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The System Architecture Optimization (SAO) Loop
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The Architecture Evaluator

The Evaluator

* Is problem-specific.

» Should calculate all relevant metrics for all
architectures with similar fidelity.

« Should be sensitive to architectural choices.

« Should be automatically executable (i.e.
without user interaction).

—

provides objective f and
constraint g values to optimizer
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ADORE Evaluation Interfaces

Supports no-code, external optimization

(e.g. in MDO integration platforms). DLR
}
Python-based File-based
Evaluation API P Architecture Serialization

* Architecture instance as input

» Serialization of architecture to file

Direct access * Need to parse data model yourself * Placeholders for outputs

to ADORE

da ta mOde/ +teas@b|e: b::h“emum 1 ArchSystem { : }

Class Factory Evaluator Node Factory Evaluator
» Define rules to instantiate classes » Define rules to create XML nodes
Rule-based from architecture elements from architecture elements
S [ s o s P « Dedicated CPACS interface available
translation e et

urn
ClassFactory(
el=ExternalConponentDef (nane="Wing', n_inst=[1]),
cls=Wing,
props={

rea’, qoi_type=QOIType.DESIGN_VAR, bounds=(46., 66.)),
'cl': External QoIDef (nane='Lift Coefficient', goi_type=Q0IType.DESIGN_VAR, bounds=(d., .5)),
ias': ExternalQOIDef(name="Indicated Airspeed’, qoi_type=Q0IType.INPUT_PARAM, value=100.),
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The Guidance, Navigation & Control Problem

Upto 3

upto3 upto3
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computers actuators
connected to... connected to...

((.)) g@ c&\o vs v
((.)) TD(T: Y cs\o mass reliability

How many architectures

are possible?
= 79 091 323
(o)) 5
(at least 1 O N
connection
of type per object) of type of type

A BorC A BorC

What if we can have up
to 4 elements?

A BorC 3 254 601 496 975

Mass vs failure-rate trade-off

x
E. Crawley, B. Cameron, and D. Selva, @'E; AD O R I :
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Setup ADORE

* Install ADORE locally
= Follow installation instructions from the documentation

= Test the installation

= Start python from the command line (in the activated
environment)

» from adore.optimization.api import GraphApiEvaluator

» evaluator = GraphApiEvaluator.from_file( ‘gnc.adore’)

» problem = evaluator.get _arch_opt problem()

» problem.n_obj

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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import adore as ad

class MyPythonEvaluator(ad.GraphApiEvaluator):
"""Problem-specific Python-based evaluator.

DLR

def _evaluate(self, architecture: ad.Architecture, arch_qois: List[ad.ArchQOI], **kwargs) \
-> Dict[ad.ArchQOI, Union[float, ad.Quantity]]:
The function that evaluates an architecture instance.
Returns the value of each requested architecture QOI,
either as a float (or NaN) or a Quantity (value + units).
Use “self.quantity” to create a Quantity object.

if __name__ == '__main__"':
# Instantiate your evaluator from your ADORE model
evaluator = MyPythonEvaluator.from_file('model.adore")

# Create random architectures and evaluate them
for _ in range(19):
architecture, design_vector, activeness_vector = evaluator.get_architecture(evaluator.get random_design vector())

objectives, constraints = evaluator.evaluate(architecture)
print(f'Objective values: {objectives}')
print(f'Constraint values: {constraints}')

# Save the ADORE file and a CSV export X
evaluator.to file('updated model.adore') v
evaluator.save results _csv('results.csv') 3%

Python-based Evaluation API

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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Python-based Evaluation
DLR

import adore as ad

class MyPythonEvaluator(ad.GraphApiEvaluator):
"""Problem-specific Python-based evaluator.

def evaluate(self, architecture: ad.Architecture,

r _________————" arch_qois: List[ad.ArchQOI], **kwargs) \
PrOblem_SDeCIﬂC evaluator -> Dict[ad.ArchQOI, Union[float, ad.Quantity]]:

Implement the _evaluate function. e
The function that evaluates an architecture instance.

Returns the value of each requested architecture QOI, Class Factory Evaluator (CFE)
either as a float (or NaN) or a Quantity (value + units). Use the CFE to help extract data from
Use “self.quantity to create a Quantity object. the Architecture, by instantiating
Instantiate custom classes from architecture
Instantiate the evaluator if __name__ == '_main_ ': elements.
with your ADORE model. # Instantiate your evaluator from your ADORE model .
evaluator = MyPythonEvaluator.from file('model.adore") See next slide.
# Create random architectures and evaluate them
for _ in range(10):
Generate architecture, design_vector, activeness_vector = \
- _——— evaluator.get_architecture(
CEen?rate and evaluate evaluator.get_random_design_vector())
architectures. Connect to T
optimization algorithms. objectives, constraints = evaluator.evaluate(architecture)

print(f'Objective values: {objectives}')
print(f'Constraint values: {constraints}')

# Save the ADORE file and a CSV export
evaluator.to file('updated model.adore')
evaluator.save results csv('results.csv')

. ADORE
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The _evaluate Function

import math DLR
from typing import * |nQUtS
import adore as ad The architecture
class MyPythonEvaluator(ad.GraphApiEvaluator): instance .tO be eval_uatEd
"""Problem-specific Python-based evaluator.""" and the list of architecture
QOils to be calculated.
def _evaluate(self, architecture: ad.Architecture, "”””

arch_qois: List[ad.ArchQOI], **kwargs) \
-> Dict[ad.ArchQOI, Union[float, ad.Quantity]]:
The function that evaluates an architecture instance.
Returns the value of each requested architecture QOI,
either as a float (or NaN) or a Quantity (value + units).
Use “self.quantity” to create a Quantity object. LJnitS

Access architecture data
From the architecture.

ADORE uses Pint to parse its units.

# Access the data in the architecture and run your analyses Enter your units in the "Units” field
\ components = architecture.system.components of a QOl in the GUI to confirm they
_ are correct.
\AahJeS # Do the ca1§ulat10ns e
- result _numerical = 42. Wh/kg %
()UtpUtva“Jescan have  ——m— result_quantity = self.quantity(42., 'kg') . - -
dlfferent types: r‘esult_-Failed - math.nan Parsed units: Wh/kg (watt_hour/kilogram; [length]?/[time]?)
e Numerical (float, int)
. C}uanthy;value + units # The output is a dict mapping the QOIs to their values
« NaN for a failed evaluation results = {}
for arch_qgoi in arch_qois:
if arch_qgoi.name == 'My Numerical QOI':
Numpy values are also results[arch_qoi] = result_numerical M ) o
supported. elif arch_goi.name == 'My Quantity QOI': The output is a dictionary
results[arch_qoi] = result_quantity mapping architecture
elif arch_qgoi.name == 'My Failing QOI': QOQls to their values.

results[arch_qoi] = result failed

return results . E’: AD O Rl :
ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22 x

https://adore.mbse-env.com/docs/



https://adore.mbse-env.com/docs/
https://pint.readthedocs.io/

Data Model: The Architecture

* Architecture represents
the architecture instance to
be evaluated

= Design variables, objectives,
constraints

» Top-level system and
subsystems

= System elements

= Type hinting Is supported

def _evaluate(self, architecture: Architecture, arch_gois: List[ArchQ0I], #%_) -> Dict[ArchQoI,
architecture.system.co

components

concepts

f decompositions

“ -h
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float]:

DLR

Objects are e .
referenced LT T
Object _-[through their ids e ArchObjective ArchConstraint

+id: int <} + archQoild: ArchQOl + archQuoild: ArchQOI?
+ name: siring ., + objectiveld: Objective + constraintld: Constraint
+notes: string? + maximize: bool + posFeasible: bool
+ ref: string? +value: float? + refValue: float

N ™= objectives? J + value: float?

