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(?(-*(*.%/#%33&22)?#Z%343D#.*#G)2.5.)7#*>(*#(#5.+)#%2#(#?(*(#7*2&3*&2)D#?)-)/?./0#%/#*>)#(?(-*)2#
7)2G.3)#.;-+);)/*(*.%/ D#>(7#\))/#3>(/0)?#\)3(&7)#%5#(#7*))2./0#(3*.%/[D#*>)#ZC[#Steering 
data tracker API ;)*> %?#./7)2*)?#./#*>)#7*))2./0#-%./*#.7#3(++)?"#ZBA[#Provenance Server 
2)3).G)7#*>)#3(++./0#(/?#7*%2)7#7*))2./0#-2%G)/(/3)#./#*>)#Provenance Database "#85*)2#*>(*D#
*>)#=%245+%=#3%/*./&)7#*%#2&/#/%2;(++:#*%0)*>)2#=.*>#;%/.*%2./0#?(*(#*>(*#(2)#3%/*./&%&7+:#
*2(34)?#(/?#7*%2)?D#(/?#ZBB[#*>)#&7)2#3(/#2&/#&7)2#7*))2./0#(3*.%/#(/(+:7.7"#

1>)#C>Y%#%-)2(*%2#.7#.;-+);)/*)?# ./#958?(-*)2#7:7*);#./#*>)#Steering data tracker 
API ;)*>%?#./7)2*)?#./#*>)#7*))2./0#-%./*#ZC*>#7*)-#./#*>)#7)b&)/3)#?.(02(;#T.0&2)#O["#V*#.7#
.;-+);)/*)?#(7# 7>%=/#./#8+0%2.*>;#BD#=>)2)#=)#?)/%*)#(7#` #*>)#7)*#%5#%2?)2)?#-(.27#=.*>#
*>)#%+?#G(+&)7#5%2#*>)#*&/)?#-(2(;)*)27"#8+0%2.*>;#B#.7#2)7-%/7.\+)#*%#2)0.7*)2#/)=#?%;(./#
?(*(#*>(*#=)2)#;%?.5.)?#./#*>)#(?(-*(*.%/#(7#=)++#(7#2)0.7*)2#*>).2#3%22)7-%/?./0#%+?#G(+&)7"#
V*#*2(347#3&22)/*#)X)3&*.%/#?(*(D#.*)2(*.%/#3%&/*)2#G(+&)7#Z./#3(7)#%5#.*)2(*.G)#=%245+%=7[D#(/?#
&7)2# ?(*("# 1>)/D# .*# 7*%2)7#&7)2# 7*))2./0# ?(*(# 2)+(*./0# *%# (++# %*>)2# ?(*(# \)./0# 3%/*./&%&7+:#
*2(34)?#?&2./0#=%245+%=#)X)3&*.%/"#

#

@3U! B8T7).#%$&V#*5*W)#*+(&

1%#?)732.\)#>%=#958?(-*)2#.7#&7)?D#=)#2)7%2*#*%#*>)#;)*>%?%+%0:#+.7*)?#./#T.0&2)#@"#<)#
)X-+(./#>%=#.*#3(/#\)#(??)?#*%#?:/(;.3#=%245+%=7#\)5%2)#)X)3&*.%/#(/?#>%=#.*#3(/#\)#&7)?#
*%#*2(34#7*))2./0#(3*.%/7"#

Z".-)"'"T"+?2$-%='1>)#&7)2#.?)/*.5.)7#(#=%245+%=#\:#7-)3.5:./0#-(2*7#%5#*>)#3%?)#*>(*#3(/#
\)#;%?)+)?#(7#?(*(#*2(/75%2;(*.%/7#(/?#*>).2#?(*(7)*7D#(/?#*>)#?(*(#?)-)/?)/3.)7"#P%/.*%2./0#
(/?#7*))2./0#-%./*7#(2)#(??)?D#(7#./#T.0&2)#B#%5#%&2#3(7)#7*&?:"#1>)/D#958?(-*)2#8NV#3(++7#
(2)#./7)2*)?#./#*>)#=%245+%=#3%?)#*%#3(-*&2)#-2%G)/(/3)#%5#*>)#7*))2./0#(3*.%/7"#T.0&2)#g#
7>%=7#(/#)X(;-+)#&7./0#(/#)X3)2-*#%5#%&2#3(7)#7*&?:#=%245+%=#3%?)"#V/#L./)#hD#(#;)*>%?#
3(++7#*>)#958?(-*)2#8NV#*>(*#.;-+);)/*7#8+0%2.*>;#B"#1>)#2);(./?)2#-2%G)/(/3)#;)*>%?7#
ZL./)7#KD#BAD#BKD#Bh[#3%/*(./#+.\2(2:#3(++7#./7)2*)?#./#*>)#&7)2#3%?)#5%2#;%/.*%2./0#7%#*>)#&7)2#
=.++#4/%=#>%=#*%#7*))2#?&2./0#)X)3&*.%/"##

38&-)$2A6'<B'4.3;*#2")'?0$%&'2A"'!"#$%-#")*2-)= '
Input:  
  456 : The  456  in the dataflow containing the parameters to be tuned. 
  ] : key-value data structure containing the parameters and their new values. 
  Pb (optional) criteria to specify the data element that will be adapted. 

