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Abstract

The DAKOTA (DesignAnalysisKit for Optimizationand TerascaleéApplicatiors) toolkit providesa flex-
ible andextensibleinterface betweersimulationcodesanditerative analysismethod. DAKOTA contains
algoritrmsfor optimizationwith gradiett andnorgradien-basednethod; uncetainty quariification with
sampling analyticreliability, andstochastidinite elementmethod; paraméer estimationwith nonlinear
leastsquars method; andsensitvity analysiswith designof experimentsandparaneterstudy methals.
Thesecapaliities maybeusedontheirown or ascompmnerswithin advarcedstratgiessuchassurrayate-
basedptimizaion, mixedintegernonlinear programmirg, or optimizationunder uncetainty. By employ-
ing object-aienteddesignto implement abstraction of the key compnentsrequirel for iterative systems
analysesthe DAK OTA toolkit providesa flexible andextersible problemsolving environmentfor design
andperformarce analysisof compuationalmocelson high performarce computers.

This repat senesasa referaxcemantual for the commaids specificatiorfor the DAK OTA software,pro-
viding inputoverviews, option descripiions,andexanple specificatios.
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Chapter 1

DAK OTA ReferenceManual

Author:
MichaelS. Eldred, Anthony A. Giunta, Bart G. vanBloemenWaanders StevenF. Wojtkiewicz, Jr. ,
William E. Hart, Mario P. Alleva

1.1 Intr oduction

The DAKOTA (DesignAnalysisKit for Optimizationand Terascalé\pplicatiors) toolkit providesa flexi-
ble, extersible interfacebetweeranalysiscodesanditerationmethos. DAK OTA contans algorithmsfor
optimizatian with gradien andnongadientbasedmethodsuncertaity quariification with sampling an-
alytic reliability, andstochastidinite elementmethod, paraneterestimationwith norlinearleastsquares
method, and sensitvity/primary effects analysis with designof experimentsand paraneter study capa-
bilities. Thesecapabilitiesmay be usedon their own or as conponerts within advencedstrategies for
surro@te-basedwptimization, mixed integer norlinear progammirg, or optimizatian uncer uncertanty.
By employing object-aienteddesignto implementabstraction of the key componentsrequirel for itera-
tive systemanalysesthe DAK OTA toolkit providesaflexible andextersibleproblemsolvingenvironment
aswell asa platform for rapid pratotyping of advarcedsolutionmethoalogies.

TheReferencéManud focuseson documentatiorof thevariowsinput commandsfor the DAK OTA system.
It follows closelythestructureof dakota.input.spc, themasteinputspecification For informationon soft-
warestructureyeferto the Devel oper s Manual , andfor atourof DAKOTA featuesandcapabilities,
referto theUsersManual [ Eldredetal., 2001].

1.2 Input SpecificationReference

In the DAKOTA systemthesstrategy createsandmanagsiterators andmodels A mocdel containsa setof
variables aninterface anda setof respoises andtheiteratoroperaeson the mocel to mapthe variables
into respoisesusingtheinterface. In a DAKOTA inputfile, the userspecifieshesecommners through
stratgyy, methal, variablesjnterface,andrespomseskeyword specificationsTheinput specificatiorrefer
encecloselyfollows this structure with introdwctory materialfollowed by detaileddocumentationof the
stratgy, methal, variablesjnterface andresposeskeyword specifications:



file:../html/index.html

DAK OTA ReferenceManual

Commauals Introduction
Stratgly Command
MethodCommaurls
VariablesCommauals
InterfaceCommauals

Response€ommand

1.3 WebResources

Projectweb pagesare maintaned at ht t p: / / endo. sandi a. gov/ DAKOTA with software specifics
anddocunentationpointersprovidedat ht t p: / / endo. sandi a. gov/ DAKOTA/ sof t ware. ht m ,
andalist of publicatiors providedatht t p: / / endo. sandi a. gov/ DAKOTA/ r ef er ences. ht n
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Chapter 2

DAK OTA File Documentation

2.1 dakota.input.specFile Reference

file containng theinputspecificatiorfor DAK OTA.

2.1.1 Detailed Description

file contairing theinput specificatiorfor DAK OTA.

Thisfile is usedin the geneationof parsersystentfiles which arecompled into the DAK OTA executable.
Therebre, thisfile is the definitive sour@ for input syntax capaliity optiors, andassociatedatainputs.
Referto Instructiors for Modifying DAKOTA’s Input Specificatiorfor informationon how to modify the
input specificatiorandpraopagatehe changeshroughthe parsingsystem.

Key featuesof theinput specificatiorandthe associatediserinputfiles include:

¢ In theinput specificationrequiled paranetersareenclosedn {}, optioral parametey areenclesed
in[ ], requiredgrowpsareenclosedn () , optioral groups areenclosedn [ ], andeitheror rela-
tionships aredended by the | symbol. Thesesymbolsonly appeaiin dakota.input.spc, they must
notapper in actualuserinputfiles.

e Keyword specificationgi.e., stratgy, method variables, interface,andrespmses)are delimitedby
newline charactersbothin the input specificationandin userinpu files. Therebre, to continuea
keyword specificationonto multiple lines, the backslashcharater ("\”) is neead at the endof a
line in order to escapehe newline. Continuatim onto multiple linesis not requred; however, it is
comnonly usedto enhaice readaiity .

e Eachof thefive keywordsin theinput specificatiorbegins with a
<KEYWORD = nane>, <FUNCTION = handl er _nane>
headewhich narmesthekeyword andprovidesthebinding to thekeyword hardlerwithin DAKOTA's

prodem descrigiion datalase. In a userinput file, only the nameof the keyword appeas (e.g,
variabes).
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e Someof the keyword compamentswithin the input specificationindicatethat the usermust sup-
ply <I NTEGER>, <REAL >, <STRI NG>, <LI STof ><I NTEGER>, <LI| STof ><REAL>, or
<LI STof ><STRI NG> dataaspartof the specification.In auserinputfile, the" =" is optioral,
the <LI STof > datacanbe separatedy commasor whitespaceandthe <STRI NG> dataare
enclosedn singlequades(e.g.,' t ext book’ ).

¢ Inuserinputfiles,inputis ordea-indepedent(exceptfor entriesin datalists) andwhite-sp&einsen-
sitive. Although the orderof input shawvn in the Sampledalota.inFiles geneally follows the order
of optionsin theinput specificationthisis notrequred.

¢ In userinpu files, specificatios maybeabbreiatedsolongastheabbeviationis unique. For exam
ple,theappl i cat i on specificatiorwithin theinterfacekeywordcouldbeablreviatedasappl i c,
but shouldnotbeabbreiatedasapp sincethis would beambigwuswith appr oxi mat i on.

¢ In boththeinputspecificatioranduserinputfiles, commeits areprecededy #.

Thedalota.input.spcfile usedin DAKOTA V3.0is:

# DO NOT CHANGE THI S FI LE UNLESS YOU UNDERSTAND THE COVPLETE UPDATE PROCESS
#
# Any changes made to the input specification require the manual nerging
# of code fragnents generated by IDR into the DAKOTA code. |f this manual
# merging is not perforned, then libidr.a and the Dakota src files
# (Probl enDescDB. C, keywordtable.C) will be out of synch which will cause
# errors that are difficult to track. Please be sure to consult the
# docunent ati on in Dakot a/ docs/ SpecChange. dox before you nodify the input
# specification or otherw se change the | DR subsystem
#

vari abl es>, <FUNCTI ON = vari abl es_kwhandl er >

N

Py

%
L

—_——

conti nuous_desi gn = <| NTEGER>}
[cdv_initial _point = <LI STof ><REAL>]
[ cdv_| ower _bounds = <LI| STof ><REAL>]
[ cdv_upper _bounds = <LI| STof ><REAL>]
[cdv_descriptor = <L| STof ><STRI N&] ]
[ {discrete_design = <I NTEGER>}
[ddv_initial _point = <LI STof ><I NTEGER>]
[ddv_I ower _bounds = <LI STof ><| NTEGER>]
[ ddv_upper _bounds = <LI STof ><| NTEGER>]
[ddv_descri ptor = <LI STof ><STRI NG>] ]
[ {nornal _uncertain = <| NTEGER>}
{nuv_neans = <LI| STof ><REAL>}
{nuv_std_devi ations = <LI STof ><REAL>}
[ nuv_di st _| ower _bounds = <LI| STof ><REAL>]
[ nuv_di st _upper_bounds = <LI| STof ><REAL>]
[nuv_descriptor = <L| STof ><STRI N&] ]
[ {lognormal _uncertain = <| NTEGER>}
{I nuv_neans = <LI STof ><REAL>}
{I nuv_std_devi ati ons = <LI STof ><REAL>}
| {Inuv_error_factors = <LI STof ><REAL>}
[ nuv_di st _| ower _bounds = <LI| STof ><REAL>]
[I nuv_di st _upper_bounds = <LI| STof ><REAL>]
[I nuv_descriptor = <LI| STof ><STRI N&G] ]
[ {uniformuncertain = <| NTEGER>}
{uuv_di st _| ower _bounds = <LI STof ><REAL>}
{uuv_di st _upper_bounds = <LI STof ><REAL>}
[uuv_descriptor = <LI STof ><STRI NG>] ]
[ {1l oguniformuncertain = <|I NTEGER>}
{luuv_di st _| ower _bounds = <LI STof ><REAL>}
{luuv_di st _upper_bounds = <LI| STof ><REAL>}

i d_variables = <STRI NG|
{

o o o o o e e o o o o o o o o o o o o o o o o o o o o o e e e —
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[luuv_descriptor = <LI STof ><STRI NG| ]
[ {weibull _uncertain = <I NTEGER>}
{wuv_al phas = <LI STof ><REAL>}
{wuv_betas = <LI| STof ><REAL>}
[wuv_di st _| ower _bounds = <LI| STof ><REAL>]
[wuv_di st _upper_bounds = <LI| STof ><REAL>]
[wuv_descriptor = <L| STof ><STRI N&] ]
[ {histogramuncertain = <| NTEGER>}
{huv_filenanes = <LI STof ><STRI NG}
[ huv_di st _| ower _bounds = <LI STof ><REAL>]
[ huv_di st _upper _bounds = <LI STof ><REAL>]
[ huv_descri ptor = <Ll STof ><STRI NG| ]
[uncertain_correlation_matrix = <LI STof ><REAL>]
[ {continuous_state = <I NTEGER>}
[csv_initial _state = <LI STof ><REAL>]
[csv_| ower _bounds = <LI| STof ><REAL>]
[ csv_upper _bounds = <LI| STof ><REAL>]
[csv_descriptor = <LI| STof ><STRI NG| ]
[ {discrete_state = <| NTEGER>}
[dsv_initial _state = <LI STof ><I NTEGER>]
[dsv_I ower _bounds = <LI STof ><| NTEGER>]
[ dsv_upper _bounds = <LI STof ><| NTEGER>]
[dsv_descri ptor = <LI STof ><STRI NG| ]

<KEYWORD = interface> <FUNCTION = interface_kwhandl er >

[id_interface = <STRI NG>]
( {application}
{anal ysis_drivers = <LI STof ><STRI NG}
[input_filter = <STRI NG|
[output _filter = <STRI NG|
( {systent
[paraneters_file = <STRI NG|
[results_file = <STRI NG|
[anal ysi s_usage = <STRI NG|
[aprepro] [file_tag] [file_save] )

( {fork}
[paraneters_file = <STRI NG|
[results_file = <STRI NG|
[aprepro] [file_tag] [file_save] )

( {direct}
[ processors_per_anal ysi s
[ processors_per_anal ysi s

<I NTEGER>] )
<LI STof ><I NTEGER>] )

( {xn}
{host names = <LI| STof ><STRI NG>}
[ processors_per_host = <LI STof ><I NTEGER>] )
[ {asynchronous} [eval uation_concurrency = <| NTEGER>]
[anal ysis_concurrency = <I NTEGER>] ]
[eval uati on_servers = <| NTEGER>]
[ eval uati on_sel f _schedul i ng]
[ eval uati on_stati c_schedul i ng]
[anal ysis_servers = <I NTEGER>]
[anal ysis_sel f _schedul i ng]
[anal ysis_static_schedul i ng]
[ {failure_capture} {abort} | {retry = <I NTEGER>} |
{recover = <L| STof ><REAL>} | {continuation} ]
[ {active_set_vector} {constant} | {variable} ] )

( {approxination}

( {9l obal}
{neural _network} | {polynomal} |
{mar s} | {hermte} |

( {kriging} [correlations = <LI STof ><REAL>] )

o e e o e e e e e

e e o e e o o e e e e o o o o o o e o o T e o o o o o e o o o o o o e —
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[dace_net hod_poi nter = <STRI NG| \

[ {reuse_sanples} {all} | {region} ] \

[ {correction} {offset} | {scaled} | {beta} ] \

[use_gradients] ) \

| \

( {mul tipoint} \

# {tana?} [use_gradients?] [correction?] \
{actual _interface_pointer = <STRI NG} ) \

| \

( {local} \

{tayl or_seri es} \

{actual _interface_poi nter = <STRI NG} \

[actual _i nterface_responses_poi nter = <STRING] ) \

| \

( {hierarchical} \

{low fidelity_interface_poi nter = <STRI NG} \
{high_fidelity_interface_pointer = <STRI NG} \

# {high_fidelity_interface_responses_poi nter = <STRI NG} \
# {interface_pointer_hierarchy = <LI| STof ><STRI NG>} \

{correction} {offset} | {scaled} | {beta} ) )

<KEYWORD = responses>, <FUNCTI ON = responses_kwhandl er >
[id_responses = <STRI NG|
( {num_obj ective_functions = <| NTEGER>}
[mul ti _objective_weights = <LI STof ><REAL>]
[ num nonlinear_inequality_constraints = <| NTEGER>]
[ nonli near _i nequal i ty_| ower _bounds = <LI STof ><REAL>]
[ nonl i near _i nequal i ty_upper _bounds = <LI| STof ><REAL>]
[num nonl i near_equal ity_constraints = <| NTEGER>]
[nonlinear_equality_targets = <LI STof ><REAL>] )
I
{num_| east _squares_ternms = <| NTEGER>}
I
{num_response_functions = <I NTEGER>}
{no_gradi ent s}
|
( {nunerical _gradients}
[ {rethod_source} {dakota} | {vendor} ]
[ {interval _type} {forward} | {central} ]
[fd_step_size = <REAL>] )
I
{anal yti c_gradi ent s}
I
( {m xed_gradi ent s}
{id_numerical = <LI STof ><| NTEGER>}
[ {rethod_source} {dakota} | {vendor} ]
[ {interval _type} {forward} | {central} ]
[fd_step_size = <REAL>]
{id_analytic = <LI STof ><I NTEGER>} )
{no_hessi ans}

{anal yti c_hessi ans}

P il i

<KEYWORD = strategy>, <FUNCTION = strategy_kwhandl er >
[ graphi cs]
[ {tabul ar_graphi cs_data} [tabul ar_graphics_file = <STRING] ]
[iterator_servers = <| NTEGER>]
[iterator_self_scheduling] [iterator_static_scheduling]
( {multi_level}
( {uncoupl ed}
[ {adaptive} {progress_threshold = <REAL>} ]
{nmethod_list = <LI STof ><STRING>} )
I
( {coupl ed}
{gl obal _nmet hod_poi nter = <STRI NG}

e e e e e —
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{l ocal _net hod_poi nter = <STRI NG}
[l ocal _search_probability = <REAL>] ) )

( {surrogate_based_opt}
{opt _nmet hod_poi nter = <STRI NG}
[max_iterati ons = <| NTEGER>]
[ {trust_region} [initial_size = <REAL>]
[contraction_factor = <REAL>]
[ expansion_factor = <REAL>] ] )

( {opt_under_uncertainty}
{opt _method_poi nter = <STRI NG} )

( {branch_and_bound}
{opt _nmet hod_poi nter = <STRI NG}
[ num sanpl es_at _r oot <| NTEGER>]
[num sanpl es_at _node = <I NTEGER>] )

( {rmulti_start}
{net hod_poi nter = <STRI NG}
{num starts = <I NTEGER>} |
{starting_points = <LI STof ><REAL>} )

( {pareto_set}
{opt _nmet hod_poi nter = <STRI NG}
{num opti ma = <I NTEGER>} |
{rmul ti _objective_weight_sets = <LI| STof ><REAL>} )

( {single_method}
[ met hod_poi nter = <STRING] )

<KEYWORD = net hod>, <FUNCTI ON = net hod_kwhandl er >
[id_method = <STRI NG|
[ {rodel _type}
[vari abl es_poi nter= <STRI NG>]
[responses_poi nter = <STRI NG>]
( {single} [interface_pointer = <STRING] )
| ( {nested} {sub_nethod_pointer = <STRI NG}

[ {interface_pointer = <STRI NG}
{interface_responses_poi nter = <STRING>} ]
[primary_mappi ng_matrix = <L| STof ><REAL>]
[ secondary_mappi ng_matri x = <LI| STof ><REAL>] )

| ( {layered} {interface_pointer = <STRING} ) ]
[ specul ati ve]
[ {output} {quiet} | {verbose} | {debug} ]
[max_iterati ons = <| NTEGER>]
[ max_functi on_eval uati ons = <I NTEGER>]
[constraint_tol erance = <REAL>]
[ convergence_t ol erance = <REAL>]
[l'inear_inequality_constraint_matrix = <LI STof ><REAL>]
[linear_inequality_| ower_bounds = <LI STof ><REAL>]
[linear_inequality_upper_bounds = <LI STof ><REAL>]
[linear_equality_constraint_matrix = <L| STof ><REAL>]
[linear_equality_targets = <L| STof ><REAL>]
( {dot_frcg}

[ {optimzation_type} {mnimze} | {maximze} ] )
|

( {dot _mmfd}
[ {optimzation_type} {mnimze} | {maximze} ] )
|

( {dot _bfgs}
[ {optim zation_type} {minimze} | {maxinmize} ] )
I

( {dot_slp}
[ {optim zation_type} {minimze} | {maxinmize} ] )

o e e e e o o o o o o o e o e o o o o e e e — —

e e o o e e T e o e o o o e T e e e e o e o o o o e o o e e - —
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{dot _sqgp}
[ {optim zation_type} {minimze} | {maximze} ] )

{npsol _sqp}
[verify_level = <I NTEGER>]
[function_precision = <REAL>]
[linesearch_tol erance = <REAL>] )

{conm n_frcg} )
{conm n_nfd} )

{opt pp_cg}
[max_step = <REAL>] [gradi ent_tol erance = <REAL>]

{ opt pp_q_newt on}

[ {search_nethod} {val ue_based_| i ne_search} |
{gradi ent _based_| i ne_search} | {trust_region} |
{tr_pds} ]

[max_step = <REAL>] [gradient_tol erance = <REAL>]

{opt pp_g_newt on}
[ {search_nethod} {val ue_based_line_search} |

{gradi ent _based_| i ne_search} | {trust_region} ]
[max_step = <REAL>] [gradi ent_tol erance = <REAL>]

{ opt pp_newt on}

[ {search_nethod} {val ue_based_| i ne_search} |
{gradi ent _based_l i ne_search} | {trust_region} |
{tr_pds} ]

[max_step = <REAL>] [gradient_tol erance = <REAL>]

{opt pp_f d_newt on}

[ {search_nethod} {val ue_based_line_search} |
{gradi ent _based_| i ne_search} | {trust_region} |
{tr_pds} ]

[max_step = <REAL>] [gradi ent_tol erance = <REAL>]

{ opt pp_bag_new on}
[gradient _tol erance = <REAL>] )

{opt pp_ba_newt on}
[gradient _tol erance = <REAL>] )

{ opt pp_bcqg_new on}
[ {search_nethod} {val ue_based_| i ne_search} |
{gradi ent _based_| i ne_search} | {trust_region} ]
[max_step = <REAL>] [gradient_tol erance = <REAL>]

{ opt pp_bcg_newt on}
[ {search_nethod} {val ue_based_line_search} |
{gradi ent _based_l i ne_search} | {trust_region} ]
[max_step = <REAL>] [gradient_tol erance = <REAL>]

{ opt pp_bc_newt on}
[ {search_nethod} {val ue_based_| i ne_search} |
{gradi ent _based_| i ne_search} | {trust_region} ]
[max_step = <REAL>] [gradi ent_tol erance = <REAL>]

{opt pp_bc_el |'i psoi d}
[initial _radius = <REAL>]
[gradient _tol erance = <REAL>] )

{ opt pp_ni ps}

o e o e e o e e o o o e o o o e o o e o o e o T e o T o o e o o o " o o o o o o e T o o o e o o e e o —

Generatedon Mon Apr 112:29:122002for DAK OTA by Doxygenwritten by Dimitri van Heesch© 1997-2001



2.1dakota.input.specFile Reference

15

[ {search_nethod} {val ue_based_line_search} |
{gradi ent _based_l i ne_search} | {trust_region} ]
[max_step = <REAL>] [gradient_tol erance = <REAL>]
[merit_function = <STRING>] [central _path = <STRI NG>]
[stepl ength_t o_boundary = <REAL>]
[centering_paranmeter = <REAL>] )
|
( {optpp_qg_ni ps}
[ {search_nethod} {val ue_based_line_search} |
{gradi ent _based_l i ne_search} | {trust_region} ]
[max_step = <REAL>] [gradient_tol erance = <REAL>]
[merit_function = <STRING>] [central _path = <STRI NG|
[steplength_to_boundary = <REAL>]
[centering_paraneter = <REAL>] )
|
( {optpp_fd_nips}
[ {search_nethod} {val ue_based_| i ne_search} |
{gradi ent _based_| i ne_search} | {trust_region} ]
[max_step = <REAL>] [gradi ent_tol erance = <REAL>]
[merit_function = <STRING>] [central _path = <STRI NG|
[steplength_to_boundary = <REAL>]
[centering_paraneter = <REAL>] )
I
( {optpp_pds}
[ search_schene_si ze = <I NTEGER>] )
|

( {apps}
{initial _delta = <REAL>} {threshold_delta = <REAL>}
[ {pattern_basis} {coordinate} | {sinplex} ]
[total _pattern_size = <| NTEGER>]
[ no_expansi on] [contraction_factor = <REAL>] )
I
( {sgopt_pga_real}
[solution_accuracy = <REAL>] [max_cpu_tine = <REAL>]
[seed = <I NTEGER>] [popul ation_size = <| NTEGER>]
[ {selection_pressure} {rank} | {proportional} ]
[ {repl acenent _type} {random = <| NTEGER>} |
{chc = <INTEGER>} | {elitist = <I NTEGER>}
[ new_sol uti ons_generated = <I NTECER>] ]
[ {crossover_type} {two_point} | {blend} | {uniforn}
[crossover_rate = <REAL>] ]
[ {rmutation_type} {replace_uniforn} |

( {offset_nornmal} [mutation_scale = <REAL>] )
( {of fset_cauchy} [mutation_scale = <REAL>] )
( {offset_uniforn} [mutation_scale = <REAL>] )

( {offset_triangular} [rutation_scale = <REAL>] )
[di mension_rate = <REAL>] [popul ation_rate = <REAL>]
[ non_adaptive] ] )
|
( {sgopt_pga_int}
[solution_accuracy = <REAL>] [max_cpu_tine = <REAL>]
[seed = <I NTEGER>] [popul ation_size = <| NTEGER>]
[ {selection_pressure} {rank} | {proportional} ]
[ {replacenent _type} {random = <I NTEGER>} |
{chc = <INTEGER>} | {elitist = <I NTEGER>}
[ new_sol uti ons_generated = <I NTECER>] ]
[ {crossover_type} {two_point} | {uniforn}
[crossover _rate = <REAL>] ]
[ {nutation_type} {replace_uniforn} |
( {offset_unifornt [nutation_range = <I NTEGER>] )
[di nension_rate = <REAL>]
[popul ation_rate = <REAL>] ] )
I
( {sgopt _epsa}
[sol ution_accuracy = <REAL>] [max_cpu_time = <REAL>]

o e e o o o e e e e e e o e T o o T o e o o e o o o o o o T T o o o o T o o o o o o o o o e o o o o o o o e o - — —
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[seed = <I NTEGER>] [popul ation_size = <| NTEGER>]

[ {selection_pressure} {rank} | {proportional} ]

[ {replacenent _type} {random = <I NTEGER>} |
{chc = <INTEGER>} | {elitist = <I NTEGER>}
[ new_sol uti ons_generated = <I NTECER>] ]

[ {crossover_type} {two_point} | {uniforn}
[crossover _rate = <REAL>] ]

[ {rutation_type} {unary_coord} | {unary_sinplex} |

( {rmulti_coord} [dimension_rate = <REAL>] ) |
( {rmulti_sinplex} [dinmension_rate = <REAL>] )

[mutation_scale = <REAL>] [min_scal e = <REAL>]
[ popul ation_rate = <REAL>] ]

[num partitions = <I NTEGER>] )

I
( {sgopt _pattern_search}

[sol ution_accuracy = <REAL>] [max_cpu_time = <REAL>]

[ {stochastic} [seed = <INTEGER>] ]

{initial _delta = <REAL>} {threshol d_delta = <REAL>}

[ {pattern_basis} {coordinate} | {sinplex} ]

[total _pattern_size = <I NTEGER>]

[ no_expansi on] [expand_after_success = <I NTEGER>]

[contraction_factor = <REAL>]

[ {exploratory_noves} {nulti_step} | {best_all} |
{best _first} | {biased_best_first} |
{adaptive_pattern} | {test} ] )

( {sgopt_solis_wets}
[sol ution_accuracy = <REAL>] [max_cpu_time = <REAL>]
[seed = <I NTEGER>]
{initial_delta = <REAL>} {threshold_delta = <REAL>}
[ no_expansi on] [expand_after_success = <I NTEGER>]
[contract _after_failure = <| NTEGER>]
[contraction_factor = <REAL>] )

( {sgopt_strat_nt}
[sol ution_accuracy = <REAL>] [nmax_cpu_time = <REAL>]
[seed = <I NTEGER>] [batch_size = <I NTEGER>]
[partitions = <LI STof ><I NTEGER>] )

( {nond_pol ynom al _chaos}
{expansion_terns = <I NTEGER>} |
{expansi on_order = <I NTEGER>}
[seed = <I NTEGER>] [sanples = <I NTEGER>]

[ {sanple_type} {randon} | {lhs} ]
[response_t hreshol ds = <LI STof ><REAL>] )

( {nond_sanpl i ng}
[seed = <I NTEGER>] [sanples = <I NTEGER>]
[ {sanple_type} {randon} | {lhs} ]
[al | _vari abl es]
[response_t hreshol ds = <LI STof ><REAL>] )

( {nond_analytic_reliability}
( {mv} [response_l evels = <LI| STof ><REAL>] ) |
( {amv} {response_l evel s = <LI| STof ><REAL>} ) |
( {iterated_anv} {response_levels = <LI STof ><REAL>} |
{probability_|l evel s = <LI STof ><REAL>} ) |
<L| STof ><REAL>} ) |
<L| STof ><REAL>} ) )

( {forn} {response_levels
( {sorn} {response_levels

( {dace}
{grid} | {randont | {oas} | {lhs} | {oa_lhs} |
{box_behnken_desi gn} | {central _conposite_design}
[ seed = <I| NTEGER>]
[sanpl es = <I NTEGER>] [synbols = <I NTEGER>] )

e o e e e o e e T e e o e e e e o o o o o o o T o o o e T o o o o o o o o o o e o — — —
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( {vector_paraneter_study}
( {final _point = <LI STof ><REAL>}
{step_length = <REAL>} | {numsteps = <INTEGER>} )
|
( {step_vector = <LI STof ><REAL>}
{num steps = <INTEGER>} ) )
|
( {list_paraneter_study}
{l'ist_of _points = <LI STof ><REAL>} )
|
( {centered_paraneter_study}
{percent_delta = <REAL>}
{del tas_per_variabl e = <I NTEGER>} )
|
( {mul tidi m paraneter_study}
{partitions = <LI STof ><I NTEGER>} )

P i
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Chapter 3

CommandslIintr oduction

3.1 Overview

In the DAKOTA system a strategy governshow eachmethodmapsvariablesinto responseshroud the
useof aninterface Eachof thesdfive pieceqstratgy, methodyariablesyesponsesndinterface)aresep-
aratespecificationsn theusersinputfile, andasa whole, deternine the studyto be perfamedduringan
execuion of theDAK OTA software. Thenumter of stratgieswhich canbeinvokedduring aDAK OTA ex-
ecutionis limited to one. This strateyy, however, mayinvoke multiple methals. Furthernore,eachmethal
may (in geneal) have its own "model,” consistingof its own setof variabes, its own setof responses,
andits own interface. Thus,theremay be multiple specification®f the method variabes,responsesand
interfacesections.

