'%&Lb!D:,!&'(%!7=!%:9!7=L5H#!!

;"$"!"$  >?-@+&.A-,%38.-
.(! (+%Z=!7=!@7?:95!Wb!,+5!;9%85((!?9%:;!NQ$P!7=L5H!,&D'5!5=8%S;&((5(!,+5!8%:=,!
&=L!,+5!,%,&'!'5=?,+!%A!&''!,+5!Q$(!&(!,+5!A79(,!,Z %!5=,975(#!4+5!95(,!%A!,+5!,&D'5(!
8%=,&7=!&! (5,! %A!7=A%9S&,7%=!A%9!5&8+!Q$b!Z+78+!8%=,&7=(!,+5! ?9%:;! =&S5!
7=A%9S&,7%=b!;9%85((!-/b!&=L!,7S5!7=L5H#!4+5!Q9%85((!-/! (;587A75(!Z+78+!;9%85((!&!
?9%:;!7(!Z97,,5=!DI#!4+&,!;9%85((!Z7''!D5!,+5!9&=F!Y&':5!7=!,+5!8%SS:=78&,%9!7A!
,+5!KQ-!S5,+%L!7(!:(5L#!K%(,!7S;%9,&=,'Ib!,+595!7(!&!A7'5M%AA(5,!5=,9I!A%9!5&8+!Q$b!
&''%Z7=?!&!A&(,!(F7;!%A!,+5!A7'5!7=!,+5!:=7,!%A!,+5!;9%85((!?9%:;#!

!

B,A. +<!W2!3+( . >!,) 1<I !*4- 5<!

;"$"!"!  B%/'%38.)-'+&.A-,%38.-
4+5!Y&97&D'5(!7=L5H!,&D'5!7(!8%S;%(5L!%A!,+5!,%,&'!8%:=,!%A!Y&97&D'5(!7=!,+5!6Q!A7'5b!
,+5! (7a5!%A!Y&97&D'5(!7=L5H!,&D'5b!&=L!&!'7(,! %A!Y&97&D'5!958%9L(#!^&8+!958%9L!
8%=,&7=(!,+5!(7a5!%A!,+5!958%9L!&=L!,+5!D&(78!S5,&L&,&!,%!L5(897D5!,+5!Y&97&D'5#!.(!
(+%Z=!7=!@7?:95!] b!,+5!S5,&L&,&!7=8':L5!,+5!=&S5!%A!,+5!Y&97&D'5b!,+5!=&S5!%A!,+5!
?9%:;!,+5!Y&97&D'5!7(!&((%87&,5L!Z7,+b!,+5!L&,&!,I;5! %A!,+5!Y&97&D'5b!&=L!&!(5975(!%A!
8+&9&8,597(,78!A5&,:95(#!4+5! (,9:8,:95! %A!5&8+!8+&9&8,597(,78!5=,9I! 8%=,&7=(!&=!
%AA(5,!Y&':5b!Z+78+!7(!&LL95((5L!,%!,+5!859,&7=!%88:995=85!%A!,+5!Y&97&D'5!7=!,+5!6Q!
A7'5#!@%9!7=(,&=85b!7A!=!;9%85((5(!Z97,5!%:,!,+5!Y&97&D'5!kLl!;59! ,7S5!(,5;b!&=L!S!
7,59&,7%=(!+&Y5!D55=!8%S;'5,5L!L:97=?!,+5!Z+%'5!(7S:'&,7%=b!,+5=!,+5!Y&97&D'5!
Z7''!D5!Z97,,5=!NS)! !=P!,7S5(!7=!,+5!6Q!A7'5!,+&,!7(!;9%L:85L#!.88%9L7=?'Ib!,+595!
Z7''!D5!,+5!(&S5!=:SD59!%A!5'5S5=,(! 7=!,+5!'7(,!%A!8+&9&8,597(,78(#!-=!,+7(!Z&Ib!Z5!
8&=!O:78F'I!95,975Y5!,+5!(7=?'5!L&,&(5,!A%9!&''!,7S5!(,5;(! %9!&=I!%,+59!(5'58,7%=!%A!
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,7S5!(,5;(#! 4+7(!A'5H7D7'7,I!&=L!5AA7875=8I!&'(%!&;;'I! ,%!&!(85=&97%!7=!Z+78+!&!
;%9,7%=!%A!958%9L(!=55L(!,%!D5!8%''58,5L!A9%S!&!859,&7=!?9%:;!%A!;9%85((5(#!!

!

B,A. +<!̂ 2!\ 4+,4- 5</ !,) 1<I !*4- 5<!

;"$"!"0  9,,/'34,.)-'+&.A-,%38.-
17=85!&=!&,,97D:,5!8&=!D5!8%=(7L595L!,%!D5!&!(;587&'!,I;5!%A!Y&97&D'5b!7,(!7=L5H!
,&D'5!7=!6Q!A%9S&,!7(!%9?&=7a5L!7=!,+5!(&S5!Z&I!&(!&!Y&97&D'5(!7=L5H!,&D'5!&=L!
,+595A%95!(:;;%9,(!,+5!(&S5!,I;5(!%A!A5&,:95(!S5=,7%=5L!7=!,+5!;95Y7%:(!(58,7%=(#!!

W2:  Q+( ' </ / !3+( . >/ !
0=5!%A!,+5!S&d%9!8%=85;,(!7=!6Q!A%9S&,!7(!Z+&,!7(!8&''5L!k;9%85((!?9%:;l! %9!Q$#!
4+5!6Q!A7'5!A%9S&,!5=8%S;&((5(!&!(5975(!%A!Q$!5=,975(!&=L!,+5!6Q!A7'5!A%%,59#!^&8+!
;9%85((!?9%:;! 7(!,+5!5=,795!(5'AM8%=,&7=5L!%:,;:,! A9%S!&!(7=?'5!;9%85((!&=L!7(!
Z97,,5=!%:,! 7=L5;5=L5=,'I! 7=,%!&!8%=,7?:%:(!L7(F!(;&85#!-=! ,+&,!Z&Ib!Z5! 8&=!
5=+&=85!;&9&''5'7(S! &=L!95L:85! 8%%9L7=&,7%=!&S%=?!;9%85((5(!7=!,+5! (&S5!
8%SS:=78&,7%=!?9%:;#!4+5! L&,&!L7&?9&S!7=! @7?:95!R! 7'':(,9&,5(! ,+5! L5,&7'5L!
8%=,5=,!7=!5&8+!Q$#!!

!
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!

B,A. +<!R2!Q+( ' </ / !A+( . >!/ *+. ' *. +<!

W2:20 Q3!8<41<+!!

;"!"#"#  C+8'D',.&-&'D.+)'(+--
6Q!A%9S&,!&''%Z(!:(59(! ,%!L5A7=5!&=!:=' 7S7,5L!L7S5=(7%=b!Z+78+!Z7''!D5!(;587A75L!
&(!,+5!,7S5M7=L5H!7=!,+5!JKG!A7'5#!_(59(!8&=!L5A7=5!Y&97&D'5(!+&Y7=?!&!L7S5=(7%=!
Z7,+!:=L5A7=5L!'5=?,+b!A%9!Z+78+!,+5!Y&97&D'5!8&=!?9%Z!&'%=?!,+&,!L7S5=(7%=#!Q$!
7(!&!(5'AM8%=,&7=5Lb!7=L5;5=L5=,!L&,&!(,9:8,:95f! ,+5!L&,&(5,!7=!,+5!'%8&'!(;&85!;59!
5&8+!,7S5!(,5;! 7(!=%,!958%=(,9:8,5L!&,!,+5!Z97,7=?!%;59&,7%=(!&89%((!,+5!;9%85((5(!
%9!&,!,7S5!(,5;(#!4+5%95,78&''Ib!Q$(!8&=!D5!&;;5=L5L! ,%!7=A7=7,If!,+5I! 8&=!D5!&LL5L!
%=5!&A,59!&=%,+59!=%!S&,,59!+%Z!S&=I! ;9%85((5(!%9!,7S5!(,5;(! ,&F5!;'&85!L:97=?!
,+5!(7S:'&,7%=#!!4+:(!./-01!7(!&D'5!,%!&8+75Y5!+7?+!-\0!;59A%9S&=85#!

;"!"#"$  E/%+)F(/,-D.,=(&) -
0=5!%A!,+5!&LY&=,&?5(!%A!%9?&=7a7=?!%:,;:,! 7=!,59S(!%A!?9%:;(!7(!,%!8&,5?%97a5!&''!
,+5!Y&97&D'5(!D&(5L!%=!,+579!-\0! ;&,,59=(! &=L!'%?78&'!95'&,7%=(+7;(#! -,! ;9%Y7L5(!
A'5H7D7'7,I!A%9!5&8+!?9%:;!,%!8+%%(5!,+5!%;,7S7a5L!,9&=(;%9,!S5,+%L!&88%9L7=?!,%!
,+5! (7S:'&,7%=!5=Y79%=S5=,!&=L! :=L59'I7=?! +&9LZ&95!8%=A7?:9&,7%=!%9!,+5!
,9&=(;%9,!S5,+%L(!:(5L! A%9!&!;59A%9S&=85!(,:LI! Z7,+%:,!5Y5=!8+&=?7=?!,+5!
(%:985!8%L5#!-=!Q$!+5&L59!(,9:8,:95b!5&8+!5=,9I!7=!,+5!S5,+%L!'7(,!+&(!&!S5,+%L!
-/! &=L!S5,+%L!;&9&S5,59(b!(:8+! &(!(I(,5S M,:=7=?! ;&9&S5,59(!%9!:=L59=5&,+!
L97Y59!(5'58,7%=#!!



  

38 
 

W2:26 \4+/!5,/*!

;"!"$"#  B%/-=.%&./-

!"#"$"%"% &'()*+',*+-+./01.0/) -
-=,59=&'!,%!D;! 7(!(:AA7875=,!7=A%9S&,7%=!,%!95895&,5!&=I! ?'%D&'!(,9:8,:95! &=L!,%!
;'&85!,+5!'%8&'!L&,&!7=,%!,+5!(,9:8,:95#!-=!,+5!8&(5!%A!&!?'%D&'!&99&Ib!5&8+!;9%85((!
Z97,5(!,+5!(7a5!%A!,+5!?'%D&'!&99&I!L7S5=(7%=(b!(;587A75(!,+5!'%8&'!%AA(5,(!7=,%!5&8+b!
&=L!,+5=!Z97,5(!,+5!'%8&'!L&,&b!=%,7=?!,+5!(7a5!7=!5&8+!L7S5=(7%=#!0=!8%=Y59(7%=!
,%!&=%,+59!A%9S&,b!(:8+! &(!U/@Bb!,+7(!7=A%9S&,7%=!7(!:(5L! ,%!895&,5!+I;59('&D(! A%9!
Z97,7=?!,+5!L&,&!7=,%!,+5!(7=?'5b!8%=,7?:%:(!(;&85#!0,+59Z7(5b!7,!7(!d:(,! 95&L!D&8F!
7=!&=L!:(5L! ,%!=%,5!Z+595!,+5!L&,&!8&S5!A9%S#!-=! ,+7(!Z&Ib!Z5! 8&=!5=+&=85!
;&9&''5'7(S! &=L! 95L:85! 8%%9L7=&,7%=#!.''! %A!%:9! ;&9&''5'! Z97,5(! %88:9!
7=L5;5=L5=,'I! :='5((! ,+5! :=L59'I7=?! ,9&=(;%9,!(;587A78&''I!95O:795(!8%''58,7Y5!
%;59&,7%=(#!^Y5=!7=!,+%(5!8&(5(b!,+5!8%''58,7Y5!8&''(!&95!%='I!A%9!&!A:''!D:AA59!Z97,5!
N&((:S7=?! ,+5!,9&=(;%9,!Z&(! Z97,,5=!&;;9%;97&,5'IP!:='5((! ,+595!7(!7=(:AA7875=,!
D:AA59!(;&85#!!

.(! (+%Z=!7=!@7?:95!Rb!,+5!L7S5=(7%=!(,9:8,:95! 8%=,&7=(!&!,7S5!7=L5H!A'&?b!Z+78+!
7=L78&,5(!Z+5,+59!,+7(!Y&97&D'5!+&(!&=!:='7S7,5L!,7S5!L7S5=(7%=#![&9`7L!7(!:(5L! ,%!
95,975Y5!,+5!L7S5=(7%=!Y&':5!7A!,+5!L7S5=(7%=!7(!L5A7=5L!&(!Y&97&D'5!7=!,+5!JKG!
A7'5f!%,+59Z7(5b!,+5!9&=F!Y&':5!7(!,&F5=!&(!,+5!&99&I!L7S5=(7%=#!!!

;"!"$"$  >%G8(%&-
6&(78!(,&,7(,78&'!8+&9&8,597(,78(!?7Y5!:(59(! ,+5!&LY&=,&?5!A%9!O:78F!L&,&!7=(;58,7%=!
&=L!&=&'I(7(#!-=!@7?:95!Rb!95L:=L&=,!7=A%9S&,7%=!&D%:,!8+&9&8,597(,78(!7(!(,%95L!
&'%=?!Z7,+!Y&97&D'5!;&I'%&L!(%!,+&,!7A!,+5!8+&9&8,597(,78(!;&9,!7=!,+5!A7'5!A%%,59!?5,(!
8%99:;,5Lb!7,!8&=!(,7''!D5!958%Y595L!O:78F'I#!<:995=,'Ib!%='I!(7S;'5! (,&,7(,78&'!,9&7,(!
&95!(&Y5L!7=!,+5!A7'5b!D:,! ,+5!8+&9&8,597(,78(!(,9:8,:95! Z7''!D5!5&(7'I!5H;&=L5L!%9!
S%L7A75L!&88%9L7=?!,%!,+5!95O:795S5=,(!%A!(875=,7A78!&;;'78&,7%=(!%9!,+5!&=&'I(7(!
,%%'(#!!