1. prov U get_provenance_server()    //programming interface to the Provenance Server 
2. ` U .�k  
3. _ U �k 
4. " . U prov.get_running_execution_data() 
5. X U prov.get_user() 
6. ?U get_current_wall_time() 
7. current_data_element U.prov.get_element(456 ' P) //if C is null, get the only data element in 45c5  
8. attribute_semantics U prov.get_semantics(456 ) 
9. for  all key-value pairs (p, current_value) in current_data_element do 

10.       if  p I  keys(] ) then 
11.             ̀ [p] U current_value 
12.             if  p I .attribute_semantics[NK] and _ # �k then //tuning a loop attribute. Get iteration data 
13.                  _ U.prov.get_current_iteration_data(456 ) 
14.             end if 
15.       end if 
16. end for 
17. prov.store_steering_data(456 ' ] ' P' X' " ' _' ?' ` ) 

#



#
#

#
4?)$%&'"T"+?2$-%&%958?(-*)2#=2(-7#*>)#52%/*#)/?#%5#*>)#(?(-*)2#7)2G.3)"#<>)/#&7)27#&7)#

958?(-*)2#./*)25(3)#*%#(?(-*#*>)#2&//./0#=%245+%=D#*>)#-2%G)/(/3)#%5#*>)#7*))2./0#(3*.%/7#
(2)#3(-*&2)?"#1>)#./*)25(3)#.7#3%;;(/?#+./) W\(7)?D#*%#\)#&7)?#./#(#*)2;./(+#3%//)3*)?#*%#*>)#
YNJ#;(3>./)#=>)2)#*>)#=%245+%=#2&/7"#V/#*>)#3%;;(/?#+./)D#&7)27#%/+:#/))?#*%#./5%2;#*>)#
./-&*#?(*(7)*#456 #*%# \)# (?(-*)?D#(/?# (# 7.;-+)# 4):WG(+&)# ?(*(# 7*2&3*&2)# 3%/*(././0# *>)#
-(2(;)*)27#(/?#*>).2#/)=#G(+&)7"#T%2#5+)X.\.+.*:D#*>)#4):WG(+&)#?(*(#7*2&3*&2)#3(/#\)#-(77)?#
?.2)3*+:#&7./0#*>)#(20&;)/*#-- p#%2#=2.*)#.*#./#(#5.+)#(/?#-(77#.*7#-(*>#(7#*>)#(20&;)/*"#<)#(??#
(/#%-*.%/(+#(20&;)/*#-- reason #*%#(++%=#&7)27#*%#(//%*(*)#*>(*#7-)3.5.3#7*))2./0#(3*.%/"#,)) -./0#
*>)#./*)25(3)#7.;-+)#>)+-7#3%;-&*(*.%/(+#73.)/*.7*7#*%#(?>)2)#*%#958?(-*)2#&*.+.'(*.%/"#T.0&2)#
h#7>%=7#(/#)X(;-+)#%5#958?(-*)2s7#3%;;(/?#+./)#./*)25(3)"##

'

#

@3@! MS,&CXYZ&8+$&#=%&C$+D%()(<%&+8&C)$)-%#%$&L"(*(4&&

V/#*>.7#7)3*.%/D#=)#-2%-%7)#(#?(*(#-2%G)/(/3)#2)-2)7)/*(*.%/#%5#-(2(;)*)2#*&/./07"#<)#
\&.+?#%/#%&2#-2)G.%&7#N!QEW958 #_KD̀#(#2)-2)7)/*(*.%/#5%2#-2%G)/(/3)#%5#7*))2./0#(3*.%/7#./#
?(*(5+%=7D#=>.3>#.7#(/#)X*)/7.%/#%5#*>)#<KJ#2)3%;;)/?(*.%/#N!QEW9P#_OK`"#V/#*>.7#-(-)2D#
=)#7-)3.(+.')#N!QEW958#5%2#-(2(;)*)2#*&/./0#./#&7)2W7*))2)?#?(*(5+%=7"#V/#T.0&2)#i D#=)#&7)#
(# 3+(77# ?.(02(;# *%# -2)7)/*# *>)# -2%G)/(/3)# ?(*(# 2)-2)7)/*(*.%/# 5%2# -(2(;)*)2# *&/./0"# 1>)#
3+(77)7# ./# =>.*)# \(3402%&/?# 2)-2)7)/*# -2%7-)3*.G)# -2%G)/(/3)# (/?# ./# 02(:# \(3402%&/?#
2)-2)7)/*# 2)*2%7-)3*.G)# -2%G)/(/3)"# 1>)# ;(./# (??)?# 3+(77# .7#ParameterTuning "# N(2(;)*)2#
*&/./07# (*# 2&/*.;)# (2)# 2)0.7*)2)?# (7# 2)*2%7-)3*.G)# -2%G)/(/3)# (7# *>):# %33&22)?# =>.+)# *>)#

1. ... 
2. for  (unsigned int  t_step = p.init_tstep; (t_step < p.n_time_steps) && (time < p.tmax); t_step++) { 
3.        provenance.initTimeLoop(); 
4.        if  ( parameters_modified() ) { 
5.            p = reload_parameters(); 
6.            provenance.steeringTimeLoop(); 
7.        }  
8.        ... 
9.        for  (unsigned int  nonlinear_step = 0; nonlinear_step < p.max_nonlinear_steps; ++nonlinear_step) { 

10.              provenance.initFluidSolver(); 
11.              flow_system.solve(); 
12.              ... 
13.              provenance.finalizeFluidSolver(); 
14.         }  
15.         ... 
16.         provenance.finalizeTimeLoop(); 
17. }  
18. ... 