The syntax of DAKQOTA specificationis governedby the Input Deck Reader(IDR) parsig system
[Weatherbyetal., 199%], which usesthe dakotainput.spedile to describethe allowableinputs to the sys-
tem. Thisinput specificatiorfile providesatemplateof theallowablesystemnputsfrom which aparticdar
inputfile (referedto hereinasa dalota.infile) canbederived.

This Refererwe Manualfocuseson providing comgete detailsfor the allowable specificatios in anin-
put file to the DAKOTA progam. Relateddetailson the nameand location of the DAKOTA progam,
command line inputs,andexecutionsyntaxareprovidedin the UsersManual[ Eldredetal., 2001].

3.2 IDR Input Specifiation File

DAKOTA inputis governedby the IDR input specificatiorfile. This file (dakota.inpu.speq is usedby
a codegeneratoto createparsingsystemcompamentswhich arecompled into the DAKOTA executalte

(referto Instructimsfor Modifying DAK OTA's Input Specificatiorfor additioral information). Therebre,
dakotainput.spe is the definitive sourcefor input syntax,capability optiors, and optiond andrequirel

capabilitysub-paametersBeginninguseramayfind thisfile moreconfusingthanhelpful and,in this case,
adaptatio of exanple input files to a particdar problem may be a more effective appoach. However,

adwarceduserscanmasterall of thevariouws input specificatiorpossibilitiesoncethe structue of theinput
specificatiorfile is undestood.

Referto dakota.irput.specfor a listing of the currert version Fromthis file listing, it canbe seenthat
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the main structue of the variables keyword is that of ten optional group specificatios for contiruous
design,discretedesign,normaluncetain, lognomal uncetain, uniform uncetain, loguniform uncertain

weibull uncertain,histogamuncetain, continwousstate anddiscretestatevariables.Eachof thesespeci-
ficationscaneitherappeaor notappeamsa groyp. Next, theinterface keyword requresthe selectionof

eitheran applicdaion OR an appoximatian interface. The type of application interfacemustbe specified
with eithera systemOR fork OR xml OR directrequred group specificationor the type of appraima-

tion interface must be specifiedwith eithera global OR multipoint OR local OR hierarclical requirel

groy specification. Within the resposeskeyword, the primary structureis the requiled specification
of the function set(eitheroptimization functions OR leastsquare functiors OR genericrespmsefunc-

tions), followed by the requred specificatiorof the gradents(eithernoneOR numeical OR analyticOR

mixed and the requred specificationof the Hessiangeithernore OR analytic). The stratgy specifi-
cationrequites eithera multi-level OR surrgyate-lasedoptimization OR optimizationunderuncertairy

OR branchandbound OR multi-startOR paretosetOR single methodstrateyy specification Within the
multilevel group specificationgitheran uncaipled OR a couged groy specificationmustbe supplied

Lastly, the methodkeyword is the mostlengtty specificationhowever, its structue is relatively simple.
The structureis simply that of a setof optional methal-indgpenden settingsfollowed by a long list of

possiblemethod appeaing asrequited groy specificationgcontairing a variety of methoddepeient
settings)separatedy OR’s. Referto Stratgy Commails, Methad Commauds, VariablesCommauls,
InterfaceCommaudls, andResponse€ommaudls for detailedinformationon the keywords andtheir vari-

ousoptionalandrequred specificatios. And for additioral detailson IDR specificationlogic andrules,
referto [Weatherbyetal., 199%].

3.3 Common Specfication Mistakes
Spellingandomissionof requred paraméersarethe mostcomnon errors. Lessobviouserrorsinclude:

¢ Docunentationof new capabilitysometimedagsthe useof new capabilityin execuables. When
parsingerrois occurwhich the docunentationcanrot explain, referere to the particularinput spec-
ification usedin building the executalbe (which is installedalongsidethe execuable) will often
resolhetheerrors.

¢ Sincekeywordsareterminatel with thenewline characte caremustbetakento avoid following the
backslasttharater with any white spacesincethe newline charactewill notbe properly escaped,
resultingin parsirg erras dueto thetruncation of the keyword specification.

e Caremustbetakento includenewline escapesvhenembeding commetts within a keyword spec-
ification. Thatis, newline charaterswill signalthe endof a keyword specificatiorevenif they are
partof a comnentline. For exanple, the following specificationwill be truncatedbecaus®ne of
theembedledcommaents neglectsto escapghenewline:

# No error here: new ine need not be escaped since coment is not enbedded

responses, \
# No error here: newine is escaped \
num obj ective_functions = 1 \
# Error here: this comment nust escape the new ine
anal ytic_gradients \

no_hessi ans

In mostcasesthe IDR systemprovideshelgul errormessagewhich will helpthe userisolatethe source
of theparsingprodem.
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3.4 Sampledakota.in Files

A DAKOQTA inputfile is a collectionof thefieldsallowedin the dakota.inputspecspecificatiorfile which
describehe problemto be solvedby the DAK OTA system.Severalexanplesfollow.

3.4.1 Samplel: Optimization

Thefollowing samplenputfile shavs single-metid optimization of the Textbook Exanple usingDOT's
modifiedmethodof feasibledirections.A similarfile (with helpfulnotesincludedascomnents)is available
in thetestdirectay asDakot a/ t est / dakot a_t ext book. i n.

strategy, \
si ngl e_net hod

net hod
dot _mmfd
max_iterations = 50
convergence_tol erance = le-4
out put verbose
optim zation_type mninmze

— e

vari abl es,
conti nuous_design = 2
cdv_initial _point 0.9
cdv_upper _bounds 5.8
0.5
"x1

— — — — —

cdv_I ower _bounds .
cdv_descri ptor X

interface,
application system
anal ysis_driver
paraneters_file
results_file
file_tag
file_save

"t ext _book’
"text _book.in’
't ext _book. out

e e e e

responses,
num obj ective_functions = 1
num nonl i near _i nequal ity_constraints = 2
anal ytic_gradients
no_hessi ans

— - — -

3.4.2 Sample2: Least Squares

Thefollowing sampleinputfile shavs anonlinea leastsquare solutionof the Rosenbrok Exampe using
OPT++55 Gauss-Neiton methal. A similar file (with helpful notesincluded ascommeits) is availablein
thetestdirectoy asDakot a/ t est / dakot a_r osenbr ock. i n.

strategy, \
si ngl e_net hod

nmet hod, \

opt pp_bcg_newt on \

max_iterations = 50, \

Generatedon Mon Apr 112:29:122002for DAKOTA by Doxygenwritten by Dimitri van Heesch© 1997-2001



22 CommandsIntr oduction

convergence_tol erance = le-4

vari abl es,
conti nuous_design = 2

— o —

cdv_initial _point -1.2 1.0
cdv_I| ower _bounds -2.0 -2.0
cdv_upper _bounds 2.0 2.0
cdv_descri ptor "x1 x2
interface, \
application system \
anal ysis_driver = "rosenbrock_Is
responses, \
num | east_squares_ternms = 2 \
anal yti c_gradients \

no_hessi ans

3.4.3 Sample3: Nondeteministic Analysis

Thefollowing samplenputfile shavs Latin HypercubeMonte Carlosamplingusingthe Textbook Exam
ple. A similarfile is availablein thetestdirectoryasDakot a/ t est / dakot a t ext book 1 hs. i n.

strategy, \
si ngl e_net hod graphics

net hod, \
nond_sanpl i ng \
sanples = 100 seed = 1 \
sanpl e_type | hs \
response_t hreshol ds = 3. 6e+11 6. e+04 3. 5e+05
vari abl es, \
nornmal _uncertain = 2 \
nuv_nmeans = 248.89, 593.33 \
nuv_std_devi ati ons = 12. 4, 29.7 \
nuv_descri ptor = ' TF1n’ " TR2n’ \
uni formuncertain = 2 \
uuv_di st _| ower _bounds = 199.3, 474.63 \
uuv_di st _upper_bounds = 298.5, 712. \
uuv_descri ptor = 'TF1W " TR2u’ \
wei bul | _uncertain = 2 \
wuv_al phas = 12., 30. \
wuv_bet as = 250., 590. \
wuv_descri pt or = ' TF1w " TF2w
interface, \
appl i cation system asynch eval uation_concurrency = 5 \
anal ysis_driver = 'text_book
responses, \
num r esponse_functions = 3 \
no_gradi ents \

no_hessi ans
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3.4.4 Sample4: Parameter Study

Thefollowing samplenputfile shavsal-D vecta paraneterstudyusingthe Textbook Example A similar
file is availablein thetestdirectoryasDakot a/ t est / dakot a_pst udy. i n.

net hod
vect or _paranet er _st udy \
step_vector = .1 .1 .1 \
numsteps = 4
vari abl es, \
continuous_design = 3 \
cdv_initial _point 1.01.0 1.0
interface, \
application system asynchronous \
anal ysis_driver = 'text_book
responses, \
num obj ective_functions = 1 \
num nonl i near _i nequal ity_constraints = 2 \
anal yti c_gradients \

anal yti c_hessi ans

3.4.5 Sample5: Multile vel Hybrid Strategy

The following sampleinput file shavs a multilevel hybrid stratgyy usingthreeiterators. It emplo/s a
geneticalgorithm coodinatepatternsearchandfull Newton gradent-basedptimizatian in successioto
solvetheTextbook Exampe. A similarfile is availablein thetestdirectoryasDakot a/ t est / dakot a -
mul tilevel.in.

strategy, \
graphi cs \
mul ti _| evel uncoupl ed \

nethod_list = ' GA 'CPS 'NLP

met hod

id_method = ' GA

nodel _type single
vari abl es_poi nter
i nterface_pointer
responses_poi nt er

sgopt _pga_rea
popul ati on_si ze =
ver bose out put

- <
sl

R
e e e

=
o

met hod

id_method = ' CPS

nodel _type single
vari abl es_poi nter
i nterface_pointer 1T
responses_poi nter "Rl

sgopt _pattern_search stochastic
ver bose out put
initial _delta = 0.1
threshold_delta = 1.e-4
sol ution_accuracy = 1.e-10
expl oratory_noves best first

RVE

e e e e
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met hod,
id_method = ' NLP
nodel _type single

vari abl es_pointer = 'Vl
interface_pointer = 'I1
responses_pointer = 'R’

opt pp_newt on
gradient _tolerance = 1.e-12
convergence_tol erance = 1.e-15

— - - - - - —

vari abl es, \
id_variables = 'VI’ \
continuous_design = 2 \
cdv_initial _point 0.6 0.7 \
cdv_upper _bounds 5.8 2.9 \
cdv_I| ower _bounds 0.5 -2.9 \
cdv_descri ptor 'x1 ' x2'
interface, \
id_interface = '11 \
application direct, \
anal ysis_driver= 'text_book’
responses, \
id_responses = 'Rl \
num obj ective_functions = 1 \
no_gr adi ents \
no_hessi ans
responses, \
i d_responses = 'R2’ \
num obj ective_functions = 1 \
anal ytic_gradients \

anal yti c_hessi ans

Additional examge inputfiles, aswell asthecorrespondig output andgraghics,areprovidedin theGetting
Startedchapterof the UsersManual[ Eldredetal., 2001].

3.5 Tabular descriptions

In the following discussion®f keyword specificatios, takular formats (Tables 4.1 throwgh 8.6) areused
to presenta shortdescriptim of the specificationthe keyword usedin the specificationthe type of data
associateavith the keyword, the statusof the specificationrequred, optiond, requiral group, or optioral
groy), andthe defaut for anoptioral specification

It canbe difficult to captue in a simple tatular format the comple relatiorshipsthat can occurwhen
specificationsre nestedwithin multiple growpings. For examge, in aninterfacekeyword, the par ane-

t er s_fi | e specificatioris anoptioral specificatiorwithin thesyst emandf or k requiral grouy spec-
ifications, which are separatedrom eachotherand from otherrequired group specificationgxml and
direct) by logical OR’s. The selectionbetweenthe syst em f or k, xm , or di r ect requred groups
is cortainedwithin anotter requred group specification(appl i cat i on), which is separatedrom the
appr oxi mat i on requred group specificatiorby alogical OR. Ratherthanunrecessarilyprdiferatethe
numter of tablesin attemptiry to captureall of theseinterrelationshipsa balarce is sought,sincesome
inter-relatinshipsaremoreeasilydiscussedn the associatedext. The geneal structureof the following
sectionds to presentheoutemostspecificatiorgrougsfirst (e.g, appl i cati on in Table7.2), followed
by lower levels of specificatios (e.g, syst em f or k, xm , ordi rect in Tables7.3throwgh 7.6) in
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succession.
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Chapter 4

Strategy Commands

4.1 Strategy Description

The stratgyy sectionin a DAKOTA input file specifiesthe top level technique which will govern the
manag@mentof iteratorsand modelsin the solution of the prodem of interest. Seven stratgjies cur
rentlyexist: mul ti | evel ,surrogat e based_opt,opt under uncertainty,branch and -

bound, mul ti start, paretoset, andsi ngl e met hod. Thesealgorithms are implemente
within the DakotaStrategy classhierarcly in the Multile velOptStrategy, SurrBasedOptStrategy, Non-
DOptStrategy, BranchBndStrategy, ConcurrentStrategy, and SingleMethodStrategy classes. For
eachof the stratgies, a brief algoiithm descriptiam is given belov. Additional informationon the algo-
rithm logic is availablein the UsersMantal.

In a multi-level hybrid optimization stratey (mul ti 1 evel ), alist of methalsis specifiedwhich will
be usedsynegpistically in seekinganoptimaldesign.The god hereis to exploit the strengtls of different
optimizatian algorithms throuch different stagesof the optimization process.Global/loca hybrids (e.g,
geneticalgorithis combiredwith norlinearprogrammirg) area conmonexanple in whichthedesirefor
aglobal optimum is balanedwith the needfor efficient navigation to a local optimum.

In surrogate-baseaptimization (sur r ogat e based opt ), anappoximatemodel is built usingdata
from a "truth” modé (e.g, usinga setof poirnts from a designof computer experiments). This appoxi-

mationcould be a global datafit, a multipaint appoximatian, a local seriesexpansion,or a hierarclical

appraximation An optimizeriterateson this appraimatemodelandcompuesan appoximateoptimum

This poirt is evaluatedwith the truth model andthe measurd improvemen in the simulationmodelis

usedto eitheracceptor rejectthe new point andthenmodify the boundaries(i.e., shrink/expand/tanslate
the trust region) of the approximatian. The cycle thenrepeatswith the construction of a newv appoxi-

mationandadditicnal appraimate optimizationcyclesareperfameduntil convergence. The goalswith

surro@te-basewptimization areto redice thetotal nurber of truth mode simulationsand,in the global
appraximationcase to smoothnoisy datawith aneasilynavigatedanalyticfit.

In optimizatian unde uncertaity (opt under uncert ai nty), anordetermirstic iteratoris usedto
evaluatetheeffectof uncetainvariades,modeledisingprababilisticdistributions, onresponsesf interest.
Statisticson theseresponsearethenincludedin the objective andconstraim functionsof the optimizatian
prodem (for examge, to minimize probalility of failure). The nonceterministiciteratormay be nested
directly within the optimizationfunction evaluatians, which canbe prohibitively expensve, or the direct
nestingcanbe broken through a vaiiety of surrogite-baedoptimizationunder uncetainty formulations.
Thesub-nodelrecursim featuesof NestedMode| SurrLay eredModel, andHierLay eredModel enable
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theseformuations.

In the branchandbouwnd stratgyy (br anch .and bound) , mixed integer norinear progams(nonlinear
applicatiomswith amixture of continwousanddiscretevarialles) canbe solvedthrowgh the combiration of
the PICOpardlel branding algaithm with the noriinear progammirg algorithns availablein DAK OTA.

Since PICO suppots parallel branchand bound technigqes, multiple bourding opeations can be per

formed concurently for different brarches,which provides for concureng in nonlinear optimizations
for DAKQOTA. This is an additioral level of parallelism,beyond thosefor conairrentevaluatians within
aniterator concurentanalyseswithin an evaluatian, and multiprocessomnalyses. Branchandbouwnd is
applicalle whenthediscretevarialles canassumesontiruousvaluesduring the solutionprocess(i.e., the
integrality conditinsarerelaxalte). It proceelsby perfomingaseriesof cortinuous-aluedoptimizations
for differentvariade bourdswhich, in theend,drive thediscretevariablesto integervalues.

In the multi-startiterationstratgy (mul ti start), aseriesof iteratorrunsareperfomedfor different
valuesof someparanetersin the modd. A comma useis for multi-start optimization (i.e., different
optimizatian runsfrom differentstartingpointsfor the designvariables) but the concep andthe codeare
moregereral. An important featureis that theseiteratorrunsare perfomed concurently, similar to the
brand andbourd strateyy discussedbove.

In the paretosetoptimization strateyy (par et o set ), a seriesof optimizatia runs are perfamedfor
differentweighting appliedto multiple objective functions. This setof optimalsolutionsdefinesa"Pareto
set”,whichis usefulfor investigatingdesigrtrade-dfs betweercompetingobjectives. An importari featue
is that theseiterator runs are perfamed concurently, similar to the brarch and bourd and multi-start
stratgiesdiscusse@dbove. Thecodeis similarenoudntothenul t i st art techniqethatbothstrategies
areimplemenedin thesameConcurrentStrategy class.

Lastly, thesi ngl e_ret hod stratgy is a "fall throudh” stratgy in thatit doesnot provide control over
multiple iteratorsandmodels.Rather it providesthe meandor simpleexecuion of a singleiteratoron a
singlemodel.

Eachof the stratgy specificationsdentifiesoneor moremethodpoirters(e.g, net hod 1 i st, opt -
met hod_poi nt er) to identify the iteratorsthat will be usedin the stratgyy. Thesemethod poirt-
ersarestringsthat correspndto thei d met hod identifier stringsfrom the methodspecificationgsee
MethodIndependen Controlg. Thesestringidentifieis (e.g.,'NLP1") shouldnotbeconfusedwith methal
selectionge.g, dot _.nmT d) . Eachof themethodspecificationsdentifiedin this manne hastherespmsi-
bility for identifying thevariablesjnterface,andrespmsesspecificationgusingvar i abl es poi nter,
i nterface_poi nter,andresponses_poi nt er from MethodIndependenControlg thatareused
to build the modelusedby theiterator If a methodspecificationdoesnot provide a particularpointer
thenthatcompmnentof the modelwill be built usingthe last specificationparsed In addition to methal
pointes, avariety of graphicsoptions(e.g.,t abul ar gr aphi cs dat a) , iteratorconcurengy cortrols
(e.g.,i terator servers), andstratgy data(e.g, st art i ng poi nt s) canbespecified.

Specificationof a stratgyy blodk in aninput file is optioral, with si ngl e net hod beingthe default
stratgy. If no stratey is specifiedor if si ngl e met hod is specifiedwithout its optioral et hod -

poi nt er specificationthenthe defaut behaior is to empgoy the last methal, variabes, interface,and
resposesspecificatios parsed This default behaior is mostappopriateif only one specificationis
presenfor method variables, interface andrespmses sincethereis no sourcefor confusionin this case.

Exampe specificationgor eachof the stratgjiesfollow. A nul ti 1 evel exampleis:

strategy, \
mul ti _| evel uncoupl ed \
method_list = *GA1l’, ‘CPS1l', ‘NLPY

A surrogat e based_opt exampe specificatioris:

strategy, \
gr aphi cs \
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surrogat e_based_opt \
opt _nethod_poi nter = ‘ NLP1’ \
trust_region initial _size = 0.10

An opt _under _uncert ai nt y examge specificatioris:

strategy, \
opt _under _uncertainty \
opt _nethod = ‘ NLP1’

A br anch_and_bound exanple specificatioris:

strategy, \
iterator_servers = 4 \
branch_and_bound \

opt _method = ‘ NLP1’

A nul ti _start examplespecificatioris:

strategy, \
mul ti_start \
net hod_poi nter = ‘ NLP1’ \

numstarts = 10

A par et o_set exanple specificatioris:

strategy, \
par et o_set \
opt _nmet hod_poi nter = ‘ NLP1’ \

numoptim = 10
Andfinally, asi ngl e et hod examge specificationis:

strategy, \
si ngl e_net hod \
net hod_poi nter = ‘ NLP1’

4.2 Strategy Spedfication

The stratgyy specificatiorhasthefollowing structue:

strategy, \
<strategy independent controls> \
<strategy sel ection> \

<strategy dependent controls>

where< strategyy selection> is oneof thefollowing:

mul ti | evel, surrogate_basedopt, opt_under uncertainty, branch.andbound,
mul ti start,paretoset,orsingl enethod

The <stratgly indepeidentcontiols> arethosecontrds which arevalid for a variety of strat@ies. Unlike
the MethodIndependeniControls which canbe abstractios with slightly differentimplemertationsfrom
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one methodto the next, the implementationsof eachof the stratgy indepedentcontrds are consistent
for all stratgiesthat usethem. The <stratgly depeneént controls> are thosecontrds which are only
meanimyful for a specificstratgyy. Referrirg to dakotainput.spe, the stratgly indeendentcontiols are
thosecontrds definedextemally from andprior to the stratgyy selectiorblocks. They areall optional. The
stratgyy selectiorblocks areall requitedgroup specificationseparatetdy logical OR’s(mul ti 1 evel or
surrogat e_based_opt oropt under uncertai nty orbranch and boundornul ti start
orpar et o_set orsi ngl e et hod) . Thus,oneandonly onestrateyy selectiormustbeprovided. The
stratgly deendentcontiols arethosecontrds definedwithin the strateyy selectionblocks. Thefollowing
sectiongprovide additiona detail on the strateyy indepemlentcortrols followed by the strateyy selections
andtheir corresponéhg stratgly depedentcontiols.

4.3 Strategy Independent Controls

The stratgy indegenden controls include gr aphi cs, tabul ar graphi cs data, tabul ar -
graphicsfile, iterator servers, iterator self scheduling, and iterator -
stati c_schedul i ng. Thegr aphi cs flag activatesa 2D graphics window containing history plots
for thevariables andrespmsefunctiorsin thestudy Thiswindow is updatedin anevert loopwith appoxi-
matelya2 secondycletime. Forapplicatiors utilizing approaimations over 2 varigbles,a3D graghicswin-
dow containirg a surfaceplot of the apprximationwill alsobeactivated Thet abul ar graphi cs -
dat a flag activatesfile takulationof the samevarialesandresponséunction historydatathatgetspassed
to graphics windows with useof the gr aphi cs flag. Thet abul ar gr aphi cs fi | e specification
optiorally specifiesa nameto usefor thisfile (dakot a_t abul ar . dat is thedefaut). Within thefile,
thevariables andresposefunctions appeaascolumms andeachfunction evaluationprovidesa new table
row. This capabilityis mostusefulfor post-preessingof DAKOTA resultswith 3rd party graghicstools
suchasMATLAB or Tecpld. Thereis no depenlencebetweerthegr aphi cs flagandthet abul ar -
gr aphi cs_dat a flag; they may be usedindependetly or concurently. Theit erat or servers,
i terator _sel f _scheduling,anditerator static.schedul i ng specificatios provide man-
ual overtides for the numter of concurent iterator partitiors and the schedulig policy for concurent
iteratorjobs. Thesesettingsare normally deteminedautoratically in the pardlel configuation routines
(seeParallelLibrary ) but canbe overriddenwith userinputsif desired. Thegr aphi cs, t abul ar -
gr aphi cs_dat a, andt abul ar gr aphi cs fi | e specificationarevalid for all strateyies. However,
thei terator servers,iterator self scheduling,anditerator staticscheduling
overridesare only usefulinputsfor thosestratgiessuppoting conarreny in iterators,i.e., br anch -
and_bound, nul ti start, andpar et oset (opt under uncertai nty will suppaet thisin the
future oncefull NestedModelparallelismsuppat is in place). Table4.1 summaizesthe strategy indepen-
dentcontols.

Table 4.1 Specificationdetail for strategy independentcontrols
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Description Keyword AssociatedData | Status Default
Graphcsflag graphi cs none Optioral nographics
Talulationof tabul ar - none Optioral groyp no datatakulation
graphicsdata graphi cs -
dat a
File namefor tabul ar - string Optioral dalotatakular.dat
takular graphics graphi cs -
data file
Number of iterator - integer Optioral no override of
iteratorseners servers autoconfigue
Self-schedling iterator - none Optioral nooverride of
of iteratorjobs sel f - autoconfigue
schedul i ng
Staticschedling | iterator - none Optioral nooverride of
of iteratorjobs static._- autoconfigue
schedul i ng

4.4 Multile vel Hybrid Optimization Commands

Themulti-level hybrid optimization stratgy hasuncoupl ed, uncoupl ed adapt i ve, andcoupl ed
appra@achegseetheUsersManual for moreinformationonthealgorithmsemployed). In thetwo uncowpled
apprachesa list of methodstringssuppliedwith the met hod 1 i st specificatiorspecifiesthe identity
andsequencef iteratorsto be used. Any numbe of iteratorsmay be specified. The uncaipledadaptve
apprachmaybe specifiedby turning ontheadapt i ve flag. If thisflagin specifiedthenpr ogr ess -
t hr eshol d mustalsobe specifiedsinceit is a requred partof the optionad growp specification.In the
nonalaptive case methal switchingis managedthroughthe separateornvergencecontrds of eachmethod
In the adaptve case,however, metha switching occus whenthe internal progessmetric (homalized
between0.0 and1.0) falls belawv the userspecifiedpr ogr ess t hr eshol d. Table4.2 summaizesthe
uncaipledmulti-level strateyy inputs.

Table 4.2 Specificationdetail for uncoupled multi-le vel strateges

Description Keyword AssociatedData | Status Default

Multi-level mul ti | evel none Requiredgroyp N/A

hybrid strateyy (1 of 7 selections)

Uncouwled uncoupl ed none Requiredgrowp N/A

hybrid (1 of 2 selections)

Adaptive flag uncoupl ed none Optioral growp nonadptive
hybrid

Adaptive progress_- real Required N/A

progress t hreshol d

threshdd

List of methals met hod i st list of strings Required N/A

In the coupl ed apprach, global and local method strings suppied with the gl obal net hod -
poi nt er andl ocal _net hod_poi nt er specificatios identify the two method to beused.Thel o-
cal _sear ch_probabi | i t y settingis anoptioral specificatiorfor supplyirg the prabability (betwea
0.0and1.0)of emplg/ing local searcho improve estimatesvithin theglobal search. Table4.3summarizes
the coupledmulti-level stratgyy inputs.