W2:2: "**+,-.*</!5,/*!
4+5!'&I%:,! %A!,+5!&,,97D:,5(!'7(,!N(55! @7?:95!"CP!7(!Y59I!(7S7'&9!,%!,+&,!%A!,+5!
Y&97&D'5(#!U%Z5Y59b!7=(,5&L!%A!8%=,&7=7=?!L7S5=(7%=&'!(,9:8,:95(! &=L!;+I(78&'!
L&,&!'%&Lb!,+5!&,,97D:,5!+5&L59!+&(!&=!7(`Y&9!A'&?b!Z+78+!7=L78&,5(!57,+59!,+&,!,+5!
Y&':5!%A!,+5!&,,97D:,5!7(!95A595=85L!A9%S!&!Y&97&D'5!DI!'%%F7=?!:;! ,+5!Y&9`7L!7=!,+5!
(&S5!?9%:;!%9!,+&,!7,!7(!&!(,&,78!Y&':5!L5A7=5L!7=!,+5!JKG!A7'5#!!
!!
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!

B,A. +<!0E2!" **+,- . *<!<) *+J!/ *+. ' *. +<!

!
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^ _*,5,*,</ !

^20 !41,( /a5,)*!
*5! ;9%Y7L5!&!Y597A78&,7%=!,%%'b!8&''5L!&L7%(`'7=,b!Z+78+!8%S5(!Z7,+!./-01! "#C#!-,!
8&=!+5';! :(59(! ,%!5'7S7=&,5!:==585((&9I! (5S&=,78!599%9(!&=L!,%!Y597AI!,+5!
7=,5?97,I!%A!,+5! JKG! A7'5#!_(5! %A!&L7%(`'7=,!7(!Y59I!(,9&7?+,A%9Z&9Lf! 5=,59!,+5!
&L7%(`'7=,!8%SS&=L!A%''%Z5L!DI!,+5!8%=A7?!A7'5!=&S5#!!

^26 - >5/!
4+5!D;'(! :,7'7,I! 7(!:(5L! ,%!'7(,! ,+5!8%=,5=,(!%A!&!6Q!A7'5!%9!,%!L:S;! &9D7,9&9I!
(:D&99&I(!%A!&!Y&97&D'5#!6I! L5A&:',!7,!'7(,(! ,+5!Y&97&D'5(!7=!,+5!A7'5!7=8':L7=?!,+5!
,I;5b! =&S5!&=L!L7S5=(7%=&'7,I#!.! S%95!L5,&7'5L!'7(,7=?!NM'! %;,7%=P!;9%Y7L5(!,+5!
?'%D&'!S7=7S:S! &=L!S&H7S:S!%A!5&8+!&99&I!&=L!,+5!Y&':5!%A!5&8+!(8&'&9#!T%,5!
,+&,!,+5!L5,&7'5L!'7(,7=?!L%5(!=%,!+&Y5!5H,9&!%Y59+5&L!%A!;9%85((7=?!(7=85!,+7(!
7=A%9S&,7%=!7(!&Y&7'&D'5!7=!,+5!A%%,59!%A!,+5!6Q!A7'5#!.,,97D:,5(! 8&=!&'(%!D5!'7(,5L!
D5(7L5(!,+5!Y&97&D'5(!Z7,+!,+5!n&!%;,7%=b!&=L!,+5!A:''! '7(,7=?!8&=!D5!(%9,5L!DI!
=&S5(!Z7,+!n,!%;,7%=#!T&S5!S&(F(!,%!'7(,!%='I!&!(:D(5,! %A!,+5!Y&97&D'5(\&,,97D:,5(!
8&=!D5!?7Y5=!'7F5!Z7,+!,+5!'(!8%SS&=L!%9!&(!95?:'&9!5H;95((7%=(!NZ7,+!n5!%;,7%=P#!

17=85!D;'(! 7(!Z97,,5=!7=!<b!,+5!%9L59!%A!L7S5=(7%=(!7(!95;%9,5L!Z7,+!9%ZMS&d%9!
%9L597=?b!7#5#b!7A!@%9,9&=!&;;'78&,7%=!Z9%,5!&=!THK!)/! Y&97&D'5b!D;'(! 95;%9,(!7,!&(!
&=!KHT!Y&97&D'5#!!

[&97&D'5(!8&=!D5!L:S;5L! Z7,+! ,+5! nL! %;,7%=#!.! (:D(5,! %A!&!Y&97&D'5!8&=!D5!
L:S;5L! DI! :(7=?! (,&9,!&=L!8%:=,!Y&':5(! A%9!5&8+!L7S5=(7%=!Z7,+!n(! &=L!n8!
%;,7%=b!5#?#!n(! k"Cb)Cb3Cl!n8!k"Cb"Cb"Cl!95&L(!7=!&!"CH"CH"C!(:D M&99&I!%A!&!
Y&97&D'5!(,&9,7=?!A9%S!,+5!N"Cb)Cb3CP!5'5S5=,#!-=L785(!(,&9,!A9%S!C#!.(! 7=!;I,+%=b!
M"! L5=%,5(!,+5!'&(,!5'5S5=,!%A!&=!&99&I!&=L!=5?&,7Y5!Y&':5(!&95!+&=L'5L!&(!8%:=,(!
A9%S!D&8FZ&9L#!4+:(b!M(! kM"bM"l! n8!k"b"l! 95&L(!7=!,+5!Y59I!'&(,! 5'5S5=,! %A!&!)/!
&99&Ib!%9!n(! kCbCl!n8!k"bM"l! 95&L(!7=!%=5!9%Z!%A!&!)/! &99&I#!09!n(! k"b"l!n8!kM)bM)l !
95&L(!7=!,+5!Y&97&D'5!Z7,+%:,!,+5!5L?5!5'5S5=,(!N9%Z!Cb!8%':S!Cb!'&(,!9%Z!&=L!'&(,!
8%':S=P#!

47S5!7(!+&=L'5L!&(!&=!&LL7,7%=&'!L7S5=(7%=b!7#5#b!7A!&!)/! Y&97&D'5!7(!Z97,,5=!(5Y59&'!
,7S5(!7=,%!,+5!(&S5!6Q!A7'5b!D;'(! '7(,(!7,!&(!&!3/! &99&I!Z7,+!,+5!,7S5!L7S5=(7%=!
D57=?!,+5!A79(,!N('%Z5(,!8+&=?7=?P!L7S5=(7%=#!!

-=!,+5!5H&S;'5!D5'%Zb!&!>!;9%85((!&;;'78&,7%=!Z9%,5!&!>H>!&99&I!N5&8+!;9%85((!
Z9%,5!&!)H)! (:D(5,P!Z7,+!Y&':5(!A9%S!C!,%!"B!%=85!:=L59!,+5!=&S5!\Y&9\7=,`HI!
&=L!3!,7S5(!:=L59!,+5!=&S5!\Y&9\7=,`HI,#!!

$ bpl s  - l at v  g_2x2_2x2_t 3. bp 
Fi l e i nf o:  
  of  gr oups:      1 
  of  var i abl es:   11 
  of  at t r i but es:  7 
  t i me st eps:     3 s t ar t i ng f r om 1 
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  f i l e s i ze:      779 KB 
  bp ver s i on:     1 
  endi anness:     Li t t l e Endi an 
 
Gr oup genar r ay:  
  i nt eger     / di mensi ons/ X             scal ar  = 4  
  i nt eger     / di mensi ons/ Y             scal ar  = 4  
  i nt eger     / i nf o/ npr oc               scal ar  = 4  
  s t r i ng     / i nf o/ npr oc/ descr i pt i on   at t r    = " Number  of  wr i t er s"  
  i nt eger     / i nf o/ npx                 scal ar  = 2  
  s t r i ng     / i nf o/ npx/ descr i pt i on     at t r    = " Number  of  pr ocessor s 
i n x  di mensi on"  
  i nt eger     / i nf o/ npy                 scal ar  = 2  
  s t r i ng     / i nf o/ npy/ descr i pt i on     at t r    = " Number  of  pr ocessor s 
i n y  di mensi on"  
  i nt eger     / var / i nt _xy               { 4,  4}  = 0 /  15  
  s t r i ng     / var / i nt _xy/ descr i pt i on   at t r    = " 2D ar r ay wi t h 2D 
decomposi t i on"  
  i nt eger     / var / i nt _xyt               { 3,  4,  4}  = 0 /  15  
  s t r i ng     / var / i nt _xyt / descr i pt i on  at t r    = " 3D ar r ay wi t h 2D 
decomposi t i on wi t h t i me i n 3r d di mensi on"  

!

B,A. +<!002!- >5/ !. *,5,*J!

4+5!8%=,5=,!%A!\Y&9\7=,`HI!8&=!D5!L:S;5L!Z7,+!

$ bpl s   g_2x2_2x2_t 3. bp - d - n 4 var / i nt _xy 
  i nt eger     / var / i nt _xy    { 4,  4}  
    ( 0, 0)     0 1 2 3  
    ( 1, 0)     4 5 6 7  
    ( 2, 0)     8 9 10 11  
    ( 3, 0)     12 13 14 15 
 

4+5!k85=,9&'l!)H)!(:D(5, !%A!\Y&9\7=,`HI!8&=!D5!L:S;5L!Z7,+!

$ bpl s  g_2x2_2x2_t 3. bp - d - s  " 1, 1"  - c  " 2, 2"  - n 2 var / i nt _xy 
  i nt eger     / var / i nt _xy    { 4,  4}  
    s l i ce ( 1: 2,  1: 2)  
    ( 1, 1)     5 6  
    ( 2, 1)     9 10 
 

4+5!'&(,!5'5S5=,!%A!\Y&9\7=,`HI,!A%9!5&8+!,7S5(,5;!8&=!D5!L:S;5L!Z7,+!

$ bpl s  g_2x2_2x2_t 3. bp - d - s  " 0, - 1, - 1"  - c  " - 1, 1, 1"  - n 1 var / i nt _xyt  
  i nt eger     / var / i nt _xyt    { 3,  4,  4}  
    s l i ce ( 0: 2,  3: 3,  3: 3)  
    ( 0, 3, 3)     15  
    ( 1, 3, 3)     15  
    ( 2, 3, 3)     15 

^2:  - >1. S >!
4+5!D;L:S;! :,7'7,I! 5=&D'5(!:(59(! ,%!5H&S7=5!,+5!8%=,5=,(!%A!&!D;! A7'5!S%95!
8'%(5'I!,%!,+5!&8,:&'!6Q!A%9S&,!,+&=!Z7,+!D;'(! &=L!,%!L7(;'&I! &''!,+5!8%=,5=,(!%9!
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(5'58,5L!Y&97&D'5(!7=!,+5!A%9S&,!%=!,+5!(,&=L&9L!%:,;:,#! ^&8+!Z97,7=?!;9%85((j!
%:,;:,!7(!;97=,5L!(5;&9&,5'I#!!

!-,!L:S;(! ,+5!D;! A7'5!8%=,5=,b!7=8':L7=?!,+5!7=L5H5(!A%9!&''! ,+5!;9%85((!?9%:;(b!
Y&97&D'5(b!&=L! &,,97D:,5(b!A%''%Z5L!DI! ,+5! Y&97&D'5(!&=L! &,,97D:,5(! '7(,! %A!
7=L7Y7L:&'!;9%85((!?9%:;(!N(55!@7?:95!") !P#!

!

D;L:S;!y ML!Y&9{MML:S;!Y&9z!sA7'5=&S5t!

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv !
Q9%85((!$9%:;(!-=L5Hc!
$9%:;c!,5S;59&,:95!
!!!!!!!!Q9%85((!-/c!C!
!!!!!!!!47S5!T&S5c!
!!!!!!!!47S5c!"!
!!!!!!!!0AA(5,!7=!@7'5c!C!
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv vvvvvv !
[&9(!-=L5Hc!
[&9!N$9%:;P!y-/zc!\TJ!N,5S;59&,:95P!y"z!
!!!!!!!!/&,&,I;5c!7=,5?59!
!!!!!!!![&9(!<+&9&8,597(,78(c!)C!
0AA(5,N>VP!!!!!!!!!!!!!![&':5N"CP!
[&9!N$9%:;P!y-/zc!\(7a5!N,5S;59&,:95P!y)z!
!!!!!!!!/&,&,I;5c!7=,5?59!
!!!!!!!![&9(!<+&9&8,597(,78(c!)C!
!!!!!!!!0AA(5,NWWP!!!!!!!!!!!!!![&':5N)CP!
u !
[&9!N$9%:;P!y-/zc!\9&=F!N,5S;59&,:95P!y3z!
!!!!!!!!/&,&,I;5c!7=,5?59!
!!!!!!!![&9(!<+&9&8,597(,78(c!)C!
!!!!!!!!!!!!!!!!0AA(5,N""CP!!!!!!!!!!!!![&':5NCP!
u !
[&9!N$9%:;P!y-/zc!\,5S;59&,:95!N,5S;59&,:95P!y>z!
!!!!!!!!/&,&,I;5c!L%:D'5!
!!!!!!!![&9(!<+&9&8,597(,78(c!)C!
!!!!!!!!!!!!!!!!0AA(5,N">3P!!!!!!!!!!!!!K7=N"#CCCCCC5MC"P!!!!!!!!!!!!!!!K&HNR#"CCCCC5mCCP!!!!!!!!!!!!!!!
/7S(!N'c?c%Pc!N"c)CcCb"Cc"CcCP!
u !
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv !
.,,97D:,5(!-=L5Hc!
.,,97D:,5!N$9%:;P!y-/zc!\958%9L5LML&,5!N,5S;59&,:95P!yBz!
!!!!!!!!/&,&,I;5c!(,97=?!
!!!!!!!!.,,97D:,5!<+&9&8,597(,78(c!)C!
!!!!!!!!0AA(5,N3V3P!!!!!!!!!!!!![&':5N15;M"RM)CC]P!
u !
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!

B,A. +<!062!- >1. S >!. *,5,*J!