L$&?)"'V='GT+")#2'-.'8$:K"0AM0";$6"%2*2$-%'+-;"'9$2A'#)-H"%*%+"'*%;'02"")$%&'+*880=#

#

1.  $> ./DfAdapter -- user=' Bob'  
2.  $> ./DfAdapter -- tune  

      -- dataset=' I_Iteration_Params '  
      -- p='{" max_linear_iterations ": 500} '  
      -- reason="checking how linear iterations affects  
               convergence "  

3.  $> echo ' {  
    "flow_initial_linear_solver_tolerance": 1.0e - 6,  
    "amr/c_fraction": 1.0e - 5 
   } ' > new - values.json  

4.  $> ./DfAdapter -- tune  
       -- dataset=' I_Iteration_Params '  
       -- p=' new- values.json '  

L$&?)"'W='@-66*%;'8$%"0'2-'+*88'4.3; *#2")='
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ParameterTuning #2)-2)7)/*7#-2%G)/(/3)#%5#(#C>Y%#%-)2(*.%/#Z<383#9)5./.*.%/#C["#V*#>(7#*=%#
2)+(*.%/7>.-7#ZWasInfluencedBy [#=.*>#AttributeValue "#1>)#5.27*#%/)#.7#*%#2)+(*)#*%#*>)#/)=#
G(+&)7# %5# -(2(;)*)27# \)./0# *&/)?"# E(+&)7# %5# -(2(;)*)27# (2)# ;%?)+)?# (7#AttributeValue 
Z?)2.G)?# 52%;# *>)# -2%7-)3*.G)# )/*.*:#Attribute [D# -(2*# %5# (#DataElement #%5# (#Dataset #Z*>)#
456 .>(G./0# .*7# -(2(;)*)27# *&/)?["# 67./0#<KJ #N!QE# 2)+(*.%/7>.-7D# =)# ;%?)+# *>)# /)=#
(**2.\&*)#G(+&)#%5#(#-(2(;)*)2#\)./0#*&/)?#(7#(#2)G.7.%/#%5#ZWasRevisionOf [#*>)#%+?#-(2(;)*)2#
G(+&)D#=>.3>#.7#(+7%#(/#(**2.\&*)#G(+&)^#>)/3)#*>)#(&*%W2)+(*.%/7>.-#./#Attr ibuteValue "#1>&7D#
*>)7)#2)+(*.%/7>.-7#(2)#5%2#2)-2)7)/*./0#*>)#/)=#(/?#%+?#G(+&)7#5%2#*>)#-(2(;)*)27#*&/)?D#*3%3D#
] # (/?# ` "# 1>)# 7)3%/?#WasInfluencedBy # 2)+(*.%/7>.-# \)*=))/# ParameterTuning # (/?#
AttributeValue #.7# *%# 2)+(*)# *>)# *&/./0# =.*>#_#G(+&)7D# =>.3># (2)# (+7%# ;%?)+)?# (7#
AttributeValues "#

1%#2)+(*)#*>)#ParameterTuning =.*>#aD#=)#(??#*>)#2)+(*.%/7>.-#WasInfluencedBy \)*=))/#
ParameterTuning #(/?#ExecuteDataTransformation D#=>.3>#.7#*>)#;%7*#2)-2)7)/*(*.G)#3+(77#5%2#
=%245+%=#)X)3&*.%/#?(*(#Z$)3*.%/#O["#T%2#&7)2#?(*(#XD#=)#2)+(*)#ParameterTuning #=.*>#Person D#
G.(#*>)#(??)?#WasSteeredBy #2)+(*.%/7>.-. <)#(+7%#32)(*)#(#/)=#3+(77D#Adapter D#=>.3>#.7#(#
N!QE#SoftwareAgent D#*%#7*%2)#?(*(#(\%&*#*>)#-2%02(;#%2#7)2G.3)#*>(*#3(/#)55)3*.G)+:#(?(-*#
*>)#?(*(7)*"#<)#2)+(*)#*>)#*&/./0#=.*>#*>)#Adapter #3+(77#G.(#WasAssociatedWith #*%#)X-+.3.*+:#
2)-2)7)/*#=>.3>#Adapter #3(++#=(7#&7)?#*%#*&/)#*>)#-(2(;)*)27"#T%2#)X(;-+)D#%/)#3%&+?#&7)#
*>.7#2)+(*.%/7>.-#*%#7*%2)#*>)#(20&;)/*7#&7)?#\:#*>)#7)2G.3)#3(++#*%#(?(-*#*>)#?(*(5+%="#T./(++:D#
ParameterTuning #3(/#\)#5&2*>)2#)X*)/?)?#5%2#(/:#%*>)2#?(*(#*>(*#*>)#&7)2#;(:#5./?#2)+)G(/*D#
7&3>#(7#?)732.-*.%/7#5%2#*>)#*&/./0#%2#*>)#32.*)2.(#P#&7)?#*%#7)+)3*#*>)#?(*(#)+);)/*#*>(*#=.++#
\)#*&/)?"#

1>)2)5%2)D# =.*># *>.7# <KJ# N!QEW)X*)/?)?# -2%G)/(/3)# ?(*(# ;%?)+D# =)# 3(/# 2)-2)7)/*#
-2%G)/(/3)# %5# %/+./)# -(2(;)*)2# 5./)W*&/./07# ./# ?(*(5+%=7# 7*))2)?# \:# &7)27"# V/# *>)# /)X*#
7)3*.%/D# =)# -2)7)/*# %/)# -%77.\+)# .;-+);)/*(*.%/# %5#*>.7# -2%G)/(/3)# ;%?)+# &7./0# *>)#
2)+(*.%/(+#?(*(#;%?)+"#