; - constraints?
Architecture p. . ArchDesignVar ArchDiscreteDesignVar

i | + feasible: bool 7 + designVarld: Designvar k-1t options: string(]

1§ +final: bool | @—designVars?———>»| + archDecisionld: ArchDecision? + optionindes: int

i + perfEvaluated: bool + archQoild: ArchQOI?

+ perfFeasible: bool? + fixed: bool <7 - -

1 | + designProblemld: DesignProblem? 1 + active: bool ArchContinuousDesignVar

: ] + bounds: [float, floaf]

system systems * value float?
' confext
“-. ArchSystemContext ArchSystem
ArchElement + index: int
+elementid: Element el
N 4
BaseArchSystem

ArchFunction

+ type: FunctionType
+ boundaryFunction: bool

¢

qois ’

ArchQol

+ evaluated: bool
+ feasible: bool?
+value: float?

+ valueStr: string?
+ optionindex: int?
+fype: QOIType
+ units: str?

functions

+ display: DisplayProperties(]
+ edges?: EdgeProperties(]

ArchComponent

.“‘—'nonFuIﬂIIments>

concepis

ArchNonFulfillment

+ archFunctionlds: ArchFMF[]
multiFulfilments —=

ArchMultiFulfillment

-=-1 + archFunctionlds: ArchFunction[]

ArchConcept

+ neutralArchFunctionld: ArchFMF
+ specificArchFunctionld: ArchFunction

ArchDecomposition

+ emergedArchFunctionld: ArchFMF

+ zoomedArchFunctionlds: ArchFunction(]

+ fulfilledArchFunctionlds: ArchFMF[]

( ) i ArchAttribute
+ neededArchFunctionlds: ArchFunction[] H

+ display?: DisplayProperties]]

+ values: string[]
N + edges?: EdgeProperties]]

ArchPort

. [

instances

" /4 attre

7

ArchComponentinstance - ArchPortinstance

+index: int
+inputPorts: ArchPortinstance(]
+ outputPorts: ArchPortinstance]]

+ archPortld: ArchPort
+ targetids: ArchPortinstance[]
+ index: int

. ADORE
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Executing the Optimization Problem
DLR

# Instantiate your evaluator from your ADORE model
evaluator = MyPythonEvaluator.from file('model.adoref)

# Connect to SBArchOpt and pymoo for optimization
from sb_arch_opt.algo.arch_sbo import get_arch_sbo_gp
from pymoo.optimize import minimize

algorithm = get_arch_sbo_gp(problem, init_size=50, results_folder='results®)
result = minimize(problem, algorithm, termination=('n_eval', 100), verbose=True)

Setup and run
Create problem, select and

conﬁgurethe(aphnﬂzahon # Save the resulting ADORE file and a CSV export
algorithm, and execgteihe evaluator.to file(results.adore')
optimization. evaluator.save_results_csv('results.csv')

SBArchOpt
[ Refer to the SBArchOpt documentation for
r C t more details about available optimization
algorithms and executing optimization

problems (including restart).

-{ problem = evaluator.get_arch_opt_problem()

https://sbarchopt.readthedocs.io/

. ADORE
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Exercise: Extract Data from the Architecture

In gnc_evaluation api exercise.py
implement _get_element_types:

= Qutput should be a list of element types, for
example:
[A, AT
[B’, ‘C’, ‘C’]
» Workshop materials also includes the data
model as a diagram

» Tip: use a debugger to live-inspect the data

= When done, execute the script and inspect
generated output

= gnc_evaluation_api.csv: summary of all
architectures

» gnc_evaluation_api.adore: ADORE model
containing the architectures, you can open it in
the GUI to view them

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22

DLR

@staticmethod
def _get_element_types(architecture: Architecture, element_ref: str) -> List[str]l:

types = []

# TODO implement code here

ince, get the type attribute volue (and add to the list)

return types

def _evaluate(self, architecture: Architecture, arch_gois: List[ArchQoIl, ##_) -> Dict[ArchQoI, float]:

L ] sensnr,types = self._get_element_ types(architecture 'sensor")

omputer_types self._get_element_types(architectur computer')
actvator_types self._get_element typ ( chitectur actuvator')
if len(actuato typ j 7o ok if this model includes actuators
actuator_types

. ADORE
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Exercise: Extract Data from the Architecture

@staticmethod

DLR

def _get_element_types(architecture: Architecture, element_ref: str) -> List[str]:

In gnc_evaluation_api_exercise.py )
types =
Implement gEt element types for r_:om?tirj?n:cIil.'.1"ar?rjiftfciclfré.system.components:

= Qutput should be a list of element types, for e —
example:
[GA’, lA!]
[‘B,, ‘C,, ‘C,] assert ;'Lement_type in ['A', '8, 'C']
= Workshop materials also includes the data o types

model as a diagram
» Tip: use a debugger to live-inspect the data
= When done, execute the script and inspect
generated output

Architectures

= gnc_evaluation_api.csv: summary of all —
architectures

» gnc_evaluation_api.adore: ADORE model
containing the architectures, you can open it in
the GUI to view them

aaaaa

AN N N N T AN VAN NAN
AN N N N N A NANAN LNV NN

ANANANANLNE VAN
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element_type = instance.attributes[0].valves[0]
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from typing import *
from dataclasses import dataclass
import adore as ad

@dataclass DLR

class Wing:
area: float
cl: float
ias: float

class MyClassFactoryEvaluator(ad.ClassFactoryApiEvaluator):
"""Problem-specific Python-based Class Factory Evaluator."""
def get class factories(self) -> List[ad.ClassFactory]:
return [ad.ClassFactory(
el=ad.ExternalComponentDef(name="Wing"', auto=True),
cls=Wing,
props={
'area': ad.ExternalQOIDef(name='Area', auto=True, units='m"2'),
"cl': ad.ExternalQOIDef(name='Lift coefficient', auto_match_pattern="CL"),
'ias': ad.ExternalQOIDef(name='IAS', auto=True, units='kts'),
¥
)]

def _evaluate(self, architecture, arch_qgois, **_):