Table 4.3 Specificationdetail for coupled multi-le vel strategies
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Description Keyword AssociatedData | Status Default

Multi-level mul ti | evel none Requiredgroyp N/A

hybrid strateyy (1 of 7 selections)

Coupledhybrid coupl ed none Requiredgrowp N/A
(1 of 2 selections)

Pointerto the gl obal - string Required N/A

global method nmet hod -

specification poi nt er

Pointerto the | ocal - string Required N/A

localmetha nmet hod -

specification poi nt er

Probaoility of | ocal _- real Optioral 0.1

exeauting local search -

searches probability

4.5 Surrogate-basedOptimization Commands

The surrogat e_based_opt stratgy must specify an optimization methodusing opt et hod -
poi nt er . Themethd specificatioridentifiedby opt 1met hod poi nt er is respoiblefor selectinga
| ayer ed modelfor useasthe surrogte (seeMethodIndegpendenControlg. In addition thet r ust -
r egi on optiond groy specificatiorcanbeusedto specifytheinitial sizeof thetrustregion (usingi ni -
ti al _si ze) , thecontactionfactorfor thetrustregion (usingcont r act i on f act or) usedwhenthe
apprximationis perfoming poaly, andthe exparsion factorfor the trustregion (usingexpansi on -
f act or) usedwhenthetheapprximationis perfamingwell. Table4.4summarizeshesurraatebased
optimizatia stratey inpus.

Table 4.4 Specificationdetail for surrogae basedoptimization strategies

Description Keyword AssociatedData | Status Default
Surrgate-tased | surrogate._- none Requiredgrouyp N/A
optimization based_opt (1 of 7 selections)
strateyy

Optimizatian opt _net hod - string Required N/A
methal pointer poi nt er

Maximum max - integer Optioral 100
nurberof SBO iterations

iteratiors

Trustregion trust _regi on | none Optioral groyp N/A
group

specification

Trustregion initial _size | real Optioral 0.05
initial size

Trustregion contrac- real Optioral 0.25
contractionfactor | ti on_fact or

Trustregion expansi on_- real Optioral 2.0
expansionfactor | factor
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4.6 Optimization Under Uncertainty Commands

The opt _under _uncert ai nty stratgly mustspecifyan optimizatian iteratorusingopt net hod -

poi nt er. In the caseof a direct nestingof an uncertaitly quantificationiteratorwithin the top level
modé, the methodspecificationidentified by opt Jret hod poi nt er would selecta nest ed model
(seeMethodIndependenControlg. In the caseof surrgyate-lasedoptimizaion under uncetainty, the
methodspecificationidentified by opt et hod poi nt er might selecteithera nest ed mocel or a
| ayer ed mockl, sincetherecusive propertiesof NestedMode] SurrLay eredModel, andHierLay ered-
Model couldbeutilized to configue ary of thefollowing:

e "layeredcontainirg nested’(i.e., optimization of adatafit surrogtebuilt usingstatisticaldatafrom
nordeterministicanalyses)

¢ ’nestedcontainirg layered (i.e., optimizaion usingnoncdeterministicanalysisdataevaluatedfrom
adatafit or hierarclical surrogate)

¢ "layeredcontainirg nestedcontairing layered” (i.e., combiration of thetwo above: optimizatian of
a datafit surr@atebuilt usingstatisticaldatafrom nordetermirstic analyses,wherethe nordeter
ministic analysesareperfomedon a datafit or hierarchical surraate)

Sincemostof the sophistications encapslatedwithin the nestecandlayeredmodelclassesthe optimiza-
tion uncer uncetainty stratgy inputsareminimal. Table4.5 summarize thesenputs.

Table 4.5 Specificationdetail for optimization under uncertainty strategies

Description Keyword AssociatedData | Status Default
Optimization opt _under - none Requiredgrouyp N/A
unceruncertainty | uncertainty (1 of 7 selections)

stratey

Optimizatian opt _net hod - string Required N/A
methal pointer poi nt er

4.7 Branch and Bound Commands

Thebr anch_and_bound stratgy mustspecifyanoptimizationmethodusingopt net hod poi nt er.
Thisoptimizationmethal is resposiblefor compuing optimalsolutiors to norlinearprogamswhicharise
from differentbranchesof the mixed variabe problen. Thesebrarchescorrespndto different bourds
on the discretevariableswherethe integrality constraims on thesevarialles have beenrelaxed Solutions
which arecompetely feasiblewith respecto theintegrality constrais provide anupper bound onthefinal
solutionandcanbe usedto prunebrarcheswhich arenot yet comgetely feasibleandwhich have higher
objectve functiors. Theoptioral numsanpl es at r oot andnumsanpl es at node specifications
specify the numker of additioral function evaluatians to perform at the root of the branding structue
and at eachnock of the brarching structure respectiely. Thesesamplesare selectedrancdmly within
the current varialle bourds of the brarch. This featue is a simpleway to globalizethe optimizatian of
the brarches,sincenonlirearprodemsmay be multimodal. Table4.6 summaizesthe brarch andbourd
stratgy inputs.

Table 4.6 Specificationdetail for branch and bound strateges
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Description Keyword AssociatedData | Status Default
Branchand branch_and - none Requiredgrouyp N/A
bound stratgy bound (1 of 7 selections)
Optimizatian opt _net hod - string Required N/A
methal pointer poi nt er

Number of num- integer Optioral 0
samplesatthe sanpl es_at -

brarchingroat r oot

Number of num- integer Optioral 0
samplesateach sanpl es_at -

brarchingnode node

4.8 Multistart Iteration Commands

Therul ti _start stratgyy mustspecifyaniteratorusingnmet hod poi nt er . Thisiteratoris respmsi-
ble for comgeting a seriesof iterative analysegrom a userspecifiedsetof different startingpoints. These
startingpointsarespecifiedusingeithernumst ar t s, in which casestartingvaluesareselectedandmly
within thebouwnds,or st ar t i ng_poi nt s, in which the startingvaluesare providedin a list. The most
comma exanple of a multi-startstratgy is multi-startoptimizatian, in which a seriesof optimizations
areperfamedfrom different startingvaluesfor the designvariables. This canbe aneffective apprachfor

prodemswith multiple minima Table4.7 summaizesthe multi-startstrateyy inputs.

Table 4.7 Specificationdetail for multi-start strategies

Description Keyword AssociatedData | Status Default

Multi-start mul ti start none Requiredgroyp N/A

iterationstrateyy (1 of 7 selections)

Methodpoirter net hod - string Required N/A
poi nt er

Number of numstarts integer Required1 of 2 N/A

startingpoirts selections)

List of starting starting- list of reals Required(1 of 2 N/A

poirnts poi nts selections)

4.9 Pareto SetOptimization Commands

The par et o_set stratgy mustspecifyan optimization methodusingopt net hod poi nt er. This
optimizeris resposible for compuing a setof optimal solutionsfor a userspecifiedsetof multiobjec-

tive weightings. Theseweightings arespecifiedusingeithernumopt i ma, in which caseweightings are
selectedandanly within [0,1] bourds,or rul ti obj ecti ve wei ght set s, in whichtheweightirg

setsareprovidedin alist. Thesetof optimd solutiorsis calleda”paretoset; which canprovide valualie

designtrade-df information whenthereare compéing objectives. Table4.8 summaizesthe paretoset
stratgy inputs.

Table 4.8 Specificationdetail for pareto setstrategies
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Description Keyword AssociatedData | Status Default
Paretoset par et o_set none Requiredgroyp N/A
optimization (1 of 7 selections)
stratgy

Optimizatian opt _net hod - string Required N/A
methal pointer poi nt er

Number of numopt i ma integer Required1 of 2 N/A
optimato selections)

compite

Setsof mul ti - list of reals Required(1 of 2 N/A
multiobjective obj ecti ve_- selections)

weights wei ght sets

4.10 Single Method Commands

The single methal stratgy is the defadt if no stratgy specificationis included in a userinpu file. It
may alsobe specifiedusingthe si ngl e et hod keyword within a strateyy specification.An optioral
net hod_poi nt er specificatiormaybe usedto pointto a particula methodspecificationlf net hod -

poi nt er is not used,thenthe last methodspecificationparsedwill be usedasthe iterator Table4.9

summaizesthe singlemethal stratgy inputs.

Table 4.9 Specificationdetail for single method strateges

Description Keyword AssociatedData | Status Default
Singlemetha si ngl e_- string Requiredgrowp N/A
stratgy nmet hod (1 of 7 selections)
Methodpoirter net hod - string Optioral useof last
poi nt er methodparsed
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Chapter 5

Method Commands

5.1 Method Description

The metha sectionin a DAKQOTA input file specifiesthe nameand contrds of aniterator The terms
"methad” and”iterator’ canbe usedinterchrangeablyalthough methodusuallyrefersto aninput specifi-
cationwhereasteratorusuallyrefersto anobjectwithin the Dakotalterat or hierardy. A methodspecifi-
cation,then,is usedto selectaniteratorfrom theiteratorhierachy (seeDakotalterator), whichincludes
optimizatian, uncetainty quariification, leastsquaresgesignof experimentsandparaneterstudyiterators
(seeUsersManualfor moreinformationon theseiteratorbrancles). Thisiteratormaybe usedaloneor in

combnationwith otheriteratorsasdictatedby the strat@y specification(referto Stratgy Commauals for
stratgly commail syntaxandto the UsersManualfor strateyy algorithmdescriptias).

Severalexamples follow. Thefirst examgde shavs aminima specificatiorfor anoptimizationmethal.

nmet hod, \
dot _sqgp

This examge usesall of themethal defauts.

A more sophisticate@xampe would be

net hod

i d_method = ' NLP1’

nodel _type single
vari abl es_poi nter
i nterface_pointer
responses_poi nt er

dot _sgp
max_iterations = 50
convergence_tol erance = le-4
out put ver bose
optimzation_type mnimze

Im nn
] <
[
P R L L S

This exanple demorstratesthe use of identifiels and pointes (see MethodIindependenControlg as
well assomemethal indeendentand methal depedentcontrds for the sequentialjuadatic progam-
ming (SQP)algorithm from the DOT library. Thermax it er ati ons, conver gence 1 ol er ance,
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andout put settingsare metha indepemlent contiols, in that they are definedfor a variety of meth-
ods (seeDOT methal indepeentcontrds for DOT usageof thesecontrds). Theopti ni zati on -
t ype contrd is a methal depenént contrd, in that it is only meanigful for DOT method (see
DOT methoddepelentcontiols).

Thenext exampe shavs a specificatiorfor aleastsquaresnethod

met hod
opt pp_g_newt on
max_iterations = 10
convergence_tolerance = 1.e-8
search_net hod trust_region
gradi ent _tolerance = 1.e-6

— e e e

Someof thesamemethodindgpendencortrols arepresenalongwith anew setof methal depewlentcon-
trols (sear ch_net hod andgr adi ent t ol er ance) whichareonly meanindul for OPT++methals
(seeOPT++methal depenéntcontrols.

The next exampge shaws a specificationfor a nondeterministiciterator with severd methoddepeient
contrds (referto Nondeterministicsamplingmethod.

net hod
nond_sanpl i ng
sanples = 100 seed = 1
sanpl e_type | hs
response_t hreshol ds = 1000. 500

— - — —

Thelastexampe showvs a specificatiorfor a paraneterstudyiteratorwhere,again eachof thecontrds are
methoddepenlent(refer to Vectorparaneterstudy).

net hod, \
vect or _par anet er _st udy \
step_vector = 1. 1. 1. \

num steps = 10

5.2 Method Specfication

As alludedto alread in the examgesabove, the methal specificatiorhasthefollowing structure:

nmet hod, \
<met hod i ndependent control s> \
<met hod sel ecti on> \

<met hod dependent control s>

where <methal selection> is one of the following: dot frcg, dot omfd, dot bfgs,
dot sl p, dot_sqgp, npsol sgp, conminfrcg, conmnnfd, optppcg, optppg-
newt on, opt pp_g_newt on, opt pp_newt on, opt pp f d_newt on, opt pp baqg newt on, opt pp -
ba_newt on, optpp-bcgnewt on, optpp_bcgnew on, optppbc newt on, optppbc -
el I i psoi d, opt pp-ni ps, opt pp-g-ni ps, opt ppfdni ps, opt pp pds, apps, sgopt pga -
real ,sgopt pga. nt,sgopt epsa,sgopt pattern_search,sgopt soliswets,sgopt -
strat _nt, nond_pol ynom al chaos, nond_.sanpling, nondanalyticreliability,
dace, vect or _par anet er st udy, | i st par anmet er st udy, cent er ed par anet er st udy,
ormul ti di mpar amet er st udy.
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The <mettod indepadentcontiols> arethosecontrolswhich arevalid for a varietyof method. In some
casesthesecontrds areabstractioswhich mayhave slightly differert implemerationsfrom onemethal

to thenext. The <mettod deperentcontols> arethosecontrds which areonly meanimgful for aspecific
methodor library. Referringto dakota.inputspeg the methodindepeentcontrolsarethosecontrds de-
finedexterrally from andprior to themethodselectiorblocks. They areall optiond. Themethal selection
blocks areall requiredgroup specificationseparatethy logical OR’s. Themethal depemlentcontrds are
thosecontrolsdefinedwithin the metha selectionblocks. Defaultsfor metha independentand methal

depenlentcontrds aredefinedin DataMethod. The following sectionsprovide additioral detail on the
methodndependenm contrds followedby themethal selectionandtheir corresponihg methoddepelent
contrds.

5.3 Method Independent Controls

Themethodindepeientcontrds include amethal identifierstring,a mocel type specificatiorwith point-

ersto variabes,interface andresponsespecificationsaspeculatie gradien selectionanoutput verbcsity

contrd, maximumiterationandfunction evaludion limits, constraintandcorvergercetolerancespecifica-
tions,anda setof linearinequality andequalityconstrant specificationsWhile eachof thesecontrds is
not valid for every methal, the contrds arevalid for enowgh method thatit wasreasoableto pull them
out of themethoddepemlentblocks andconsolicitethe specifications.

Themethdal identifierstringis suppied with i d et hod andis usedto provide a uniqueidentifier string
for usewith strateyy specificationgreferto Stratgy Descriptior). It is apprgriateto omit amethodiden-
tifier stringif only onemethodis included in theinputfile andsi ngl e et hod is the selectedstratayy
(all otherstratgyiesrequre oneor moremethal pointes), sincethe singlemethal to useis unambiguais
in this case.

Thetypeof mockl to beusedby themethods suppied with nodel 1 ype andcanbesi ngl e, nest ed,
or | ayer ed (referto DakotaModel for the classhierarcly involved). In thesi ngl e modelcase,the
optioral vari abl es_poi nter, i nterface_pointer, andresponses poi nt er specifications
providestringsfor cross-reérencingwvithi d vari abl es,i d.i nt er f ace,andi d r esponses string
inputsfrom particuar variabes, interface, andresponse&eyword specifications.Thesepoirtersidentify
whichspecificationsvill beusedin building thesinglemodel,whichis to beiteratedoy themethodio map
thevariablesnto respoesthroudh theinterface.In thel ayer ed mocel casethespecificatioris similar,
exceq thatthei nt er f ace _poi nt er specificatioris requiral in orderto identify a global, multipoirt,
local, or hierarclical appoximatia interfac (see Approximation Interface) to usein the layerel mocel.
Inthenest ed modelcaseasub et hod poi nt er mustbeprovidedin orderto specifythe nestedt-
eratorandi nt er f ace _poi nt er andi nt er f ace r esponses poi nt er provideanoptioral groyp
specificatiorfor the optional interfacepottion of nestednodels (wherei nt er f ace poi nt er pointsto
theinterfacespecificationandi nt er f ace r esponses poi nt er pointsto a respmsesspecification
describimg the datato be returred by this interfacg. This interface is usedto provide nonnesteddata,
which is thencombired with datafrom the nestedteratorusingthe pri mary mappi ng mat ri x and
secondar y_nmappi ng_mat ri x inputs (referto NestedModel::responsemapping() for addtional in-
formation). In all casesif a poirter stringis specifiedandno correspondir id is available, DAK OTA will
exit with an errormessagelf no pointe stringis specified the last specificatiorparsedwill be used. It
is apprriateto omit this cross-reérencingwheneer the relationshig areunanbiguaus dueto the pres-
enceof only onespecification Sincethe methal specificationis responsibleor cross-re¢rencingwith
theinterface variablesandresposesspecificatios, identificationof methalsatthe stratey layeris often
sufficientto compléely specifyall of the objectinterrdationships.

Table5.1 providesthe specificatiordetailfor the methodindeperentcontrds involving idertifiers, point-
ers,andmodé typecontrds.

Table 5.1 Specificationdetail for the method independentcontrols: identifiers, pointers, and model
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type controls
Description Keyword AssociatedData | Status Default
Methodset i d_net hod String Optioral stratgyy useof
identifier lastmethod
parsed
Modd type nodel type si ngl e | Optioral grouyp single
nest ed |
| ayered
Variallesset vari abl es - String Optioral methoduseof
poirnter poi nt er lastvariables
parsed
Responseset responses - String Optioral methoduseof
poirter poi nt er lastresponses
parsed
Responseset responses - String Optioral methoduseof
poirter poi nt er lastresponses
parsed
Interfaceset interface._- String si ngl e: si ngl e: method
poirter poi nt er Optioral, useof last
nest ed: interfaceparsed
Optioral growp, nest ed: no
| ayer ed: optionad
Required interface,
| ayer ed: N/A
Sub-nethod sub_net hod - String Required N/A
poirter for nested | poi nt er
mockls
Responses interface_- String Required N/A
poirter for nested | r esponses _-
mockel optioral poi nt er
interfaces
Primarymappng | prinmary .- list of reals Optioral no sub-iterato
matrixfor nested | mappi ng-- contrilution to
mockls mat ri x primaryfunctions
Secondry secondary - list of reals Optioral no sub-iterato
mappng matrix mappi ng-- contrilution to
for nestednodels | matri x secondar
functiors

When perfaming gradent-basedptimization in parallel,specul at i ve gradiets canbe selectedto
addresstheloadimbalane thatcanoccu betweergradiern evaluationandline searchphasesin atypical
synchonots analysistheline searctphaseconsistgrimarily of evaluatirg the objective functionandary
constraims atatrial point,andthentestingthetrial pointfor a sufficientdecreasé the objective function
valueand/a constrint violation. If a sufiicientdecreaeis notobsered,thenoneor moreadditioral trial
pointsmaybeattemptedn series Howeve, if thetrial pointis acceptedhentheline searchphaseas com-
pleteandthegradentevalugion phasebegins. By speculatinghatthegradien informationassociatedvith
a given line searchtrial point will be usedlater, addition& coarsegrainedparallelismcanbe introduced
during anasynchonots analysis.This is achieved by computing the gradien information,eitherby finite
differenceor analytically, in parallel,at the sametime astheline searchphasetrial-poirt function values.
Thisbalanceshetotalamouwnt of conputationto be perfamedateachdesignpoint andallows for efficient
utilization of multiple processorsWhile thetotalamoun of work perfomedwill generdly increasgsince
somespeculatre gradierts will notbe usedwhenactrial poirt is rejectedn theline searclphase)therun
time will usuallydecreasésincegradent evaluationsneectd at the startof eachnew optimizationcycle
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were alreadyperfamedin parallelduring the line searchphase). Referto [ Byrd etal., 199§ for addi-
tional details. The speculatie specificatioris implementedfor the gradent-basedptimizes in the DOT,
NPSOL,and OPT++ libraries, andit canbe usedwith dakota numeical or analytic gradent selections
in theresponsespecification(referto GradientSpecificationfor informationon thesespecifications).It
shouldnot be selectedwith verdor numeical gradients sincevendr internalfinite differerce algoithms
have not beenmodifiedfor this purpose. In full-Newton apprachesthe Hessiars alsocompued specu-
latively.

Outputverhosity contrd is specifiedwvith out put followedbyqui et ,ver bose ordebug. Thiscontol
is mappedinto eachiteratoraswell ascompnentsof the modelto manag the volume of datathat is
returredto theuserduring thecouseof theiteration. Outputverhbosity is obsered within Dakotalterator,
Dakotalnterface (schedier vertosity), and AnalysisCode(file opeationsverhosity) with the following
meanirgs:

"quiet”: quietiterators quietinterface,quietfile operatims
"normal”: quietiterators verloseinterface, quietfile operatims
"vertose”: verbaseiterators delug interface vertosefile operatims
"debug”: dehug iteratos, deluginterface verbasefile opeations

where"quiet”, "verbose”,and"debug” mustbeuserspecifiedand’normal” is the defaut for no userspec-
ification. With respecto iteratorverbasity, differentiteratos implemen this cortrol in slightly different
ways,however the meaniry is corsistent.

Theconstrai nt _t ol er ance specificationdetermiresthe maximum allowale value of infeasibility
thatary constraintin an optimizationprodem may possessndstill be consideed to be satisfied. It is

specifiedasa positive real value. If a constraim function is greaterthanthis valuethenit is considerd

to be violated by the optimization algorithm This specificationgives somecontiol over how tightly the
constraims will be satisfiedat corvergerce of the algorithm However, if the valueis settoo smallthe
algorithm mayterminatewith oneor moreconstrants beingviolated. This specificatioris currently mean

ingful for the NPSOLand DOT corstrainedoptimizes (refer to DOT methal independen contrds and
NPSOLmethal indgpendencontrds).

The conver gence_t ol er ance specificationprovides a real value for contrdling the terminatian
of iteration. In most cases,it is a relatve convergencetolerancefor the objedive functiort i.e., if
the charge in the objective function betweensuccessie iterationsdivided by the previous objective
function is lessthan the amoun specifiedby corvergencetolerance,then this corvergerce criterion
is satisfiedon the currern iteration Since no progressmay be made on one iteration followed by
significant progess on a subseqant iteration some libraries require that the corvergerce tolerarce
be satisfiedon two or more corsecutve iteratiors prior to termination of iteration This contrd is
used with optimization and least squaes iterators and is not used within the uncertainty quarifi-
cation, design of expaiments, or paraneter study iterator brarches. Refer to the DOT, NPSOL,
OPT++, and SGOPT specificatios for the specific interpretatio of conver gence t ol er ance
for these libraries (see DOT methodindependentcortrols, NPSOLmethodindepeentcontiols,
OPT++methodindepadentcortrols, andSGOPTmethal independei contrds).

Themax. terations andmax _functi on_eval uati ons contrds provide integer limits for the
maximun numter of iterationsandmaximun numter of fundion evaluations, respectiely. Thedifference
betweeraniterationandafundion evaluationis thatafunctionevaluation involves asingleparaneterto re-

sponsenappng through aninterface whereasniterationinvolves acompetecycle of compuationwithin

theiterator Thus,aniterationgenerallyinvolvesmultiple function evaluatins (e.g.,aniterationcontains
descentdirectionandline searchcompuationsin gradent-basedptimization, popdation and multiple

offsetevaluaionsin norgradiernt-basedoptimizéion, etc.). This contiol is not currentlyusedwithin the
uncetainty quariification, designof experiments,and paraneter studyiteratorbrarches,andin the case
of optimizaion andleastsquars, doesnot currerily captue function evaluatimsthatoccuraspartof the
nmet hod_sour ce dakot a finite differenceroutine (sincetheseadditioral evaluatiors areintentiorally

isolatedfrom theiterators).
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Table5.2 providesthe specificatiordetailfor themethodindepeientcontrds involving toleranceslimits,
outpu verlosity, andspeculatie gradierts.

Table 5.2 Specificationdetail for the method independentcontrols: tolerances,limits, output ver-
bosity, and speculative gradients

Description Keyword AssociatedData | Status Default
Speculatre specul ative none Optioral nospeculation
gradentsand
Hessians
Outpd verbosity | out put qui et | Optioral nor mal
verbose |
debug
Maximum max _- integer Optioral 100
iteratiors iterations
Maximum max .- integer Optioral 1000
function function_-
evaluations eval uati ons
Constraint constraint - real Optioral Library default
tolerarce t ol erance
Corvergerce conver - real Optioral l.e-4
tolerarce gence -
t ol erance

Linearinequalityconstrais canbe suppied with thel i near i nequal i ty constrai nt matri x,
I i near _i nequal ity ower bounds, and |inear i nequal ity _upper bounds specifica-
tions, and linear equality constraims can be suppliedwith the | i near equal i ty constraint -
matri x andl i near _.equal i ty .t ar get s specificatios. In theinequality case the constraim matrix
provides coeficientsfor the variabes, andthe lower and uppe bounds provide constrant limits for the
following two-sidedformulation:

a; < Az < ay

As with norlinear inequality constraints(see Objective andcorstraintfunctions(optimizatian dataset)),
thedefaultlinearinequalityconstraintboundsareselectedsothatone-sidednequalities of theform

Az <0.0

resultwhenthereare no userbouwnds specificationgthis provides backwards compatibility with previ-
ous DAKOTA versions). In a user bourds specification,ary upper bourd valuesgreaterthan +big-
Boundsize (1.e+30, asdefinedin DakotaOptimizer) are treatedas +infinity andary lower bourd val-
ueslessthan-bigBowndSizearetreatedas -infinity. This featue is commaly usedto drop one of the
bourdsin order to specifya 1-sidedconstrain (just asthe defaut lower boundsdrop out since-DBL -
MAX < -bigBourdSize). The sameappoachis usedfor the nonlinearinequality bourds asdescribedn
Objective andconstraim functions (optimizationdataset). In the equalitycasetheconstrain matrix agan
providescoeficientsfor the variebles,andthe targetsprovide the equality constraim right hard sides:

Ar =
andthe defadts for theequalityconstrant targetsenfore a valueof 0. 0 for eachconstrant

Az =0.0

Currently DOT, NPSOL,CONMIN, and OPT++all supprt specializedhandlirg of linear corstraints.
SGOPToptimizes will suppat linear constraintsn future releasesLinear constraims neednot be com-
putedby the users interfaceon every function evaluatian; ratherthe coeficients, bourds, andtargets of
the linear constrénts canbe provided at startup, allowing the optimizersto track the linear constraints
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internally It is importantto recogiize that linear constraintsare thosecorstraintsthat arelinearin the
designvaiiables,e.g.:
0.0 S 3.’171 - 41}2 + 2.’L‘3 S 15.0

1+ 22+ 23 > 2.0

1+ 2o — 23 =1.0
whichis notto be confusedwith somethirg like

S(X) — S7ai1 < 0.0

which is linear in a responsequantity but the respoise quariity is a nonlinear implicit function of the
designvaiiables.For thethreelinearconstraintsabove, the specificatiorwould appeasas:

linear_inequality_constraint_matrix = 3.0 -4.0 2.0 \

1.0 1.0 1.0 \
linear_inequality_| ower_bounds = 0.0 2.0 \
l'inear _i nequal i ty_upper _bounds = 15.0 1.e+50 \
linear_equality_constraint_nmatrix = 1.0 1.0 -1.0 \
linear_equality_targets = 1.0 \

wherethe 1. e+50 is a dumny uppe bourd valuewhich defines a 1-sidedinequality sinceit is greder

thanbigBowndSize.The constraith matrix specificatios list the coeficientsof thefirst constraim followed

by the coeficierts of the secondconstraim, andsoon. They aredividedinto individual constraiis based
onthenumler of designvariales,andcanbe brokenontomultiple linesfor readablity asshavn above.