#

#

#
L$&?)"'X='IEC\ M4. 3 'OFQ'9$2A'I*)*6"2")'(?%$%&'+8*00"0='

#
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@3[! \- .5%-%(#*(4&#=%&C$+D%()(<%&B)#)G)1%&/<=%-)&8+$&B8T7).#%$&

< )# &7)# *>)# 2)+(*.%/(+# ?(*(# ;%?)+# *%#2)-2)7)/*#*>)# <KJ# N!QEW)X*)/?)?# -2%G)/(/3)#
;%?)+#-2)7)/*)?#./#$)3*.%/#g"g"#8/#)X3)2-*#%5#*>)#2)+(*.%/(+#?(*(\(7)#73>);(#.7#./#T.0&2)#j D#
=>)2)(7#(#3%;-+)*)#5.0&2)#3(/#\)#5%&/?#%/#M.*Y&\#_O@`"#<>)/)G)2#(#&7)2#.77&)7#(#7*))2./0#
3%;;(/?# *%#*&/)# -(2(;)*)27D#(# /)=# ./7*(/3)#%5#-(2(;)*)2# *&/./0# (3*.%/#.7#7*%2)?# ./#*>)#
ParameterTuning #*(\+)"#$./3)#(#-(2(;)*)2#*&/./0#;(:#;%?.5:#%/)#%2#;(/:#(**2.\&*)7D#(/?#*>)#
7(;)# (**2.\&*)# ;(: #\)# ;%?.5.)?# \:# ;(/:# 7*) )2./0# (3*.%/7D# *>)2)# .7# (#;(/: W*%W;(/:#
2)+(*.%/7>.-#\)*=))/# ParameterTuning # (/?# Attribute # *(\+)7"# 1>)# (77%3.(*.G)# *(\+)D#
ParameterTuned D#>(7#5.)+?7#*%#7*%2)#%+?#(/?#/)=#G(+&)7"#1>)#456 #.7#(#7-)3.(+.'(*.%/#%5#*>)#*(\+)#
Dataset "#R(3>#*&-+)#./#Dataset #*(\+)#.7#(#?(*(#)+);)/*"#R(3>#ParameterTuning ./7*(/3) #;(:#
?.2)3*+:# (55)3*#%/)#%2#;(/:#?(*(# )+);)/*7#./#456 .(/?# (#7(;)#?(*(# )+);)/*# ./# 456 #;(:# \)#
(55)3*)?# \:# ;(/:# -(2(;)*) 2# *&/./0# (3*.%/7D# >)/3)# *>)2)# .7# (# ;(/:W*%W;(/:# 2)+(*.%/7>.-#
\)*=))/# ParameterTuning #(/?#Dataset #*(\+)7D#G.(#*>)#Modified DataElement (77%3.(*.G)#*(\+)"#
P%2)%G)2D#(7#756 ..7#(+7%#7-)3.(+.'(*.%/#%5#Dataset D#=)#&7)#InfluencedDataElement #(77%3.(*.G)#
*(\+)#\)*=))/# (/%*>)2# ;(/: W*%W;(/:# 2)+(*.%/7>.-# \)*=))/# ParameterTuning #(/?# Dataset #
*(\+)7#*%#7*%2)#%&*-&*#?(*(#)+);)/*7#?.2)3*+:#./5+&)/3)?#\:#(#*&/./0D#7&3>#(7#.*)2(*.%/#3%&/*)2#
?(*(#./#3(7)#%5#-(2(;)*)2#*&/./07#./#?(*(#*2(/75%2;(*.%/7#*>(*#)G(+&(*)#+%%-7"#T./(++:D#=)#
2)+(*)#)X)3&*.%/#?(*(#(\%&*#*>)#3&22)/*#7*(*)#%5#*>)#)X)3&*.%/#=>)/#(#*&/./0#(3*.%/#>(--)/)?#
G.(# *>)# (77%3.(*.G)# *(\+)#InfluencedTask "# Tasks # (2)# ?.2)3*+:# ;(--)?# *%#
ExecuteDataTransformation #./#*>)#-2%G)/(/3)#;%?)+D#(/?#)X)3&*.%/#?(*(#(2)#5&2*>)2#)X*)/?)?#
=.*>#-)25%2;(/3)#?(*(#G.(#*>)#2)+(*.%/7>.-#\)*=))/#Task #(/?#Performance #*(\+)7"#1>)#-)27%/#
=>%#7*))2)?#(/?#*>)#(?(-*)2#-2%02(;#&7)?#./#*>(*#7-)3.5.3#*&/./0#(2)#2)+(*)?#(/?#7*%2)?#*%#
ParameterTuning "#1>&7D#\)3(&7)#%5#*>)7)#)/*.*.)7#(/?#2)+(*.%/7>.-7#\)./0#-%-&+(*)?#?&2./0#
)X)3&*.%/#%5#*>)#=%245+%=#./#(#&7)2W(33)77.\+)#?(*(\(7)D#&7)27#3(/#?2.G)#*>).2#(/(+:7)7#(/?#
?)3.7.%/7#(*#2&/*.;)#&7./0#*>)7)#?(*("#

#
L$&?)"'P='GT+")#2'-.'2A"';*2*:*0"'0+A"6*= '

@3]! B8T7).#%$&YD%$=%)7&T()501*1&

1>)#(?%-*.%/#%5#958?(-*)2#?)-)/?7#%/#>%=#;&3>#)X)3&*.%/#%G)2>)(?#.*#.;-+.)7"#1>)#
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\))/#;(?)# *%#*>.7#5.+)"#V5#(#;%?.5.3(*.%/#%33&22)?D#*>)#-(2(;)*)27#(2)#2)?)5./)?#(33%2?./0#*%#
*>)#/)=#G(+&)7"#1>(*#.7D#+.\P)7>W7)?.;) /*(*.%/#=%245+%=#.;-+);)/*7 #(#5.+)W\(7)?#3>)347#
(--2%(3>#5%2#*>)#(?(-*)2#7)2G.3)#Z$)3*.%/#g"B["#P%?.5.3(*.%/7#./#*>.7#5.+)#(2)#.;-+);)/*)?#(7#
(/# (?(-*)2# 7)2G.3)# 52%/*# )/?D# =>.3># \(7.3(++:#2)3).G)7# -(2(;)*)27# (/?# /)=# G(+&)7D#(/?#
;%?.5.)7# *>)#5.+)# (33%2?./0# *%#*>)#./-&*7"#1>)/D# .*7# )X)3&*.%/# .7#3%/*2%++)?# \:#958?(-*)2#
./*)25(3)"#1>)#+(7*#7*)-#.7#*%#./7)2*#958?(-*)2#8NV#3(++7#./#*>)#7*))2./0#-%./*7"#V/#+.\P)7>W
7)?.;)/*(*.%/#3%?)D#.*#.7#./7)2*)?#.;;)?.(*)+:#(5*)2#*>)#-(2(;)*)27#(2)#2)+%(?)?#=>)/#*>)2)#
.7#(# ;%?.5.3(*.%/# ./#*>)#3%/5.0&2(*.%/#5.+)"#T./(++:D#=>)/#*>)#&7)2#7*))27#&7./0#958?(-*)2#
./*)25(3)D#.*#3(-*&2)7#-2%G)/(/3)D#?%;(./#(/?#7*))2./0#?(*(#)G)2:#*.;)#.*#?)*)3*7#%/+./)#&7)2#
7*))2./0#(3*.%/7"#