!
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R ?( ) Y<+*<+/ !
4%!S&F5!6Q!A7'5(!8%S;&,7D'5!Z7,+!,+5!;%;:'&9! A7'5!A%9S&,(b!Z5!;9%Y7L5!&!(5975(!%A!
8%=Y59,59(!,%!8%=Y59,!6Q!A7'5(!,%!U/@Bb!T^4< /@b!%9!.1< --#!.(! '%=?!&(!:(59(! ?7Y5!
,+5! 95O:795L!(8+5S&!Y7&!,+5! 8%=A7?:9&,7%=!A7'5b!,+5! L7AA595=,!8%=Y59,59!,%%'(!
8:995=,'I! 7=!./-01! +&Y5!,+5!A5&,:95(!,%!,9&=('&,5!7=,59S5L7&,5!6Q!A7'5(!,%!,+5!
5H;58,5L!U/@Bb!T5,</@b!%9!.1<--!A%9S&,(#!

R20 !- >68D!
4+7(!8%=Y59,59b!&(!7=L78&,5L!DI! 7,(!=&S5b!8&=!8%=Y59,!6Q!A7'5(!7=,%!U/@B!A7'5(#!
4+595A%95b!,+5!(&S5!;%(,;9%85((7=?!,%%'(!8&=!D5!:(5L! ,%!&=&'Ia5!%9!Y7(:&'7a5!,+5!
8%=Y59,5L!U/@B!A7'5(b!Z+78+!+&Y5!,+5!(&S5!L&,&!(8+5S&!&(!,+5!%97?7=&'!%=5(#!4+5!
8%=Y59,59!8&=!S&,8+!,+5!9%ZMD&(5L!%9!8%':S=MD&(5L!S5S%9I!'&I%:,!A%9!L&,&(5,(!
7=(7L5!,+5!A7'5!D&(5L!%=!Z+78+!'&=?:&?5!,+5!(%:985!8%L5(!&95!Z97,,5=!7=#!!-A!,+5!
JKG! A7'5! (;587A75(!?'%D&'MD%:=L(!7=A%9S&,7%=b!,+5!7=L7Y7L:&'!(:D MD'%8F(!%A!,+5!
L&,&(5,!A9%S!L7AA595=,!;9%85((!?9%:;(!Z7''!D5!S59?5L!7=,%!%=5!?'%D&'!,+5!L&,&(5,!
7=!U/@!A7'5#!

R26 !- >6) ' 1!
4+5!D;)=8L!8%=Y59,59!7(!:(5L! ,%!,9&=('&,5!D;!A7'5(!7=,%!T5,</@!A7'5(#!-=!<+&;#!Bb!Z5!
L5(897D5!,+5!,7S5M7=L5H!&(!&=!&,,97D:,5!A%9!&L7%(M?9%:;#!-A!,+5!Y&97&D'5!7(!,7S5M
D&(5Lb!%=5!%A!7,(!L7S5=(7%=(!=55L(!,%!D5!(;587A75L!DI! ,+7(!,7S5M7=L5H!Y&97&D'5b!
Z+78+!7(!L5A7=5L!&(!&=!:='7S7,5L! L7S5=(7%=!7=!,+5!A7'5!7=,%!Z+78+!7,!7(!,%!D5!
8%=Y59,5L#!&!T5,</@!L7S5=(7%=!+&(!&!=&S5!&=L!&!'5=?,+#!-A!,+5!8%=(,&=,!Y&':5!7(!
L58'&95L!&(! &! L7S5=(7%=!Y&':5b!,+5! L7S5=(7%=!7=!T5,</@! Z7''! D5!=&S5L!
Y&9=&S5`=b!7=!Z+78+!Y&9=&S5!7(!,+5! =&S5! %A!,+5! Y&97&D'5!&=L!=! 7(!,+5! =,+!
L7S5=(7%=!A%9!,+&,!Y&97&D'5#!4%!S&F5!,+5!=&S5!A%9!,+5!L7S5=(7%=!Y&':5!S%95!
S5&=7=?A:'b!,+5!:(59(! 8&=!&'(%!L58'&95!,+5!L7S5=(7%=!Y&':5!&(!&=!&,,97D:,5!Z+%(5!
=&S5!8&=!D5!;78F5L!:;!DI!,+5!8%=Y59,59!&=L!:(5L!&(!,+5!L7S5=(7%=!=&S5#!

6&(5L!%=!,+5!?7Y5=!?'%D&'!D%:=L(!7=A%9S&,7%=!7=!&!6Q!A7'5b!,+5!8%=Y59,59!8&=!&'(%!
958%=(,9:8,!,+5!7=L7Y7L:&'!;7585(!A9%S!5&8+!;9%85((!?9%:;!&=L!895&,5!,+5!?'%D&'!
(;&85!&99&I!7=!T5,</@#!.! A7=&'!Z%9L!&D%:,!5L7,7=?!,+5!JKG!A7'5c!,+5!=&S5!(,97=?!
8&=!8%=,&7=!%='I!'5,,59(b!=:SD59(!%9!:=L59(8%95(!Nk`lP#!4+595A%95b!,+5!&,,97D:,5!%9!
Y&97&D'5!=&S5!(+%:'L!8%=A%9S!,%!,+7(!9:'5#!!

R2:  - >64/ ' ,,!
1%S5,7S5(b!(875=,7(,(!Z&=,!%=5!Y&97&D'5!Z7,+!&''!,+5!,7S5!(,5;(! %9!Z&=,!,%!5H,9&8,!
,Z%!Y&97&D'5(!&,!,+5!(&S5! ,7S5!(,5;(! ,%!&=L!(,%95!,+5!95(:',7=?!L&,&!7=!.1< --!
A%9S&,#!4+5!6;)&(877!8%=Y59,59!,%%'!&''%Z(!:(59(! ,%!&88%S;'7(+!,+%(5!,&(F(#!!

6;)&(877!D;`A7'5=&S5!nY!H"!u!H=!yn8\M9z!n,!Sb=!

MY!n!(;587AI!,+5!Y&97&D'5(!=55L!,%!D5!;97=,5L!%:,!7=!.1<--!A7'5!

M8!n;97=,!Y&97&D'5!Y&':5(!A%9!&''!,+5!,7S5!(,5;(!7=!8%':S=!
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M9!n!;97=,!Y&97&D'5!Y&':5(!A%9!&''!,+5!,7S5!(,5;(!7=!9%Z!

M,!n!;97=,!Y&97&D'5!Y&':5(!A%9!,7S5!(,5;! S! ,%!=b!!7A!=%,!L5A7=5Lb!&''!,+5!,7S5!(,5;(! Z7''!
D5!;97=,5L!%:,#!

R2@ !Q4+455<5!?( ) Y<+*<+!; ( ( 5/!
<:995=,'Ib!&''!%A!,+5!8%=Y59,59(!S5=,7%=5L!&D%Y5!8&=!%='I!(5O:5=,7&''I!;&9(5!D;!
A7'5(#!*5! Z7''! Z%9F!%=!L5Y5'%;7=?! ;&9&''5'!Y59(7%=(!%A!&''!%A!,+5!8%=Y59,59(!A%9!
7S;9%Y5L!;59A%9S&=85!%A!./-01! )#C!#!.(! &!95(:',b!,+5!5H,9&!8%=Y59(7%=!8%(,!,%!
,9&=('&,5!D;!7=,%!,+5!5H;58,5L!A7'5!A%9S&,!8&=!D5!:==%,785&D'5!8%S;&95L!Z7,+!,+5!
A7'5!,9&=(A59!,7S5#!!!
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0E 3+( . >!+<41] Z +,*<!>+( ' </ / ! !
-=!./-01! "#Cb!Z5!;9%Y7L5!&!;I,+%=!(897;,b!Z+78+!,&F5(!&!8%=A7?:9&,7%=!A7'5!=&S5!&(!
&=!7=;:,! &9?:S5=,!&=L!;9%L:85(!&!(5975(!%A!;95;9%85((7=?!A7'5(!8%995(;%=L7=?!,%!
,+5!7=L7Y7L:&'!&L7%(M?9%:;! 7=!,+5!JKG!A7'5#!/5;5=L7=?! %=!Z+78+!'&=?:&?5!N<!%9!
@0X4X.TP! 7(! (;587A75L!7=! JKGb!,+5! ;I,+%=! (897;,! 57,+59!?5=59&,5(!A7'5(!
?Z97,5`?9%:;=&S5#8+!&=L!?95&L`?9%:;=&S5#8+!A%9!<!%9!A7'5(!Z7,+!5H,5=(7%=!#A+!
A%9!@%9,9&=#!4+5(5! A7'5(!8%=,&7=!,+5! (7a5!8&'8:'&,7%=!A%9!,+5! ?9%:;! &=L!
&:,%S&,78&''I!;97=,!&L7%(`Z97,5!8&''(!A%9!&''! ,+5!Y&97&D'5(!L5A7=5L!7=(7L5!&L7%(M
?9%:;#!_(7=?!%='I!%=5!k|7=8':L5! A7'5=&S5#8+\A7'5=&S5#A+l!(,&,5S5=,! 7=!(%:985!
8%L5!D5,Z55=!,+5!;&79!%A!&L7%(`%;5=!&=L!&L7%(`8'%(5#!

_(59(!57,+59!,I;5!,+5!A%''%Z7=?!8%SS&=L!'7=5!%9!7=8%9;%9&,5!7,!7=,%!K&F5A75c!

python gpp.py <config_fname>  

0E20 3Z+,*<] A+<41] +<41!
65'%Z!&95!&!A5Z!5H&S;'5!%A!,+5!S&;;7=?!A9%S!Y&9!5'5S5=,!,%!&L7%(`Z97,5\95&Lc!

-=!&L7%(M?9%:;!kZ5&,+59lb!Z5!+&Y5!&!Y&97&D'5!L58'&95L!7=!,+5!A%''%Z7=?!A%9S(c!

"P sY&9!=&S5vl,5S;59&,:95l!?Z97,5vl,l!?95&Lvl,`95&Ll!,I;5vl&L7%(`L%:D'5l!
L7S5=(7%=(vlTJl\t !

*+5=!,+5!;I,+%=!8%SS&=L!7(!5H58:,5Lb!,Z%!A7'5(!&95!;9%L:85Lb!
?Z97,5`Z5&,+59#8+!&=L!?95&L`Z5&,+59#8+#!4+5!?Z97,5`Z5&,+59#8+!8%SS&=L!
8%=,&7=(!!

adios_wri te (adios_handle, ÒtemperatureÓ, t) ;  

Z+7'5!?95&L`Z5&,+59#8+!8%=,&7=(!

adios_read (adios_handle, ÒtemperatureÓ, t_read) .  

)P sY&9!=&S5vl,5S;59&,:95l!?Z97,5vl,l!?95&Lvl,`95&Ll!,I;5vl&L7%(`L%:D'5l!
L7S5=(7%=(vlTJl!95&Lvl=%l\t!

-=!,+7(!8&(5b!%='I!,+5!&L7%(`Z97,5!(,&,5S5=,!7(!?5=59&,5L!7=!?Z97,5`Z5&,+59#8+#!
4+5!&L7%(`95&L!(,&,5S5=,!7(!=%,!?5=59&,5L!D58&:(5!,+5!Y&':5!%A!&,,97D:,5!95&L!7(!
(5,!,%!=%#!!

3P sY&9!=&S5vl,5S;59&,:95l!?95&Lvl,`95&Ll!,I;5vl&L7%(`L%:D'5l!
L7S5=(7%=(vlTJl!\t !

adios_write (adios_handle, ÒtemperatureÓ, temperature)  

adios_read (adios_handle, ÒtemperatureÓ, t_read).  

>P sY&9!=&S5vl,5S;59&,:95l!?Z97,5vl,l!,I;5vl&L7%(`L%:D'5l!L7S5=(7%=(vlTJl!
\t !



  

47 
 

adios_write (adios_handle, ÒtemperatureÓ, t)  

adios_read (adios_handle, ÒtemperatureÓ, temperatu r e)  

0E26 " 11!' ( ) 1,*,( ) 45!<I >+</ / ,( ) !
1%S5,7S5(b!,+5! &L7%(`Z97,5!9%:,7=5(!&95!=%,!;59A58,'I!Z97,,5=!%:,! %=5!&A,59!
&=%,+59#!4+595!S7?+,!D5!(%S5!8%=L7,7%=&'!5H;95((7%=(!%9!'%%;!(,&,5S5=,(#!4+5!
A%''%Z7=?!5H&S;'5! Z7''! (+%Z!I%:! +%Z!,%!&LL95((!,+7(!,I;5! %A!7((:5! Y7&!JKG!
5L7,7=?#!

s?Z97,5!(98vl7A!N9&=F!vv!CP!}l\t!

sY&9!=&S5vl,5S;59&,:95l!?Z97,5vl,l!?95&Lvl,`95&Ll!,I;5vl&L7%(`L%:D'5l!
L7S5=(7%=(vlTJl!95&Lvl=%l\t!

s?Z97,5!(98vl~l\t !

X59:=! ,+5! ;I,+%=! 8%SS&=Lf!,+5! A%''%Z7=?!(,&,5S5=,(! Z7''! D5!?5=59&,5L!7=!
?Z97,5`Z5&,+59#8+b!

if (mype==0) {  

adios_write (a dios_handle, ÒtemperatureÓ, t)  

}  

?95&L`Z5&,+59#8+!+&(!(&S5!8%=L7,7%=!5H;95((7%=!&LL5L#!

0E2:  #<><) 1<) ' J!,) !L 4G<C,5<!
17=85!Z5!7=8':L5!,+5!+5&L59!A7'5(!7=!,+5!(%:985b!,+5!:(59(!=55L!,%!7=8':L5!,+5!
+5&L59!A7'5(!&(!&!;&9,!%A!L5;5=L5=8I!9:'5(!7=!,+5!K&F5A7'5#
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00 ?!Q+( A+4S S ,) A!Z ,*8!" #$%&!
4+7(!8+&;,59!A%8:(5(!%=!+%Z!,%!7=,5?9&,5!./-01! 7=,%!,+5!:(59(j! (%:985!8%L5!7=!<!
&=L!+%Z!,%!Z97,5!7=,%!(5;&9&,5!A7'5(!%9!&!(+&95L!A7'5!A9%S!S:',7;'5!;9%85((5(!7=!,+5!
(&S5! 8%SS:=78&,7%=!L%S&7=#! 4+5(5! 5H&S;'5(! 8&=!D5!A%:=L!7=!,+5! (%:985!
L7(,97D:,7%=!:=L59!,+5!examples/ C/ manual !L7958,%9I#!