Table5.3 providesthespecificatiordetailfor themethodindepadentcortrolsinvolving linearcorstraints.

Table 5.3 Specificationdetail for the method independentcontrols: linear inequality and equality
constraints

Description Keyword AssociatedData | Status Default
Linearinequality | |i near _- list of reals Optioral nolinear
coeficient matrix | i nequal ity .- inequality
constraint - constraints
mat ri x
Linearinequality | |i near _- list of reals Optioral Vectorvalues=
lower bounds i nequal ity.- - DBL_MAX
| ower _bounds
Linearinequality | | i near - list of reals Optioral Vectorvalues=
upper bounds i nequal ity .- 0.0
upper _bounds
Linearequality I'i near - list of reals Optioral nolinearequality
coeficient matrix | equal ity - constraints
constraint -
mat ri x
Linearequality I'i near - list of reals Optioral Vectorvalues=
targets equality._- 0.0
targets

5.4 DOT Methods

The DOT library [VandeplaatsResearclandDevelopment,19%] containsnonlinea programning opti-
mizers,specificallytheBroydenFletcherGoldfarb-Stanno(DAK OTA'sdot bf gs method)andFletcher
Reeses conjwate gradent (DAKOTA's dot f r cg metha) methals for uncorstrainedoptimization
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andthe modified methodof feasibledirections(DAKOTA's dot -mf d methal), sequetial linear pro-
grammning (DAKOTA'sdot sl p methal), andsequentiatjuadratic progamming(DAKOTA'sdot sqp
method method for constréned optimizaion. DAKOTA providesaccesgo the DOT library throughthe
DOT Optimizer class.

5.4.1 DOT methodindependent controls

Themethodndependentontrds for max i t er at i ons andmax f unct i on eval uat i ons limit the
numter of majoriterationsandthe numter of function evaluatiors that canbe performedduring a DOT
optimization. The conver gence_t ol er ance contrd definesthe threshdd value on relative chang
in the objedive function thatindicatescorvergerce. This cornvergencecriterion mustbe satisfiedfor two
consective iterationsbefore DOT will termirate. Theconst r ai nt t ol er ance specificationdefines
how tightly constrént functionsareto be satisfiedat corvergence. The defaut value for DOT constraind
optimizes is 0.0@8. Extremely small valuesfor constrant tolerane may not be attainable. The output
verhosity specificatiorcontrolstheamour of informationgeneréedby DOT: thequi et settingresultsin
headeinformation,final results andobjective function constrant, andparametemformationoneachter-
ation;whereaghever bose ordebug settingaddsadditioral informationon gradents,searctdirection
one-dmensioral searchresults, andparametescalingfactors.DOT contairs no parallelalgorithmswhich
candirectly take adwantageof asynchonaus evaluaions. However, if nuneri cal gradi ent s with
net hod_sour ce dakot a is specified thenthefinite differencefunction evaludions canbe perfamed
concurently (usingary of the parallelmodesdescriledin the UsersManual) In addition if specul a-
ti ve is specifiedthengradents(dakot a nuneri cal oranal yti c gradiens)will becompuedon
eachline searchevaluatian in order to balanceheloadandlowerthetotal runtimein paralleloptimizatian
studies.Lastly, specializechanding of linear constraintds suppotedwith DOT; linear constrait coefi-
cients,bound, andtargetscanbe providedto DOT at start-upandtrackedinternally Specificationdetail
for thesemethal independen contrds is providedin Tables5.1through5.3.

5.4.2 DOT method dependent controls

DOT's only methoddepelentcortrol is opti ni zat i on 1 ype which may be eithermi ni i ze or
maxi m ze. DOT hasthe only methals within DAK OTA which provide this contrd; to convert a maxi-
mizationprobleminto theminimization formulationassumedby othermethod, simply chang thesignon
theobjective function(i.e., multiply by -1). Table5.4 providesthespecificatiordetailfor theDOT methals
andtheir metha depenéntcontrds.

Table 5.4 Specificationdetail for the DOT methods

Description Keyword AssociatedData | Status Default |
Optimizatian optim za- m nimze| Optioral groyp mnimze
type tion_type maxi m ze

5.5 NPSOL Method

The NPSOL library [Gill etal.,198] containsa sequetial quadatic progammirg (SQP)implemena-
tion (thenpsol _sgp method. SQPis a norlinearprogammingoptimizerfor constraied minimization
DAKOTA providesaccesgo the NPSOLlibrary throughthe NPSOLOptimizer class.
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5.5.1 NPSOL methodindependent controls

Themethodndependentontrds for max i t er at i ons andmax f unct i on eval uat i ons limit the
numker of major SQPiteratiors and the numter of fundion evaluatios that can be perfamed during
anNPSOLoptimization Theconver gence t ol er ance cortrol definesNPSOLSs internaloptimality
tolerane whichis usedn evaluaing if aniteratesatisfieghefirst-order Kuhn-Tucker corditionsfor amin-
imum. Themagnitdeof conver gence t ol er ance apprximatelyspecifiesthenumbe of significant
digits of accuacgy desiredin the final objective function (e.g.,conver gence t ol erance =1.e-6
will resultin apgoximatelysix digits of accurag in thefinal objective functior). Theconstrai nt -
t ol er ance contol defineshaw tightly the constrainfunctions aresatisfiedat corvergence. Thedefault
valueis depadentuponthe machineprecisionof the platform in use butis typically ontheorde of 1. e-
8 for doube precisioncompuations.Extrenely smallvaluesfor const r ai nt 1 ol er ance maynotbe
attainableTheout put verbasity settingcontrds theamoun of informationgeneatedat eachmajorSQP
iteration:thequi et settingresultsin only oneline of diagnetic outputfor eachmajoriterationandprints
the final optimization solution whereaghever bose or debug settingaddsadditinal information on
theobjective function, constraintsandvariades at eachmajoriteration.

NPSOLis nota parallelalgorithm andcanna directly take advantageof asyncionaus evaluatiors. How-
ever,if nuneri cal _gr adi ent s with met hod sour ce dakot a is specifiedthenthefinite difference
function evaluatiors canbeperfamedconcurently (usingary of the parallelmodesdescribedn theUsers
Manual) An impottantrelatedobsevationis thefactthatNPSOLusestwo differentline searcheslepend-
ing on how gradentsarecomputed. For eitheranal yti c gradi ents ornuneri cal gradients
with met hod_sour ce dakot a, NPSOLIis placedin usersuppliedgradent mode(NPSOLSs "Deriva
tive Level” is setto 3) andit usesa gradien-basedline search(presumaly sinceit assumeghat the
usersuppied gradentsareinexpensve). On the othe hand,if nureri cal gr adi ent s areselected
with met hod_sour ce vendor , thenNPSOLis computing finite differercesinterrally andit will usea
valuebasedine search{presumablysinceit assumetshatfinite differercingoneachline searchevaluatian
is too expersive). The ramificatios of this are: (1) perfomancewill vary betweenmet hod sour ce
dakot a andret hod sour ce vendor for nuneri cal gradi ent s, and(2) gradentspeculatioris
unneessarywhenperfoming optimizaion in parallelsincethe gradien-basedine searchin user sup-
plied gradent modeis alreadyload balaned for multiple processoexecution. Therebre,aspecul a-

t i ve specificationwill beignored by NPSOL,andoptimizationwith numerical gradierts shouldselect
nmet hod_sour ce dakot a for loadbalancd paralleloperatiam andnet hod sour ce vendor for effi-
cientserialopeation.

Lastly, NPSOL suppots specializechanding of linearinequalityandequalityconstrais. By specifyirg
thecoeficients andboundsof thelinearinequality constrais andthe coeficients andtargetsof thelinear
equality constrairs, this information canbe providedto NPSOL at initialization andtracked internally,
removing the needfor the userto provide the valuesof thelinear constrais on every function evaluation.
Referto MethodIndeenden Controlsfor additioral informationandto Tables5.1through 5.3for methal
independentcortrol specificatiordetail.

5.5.2 NPSOL method depencent controls

NPSOLs methal depewlent contrds are verifylevel, function_precision, andline-

search_tol erance. Theveri fy.l evel controlinstructsNPSOLto perfam finite differenceverifi-
cationsonusersuppied gradie compnerts. Thef unct i on pr eci si on cortrol providesNPSOLan
estimateof theaccuray to which the problemfunctiors canbe compued. Thisis usedto preventNPSOL
from trying to distinguishbetweerfundion valuesthatdiffer by lessthantheinheren erra in the calcula-
tion. Andthel i nesear cht ol er ance settingcortrolstheaccuacgy of theline searchThesmallerthe
value (between0 and1), the moreaccuratelyNPSOLwill attemptto compue a preciseminimumalorg
thesearchdirection Table5.5 providesthe specificatiordetailfor the NPSOLSQPmethodandits methal
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depewlentcontrds.

Table 5.5 Specificationdetail for the NPSOL SQP method

Description Keyword AssociatedData | Status Default
Gradien verify_level integer Optioral - 1 (nogradien
verification level verification
Functin function_- real Optioral 1l.e-10
precision preci sion

Line search | i nesearch - real Optioral 0. 9 (inacarate
tolerarce t ol erance line search)

5.6 CONMIN Methods

The CONMIN library [Vancerplaats]1973 is a publicdomainlibrary of norinear progammirg optimiz-
ers,specificallythe FletcherReeves corjugategradent (DAKOTA's conmi n f r cg method methodfor
uncmstrainedptimizatian, andthe methal of feasibledirectiors (DAKOTA’'sconmi n nf d method for
constraired optimization. As CONMIN wasa predecessoto the DOT commecial library, the algorithm
contrds arevery similar. DAKOTA providesaccesgo the CONMIN library throughthe CONMINOpti-
mizer class.

5.6.1 CONMIN methodindependent controls

Theinterpretationsof the methodindependentcontrds for CONMIN areessentiallyidenticalto thosefor
DOT. Thetefore thediscussiorin DOT methal independen contrds is relevantfor CONMIN.

5.6.2 CONMIN method depencent controls

CONMIN doesnotcurrerily supprt ary methal dependentcontiols.

5.7 OPT++ Methods

The OPT++ library [Meza,199] containsprimaily nonlinea progammirg optimizers for uncon
strained bourd-corstrained andnonlirearly constraind minimization: PolakRibiereconjugategradent
(DAKOTA's opt pp-cg method, quasi-Newton, bariier function quasi-Nevton, and bourd constraind
guasi-Nevton (DAKOTA's opt pp_g_newt on, opt pp baq_newt on, andopt pp bcqg newt on meth-
ods),Gauss-Neiton andbourd constréned Gauss-Nerton (DAKOTA'sopt pp g newt on andopt pp -

bcg_newt on method - seeLeastSquaredethods), full Newton, barrier function full Newton, and
bourd constraired full Newton (DAKOTA's opt pp newt on, opt pp ba newt on, andopt pp bc -

newt on method), finite difference Newton (DAKOTA’s opt pp f d nhewt on method, bound con-
strainedellipsoid (DAKOTA's opt pp_bc el | i psoi d methal), andfull Newton, quasi-Nevton, and
finite differenceNewton norlinear interior point (DAKOTA's opt pp ni ps, opt pp g ni ps, and
opt pp_f d_ni ps method). The nonlinaar interior point algaithms suppat geneal boundcorstraints,
linear constraims, andgeneal nonlinear corstraints. The library alsocontairs a direct searchalgorithm
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PDS (pamllel directsearch DAKOTA’s opt pp pds method. DAKOTA providesaccesdo the OPT++
library throughthe SNLLOptimizer class,where”SNLL” dendesSandiaNationalLabaatories- Liver-
more.

5.7.1 OPT++ methodindependent controls

Themethodndependentontrds for max i t er at i ons andmax f unct i on eval uat i ons limit the
numter of majoriterationsandthenumbe of function evaluatiors thatcanbeperfamedduringanOPT++
optimization. The conver gence_t ol er ance contrd definesthe threshéd value on relative chang
in the objective function that indicatescorvergence. The out put verbasity specificationcontiols the
amount of informationgeneatedby OPT++: thever bose anddebug settingsturn on OPT++5 inter-
nal delug moce. OPT++5s gradent-basednethod are not parallelalgoiithms and canrot directly take
adwartageof concurentfunction evaluations. However, if nuneri cal gr adi ent's with net hod -
sour ce dakot a is specified,a parallel DAKOTA configurationcanutilize concurent evaluationsfor
thefinite differencegradent computations.OPT++s nongadient-lasedPDS methodcandirectly exploit
asynchonots evaluatians; however, this capabilityhasnotbeenimplementd within DAKOTA V1.1.

Thespecul at i ve specificatiorenablespeculatre compuationof gradentand/orHessiarinformation,
whereapplicable for parallelload balancimy purpces. The specificationis applicalte to the compua-
tion of gradien informationin casesvheret r ust r egi on orval ue basedl i ne sear ch methals
can be applied (see OPT++methal dependentcortrols for information on theseoptions). The spec-

ul ati ve specificationmustbe usedin corjunction with dakot a nuneri cal oranal yti c grad-
ents. The specificationis ignoredand a warning messagés printed for gradent compuationswhena
gr adi ent based. i ne_sear ch isusedorwhentheopt pp ba newt on, opt pp bag newt on or
opt pp_bc_el | i psoi d methals areused. The speculatie specificationcanalsobe appliedto the full

Newtonmethals,whichrequire compuationof analyticHessiansor for theopt pp f d newt on method
However, thespecificatioris ignoredfor theopt pp g .newt on andopt pp bcg newt on Hessiarcom-
putation which appraimatesthe Hessiarfrom functionandgradien values.

Lastly, specializedhandlingof linear constrints is suppoeted by the nonlinea interior point methals
(opt pp-ni ps, opt pp-gq-ni ps, andopt pp f dni ps) ; all othe OPT++method mustbe eitherun-
constraired or, at most, bound-castrained. Specificationdetail for the methal indeperlentcontols is
providedin Tables5.1throwgh 5.3

5.7.2 OPT++ method deperdent controls

OPT++s method depedent contrds are max st ep, gradi ent 1ol erance, sear ch et hod,
initial radius,merit function,central path,stepl engthtoboundary,center-

i ng_par anet er, andsear ch_schene_si ze. Thenax st ep contrd specifiesthe maximun step
that can be taken when computing a chang in the current designpoint (e.g.,limiting the Newton step
computedfrom currentgradentandHessiarinformation). It is equivdent to a move limit or amaximunm
trustregion size. Thegr adi ent _t ol er ance contrd definesthe threshdd value on the L2 norm of
the objective function gradien thatindicaescorvergerce to anuncorstrainedminimum (no active bourd
constraims). Thegr adi ent _t ol er ance contrd is definedfor all gradent-baseaptimizes.

The sear ch_net hod contol is defined for all Newton-based optimizers and is used to select
betweent r ust _r egi on, gradi ent based] i nesearch, and val ue based ] i ne search
method. The gr adi ent bbasedl i ne_sear ch option usesthe line searchmethod propsed by
[MoreandThuente,1994]. Thegr adi ent _based. i ne _sear ch option satisfiessuficient decrease
and curvature conditins; whereasyal ue base 1 i ne sear ch only satisfiesthe sufiicient decrease
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condtion. At eachline searchiteration,the gr adi ent based ] i ne sear ch metha compuesthe
function andgradien at thetrial point. Consequetty, given expensize function evalugionstheval ue -
based_l i ne_sear ch methal is preferredto thegr adi ent based | i ne sear ch method

The opt pp_g_-newt on, opt pp.newt on, andopt pp f d newt on methals additiondly suppot the
t r _pds selectionfor perfaming a robust trust region searchusing patternsearchtechniqes. Useof a
line searchs thedefaultfor barrier bound-castrainegdandnorinearinterior point method, anduseof a
t rust _r egi on searchmethal is thedefadt for all others.Theellipsoidandbarriermethod usebuilt-in
directioral searchesandthus,thesear ch met hod contmol is not partof their specifications.

Table5.6 coversthe OPT++conjugategradent methodspecification. Table5.7, Table5.8, and Table5.9
provide thedetailsfor the uncastrainedpownd-castrainedandbarrig function Newton-tasedmethals,
respectrely.

Table 5.6 Specificationdetail for the OPT++ conjugate gradient method

Description Keyword AssociatedData | Status Default
OPT++conjwate | opt pp-cg none Required N/A
gradentmetha
Maximum step max_st ep real Optioral 1000.
size
Gradien gr adi ent - real Optioral l.e-4
tolerarce tol erance
Table 5.7 Specificationdetail for unconstrained Newton-basedOPT++ methods

Description Keyword AssociatedData | Status Default
OPT++ opt ppq-- none Requiredgrouyp N/A
Newton-based newt on |
methals opt pp-newt on

| opt ppfd._-

newt on
Searchmethod val ue - none Optioral growp trust region

based.li ne_-

search |

gradi ent -

basedli ne_-

search |

trust region

|tr_pds
Maximum step max_st ep real Optioral 1000.
size
Gradien gradi ent - real Optioral l.e-4
tolerarce tol erance

Table 5.8 Specificationdetail for bound-constrainedNewton-basedOPT++ methods
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Description Keyword AssociatedData | Status Default
OPT++bourd- opt pp_bcq_—- none Requiredgrouyp N/A
constraied newt on |
Newton-based opt pp_bc _-
methals newt on
Searchmethod val ue - none Optioral growp val ue -
based. i ne_- based. i ne._-
search | search
gradi ent -
basedli ne_-
search |
trust region
Maximum step max_st ep real Optioral 1000.
size
Gradien gradi ent - real Optioral l.e-4
tolerarce tol erance
Table 5.9 Specificationdetail for barrier Newton OPT++ methods
Description Keyword AssociatedData | Status Default
OPT++barrier opt pp-bag_- none Requiredgrowp N/A
Newton-based newt on |
methals opt pp_ba_-
newt on
Gradien gradi ent - real Optioral l.e-4
tolerarce tol erance

Thei ni tial radi us contrd is definedfor the ellipsoid methodto specify the initial radius of the
ellipsoid,andsear ch_schene_si ze is definedfor the PDSmethal to specifythe nunmber of pointsto
be usedin the direct searchtemplate. Table5.10 providesthe detail for the bourd constraird ellipsoid
methodandTable5.11 providesthe detail for the paralleldirectsearchmethal.

Table 5.10Specificationdetail for the OPT++ bound constrainedellipsoid method

Description Keyword AssociatedData | Status Default
OPT++bourd opt pp_bc_- none Requiredgrouyp N/A
constraied ellipsoid
ellipsoidmethal
Initial radius initial - real Optioral 1000.
radi us
Gradien gradi ent - real Optioral l.e-4
tolerarce tol erance
Table 5.11Specificationdetail for the OPT++ PDSmethod
Description Keyword AssociatedData | Status Default
OPT++parallel opt pp_pds none Requiredgroyp N/A
directsearch
methal
Searchscheme search._- integer Optioral 32
size schenesi ze

The merit function, central path, steplengthtoboundary, and centering -
par anet er specificationsare definedfor the OPT++ norlinear interior point method (opt pp ni ps,
opt pp_q-ni ps,andopt ppfdni ps).Amerit functionisafunctioninconstraiedoptimization

thatattemptgo provide joint progesstowardreducirg theobjective function andsatisfyingthe corstraints.

Valid stringinputs are”el _bakry”, "argaeztapia”, or "vanshann®, whereuserinputis not casesensitie
in this case Detailsfor theseselectionareasfollows:
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e The”el_bakiy” meritfunctionis theL2-norm of thefirst orde optimality conditinsfor thenonlinear
progammirg prodem. The costper linesearchiterationis n+1 function evaluations. For more
information,see[El-Bakryetal., 19%].

e The argaeztapia” merit function canbe classifiedasa modfied augnentedLagrangianfunction.
Theaugmeted Lagrangianis modfied by addng to its penaltyterma poterial reductionfunction
to handlethe pertubedcomplengentaritycondtion. The costperlinesearchterationis onefunction
evaluaion. For moreinformation,see[ TapiaandArgeeZ].

e The"vanshann® merit function canbe classifiedasa penaltyfundion for the logaithmic barier
formulationof thenorlinearprogammingproblem. Thecostperlinesearchterationis onefunction
evaluaion. For moreinformationseg| Vanderlei andShanno1999.

If thefunction evaluationis expersive or noisy, setthe merit functionto "argaeztapia” or "van shanmwo”.

Thecent r al _pat h specificatiorrepresentsa measuref proximity to the centralpathandspecifiesan
updde strateyy for the perturtation paranetermu. Referto [ Argaezetal., 20@] for a detaileddiscussion
on proximity measure$o thecentralregion. Valid optiors are,agan, "el baky”, "argaez tapia”,or "van -
shann®, whereuserinputis not casesensitve. The default valuefor cent r al pat h is the value of
nerit _functi on (eitheruserselectedr default). Thest epl engt ht o boundary specifications
aparaneter(betweerD andl) thatcontiols how closeto the boundaryof thefeasibleregionthe algorithm
is allowedto move. A valueof 1 meansthat the algorithm is allowed to take stepsthat may reachthe
bourdary of the feasibleregion. If the userwishesto maintainstrict feasibility of the designparaneters
this value shouldbe lessthan 1. Default valuesare .8, .9995, and .95 for the "el bakry', "argaez-
tapia”,and"vanshanmw” merit functiors, respectiely. Thecent eri ng par anet er specifications a
paraneter(betweerD andl) thatcontrolshow closelythealgorithmshouldfollow the"central path”. See
[Wright] for the definitionof centralpath. Thelargerthevalue,the more closelythe algorithm follows the
centralpath,whichresultsin smallsteps A valueof 0 indicaesthatthealgoithm will take apureNewton
step.Defaultvaluesare.2,.2,and.1for the”el bakry, "argaeztapia”, and”van shanno’meritfunctions,
respectiely. Table5.12providesthedetailfor thenorinearinterior point methals.

Table 5.12Specificationdetail for the OPT++ nonlinear interior point methods
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Description Keyword AssociatedData | Status Default
OPT++nonlinear | opt pp-ni ps | none Requiredgrouyp N/A
interior point opt pp_g.ni ps
methals | opt ppfd._-
ni ps
Searchmethod val ue - none Optioral growp val ue -
based. i ne_- based. i ne._-
search | search
gradi ent -
basedli ne_-
search |
trust region
Maximum step max_st ep real Optioral 1000.
size
Gradien gradi ent - real Optioral l.e-4
tolerarce tol erance
Merit function nerit - string Optioral "ar gaez -
function tapi a”
Centralpath central path | string Optioral valueof
merit -
function
Steplenth to stepl ength_- real Optioral Merit function
bouwndary t o_boundary depenént: 0. 8
("el _bakry"),
0. 99995
("ar gaez -
tapia"),0.95
("van_-
shanno")
Centering centering.- real Optioral Merit function
paraneter par anet er depenént: 0. 2
("el _bakry"),
0.2
("ar gaez -
tapia"),0.1
("van_-
shanno")

5.8 AsynchronousParallel Pattern Search Method

Patternsearchtechniqiesarenongadientbasedoptimization method which usea setof offsetsfrom the
currern iterateto locateimproved poirts in the designspace. The asynchraousparallel patternsearch
(APPS)algorithm[Hough etal., 2000 is afully asynchonots patternsearcttechrique,in thatthesearch
alongeachoffsetdirectioncontinieswithout waiting for searchesalorg otherdirectiorstofinish. It utilizes

thenonbocking schedulesin DAK OTA (seeDakotaModel::synchronize.nowait()).
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5.8.1 APPSmethodindependent controls

The only methodindepgenden contiol currerlly mappedo APPSis theout put verbosity cortrol. The
APPSinternal’debug’ and’profile” levelsaremappedto the DAKOTA debug, ver bose, nor nal , and
qui et settingsasfollows:

DAKQOTA "debug’: APPSdeluglevel = 10, profilelevel=1
DAKOQOTA "verlose”: APPSdehug level = 10, prdfile level = 1
DAKOQOTA "normal™; APPSdeluglevel = 2, prdfile level = 1
DAKQOTA "quiet”: APPSdehuglevel = 0, profile level = 0

5.8.2 APPSmethod depencent controls

The APPSmethodis invoked usingan apps grow specification Comporntswithin this specification
grow includei ni ti al delta, threshol ddelta, patternbasis,total patternsize,
no_expansi on,andcont ractionfactor.Theinitial deltaandthreshol ddeltaspec-
ificationsarerequirel in orderto provide theinitial offsetsizeandthethreshdd sizeatwhichto terminate
thealgorithm respectiely. Thesesizesaredimersionalandarenotrelative to theboundedregion (asthey
arewith sgopt _patt ern_search). Thepatt ern basi s specificationis usedto selectbetweera
coor di nat e basisor asi npl ex basis. The former usesa plus and minus offsetin eachcoadinate
direction for a total of 2n function evaluatiors in the pattern,wherea the latter usesa minimal positive
basissimplex for theparametespacefor atotal of n+1 function evaluatiosin thepattern.Thet ot al -
patt er n_si ze specificationcanbe usedto augnentthe basiccoor di nat e andsi npl ex patterns
with additioral function evaluations,andis particulaty usefulfor parallelload balancing For exampe,
if somefunctionevaluationsin the patternaredroppeddueto dugication or bound constrain interaction
thenthet ot al _patt er n_si ze specificatiorinstructsthealgoiithm to gereratenew offsetsto bring the
total numker of evaluationsup to this consistentotal. Theno expansi on flag instructsthe algorithm
to omit patternexparsion, which is normally perfamed after a sequene of improving offsetsis found.
Finally, thecont ract i on f act or specificatiorselectshe scalingfactorusedin computing areducel
offsetfor a new patternsearchcycle afterthe previouscycle hasbeenunsuccesstun finding animproved
point. Table5.13summarizeshe APPSspecification.

Table 5.13Specificationdetail for the APPSmethod

Description Keyword AssociatedData | Status Default

APPSmethod apps none Requiredgrouyp N/A

Initial offset initial - real Required N/A

value delta

Threstold for t hreshol d_- real Required N/A

offsetvalues delta

Patternbasis pattern.- coordnate| Optioral coordi nat e

selection basi s simplex

Total numker of total - integer Optioral no augmetation

poirtsin pattern | pattern.si ze of basicpattern

No expansion no_expansi on | none Optioral algorithmmay

flag expard pattern
size

Pattern contrac- real Optioral 0.5

contractionfactor | ti on_fact or
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5.9 SGOPT Methods

The SGOPT(StochastidGlobd OPTimization)library [Hart, W.E.,200La; Hart, W.E.,2001b] contairs a
variety of nongadientbasedoptimization algoithms, with an emplasis on stochasticglobal methals.
SGOPTcurrently includesthefollowing globd optimizationmethod: evolutionaryalgoithms(sgopt -

pga.real , sgopt pga. nt, andsgopt .epsa) and stratified Monte Carlo (sgopt strat nt).
Additionally, SGOPTincludes norgradiett-basedocal searchalgoiithms suchas Solis-Wets (sgopt -

sol i s.wet s) and patternsearch(sgopt patternsearch). DAKOTA provides accessto the
SGOPTIibrary through the SGOPTOptimizer class.