GT#")$6"%2*8'1"2?#=#T%2#*>)#+(20)W73(+)#*)7*D#=)#&7)#OjA#3%2)7#52%;#L%\%#J(2/).2%#
3+&7*)2D#(/#$MV#VJR#x#=.*>#@g@#/%?)7D#)(3>#=.*>#(#@OW3%2)#-2%3)77%2#(/?#hO#MU#!8PD#
7&;;./0# hDAOj#3%2)7#(/?#Bh#1U#!8P"#1>)#/%?)7#(2)#./*)23%//)3*)?#G.(#T9!#V/5./.U(/?#
(/?#7>(2)#(#L&7*2)#5.+)#7:7*);#=.*>#gAA#1U"#V/#*>.7#)X-)2.;)/*D#*>)#-2%G)/(/3)#7)2G)2#(/?#
P%/)*9U#(2)#?)-+%:)?#./#(#7)-(2(*)#/%?)#./ #*>)#3+&7*)2D#?.55)2)/*#52%;#*>)#%/)7#&7)?#\:#*>)#
;(./#3%;-&*(*.%/(+#-2%3)77#5%2#+.\P)7>W7)?.;)/*(*.%/"#T%2#*>)#7;(++W73(+)#*)7*D#=)#&7)#(#
9)++#-2)3.7.%/#1KhBA#=%247*(*.%/D#j#3%2)7D#Bh#MU#!8P"#

]3J! /-)55 61<)5%&%;.%$*-%(#&&

1>)# 7;(++W73(+)# )X-)2.;)/*# .7# &7)?# \:# 73.)/*.7*7# (7# (# \)/3>;(24# *%# )G(+&(*)#
7)?.;)/*(*.%/#7%+G)27"#V*#7.;&+(*)7#*>)#+(\%2(*%2:#*)7*#3(22.)?#%&*#\:#?)#!%%.c#(/?#9(+'.)+#
_Oh#̀=.*>#(#+%34W)X3>(/0)#3%/5.0&2(*.%/"#1>)#%\c)3*.G)#%5#*>.7#)X-)2.;)/*#.7#*%#7>%=#*>)#?(*(#
(/(+:*.3(+#-%*)/*.(+#%5#%&2#7%+&*.%/D#>%=#=)#2)3%2?#7*2&3*&2)?#-(2(;)*)2W*&/./07D#(/?#>%=#
&7)27#3(/#b&)2:#*>)#&7)2#7*))2./0#?(*(#*%#)/>(/3)#*>).2#(/(+:7)7"#

1>)#3%;-&*(*.%/(+#7)*&-#&7)?#./#*>.7#*)7*#3(7)#3%/7.7*7#%5#(#-+(/)#3>(//)+#=.*>#?.;)/7.%/7#
@A#X#@#5.++)?#=.*>#7)?.;)/*7#./#7&7-)/7.%/#(/?#3+)(2#5+&.?#(*#2)7*"#V/#*>)#+(\%2(*%2:D#(#+%34W
0(*)#.7#&7)?#*%#7)-(2(*)#*>)#5+&.?7#\)5%2)#*>)#\)0.//./0#%5#*>)#)X-)2.;)/*"#<>)/#*>)#0(*)#.7#
2);%G)?D#(#;&*&(+#./*2&7.%/#5+%=#?)G)+%-7#./#=>.3>#*>)#-(2*.3+)W+(?)/#52%/*#*2(G)+7#(+%/0#*>)#
\%**%;# *%# *>)# 2.0>*"# V/# *>.7# 7.;&+(*.%/D# *>)# +%34W0(*)# .7# +%3(*)?# (*# X# y# A"ig"# 1>)# /%/W
?.;)/7.%/(+#-(2(;)*)27#&7)?#(2)#M2(7>%5#/&;\)2#y#g"AzBAWhD#$3>;.?*#/&;\)2#y#B"AD#(/?#
7)**+./0# G)+%3.*:# A"A@"# 8?(-*.G)# ;)7># 2)5./);)/*# .7# &7)?# *%# *2(34# *>)# ./*)25(3)# \)*=))/#
7)?.;)/*7#3%/3)/*2(*.%/#(/?#3+)(2#=(*)2"#T.0&2)#BB#7>%=7#*>)#3%/3)/*2(*.%/#%5#7)?.;)/*7#./#
7&7-)/7.%/#(/?#*>)#(?(-*)?#;)7>#(*#7.;&+(*.%/#*.;)#*#y#BA"#



#
#

#
L$&?)"'<<='D4'H$0?*8$J*2$-%'-.'2A"'2*%,'*%;'2A"'+-%+"%2)*2$-%'-.'0";$6"%20='(A$0'.$&?)"'9*0'&"%")*2";'*2'

0$6?8*2$-%'2$6"'2'_'<]'?0$%&'I*)*\$"9= '