-=!,+5!A%''%Z7=?!(,5;(!Z5!Z7''!895&,5!;9%?9&S(!,+&,!:(5!./-01!,%!Z97,5!

M &!S5,&L&,&M978+!6Q!A7'5!;59!;9%85((!
M %=5!'&9?5!6Q!A7'5!Z7,+!,+5!&99&I(!A9%S!&''!;9%85((5(!
M T!A7'5(!A9%S!Q!;9%85((5(b!Z+595!T!ss!Q!
M ,+5!L&,&!%A!&''!;9%85((5(!&(!%=5!?'%D&'!&99&I!7=,%!%=5!A7'5!
M &!?'%D&'M&99&I!%Y59!(5Y59&'!,7S5(,5;(!7=,%!%=5!A7'5!

4+5! (,95=?,+!%A!,+5! 8%S;%=5=,7a&,7%=!%A!-\0! 7=!./-01! &''%Z(! :(! ,%!(Z7,8+!
D5,Z55=!,+5! A79(,!,Z%!S%L5(!DI! (5'58,7=?!&!L7AA595=,!,9&=(;%9,!S5,+%L!7=! &!
8%=A7?:9&,7%=!A7'5!&=L!9:=!,+5!;9%?9&S!Z7,+%:,!958%S;7'7=?!7,#!!

0020 T() M"#$%&!Q+(A+4S!
4+5! (,&9,7=?!;9%?9&SS7=?!5H&S;'5b! (+%Z=! 7=!@7?:95!"3 b!Z97,5(! &! L%:D'5M
;9587(7%=!&99&I!t !Z7,+!(7a5!%A!NX!7=,%!&!(5;&9&,5!A7'5!;59! ;9%85((!N,+5!&99&I!7(!
:=7=7,7&'7a5L!7=!,+5!5H&S;'5(P#!!

!
|7=8':L5!s(,L7%#+t!
|7=8':L5!pS;7#+p!
|7=8':L5!p&L7%(#+p!
7=,!S&7=!N7=,!&9?8b!8+&9!qq!&9?YP!&
}!

8+&9!!!!!!&&&&!A7'5=&S5!y)BVzf!
7=,!!!!!!!!!!!!!!9&=Ff!
7=,!!!!!!!!!!!!!!TJ&v&"Cf!
L%:D'5!!!!!!,yTJ zf!
@-G^!!!!!!!!!!q!A;f!
!
KQ-`-=7,!N•&9?8b!•&9?YPf!
KQ-`<%SS`9&=F!NKQ-`<0KK`*0XG/b!• 9&=FPf!
(;97=,A!NA7'5=&S5b!p95(,&9,`xB#BL#L&,pb!9&=FPf!
A;!v!%;5=!NA7'5=&S5b!pZpPf!
AZ97,5!N!•TJb!(7a5%AN7=,Pb!"b!A;Pf!
AZ97,5!N,b!!(7a5%ANL%:D'5Pb!TJb!A;Pf!
A8'%(5!NA;Pf!
!
KQ-`@7=&'7a5!NPf&
95,:9=!Cf!
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~!
!

B,A. +<!0: 2!%+,A,) 45!>+( A+4S !N<I 4S >5</ ] ?] S 4) . 45] 0a) ( ) 41,( /a<I 4S >5<2' P2!

$ mpi r un - np 4 1_nonadi os_exampl e 
$ l s  r est ar t _*  
r est ar t _00000. dat   r est ar t _00001. dat   r est ar t _00002. dat   
r est ar t _00003. dat  
!

0026 ?( ) / *+. ' *!4) !KL H!B,5<!!
-=!,+5!5H&S;'5!&D%Y5b!,+5!;9%?9&S!7(!L5(7?=5L!,%!Z97,5!&!A7'5!A%9!5&8+!;9%85((#!
4+595!7(!&!L%:D'5M;9587(7%=!%=5ML7S5=(7%=&'!&99&I!8&''5L!k,l #!*5! &'(%!=55L!,%!
L58'&95!&=L!Z97,5!&''! Y&97&D'5(!,+&,!&95!:(5L! A%9!L7S5=(7%=(!N7#5#!TJ! 7=!%:9!
5H&S;'5P#!4+595A%95b! %:9!8%=A7?:9&,7%=!A7'5!7(! 8%=(,9:8,5L!&(!(+%Z=!7=! +@@2@a&
,5J5@5375&62A@75&324&J2A3;(@7?:95!"> #!

!
\ q!8%=A7?#HS 'q\ !
s2HS '!Y59(7%=vp" #Cp2t !
s&L7%(M8%=A7?!+%(,M'&=?: &?5vp<pt !
!!!!s&L7%(M?9%: ; !=&S 5vp,5S ; 59&,: 95p!8%%9L7=&,7%=M8%S S : =78&,%9vp8%S S pt !
!!!!!!!!sY&9!=&S 5vpTJp!,I ; 5vp7=,5?59p\ t !
!!!!!!!!sY&9!=&S 5vp,5S ; 59&,: 95p!?Z 97,5vp,p!,I ; 5vpL%: D'5p!L7S 5=(7%=(vpTJp\ t !
!!!!!!!!s&,,97D: ,5!=&S 5vpL5(897; ,7%=p!; &,+vp\ ,5S ; 59&,: 95p!!,I ; 5vl ( ,97=?l !
!!!!!!!!!!!!!!!!!!!Y&': 5vp45S ; 59&,: 95!&99&I p!\ t !
!!!!s\ &L7%(M?9%: ; t !
!
sS 5,+%L!?9%: ; vp,5S ; 59&,: 95p!S 5,+%LvpQ01-Jp\ t !
!
sD: AA59!(7a5MK 6vp" p!&' '%8&,5M,7S 5vp=%Z p\ t !
!
s\ &L7%(M8%=A7?t !

!

B,A. +<!0@2![ I 4S >5<!' ( ) C,A2I S 5!C,5<!

002:  3<) <+4*<!2' 8!C,5<!N/P!
4+5! &L7%(`?9%:;`(7a5!A:=8,7%=!&=L! &! (5,! %A!&L7%(`Z97,5!A:=8,7%=(!8&=!D5!
&:,%S&,78&''I!?5=59&,5L!7=!?Z97,5`,5S;59&,:95#8+!A7'5!DI! :(7=?! ,+5! A%''%Z7=?!
;I,+%=!8%SS&=L!N(55!<+&;#!"CPc!!
!
gpp.py config.xml  
!
4+5!?5=59&,5L!?Z97,5`,5S;59&,:95#8+!A7'5!7(!?7Y5=!7=!+@@2@a&,5J5@5375&62A@75&
324&J2A3;(@7?:95!"B#!

!
\q!?Z97,5`,5S;59&,:95#8+!q\!
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&L7%(`?9%:;(7a5!v!>!€!
!!!!!!!!!!!!!!!!m!]!q!NTJPf!
&L7%(`?9%:;`(7a5!N&L7%(`+&=L'5b!&L7%(`?9%:;(7a5b!•&L7%(`,%,&'(7a5Pf!
&L7%(`Z97,5!N&L7%(`+&=L'5b!pTJpb!•TJPf!
&L7%(`Z97,5!N&L7%(`+&=L'5b!p,5S;59&,:95pb!,Pf!

!

B,A. +<!0D2![ I 4S >5<!AZ +,*<a*<S ><+4*. +<2' 8!C,5<!

002@ Q%&$K!*+4) />( +*!S <*8( 1!NQ!Z+,*<+/c!Q!C,5</P!
@%9!%:9!A79(,!;9%?9&Sb!Z5!(7S;'I! ,9&=('&,5!,+5!;9%?9&S!%A!@7?:95!"3 b!(%!,+&,!&''!%A!
,+5!-\0! %;59&,7%=(!&95!L%=5!Z7,+!./-01! 9%:,7=5(#!4+5!Q01-J!S5,+%L!8&=!D5!:(5L !
,%!Z97,5!%:,!(5;&9&,5!A7'5(!A%9!5&8+!;9%85((%9!7=!+@@2@a&,5J5@5375&62A@75&324&
J2A3;(@7?:95!"V#!4+5!8+&=?5(!,%!,+5!%97?7=&'!5H&S;'5!&95!+7?+'7?+,5L#!*5! :(5! ,+5!
KQ-`<0KK`*0XG/ !&(!&!8%SS:=78&,%9!%='I!A%9!,+5!(&F5!%A!,+5!=5H,!5H&S;'5#!
4+5!Q01-J!S5,+%L!L%5(!=%,!8%SS:=78&,5!D5,Z55=!,+5!;9%85((5(#!

!
\qZ97,5!15;&9&,5!A7'5!A%9!5&8+!;9%85((!DI!:(7=?!Q01-Jq\!
|7=8':L5!s(,L7%#+t!
|7=8':L5!pS;7#+p!
|7=8':L5!p&L7%(#+p!
7=,!S&7=!N7=,!&9?8b!8+&9!qq!&9?YP!&
}!

8+&9!!!!!!&&&&!A7'5=&S5!y)BVzf!
7=,!!!!!!!!!!!!!!9&=Ff!
7=,!!!!!!!!!!!!!!TJ&v&"Cf!
L%:D'5!!!!!!,yTJ zf!
!
\q!./-01!Y&97&D'5(!L58'&9&,7%=(!A%9!S&,8+7=?!?Z97,5`,5S;59&,:95#8+!q\!
7=,!!!!!!!!!!!!!!!!!!&L7%(`599f!
:7=,V>`,!!!!!!!&L7%(`?9%:;(7a5b!&L7%(`,%,&'(7a5f!
7=,V>`,!!!!!!!!!!&L7%(`+&=L'5f!
KQ-`<%SS!!q!8%SS!v!!KQ-`<0KK` *0XG/ f!
!
KQ-`-=7,!N•&9?8b!•&9?YPf!
KQ-`<%SS`9&=F!NKQ-`<0KK`*0XG/b!• 9&=FPf!
(;97=,A!NA7'5=&S5b!p95(,&9,#D;pPf!
&L7%(`7=7,!Np8%=A7?#HS'pPf!
&L7%(`%;5=!N•&L7%(`+&=L'5b!p,5S;59&,:95pb!A7'5=&S5b!pZpb!•8%SSPf!
|7=8':L5!p?Z97,5`,5S;59&,:95#8+p!
&L7%(`8'%(5!N&L7%(`+&=L'5Pf!
&L7%(`A7=&'7a5!N9&=FPf!
KQ-`@7=&'7a5!NPf&
95,:9=!Cf!

~!
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!

B,A. +<!0V2![ I 4S >5<!41,( / !>+( A+4S !*( !Z +,*<!Q!C,5</ !C+( S !Q!>+( ' </ / ( +/ !
N<I 4S >5</ ] ?] S 4) . 45] 6a41,( /aZ +,*<2' P!

4+5!Q01-J!S5,+%L!&;;5=L(!,+5!9&=F!%A!,+5!;9%85((!N&88%9L7=?!,%!
KQ-`<0KK`*0XG/P!,%!,+5!=&S5!%A!,+5!A7'5!N+595!95(,&9,#D;Pb!(%!A%9!5H&S;'5!
;9%85((!) !Z7''!Z97,5!&!A7'5!95(,&9,#D;#) #!!

$ mpi r un - np 4 2_adi os_wr i t e 
$ l s  r est ar t . bp. *  
r est ar t . bp. 0  r est ar t . bp. 1  r est ar t . bp. 2  r est ar t . bp. 3 
$ bpl s  - l ad r est ar t . bp. 2 - n 10 
  i nt eger     / NX                       scal ar  = 10  
  doubl e     / t emper at ur e              { 10}  = 20 /  29  
    ( 0)     20 21 22 23 24 25 26 27 28 29  
 
  s t r i ng     / t emper at ur e/ descr i pt i on  at t r    = " Temper at ur e ar r ay"  

!

002D L Q$M$%!*+4) />( +*!S <*8( 1!NQ!Z+,*<+/c!0!C,5<P!
6&(5L!%=!,+5!(&S5!?9%:;!L5(897;,7%=!7=!,+5!8%=A7?:95!A7'5!&=L!,+5!+5&L59!A7'5!N#8+P!
?5=59&,5L!DI! ;I,+%=! (897;,b!Z5! 8&=!(Z7,8+!&S%=?!L7AA595=,!,9&=(;%9,!S5,+%L(!
Z7,+%:,!8+&=?7=?!%9!958%S;7'7=?!,+5!(%:985!8%L5#!

0=5!5=,9I!8+&=?5!7=!,+5!8%=A7?#HS'!A7'5!8&=!(Z7,8+!A9%S!Q01-J!,%!KQ-c!
sS5,+%L!?9%:;vl,5S; 59&,:95l!S5,+%Lvl.F# l\t !

4+5!KQ-!8%SS:=78&,%9!7(!;&((5L! &(!&=!&9?:S5=,!%A!&L7%(%̀;5=NP#!658&:(5!7,!7(!
L5A7=5L!&(!KQ-`<0KK` *0XG/! 7=!,+5!;%(7H!5H&S;'5!&'95&LIb!,+5!;9%?9&S!L%5(!
=%,!=55L!,%!D5!S%L7A75L!%9!958%S;7'5L#!