# Get Wing objects from the architecture %
wings = self.instantiate(

architecture, factories=self.get_factories_by el name('Wing"')) v

X

Class Factory Evaluator (CFE)

15 ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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The Class Factory Evaluator (CFE)

DLR

from typing import *
from dataclasses import dataclass
import adore as ad

@dataclass

class Wing:
area: float
cl: float
ias: float

class MyClassFactoryEvaluator(ad.ClassFactoryApiEvaluator):

"""pproblem-specific Python-based Class Factory Evaluator.""" Class factories
Rules for linking to ADORE
QOI [DV]: ] def get class_factories(self) -> List[ad.ClassFactory]: "”’,,, elements and instantiating
Area = [40, 60] m? .
[ . return [ad.ClassFactory( objects for each occurrence

el=ad.ExternalComponentDef(name="Wing', auto=True . ) )
P ( g ) in an architecture instance.

QO! [DV]: cls=Wing,
CL = [0, 0.5] props={
'area': ad.ExternalQOIDef(
<;f::::::::::::;ﬁ> name="'Area', auto=True, units="m”*2'),
QO [INPJ: ] ‘c1': ad.ExternalQOIDef(
IAS = 100 kt name="'Lift coefficient', auto_match_pattern='CL"),
'ias': ad.ExternalQOIDef(
name="'IAS', auto=True, units="kts'),
)] s Instantiation
Instantiate objects
~ iZ classes = {list: 1} [Wing(area=50.0, cl=0.25, ias=100.0)] def evaluate(self, architecture, arch_gois, ** ): in the _evaluate
¥ o 0= {Wing} Wing(area=50.0, cl=0.25, ias=100.0) # Get Wing objects from the architecture function.
81 area = {float} 50.0 — wings = self.instantiate(
8 cl = {float} 0.25 architecture, factories=self.get_factories_by el name('Wing'))

81 ias = {float} 100.0

£ ADORE
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Defining Class Factories

Assumption: the evaluation
framework is available and its input
is defined using Python classes

Create an evaluator inheriting from
ClassFactoryApiEvaluator

Define ClassFactory’s

= Note: values from QOIs are normally of float type;
however they will be strings for:

= Input parameter (string)
= Design variable (discrete)

Define a MetricsFactory

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22

from dataclasses import dataclass
from adore.optimization.api.factory_evaluator import =*
from adore.api.schema import *

DLR

@dataclass . 17
s wng “Evaluation framework
cl: float _ < IﬂputS
_ ias: float # kts .
Calculations

def calc_lift(self): /

ias_ms = self.ias/1.94384
rhod = 1.225 # kg/m3
return self.cl % .5%rhoB%ias_ms%%*2 % self.area

—<||: class WingClassFactoryEvaluator(ClassFactoryApiEvaluator):

—

@staticmethod

def get_class_factories() -» List[ClasV ClaSSFaCtOF‘y
e .— Defines a component

ClassFactory(

1=ExternalC thef( ='Wing', n_inst=[1]), | I
oing R / With properties (QOls)
— props={

‘area': ExternalQO0IDef(name="Wing Area', goi_type=QO0IType.DESIGN_VAR, bounds=(40., 60.)),
'cl': ExternalQ0IDef(name='Lift Coefficient', qoi_type=QO0IType.DESIGN_VAR, bounds=(8., .%5)),
'ias': ExternalQ0IDef(name='Indicated Airspeed’, goi_type=Q0IType.INPUT_PARAM, value=180.),

]

- MetricsFactory
;;;6;;?;2;;s_factor‘*,f(} -= MetricsFactory: H//: Deflnes OUtpUtS (QOlS)

return MetricsFactory(metrics={
'1ift': ExternalQO0IDef(name='Lift', goi_type=Q0IType.CONSTRAINT, ref_value=15000%%.81, pos_better=True),

. ADORE
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Automatically Linking Elements

1. Factories can be automatically linked to design
space elements using auto match patterns
= Other links can still be created manually in the GUI

2. Patterns are applied on the name and ref fields of

design space elements, and can be defined as:

» Wildcard patterns (case-insensitive): * or ? mean any or 1 character,
respectively

class WingClassAutoFactoryEvaluator(ClassFactoryApiEvalvator):

@staticmethod
def get_class_factories() -> List[ClassFactoryl:
return [
ClassFactory(
el=ExternalComponentDef(name="Wing', n_inst=[1], fputo_match_pattern="/W.x/|p,
cls=Wing,

props={

xternalQoIDef(

name='Wing Area', goi_type=Q0IType.DESIGN_VAR, bounds=(40., 60.) } auto_natch_pattern:‘areaIL
'cl': ExternalQOIDef(
name='Lift Coefficient

0i_type=QO0IType.DESIGN_VAR, bounds=(0., .5),
auto_match_pattern=['cl’, 'L* Coefficient'])
as': ExternalQ0IDef(

name='Indicated Airspeed', qoi_type=Q0IType.INPUT_PARAM, valuezl@@.l auto_match_eattern:'i?s‘I

@staticmethod
def get_metrics_factory() -> MetricsFactory:
return MetricsFactory(metrics={
'Lift': ExternalQ0IDef(

name='Lift', goi_type=Q0IType.CONSTRAINT, ref_value=15088%9.81, pos_better=True,

» Regular expressions: /expr/ (or /expr/i for case-insensitive
checking) H

Same name as external element def: auto=True

3. Linking can be done from within Python (no need
to switch between Python and the GUI)

= After instantiating the evaluator, use the
update_external databases function to add the database and
auto-match elements

= Save to file to inspect the project in the GUI
= Check console output to check matching was correct

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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””/”,,,—~V’

if __name__ == '__main__":

# Tnetantinte evalnnt
# 1) 1nhstantiate evaluvato

evaluvator = WingClassAutoFactoryEvalvator.from_file('Class_Factory_Evaluator_Unlinked.adore')

@
-
o
A
<
[+H]
~+
[~
EB:
= =
o o
2 =
& a
+ =
[1-]
]
(1]
>
=
[1-]
=
=
[+H)
@,
I
a
[+H]
-4
o
(=2
o
1%
@
pLy
=

evalvator.to_file('avto_linked.adore')

Linking report: design space elements --> external element definitions
System.Wing --> <AUTO> Wing

System.Wing.Area --> <AUTO> Wing Area (input)

System.Wing.CL --= <AUTO> Lift Coefficient (input)

System.Wing.IAS --> <AUTO> Indicated Airspeed (input)

System.Produce Lift.Lift --> <AUTO> Lift (output)

. ADORE
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Exercise: Link Factories to Model Elements