V/#*>.7#7.;&+(*.%/D#*>)#&7)2#.7#./*)2)7*)?#./#(/(+:'./0#-%77.\+)#-)25%2;(/3)#0(./7#=>)/#
*>)#/&;\)2#%5#/%/+./)(2#(/?#+./)(2#Z./#*>.7#3(7)D#MP!R$[# .*)2(*.%/7# .7#*&/)?#(*#2&/*.;)"#
$-)3.5.3#5./)W*&/./07#%/#?.55)2)/*# ./-&*#-(2(;)*)27#;(:# .;-(3*#*>)#7%+G)27#(/?#>)/3)#*>)#
7.;&+(*.%/#*.;)#3%/7.?)2(\+:"#9&2./0#*>)#)X)3&*.%/D#*>)#&7)2#7&\;.*7#(/(+:*.3(+#b&)2.)7#*%#
958?(-*)2D# (??2)77./0# J>(++)/0)# B"# U(7)?# %/# *>)# (/(+:7)7# %5# /%/+./)(2# (/?# MP!R$#
.*)2(*.%/7D#*>)#&7)2#?)3.?)7#*%#5./)W*&/)#*>)#7%+G)2s7#-(2(;)*)27"#V/#*%*(+D#*>)#&7)2#3>%%7)7#*%#
?%#7.X#5./)W*&/./07#./#BA#>%&27#%5#7.;&+(*.%/"#l&)2:#B#Z=>%7)#?)732.-*.%/#(/?#*(\&+(2#2)7&+*7#
(2)#./#T.0&2)#B@[#7>%=7#*>)#-2%G)/(/3)#%5#*>)#(?(-*(*.%/"#V*#+.7*7#(++#*>)#-(2(;)*)27#*&/)?#\:#
(#&7)2#Z7(:D#U%\[D#3%22)+(*)?#*%#*>)#*.;)#7*)-7"#U:#&7./0#l&)2:#BD#%*>)2#2)7)(23>)27#(2)#(=(2)#
*>(*#U%\#(?(-*)?#*>.7#=%245+%=#)X)3&*.%/#7.X#*.;)7"#1>)#*.;)7#(/?#G(+&)7#(2)#=)++W7*2&3*&2)?#
(/?#2)3%2?)?#./#*>)#-2%G)/(/3)#?(*(\(7)#\:#958?(-*)2D#*>&7#(??2)77./0#J>(++)/0)#@"#

`?")5'<B' L.7*#(++#&7)2#*&/./07#3%22)+(*./0#=.*>#*.;)#7*)-"#

1>.7#b&)2:#?%)7#(#c%./#%/#*(\+)7d#ParameterTuning D#ParameterTuned D#
InfluencedDataEle mentD#(/?#Attribute D#5.+*)2./0#\:#*&/./07#;(?)#\:#{U%\s"#1>)#2)7&+*#.7d#

Parameter 
Tuning t_step Parameter  

Tuned 
Old 
Val 

New 
Val 

1 1401 flow_initial_linear_solver_tolerance 1e-8 1e-6 
2 1474 minimum_linear_solver_tolerance 1e-8 1e-6 
3 1484 flow_initial_linear_solver_tolerance 1e-6 1e-4 
4 1755 max_linear_iterations 500 300 
5 10061 amr/c_fraction 0.01 0.05 
6 10128 max_linear_iterations 300 200 

#
L$&?)"'<D='#̀?")5'<')"0?820='

1%# ./7-)3*# *>)# 3%/7)b&)/3)7# %5# (?(-*(*.%/7D# (# ;%2)# 7%->.7*.3(*)?# (/(+:*.3(+# b&)2:# .7#
/))?)?"#l&)2:#@#Z=>%7)#?)732.-*.%/#(/?#*(\&+(2#2)7&+*7#(2)#./#T.0&2)#BK[#7>%=7#*>)#(G)2(0)#
G(+&)7#%5#7*2(*)0.3#b&(/*.*.)7#*)/#.*)2(*.%/7#\)5%2)#(/?#(5*)2#)(3>#%5#*>)#5%&2#5./)W*&/./07"#1>)#
2)7&+*7# ./3+&?)# /%/+./)(2# (/?# +./)(2# ZMP!R$[# .*)2(*.%/7D# =>.3># (2)#%&*-&*#G(+&)7# %5# *>)#
7%+G)2D#(/?#*>)#/&;\)2#%5#5./.*)#)+);)/*7D#=>.3>#.7#(/#%&*-&*#%5#*>)#;)7>#2)5./);)/*#-2%3)77#
(/?#?)-)/?7#%/#%*>)2#./-&*7#%5#*>)#7%+G)2"#1>.7#b&)2:#7>%=7#(/#./*)02(*.%/#%5#-2%G)/(/3)#%5#
*>)#?%;(./#?(*(5+%=D#-)25%2;(/3)#?(*(#Z(G)2(0)#%5#)+(-7)?#*.;)7#./#BA#.*)2(*.%/7[D#(/?#*>)#
/)=#5./) W*&/./0#?(*(#./*2%?&3)?#./#*>.7#-(-)2"#1>)#2)7&+*7#%5#l&)2:#@#Z=)#>.0>+.0>*#*>)#;(./#
5./?./07[#7>%=#*>(*#*>)#1&/)7# |KD#|OD#(/?# |h# .;-(3*)?#*>)#(G)2(0)#)+(-7)?#*.;)# (/?#*>)#
(G)2(0)#/&;\)2#%5#MP!R$#.*)2(*.%/7D#=>.3>#(2)#%5#>.0>#./*)2)7*#*%#*>)#&7)2"#1&/)#|g#\(2)+:#
3>(/0)?#*>)#%*>)2#G(+&)7#\&*#2)?&3)?#*>)#/&;\)2#%5#;)7>#)+);)/*7#\:#(\%&*#BB"Bg]D#=>.+)#
4))-./0#*>)#%G)2(++#7.;&+(*.%/#(33&2(3:"#1>.7#2)?&3*.%/#.7#.;-%2*(/*#\)3(&7)#=>)/#*>)2)#(2)#
*%%#;(/:#)+);)/*7D#%&*W%5W; );%2:#)22%27#;(:#>(--)/#Z7))#/)X*#)X-)2.;)/*["#V/#T.0&2)#BOD#
=)#-+%*#*>)#)G%+&*.%/#%5#*>)7)#G(2.(\+)7#%G)2#*.;)#(/?#(//%*(*)#*>)#*&/./07#Z1&/)#|B#*%#1&/)#
|h[#7%#*>)#&7)2#3(/#)G(+&(*)#*>)#(?(-*(*.%/7D#(??2)77./0#J>(++)/0)#K"#