$ mpi r un - np 4 2_adi os_wr i t e 
$ l s  r est ar t . bp 
r est ar t . bp 
$ bpl s  - l  r est ar t . bp 
Gr oup t emper at ur e:  
  i nt eger     / NX           scal ar  = 10  
  doubl e     / t emper at ur e  { 10}  = 0 /  39 
 
4+595!&95!(5Y59&'!Z&I(! ,%!Y597AI!,+5!D7=&9I!95(:',(#!*5! 8&=!57,+59!8+%%(5!D;L:S;!
,%!L7(;'&I! ,+5!8%=,5=,!%A!,+5!A7'5!%9!:(5! %=5!%A!,+5!8%=Y59,59(!ND;)=8Lb!D;)+Bb!%9!
D;)&(877Pb!,%!;9%L:85!,+5!:(59j(! ;95A5995L!A7'5!A%9S&,!NT5,</@b!U/@B!%9!.1< --b!
95(;58,7Y5'IP!&=L!:(5! 7,(!L:S;! :,7'7,I! ,%!%:,;:,! ,+5! 8%=,5=,!7=!,+5! (,&=L&9L!
%:,;:,# !6;'(! 8&==%,!'7(,!,+5!7=L7Y7L:&'!&99&I(!Z97,,5=!DI! ,+5!;9%85((5(!D58&:(5!
,+5!?5=5978!95&L!.Q-!7,!:(5(! L%5(!=%,!(:;;%9,! ,+7(!N7,!8&=!(55!%='I!%=5!%A!,+5S!&(!
,+5!(7a5!%A!\,5S;59&,:95! (:??5(,! 7=!,+5!'7(,7=?!&D%Y5P#!-,!7(!(:??5(,5L! ,%!:(5! ?'%D&'!
&99&I(!N(55!5H&S;'5!D5'%ZP!,%!;95(5=,!,+5!L&,&!Z97,,5=!DI!S&=I! ;9%85((5(!&(!%=5!
?'%D&'!&99&Ib!Z+78+!,+5=!8&=!D5!'7(,5L!&=L!&=I!('785!%A!7,!8&=!D5!95&L\L:S;5L#!!
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4+7(!5H&S;'5b!+%Z5Y59b!8&=!D5!:(5L! A%9!8+58F;%7=,\95(,&9,! A7'5(!Z+595! ,+5!
&;;'78&,7%=!Z%:'L!%='I!95&L!7=!L&,&!A9%S!,+5!(&S5!=:SD59!%A!;9%85((5(!&(!7,!Z&(!
Z97,,5=!N(55!=5H,!5H&S;'5P#!4+5!,9&=(;&95=,!(Z7,8+!D5,Z55=!,+5!Q01-J!&=L!KQ-!
S5,+%L(!&''%Z(!,+5!:(59! 8+%%(5!,+5!D5,,59!;59A%9S7=?!S5,+%L!A%9!&!;&9,78:'&9!
(I(,5S!Z7,+%:,!8+&=?7=?!,+5!(%:985!8%L5#!!

002V X<41,) A!14*4!C+( S !*8<!/4S <!) . S - <+!( C!>+( ' </ / ( +/ !
T%Z!'5,j(! S%Y5!,%!5H&S;'5(! %A!+%Z!,%!95&L!,+5!L&,&!A9%S!6Q!%9!%,+59!A7'5(#!!
.((:S7=?! ,+&,!Z5! (,7''! :(5! ,+5! (&S5! 8%=A7?:95!A7'5!(+%Z=!7=! @7?:95!"> b!,+5!
A%''%Z7=?!(,5;(! 7'':(,9&,5!+%Z!,%!5&(7'I!8+&=?5!,+5!8%L5!&=L!HS'!A7'5!,%!95&L!&!
Y&97&D'5#!!

"# &LL!&=%,+59!Y&97&D'5!&L7%(`D:A`(7a5!(;587AI7=?!,+5!(7a5!A%9!95&L#!

)# 8&''!&L7%(`%;5=!Z7,+!k9l!N95&L!%='IP!S%L5#!

3# -=(59,!|7=8':L5!k?95&L`,5S;59&,:95#8+l!

!
\qX5&L!7=!L&,&!%=!(&S5!=:SD59!%A!;9%85((%9(!q\!
|7=8':L5!s(,L7%#+t!
|7=8':L5!pS;7#+p!
|7=8':L5!p&L7%(#+p!
7=,!S&7=!N7=,!&9?8b!8+&9!qq!&9?YP!&
}!

8+&9!!!!!!&&&&!A7'5=&S5!y)BVzf!
7=,!!!!!!!!!!!!!!9&=Ff!
7=,!!!!!!!!!!!!!!TJ&v&"Cf!
L%:D'5!!!!!!,yTJ zf!
!
\q!./-01!Y&97&D'5(!L58'&9&,7%=(!A%9!S&,8+7=?!?95&L`,5S;59&,:95#8+!q\!
7=,!!!!!!!!!!!!!!!!!!&L7%(`599f!
:7=,V>`,!!!!!!!&L7%(`?9%:;(7a5b!&L7%(`,%,&'(7a5b!&L7%(`D:A`(7a5f!
7=,V>`,!!!!!!!!!!&L7%(`+&=L'5f!
KQ-`<%SS!!8%SS!v!!KQ-`<0KK`*0XG/f !
!
KQ-`-=7,!N•&9?8b!•&9?YPf!
KQ-`<%SS`9&=F!NKQ-`<0KK`*0XG/b!• 9&=FPf!
(;97=,A!NA7'5=&S5b!p95(,&9,#D;pPf!
&L7%(`7=7,!Np8%=A7?#HS'pPf!
&L7%(`%;5=!N•&L7%(`+&=L'5b!p,5S;59&,:95pb!A7'5=&S5b!p9pb!•8%SSPf!
|7=8':L5!p?95&L̀,5S;59&,:95#8+p!
&L7%(`8'%(5!N&L7%(`+&=L'5Pf!
&L7%(`A7=&'7a5!N9&=FPf!
KQ-`@7=&'7a5!NPf&
95,:9=!Cf!

~!



  

53 
 

!

B,A. +<!0W2!X<41!,) !14*4!A<) <+4*<1!- J!6a41,( /aZ +,*<!. / ,) A!A+<41a*<S ><+4*. +<2' 8!
N<I 4S >5</ ] ?] S 4) . 45] : a41,( /a+<412' P!

4+5!?95&L`,5S;59&,:95#8+!A7'5!?5=59&,5L!DI!?;;#;I!7(!,+5!A%''%Z7=?c!
!

\q!?95&L̀,5S;59&,:95#8+!q\!
&L7%(`?9%:;`(7a5!N&L7%(`+&=L'5b!&L7%(`?9%:;(7a5b!•&L7%(`,%,&'(7a5Pf!
&L7%(`D:A`(7a5!v!>f!
&L7%(`95&L!N&L7%(`+&=L'5b!pTJpb!•TJb!&L7%(`D:A`(7a5Pf!
&L7%(`D:A`(7a5!v!TJf!
&L7%(`95&L!N&L7%(`+&=L'5b!p,5S;59&,:95pb!,b!&L7%(`D:A`(7a5Pf!

!

B,A. +<!0^2![ I 4S >5<!( C!4!A<) <+4*<1!A+<41a*<S ><+4*. +<2' 8!C,5<!

002W 7 +,*,) A!*( !&84+<1!B,5</ !NQ!Z+,*<+/c!T!C,5</P!
.(! ,+5!=:SD59! %A!;9%85((5(!7=895&(5(!,%!,5=(! %9!+:=L95L(! %A!,+%:(&=L(b!,+5!
&S%:=,!%A!A7'5(!Z7''!7=895&(5!DI!,+5!(&S5!S&?=7,:L5!7A!Z5!:(5! ,+5!Q01-J!S5,+%L!
%9!&!(7=?'5!(+&95L!A7'5!S&I! D5!,%%!'&9?5!7A!Z5!:(5! ,+5!KQ-!S5,+%L#!-=!,+7(!5H&S;'5!
Z5! &LL95((!&!(85=&97%!7=!Z +78+!S:',7;'5! ;9%85((5(!Z97,5!,%!T! A7'5(#!-=! ,+5!
A%''%Z7=?!5H&S;'5!N@7?:95!"RPb!Z5! Z97,5!%:,!T!A7'5(!A9%S!Q!;9%85((5(#!4+7(!7(!
&8+75Y5L!DI! 895&,7=?!&!(5;&9&,5!8%SS:=78&,%9!A%9!T! (:D(5,(! %A!,+5!;9%85((5(!
:(7=?!KQ-`<%SS`(;'7, NP#!!

!

|7=8':L5!s(,L7%#+t!
|7=8':L5!pS;7#+p!
|7=8':L5!p&L7%(#+p!
7=,!S&7=!N7=,!&9?8b!8+&9!qq!&9?YP!&
}!

8+&9!!!!!!&&&&!A7'5=&S5!y)BVzf!
7=,!!!!!!!!!!!!!!9&=Fb!(7a5f!
7=,!!!!!!!!!!!!!!TJ&v&"Cf!!
7=,!!!!!!!!!!!!!!T!v!3f!
L%:D'5!!!!!!,yTJ zf!
!
\q!./-01!Y&97&D'5(!L58'&9&,7%=(!A%9!S&,8+7=?!?Z97,5`,5S;59&,:95#8+!q\!
7=,!!!!!!!!&&&&&&&&&&L7%(`599f!
:7=,V>`,!!!!!!&L7%(`?9%:;(7a5b!&L7%(`,%,&'(7a5f!
7=,V>`,!!!!!&L7%(`+&=L'5f!
KQ-`<%SS!8%SSf!
\q!!
7=,!!!!!!!!!!!!!!8%'%9b!F5If!
KQ-`-=7,!N•&9?8b!•&9?YPf!
KQ-`<%SS`9&=F!NKQ-`<0KK`*0XG/b!• 9&=FPf!
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KQ-`<%SS`(7a5!NKQ-`<0KK`*0XG/b!• (7a5Pf!
!
\ q!KQ-`<%SS`(;'7,! ;&9,7,7%=(!,+5!Z%9'L!?9%:;!7=,%!T!L7(d%7=,5L!!(:D?9%:;(b!!
!!q!,+5!;9%85((5(!&95!9&=F5L!7=!,59S(!%A!,+5!&9?:S5=,!F5I!!!
!!q!!&!=5Z!8%SS:=78&,%9!8%SS!7(!95,:9=5L!A%9!,+7(!(;587A78!?97L!8%=A7?:9&,7%=!
!!q\!
72:2@&b&@C38&c&/ d&
85Y&b&@C38&U&/ d&
.F#]12==]6N:?4&[.F#]1$..]E$,0"Z&72:2@Z&85YZ&e72==\d &
!
\q!5Y59I!Q\T!;9%85((5(!Z97,5!7=,%!,+5!(&S5!A7'5!!
!!q!,+595!&95!T!A7'5(!?5=59&,5L#!!
!!q\!
6N@?34J&[J?:53C=5Z&f@564C@4]cL(L;(WNfZ&72:2@\d&
&L7%(`7=7,!Np8%=A7?#HS'pPf!
&L7%(`%;5=!N•&L7%(`+&=L'5b!p,5S;59&,:95pb!A7'5=&S5b!pZpb!•8%SSPf!
|7=8':L5!p?Z97,5`,5S;59&,:95#8+p!
&L7%(`8'%(5!N&L7%(`+&=L'5Pf!
&L7%(`A7=&'7a5!N9&=FPf!
KQ-`@7=&'7a5!NPf&
95,:9=!Cf!

~!
!

B,A. +<!0R2![ I 4S >5<!" #$%&!>+( A+4S !Z +,*,) A!T!C,5</ !C+( S !Q!>+( ' </ / ( +/ !NTP!

4+5!958%=(,9:8,5L!KQ-!8%SS:=78&,%9!comm! 7(!;&((5L! &(!&=!&9?:S5=,! %A! ,+5!
&L7%(%̀;5=NP!8&''#!4+595A%95b!7=!,+7(!5H&S;'5b!5&8+!A7'5!7(!Z97,,5=!DI!,+5!;9%85((5(!
7=!,+5!(&S5!8%SS:=78&,7%=!L%S&7=#!

4+595!7(!=%!=55L!,%!8+&=?5!,+5!JKG!A7'5!7=!,+7(!8&(5!D58&:(5!Z5!&95!(,7''!:(7=?!,+5!
KQ-!S5,+%L#!!

002̂  35(- 45!" ++4J/ !
-A!5&8+!;9%85((!Z97,5(!%:,!&!(:D M&99&I!,+&,!D5'%=?(!,%!,+5!(&S5! ?'%D&'!(;&85b!
./-01! ;9%Y7L5(!,+5!Z&I! ,%!Z97,5!%:,!?'%D&'!7=A%9S&,7%=!(%!,+5!?5=5978!95&L!.Q-!
8&=!(55!&!(7=?'5!?'%D&'!&99&I!N&=L!&'(%!,+5!U/@B!%9!T5,</@!A7'5!Z+5=!:(7=?!%:9!
8%=Y59,59(P#!4+7(!5H&S;'5!L5S%=(,9&,5(!+%Z!,%!Z97,5!?'%D&'!&99&I(b!Z+595!,+5!
=:SD59!%A!;9%85((5(!D58%S5(!&!(5;&9&,5!L7S5=(7%=#!^&8+!;9%85((!7(!Z97,7=?!,+5!
%=5!L7S5=(7%=&'!,5S;59&,:95!&99&I!%A!(7a5!TJ!&=L!,+5!95(:',! 7(!&!,Z%!L7S5=(7%=&'!
&99&I!%A!(7a5!QHTJ#!@7?:95!)C!(+%Z(!+%Z!,%!L5A7=5!&!?'%D&'!&99&I!7=!,+5!JKG!A7'5#!!