5.9.1 SGOPT methodindependentcontrols

Themethodindependentontrds for max i t er at i ons andmax f unct i on eval uat i ons limit the
numter of majoriterationsandthenunberof fundion evaluatiors thatcanbeperfamedduing anSGOPT
optimizatian. Theconver gence t ol er ance controldefineshethreshdd valueonrelative changin
theobjective functionthatindicatescorvergence.Theout put verhosity specificatiorcontiolstheamount
of information generatd by SGOPT the qui et andnor mal settingscorrespad to minimal repating
from SGOPTwhereaghever bose settingcorrespadsto a highe level of information,anddebug out-
putsmethodnitializationanda varietyof internalSGOPTdiagrostics. Themajoiity of SGOPTS methals
have independentfunction evaluatiors thatcandirectly take advantageof DAK OTA's parallelcapabilities.
Only sgopt _sol i s_wet s is inherently serial. The parallelmethod autanatically utilize parallellogic
whenthe DAKOTA corfigurationsuppats parallelism. Note that parallelusageof sgopt pattern -
sear ch overidesary settingfor expl or at or y noves (seePatternsearch), sincethemul ti _st ep,
best first,bi ased_best first,andadapti ve patt er n settingsonlyinvolve relevant distinc-
tionsfor thecaseof serialoperatia. Lastly, neitherspecul at i ve gradentsnor specializechanding of
linear constraits arecurrenly suppatedwith SGOPTsinceSGOPTmethod arenorgradiern-basedand
suppat, at most, bound constraints.Specificationdetail for methodindepemnientcontrds is providedin
Tables5.1throwgh 5.3

5.9.2 SGOPT method dependent controls

sol uti on_accuracy andmax cputi ne are methoddepeneént contols which are definedfor all

SGOPTmethals. Solutionaccuray defines a cornvergencecriterionin which the optimizer will terminate
if it finds an objedive function value lower thanthe specifiedaccurag. Note that the defaut of 1.e5

shouldbe overiddenin thoseapplicatiors whereit codd causepremaure termination. The maximum

CPUtime settingis anotheicorvergercecriterion in whichtheoptimizerwill termirateif its CPUusagean

secondexceed thespecifiedimit. Table5.14providesthe specificatiordetailfor theserecuring methal

depewentcontrds.

Table 5.14Specificationdetail for SGOPT method dependentcontrols

Description Keyword AssociatedData | Status Default
Desiredsolution | sol ution_- real Optioral l.e-5
accuray accuracy

Maximum max_cpu-time real Optioral unlimitedCPU
amount of CPU

time

EachSGOPTmethodsupplematsthe settingsof Table5.14with contrds which arespecificto its partic-
ular classof methal.
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5.9.3 Evolutionary Algorithms

DAKOQTA currerly providesthreetypesof evolutionary algorithirs (EAS): a real-waluedgengic algo-
rithm (sgopt _pga.r eal ), anintega-valuedgeneticalgorithm (sgopt pgai nt), andanevolution
ary patternsearchechniqe (sgopt _epsa) , where'real-vaued” and”integer-valued referto theuseof
continwusor discretevariale domairs, respectiely (theresponselataarereal-\aluedin all cases).

Thebasicstepsof anevolutionaryalgoithm areasfollows:

1. Selectaninitial popdationrandanly andperform fundion evaluatiors on thesendividuals

2. Perfom selectiorfor parentdasedn relative fithess

3. Apply cross@er and mutationto geneate newsol ut i ons gener at ed new individuals from
theselectecparents

e Apply crosseerwith afixedprabability from two selectegarerts
o If crossweris applied applymutation to thenewly geneatedindividual with afixedprobability

o If crosseeris notapplied applymutationwith afixed probability to a singleselectecparert

4. Perfom function evaluatilns on the new individuals

5. Perfom replacenentto deteminethenew populdion

6. Returnto step2 andcortinuethealgorithm until corvergerce criteriaaresatisfiedor iterationlimits
areexceead

Controlsfor seed,popuation size, selection,and replacerent are identical for the three EA methals,
whereaghe crosseer and mutationcontiols contan slight differencesandthe sgopt epsa specifica-
tion containsan additioral numparti ti ons input. Table5.15 providesthe specificationdetail for the
contrds whicharecomman betweerthethreeEA method.

Table 5.15Specificationdetail for the SGOPT EA methods
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Description Keyword AssociatedData | Status Default
EA selection sgopt pga_- none Requiredgrouyp N/A
real |
sgopt _pga._-
int |
sgopt _epsa
Randonseed seed integer Optioral randanly
generatedeed
Numkber of popul ati on_- integer Optioral 100
population si ze
memlers
Selection sel ection_- rank | Optioral proportional
pressure pressure proportional
Replacemertype | repl ace- random| chc | Optioral growp random=0
ment _t ype elitist
Random random integer Required N/A
replacenent
CHCreplacemant | chc integer Required N/A
type
Elitist elitist integer Required N/A
replacenenttype
New solutions new.- integer Optioral popul ati on -
geneated sol uti ons_- si ze -
gener at ed repl ace-
nment _si ze

Therandan seed cortrol providesa mechaism for makinga stochastioptimization repeatale. Thatis,

the useof the samerandm seedin identicalstudieswill geneateidenticalresults.Thepopul at i on -
si ze contol specifieshow mary individuals will compise the EA's popuation. The sel ecti on -

pr essur e contrds how stronglydifferencedn "fitness” (i.e., the objedive function) areweightedin the
processof selecting’parents”for crosseer:

e ther ank settingusesa linear scalingof probability of selectionbasedon the rank orde of each
individual’s objedive functionwithin the popuation

e theproportional settingusesa proportional scalingof probability of selectionbasedon the
relative valueof eachindividual’s objective function within the population

Ther epl acenent _t ype contwols how current populationsandnenly geneatedindividualsare com-
binedto createa new popuation. Eachof ther epl acenent 1 ype selectionsacceptaninteger value,
whichwill is referedto belowv andin Table5.15asther epl acenent si ze:

e Ther andomsetting(the defadt) createsa new populationusing(a) r epl acenent si ze ran-
domly selectedndividualsfrom thecurrent popdation,and(b) popul at i on si ze -r epl ace-
nment _si ze individualsrancdmly selectedrom amorg the newly geneatedindividuals (the num-
berof whichis optionally specifiedusingnew_sol ut i ons gener at ed) thatarecreatedor each
geneation(usingthe selectiongcrosswer, andmutation procedures).

e TheCHC settingcreatesanew popuationusing(a)ther epl acenent si ze bestindividualsfrom
the combinaion of the current population andthe newly geneatedindividuals,and(b) popul a-
tionsi ze-repl acenment si ze individualsrandanly selectedrom amongtheremainirg in-
dividualsin this combired pool. CHC is the prefered selectionfor mary engneeringprodems.
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e Theel i ti st settingcreatesa new popuation using(a)ther epl acenent si ze bestindividu-
alsfrom the currentpopulation, (b) andpopul ati on si ze - r epl acenent si ze individuals
rancbmly selectedrom thenewly generatedhdividuals. It is possiblen this caseto loseagoodso-
lution from the newly geneatedindividualsif it is notrandanly selectedor repla@ment;however,
thedefaultnew.sol ut i ons _gener at ed valueis setsuchthatthe entiresetof nenly generatd
individualswill beselectedor replacemen

Table5.16 Table5.17, and Table5.18 shawv the contrds which differ betweensgopt pgareal ,

sgopt _pga. nt,andsgopt _epsa, respectiely.

Table 5.16Specificationdetail for SGOPT red-valued geneticalgorithm crossower and mutation

Description Keyword AssociatedData | Status Default
Crosswer type crossover - t wo_poi nt | Optioral growp t wo_poi nt
type bl end |
uni form
Crosswoer rate crossover - real Optioral 0.8
rate
Mutationtype nmut ati on_- repl ace_- Optioral groyp of f set -
type uni f or m| nor nal
of f set _-
nor mal |
of f set _-
cauchy |
of f set _-
uni f or m|
of f set _-
triangul ar
Mutationscale mut ati on - real Optioral 0.1
scal e
Mutation di mensi on_- real Optioral populatj%
dimersionrate rate
Mutation popul ati on_- real Optioral 1.0
populationrate rate
Non-adaptve non_adapti ve | none Optioral Adaptive
mutatio flag mutation

Table5.17Specificationdetail for SGOPT integer-valuedgen

eticalgorithm crossawer and mutation

populationrate

rate

Description Keyword AssociatedData | Status Default
Crosswer type crossover - t wo_poi nt | Optioral growp t wo_poi nt
type uni form
Crosswer rate crossover - real Optioral 0.8
rate
Mutationtype nmut ati on_- repl ace - Optioral grouyp repl ace -
type uni f or m| uni form
of f set _-
uni form
Mutationrange nut ati on_- integer Optioral 1
range
Mutation di mensi on_- real Optioral popula;%
dimersionrate rate
Mutation popul ati on_- real Optioral 1.0
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Table 5.18 Specification detail for SGOPT evolutionary pattern search crossoser, mutation, and
number of partitions

Description Keyword AssociatedData | Status Default
Crosswer type crossover - t wo_poi nt | Optioral growp t wo_poi nt
type uni form
Crosswer rate crossover - real Optioral 0.8
rate
Mutationtype nmut ati on_- unary_coord| | Optioral groyp unary coord
type unary -
si npl ex |
mul ti _coord |
mul ti -
si npl ex
Mutation di mensi on_- real Optioral populatj%
dimersionrate rate
Mutationscale mut ati on_- real Optioral 0.1
scal e
Minimum m n_scal e real Optioral 0.001
mutatian scale
Mutation popul ati on_- real Optioral 1.0
populationrate rate
Numkber of num- integer Optioral 100
partitiors partitions

Thecr ossover t ype contrds what appioachis employed for combinirg paren geneticinformation
to createoffspting, andthe cr ossover r at e specifiesthe probability of a cross@er opeation beirg
perfamedto generatea new offspring. SGOPTsuppots two genericforms of crosseer, t wo poi nt
anduni f or m which geneatea new individual throuch coodinate-wisecombirationsof two paret in-
dividuals. Two-poirt crosseer divides eachparent into threeregions, whereoffspiing arecreatedrom the
combnationof themiddleregion from oneparern andtheendregionsfrom the otherparent.SinceSGOPT
doesnot utilize bit representationsf variablevaluesthe crosseer pointsonly occuron coadinatebound-
aries,never within thebits of a particularcoodinate.Uniform crosseer createoffspring throughrandan
combhbnationof coodinatesfrom thetwo parents.Thesgopt pga r eal optimize suppats a third op-
tion,thebl end cross@ermethodwhichgenerateanew individualrancdomly alongthemultidimensional
vectorconrectingthetwo paretts.

Thenut at i on_t ype contiolswhatappoachis emplo/edin randanly modifying desigrvariadleswithin
theEA population. Eachof themutationmethalsgeneratesoordnate-wisechamgesto individuals,usually
by addingarandan varialle to agivencoordnatevalue(an”offset” mutatia), but alsoby replacirg agiven
coordnate valuewith a randan varialle (a "replace” mutation) The popul ati on r at e contols the
probability of mutatian beingperfamedon anindividual, bothfor new individualsgeneatedby crosswer
(if crosswer occurs)andfor individuals from the existing popuation (if cross@er doesnot occu; see
algorithm descripion in Evolutionary Algorithms). The di nensi on_r at e specifiesthe prokabilities
thata givendimersionis chargedgiventhatthe individual is having mutationappliedto it. The default
di mensi on_r at e usesthe specialformua shavn in the preceling tables,wheren is the numbe of
designvariablesande is the naturallogarithm constant.The nut at i on scal e specifiesa scalefactor
whichscaleanutatian offsetsfor sgopt pga.r eal andsgopt epsa;thisis afractionof thetotalrange
of eachdimensionsonut at i on_scal e is arelative value betweer0 and1. Thenut ati on r ange
provides an analogais contrd for sgopt jpgad nt, but is not a relative value in thatit specifiesthe
total integerrange of the mutation. Theof f set nor mal , of f set cauchy, of f set uni f or m and
of f set _t ri angul ar mutatian typesare”offset” mutatiors in thatthey adda 0-meanrandan varialle
with a normal, caucly, uniform, or triangula distribution, respectrely, to the existing coodinatevalue.
Theseoffsetsarelimited in magnitue@ by nut at i on _scal e. Ther epl ace uni f or mmutationtype
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is not limited by mut at i on_scal e; ratherit generate a repla@mentvalue for a coodinateusinga
uniformly distributed value over the total rangefor that coorinate. The real-\alued geneticalgorithm
suppats eachof theseb mutationtypes,andintegervaluedgendic algorithmsuppats ther epl ace -

uni f or mandof f set _uni f or mtypes. The mutationtypesfor evolutionary patternsearchare more
specialized:

e nul ti _coor d: Mutateeachcoordnatedimersionwith probability di mensi on r at e usingan
"offset” appoachwith initial scalenut at i on_scal e  variablerange Multiple coordnatesmay
or maynotbemutated.

e unary_coor d: Mutateasinglerandamly selecteadtoordiratedimensiorusingan”offset”appoach
with initial scalerrut at i on_scal e x varialle range Oneandonly onecoomdinateis mutated

e mul ti _si npl ex: Apply eachof the vector offsetsfrom a reguar simplex (n+1 vectos for n
dimersions)with probability di mensi on_r at e andinitial scalenrut ati on scal e x variable
range. A singlevectoroffset may alter multiple coadinatedimersions. Multiple simplex vectors
mayor maynotbeapplied.

e unary_si npl ex: Add a singlerancdmly selectedvecta offsetfrom a regular simplex with an
initial scaleof mut ati on_scal e x variablerange. Oneandonly onesimplex vectoris applied
but this simplex vectormayaltermultiple coodinatedimersions.

andaredescribedn moredetailin [ HartandHunte, 1999. Boththereal-valuedgeneticalgorithm andthe
evolutionary patternsearchalgoithm useadapive mutationthat modfies the mutation scaledynanically.
Thenon_adapt i ve flag canbe usedto deactvatethe self-adaptatin in real-valued geneticalgoritms,
which may facilitate a more global search. The adaptve mutatian in evolutionary patternsearchis an
inherant compaentthat cannotbe deactvated. Them n scal e input specifiesthe minimum mutatian
scalefor evolutionary patternsearch;sgopt _epsa terminats if the adaptednutatian scalefalls belov
thisthreshdd.

Thenumparti ti ons specificatioris notpartof the crosseer or mutationgroup specificationsit spec-
ifies the numker of possiblevaluesfor eachdimension(fractions of the varialde rangeslusedin theinitial
evolutionary patternsearctpopulation. It is neededor theoreticareasos.

For addtional informationon theseoptiors, seethe userandrefererce manwals for SGOPT[ Hart, 20013;
Hart,2001b].

5.9.4 Pattern searich

SGOPTprovidesa patternsearchtechniqe (sgopt patt er n sear ch) whoseoperatiom andcortrols
aresimilar to that of APPS(seeAsynctronots Parallel PatternSearchMethad). Table5.19 providesthe
specificatiordetail for the SGOPTPSmethodandits methal depedentcontiols.

Table 5.19Specificationdetail for the SGOPT pattern search method
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Description Keyword AssociatedData | Status Default
SGOPTpattern sgopt - none Requiredgrouyp N/A
searchmetha pattern_-
search
Stochastigattern | st ochastic none Optioral growp N/A
search
Randomseedfor | seed integer Optioral randanly
stochastigattern generatedeed
search
Initial offset initial - real Required N/A
value delta
Threstold for t hreshol d_- real Required N/A
offsetvalues delta
Patternbasis pattern_- coordnate| Optioral si npl ex
selection basi s simplex
Total numker of total - integer Optioral noaugmeration
poirtsin pattern | pattern.si ze of basicpattern
No expansion no_expansi on | none Optioral algorithmmay
flag expard pattern
size
Number of expand_- integer Optioral 1
consective after -
improvements success
befae expansion
Pattern contrac- real Optioral 0.5
contiactionfactor | ti on_factor
Exploratory ex- nmul ti step | Optioral groyp best first for
movesselection | pl oratory - best al | | serial,
noves best first | best _al | for
bi ased_- parallel
best first |
adaptive_-
pattern|
t est

The initial delta, thresholddelta, patternbasis, total patternsize, no-

expansi on, andcont ract i on_f act or controlsareidenticalin meanimg to thecorrespndingAPPS
contrds (seeAsynchionots ParallelPatternSearchMethod). Differing controlsinclude the st ochas-

tic,seed, expand_after success, andexpl orat ory nmoves specificatios. The SGOPTpat-
tern searchprovidesthe capabilityfor st ochast i ¢ shufling of offset evaluation order for which the
randon seed canbeusedto make the optimizationsrepedable. Theexpand af t er success contol
specifieshow mary successfubbjective function improvemens mustoccurwith a specificdeltaprior to
expansionof thedelta.

Theexpl or at or y _noves settingcontols how theoffsetevaluatimsareorderal aswell asthelogic for
acceptaoe of animprovedpoint. Thefollowing exploratorymoves selectionsaresupmrtedby SGOPT

e Thenul ti _st ep caseexamneseachtrial stepin the patternin turn. If a successfustepis found,
thepatternsearcrcontinuesexamiring trial stepsabou this new poirt. In this manrer, the effeds of
multiple successfustepsarecumulatie within a singleiteration.

e Thebest _al | casewaitsfor completio of all offsetevaluatiors in the patternbefore selectinga
new iterate. This methodis mostapprgriatefor parallelexecutionof the patternsearch.

e Thebest first casdmmediatelyselectghefirstimproving pointfound asthenew iterate with-
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outwaiting for completio of all offsetevaluaticnsin thecycle.

e Thebi ased_best fir st casammedatelyselectghefirstimprovedpointasthenew iterate but
alsointrodwcesa biastoward directions in which improving pointshave beenfound previously by
reorceringthe offsetevaluatiors.

e The adapti ve_patt ern caseinvokes a patternsearchtechniaie that adaptvely rescalesthe
different searchdirectiors to maximze the nunmber of redurdant function evaluatios. See
[Hartetal.,2001] for detailsof this methal. In preliminay expeliiments,this methodhad more
rohust periormarcethanthe standad best fi r st case.

e Thet est caseis usedfor devdlopmen purposes.This currenly utilizes a horblocking schedier
(i.e.,DakotaModel::synchronize_nowait()) for performingthefunction evaluations.

5.9.5 Solis-Wets

DAKQOTA's implemantationof SGOPTalsocontaingthe Solis-Wetsalgoithm. The Solis-Wetsmethodis
asimplegreed local searchheuristicfor continuous paraméer spaces.Solis-Wetsgenergestrial points
usingamultivariate nomaldistribution,andunsuccesstiurial pointsarereflectedaboutthecurrer pointto
find a descentirection This algorithmis inhererly serialandwill notutilize ary parallelism. Table5.20
providesthe specificatiordetailfor this methal andits methoddepeidentcontrds.

Table 5.20Specificationdetail for the SGOPT Solis-Wetsmethod

Description Keyword AssociatedData | Status Default

SGOPT sgopt - none Requiredgrouyp N/A

Solis-Wets soliswets

metha

Randonseedor | seed integer Optioral randamly

stochastigattern generatedeed

search

Initial offset initial - real Required N/A

value delta

Threstold for t hreshol d_- real Required N/A

offsetvalues delta

No expansion no_expansi on | none Optioral algorithmmay

flag expard pattern
size

Number of expand_- integer Optioral 5

consective after -

improvements success

befae expansion

Numkber of contract _- integer Optioral 3

consective after -

failuresbefae failure

contraction

Pattern contrac- real Optioral 0.5

contiactionfactor | ti on_factor

The seed, initial delta, threshol ddelta, noexpansi on, expand after success,
and cont racti on_fact or specificatios have identical meaniry to the correspading specifica-
tionsfor apps andsgopt patt er n_sear ch (see Asynchronots ParallelPatternSearchMethad and
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Patternsearch. Theonly new specificatioriscont r act af t er f ai | ur e, which specifieshenumkber
of unsucessfulcycleswhich mustoccurwith a specificdeltaprior to contraction of thedelta.

5.9.6 Stratified Monte Carlo

Lastly, DAKOTA's implemenation of SGOPT contairs a stratified Monte Carlo (sMC) algorithm
One of the distingushing charateristicsof this samplingtechniqe from other samplingmethals in
Designof Compuer ExperimentsMethods andNondeteministic samplingmethal is its stoppiry criteria.
Usingsol uti on_accur acy (seeSGOPTmethoddepeentcontrds), the sSMC algotithm cantermi-
nateadaptvely whena designpoint with a desiredperfamancehasbeenlocated Table5.21 providesthe
specificatiordetail for this methal andits methal depenéntcontrols.

Table 5.21Specificationdetail for the SGOPT sMC method

Description Keyword AssociatedData | Status Default
SGOPTstratified | sgopt _- none Requiredgrowp N/A
MonteCarlo strat nc

methal

Randomseedfor | seed integer Optioral randanly
stochastigattern generatedeed
search

Numkber of bat ch_si ze integer Optioral 1

sampleper

stratification

Partitionsper partitions list of integers Optioral No partitioning
variabe

As for otherSGOPTmethodstherandbmseed is usedto make stochastioptimizationsrepeatale. The
bat ch_si ze inputspecifiegthe numter samplego be evaluatedin eachmultidimensionapartition. And

theparti ti ons list is usedto specifythe nunberof partitiors for eachdesignvariabe. For exampe,

partitions = 2, 4, 3 specifies2 partitionsin the first designvariable,4 partitiors in the second
designvariable,and3 partitiors in the third designvariable This createsa total of 24 multidimensional
partitiors, anda bat ch_si ze of 2 would select2 randomsamplesn eachpartition for a total of 48

samplesn eachiterationof the SMC algoithm. Iterationscontairing 48 sampleswill cortinue until the
maximun numker of iterationsor fundion evaludions is excealed, or the desiredsolutionaccuagy is

obtainel.

5.10 LeastSquaresMethods

The Gauss-Nevton algoiithm is available from the OPT++ library as either opt pp g newt on or
opt pp_bcg_newt on, wherethe latter addsbourd constrént suppet. The codefor the Gauss-Neiton
apprximation (objective function value, gradent, and appraimate Hessiandefineal from residualfunc-
tion valuesandgradents)is availablein SNLLOptimizer::nlf2 _evaluator gn(). Theimportarn difference
with thesealgoithms is that the respoise setmustinvolve leastsquaregerms,ratherthan an objective
function. Thus,a lower grandarity of datamustberetumedto leastsquaresolversin comparisonto the
dataretumedto optimizers.Referto Leastsquareserms(leastsquaesdataset)for addtional information
ontheleastsquaresespmsedataset.

Mappirgs for the methodindependen contiols areasdescribd in OPT++methodindepemnlentcontiols,
and the sear ch_net hod, nax_st ep, and gr adi ent t ol erance contrds are as descriled in
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OPT++methoddepeidentcontrds. Table5.22 providesthe detailsfor the Gauss-Neiton leastsquares

method.
Table 5.22Specificationdetail for Gauss-NewtonOPT++ methods

Description Keyword AssociatedData | Status Default

OPT++ opt ppg-- none Requiredgrouyp N/A

Gauss-Neiton newt on |

methals optppbcg -
newton

Searchmethod val ue - none Optioral growp opt ppg -
based.i ne_- newt on:
search | trust -
gradi ent - regi on,
based. i ne_- opt pp_bcg._-
search | newt on:
trust _region val ue_-

based.line_-
sear ch

Maximum step max_st ep real Optioral 1000.

size

Gradien gr adi ent _- real Optioral l.e-4

tolerarce tol erance

5.11 Nondeterministic Methods

DAKQOTA's nordeterministic brarch doesnot currerly malke use of any methodindepedentcontmols.
As such,the nordeterministicbranchdocunentationwhich follows is limited to the methoddepement
contrds for thesampling analyticreliability, andpolynomial chaosexpansionmethod.

5.11.1 Nondeterministic sampling method

Thenordeterministicsamplingiteratoris selectedusingthenond sanpl i ng specificationThisiterator
perfamssamplingwithin specifiedparaméer distributions in order to assesshedistributionsfor respmse
functions. Probaliity of eventoccurence(e.g, failure) is thenassessely commaringtheresponseesults
agairst resposethreshold. DAKQOTA currerily providesaccesgo nonceterministicsamplingmethals
within the NonDProbability class.

Theseed intege specificatiorspecifieghe seedor therandbm numbe generatowhichis usedto make
samplingstudiesrepatable.Thenumberof samplego be evaluatedis selectedvith thesanpl es integer
specificationThealgorithmusedto generateéhe samplesanbe specifiedusingsanpl e t ype followed
by eitherr andom for pure randam Monte Carlo sampling or | hs, for latin hypercubesamplirg. The
response_t hr eshol ds specificationsuppliesa list of threshold for comparisonwith the respamse
functionsbeingcomputed. Statisticsonresponseabove andbelov thesethreshdds arethengeneated.

The nonceterministicsamplingiterator also suppots a designof experimentsmodethrowgh theal | -

vari abl es flag. Normally, nond sanpl i ng geneatessampleonly for the uncetain variables, and
treatsary designor statevariablesasconstantsTheal | vari abl es flagaltersthisbehaior by instruct-
ing the samplingalgoiithm to treatary continlousdesignor continwousstatevarieblesasparameteswith
uniform probability distributions betweertheir upper andlower bourds. Samplesarethengeneatedover
all of thecontinwusvariablegdesign uncetain, andstate)in thevariables specificationThisis similarto
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thebehaior of thedesigrnof expeiimentsmethalsdescribedn Designof ComputetExpeimentsMethads,
sincethey will alsogeneatesamplesoverall continubusdesign uncertainandstatevariabesin thevari-
ablesspecificationHowever, thedesignof experimentsmethalswill treatall variadesasbeinguniformly
distributedbetweertheir upper andlower bourds,whereaghenond sanpl i ng iteratorwill samplethe
uncetain variableswithin their specifiedprobability distributions. Table5.23 providesthe specification
detailfor the samplingmethod.

Table 5.23Specificationdetail for nondeterministic sampling method

Description Keyword AssociatedData | Status Default
Nonceterministic | nond_- none Requiredgrouyp N/A
samplingiterator | sanpl i ng
Randonseed seed integer Optioral randanly
generatedeed
Numkber of sanpl es integer Optioral minimum
samples required
Samplingtype sanpl etype random| | hs Optioral growyp | hs
All variabesflag | al | _- none Optioral samplingonly
vari abl es overuncertain
variables
Response response.- list of reals Optioral Vectorvalues=
threshdds t hr eshol ds 0.0

5.11.2 Analytic reliability methods

Analytic reliability method areselectedisingthenond .anal yti c rel i abi | i ty specificationThis
iteratorcompues apprximate respose function distribution statisticsbasedon specifiedparaneterdis-
tributions. Analytic reliability method perfam an internal nonlinear optimization to compue a most
prokable point (MPP) andthenintegrateaboutthis pointto compue prokabilities. Suppatedtechniqies
includethe MeanValuemethal (MV), Advanca MeanValuemetha (AMV), aniteratedform of AMV

(AMV+), first order reliability method(FORM), andsecondorderreliability method(SORM), which are
selectedusingthe nv, anv, i t er at ed.anv, f or m andsor mspecificationsyespectiely. Eachof
thesemethals involvesa required group specification separatedby OR’s. All of the techniquessuppat
aresponse.l evel s specificationwhich provide the tamget respose values for geneating prababili-
ties. In combiration,theseresposelevel prokabilities provide a cumuative distribution function, or CDF,

for a respose function. The AMV+ metha additiondly supprtsa pr obability | evel s option

which iteratesto find the respose level which correspondgo a specifiedprobability (the inverse of the
response. evel s prodem). Table5.24 providesthe specificatiordetail for thesemethod.