#
#

#

#
L$&?)"'<S='I8-20'-.'6-%$2-)$%&'[?")$"0'.-)'%?6:")'-.'aKEG1'$2")*2$-%0U'%-%M8$%"*)'$2")*2$-%0U'*%;'6"0A'"8"6"%20'

-H")'2$6"='7"'A$&A8$&A2'2A"'2?%"'*+2$-%0='

U(7)?#%/#*>)#(?(-*(*.%/W(=(2)#%/+./)#?(*(#(/(+:7)7D#*>)#&7)2#3(/#)G(+&(*)#?)3.?)#=>)*>)2#
%2#/%*#/)=#*&/)7#(2)#/))?)?D#(+7%#7&--%2*./0#*>)#J>(++)/0)#K"#P%2)%G)2D#7&--%7)#(#73)/(2.%#
=>)2)#(/%*>)2#2)7)(23>#*)(;#(/(+:')7#*>)#-2%G)/(/3)#%5#*>)#2)7&+*7"#1>)#*)(;#7))7#(\ 2&-*#
3>(/0)7# ./#*>)#2)7&+*7#(/?#3(/ #3%22)+(*)#*>)7)#2)7&+*7#=.*>#U%\n7#(?(-*(*.%/#*>2%&0>#$lL#
b&)2.)7#./#*>)#-2%G)/(/3)#?(*(\(7)"#1>):#3(/#3>)34#.5#7&??)/#3>(/0)7#(2)#2)+(*)?#*%#%/)#%5#
*>)# (?(-*(*.%/7# U%\# ?.?"# 1>&7D# *>):# =.++# >(G)# (# \)**)2# &/?)27*(/?./0# %5# *>)# 2)7&+*7D# *>&7#

`?")5'DB' 8G)2(0)#%5#?%;(./#G(+&)7#Zl%V7[#(/?#7.;&+(*.%/#*.;)#)7*.;(*) #
BA#.*)2(*.%/7#\)5%2)#(/?#(5*)2#*>)#*&/./07"#

1>.7#b&)2:#?%)7#(#c%./#%/#*(\+)7#ParameterTuning D#ParameterTuned D#Attribute D#
InfluencedDataElement D#O_Sedimentation_Solver D#O_Fluid_Solver D#Task D#(/?#

Performance "#V*#(+7%#?%)7#(/#(G)2(0)#%/#*>)#%&*-&*#G(+&)7#%5#O_Sedimentation_Solver #
(/?#O_Fl uid_Solver D#(/?#%/#Execution Time #./#Performance #*(\+)"#1>)#2)7&+*#.7d#

Parameter 
Tuning 

Avg 
Time (s) 

Bef 

Avg 
Time (s) 

Aft  

Avg 
nonlin. 

Bef 

Avg 
nonlin 

Aft  

Avg 
gmres 

Bef 

Avg 
gmres 

Aft  

Avg 
Elems 

Bef 

Avg 
Elems 

Aft  
1 17.3 18.5 3.8 3.9 2.03e3 2e3 5.32e3 5.38e3 
2 16.9 18.1  4.1 4.3 2.05e3 2.03e3 5.44e3 5.41e3 
3 17.4 13.2 4.2 4.3 2.02e3 1.54e3 5.45e3 5.43e3 
4 12.7 9.6 3.9 4.2 1.49e3 1.01e3 5.51e3 5.49e3 
5 14.4 14.8 4.3 4.0 1.06e3 1.01e3 6.28e3 5.58e3 
6 15.6 11.2 4.05 4.1 647 445 5.72e3 5.62e3 

#

L$&?)"'<F='̀?")5'D')"0?820='

#



#
#

(??2)77./0#J>(++)/0) 7#@#(/?#K"#

]3S! _)$4%61<)5%&%;.%$*-%(#&

V/# *>.7# )X-)2.;)/*D# *>)# &7)2# 7)*7# &-# *>)# +.\P)7>W7)?.;)/*(*.%/# =%245+%=# =.*># (#
7.;&+(*.%/# %5# *>)# ?)-%7.*.%/# %5# 7)?.;)/*7# 3(22.)?# \:# (#*&2\.?.*:# 3&22)/*# %G)2# (# 2)(+#
)X-)2.;)/*(+#3>(//)+"#8#;.X*&2)#%5#7)?.;)/*7#.7#3%/*./&%&7+:#./c)3*)?#./*%#(#3>(//)+#*>(*#
?)-%7.*7#7)?.;)/*7# ./# *>)# *(/4"#1>)# *(/4#>(7#+)/0*>#y#BKgD#=.?*>#y#OAD#(/?#>).0>*#y#gA#
Z?.;)/7.%/+)77#&/.*7["#