!
s2HS'!Y59(7%=vp"#Cp2t!
s&L7%(M8%=A7?!+%(,M'&=?:&?5vp<pt !
!!!!s&L7%(M?9%:;!=&S5vp,5S;59&,:95p!8%%9L7=&,7%=M8%SS:=78&,%9vp8%SSpt!
!!!!!!!!sY&9!=&S5vpTJp!,I;5vp7=,5?59p\t!
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!!!!!!!!sY&9!=&S5vp(7a5p!,I;5vp7=,5?59p\t!
!!!!!!!!sY&9!=&S5vp9&=Fp!,I;5vp7=,5?59p\t!
!!!!!!!!s?'%D&'MD%:=L(!L7S5=(7%=(vp(7a5bTJp!%AA(5,(vp9&=FbCpt!
!!!!!!!!!!!!!sY&9!=&S5vp,5S;59&,:95p!?Z97,5vp,p!,I;5vpL%:D'5p!L7S5=(7%=(vp"bTJp\t!
!!!!!!!!s\?'%D&'MD%:=L(t!
!!!!!!!!s&,,97D:,5!=&S5vpL5(897;,7%=p!;&,+vp\,5S;59&,:95p!
!!!!!!!!!!!!!!!!!!!!Y&':5vp$'%D&'!&99&I!Z97,,5=!A9%S!•(7a5•!;9%85((5(p!,I;5vp(,97=?p\t!
!!!!s\&L7%(M?9%:;t !
!
sS5,+%L!?9%:;vp,5S;59&,:95p!S5,+%LvpKQ-p\t!
sD:AA59!(7a5MK6vp)p!&''%8&,5M,7S5vp=%Zp\t!
!
s\&L7%(M8%=A7?t!!

!

B,A. +<!6E2!?( ) C,A2I S 5!C( +!4!A5( - 45!4++4J!!
N<I 4S >5</ ] ?] A5( - 45M4++4J] 41,( /aA5( - 452I S 5P!

4+5!Y&97&D'5!7(!7=(59,5L!7=,%!&!s?'%D&'MD%:=L(tus\?'%D&'MD%:=L(t! (58,7%=#!4+5!
?'%D&'!&99&Ij(!?'%D&'!L7S5=(7%=!7(!L5A7=5L!DI!,+5!Y&97&D'5(!(7a5!&=L!TJb!&Y&7'&D'5!
7=!&''!;9%85((5(!&=L!&''!Z7,+!,+5!(&S5!Y&':5#!4+5!%AA(5,!%A!&!'%8&'!&99&I!Z97,,5=!DI!
&!;9%85((!7(!L5A7=5L!:(7=?!,+5!9&=F!Y&97&D'5b!Z+78+!7(!L7AA595=,!%=!5Y59I!;9%85((#!
4+5!Y&97&D'5!7,(5'A!7(!L5A7=5L!&(!&=!"HTJ!,Z%!L7S5=(7%=&'!&99&Ib!&',+%:?+!7=!,+5!<!
8%L5!7,!7(!(,7''!&!%=5!L7S5=(7%=&'!&99&I#!!
!
4+5!?Z97,5!+5&L59!A7'5!?5=59&,5L!DI!?;;#;I!7(!,+5!A%''%Z7=?c!

!
\q!?Z97,5`,5S;59&,:95#8+!q\!
&L7%(`?9%:;(7a5!v!>!€!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!m!>!€!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!m!>!€!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!m!]!q!N"P!q!NTJPf!
&L7%(`?9%:;`(7a5!N&L7%(`+&=L'5b!&L7%(`?9%:;(7a5b!•&L7%(`,%,&'(7a5Pf!
&L7%(`Z97,5!N&L7%(`+&=L'5b!pTJpb!•TJPf!
&L7%(`Z97,5!N&L7%(`+&=L'5b!p(7a5pb!•(7a5Pf!
&L7%(`Z97,5!N&L7%(`+&=L'5b!p9&=Fpb!•9&=FPf!
&L7%(`Z97,5!N&L7%(`+&=L'5b!p,5S;59&,:95pb!,Pf!

!

B,A. +<!602!AZ +,*<!8<41<+!C,5<!A<) <+4*<1!C+( S !' ( ) C,A2I S 5!

4+5!;9%?9&S!8%L5!7(!=%,!Y59I!L7AA595=,!A9%S!,+5!%=5!:(5L! 7=!,+5!&D%Y5!5H&S;'5#!-,!
=55L(! ,%! +&Y5! ,+5! (7a5! &=L! 9&=F!Y&97&D'5(! 7=! ,+5! 8%L5!L5A7=5L! N(55!
5H&S;'5(\< \?'%D&'M&99&I\&L7%(`?'%D&'#8P!!
!

$ mpi r un - np 4 . / adi os_gl obal  
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$ l s  adi os_gl obal . bp  
adi os_gl obal . bp 
 
$  bpl s  - l at d adi os_gl obal . bp - n 10 
  i nt eger     / NX                       scal ar  = 10  
  i nt eger     / r ank                     scal ar  = 0  
  i nt eger     / s i ze                     scal ar  = 4  
  doubl e     / t emper at ur e              { 4,  10}  = 0 /  39  
    ( 0, 0)     0 1 2 3 4 5 6 7 8 9  
    ( 1, 0)     10 11 12 13 14 15 16 17 18 19  
    ( 2, 0)     20 21 22 23 24 25 26 27 28 29  
    ( 3, 0)     30 31 32 33 34 35 36 37 38 39  
 
  s t r i ng     / t emper at ur e/ descr i pt i on  at t r    =  
               " Gl obal  ar r ay wr i t t en f r om ' s i ze'  pr ocesses"  
!
4+5!D;)=8L! :,7'7,I!8&=!D5!:(5L!,%!8%=Y59,!,+5!D;!A7'5!,%!&=!T5,</@!A7'5c!
!

$ bp2ncd adi os_gl obal . bp 
$ ncdump adi os_gl obal . nc  
net cdf  adi os_gl obal  {  
di mensi ons:  
        NX = 10 ;  
        s i ze = 4 ;  
        r ank = 1 ;  
var i abl es:  
        doubl e t emper at ur e( s i ze,  NX)  ;  
                t emper at ur e: descr i pt i on = " Gl obal  ar r ay wr i t t en 
f r om \ ' s i ze\ '  pr ocesses"  ;  
dat a:  
 
 t emper at ur e = 
  0,  1,  2,  3,  4,  5,  6,  7,  8,  9,  
  10,  11,  12,  13,  14,  15,  16,  17,  18,  19,  
  20,  21,  22,  23,  24,  25,  26,  27,  28,  29,  
  30,  31,  32,  33,  34,  35,  36,  37,  38,  39 ;  
}  
!
4+5!5H&S;'5(\< \?'%D&'M&99&I\&L7%(`95&L`?'%D&'#8!;9%?9&S!(+%Z(!+%Z!,%!:(5!,+5!
?5=5978!95&L!.Q-!,%!95&L!7=!,+5!?'%D&'!&99&I!A9%S!&9D7,9&9I!=:SD59!%A!;9%85((5(#!!

002R 7 +,*,) A!; ,S<M$)1<I !,) *( !4!\ 4+,4- 5<!
4+5!,7S5M7=L5H!&''%Z(!,+5!:(59! ,%!L5A7=5!&!Y&97&D'5!Z7,+!&=!:='7S7,5L!L7S5=(7%=b!
&'%=?!Z+78+!,+5!Y&97&D'5!8&=!?9%Z!7=!,7S5#!G5,j(!(:;;%(5! ,+5!:(59 !Z&=,(!,%!Z97,5!
%:,! ,5S;59&,:95! &A,59!&!859,&7=!=:SD59! %A!7,59&,7%=(#!@79(,b!Z5! &LL!,+5!k,7S5M
7=L5Hl !&,,97D:,5!,%!,+5!&L7%(M?9%:;!Z7,+!&=!&9D7,9&9I!=&S5b!5#?#!k7,59l #!T5H,b!Z5!
A7=L!,+5!N?'%D&'P!Y&97&D'5!,5S;59&,:95! 7=!,+5!&L7%(M?9%:;!&=L!&LL!k7,59l! &(!&=!
5H,9&!L7S5=(7%=!A%9!7,f!,+5!958%9L!=:SD59!A%9!,+&,!Y&97&D'5!Z7''!D5!(,%95L!5Y59I!
,7S5!7,!?5,(!Z97,,5=!%:,#!T%,5!,+&,!Z5!L%!=%,!=55L!,%!8+&=?5!,+5!L7S5=(7%=(!&=L!
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%AA(5,(!7=!,+5!?'%D&'!D%:=L(b!%='I!,+5!7=L7Y7L:&'!Y&97&D'5#!.'(%! =%,5b!,+&,!,+5!,7S5!
L7S5=(7%=!S:(,! D5!,+5!('%Z5(,!8+&=?7=?!L7S5=(7%=b!7#5#!7=!<b!,+5!A79(,!%=5!&=L!7=!
@%9,9&=b!7,!S:(,!D5!,+5!'&(,!%=5#!

!
\q!8%=A7?#HS'q\!
s&L7%(M8%=A7?!+%(,M'&=?:&?5vp<pt !
!!!!s&L7%(M?9%:;!=&S5vp,5S;59&,:95p!8%%9L7=&,7%=M8%SS:=78&,%9vp8%SSp!,7S5M
7=L5Hvl?45@lt !
!!!!!!!!sY&9!=&S5vpTJp!,I;5vp7=,5?59p\t!
!!!!!!!!sY&9!=&S5vp(7a5p!,I;5vp7=,5?59p\t!
!!!!!!!!sY&9!=&S5vpF5Ip!,I;5vp7=,5?59p\t!
!!!!!!!!s?'%D&'MD%:=L(!L7S5=(7%=(vp(7a5bTJp!%AA(5,(vpF5IbCpt!
!!!!!!!!!!!!sY&9!=&S5vp,5S;59&,:95p!?Z97,5vp,p!,I;5vpL%:D'5p!!
!!!!!!!!!!!!!!!!!!!!!!L7S5=(7%=(vp?45@b"bTJp\t !!!![ /245Z&J2@&K2@4@C3Z&g?45@h&355;6&42&W5&
NA4&?3&4O5&53;Z&?(5(Z&;?=536?23bh/IZ'Z?45@h\ !
!!!!!!!!s\?'%D&'MD%:=L(t!
!!!!!!!!s&,,97D:,5!=&S5vpL5(897;,7%=p!;&,+vp\,5S;59&,:95p!!
!!!!!!!!!!!!Y&':5vp$'%D&'!&99&I!Z97,,5=!A9%S!•(7a5•!;9%85((5(!%Y59!(5Y59&'!,7S5(,5;(p!!
!!!!!!!!!!!!,I;5vp(,97=?p\t!
!!!!s\&L7%(M?9%:;t !
sS5,+%L!?9%:;vp,5S;59&,:95p!S5,+%LvpKQ-p\t!
sD:AA59!(7a5MK6vp"p!&''%8&,5M,7S5vp=%Zp\t!
s\&L7%(M8%=A7?t!

!

B,A. +<!662!?( ) C,A2I S 5!C( +!4!A5( - 45!4++4J!Z ,*8!*,S <!
N<I 4S >5</ ] ?] A5( - 45M4++4JM*,S <] 41,( /aA5( - 45*,S <2I S 5P!

4+5!5H&S;'5(\< \?'%D&'M&99&IM,7S5\&L7%(`?'%D&',7S5#8!7(!(7S7'&9!,%!,+5!;95Y7%:(!
5H&S;'5!&L7%(`?'%D&'#8!8%L5#!4+5!%='I!L7AA595=85!7(!,+&,!7,!+&(!&=!7,59&,7%=!'%%;!
Z+595!5&8+!;9%85((!Z97,5(!%:,!,+5!L&,&!7=!5&8+!%A!7,(!"3!7,59&,7%=(#!
-
$ mpi r un - np 2 . / adi os_r ead_gl obal t i me 
$ bpl s  - l a adi os_gl obal t i me. bp  
Gr oup t emper at ur e:  
  i nt eger     / NX                       scal ar  = 10  
  i nt eger     / s i ze                     scal ar  = 4  
  i nt eger     / r ank                     scal ar  = 0  
  doubl e     / t emper at ur e              { 13,  4,  10}  = 0 /  1239  
  s t r i ng     / t emper at ur e/ descr i pt i on  at t r    =  
          " Gl obal  ar r ay wr i t t en f r om ' s i ze'  pr ocesses  
           over  sever al  t i mest eps"  
!

.!('785!%A!,Z%!,7S5(,5;(!NV,+!&=L!W,+Pb!L:S;5L!Z7,+!D;'(c!
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$ bpl s  adi os_gl obal t i me. bp - s  " 5, 0, 0"  - c  " 2, - 1, - 1"  - n 10 - d 
t emper at ur e 
  doubl e     / t emper at ur e  { 13,  4,  10}  
    s l i ce ( 5: 6,  0: 3,  0: 9)  
    ( 5, 0, 0)     500 501 502 503 504 505 506 507 508 509  
    ( 5, 1, 0)     510 511 512 513 514 515 516 517 518 519  
    ( 5, 2, 0)     520 521 522 523 524 525 526 527 528 529  
    ( 5, 3, 0)     530 531 532 533 534 535 536 537 538 539  
    ( 6, 0, 0)     600 601 602 603 604 605 606 607 608 609  
    ( 6, 1, 0)     610 611 612 613 614 615 616 617 618 619  
    ( 6, 2, 0)     620 621 622 623 624 625 626 627 628 629  
    ( 6, 3, 0)     630 631 632 633 634 635 636 637 638 639 
 



  

59 
 

06 #<Y<5( ><+!L 4) . 45!
!

0620 ?+<4*<!T<Z !; +4) />( +*!L <*8( 1/ !
0=5!%A!./-01j(! 7S;%9,&=,!A5&,:95(!7(!,+5!8%S;%=5=,7a&,7%=!%A!,9&=(;%9,!S5,+%L(#!
_(59(!8&=!(Z7,8+!&S%=?!,+5!,I;78&'!S5,+%L(!,+&,!Z5!(:;;%9,! %9!5Y5=!895&,5!,+579!
%Z=!S5,+%L(b!Z+78+!8&=!D5!5&(7'I! ;':??5L! 7=,%!%:9!'7D9&9I#!4+5! A%''%Z7=?!
(58,7%=(!;9%Y7L5!,+5! ;9%85L:95(!A%9!&LL7=?!,+5!=5Z! ,9&=(;%9,!S5,+%L!8&''5L!
k&D8l!7=,%!,+5!./-01! '7D9&9I#!-=! ,+7(!Y59(7%=!%A!./-01b! &''! ,+5!(%:985!A7'5(!&95!
'%8&,5L!7=!\,9:=F\(98\#!