Table 5.24 Specificationdetail for analytic reliability methods
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Description Keyword AssociatedData | Status Default
Analytic nond_- none Requiredgrouyp N/A
reliability method | anal ytic_-
reliability
Methodselection | mv | anv | none Requiredgroup N/A
i terated.anv
|form|sorm
Responséevels response_- list of reals Optioral (mv) ; no CDF
for probaility | evel s Requiredanv, calculation(nv) ;
calculatiors iterated._- N/A (anv,
anv,form iterated-
sorm amv,form
sorm
Probdility levels | probabi | - list of reals Required N/A
for response ity.levels (iterated--
calculatiors anv
only)

5.11.3 Polynomial chaosexpansionmethod

Thepolynomialchaosexparsionmethods ageneal framevork for theapprximaterepresentatiorof ran-
domrespamsefunctionsin termsof finite dimersionalseriesexpansionsn standad unit Gaussiamandan
variabes. An importar distinguishingfeatue of themethodlogyis thatthesolutionseriesexparsionsare
expressedasrancbm proessesgiot merelyasstatisticsasin the caseof mary nondeerministicmethoalo-
gies.

Themethodrequileseithertheexpansi on_t er ns ortheexpansi on or der specificatiorin orderto
specifythe numker of termsin the expansionor the highestorderof Gaussiarvarieble appeang in the
expansion. Thenumker of terms,P, in a comgete polynomial chaosexpansionof arbitrary order, p, for a
resposefunction involving n uncetain input variabless given by

Y4 s—1

P:1+Z%H(n+r).

s=1 " r=0

Onemustbe carefd whenusingthe expansi on t er ns specification asthe satishctionof the above

equation for someorde p is not rigidly enforeed. As a result,in somecasesonly a subsetof terms
of a certainorderwill be included in the serieswhile othersof the sameorder will be omitted. This

omissionof termscanincreasethe efficacy of the methalology for someprodems but have extremdy

deleterias effeds for others. The methal outpus eitherthe first expansi on t er ns coeficients of

the seriesor the coeficients of all termsup to orde expansi on or der in the seriesdepenihg on the
specification.Theseed, sanpl es, sanpl e t ype, andr esponse t hr eshol ds specificatios are
usedto specifysettingsfor aninternalinvocationof the NonDProbability samplingtechniges. Referto

Nondeterministicsamplingmethodfor information on thesespecifications Table5.25 providesthe speci-
ficationdetailfor the polynomialchaosexpansionmethal.

Table 5.25Specificationdetail for polynomial chaosexpansionmethod
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Description Keyword AssociatedData | Status Default
Polynamial chaos | nond_- none Requiredgrouyp N/A
expansioniterator | pol ynomi al -

chaos
Expansionterms | expansi on_- integer Required N/A

terns
Expansionorder | expansi on - integer Required N/A

order
Randomnseed seed integer Optioral randanly

generatedeed

Numkber of sanpl es integer Optioral minimum
samples required
Samplingtype sanpl etype random| | hs Optioral growyp | hs
Response response.- list of reals Optioral Vectorvalues=
threshdds t hr eshol ds 0.0

5.12 Designof Computer Experiments Methods

The Distributed Designand Analysisof ComputerExperiments(DDACE) library providesdesignof ex-
perimerts method for computingrespmsedatasetsataselectiorof pointsin theparaneterspace Current
techniaqiesinclude grid sampling(gr i d) , purerandan sampling(r andom) , orthogoral arraysamplirg
(oas) , latin hypercubesampling(l hs) , orthagond arraylatin hypercuke sampling(oa 1 hs), Box-
Behnlen(box_behnken _desi gn) , andcentralcompsitedesign(cent r al conposi t e desi gn).
It is worth noting that thereis someoverlap in samplirg techniqieswith thoseavailable from the non
determinstic branch The currert distinctionis thatthe nondeterministicbrand methals aredesignedo
samplewithin a variety of probaility distributionsfor uncetain variables, whereaghe designof exper-
imentsmethod treatall variablesas having uniform distributions. As such,the designof experiments
method arewell-suitedfor perfoming parametic studiesandfor gereratingdatasetsusedin building
globd appoximatians (seeGlobalappoximatian interface), but are not desigred for assessinghe effect
of uncatainties. If a designof expeimentsover both design/stateariables(treatedasuniform) andun-
certainvariables (with probability distributions)is desiredthennond sanpl i ng cansuppat this with
its al | _vari abl es option (seeNoncdeterministicsamplingmethod. DAKOTA providesaccesgo the
DDACE library throghthe DACElIterator class.

The designof experimentsmethals do not currently make useof ary of the methal indepeidentcontiols.
In termsof methoddependentontrds, the specificatiorstructures straightbrward. First, thereis a setof
designof expeiimentsalgoiithm selectionseparatetdy logical OR’s (gr i d orr andomor oas orl hs or
oa_l hs or box_behnken_desi gn orcentral conposite.desi gn). Secoml, thereareoptioral
specificationgor the randbm seedto usein generatig the sampleset(seed) , the nunber of samplego
perfam (sanpl es) , andthe numker of symbolsto use(synbol s) . Theseed contrd is usedto make
samplesetsrepatable andthesynbol s contrd is relatedto the nunberof replicationsn thesampleset
(alarger numter of symbds equatedo morestratificationandfewer replicatiors). Designof experiments
specificatiordetailis given in Table5.26

Table 5.26 Specificationdetail for designof experimentsmethods
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Description Keyword AssociatedData | Status Default
Designof dace none Requiredgroyp N/A
experiments
iterator
dacealgoithm grid|random | none Required N/A
selection |oas |l hs |
oa.l hs | box -
behnken_-
design |
central -
conposite._-
desi gn
Randonseed seed integer Optioral randamly
generatedeed
Number of sanpl es integer Optioral minimum
samples required
Numkber of synbol s integer Optioral defaultfor
symbds sampling
algorithm

5.13 Parameter Study Methods

DAKQOTA's paraméer studymethals compue respoisedatasetsat a selectionof pointsin the paraméer
space.Thesepoints may be specifiedasa vector alist, a setof centeredrectas, or a multi-dimensional
grid. Capabilityovewiews andexampes of the different typesof paraméer studiesare providedin the
UsersManual. DAKOTA implemerts all of the parametestudymethalswithin the ParamStudy class.

DAK OTA's paraneterstudymethod do not currently make useof ary of themethal independentontiols.
Therebre, the paraméer studydocumentationwhich follows is limited to the methoddepemlentcortrols
for thevecta, list, centeredandmultidimensionalparaneterstudymethals.

5.13.1 Vector parameter study

DAKQTA's vector paraneter study computesrespmse datasetsat selectedintenals along a vecta in
paraneterspace. It is often usedfor single-cmrdinate paraneter studies(to studythe effect of a single
varialle on a respaseset), but it canbe usedmore generallyfor multiple coordnate vecta studies(to
investigatethe respmse variatiors along somen-dimensionalvector) This studyis selectedusingthe
vect or _par anet er _st udy specificationfollowed by eithera fi nal poi nt orastep.vector

specification.

Thevecta for thestudycanbedefinedin severalways(referto dalota.inpu.speg. First,af i nal _poi nt

specificationyhencombiredwith theinitial valuesfrom the variabes specificatior(seecdv initial poirt,

ddv.nitial _point, csvinitial _state,and dsv.initial statein VariablesCommauals), unigquely definesan n-
dimensimal vectors directionand magnitue throud its startand end points. The intervals alongthis
vectormay eitherbe specifiedwith ast ep J engt h oranumst eps specification.In the former case,
stepof equéd length(Cartesiardistancepretakenfrom theinitial valuesupto (but notpast)thef i nal -

poi nt. Thestudywill terminateat the lastfull stepwhich doesnot go beyond thefi nal poi nt. In
thelatternumst eps casethedistancebetweertheinitial valuesandthef i nal poi nt is brokeninto
numst eps intenalsof equallength This studyperfoms fundion evaluatims at bothends,making the
total nurber of evaluationsequalto numst eps+1. Thefi nal poi nt specificationdetailis givenin
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Table5.27.

Table 5.27final _point specificationdetail for the vector parameter study
Description Keyword AssociatedData | Status Default
Vectorparamete | vector - none Requiredgrouyp N/A
study par anet er _-

st udy

Terminationpoint | fi nal _poi nt list of reals Requiredgroyp N/A
of vecta
Steplengthalong | step.l ength real Required N/A
vecta
Numterof steps | numst eps integer Required N/A
alongvector

Theothertechnigie for defining a vectorin the studyis thest ep vect or specification.This paraméer
studybegins at theinitial valuesandaddstheincremers specifiedn st ep vect or to obtainnew simu-
lation points. This processis perfamednumst eps times,andsincetheinitial valuesareincluded,the
total nunber of simulationsis againequal to numst eps+1. Thest ep vect or specificationdetailis
givenin Table5.28

Table 5.28step.vecta specificationdetail for the vector parameter study

Description Keyword AssociatedData | Status Default
Vectorparamete | vector - none Requiredgrouyp N/A
study par anet er -

st udy
Stepvector step.vect or list of reals Requiredgrowp N/A
Numterof steps | numst eps integer Required N/A
alongvector

5.13.2 List parameter study

DAKOTA's list parametestudyallows for evaludions at userselectedpoirts of interestwhich neednot
follow ary particularstructue. This studyis selectedisingthel i st par amet er st udy methodspec-
ificationfollowed by al i st _of _poi nt s specification.

Thenumter of realvaluesin thel i st .of poi nt s specificatiormustbe a multiple of the total numkber
of continwus variablescontaired in the variablesspecification This paraneter study simply perfams
simulationsfor the first parameteset (the first n entriesin the list), followed by the next paraméer set
(thenext n entries),andsoon, until thelist of points hasbeenexhausted.Sincetheinitial valuesfrom the
variabes specificationwill notbe usedthey neednot be specified.Thelist paraneterstudyspecification
detailis givenin Table5.29

Table 5.29Specificationdetail for the list parameter study

Description Keyword AssociatedData | Status Default
List paraneter list_- none Requiredgrouyp N/A
study par anet er -

st udy
List of poirts to list_of - list of reals Required N/A
evaluate poi nts
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5.13.3 Centered parameter study

DAKQOTA's centerd paraneterstudycomputesrespoisedatasetsalongmultiple vectos, oneperparam
eter centeredabaut theinitial values from the variables specification. This is usefu for investigdion of
function contous with respecto eachparameteindividually in thevicinity of a specificpoint(e.g, post-
optimality analysisfor verificationof a minimum). It is selectedusingthe cent er ed par anet er -
st udy methodspecificationfollowed by per cent del t a anddel t as per vari abl e specifica-
tions, where per cent _del t a specifiesthe size of the incremetts in perent and del t as per -
vari abl e specifiesthe nunber of incremats per varialle in eachof the plus and minus directians.
The centeregaraneterstudyspecificatiordetailis givenin Table5.30

Table 5.30Specificationdetail for the centered parameter study

Description Keyword AssociatedData | Status Default
Centered centered- none Requiredgrowp N/A
paraneterstudy | paraneter -

st udy
Intenval sizein percent _- real Required N/A
percemn delta
Number of +/- del t as_per - integer Required N/A
deltasper vari abl e
variabe

5.13.4 Multidimensional parameter study

DAKOTA's multidimensional paraneterstudy computesresponsealatasetsfor an n-dimersionalgrid of
points. Eachcontinwousvariableis partitiored into equallyspacedntervals betweerits uppe andlower
bourds,andeachcombirationof thevaluesdefinal by the boundariesof thesepartitionsis evaluated This
studyis selectedisingthenul t i di mpar anet er st udy methodspecificatiorfollowedby aparti -
t i ons specificationwheretheparti ti ons list specifiethe numter of partitionsfor eachcontiruous
variable. Therebre,the numler of entriesin the partitionslist mustbe equalto the total numter of con-
tinuouws variablescontairedin the varialles specification.Sincetheinitial valuesfrom the variablesspec-
ification will notbe usedthey neednot be specified.The multidimersionalparametestudyspecification
detailis givenin Table5.31

Table 5.31Specificationdetail for the multidimensional paramete study

Description Keyword AssociatedData | Status Default
Multidimensional | rmul ti di m- none Requiredgrouyp N/A
paraneterstudy par anet er _-

st udy
Partitionsper partitions list of integers Required N/A
variabe
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Chapter 6

Variables Commands

6.1 VariablesDescription

The variabes sectionin a DAKOTA input file specifiesthe paraneter setto be iteratedby a particuar
method This parameteisetis madeup of design,uncertain, and statevarialle specificatios. Design
varialles canbe continwusor discreteandconsistof thosevariables which an optimizeradjustsin order
to locatean optimal design. Eachof the designparaméers canhave aninitial poirt, a lower bourd, an
uppe bound, anda descriptie tag. Uncertainvarialles are continwousvarialdles which arecharacterize
by probability distributions. Thedistributiontypecanbenormal, lognamal, uniform, loguniform, weibull,
or histogam. Eachuncetain variablespecificationcancontaina distribution lower bound, a distribution
uppe bourd, and a descriptie tag. Normal variablesalso include meanand standarddeviation speci-
fications,lognamal varialles include mean standarddeviation, and error factor specificationsweibull
variabes include alphaandbetaspecificatios, and histogam variablesincludefile namespecifications.
Statevariables can be continwous or discreteand consistof "other’ variades which areto be mappel
throughthesimulationinterface.Eachstatevarialle specificatiorcanhave aninitial state Jowerandupper
bourds, anda descrifior. Statevarialdes provide a corvenient mechaism for paraméerizing additioral
modé inputs,suchasmeshdensity simulationconvergencetolerance andtime stepcontrds, andwill be
usedto enactmodeladayivity in future stratgly developmers.

Severalexamples follow. In thefirst exampe, two continwbusdesignvariabes arespecified:

vari abl es, \
conti nuous_design = 2 \
cdv_initial _point 0.9 1.1 \
cdv_upper _bounds 5.8 2.9 \
cdv_I ower _bounds 0.5 -2.9 \

cdv_descri ptor ‘radius’ ‘location

In thenext exampe, defaultsareemplo/ed. In thiscasecdv i ni ti al poi nt will defadt to avectorof
0. 0 valuescdv _upper bounds will defaut to vectorvaluesof DBL MAX (definedin thef | oat . h C
headefile), cdv_| ower _bounds will defaultto avecta of - DBL MAX valuesandcdv descri pt or
will defadt to avectorof‘ cdv. ' strings,wherei rangedrom oneto two:

vari abl es, \
continuous_design = 2




Variables Commands

In the following exanple, the syntaxfor a normal-lognamal distribution is shovn. Onenomal andone
lognamal uncetain vaiiable areconpletely specifiedby theirmeansandstandad deviations.In addition
thedepemlencestructurebetweerthetwo variabesis specifiedusingtheuncert ai n correl ati on -

matri Xx.

vari abl es,
normal _uncertain = 1
nuv_neans = 1.
nuv_std_devi ati ons = 1
nuv_descri ptor =
| ognor mal _uncertain = 1
| nuv_neans = 2.
I nuv_std_deviations = 0
| nuv_descri pt or =’
uncertain_correlation_matrix =

=
>
— o — —

An exampe of the syntaxfor a statevarialles specificatiorfollows:

vari abl es, \
continuous_state = 1 \
csv_initial_state 4.0 \
csv_| ower _bounds 0.0 \
csv_upper _bounds 8.0 \
csv_descriptor ‘ CSl’ \
discrete_state = 1 \
dsv_initial_state 104 \
dsv_I| ower _bounds 100 \
dsv_upper _bounds 110 \
dsv_descri pt or ‘ DS1’

And in anadwarcedexamge, a varialles specificationcontairing a setidentifier, continlousanddiscrete
designvariables, nomal and uniform uncertainvarialles, and cortinuousand discretestatevarialles is
shawvn:

vari abl es,
id_variables = VI’
continuous_design = 2
cdv_initial_point 0.9 1.1
cdv_upper _bounds 5.8 2.9
cdv_I| ower _bounds 0.5
cdv_descri ptor ‘radius
di screte_design = 1
ddv_initial _poi nt 2
ddv_upper _bounds 1
ddv_I| ower _bounds 3
ddv_descri pt or ‘materi al
normal _uncertain = 2
nuv_means = 248.89, 593.33
nuv_std_devi ati ons = 12. 4, 29.7
nuv_descri pt or = 'TFln’ " TF2n
uni formuncertain = 2
uuv_di st _| ower _bounds = 199.3, 474.63
uuv_di st _upper_bounds = 298.5, 712
uuv_descri ptor = ' TF1Ww " TF2u
continuous_state = 2
csv_initial _state = 1.e-4 1.e-6
csv_descriptor = ‘EPSITL” ‘EPSIT2
discrete_state = 1
dsv_initial _state = 100
dsv_descriptor = ‘|l oad_case

| ocati on’

o e o o e e o o o o o o e
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Referto the DAKOTA UsersManual [Eldredetal., 2001] for discussioron how differentiteratos view
thesemixedvariablesets.

6.2 Variables Specification

Thevariables specificatiorhasthefollowing structue:

vari abl es,
<set identifier>
<conti nuous design variabl es specification>
<di screte design variabl es specification>
<normal uncertain variabl es specification>
<l ognor mal uncertain variabl es specification>
<uni formuncertain variabl es specification>
<l oguni form uncertain variables specification>
<wei bul | uncertain variabl es specification>
<hi st ogram uncertai n vari abl es specification>
<uncertain correl ation specification>
<continuous state variabl es specification>
<di screte state variabl es specification>

P

Referringto dalotainput.sgc, it is evidentfrom the enclasing bracletsthatthe setidentifier specification
and the continwous design, discretedesign normal uncetain, lognomal uncertain, uniform uncertain

loguriform uncertainweibull uncetain, histogamuncertaincontinwousstate anddiscretestatevariables
specificationsareall optiond. Thesetidentifieris a standaloneoptioral specificationwhereasthe latter

tenareoptioral groy specificationsmeanimy thatthe group caneitherappearor notasaunit. If ary part

of anoptioral groy is specifiedthenall requred partsof the group mustappear

Theoptional setidentifiercanbeusedto provide auniqueidentifierstringfor labelinga particdar variables
specification.A methodcanthenidentify the useof a particularsetof varialdes by specifyingthis label

in its var i abl es_poi nt er specification(see Methodindependen Controlg. The optioral statusof

the different varialde type specificationsallows the userto specifyonly thosevariales which arepresent
(ratherthanexplicitly specifyingthatthe nunberof a particdar type of variebles= 0). However, at least
onetype of variablesmusthave norzerosizeor aninputerra messagevill result. Thefollowing sections
describeeachof thesespecificatiorcompmnentsn additioral detail.

6.3 Variables Setldentifier

The optioral set identifier specificationusesthe keyword i d vari abl es to input a string for use
in identifying a particdar variables setwith a particularmethod(seealsovari abl es poi nter in
MethodIndependen Controlg. For exampe, a methodwhose specificationcontairs vari abl es -
poi nter = *V1' will useavariablessetwithi d vari ables = *V1'.

If the setidentifier specificationis omitted, a particularvariades setwill be usedby a methodonly if
thatmethodomitsspecifyigavar i abl es poi nt er andif thevarialles setwasthelastsetparsedor
is the only setparsed) In common practice,if only onevarialles setexists, theni d vari abl es can
be safely omitted from the varialles specificationandvar i abl es poi nt er canbe omittedfrom the
methodspecificationg), sincethereis no potentialfor ambiguity in this case.Table6.1 summariesthe set
identifierinputs.

Table 6.1 Specificationdetail for setidentifier
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Description Keyword AssociatedData | Status Default
Variallesset i d_vari abl es | String Optioral useof last
identifier variablesparsed

6.4 DesignVariables

Within the optiond contiruousdesignvariablesspecificatiorgroup thenumker of cortinuousdesignvari-
ablesis a requred specificationand the initial guess,lower bounds, upperbourds, and variade names
areoptional specificationsLik ewise, within the optionaldiscretedesignvarialles specificatiorgroup, the
numker of discretedesignvarieblesis a requred specificatiorandtheinitial guess]ower bounds,upper
bourds,andvariablenames areoptioral specifications.Table6.2 summaizesthe detailsof thecontiruous
designvariablespecificatiorand Table 6.3 summaizesthe detailsof thediscretedesignvariable specifica-

tion.

Table 6.2 Specificationdetail for continuousdesignvariables

Description Keyword AssociatedData | Status Default
Continwous conti nuous - integer Optioral growp no continwus
designvariables | desi gn designvariables
Initial poirt cdv _- list of reals Optioral Vectorvalues=
initial - 0.0
poi nt
Lowerbourds cdv .l ower - list of reals Optioral Vectorvalues=
bounds - DBL_MAX
Upperbourds cdv _upper - list of reals Optioral Vectorvalues=
bounds +DBL _MAX
Descriptos cdv _- list of strings Optioral Vectorof
descri ptor ‘cdv.’ where
i =1,2,3...
Table 6.3 Specificationdetail for discretedesignvariables
Description Keyword AssociatedData | Status Default
Discretedesign di screte_- integer Optioral growp nodiscretedesign
variabes desi gn variables
Initial point ddv - list of integers Optioral Vectorvalues= 0
initial -
poi nt
Lowerbourds ddv | ower - list of integers Optioral Vectorvalues=
bounds INT.M N
Upperbourds ddv _upper - list of integers Optioral Vectorvalues=
bounds I NT_MAX
Descriptos ddv _- list of strings Optioral Vectorof
descri ptor “ddv.i’ where

1,2,3,...

Thecdv. ni tial poi nt andddv. nitial point specificationgrovide thepoirnt in designspace
from which aniteratoris startedfor the continuasanddiscretedesignvariablesyespectiely. Thecdv -
| ower _bounds, ddv | ower bounds, cdv_upper bounds andddv upper bounds restrictthe
size of the feasibledesignspaceand are frequently usedto prevent nonghysical designs. The cdv -
descri pt or andddv _descri pt or specificationsupplystringswhichwill bereplicatedhroughthe
DAKOTA outpu to helpidentify the numeical valuesfor theseparametes. Default values for optioral
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6.5Uncertain Variables

specificationgrezerosfor initial values positive andnegaive machindimits for uppe andlower bourds
(+/- DBL_MAX, | NT_MAX, | NT_M Nfromthef| oat. h andl i m t s. h systemheadefiles), andnum
beredstringsfor descriptos.

6.5 Uncertain Variables

Uncertainvariablesinvolve oneof several supmrtedprobability distribution specificationsincludng nor

mal, lognamal, uniform, loguniform, weibull, or histogramdistributions. Eachof thesespecificatios is

anoptioral groyp specification Within the nomal uncertainoptiond growp specificationthe numbe of

normal uncertainvarables,the meansandstandarddeviations arerequiral specificationsandthe distri-

bution lower andupperbowndsandvariabe descripors are optioral specificationsWithin the lognormal
uncetain optioral growp specificationthe numkber of lognormaluncetain variales, themeansandeither
standardleviationsor errorfactorsmustbespecifiedandthedistribution lowerandupperbowundsandvari-

abledescripiors areoptioral specificatios. Within the uniform uncertainoptioral groupspecificationthe
numter of uniform uncertainvariables andthe distribution lower anduppe bourdsarerequirel specifica-
tions,andvariabe descriporsis anoptional specification Within theloguniform uncertainoptioral group

specificationthenunberof loguriform uncetain variadesandthedistributionlowerandupperbowundsare
required specificationsandvariable descriporsis an optional specification.Within theweibull uncetain
optioral group specificationthe nurrber of weibull uncetain variables andthe alphaandbetaparaneters
arerequiled specificationsandthe distribution lower and upper bourds andvariabledescriptos are op-

tional specifications And finally, within the histogramuncetain optioral groupspecificationthe numter
of histogran uncetain variablesandfile namesarerequiral specificatios, andthe distribution lower and
uppe bourds andvarialle descriptos areoptioral specifications.Tables 6.4 through 6.9 summarizethe
detailsof the uncetain variablespecifications.

Table 6.4 Specificationdetail for normal uncertain variables

Description Keyword AssociatedData | Status Default

nomaluncetain | nor nal - integer Optioral growp no normal

variables uncertain uncertain
variables

nomaluncetain | nuv_nmeans list of reals Required N/A

means

nomaluncetain | nuv_std.- list of reals Required N/A

standard devi ati ons

deviations

Distribution nuv _di st _- list of reals Optioral Vectorvalues=

lowerbounds | ower _bounds - DBL_MAX

Distribution nuv _di st - list of reals Optioral Vectorvalues=

upper bounds upper _bounds +DBL _MAX

Descriptos nuv - list of strings Optioral Vectorof

descri ptor ‘nuv.’ where

| =
1,2,3,...

Table 6.5 Specificationdetail for lognormal uncertain variables
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Description Keyword AssociatedData | Status Default
lognormal | ognor mal - integer Optioral growp nolognamal
uncetain uncertain uncertain
variabes variables
lognormal | nuv_neans list of reals Required N/A
uncetainmeans
lognormal | nuv_std.- list of reals Required(1 of 2 N/A
uncetain devi ati ons selections)
standard
deviations
lognormal | nuv_error - list of reals Required(1 of 2 N/A
uncetain error factors selections)
factors
Distribution | nuv_di st - list of reals Optioral Vectorvalues=
lowerbounds | ower _bounds - DBL_MAX
Distribution | nuv_di st - list of reals Optioral Vectorvalues=
upper bounds upper _bounds +DBL_MAX
Descriptos | nuv _- list of strings Optioral Vectorof
descri ptor “lnuv.’
wherei =
1,2,3,...
Table 6.6 Specificationdetail for uniform uncertain variables
Description Keyword AssociatedData | Status Default
uniform uncetain | uni f or m- integer Optioral groyp no uniform
variabes uncertain uncertain
variables
Distribution uuv _di st _- list of reals Required N/A
lower bounds | ower _bounds
Distribution uuv _di st - list of reals Required N/A
upper bounds upper _bounds
Descriptos uuv _- list of strings Optioral Vectorof
descri ptor ‘uuv. ' where
| =
1,2,3,...
Table 6.7 Specificationdetail for loguniform uncertain variables
Description Keyword AssociatedData | Status Default
loguniform | oguni f or m- integer Optioral growp nologuriform
uncetain uncertain uncertain
variabes variables
Distribution | uuv_di st - list of reals Required N/A
lowerbound | ower _bounds
Distribution | uuv_di st - list of reals Required N/A
upper bounds upper _bounds
Descriptos [ uuv _- list of strings Optioral Vectorof
descri ptor “luuv.i’
wherei =
1,2,3,...

Table 6.8 Specificationdetail for weibull uncertain variables
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descri ptor

Description Keyword AssociatedData | Status Default

weibull uncetain | wei bul | - integer Optioral growp noweihull

variables uncertain uncertain
variables

weibull uncetain | wuv_al phas list of reals Required N/A

alphas

weibull uncetain | wuv _bet as list of reals Required N/A

betas

Distribution wuv_di st - list of reals Optioral Vectorvalues=

lower bounds | ower _bounds - DBL_MAX

Distribution wuv_di st - list of reals Optioral Vectorvalues=

upper bounds upper _bounds +DBL _MVAX

Descriptos WUV _- list of strings Optioral Vectorof

descri ptor ‘“wuv_ ' where
| =
1,2,3,...
Table 6.9 Specificationdetail for histogram uncertain variables

Description Keyword AssociatedData | Status Default

histogam hi st ogr am- integer Optioral growp no histogram

uncetain uncertain uncertain

variabes variables

histogam huv _- list of strings Required N/A

uncetainfile fil enames

names

Distribution huv _di st _- list of reals Optioral Vectorvalues=

lowerbound | ower _bounds - DBL_MAX

Distribution huv _di st _- list of reals Optioral Vectorvalues=

upper bounds upper _bounds +DBL _MVAX

Descriptos huv - list of strings Optioral Vectorof

“huv_.i’ where

1,2,3,...