1>)# ?.;)/7.%/+)77# 7.;&+(*.%/# -(2(;)*)27# (2)# 7)**+./0# G)+%3.*:# y# g"KhzBAWhD# M2(7>%5#
/&;\)2# y# K"O@zBAi D# $3>;.?*#/&;\)2# y# B"AD#(/?# 5.X)?# *.;)# 7*)-# y# A"AB"# # V*# &7)7# (# K9#
7.;&+(*.%/#=.*>#(#7-(*.(+#?.732)*.'(*.%/#&7./0#(/#./.*.(+#&/7*2&3*&2)?#;)7>#=.*>#B"@#;.++.%/#
*)*2(>)?2("#8P!SJ#.7#);-+%:)?#(/?#*>2))#+)G)+7#%5#&/.5%2;#2)5./);)/*#(2)#(--+.)?#\)5%2)#
*>)#*.;)#+%%-"#1>)#&7)2#7-)3.5.)7#./-&*#-(2(;)*)2#G(+&)7#5%2#*>)#7)?.;)/*(*.%/#7%+G)2#Z.")"D#
+./)(2# (/?# /%/W+./)(2# *%+)2(/3)7D# ;(X.;&;# /&;\)2# %5# +./)(2# .*)2(*.%/7D#*%+)2(/3)7# 5%2#
8P!SJ#)22%2#)7*.;(*.%/#(/?#2)5./);)/*#(/?#3%(27)/./0#52(3*.%/7[#(.;./0#(*#(**(././0#(#>.0>W
5.?)+.*:#7.;&+(*.%/"#Q/)#7*2(*)0.3#7.;&+(*.%/#?(*(#*>(*#b&(/*.5.)7#7&3>#+)G)+#%5#?)*(.+#.7#*>)#
/&;\)2#%5#)+);)/*7#%\*(./)?#./#*>)#;)7>#2)5./);)/*#?(*(#*2(/75%2;(*.%/#Z7)3%/?#%/)#./#*>)#
*.;)#+%%-["#8+*>%&0>#(#+(20)#/&;\)2#%5#)+);)/*7#./#*>)#;)7>#;)(/7#>.0>#+)G)+#%5#?)*(.+7D#.*#
(+7%#;)(/7#;%2)#;);%2:#(/?#*.;)#3%/7&;)?#\:#*>)#7.;&+(*.%/"#9)-)/?./0#%/#*>)#-(2(;)*)2#
G(+&)7#7-)3.5.)?#5%2#*>)#7%+G)2D#*>)#7.;&+(*.%/#;.0>* #2&/#%&*#%5#;);%2:"#1>&7D#*>)#&7)2#?%)7#
/%*# 4/%=# \)5%2)>(/?# =>.3># 2(/0)# %5# -(2(;)*)27# .7# \)7*# 5%2# (#0%%?# +)G)+# %5#?)*(.+# =.*>#
(33)-*(\+)#;);%2:#3%/7&;-*.%/"#

1%#7&--%2*#*>)#&7)2#./#5%++%=./0#*>)#)G%+&*.%/#%5#7*2(*)0.3#G(+&)7D#=)#&7)#*>)#(--2%(3>#
-2)7)/*)?#./#_Bg#̀*%#;%/.*%2#2)7&+*7#&7./0#-2%G)/(/3)#(/?#?%;(./#?(*("#<)#7)*#&-#7)G)2(+#
;%/.*%2./0#b&)2.)7#*%#-+%*#7.;&+(*.%/#?(*(#(*#)(3>#*.;)#7*)-"#Q/)#b&)2:#7>%=7#+./)(2#(/?#
/%/+./)(2#.*)2(*.%/7D#2)7.?&(+#/%2;7D#(/?#*>)#/&;\)2#%5#)+);)/*7#./#*>)#;)7>#(*#)(3>#*.;)#
7*)-"#8??.*.%/(++:D#N(2(E.)=#J(*(+:7*#.7#7)*#&-#*%#-+%*#K9#G.7&(+.'(*.%/7#%5#*>)#3>(//)+#(/?#
*>)#7)?.;)/*#?)-%7.*7#%G)2#*.;)"#1>)/D#*>)#&7)2#7))7D#5%2#)X(;-+)D#*>(*#*>)#/&;\)2#%5#)+);)/*7#
0)/)2(*)?#\:#*>)#8P!SJ#.7#3+%7)#*%#(#;(X.;&;#-2)7)*#/&;\)2#%5#)+);)/*7"#8*#*>(*#2(*)D#*>)#
7.;&+(*.%/#;(:#32(7>D#2&//./0#%&*#%5#;);%2:"#1>)#&7)2#4/%=7#*>(*#\:#3>(/0./0#7%;)#%5#*>)#
7%+G)2#-(2(;)*)27D#*>)#/&;\)2#%5#)+);)/*7#*)/?#*%#?)32)(7)"#1>&7D#*>)#&7)2#.77&)7#(#3%;;(/?#
*%#(?(-*#*>)#7%+G)2#-(2(;)*)27#(/?#958?(-*)2#(&*%;(*.3(++:#*2(347#(/?#2)0.7*)27#*>.7#*&/./0"#

V/#T.0&2)#BgD#=)#7>%=#*>)#-+%*#%5#*>)#;%/.*%2./0#b&)2:#5%2#*>)#/&;\)2#%5#)+);)/*7"#<)#
7))#>%=#*>)#/&;\)2#.7#./32)(7./0#=>)/#*>)#&7)2#?)3.?)?#*%#5./)W*&/)#*>)#./-&*#-(2(;)*)27#
%/+./)#(.;./0#(*#2)?&3./0#*>)#/&;\)2#%5#)+);)/*7"#1>.7#(3*.%/#-2)G)/*)?#*>)#7.;&+(*.%/#*%#
2)7&+*# ./# (/#%&*W%5W;);%2:# )22%2D#=>.3>#=%&+?# ./*)22&-*#*>)#7.;&+(*.%/D#2)b&.2./0#%55+./)#
*&/./07#(/?#c%\#2)7&\;.77.%/#*%#*>)#YNJ#;(3>./) "#



#
#

#
V/#T.0&2)#BhD#=)#7>%=#*>)#K9#G.7&(+.'(*.%/7#(/?#*>)#)G%+&*.%/#%5#*>)#7*2(*)0.3#G(+&)7#(/?#
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