* |Ingnc_class_factory evaluator_exercise.py add
a class factory for the actuator component

= No need to track connection targets

» Run the script to verify connections
» Check that “System.Actuator” is linked to the new factory

» Open gnc_cfe_linked.adore inthe GUI to check
created links (hint: look under the “External” tab)

DLR

@@staticmethod
def get_class_factories() -> List[ClassFactory]:

# Define an external element for the type attribute (outo matched by naome)

type_attr = ExternalAttributeDef(name='type', auto=True)

# Define an ext

nal nt for the norts
li t for the ports

port_def = ExternalPortDef(name='Ports', auto_match_pattern='#"')

return [
ClassFactory( # Clo: Y
el=ExternalComponentDef(name="sensor’',

cls=Sensor,

props={
"type': type_attr, # Set the
‘element’: SpecialValue.El,

"targets': ConnectionValue(conn_target_def=port_def, input_conn=False), ta
b

),

ClassFactory( # Class foctory for the Computer (oute matched by pattern)
el=ExternalComponentDef(name="computer', auto_match_pattern='comp*')
cls=Computer,
props={

"type': type_attr, # Set the t©
‘element': SpecialValue.El, rchitectur
"targets': ConnectionValue(conn_target_def =
F
),

# TODO odd class factory for the actuater (nete: no need for tracking connection targets)

ClassFactory(el=port_def, cls=Port), # Class foctory for linking to oll the ports

. ADORE
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Exercise: Link Factories to Model Elements
DLR

ClassFactory( # Class factory for the Computer (auto matched by pattern)
el=ExternalComponentDef(name="computer', auvto_match_pattern='compx'),
* Ingnc_class_factory evaluator_exercise.py add cla-Conputer,
props=

a class factory for the actuator component “type': type_attr, # Set the t

. ‘element': SpecialValue.El, # Architecture element to track the instance index
= No need to traCk connection targets 'targets': ConnectionValue(conn_target_def=port_def, input_conn=False), # Port connection targets
I}
),
ClassFactory( # Closs factory for the Actuator (auto matched b ex)
. . . el=ExternalComponentDef(name="actuvator', avto_match_pattern='/actx/'),
» Run the script to verify connections cls=Actuator,
rops={
» Check that “System.Actuator” is linked to the new factory ’ p-t,,,pe.; type_attr, # Set the ty
‘element’: SpecialValue.El, # dex
+
),
. . ClassFactory(el=port_def, cls=Port), # Claoss foctory for 1 rts
» Open gnc_cfe_linked.adore inthe GUI to check ]
created links (hint: look under the “External” tab)
A DESIGN SPACE £ EXTERNAL e
External Database: Architecture Evaluation Elements
 Architecture Evaluation Elem... Source: GNCClassFactoryEvaluator
Linking report: design space elements --> external element definitions = pdated: 23-02-2023 07:37 LA
System.Sensor --> <AUTD> sensor External Elements (7/7 linked) Search Q
System.Sensor.Type --> <AUTO> type
System.Computer --> <AUTO> computer # Name Auto Match Patterns Element types Linked to
System.Computer.Type --> <AUTO> type 12 ;ep":"' ie“:"” iz':m:e"' i:::";ype e
———p System.Actuator --> <AUTO> actuator . computer CZZD’ Component COm;mer.
System.Actuator.Type --> <AUTO> type 4 actuator Jact*/ Component Actuator
System.Provide GNC.Mass --> <AUTO> mass (output) 5 Ports * Port Data, Command
6 mass (output) mass Quantity of Interest Mass
7 failure-rate (output) failure-rate Quantity of Interest Failure Rate

. ADORE
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Implementing the Evaluation Function
DLR

def _evaluate(self, architecture: Architecture, arch_qois: List[ArchQ0I]) -> Dict[ArchQOI, float]:
# Instantiote classes: we expect one instance of Wing

objects = self.instantiate(architecture)

1. Extend the _evaluate function wing = objects[0]

» Use instantiate and process_results as needed assert isinstance(wing, Wing)
» You can select specific factories to be instantiated: # Perforn calculations
wings = self.instantiate(architecture, results = {
factories=[self. class factories[0]]) "lift': wing.calc 1ift(Q),
. . . b
» Or select the factories to be instantiated by name:
wings = self.instantiate(architecture, # Interpret results so that ADORE can process them
factories="“Wing”) return self.process_results(architecture, arch_gois, results)
1. Run architecture eva|uati0n as |t WOUId be in an evaluator = WingClassFactoryEvaluator.from_file('Class_Factory_Evaluator_Example.adore')
.. . architecture, dv, is_active = evaluvator.get_architecture(evaluator.get_random_design_vector())
Optlmlzatlon IOOp evaluator.evaluate(architecture)
= Architecture can also be a manually generated
arChIteCtU re e architecture = {Architecture} Architecture(33, name="MNew Design Problem: 42.06, 0.43")

e }, constraints = {list: 1} [ArchConstraint{43, name="Lift")]
- 0 = {ArchConstraint} ArchConstraint(43, name="Lift")
@1 arch_goi_id = {int} 37
91 constraint_id = {int} 32

o1 id = {int} 45

3. Check results B nome - fsr} Uit
; -'; dwv = {list: 2} [42.05919669032386, 0.4295716065789159] 81 notes = {NoneType} None /

81 pos_feasible = {bool} True

» is_active = {list: 2} [True, True] 81 ref = {str} lift /
o1 ref_value = {float} 147150.0
8 value = {float} 20287.45304160438

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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Exercise: Class Factory Evaluation
DLR

" In gnc_c1aSS_-FaCtOPy_evaluator‘_exer\cise' py def _evaluate(self, architecture: Architecture, arch_qois: List[ArchQ0I], #*kwargs) -> Dict[ArchQOI, float]:
implement instantiation and results processing in coneore - [
the evaluation function computers = []
actuaters = []

¥ TODO add code above to instantiate sensor, computer, and actuator classes:

- Use the self.instantiate function
Us

Ise the factories argument to only instantiate specifi

[>]
3]
~

=]
wn
w
m
wn

» Remove the exit () near the end of the file

if len(actuators) == 0:
actuators = None

= When done, execute the script and inspect
generated output

#F ralenlat and mateh matnd

» Aplotis created showing the design space netrics = {
. ‘mass’': GNCCalculator.calc_mass(sensor_types, computer_types, actuator_types),
. gnc_c l-ass_-Factor‘y_evaluator‘ -CSV. Summary Of ‘failure_rate’: GNCCalculator.calc_failure_rate(
a” arCh|teCtureS sensor_types, computer_types, sensor_computer_conns, actvator_types, computer_actvator_conns),
¥

» gnc_class factory evaluator.adore: ADORE
mOdeI Contalnlng the arChlteCtureS, you Can Open It # TODO add a return staotement using the self.process_results function to match metrics to QOIs
in the GUI to view them