062020 "11!*8<!)<Z!S<*8(1!S4'+(/!,)!41,(/a*+4)/>(+*a8((G/28! !
4+5!A79(,!A7'5!:(59(! =55L!,%!5H&S7=5!7(!&L7%(`,9&=(;%9,`+%%F(#+b!Z+78+!D&(78&''I!
L5A7=5(!&''! ,+5! ,9&=(;%9,!S5,+%L(! &=L!7=,59A&85!A:=8,7%=(!D5,Z55=!L5,&7'5L!
,9&=(;%9,!7S;'5S5=,&,7%=!&=L!:(59! .Q-(#!-=!,+5!A7'5b!Z5! A79(,!A7=L!,+5!'7=5!,+&,!
L5A7=5(!,+5!5=:S59&,7%=!,I;5! .L7%(`-0`S5,+%L(`L&,&,I;5!&LL!,+5!L58'&9&,7%=!%A!
S5,+%L!-/! ./-01`K^4U0/`.6< b!&=Lb!D58&:(5!Z5! &LL!&!=5Z! S5,+%Lb!:;L&,5!
,%,&'!=:SD59!%A!,9&=(;%9,!S5,+%L(!./-01`K^4U0/`<0_T4!A9%S!R!,%!"C#!

"#!5=:S!.L7%(`-0`S5,+%L(!L&,&,I;5!!

5=:S!./-01`-0`K^4U0/!} !
!!!!!!!!!!!!!!!!!!!!!!./-01`K^4U0/`_TeT0*T!!!v! M) !
!!!!!!!!!!!!!!!!!!!!!b./-01`K^4U0/`T_GG!!!!!!!!!!!!!!v!M" !
!!!!!!!!!!!!!!!!!!!!!b./-01`K^4U0/`KQ-!!!!!!!!!!!!!!!!!v!C!
!!!!!!!!!!!!!!!!!!!!!uu!
!!!!!!!!!!!!!!!!!!!!!b./-01`K^4U0/`QU/@B!!!!!!!!!!!!v!]!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !./-01`K^4U0/`.6< !!v!R!
!!!!!!!!!!!!!!!!!!!!!b./-01`K^4U0/`<0_T4!!!!!!!!!!!v!R!!!! !./-01`K^4U0/`< 0_T4!!v!"C !
!!!!!!!!!!!!!!!!!!!!!~f!
!
)#!T5H,b!Z5! =55L!,%!L58'&95!,+5! ,9&=(;%9,!.Q-(! A%9!S5,+%L!k&D8bl! 7=8':L7=?!
7=7,\A7=&'7a5b!%;5=\8'%(5b!(+%:'L`D:AA59b!&=L!95&L\Z97,5#!17S7'&9! ,%!,+5! %,+59!
S5,+%L(b!Z5!=55L!,%!&LL!!

!!!!!@0X*.X/`/^< G.X^!N&D8P!

3#!4+5=b!Z5! &LL!,+5!S&;;7=?! %A!,+5! (,97=?!=&S5!k&D8l!%A!,+5!=5Z! ,9&=(;%9,!
S5,+%L!,%!,+5!S5,+%L!-/! M!./-01`K^4U0/ `.6< b!Z+78+!+&(!D55=!&'95&LI!L5A7=5L!
7=!5=:S59&,7%=!,I;5! .L7%(`-0`S5,+%L(`L&,&,I;5#!.(! ,+5!'&(,!;&9&S5,59b!k"l! +595!
S5&=(!,+5!S5,+%L!95O:795(!8%SS:=78&,7%=(b!%9!kCl!7A!=%,#!

!!!!!K.4< U`14X-T$`40`K^4U0/ !Np&D8pb!./- 01`K^4U0/`.6< b!"P!!!!!!!!!!!!!!
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>#!G&(,'Ib!Z5! &LL!,+5!S&;;7=?! %A!,+5!(,97=?!=&S5!=55L5L!7=!,+5!7=7,7&'7a&,7%=!
A:=8,7%=(!,%!,+5! S5,+%L!-/b! Z+78+!Z7''! D5! :(5L! DI! &L7%(`,9&=(;%9,`(,9:8,!
Y&97&D'5(!L5A7=5L!7=!&L7%(`7=,59=&'(#+#!

!!!!!.11-$T`@T1!N&D8b!./-01`K^4U0/` .6< P!

062026 ?+<4*<!41,(/a4-'2'!
-=!,+7(!(58,7%=b!Z5!L5S%=(,9&,5!+%Z!,%!7S;'5S5=,! L7AA595=,!,9&=(;%9,!.Q-(! A%9!
S5,+%L!k&D8#l!-=!&L7%(`&D8#8b!Z5!=55L!,%!7S;'5S5=,!&,!'5&(,!""!95O:795L!9%:,7=5(c!!

"#!k&L7%(`&D8`7=7,l!&''%8&,5(!,+5!S5,+%L`L&,&!A75'L!7=!&L7%(`S5,+%L`(,9:8,!,%!,+5!
:(59 ML5A7=5L!,9&=(;%9,! L&,&! (,9:8,:95b! (:8+! &(! &L7%(`&D8`L&,&`(,9:8,b!&=L!
7=7,7&'7a5(!,+7(!L&,&!(,9:8,:95#!65A%95!,+5!A:=8,7%=!95,:9=(b!,+5!7=7,7&'7a&,7%=!(,&,:(!
8&=!D5!(5,!DI!(,&,5S5=,!k&L7%(`&D8`7=7,7&'7a5L!v!"#l!

)#!k&L7%(`&D8`%;5=l!%;5=(!&!A7'5!7A!,+595!7(!%='I!%=5!;9%85((%9!Z97,7=?!,%!,+5!A7'5#!
0,+59Z7(5b!,+7(!A:=8,7%=!L%5(!=%,+7=?f!7=(,5&Lb!Z5!:(5! &L7%(`&D8`(+%:'L`D:AA59!,%!
8%%9L7=&,5!,+5!A7'5!%;5=!%;59&,7%=(#!!!!

3#!k&L7%(`&D8`(+%:'L`D:AA59bl!8&''5L!DI! ,+5!k8%SS%=`&L7%(`?9%:;`(7a5l!A:=8,7%=!
7=!&L7%(#8b!=55L(!,%!7=8':L5! 8%%9L7=&,7%=!%A!%;5=!%;59&,7%=(!7A!S:',7;'5! ;9%85((5(!
&95!Z97,7=?!,%!,+5!(&S5!A7'5#!!

>#!k&L7%(`&D8`Z97,5lb!7=!,+5!8&(5!%A!=%!D:AA597=?!%9!%Y59A'%Zb!Z97,5(!L&,&!L7958,'I!
,%!L7(F#!0,+59Z7(5b!7,!Y597A75(!Z+5,+59!,+5!7=,59=&''I!958%9L5L!S5S%9I!;%7=,59!7(!
8%=(7(,5=,!Z7,+!,+5!Y58,%9!Y&97&D'5j(!&LL95((!;&((5L! 7=!,+5!A:=8,7%=!;&9&S5,59!
&=L!A955(!,+&,!D'%8F!%A!S5S%9I!7A!7,!7(!=%,!=55L5L!&=I!S%95#!!!

B#!k&L7%(`&D8`95&Ll!&((%87&,5(!,+5!7=,59=&'!L&,&!(,9:8,:95j(! &LL95((!,%!,+5!Y&97&D'5!
(;587A75L!7=!,+5!A:=8,7%=!;&9&S5,59#!

V#!k&L7%(`&D8`8'%(5l!8'%(5(!,+5!A7'5!7A!=%!D:AA597=?!(8+5S5!7(!:(5L#!0,+59Z7(5b!,+7(!
A:=8,7%=!=55L(!5H,9&!5AA%9,!,%!;59A%9S!,+5!&8,:&'!L7(F!Z97,7=?\95&L7=?!,%\A9%S!
,+5!A7'5!DI!%=5!%9!S%95!;9%85((%9(!7=!,+5!(&S5!8%SS:=78&,%9!L%S&7=!&=L!,+5=!
8'%(5!,+5!A7'5#!!

W#!k&L7%(`&D8`A7=&'7a5l!95(5,(!,+5!7=7,7&'7a&,7%=!(,&,:(! D&8F!,%!C!7A!7,!+&(!D55=!(5,!,%!
"!DI!&L7%(`&D8`7=7,#!!

-A!I%:! &95!L5Y5'%;7=?!&(I=8+9%=%:(!S5,+%L(b!,+5!A%''%Z7=?!A:=8,7%=(!=55L!,%!D5!
7S;'5S5=,5L!&(!Z5''f!%,+59Z7(5!I%:!8&=!'5&Y5!,+5S!&(!5S;,I!7S;'5S5=,&,7%=#!

]#!&L7%(`&D8`?5,`Z97,5`D:AA59b!

R#!k&L7%(`&D8`5=L`7,59&,7%=k!7(!&!,78F!8%:=,59!A%9!,+5!-\0 !9%:,7=5(!,%!,7S5!+%Z!A&(,!
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q8I8'5b!7=,!q?;`=&S5`(7a5Pf!
!
\q!
!q!958%9L!%;5=!5=L!,7S5!A%9!(;587A75L!?9%:;!
!q!
!q!@%9,9&=!7=,59A&85!
!q\!
Y%7L!%;5=`5=L`A%9`?9%:;`N7=,V>`,!q?;`;9%A`+&=L'5b!7=,!q8I8'5Pf!
!
\q!
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!q!958%9L!Z97,5!(,&9,!,7S5!A%9!(;587A75L!?9%:;!
!q!
!q!@%9,9&=!7=,59A&85!
!q\!
Y%7L!Z97,5`(,&9,`A%9`?9%:;`N7=,V>`,!q?;`;9%A`+&=L'5b!7=,!q8I8'5Pf!
!
\q!
!q!958%9L!Z97,5!5=L!,7S5!A%9!(;587A75L!?9%:;!
!q!
!q!@%9,9&=!7=,59A&85!
!q\!
Y%7L!Z97,5`5=L`A%9`?9%:;`N7=,V>`,!q?;`;9%A`+&=L'5b!7=,!q8I8'5Pf!
!
\q!
!q!958%9L!8'%(5!(,&9,!,7S5!A%9!(;587A75L!?9%:;!
!q!
!q!@%9,9&=!7=,59A&85!
!q\!
Y%7L!8'%(5`(,&9,`A%9`?9%:;`N7=,V>`,!q?;`;9%A`+&=L'5b!7=,!q8I8'5Pf!
!
\q!
!q!958%9L!8'%(5!5=L!,7S5!A%9!(;587A75L!?9%:;!
!q!
!q!@%9,9&=!7=,59A&85!
!q\!
Y%7L!8'%(5`5=L`A%9`?9%:;`N7=,V>`,!q?;`;9%A`+&=L'5b!7=,!q8I8'5Pf!
!
\q!
!q!X5;%9,!,7S7=?!7=A%!A%9!&''!?9%:;(!
!q!
!q!@%9,9&=!7=,59A&85!!!
!q\!
7=,!A7=&'7a5`;9%A`&''`NPf!
!
\q!
!q!958%9L!(,&9,!,7S5!%A!&!(7S:'&,7%=!8I8'5!
!q!
!q!@%9,9&=!7=,59A&85!!
!q\!
Y%7L!8I8'5`(,&9,`N7=,!q8I8'5Pf!
!
\q!
!q!958%9L!5=L!,7S5!%A!&!(7S:'&,7%=!8I8'5!
!q!
!q!@%9,9&=!7=,59A&85!!
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!q\!
Y%7L!8I8'5`5=L`N7=,!q8I8'5Pf!
!
!

.=!5H&S;'5!%A!:(7=?!,+5(5!A:=8,7%=(!7(!?7Y5=!D5'%Z#!

u !
‚!7=7,7&'7a&,7%=!./-01!
<.GG!&L7%(`7=7,!Np8%=A7?#HS'p\\8+&9NCPP!
‚!7=7,7&'7a5!;9%A7'7=?!'7D9&9If!,+5!;&9&S5,59!(;587A75(!,+5!A7'5!Z+595!;9%A7'7=?!
7=A%9S&,7%=!7(!Z97,,5=!
<.GG!7=7,`;9%A`&''Np'%?p\\8+&9NCPP!
u !
<.GG!KQ-`6&99759N,%9%7L&'`8%SSb!599%9!P!
!
‚!958%9L!(,&9,!,7S5!%A!%;5=!
‚!?9%:;`;9%A`+&=L'5!7(!&=!0_4!;&9&S5,59!+%'L7=?!,+5!+&=L'5!A%9!,+5!?9%:;!
ƒ%:,;:,3L#Cj!
‚!7(,5;!7(!7,59&,7%=!=%#!
<.GG!%;5=`(,&9,`A%9`?9%:;N?9%:;`;9%A`+&=L'5b!p%:,;:,3L#Cp\\8+&9NCPb7(,5;P!
!
<.GG!&L7%(`%;5=N&L7%(`+&=L'5b!p%:,;:,3L#Cp\\8+&9NCPb!kZl\\8+&9NCPP!
!
‚!958%9L!5=L!,7S5!%A!%;5=!
<.GG!%;5=`5=L`A%9`?9%:;N?9%:;`;9%A`+&=L'5b7(,5;P!
!
‚!958%9L!(,&9,!,7S5!%A!Z97,5!
<.GG!Z97,5`(,&9,`A%9`?9%:;N?9%:;`;9%A`+&=L'5b7(,5;P!
!
|7=8':L5!p?Z97,5`%:,;:,3L#C#A+p!
!
‚!958%9L!5=L!,7S5!%A!Z97,5!
<.GG!Z97,5`5=L`A%9`?9%:;N?9%:;`;9%A`+&=L'5b7(,5;P!
!
‚!958%9L!(,&9,!,7S5!%A!8'%(5!
<.GG!8%(5`(,&9,`A%9`?9%:;N?9%:;`;9%A`+&=L'5b7(,5;P!
!
<.GG!&L7%(`8'%(5N&L7%(`+&=L'5b&L7%(`599P!
!
‚!958%9L!5=L!,7S5!%A!8'%(5!
<.GG!8'%(5`5=L`A%9`?9%:;N?9%:;`;9%A`+&=L'5b7(,5;P!
!
u !
<.GG!&L7%(`A7=&'7a5!NSI7LP!
!
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‚!A7=&'7a5f!;9%A7'7=?!7=A%9S&,7%=!&95!?&,+595L!&=L!S7=\S&H\S5&=\Y&9!&95!
8&'8:'&,5L!A%9!5&8+!-0!L:S; !
<.GG!A7=&'7a5`;9%ANP!
!
<.GG!KQ-`@-T.G-h^N599%9P!
!
!