Lower andupper distribution boundscanbe usedto truncatethe tails of the distributions for thosedistri-
butionsfor which bourds aremearingful. They areprovidedfor all distribution typesin orderto suppot
method which rely on a bourded region to definea setof function evaludions (i.e., designof expeii-
mentsandsomeparaneterstudymethals). Default boundsare positive andnegative machinelimits (+/-
DBL_MAX) definedin thef | oat . h systemheadr file. Theuncertén varieble descriptorspecifications
providesstringswhichwill bereplicatedhrough the DAKOTA outpu to helpidentify thenumeical values
for theseparaneters.Default valuesfor descriptes arenumberedstrings.

Uncertainvariades may have correlatios specifiedthrough useof anuncert ai ncorrel ati on -
mat r i x specification.This specificationis genealizedin the sensahatits specificmeaningdepgendson
thenordeterministianethodin use.Whenthemethods anordeterministiccamplingnethodi.e.,nond -
sanpl i ng) , thenthecorrdation matrix specifiegankcorrelatiors [ ImanandConorver, 1982. Whenthe
methodis insteadan analyticreliability (i.e., nond_anal yti c rel i abi | ity) or polynomial chaos
(i.e.,nond_pol ynom al .chaos) methal, thenthe correlationmatrix specifiescorrelation coeficients
(nomalizedcovariance)[HaldarandMahad®an,20®]. In eitherof thesecasesspecifying the identity
matrix resultsin unarrelateduncetain varialles (the defaut). The matrix input shouldhave n 2 entries
listed by rows wheren is the total numker of uncetain vaiiables(all nomal, lognamal, uniform, loguni-
form, weibull, andhistogran specificatios, in thatorde). Table6.10 summaizesthespecificatiordetails:

Table 6.10Specificationdetail for uncertain corréations
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Description Keyword AssociatedData | Status Default |
correlationsin uncertain_- list of reals Optioral identity matrix
uncetain correlation- (uncarelated)
variabes mat ri x

6.6 StateVariables

Within theoptioral cortinuousstatevariablesspecificatiorgroyp, thenumter of continwousstatevariables
is arequred specificatiorandtheinitial states]Jower bounds,upper bourds, andvariabledescriptos are
optioral specificationsLik ewise,within the optioral discretestatevarialles specificatiorgroup thenum-

berof discretestatevariableds arequiral specificatiorandtheinitial statesJowerbounds,upperbourds,
andvariable descripiors are optional specificatios. Thesevariabes provide a cornvenientmechanisnfor

managng additicnal modé paraneterizationssuchas meshdersity, simulationcorvergencetolerarces,
andtime stepcontrds. Table6.11summaizesthedetailsof thecontinwousstatevariable specificatiorand
Table6.12summarize thedetailsof the discretestatevariablespecification.

Table 6.11Specificationdetail for continuousstatevariables

Description Keyword AssociatedData | Status Default
Continwousstate | conti nuous - integer Optioral growp No cortinuous
variables state statevariables
Initial states CSV_- list of reals Optioral Vectorvalues=
initial - 0.0
state
Lowerbourds csv.l ower - list of reals Optioral Vectorvalues=
bounds - DBL_MAX
Upperbourds csv._upper - list of reals Optioral Vectorvalues=
bounds +DBL _MAX
Descriptos CSV_- list of strings Optioral Vectorof
descri ptor ‘csv.i’ where
| =
1,2,3,...
Table 6.12Specificationdetail for discrete statevariables
Description Keyword AssociatedData | Status Default
Discretestate di screte_- integer Optioral growp No discretestate
variabes state variables
Initial states dsv_- list of integers Optioral Vectorvalues=0
initial -
state
Lowerbourds dsv . ower - list of integers Optioral Vectorvalues=
bounds INT.M N
Upperbourds dsv _upper - list of integers Optioral Vectorvalues=
bounds | NT_MAX
Descriptos dsv_- list of strings Optioral Vectorof
descri ptor “dsv.’ where

1,2,3,...

Thecsv.nitial state anddsv. nitial state specificationgdefinethe initial valuesfor the
continwousanddiscretestatevariadeswhichwill bepassedhrowghto thesimulator(e.g.,in orderto define
paraneterizedmodelirg cortrols). The csv 1 ower bounds, csv upper bounds, dsv | ower -
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bounds, anddsv _upper _bounds restrictthe sizeof the stateparametespaceandarefrequently used
to definea region for designof expeimentsor parametestudyinvestigations.Thecsv descri pt or
anddsv_descri pt or vectorsprovide stringswhich will be replicatedthroudh the DAKOTA output
to helpidentify the numeical valuesfor theseparametes. Default valuesfor optioral specificationsare
zerosfor initial states positive and negative machire limits for uppe andlower bounds (+/- DBL MAX,
I NT_MAX, | NT_M Nfromthef | oat. h andl i m ts. h systemheadeffiles), andnurnberedstringsfor
descriptes.
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Chapter 7

Interface Commands

7.1 Interface Description

Theinterface sectionin a DAK OTA inputfile specifieshow functionevaluationswill beperfamed.Func-
tion evaluatimns canbe performedusingeitheraninterface with a simulationcodeor aninterfacewith an
apprximationmethod

In the former caseof a simulation the applicatio interfaceis usedto invoke the simulationwith either
systemcalls, forks, directfunction invocatiors, or XML soclet invocations. In the systemcall andfork

casescommunicationbetweerDAK OTA andthe simulationoccus throughparaméer andresponséiles.
In the direct function case,commurication occus through the function parametetist. The direct case
caninvolve linked simulationcodesor polynomial testfunctiors which are compiledinto the DAKOTA

execuable. The polynomial testfunctionsallow for rapid testingof algoithms without processcreatia

overheador engneeringsimulationexpense.The XML caseis experimentalandunderdevelgpment.More

informationandexamples oninterfacingwith simulationsareprovidedin Application Interface

In thecaseof anappoximation anappraimationinterface canbeselectedo make useof theglohal, local,
multipaint, andhierardical surrqyatemodelingcapabilitiesavailablewithin DAK OTA's Approximation-
Interface classandDakotaApproximation classhierardy (seeAppraximationinterface.

Several examges follow. The first exampe shavs an applicationinterface specificationwhich specifies
the useof systemcalls, the namesof the analysisexecutableand the paranetersand resultsfiles, and
that paranetersand resposesfiles will be taggedand saved. Referto Application Interface for more
informationon the useof theseoptions.

interface,
application system

anal ysis_drivers ‘rosenbrock’

e e e e

paranmeters _file = ‘parans.in’
results_file = ‘results.out’
file_tag

file_save

Thenext exanple shavs asimilar specificationgxcept thatanextermal r osenbr ock execuablehasbeen
replacedby useof theinternalr osenbr ock testfunction from the Dir ectFnApplicinterfa ceclass.

interface, \
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application direct, \
anal ysis_drivers = ‘rosenbrock’ \

Thefinal exampe shavs anappoximation interfacespecificatiorwhich selectsa quadatic polynomialap-
proximationfrom amongthe global apprximationalgorithns. It usesa pointerto a designof experiments
methodfor gereratingthe dataneecd for building a globd appoximation reusesary old dataavailable
for the current appoximationregion, andemgoys the scaledapprachto correctirg the apprximationat
the centerof the current appoximationregion.

interface,
approxi mati on gl obal
pol ynom a
dace_net hod_poi nter = ' DACE
reuse_sanpl es region
correction scal ed

P

7.2 Interface Specification

Theinterfacespecificatiorhasthefollowing top-level structure:

interface, \
<set identifier> \
<application specification> or \
<approxi mati on specification>

wherethe applicatio specificatiorcanbebrokendown into

interface,
<set identifier>
application
<systemcal |l specification> or
<fork specification> or
<direct function specification> or
<xm specification>

—— - - —

andthe appoximationspecificatiorcanbe brokendown into

interface,
<set identifier>
approxi mati on
<gl obal specification> or
<mul ti poi nt specification> or
<l ocal specification> or
<hi erarchi cal specification>

— - - — —

Referringto dakota.irput.specit is evidentfrom the bracletsthatthe setidentifieris anoptioral specifica-
tion, andfrom therequred grougs (enclosingn parerthesesyeparatethy OR’s, thateitheranapplicatio
or appoximationinterface mustbe specified. The optioral setidentifier canbe usedto provide a unique
identifier string for labelinga particularinterfacespecification.A methal canthenidentify the useof a
particula interface by specifying this labelin its i nt er f ace poi nt er specification.lf anapplication
interfaceis specified,its type mustbe systemfork, direct,or xml. If anapprximationinterfaceis spec-
ified, its type mustbe globd, multipoirt, local, or hierarctical. The following sectionsdescribeeachof
thesenterfacespecificatiorcompaentsin additiond detail.
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7.3 Interface Setldentifier

The optiond setidentifier specificationusesthe keyword i d_i nt er f ace to input a string for usein
identifying a particdar interfacespecificatiorwith a particularmethod(seealsoi nt er f ace poi nt er
in MethodIndependem Controlg. For examge, a metha whosespecificationcontairs i nt er f ace -
poi nter = ‘11" will useaninterfacespecificatiorwithi di nterface = ‘11"

It is apprgoriateto omitani d_ nt er f ace stringin theinterfacespecificatioranda correspndingi n-

t er f ace_poi nt er stringin themethal specificationf only oneinterfacespecifications includedin the
inputfile, sincethebinding of amethal to aninterfaceis unanbiguots in this case More specifically if a
methodomits specifyinganinterfacepointer, thenit will usethelastinterfacespecificatiorparsedhich
hastheleastpoteriial for confusionwhenonly asingleinterfacespecificatiorexists. Table7.1summarizes
thesetidentifierinputs.

Table 7.1 Specificationdetail for setidentifier

Description Keyword AssociatedData | Status Default
Interfaceset idinterface | string Optioral useof last
identifier interfaceparsed

7.4 Application Interface

Theapplicationinterfaceusesasimulatormprogram,andoptionally filter programsto performtheparaméer
to respose mappirg. The simulatorandfilter programsareinvoked with systemcalls, forks, XML, or
directfunction calls. In thesystencall andfork casesfiles areusedfor transferof paraneterandrespmse
databetweenDAK OTA andthe simulatorprogam. This appoachis simple andreliable and doesnot
requie ary modification to simulatorprogams.In the XML case pacletsof paraméer andrespoisedata
arepasseaver socletsfor enablingdistribution of simulationresoures. This capabilityutilizesthe IDEA
framavork andis experimentalandinconplete. In the directfunction case the function parametetfist is
usedto passthe parameteandrespoisedata. This appoachrequiresmodificationto simulatorprogams
so that they canbe linked into DAKOTA; however it can be more efficient through the elimination of
processcreationovethead,canbe lessprore to lossof precisionin thatdatacanbe passedlirectly rather
thanwritten to andreadfrom afile, andcanenalte completelyinternalmangementof multiple levels of
parallelismthroughthe useof MPI comnunicatorpartitioring.

The application interfacegroup specificationcontairs seseral specificatios which arevalid for all appli-

cationinterfacesaswell asadditioral specificatios pertainirg specificallyto systemcall, fork, xml, or

directapplicatio interfaces. Table7.2 summaizesthe specificatios valid for all apdication interfaces,
andTables7.3 7.4, 7.5 and 7.6 summarizethe additioral specificatios for systemcall, fork, xml, and
directfunction applicationinterfacesyrespectiely.

In Table7.2, therequiredanal ysi s_dri ver s specificatiorprovidesthe namesof execuableanalysis
progamsor scriptswhich comgise a fundion evaluation. The comman caseof a singleanalysisdriver is
simply accommdatedby specifyinga list of onedriver (this also providesbackward compatildlity with
previousDAK OTA versions).Theoptionali nput fi |t er andout put fil t er specificatiosprovide
the namesof separategre- and post-ppcessingprogramsor scriptswhich assistin magping DAKOTA
paranetersfiles into analysisinput files and mappng analsis outpu files into DAKOTA resultsfiles,
respectidly. If thereis only a singleanalysisdriver, thenit is usuallymostcornvenientto combire pre-
andpost-pocessingequrementsnto asingleanalysisdriver scriptandomit the separaténputandoutput
filters. However, in the caseof multiple analysisdrivers,the input andoutpu filters provide a corvenient
locationfor nonrepeategre-andpost-pr@essingequiranents. Thatis, inputandoutp filters areonly
execued onceper function evaluatian, regardlessof the numkber of analysisdrivers, which makesthem
corvenientlocatiors for dataprocessingperatims which only needto be perfomedonceper function
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evaluatian.

Theoptionalasynchr onous flagspecifiesuseof asynchonous protocds (i.e., backgoundsystencalls,
nonkbocking forks, POSIX threads)when evaluations or analysesare invoked. The eval uati on -
concur rency andanal ysi s_concur r ency specificationsene adual purpose:

e whenrunning DAKOTA on asingleprocessoin asynchr onous mode,the default concurengy
of evaluationsandanalysesis all concurengy thatis available.Theeval uat i on concurrency
andanal ysi s_concurrency specificationsan be usedto limit this concureng in order to
avoid machire overload or usagepolicy violation.

e whenrunring DAKOTA on multiple processorsn messaggassingnode the default concurency
of evaluations andanalyse®n eachof the senersis one(i.e., the parallelismis exclusively that of
the messag@assing) With theeval uati on_concurrency andanal ysi s concurrency
specificationsa hybrid parallelismcanbe selectedhrouch comhination of messag@assingparal-
lelism with asynchonots parallelismon eachsener.

The optional eval uati on_servers and anal ysi s servers specificationssupprt user over-
rides of the automaic parallel configuation (refer to ParallelLibrary ) for the numter of evalu-
ation seners and the number of analysisseners. Similarly, the optioral eval uati on sel f -

schedul i ng, eval uati onstati cschedul i ng,anal ysi s sel f schedul i ng, andanal -

ysi s_stati c_schedul i ng specificationganbeusedto overiide theautomatigparallelconfiguation
of schedulingappoachat the evaluation andanalysis parallelismlevels. Thatis, if theautoméic config
urationis undesirablefor somereasonthe usercanenforce a desirednumker of partitionsanda desired
schedulig policy atthesepardlelism levels.

Failure captuimg in apgication interfacesis governed by the f ai | ur e capt ur e specification Sup-
porteddirectivesfor mitigating captuedfailuresareabor t (thedefault), retry, r ecover, andcon-
tinuation. Theretry selectionsuppots anintegerinput for specifyinga limit on retries,andthe
recover selectionsupmrtsalist of realsfor specifyingthe dunmy function valuesto usefor the failed
function evaluation

Theactive setvecta (ASV) usagesettingallows the userto turn off any variability in ASV values sothat
active setlogic canbe omittedin the users simulationinterface. This option tradessomeefficiengy for
simplicity in interface development.Thevar i abl e settingresultsin thedefaultbehaior wherethe ASV
valuesmay vary from onefunction evaluationto the next. Sincethe users interfacemustreturnthe data
setspecifiedin the ASV values this interfacemustcontainadditioral logic to accoum for changirg ASV
values.Settingthe ASV cortrol toconst ant cause®AKOTA to alwaysreqiesta”full” dataset(thefull
function, gradent,andHessiardatathatis availablefrom theinterfaceasspecifiedn therespoisesspecifi-
cation)oneachfunction evaluation. For exampe, if act i ve set vect or is specifiedo beconst ant
andtherespomsessectionspecifiefour responsdunctions,analyticgradents,andno Hessiansthenthe
ASV on evely function evaluation will be { 3 3 3 3 }, regadlessof whatsubsef this datais currerily
needed While wastefulof compuationsin mary instancesthis remosesthe needfor ASV-relaed logic
in userinterfacessinceit allows the userto returnthe samedataseton evely evaluation Corversely; if
acti ve_set .vect or is specifiedto bevari abl e (or the specificatioris omittedresultingin default
behaior), thenthe ASV requestsén this exanmple mightvaryfrom { 1111} to { 2002 }, etc.,accoding
to the specificdataneededn a particularfunction evaluation. Thiswill requile theusersinterfaceto read
the ASV requestsandperfoim the appopriatelogic in condtionally retuming only the datarequestedin
geneal, thedefadt var i abl e behaior is recommendedor efficiengy throudh theeliminationof unnec-
essarycompuations,althoudn in someinstancesASV contrd setto const ant cansimplify operatims
and speedfilter developmentfor time critical applicatiors. Note thatin all casesthe dataretumedto
DAKQOTA from theusers interfacemustmatchthe ASV passedn (or elsearesponseecovery errorwill
result). However, whenthe ASV valuesareheld corstant,they neednot be checled on every evaluation.
Note Settingthe ASV contiol to const ant canhave a positive effect on load balanciny for parallel
DAKOTA exeautions. Thus,thereis significantoverlapin this ASV cortrol optionwith speculatre grad-
ents(seeMethodIndepen@ntContrds). Ther is alsooverlap with themodeoveride appoachusedwith
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certainoptimizers(seeSNLLOptimizer ) to combire individual value,gradent, andHessiarrequests.

Table 7.2 Specificationdetail for application interfaces

Description Keyword AssociatedData | Status Default

Application application none Requiredgrouyp N/A

interface (1 of 2 selections)

Analysisdrivers anal ysi s_- list of strings Required N/A
drivers

Input filter i nput filter | string Optioral noinputfilter

Outpt filter out put _- string Optioral nooutpu filter
filter

Asynchronols asynchronous | none Optioral growp synchrmous

interface usage interfaceusage

Asynchronols eval uation_- integer Optioral local: unlimited

evaluation concurrency concureng,

concureng/ hybiid: no

concureng/

Asynchronols anal ysi s _- integer Optioral local: unlimited

analysis concurrency concurengy,

concureng/ hybiid: no

concureng/

Number of eval uation.- integer Optioral no override of

evaluationseners | servers autoconfigue

Selfschedulig eval uation_- none Optioral nooverride of

of evaluations sel f - autoconfigue
schedul i ng

Staticschedling | eval uation_- none Optioral nooverride of

of evaluations static._- autoconfigue
schedul i ng

Numkber of anal ysi s _- integer Optioral nooverride of

analysisseners servers autoconfigue

Selfschedulig anal ysi s _- none Optioral no override of

of analyses sel f - autoconfigue
schedul i ng

Staticschedling | anal ysi s _- none Optioral no override of

of analyses static.- autoconfigue
schedul i ng

Failurecapturing | fail ure.- abort| retry | Optioral growp abort
capture recover |

continwation
Retrylimit retry integer Required1 of 4 N/A
selections)

Recwery recover list of reals Required1 of 4 N/A

functionvalues selections)

Activesetvecta | activeset - const ant | Optioral grouyp vari abl e

usage vect or vari abl e

In addition to the generalapplicationinterfacespecificatios, the type of applicatio interfaceinvolvesa
selectiorbetweersyst emf or k, xm , ordi r ect requredgroupspecificationsThefollowing sections
describehesegroup specificationsn detail.
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7.4.1 Systemcall application interface

For systemcall interfaces, thepar aneters fil e,resul ts fil e, anal ysi s usage, apr epr o,
fil etag,andfil esave areadditinal settingswithin the grouyp specificatios. The paraméersand
resultsfile names aresuppliedasstringsusingthepar anet ers fi |l e andr esul t s fi | e specifica-
tions. Both specificatios areoptiond with the default datatransferfiles beingUnix tempaary files (e.g,
/usritmp/aaa088@.). The paranetersandresultsfile names arepassean thecomnandline of thesystem
callsor asargumentsin the exec\p() function of the fork applicatia interface.Specialanalysiscommand
syntaxcanbe enteredasa stringwith theanal ysi s usage specification This specialsyntaxreplaces
thenormal systencall combirationof thespecifiedanal ysi s dri ver s with commanl line arguments;
however, it does notaffectthei nput filter andout put filter syntax(if filtersarepresent)Note
thatif thereare multiple analysisdrivers, thenanal ysi s usage mustinclude the syntaxfor all anal-
ysesin a single string (typically separatedy semi-colois). The default is no specialsyntax,suchthat
theanal ysi s_dri ver s will beusedin the standardvay asdescribedn the UsersManud. The for-
mat of datain the parametes files canbe modfied for direct usagewith the APREPFROD pre-gocessing
tool usingtheapr epr o specification File taggirg (appeling paranetersandresultsfiles with the func-
tion evaludion numker) andfile saving (leaving paranetersandresultsfiles in existenceaftertheir useis
compete) arecortrolled with thefi | e t ag andf i | e save flags. If thesespecificationsare omitted
the default is no file tagging(no appendedfunction evaluation nunber) andno file sarving (files will be
removed aftera function evaluatior). File taggingis mostusefulwhenmultiple function evalugions are
runring simultaneasly usingfiles in a shareddisk spaceandfile saving is mostusefulwhendehugging
the datacommurication betweenDAK OTA andthe simulation The additioral specificationdor system
call applicdion interfacesaresummarizd in Table7.3.

Table 7.3 Additional specificationsfor systemcall application interfaces

Description Keyword AssociatedData | Status Default
Systemcall system none Requiredgrowp N/A
application (1 of 4 selections)

interface

Parametesfile par anet er s - string Optioral Unix tempfiles
name file

Resultsfile name | resultsfile | string Optioral Unix tempfiles
Specialanalysis | anal ysi s _- string Optioral standardanalysis
usagesyntax usage usage
Apregro aprepro none Optioral standard
paranetersfile parametesfile
format format
Parametes and filetag none Optioral notagging
resultsfile

taggirg

Parametes and file_save none Optioral file cleanup
resultsfile savzing

7.4.2 Fork application interface

For fork applicationinterfacestheparaneters file,resultsfil e, aprepro,filetag,and
fi | e_save areadditioral settingswithin thegroy specificatiorandhave identicalmeanimsto thosefor
the systemcall apgication interface. The only differencein specificatios is that fork interfacesdo not
suppot ananal ysi s _usage specificatiordueto limitationsin the exec\p() functionusedwhenforking
aprocess.Theadditioral specificatios for fork applicationinterfaces aresummaizedin Table7.4.

Table 7.4 Additional specificationsfor fork application interfaces
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Description Keyword AssociatedData | Status Default

Fork application | fork none Requiredgroyp N/A

interface (1 of 4 selections)

Parametes file par anmeters .- string Optioral Unix tempfiles
name file

Resultsfile name | resul tsfile | string Optioral Unix tempfiles
Apregro aprepro none Optioral standard
paranetersfile parametesfile
format format
Parametes and filetag none Optioral notagging
resultsfile

taggirg

Parametes and file_save none Optioral file cleanup
resultsfile savzing

7.4.3 XML application interface

For XML application interfaces,host nanes and pr ocessors per host are additiond settings
within the requiredgroup. host nanes providesa list of machinedor usein distributing evaluatians,
andpr ocessor s_per _host specifiedthe numter of processorgo usefrom eachhost. This capaliity
is a placelolderfor future work with the IDEA framework andis not currently operatimal. Theadditioral
specificationgor XML apgicationinterfacesaresummaizedin Table7.5.

Table 7.5Additional specificationsfor XML application interfaces

Description Keyword AssociatedData | Status Default

XML applicatim | xnl none Requiredgroyp N/A

interface (1 of 4 selections)

Namesof host host nanes list of strings Required N/A

machires

Numkber of processors_- list of integers Optioral 1 processoifrom
processorger per _host eachhost

host

7.4.4 Directfunction application interface

For directfunction applicationinterfaces, pr ocessor s per anal ysi s is anadditinal settingwithin
the requred group which is usedto configure multiprocessoranalysispartitions. As with the eval -
uati onservers, anal ysisservers, eval uati onsel f scheduling, eval uation -
stati c_schedul i ng, anal ysi s sel f schedul i ng, andanal ysi s stati c schedul i ng
specificationslescribe abovein Application Interface pr ocessor s_per _anal ysi s providesameans
for the userto override the automaticparallelconfiguration(referto ParallelLibrary ) for the numker of
processorsusedfor eachanalysispartition Notethatif bothanal ysi s server s andpr ocessors -
per _anal ysi s arespecifiedandthey arenotin agreerent, thenanal ysi s server s takesprece-
dence.Thedirectapplication interfacespecificatios aresummaizedin Table7.6.

Table 7.6 Additional specificationsfor dir ectfunction application interfaces
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Description Keyword AssociatedData | Status Default
Directfunction direct none Requiredgroyp N/A
application (1 of 4 selections)

interface

Numkber of processors_- integer Optioral nooverride of
processorgper per _anal ysi s autoconfigue
analysis

Currently only the SALINAS structurd dynamicscodeis availableasa linked simulationcode,althoudn
the SIERRA multiphysicsframework is schedied to be suppatedin future releasesThe more comman
usageof the directinterfaceis the useof internaltest problemswhich are available for perfaming pa-
rameterto respmsemappigs asinexpensvely aspossible.Theseprodemsarecompled directly into the
DAKOQOTA executableaspartof the direct function applicationinterfaceclassandare usedfor algorithm
testing.Referto Dir ectFnApplicinterfa cefor currerily availabletesters.

7.5 Approximation Interface

Theappoximation interfaceusesanapprximaterepresetationof a "truth” modelto performthe param

eterto respose mappirg. This appoximation, or surrogate model, is built andupdatedusingdatafrom

thetruth model. This datais geneatedin somecaseaisinga designof experimentsteratorappliedto the
truth model(global appraximationswith adace 1ret hod poi nt er) . In othercasestruth mocel data
from a single point (local, hierachical appoximatiors), from a few previously evaluatedpoints (multi-

point appraximations),or from the restartdatabaséglobal approaimatiors with r euse sanpl es) can
be used. Appraximation interfacesare usedextensvely in the surrogite-baseaptimizationstratgy (see
SurrBasedOptStrategy and Surrogate-base®ptimizationCommaurls), in which the goalsareto redwce
expenseby minimizingthe numberof truth function evaluatiors andto smoothoutnoisydatawith aglobal
datafit. However, the useof appraimation interfacesis not restrictedin ary way to optimizationtech-
nigues, andin fact,the uncetainty quarification method andoptimizationunder uncertaity stratgy are
otherprimaryusers.

Theappoximationinterfacespecificatiorrequresthe specificatiorof oneof thefollowing appoximatian
types:gl obal , mul ti poi nt, | ocal , or hi er ar chi cal . Eachof thesespecificationss arequirel
groy with several additioral specificatios. The following sectionspresenteachof thesespecification
groysin further detail.