. ADORE
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Exercise: Class Factory Evaluation

= [Ingnc_class_factory evaluator_exercise.py
implement instantiation and results processing in
the evaluation function

» Remove the exit () near the end of the file

= When done, execute the script and inspect
generated output

» Aplotis created showing the design space

» gnc_class_factory_evaluator.csv: summary of
all architectures

» gnc_class factory evaluator.adore: ADORE
model containing the architectures, you can open it
in the GUI to view them

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22

DLR

def _evaluate(self, architecture: Architecture, arch_gois: List[ArchQOI], #*kwargs) -> Dict[ArchQoI, float]:

netantinte rlaccpe
# tantiate classes

sensors = self.instantiate(architecture, factories='sensor')
computers = self.instantiate(architecture, factories='computer')
actuators = self.instantiate(architecture, factories='actuator®)

if len(actuators) == 0:
actuators = None

# Calculote and maotch metrics

metrics = {

'mass': GNCCalculator.calc_mass(sensor_types, computer_types, actuvator_types),
'failure_rate': GNCCalculator.calc_failure_rate(

sensor_types, computer_types, sensor_computer_conns, actuator_types, computer_actuator_conns),

¥

return self.process_results(architecture, arch_gois, metrics)

GN&C Problem Results: Evaluation API

« Architectures
709 e Pareto front
.
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DLR

{
"projectName": "Guidance, Navigation & Control",
"architecture": {"id": 652...},
"outputs": [
{
"archQoild": 658,
"name": "Mass",
"ref": "mass”,
“type": "OBJECTIVE",
"value": null
} {i}
{‘ ]
"archQoild": 659,
"name": "Failure Rate", JSON
"ref": "failure-rate",
"type": "OBJECTIVE",
"value": null
I
1
"designSpace": {...},
"designProblem": {"id": 65...}
F

:ADORE

File-based Evaluation
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"projectName”: "Guidance, Navigation & Control”,

File-based Evaluation

"outputs®: [
I

"archQoiId": 189, DLR

"name®: "Mass",
"ref®: "mass"®,
"type": "OBJECTIVE",
"units": "kg",
"value®: null

= Direct serialization of the
architecture instance

"archQoiId": 110,
"name”: "Failure Rate",

"ref": "failure-rate"®,
“type®: "OBJECTIVE®,
"units": null,
"value®: null

= Rule-based construction of -
the evaluation input file Avstynbraptone: friame Y
= XML Node Factory Evaluator
= CPACS

b

SAQ Inputs
: S%éf::epfti\fj?w empty file if not using NFE)
o L)
= Supports remote optimization -
Design Problem Settings A:fém L
MDAQ outputs % Tum pl:i::p?‘t':

Connect input te “data_condition 1" x
- ADORE
ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22 x
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Direct Serialization Formats

"projectName®: "Guidance, Navigation & Control",

"architecture®: {"id": 183...}, DLR

"gutputs®: [

"archQoild": 189,

= Each file contains:

"ref®: "mass"®,

= A serialization of the design space, e g
design problem and architecture instance e
= Placeholders to evaluation outputs © arengottor: 110,
e Architecture
"type": "OBJECTIVE", ' P
"units": null, o
\ "value": null Notes
* Formats o
"éesigwﬁaace": [ & elements.. ]
\ "designProblem”: {"id": &7...}

exporter settings

» Testing in the GUI S
= Select an architecture and export it obj
= Add output values to the file Mas Z:;FE Value ka (1)
» Upload the resulting file and observe the 3 P 0

metrics being updated

x
£ ADORE
ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22 x
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Exercise: File-Based Evaluation

DLR
. . @staticmethod
u Manually create an architecture and export it def _get_element_types(data, element_ref) -> List[strl:
to JSON types = []
. . . TODO implement code here:
= Ingnc_file evaluation_exercise.py oo over sueten commonents
- Match components by ref

implement the logic in _get element_types

= Qutput should be a list of element types, for
example:

(A, A]
[B’, ‘C’, ‘C]
» Use the previously exported file as a data
model reference

- For each component, loop over instances

- For each instance, get the type ottribute value (and odd to the list)

return types

= Workshop materials also includes the data
model as a diagram

= When done, execute the script and inspect
generated output

» Aplotis created showing the design space

. ADORE
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Exercise: File-Based Evaluation

@staticmethod DLR
def _get_element_types(data, element_ref) -» List[str]:
= Manually create an architecture and export it types = []

for component_data in datal'architecture']['system']['components’]:

to JSON .

. . . if ééﬁﬁuﬁ;nf;défétiéef:].=: element_ref:
» Ingnc_file evaluation_exercise.py
implement the logic in _get element_types # Loop over instances

) for instance_data in component_data['instances']:
= Qutput should be a list of element types, for

example: # Get type from ottribute value
[A, ‘Al element_type = instance_data['attributes'][8]['valves][6]
assert element_type in ["A', 'B', 'C']
[B’, ‘C, ‘C]
= Use the previously exported file as a data types.append(element_type)
model reference return types

= Workshop materials also includes the data

GN&C Problem Results: JSON File Evaluatar

model as a diagram N . - senctres
= When done, execute the script and inspect o] $72° S _
generated output (o] R p
= Anplotis created showing the design space E w -;.._ "_.-.'1_? : 'g
R T 3
AN ]

T T T T T
-12 -10 -8 —6 —4

System Failure Rate (log_10) Ex Q D O RE
L4
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Node Factory Evaluator (NFE) base file

<data>
<propulsion>
</propulsion>

<nfeSettings>
DLR
JUNPRTE] Loha I /data/propulsion
_..----linked to turbofan
COMP: <« :
Turbofan e lement T/
[ o~ linked o=~ - mmmmome oo ne-Bypass Ratio €
4
QOI [OBJ]: QOI [DV]:
Mass | Bypass Ratio = [5, 15]
A
pRD finked tor=s=s=sssseasanasalocacansn q name>Mass</nam o
/ path>/data/propulsion/turbofan/mass t
metr
instantiate nerries
architecture </nfesettings>
</data>
. determines child
determines tag tag and value
Created XML node
COMP: create
Turbofan XML node—) o
QOI [OBJ]: QOI [DV]:
Mass = 5000 Bypass Ratio = 10 .
merge into
fil
f determines base file
et metric value location determines
location
MDAO output file MDAO input file
<data> <data>
<propulsion> <propulsion>
<turbofan> execute
<bypassRatio>10.0</bypassRatio> / == MDAO === 10.0

n 5000.0</ma workflow " r
</turbofan> </propulsion> x
</propulsion> <nfeSettings>...</nfeSettings>
<nfeSettings>...</nfeSettings> </data>
</data> J

Node Factory Evaluator (NFE)
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XML Node Factory Evaluator

Rule-based mechanism for
creating nodes from ADORE
architecture elements, and
reading metrics from the
output file.