*+5=!,+5!8%L5!7(!9:=b!;9%A7'7=?!7=A%9S&,7%=!Z7''!D5!(&Y5L!,%!,+5!A7'5!l #\'%?l !
N(;587A75L!7=!7=7,`;9%A`&''!NPP#!65'%Z!7(!&=!5H&S;'5#!

@97!. : ?!) ) !" Bc>) cC>!̂ / 4!) CC] !
-\ 0!47S 7=?!95(: ' ,( !
0; 59&,7%=(!!!!c!!!!!!!!!!S 7=!!!!!!!!!!!!!!!!!!!!!S &H!!!!!!!!!!!!!!!!!!!!!S 5&=!!!!!!!!!!!!!!!!!!!!Y&9!
8I 8'5!=%!!!!!!!!!3!
7%!8%: =,!!!!!!!!!C!
| !0; 5=!!!!!!!!c!!!!!!!!!!C#" CWVW" !!!!!!!!!!!!!!!!C#" C] ) >B!!!!!!!!!!!!!!!!C#" C] C3) !!!!!!!!!!!!!!!!C#CCC" ) >!
| !0; 5=!( ,&9,!!c!!!!!!!!!!" ) " R>3>) ) ] #] VV" >>!!!!!!!" ) " R>3>) 3C#WWB) V] !!!!!!!" ) " R>3>) ) R#W>] V" >!!!!!!!C#B] ] BC" !
| !0; 5=!5=L!!!!c!!!!!!!!!!" ) " R>3>) ) ] #RW>) ) B!!!!!!!" ) " R>3>) 3C#] ] 333B!!!!!!!" ) " R>3>) ) R#] BVV>V!!!!!!!C#B] ] >] V!
| !* 97,5!!!!!!!c!!!!!!!!!!C#CCC" WC!!!!!!!!!!!!!!!!C#CCC" RC!!!!!!!!!!!!!!!!C#CCC" WR!!!!!!!!!!!!!!!!C#CCCCCB!
| !* 97,5!( ,&9,!c!!!!!!!!!!" ) " R>3>) ) ] #RW>) ) V!!!!!!!" ) " R>3>) 3C#] ] 333V!!!!!!!" ) " R>3>) ) R#] BVV>W!!!!!!!C#B] ] >] V!
| !* 97,5!5=L!!!c!!!!!!!!!!" ) " R>3>) ) ] #RW>>CB!!!!!!!" ) " R>3>) 3C#] ] 3B" >!!!!!!!" ) " R>3>) ) R#] BV] ) V!!!!!!!C#B] ] >] >!
| !<'%(5!!!!!!!c!!!!!!!!!!C#CC" VC] !!!!!!!!!!!!!!!!C#CC" W>3!!!!!!!!!!!!!!!!C#CC" VBV!!!!!!!!!!!!!!!!C#CCCC3V!
| !<'%(5!( ,&9,!c!!!!!!!!!!" ) " R>3>) ) ] #RW>>CB!!!!!!!" ) " R>3>) 3C#] ] 3B" >!!!!!!!" ) " R>3>) ) R#] BV] ) V!!!!!!!C#B] ] >] >!
| !<'%(5!5=L!!!c!!!!!!!!!!" ) " R>3>) ) ] #RWVC>C!!!!!!!" ) " R>3>) 3C#] ] B) " " !!!!!!!" ) " R>3>) ) R#] B] >] ) !!!!!!!C#B] ] >] R!
| !4%,&'!!!!!!!c!!!!!!!!!!C#" CR>] >!!!!!!!!!!!!!!!!C#" " CC>R!!!!!!!!!!!!!!!!C#" CR] V] !!!!!!!!!!!!!!!!C#CCC" 3W!
8I 8'5!=%!!!!!!!!!V!
7%!8%: =,!!!!!!!!!" !
| !0; 5=!!!!!!!!c!!!!!!!!!!C#CCCCCW!!!!!!!!!!!!!!!!C#CCCC" " !!!!!!!!!!!!!!!!C#CCCCCR!!!!!!!!!!!!!!!!C#CCCCC" !
| !0; 5=!( ,&9,!!c!!!!!!!!!!" ) " R>3>) >C#CR] >>>!!!!!!!" ) " R>3>) >) #CCWRB" !!!!!!!" ) " R>3>) >C#R] " CWB!!!!!!!C#B] ] BBV!
| !0; 5=!5=L!!!!c!!!!!!!!!!" ) " R>3>) >C#CR] >B) !!!!!!!" ) " R>3>) >) #CCWRV) !!!!!!!" ) " R>3>) >C#R] " C] 3!!!!!!!C#B] ] BBV!
| !* 97,5!!!!!!!c!!!!!!!!!!C#CCC" WB!!!!!!!!!!!!!!!!C#CCC" RV!!!!!!!!!!!!!!!!C#CCC" ] C!!!!!!!!!!!!!!!!C#CCCCC>!
| !* 97,5!( ,&9,!c!!!!!!!!!!" ) " R>3>) >C#CR] >B) !!!!!!!" ) " R>3>) >) #CCWRV) !!!!!!!" ) " R>3>) >C#R] " C] 3!!!!!!!C#B] ] BBW!
| !* 97,5!5=L!!!c!!!!!!!!!!" ) " R>3>) >C#CR] V3" !!!!!!!" ) " R>3>) >) #CC] " B] !!!!!!!" ) " R>3>) >C#R] " ) V>!!!!!!!C#B] ] BB] !
| !<'%(5!!!!!!!c!!!!!!!!!!C#CCCR>W!!!!!!!!!!!!!!!!C#CC3VC3!!!!!!!!!!!!!!!!C#CC" ) 3>!!!!!!!!!!!!!!!!C#CCC>VV!
| !<'%(5!( ,&9,!c!!!!!!!!!!" ) " R>3>) >C#CR] V3" !!!!!!!" ) " R>3>) >) #CC] " B] !!!!!!!" ) " R>3>) >C#R] " ) V>!!!!!!!C#B] ] BB] !
| !<'%(5!5=L!!!c!!!!!!!!!!" ) " R>3>) >C#CRRVVB!!!!!!!" ) " R>3>) >) #CCRV) C!!!!!!!" ) " R>3>) >C#R] ) >R] !!!!!!!C#B] ] >>W!
| !4%,&'!!!!!!!c!!!!!!!!!!C#CC" " 3) !!!!!!!!!!!!!!!!C#CC3W] R!!!!!!!!!!!!!!!!C#CC" >) 3!!!!!!!!!!!!!!!!C#CCC>VV!
!

!

4+5!(897;,!k;%(,`(897;,#(+l !5H,9&8,(!%;5=!,7S5b!Z97,5!,7S5b!8'%(5!,7S5b!&=L!,%,&'!
,7S5!A9%S!,+5!9&Z!;9%A7'7=?!95(:',(! &=L!(&Y5(!,+5S!7=!(5;&9&,5!A7'5(c!%;5=b!Z97,5b!
8'%(5b!&=L!,%,&'b!95(;58,7Y5'I#!

4%!8%S;7'5!,+5!8%L5b!%=5!(+%:'L! '7=F!,+5!8%L5!Z7,+!,+5! ; "%0#'21&#,#(+)<"%0#'2!
%;,7%=#!!

062626 _/<!Z+4>><+!5,-+4+J!
.= %,+59!Z&I! ,%!L%!;9%A7'7=?!7(!,%!'7=F! ,+5! (%:985!8%L5!Z7,+!&!95=&S5L!./-01!
'7D9&9I!&=L!&!Z9&;;59!'7D9&9I#!!

4+5!95=&S5L!./-01! '7D9&9I!7S;'5S5=,(! k95&'l!./-01! 9%:,7=5(b! D:,! &''! ./-01!
;:D'78! A:=8,7%=(!&95!95=&S5L!Z7,+!&!;95A7H!kQl#!@%9!5H&S;'5b!&L7%(`%;5=NP!7(!
95=&S5L!&(!Q&L7%(`%;5=NP#!4+5!9%:,7=5!A%9!;&9(7=?!8%=A7?#HS'!A7'5!7(!&'(%!8+&=?5L!
,%!;&9(5!5H,9&!A'&?(!7=!8%=A7?#HS'!A7'5!,%!,:9=!;9%A7'7=?!%=!%9!%AA#!



  

71 
 

4+5! Z9&;;59! '7D9&9I!7S;'5S5=,(! &''! &L7%(! ;:D78! A:=8,7%=(!N5#?#b!&L7%(`%;5=b!
&L7%(`Z97,5b!&L7%(`8'%(5P!Z7,+7=!5&8+!A:=8,7%=#! -,! 8&''(! ,+5! k95&'l!A:=8,7%=!
NQ&L7%(`HHHNPP!&=L!S5&(:95!,+5!(,&9,!&=L!5=L!,7S5!%A!,+5!A:=8,7%=!8&''#!!

4+595!7(!&=!5H&S;'5!Z9&;;59! '7D9&9I!8&''5L!'7D&L7%(`;9%A7'7=?#&#!/5Y5'%;59(!8&=!
7S;'5S5=,!,+579!%Z=!Z9&;;59!'7D9&9I!,%!8:(,%S7a5!,+5!;9%A7'7=?#!

4%!:(5! ,+5!Z9&;;59! '7D9&9Ib!,+5!:(59! 8%L5!(+%:'L!D5!'7=F5L!Z7,+!; "%0#'21!*'.#"#(+)
; "%0#'2#!,+5!Z9&;;59! '7D9&9I!(+%:'L!;9585L5!,+5!k95&'l!./-01! '7D9&9I#!4+595!7(!=%!
=55L!,%!;:,! &LL7,7%=&'!;9%A7'7=?!.Q-! 8&''(!7=!,+5!(%:985!8%L5#!4+5!: (59!8&=!,:9=!
;9%A7'7=?!%=!%9!%AA!A%9!5&8+!./-01!?9%:;!DI!(5,,7=?!&!A'&?!7=!,+5!8%=A7?#HS'!A7'5#!

s&L7%(M?9%:;!=&S5vp95(,&9,#S%L5'p!;9%A7'7=?vkI5({=%pt!
!!!!###!
s\&L7%(M?9%:;t !
!
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0:  " >><) 1,I !
!

/&,&,I;5(!:(5L!7=!,+5!./-01!JKG!A7'5 !

6?̂ 5& %?<35; &4YN5& * 36?<35; &4YN5&

" ! DI ,5b!7=,59?59q" ! : =(7?=5L!DI ,5b!: =(7?=5L!7=,5?59q" !

) ! (+%9,b!7=,5?59q) ! : =(7?=5L!(+%9,b!: =(7?=5L!7=,5?59q) !

>! 7=,5?59b!7=,5?59q>b!95&'b!95&'q>b!A'%&,! : =(7?=5L!7=,5?59b!: =(7?=5L!7=,5?59q>!

] ! '%=?b!7=,5?59q] b!95&'q] b!L%: D'5b!'%=?!A'%&,b!8%S ; '5Hb!8%S ; '5Hq] ! !

" V! 95&'q" Vb!'%=?!L%: D'5b!L%: D'5!8%S ; '5Hb!8%S ; '5Hq" V! !

! ( ,97=?! !

!

./-01!.Q-(!G7(, !

Function   
 

Purpose 
 

adios_init 
 

Load the XML configuration file creating 
internal representations of the various data 
types and defining the methods used for 
writing. 

adios_finalize 
 

Cleanup anything remaining before exiting 
the code 

adios_open 
 

Prepare a data type for subsequent calls to 
write data using the io_handle. Mode is one 
of “r” (read), “w” (write) and “a” (append). 

adios_close 
 

Commit all the write to disk, close the file 
and release adios file handle 

adios_group_size Passing the required buffer size to the 
transport layer and returned the total size 
back to the source code 

adios_write 
 

Submit a data element for writing. This does 
NOT actually perform the write in buffered 
mode. In the overflow case, this call writes to 
buffer directly.  

adios_read 
 

Submit a buffer space (var) for reading a data 
element into. This does NOT actually 
perform the read. Actual population of the 
buffer space will happen on the call to 
adios_close 
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adios_set_path 
 

Set the HDF5-style path for all variables in a 
adios-group. This will reset whatever is 
specified in the XML file. 

adios_set_path_var 
 

Set the HDF-5-style path for the specified 
var in the group. This will reset whatever is 
specified in the XML file. 

adios_get_write_buffer For the given field, get a buffer that will be 
used at the transport level for it of the given 
size. If size == 0, then auto calculate the 
size based on what is known from the 
datatype in the XML file and any provided 
additional elements (such as array dimension 
elements). To return this buffer, just do a 
normal call to adios_write using the same 
io_handle, field_name, and the returned 
buffer. 

adios_start_calculation An indicator that it is now an ideal time to do 
bulk data transfers as the code will not be 
performing IO for a while. 

adios_end_ calculation 
 

An indicator that it is no longer a good time 
to do bulk data transfers as the code is 
about to start doing communication with 
other nodes causing possible conflicts 

adios_end_iteration A tick counter for the IO routines to time 
how fast they are emptying the buffers. 

!