7.5.1 Global approximation interface

Theglobal appoximationinterface specificatiorrequiresthe specificatiorof oneof thefollowing appox-
imationmethod: neur al _net wor k, pol ynom al ,mar s, hermi t e, orkri gi ng. Thesespecifica-
tionsinvoke a layeral percepton artificial neual network apprximation, a quadatic polynomial regres-
sionapprximation,amultivariate adaptve regressiorsplineapproximation,a hernite polynomialappox-
imation,or akriging interpdation appraimation respectidly. In thekriging caseavectorof correlatins
canbe optiorally specifiedin orderto bypasstheinterral kriging calculatiors of correlation coeficients.
For eachof theglobal apprximationmethod,dace et hod poi nt er ,r euse sanpl es, corr ec-
tion, anduse_gr adi ent s canbe optiorally specified. The dace net hod poi nt er specification
pointsto a designof expaimentsiteratorwhich canbe usedto geneate truth mocel datafor building a
globd datafit. Ther euse_sanpl es specificationcanbe usedto employ old data(eitherfrom previ-
ousfunction evaluaions performedin therun or from function evaluationsreadfrom therestartdatalase)
in the building of new globd appoximatiors. The defaut is no reuseof old data(sincethis caninduce
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bias),andthe settingsof al | andr egi on resultin reuseof all availabledataandall dataavailablein
the curren trustregion, respectiely. The combindion of new build datafrom dace et hod poi nt er

andold build datafromr euse sanpl es mustbesuficientfor building theglobalappoximation If not
enowgh datais available,thesystemwill abortwith anerrormessageBothdace net hod poi nt er and
r euse_sanpl es areoptioral specificationsywhich givesthe usermaximum flexibility in usingdesignof
expaimentsdata,restartdata,or both. The \ correctionspecificatiorspecifiesthata correctiontechniqe
will be appliedto the appoximatian in orderfor the apgoximation to matchtruth data(value or both
valueandgradent) ataparticularpoirt (e.g.,thecenterof theappioximation region). Availalde techniaies
includeof f set for addirg a +/- offsetto the approxmationto matcha truth valueat a point, scal ed
for multiplying the apprximationby a scalarto matcha truth valueat a point, and\ betafor multiplying
the appoximatian by a function to matchthe truth value andthe truth gradent at a point. Finally, the
use_gr adi ent s flag specifiesa future capaliity for the useof gradent datain the global apprxima-
tion builds. This capabilityis currerly suppatedin SurrBasedOptStrategy, SurrogaeDataPoint, and
DakotaApproximation::b uild (), butis notyet supprtedin ary global appraimationderived classredef
initions of DakotaApproximation::find _coefficiens(). Table7.7 summarizeghe global appoximatian
interfacespecifications.

Table 7.7 Specificationdetail for global approximation interfaces

Description Keyword AssociatedData | Status Default

Global gl obal none Requiredgrowp N/A

appoximation (1 of 4 selections)

interface

Artificial neural neur al _- none Required1 of 5 N/A

network net wor k selections)

Quadatic pol ynoni al none Required1 of 5 N/A

polynomial selections)

Multivariate mar s none Required1 of 5 N/A

adaptve selections)

regressionsplines

Hermite hermte none Required(1 of 5 N/A

polynomial selections)

Kriging kriging none Requiredgrowp N/A

interpolation (1 of 5 selections)

Kriging correl ations | listof reals Optioral internally

correlations compued
correlatiors

Designof dace._- string Optioral no designof

experiments nmet hod_- experimentsdata

methal pointer poi nt er

Samplereusen reuse._- all |region Optioral growp nosamplereuse

global sanpl es

appoximation

builds

Surrgate correction of f set | Optioral grouyp no surrogate

correction scal ed | beta correction

appoach

Useof gradent use_- none Optioral gradien datanot

datain global gradi ents usedin global

appioximation appraximation

builds builds
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7.5.2 Multipoint approximation interface

Multipoint approiimatiors usedatafrom previous designpointsto improve the accuacy of local appioxi-
mations.This specificatioris a placelolderfor future capaltity asnomultipointapprximationalgoiithms
arecurrenly available. Table7.8 summaizesthe multipoint appraximationinterfacespecifications.

Table 7.8 Specificationdetail for multipoint approximation interfaces

Description Keyword AssociatedData | Status Default
Multipoint mul ti poi nt none Requiredgroyp N/A
appoximation (1 of 4 selections)

interface

Pointerto the actual - string Required N/A
truthinterface interface_-

specification poi nt er

7.5.3 Local approximation interface

Local apprximatiors usevalueandgradien datafrom a single poirt to form a seriesexpansionfor ap-
proximatingdatain thevicinity of this point. Thecurrerily availablelocalappoximationis thet ay! or -
seri es selection.Thisis afirstorderTaylorseriesexpansim, alsoknown asthe”linear apprximatiori’ in
theoptimizatia literatuie. Otherlocalapproximatians,suchasthereciprocal” and’consenative/covex”
apprximatiors, maybecomevailablein thefuture. Therequredact ual i nt er f ace poi nt er spec-
ification andthe optionalact ual i nt erf ace_r esponses poi nt er specificatioraretheadditioral
inputsfor local approxmations. The former pointsto an interface specificationwvhich providesthe truth
modé for geneatingthe valueandgradent datausedin the seriesexparsion. And the latter canbe used
to emplg a differert respamsesspecificationfor the truth modelthanthat usedfor mappngs from the
local apprximation For examge, the truth modelmaygenerategradien datausingfinite differencegas
specifiedin the respamsesspecificationidentified by act ual i nt er f ace r esponses poi nter),
whereaghe local approximatian may retun (apgoximate)analyticgradents (as specifiedin a different
resposesspecificationwhich is identified by the methodusingthe local appraimation asits interface)
If act ual _i nterface_responses _poi nt er is not specifiedthenthe responseetavailablefrom
truthmockl evaluaticmsandapprximationinterfacemappngswill bethesame. Table7.9 summariesthe
local appraimationinterfacespecifications.

Table 7.9 Specificationdetail for local approximation interfaces

Description Keyword AssociatedData | Status Default

Local | ocal none Requiredgrowp N/A

appioximation (1 of 4 selections)

interface

Taylorseries tayl or - none Required N/A

local series

appoximation

Pointerto the act ual _- string Required N/A

truthinterface interface_-

specification poi nt er

Pointerto the actual - string Optioral reuseof

truthresponses | i nterface.- responses

specification responses - specificatiorin
poi nt er truthmode
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7.5.4 Hierar chical approximation interface

Hierarchcal appraimatiors usecorrectedresultsfrom a low fidelity interfaceasanappraximationto the
resultsof a highfidelity "truth” modé. Therequirel| owfi del i ty i nterface poi nt er specifica-
tion pointsto thelow fidelity interfacespecification Thisinterfaceis usedo gererateow fidelity responses
which are then corrected and returred to aniterator The requred hi gh fi delity i nterface -
poi nt er specificatiorpoints to theinterfacespecificatiorfor the high fidelity truth model. This modelis
usedonly whennew correctionfactorsfor thelow fidelity interface areneead. Thecor r ect i on speci-
ficationspecifiesvhich correctiontechnique will beappliedto thelow fidelity resultsin orderto matchthe
high fidelity results(value or bothvalueandgradiert) ata particdar poirt (e.g.,the centerof the appioxi-
mationregion). In the hierarclical case(ascomparedto the globalcase)thecor r ect i on specification
is regured, sincethe omissionof a correctiontechnigie would effectively wasteall high fidelity evalua-
tions. If it is desiredto usea low fidelity modelwithout corrections,thena hierarclical appoximation is
notneededindasingleapgicationinterfaceshouldbeused.Availablecorrectiontechniqesareof f set ,
scal ed, andbet a, asdescriled previously in Globalapproimationinterface Table7.10 summarizes
the hierarclical appoximationinterfacespecifications.

Table 7.10Specificationdetail for hierarchical approximation interfaces

Description Keyword AssociatedData | Status Default
Hierarchcal hi erarchi cal | none Requiredgroyp N/A
appoximation (1 of 4 selections)
interface
Pointerto thelow | | ow.- string Required N/A
fidelity interface | fidelity_-
specification interface._-

poi nt er
Pointerto the hi gh_- string Required N/A
highfidelity fidelity._-
interface interface_-
specification poi nt er
Surrgate correction of f set | Required N/A
correction scal ed | beta
appoach
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Chapter 8

Response€ommands

8.1 Response®escription

The respmsesspecificationin a DAKOTA input file specifiesthe datasetthat can be recovered from
the interfaceafter the completian of a "function evaluation” Here,the term function evaluationis used
somevha looselyto denotea datareqiestfrom aniteratorthatis mapedthrough aninterfacein a sin-
gle pass. Strictly speakingthis datarequestmay actuallyinvolve multiple respoise functions andtheir
derivatives,but the termfunctionevaluationis widely usedfor this purpose. The datasetis madeup of a
setof functions, their first derivative vectos (gradents),andtheir secondderivative matrices(Hessians).
This abstractio providesa genericdatacontairer (the DakotaResponseclass)whoseconterts areinter-
preteddifferentlydepenling uponthe type of iterationbeingperfomed. In the caseof optimizdion, the
setof functionsconsistsof oneor more objective functiors, norinearinequality constrants, andnonlin-
earequality constraims. Linear constrants arenot part of a respose setsincetheir coeficients canbe
commuicatedto an optimizerat startup andthencomputedinterrally for all function evaluations(see
MethodIndependen Controlg. In the caseof leastsquars iterators,the functions consistof individual
residualterms(as opposedto a sumof the squaresobjective function). In the caseof nordeterministic
iterators thefunctionsetis madeup of gereric responséunctionsfor whichtheeffectof parameteunce-
tainty is to be quariified. Lastly, parametestudyiteratorsmay be usedwith ary of the respoisedataset
types.Within the C++implenmentation the samedatastructuesareusedto provide eachof theserespamse
datasettypes;only theinterpretationof the datavariesfrom iteratorbrarch to iteratorbrand.

Gradien availability may be describecby no gr adi ent s, nuneri cal gradi ents, anal ytic -

gr adi ent s, orni xed_gr adi ent s. no_gr adi ent s meanghatgradentinformationis not needd
in thestudy nuneri cal _gr adi ent s meanghatgradentinformationis needdandwill be compted
with finite differenceausing eitherthe native or one of the vendr finite differencingroutines. ana-

| yti c_gradi ent s meanghatgradient informationis availabledirectly from the simulation(finite dif-
ferendng is not requred). And mi xed gr adi ent s meanshatsomegradent informationis available
directly from the simulationwhereagherestwill haveto befinite differenced.

Hessiaravailability maybedescribedy no _hessi ans oranal yti ¢ hessi ans wherethemeanimgs
arethe sameasfor the correspndinggradent availability settings.Numericd Hessiansarenot currerily
suppeted, since,in the caseof optimizaion, this would imply a finite difference-Nevton techniqe for
which adirectalgorithm alreadyexists. Capabilityfor numeical Hessian€anbeaddedn thefutureif the
needarises.

Theresposesspecificatiorprovidesadescriptia of thetotal datasetthatis availablefor useby theiterator
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during the courseof its iteration This shouldbe distingushedfrom the datasubsedescritedin anactive
setvecta (seeDAK OTA File DataFormas in the UsersManual)which describeshe particularsubsebf
therespoisedataneededor anindividual function evaluation. In otherwords,theresponsespecification
is a broaddescripion of the datathatis available whereasthe active setvectordescribeghe particuar
subsedf theavailabledatathatis currently needed

Severalexanplesfollow. Thefirst exanple shavs anoptimizationdatasetcortaininganobjective function
andtwo nonlinearinequality constraints.Thesethreefunctionshave analyticgradent availability andno
Hessiaravailability.

responses,
num obj ective_functions = 1
num nonl i near_i nequal ity_constraints = 2
anal yti c_gradients
no_hessi ans

— - — —

The next exanple shaws a specificatiorfor a leastsquaresiataset. The six residualfunctions will have
numeical gradentsconputedusingthe dakotafinite differercing routine with centra differencesf 0.1%
(plus/mirusdeltavalue=.001«value)

responses,
num | east _squares_terns = 6
nuneri cal _gradients
nmet hod_sour ce dakot a
interval _type centra
fd_step_size = .001
no_hessi ans

— e — —

The last examge shavs a specificationthat could be usedwith a nonceterministiciterator The three
resposefunctionshave no gradentor Hessiaravailability; therefae, only function valueswill beusedby
theiterator

responses, \
num r esponse_functions = 3 \
no_gradi ents \

no_hessi ans

Parameteistudy iteratorsare not restrictedin termsof the responsealatasetswhich may be catalogud;
they maybe usedwith ary of thefunction specificatiorexampgesshavn above.

8.2 ResponsesSpecification

Therespomsesspecificatiorhasthefollowing structure

responses,
<set identifier>
<function specification>
<gradi ent specification>
<Hessi an specification>

— - — —

Referringto dalota.irput.specit is evident from the enclasing bracletsthatthe setidentifieris optioral.
However, thefunction, gradien, andHessianspecificatios areall requred specificationseachof which
contairs severd possiblespecificatios separatedby logical OR’s. Thefundion specificatiormustbeone
of threetypes:
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e objective andconstrainfunctiors
¢ leastsquarseterms
e geneit respoisefunctions

Thegradent specificatiormustbe oneof four types:

nogradents
nunericalgradents
analyticgradiens
mixedgradents

And theHessiarspecificatiormustbe oneof two types:

e noHessians
e analyticHessians

Theoptioral setidentifiercanbeusedo provide auniqueidentifierstringfor labelinga particdar responses
specification A methal canthenidentify the useof a particuar respoisesetby specifyirg this labelin its
r esponses_poi nt er specification Thefunction, gradien, andHessianspecificationglefinethe data

setthatcanbe recoveredfrom theinterface. The following sectionsdescrile eachof thesespecification
compnentsin additioral detail.

8.3 Responsesetidentifier

The optiond setidentifier specificationusesthe keyword i d r esponses to input a string for usein
identifying a particularrespomsessetwith a particdar method(seealsor esponses poi nt er in the
MethodIndependen Controlg. For exampe, a methodwhose specificationcontairs r esponses -

poi nter = ‘Rl" will usearespossessetwithi d_responses = ‘R1’ .

If this specificationis omitted, a particlar responsespecificatiorwill be usedby a methal only if that
methodomits specifyirg a r esponses poi nt er andif the resposessetwasthe last set parsed(or
is the only setparsed).In comnon practice,if only onerespoisessetexists,theni d r esponses can
be safelyomittedfrom the resposesspecificatiorandr esponses poi nt er canbe omittedfrom the

methodspecificationg), sincethereis no potentialfor ambiguity in this case.Table8.1 summariestheset
identifierinputs.

Table 8.1 Specificationdetail for setidentifier

Description Keyword AssociatedData | Status Default
Responseset i d_responses | String Optioral useof last
identifier responseparsed

8.4 Function Specfication

The function specificationmust be one of threetypes: 1) a group contairing objectve and corstraint
functions,?) aleastsquaestermsspecificationor 3) aresposefunctionsspecification Thesdundion sets
correspndto optimizdion, leastsquaes,anduncertinty quantificationiterators respectrely. Paraméer
studyanddesignof experimentsteratorsmay be usedwith ary of thethreefunction specificatios.
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8.4.1 Objective and constraint functions (optimization data set)

An optimization datasetis specifiedusing numobj ecti ve functi ons andoptiondly mul ti -

obj ecti ve_wei ght s, numnonl i near i nequal i ty constraints, nonl i near -
i nequal i ty_| ower bounds, nonl i near i nequal i ty_upper bounds, numnonl i near -
equal ity_constraints, and nonlinear equalitytargets. numobj ecti ve -
functi ons, numnonl i near i nequal i ty constraints, and numnonli near -

equal i ty_constrai nt s specifythe numkber of objective functiors, norlinearinequality corstraints,
andnonlinearequality constraits, respectiely. The numker of objective fundions mustbe 1 or greatey
andthe numter of inequdity andequality constraits mustbe O or greater If the numter of objectve
functions is greaterthan 1, thena nul ti obj ecti ve wei ght s specificationprovides a simple
weightedsumapprachto conmbining multiple objectives:

F=Y wif;
i=1

If thisis notspecifiedtheneachobjective functionis givenequalweighting:

nonl i near _i nequal i t y_ ower bounds andnonl i near i nequal i t y upper bounds spec-
ificationsprovide the lower andupper boundsfor 2-sidednonlinearinequalitiesof theform

9 < 9(z) < gu
Thedefadts for theinequalityconstrainbbourds areselectedsothatone-side inequalities of theform
g(z) 0.0

resultwhenthereareno userconstraintboundsspecificationgthis providesbackwards compatilility with
previous DAKQOTA versiors). In a userbowndsspecificationary upper bound valuesgreaterthan+big-
Boundsize (1.e+30, asdefinedin DakotaOptimizer) are treatedas +infinity andary lower bourd val-
ueslessthan-bigBowndSizearetreatedas -infinity. This featue is commaly usedto drop one of the
bourdsin order to specifya 1-sidedconstrain (just asthe defaut lower boundsdrop out since-DBL -
MAX < -bigBowndSize). The sameappoachis usedfor the linear inequality bourds as describé in
MethodIndependemn Controls

Thenonl i near _equal i ty_t ar get s specificatiorprovidesthetargetsfor norinearequalitiesof the
form

g(z) = g4

andthe defadts for theequalitytargetsenforceavalueof 0. 0 for eachcorstraint

g(z) = 0.0

Any linear corstraintspresenin anapplicdaion needonly beinputto anoptimizerat startup anddo not
needto be partof the datareturred on every function evaluaion (seethelinear constraintslescriptionin
MethodIndependen Controlg. Table8.2 summaizesthe optimizationdatasetspecification.

Table 8.2 Specificationdetail for optimization data sets
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Description Keyword AssociatedData | Status Default
Numkber of num- integer Requiredgroyp N/A
objectve obj ective_-
functions functions
Multiobjective mul ti - list of reals Optioral equalweighting
weightings obj ective_-

wei ght s
Numkber of num- integer Optioral 0
norinear nonl i near -
inequality i nequal ity_-
constraims constraints
Nonlinear nonl i near - list of reals Optioral Vectorvalues=
inequality i nequal ity_- - DBL_MAX
constraim lower | ower _bounds
bowunds
Nonlinear nonl i near - list of reals Optioral Vectorvalues=
inequality i nequal ity_- 0.0
constraim upper upper _bounds
bowunds
Numkber of num- integer Optioral 0
norinear nonl i near _-
equality equality_-
constraims constraints
Nonlinear nonl i near - list of reals Optioral Vectorvalues=
equality equality_- 0.0
constraimtamgets | targets

8.4.2 Leastsquaresterms (leastsquaresdata set)

A leastsquaredatasetis specifiedusing numleastsquars_terms. Eachof thesetermsis a residual
function to be driven toward zero. Thesetypesof prodems are commaly encouteredin paraméer
estimatiorandmodelvalidation Leastsquareprodemsaremostefficiently solvedusingspecial-pgpose
leastsquaes solvers suchas Gauss-Neton or Leverbemg-Marquardt; however, they may alsobe solved
usinggeneal- puposeoptimizationalgorithms. It is importart to realizethat, while DAKOTA cansolve
theseprodemswith eitherleastsquare®r optimizatia algorithrs, the respamsedatasetsto bereturnel
from the simulatorare different. Leastsquaresnvolvesa setof residualfunctionswhereasoptimization
involvesa singleobjedive function(sumof thesquars of theresiduds), i.e.

F=> (R’
i=1

wheref is the objective function andthe setof R; arethe residualfunctiors. Therdore, derivative data
in the leastsquaresaseinvolvesderivatives of the residué functions, wheresthe optimization casein-
volvesderivativesof thesumof thesquare®bjective function. Switchingbetweerthetwo appoacheswill
likely requite differentsimulationinterfacescapalte of returring the differentgrandarity of responselata
required. Table8.3 summaizestheleastsquareslatasetspecification.

Table 8.3 Specificationdetail for nonlinear leastsquaresdata sets

Description Keyword AssociatedData | Status Default
Numberofleast | numl east _- integer Required N/A
squarsterms squar es -

terns
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8.4.3 Responsdunctions (genericdata set)

A geneit respoise datasetis specifiedusingnumr esponse f unct i ons. Eachof thesefunctionsis
simply arespamsequariity of interestwith no specialinterpretationtakenby the methal in use. Thistype
of datasetis usedby uncetainty quarification methals,in whichtheeffect of paraméeruncertaity onre-

sponsdunctionsis quantified andcanalsobeusedin paraneterstudyanddesignof experimentsmethals
(althowgh thesemethals are not restrictedto this dataset),in which the effect of paranetervariaionson

resposefunctionsis evaluaed. Whereabjective, corstraint,andresidualfunctions have specialmean

ings for optimization andleastsquaresalgorithns, the genericrespose function datasetneednot have

a specificinterpretationandthe useris free to definewhatever functional form is corvenient. Table8.4
summaizesthe gereric respmsefundion datasetspecification.

Table 8.4 Specificationdetail for genericresponsdunction data sets

Description Keyword AssociatedData | Status Default
Numkber of num- integer Required N/A
respose response.-

functions functions

8.5 Gradient Specification

The gradent specificatiormustbe oneof four types: 1) no gradiens, 2) numeical gradents, 3) analytic
gradients,or 4) mixed gradents.

8.5.1 Nogradients

Theno_gr adi ent s specificatiormeanghatgradentinformationis notneedd in the study Therebre,
it will neitherberetrievedfrom the simulationnor computedwith finite differencesno gr adi ents isa
compete specificatiorfor this case.

8.5.2 Numerical gradients

Thenurer i cal gr adi ent s specificatiormeanghatgradiern informationis needecandwill becom-
putedwith finite differenceausingeitherthe native or oneof thevendr finite differencingoutires.

The met hod_sour ce settingspecifiesthe sourceof the finite differencingroutine thatwill be usedto
compute the nunerical gradierts: dakot a denoteDAKOTA's internalfinite differencingalgorithm and
vendor denoteghefinite differencingalgorithmsuppied by theiteratorpackaein use(DOT, NPSOL,
andOPT++eachhave their own internalfinite differencingroutines) Thedakot a routire is the default
sinceit canexecue in parallelandexploit the conairreng in finite differenceevaluatiors (seeExploiting
Parallelismin the UsersManual) However, the vendor settingcanbe desirablein somecasessince
certainlibrarieswill modify their algorithmwhenthefinite differencingis perfamedinternally Sincethe
selectiorof thedakot a routine hidestheuseof finite differencingrom theoptimizess (theoptimizersare
configuedto acceptusersuppied gradents,which somealgolithms assumeo be of analyticaccuray),
thepoteriial existsfor thevendor settingto triggerthe useof analgorithm moreoptimizedfor the higher
expenseand/a loweraccungy of finite-differencimg. For exanple, NPSOLusegyradiantsin its line search
whenin usersuplied gradiat mode (sinceit assumeshey areinexpensve), but usesa value-lasedine
searctproedurewheninterrally finite differencing. Theuseof avalue-tasedine searchwill oftenredice
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total expensein serialoperatims. However, in parallelopeations,the useof gradients in theNPSOLline
search{usersuppliedgradienh mode)providesexcellert loadbalancingvithoutneedo resortto speculatie
optimizatian approachesin summay, then thedakot a routine is preferredfor pardlel optimization and
thevendor routine maybe preferredfor serialoptimizationin specialcases.

Thei nt er val _t ype settingis usedto selectbetweerf or war d andcent r al differencesn the nu-
mericalgradien calculatiors. The DAKOTA, DOT, and OPT++routineshave both forward and central
differencesavailable,and NPSOL startswith forward differercesand automaticallyswitchesto central
differencesastheiterationprogessegthe userhasno contrd overthis).

Lastly, f d_st ep_si ze specifiesthe relative finite differencestepsizeto be usedin the computations.
For DAKQTA, DOT, andOPT++,theintenalsarecompuedby multiplying thef d st ep si ze with the
curren parametevalue.In this case a minimum absolutedifferencingintenal is neededvhenthecurrent
paranetervalue is closeto zero. This preventsfinite differenceintervals for the paraneterwhich aretoo
smallto distinguishdifferercesin the respmsequantities beingcomputed. DAKOTA, DOT, andOPT++
all usel. e- 2«f d_st ep_si ze astheir minimum absolde differencing interval. With afd step -
size = . 001, for exampe, DAKOTA, DOT, andOPT++will useintervalsof .001«xcurrentvalue with a
minimum interval of 1.e-5 NPSOLusesa different formua for its finite differencantenals: f d st ep -
si zex( 1+|current parametewalug). This definitionhasthe adwantageof eliminatingthe needfor a
minimum absolte differencingintenal sincethe interval no longergoesto zeroasthe currert paraméer
valuegoesto zero. Table8.5 summaizesthe numeri@l gradien specification.

Table 8.5 Specificationdetail for numerical gradients

Description Keyword AssociatedData | Status Default

Numeical nunerical - none Requiredgrouyp N/A

gradents gradi ents

Methodsource nmet hod - dakot a | Optioral grouyp dakot a
source vendor

Intenal type i nterval - forward | Optioral grouyp forward
type central

Finitedifference | fd_step_si ze real Optioral 0. 001

stepsize

8.5.3 Analytic gradients

The anal yti c_gradi ent s specificationmeansthat gradient informationis available directly from
the simulation (finite differencing is not requiral). The simulationmustretun the gradent datain the
DAKOQTA format (seeDAKQOTA File DataFormatsin the UsersManud) for the caseof file transferof
data.anal yti c_gr adi ent s is acompete specificatiorfor this case.

8.5.4 Mixed gradients

Them xed_gr adi ent s specificationmears that somegradien information is available directly from
the simulation(analytic) whereagherestwill have to befinite differenced(numerical). This specification
allows the userto make useof asmuchanalyticgradent information asis availableandthento finite dif-
ferene for therest. For examge, the objective fundion may be a simpleanalyticfunction of the design
variabes (e.g, weight)whereaghe constraintarenorinearimplicit functionsof comgex analysege.g,
maximun stress).Thei d_anal yti c list specifiesby numker the functions which have analyticgrad-
ents,andthei d_nureri cal list specifieshy numberthefunctionswhich mustusenumeical gradents.
The net hod_source, i nterval type, andf d st ep si ze specificationsare as descriled previ-
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ouslyin Numeical gradiens andpertainto thosefunctiors listed by thei d nuneri cal list. Table8.6
summaizesthe mixed gradent specification.

Table 8.6 Specificationdetail for mixed gradients

Description Keyword AssociatedData | Status Default

Mixedgradierts m xed - none Requiredgrouyp N/A
gradi ents

Analytic i d_anal ytic list of integers Required N/A

dervatives

function list

Numeical i d_nuneri cal list of integers Required N/A

dervatives

function list

Methodsource nmet hod - dakot a | Optioral grouyp dakot a
source vendor

Intenal type i nterval - forward | Optioral groyp forward
type central

Finitedifference | fd_step.si ze real Optioral 0. 001

stepsize

8.6 HessianSpedfication

Hessiaravailability mustbe specifiedwith eitherno hessi ans oranal yti ¢ hessi ans. Numeical
Hessianarenotcurrently suppoted,since,in thecaseof optimization,thiswouldimply afinite difference-
Newton technque for which a directalgoritim alreadyexists. Capabilityfor numerical Hessiansanbe
addedn thefuture if theneedarises.

8.6.1 No Hessans

Theno_hessi ans specificatiormeanghatthe methoddoesnotrequie Hessiarinformation. Therebre,
it will neitherberetrieved from the simulationnor compued with finite differences.no hessi ans is a
compete specificatiorfor this case.

8.6.2 Analytic Hessans

Theanal yti c_hessi ans specificatiormeansthat Hessianinformation is availabledirectly from the
simulation.The simulationmustreturnthe Hessiardatain the DAK OTA format(seeDAK OTA File Data
Formatsin UsersManual) for the caseof file transferof data. anal yti ¢ hessi ans is a compete
specificatiorfor this case.
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