Analogous to the CFE for
Python.

ADORE needs to know
where the factories are
defined by providing the
settings xpath:
/data/nfeSettings

QOutput file
Metric QOls read
from output file.

\

_linkedto T

COMP:
Turbofan
R linked to---
4

QO [OBJ]:
Mass |

QOI [DV]:

e ) |

Bypass Ratio =[5, 15] ]

instantiate
architecture

COMP:
Turbofan
QOI [OBJ]:
Mass = 5000

QO! [DV]:
Bypass Ratio = 10

]

et metric value

MDAO output file

<data>
<propulsion>
<turbofan>

>5000.0< /ma:
</turbofan>
</propulsion>
<nfeSettings>...
</data>

</nfeSettings>

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22

Node Factory Evaluator (NFE) base file

<data>
<propulsiocn>
</propulsion>
<nfeSettings>
Turbofan

/data/propulsion
j>turbofan

Bypass Ratio

] e>Mass</na
/ et
</nfeSettings>
</data>

determines tag

Created XML node

create ’
XML node '

10.0</1

merge into
base file

determines

location

<bypangatlc>10 U</bypagsRatlo>

MDAO input file

<data>
<propulsion>
execute X
MDAQ ==
workflow

10.0</1

</propulsion>
<nfeSettings>..
</data>

.</nfeSettings>

-/data/propulsion/turbofan/mass</xpath>

Base file

Contains static XML
structure, as well as node
and metric factories.

\\ Node factories

Rules for linking to ADORE
elements and creating XML
nodes for each occurrence in
an architecture instance.

DLR

Metric factories
Tells ADORE where to
load the output metrics
from the XML file.

determines child
tag and value

determines
location

/

Input file

Input file containing
nodes from ADORE
elements.

. ADORE
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Element Linking Configuration
DLR

<factories>
<factory>
<!-- The architecture element this factory is associated to -->
DiQIIBQ <element>
Element name in the <!-- Element name, may be used for matching -->
external database. T <name>Element Name</name>
<!--

The factory should be associated to one or more ADORE architecture elements, done by
matching to name/ref of elements.
/\Ut()*”ﬁkiﬂ(] MaEchinﬁ rules are specified.using <match> tags, which can contain one of:
- "auto": match by name provided in <name>
Match by name (auto) - a pattern including wildcards
or by pattern. (* = any characters, ? = @ or 1 character, [..] = optional characters)
- a regular expression, e.g. /c.*/i
Multiple rules can be specified.
-->
<match>auto</match><!-- Match "Element Name" -->
<match>El*</match><!-- Match anything starting with "E1" (case insensitive) -->
13“295 <match>/[Ee]1[~AN]*N.+/</match><!-- Match by regex -->

Optionally restrict
. <!-- Optionally restrict to element type, one of (case insensitive):

COMPONENT, FUNCTION, QOI, ATTRIBUTE, PORT -->
<type>component</type>
</element>

. ADORE
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Node Creation Settings

<factories>
<factory>
<element>..</element>

<!--

DLR

The xpath at which nodes should be created.
Following template parameters are available:

{INDEX} : @-index of
{COMP_INDEX} : ©-index of
{SYS_INDEX} : 0-index of
{SYS_INDEX n} : ©-index of

SYS_INDEX,
{INDEX1} : 1-index of
{COMP_INDEX1} : 1-index of
{SYS_INDEX1} : 1-index of
{SYS_INDEX1 n} : 1-index of

Location SYS_INDEX,

xpath where the new node

should be created at. Optionally .

including template parameters. \ <xpath>/data/elements</xpath>

the linked architecture element (empty string if not applicable)
the component instance containing the element (if applicable)
the system containing the architecture element

the containing system n levels up (SYS_INDEX_© is equivalent to
SYS_INDEX 1 is the system above)

the linked architecture element (empty string if not applicable)
the component instance containing the element (if applicable)
the system containing the architecture element

the containing system n levels up (SYS_INDEX @ is equivalent to
SYS_INDEX 1 is the system above)

Note: "@-index" means counting starts at zero, "1-index" counting starts at 1

<!-- The tag of the created nodes.
Supports the same template parameters as <xpath>. -->

<tag>createdNode</tag>

Tag of the created node.

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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Node Contents

Contents

Attributes, child nodes (recursive)
and the node value can be
specified.

Value types include: literal, value
from another architecture
element, special value, or a
connection value.

<!l--

The following valueDef types are possible:

Literal: just place the text there and it will be used as value for the attribute [)I.F(
Value from architecture element: use <element> (see below)

Special value: use <special> (see below)

Connection value: use <connection> (see below)

-->
<attributes>
<key>literal value (string)</key><!-- Literal value -->
<key><element><!-- Get a value associated to an architecture element, e.g. a QOI -->
<name>Quantity</name>
<match>auto</match>
<type>Q0I</type>
</element></key>
<!-- Get a value derived from the top-level factory element, one of:
ID, NAME, VALUE, EL, INDEX -->
<key><special >NAME</special></key>
<!-- To track port connections -->
<key><connection»>
<element>...</element><!-- Element matching the associated port -->
<dir>input</dir><!-- Optionally restricting to input or output connections -->
</connection></key>
</attributes>
<!-- Child nodes to add to the created nodes -->
<childNodes>
<!-- Key-value pairs specified in the same way as attributes -->
<key>valueDef</key>
</childNodes>
<!-- Directly specify the node value, specified in the same way as attributes -->
<value>valueDef</value>
</factory>

x
£ ADORE
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Developing NFE Factories

DLR
In the ADORE GUI In the execution environment
1. Export manually created architectures: (e a. RC E)
“XML NFE”
- Manually create architectures in ADORE
« Upload base file
. . 2. Create the AdoreOpt file (see RFSAO slides)
*Configure settings xpath 3. In the base file, force the evaluation of a
2. Add output values to exported file | specific archite'cture using archForceEval
3. "Upload results™ to check if metrics 4 Ezecute the workflow an%l observe results
are read correctly '
Architecture s
'—"Wéd H

Hotes XML NFE Exporter Settings - ””“;;P“‘

EXPORT #* “ UPLOAD RESULTS * @ NFE Base F”e ?OLDT

= exporter settings - EJ‘EZ

JSON | T NFE Settings XPath e Toolchain
Obji e MDAO outputs 33> T :iz"ztﬁ

XML NFE oolchain as output.
Mas! Value kg (1) CANCEL APPLY Connect input to "data_condition 1"

C pACS of the MDAQ inputs switch.
Failu RDF (Turtle) Value (1)

. ADORE
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Exercise: Test Node Factory Evaluator

DLR
<gnc>
. | - - i -
= Open gnc.adore and select an architecture <L LOORE mode ractory sertings -
instance <factories>
<factory><!-- Sensor factory -->
= Export to XML NFE: <element>
<name>sensor</name>
= gnc_node_factory_evaluator_base.xml <match>auto</match>
as base file </element>
XML NFE Exporter Settinas <xpath>/gnc/sensors</xpath>
= /gnc/adore as settings path P g <tag>sensor</tag>
NFE Base File
. [) gnc_node_f..r_base.xm X <contentss
» |nspect console output to see if the NFE | ctypes<element><!-- Type attribute -->
behaves correctly fonciadore cnamestype/nanes
<match>auto</match>
» Upload results: Architecture_1 NFE.xml <type>ATTRIBUTE</type>
- - </element></type>
= Observe metrics being loaded correctly CANCEL
<l-- Serialized architecture element -->

<!--<element><special>EL</special></element>-->

<targets><connection>
<element>
<name>port</name>
<match>*</match>
</element>
<dir>output</dir>
</connection></targets>
</contents>
</factory>

. ADORE
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Exercise: Test Node Factory Evaluator

= Open gnc.adore and select an architecture
instance

= Export to XML NFE:

= gnc_node_factory evaluator_base.xml
as base file

= /gnc/adore as settings path

» |nspect console output to see if the NFE
behaves correctly

. Metrics
» Upload results: Architecture_1 NFE.xml o
- = Objectives
= Observe metrics being loaded correctly Valve
Mass 10 kg (1) X
Value
Failure Rate 0.75 (1) X

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22

DLR

<gnc>

<!-- Data model for GNC problem -->
<sensors>
<sensor>
<type>A</type>
<targets>Computer_0_1b4e62</targets>
</sensor>
</sensors>
<computers>
<computer uID="Computer_0_1b4e62">
<type>A</type>
<targets>Actuator_0_2ff4d6</targets>
</computer>
</computers>
<actuators>
<actuator uID="Actuator_© 2ff4d6">
<type>A</type>
</actuator>
</actuators>
<performance>
<mass units="kg">1@</mass>
<failureRate>.75</failureRate>
</performance>

. ADORE
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DLR

ot ADORE
CPACS Interface

37
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ADORE to CPACS Interface

CPACS

Common Parametric
Aircraft Configuration
Schema; https://cpacs.de/

XML format for modeling
aircraft. Includes onboard
system architecture
definitions.

Link elements
Link ADORE elements
to CPACS elements.

Name
Turbofan

Reference J
turbofan

Linked CPACS elements

turbofan|

| engine: Turbofan Engine

Vehicles level Aircraft level DLR

_________

----------- i
analyses [} = lobal
L mtyer Eb—(EB dotn E)

~

Predefine systemElements [ I
e
Predefine rotorElements
R -
Predefine energyCarriers [ uuesmm=maey ® ™ loadAnalysis

| i deckElements [] systemAnalyses: compute

L
; ! andnggoars ¢ powerBreakdown(s)
Predefine engines J i

rotorElements [

---------- 1
i materials

= SE—
-------------------------- [
energyCarriers ¥ -d powerBreakdowns ’

L{ weightAndBalance !
L

i
—: trajectories

systemArchitectures [

systemArchitectures: define connections
between system components (and engines)

Instantiate
. Burschyk, T. et al. (2025) Introduction of a System Definition in the Common Parametric Aircraft
AUtomatlca”y Create Configuration Schema (CPACS). MDPI Aerospace, 12 (5). doi: 10.3390/aerospace12050373

CPACS architecture
elements.

_____________

L toolspecific , @
L

<systemArchitectures>
COMP: <systemAr‘cP'11tectur‘e>
‘ Propeller <connections>
. <connection uID="Electric_Motor_0_d6fec9_to_Propeller_0_50d6d9">
- <source>

needs

m FUN- <componentUID>Electric_Motor_©_d6f0c9</componentUID>
" Provide Shaft Power </source>
<target>

fulfilled by

<componentUID>Propeller_0_50d6d9</componentUID>

Electric Motor </connection> X
: ADORE
x
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ADORE - CPACS Modeling Principles

DLR

<cpacs>
1 1 <vehicles>
= Define reusable elements Iin caireraft.c/aircrafts
. . <engines>
/cpacs/vehicles/systemElements (and engines) cengine uI="engine">
<name>Engine</name>
<rotors></rotors>
. . . . . . . </engine>
= Optionally define explicit factories in ADORE toolspecific engines>
<systemElements>
. . . <electricMotors>
» Import CPACS base file in ADORE: external - import database celectrichotor uIb-"eNotor
9 CPACS <geometry>
<frustum>
<lowerRadiusX>1</lowerRadiusX>
H <height>2</height>
» Can be repeated as many times as needed e e Radiuess
</frustum>
. . . </geometry>
= Link ADORE elements to CPACS factories/metrics | etectricotor
</electricMotors>
<heatExchangers>
<heatExchanger uID="hx">
<name>Heat exchanger</name>
. <geometry>
Component' <parallelepiped>
Turbofan CPACS Evaluator: System Component Factories Sleng e
g System Component Factories i m Source: GPACS Evaluator (System Components Manager) <h61ght>1</helght>
Updated: 20-01-2026 08:49 i . 11e1ep1ped>
N  Engine Factories s o System Component Factories (0/5 linked) Search , </ pira
Turbofan == Updated: 20-01-2026 08:49 = - </geometry>
f « System Architecture Factories rm #1 Name Auto Match Patterns </heatExchanger>
" :enfoe = Updated: 20012026 0849 - 1 electricMotor: E-Motor </heatExchangers>
turbofan @ CPACS Metrics Factories | 2 heatExchanger: Heat exchanger
Linked CPACS elements = Updated: 20-01-2026 08:49 - 3 gearBox: Gear box
turbofan\ X - 4 gasTurbine: GasTurbine
5 generator: Generator

O engine: Turbofan Engine

x
£ ADORE
ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22 x
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Exercise: Import and Manually Link Elements
DLR

= Open cpacs_evaluation_workshop.adore

= |Import cpacs_example reusable elements.xml
as an external database (CPACS)

= Link components to CPACS elements
= Engines
= Turbofan
= Turboprop
= Components
= Electric motor
» Turboshaft
= Batteries
= Generator

= Link QOls to CPACS metrics
= Weight (ImTOM)
= Flight time

= View established connections in the external
databases tab

. ADORE
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Exercise: Import and Manually Link Elements

External element: DLR
. engine: Engine
= Open cpacs_evaluation_workshop.adore Ref: engine-engine_comp.implici
Element Notes Component:
= [mport cpacs_example_reusable_elements.xml Erpoe Factony for engine (ulD = "ergeine’) e
as an external database (C PACS) Link to an ADORE component to create the (in Turboprop Subsystem)
. associated CPACS engine nodes that reference
= Link components to CPACS elements engine (ulD = "engine”). One CPACS engine node is
. created for each ADORE component instance in an Mame
u EnglneS architecture. Electric Motor
Reference
= Turbofan Linked Elements electric-motor
Manually-linked elements Linked CPACS elements
= Tu rboprop Turbofan [Component]  turbo X = electricMotor: E-Motor | X =
= Components
. Turbofan [Component] electricMotor: E-Motor
= Electric motor
O Turboprop [Component]
» Turboshaft
. [J  Turboshaft [Component]
= Batteries
ElemenuNgme ENgIme: cngme
= Generator
) . CPACS Evaluator: System Component Factories
| L I n k QO I S to C PACS m etrl CS - System Component Factories " m Source: CPACS Evaluator (System Components Manager)
- Welght (mTOM) - f:i'2§ Ei?]:{’;;:mus P System Component Factories (4/6 linked) Search
. . - Systi Architect Factori #4 Name Auto-Linking Patterns Element types Linked to
" Fllght tl me = “::"‘iznz;;'lz:;ﬁ :J‘r’e“a o om 1 electricMotor: E-Motor component Electric Motor
a CPACS Metrics Factories o 2 heatExchanger: Heat exchanger Component x
. . . . = Updated. 23012026 10.05 - 3 gearBox: Gear box Component x
» View established connections in the external a g Srrer Cer
5 gasTurbine: Turbosha Component Turbosha
databases tab 6 battery: Battery Pack Component Batteries

. ADORE

https://adore.mbse-env.com/docs/

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22



https://adore.mbse-env.com/docs/

Explicit Factories for Auto-Linking
ccpacs> DLR

<toolspecific>
<tool>
<name>ADORE</name>
<factories>...</factories>

= Defining factories in the ADORE toolspecific cretricss. . .</metrics>

: : </tool>
section allows more control over behavior </toolspecifics
: : </cpacs>
= Auto-linking to ADORE elements /ep
» Modifying specific settings <factory> _ _ _ ,
<!-- The architecture element this factory is associated to -->
<element>
. . <!-- Element name, may be used for matching -->
u Genenc factones <name>Element Name</name>
| CPACS'SpeC|f|C factones Components eng|nes <!-- The factory should be associated to one or more ADORE architecture elements,
! ! done by matching to name/ref of elements. -->
(:()r]r](}(:t()rf; <match>auto</match><!-- Match "Element Name" -->
<match>El*</match><!-- Match anything starting with "E1" (case insensitive) -->
<match>/[Ee]1[AN]*N.+/</match><!-- Match by regex -->
<componentFactory> </element>
<element><!-- ADORE element linking settings (COMPONENT) --></element> cee
</factory>
<!-- Optional genericSystem UID to create the connections in.
If not provided, connections will be added to the first genericSystem -->
<systemUID>uid</systemUID>
<!-- Optional UID of a reusable system element -->
<systemElementUID>systemElementUID</systemElementUID> FQEBfEBr t()
</componentFactory> .F .F -t 1
cpacs_nfe format.xm
cengineFactory> for more details.
<element><!-- ADORE element linking settings (COMPONENT) --></element>

<!-- Optional referenced engine and parent UIDs -->

<engineUID>systemElementUID</engineUID>

<parentUID>systemElementUID</parentUID>
</engineFactory>

. ADORE
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Exercise: Explicit Factory
DLR

<cpacs>
= Start from cpacs_example_factory.xml ctoolspecifics
<tool>
= Define an explicit component factory to link to the <name>ADORE</name>
« ” <factories>...</factories>
Inverter Component <metrics>...</metrics>
</tool>
. _ _ o
= Once ready, import the CPACS file again as an JeparerEpeciie
external database o
actory>
H H <!-- Th hitect 1 t this fact i iated to -->
™ Observe the aUtO-llnklned element <elemeni>ar‘c 1tecture eliemen 1s actory 1s associlate (o]
<!-- Element name, may be used for matching -->

<name>Element Name</name>

<!-- The factory should be associated to one or more ADORE architecture elements,
done by matching to name/ref of elements. -->
<match>auto</match><!-- Match "Element Name" -->
<match>El*</match><!-- Match anything starting with "E1" (case insensitive) -->
<match>/[Ee]1[*N]*N.+/</match><!-- Match by regex -->
</element>
</factory>
<componentFactory>

<element><!-- ADORE element linking settings (COMPONENT) --></element>

<!-- Optional genericSystem UID to create the connections in.
If not provided, connections will be added to the first genericSystem -->
<systemUID>uid</systemUID>

<!-- Optional UID of a reusable system element -->
<systemElementUID>systemElementUID</systemElementUID>
</componentFactory>

. ADORE
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Exercise: Explicit Factory

DLR

<cpacs>
<toolspecific>
= Start from cpacs_example factory.xml <tool>
- - <name>ADORE</name>
; .. . <factories>
= Define an explicit component factory to link to the <componentFactory>
“Inverter” component <element>
<!-- Automatically link to the "Inverter" component -->
: : : <name>Inverter</name>
[ ]
Once ready, import the CPACS file again as an cmatch>autoc/matchs
external database </element>
L </componentFactory>
= Observe the auto-linkined element </factories>
</tool>
</toolspecific>
</cpacs>
CPACS Evaluator: System Component Factories External element:
Source: CPACS Evaluator (System Components Manager) Inverter
Ref: inverter
System Component Factories (5/7 linked) Search Q. Element Notes
#4 Name Auto-Linking Patterns Element types Linked to EXp ;‘r'c."n’y—deﬁned Componenr Facmry
1 electricMotor: E-Motor Component Electric Motor Link to an ADORE component to create the
2 heatExchanger: Heat exchanger Component X associated CPACS genericSystem component
3 gearBox: Gear box Component X nodes. One CPACS component node is created for
4 generator: Generator Component Generator each ADORE component instance in an architecture.
5 gasTurbine: Turboshaft Component Turboshaft .
6 battery: Battery Pack Component Batteries Linked Elements
7 Inverter Inverter Component Inverter
Manually-linked elements -
Auto-linked:  Inverter

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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Exercise: Test the CPACS Interface

Manually create an architecture

Export the architecture to CPACS
= Select the previously-prepared base file

Inspect the created CPACS file

Upload the created file as results
= Observe how metrics are read

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22

EDIT DECISIONS /

VIEW ARCHITECTURE ©®

Architecture

Architecture #1

Notes

EXPORT #* } UPLOAD RESULTS #
sxporter settings
JSON
Metrics
XML
Objq
XML NFE
Weig Value kg (1)
CPACS
Fligh RDF (Turtle) = value min (1)

DLR

. ADORE
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Exercise: Test the CPACS Interface
ccpaces DLR

<vehicles>
<aircraft>

Manually create an architecture rodel vID-TexampleAireraft”s

<engine uID="Turboprop_0_1ba319">
. <engineUID>engine</engineUID>
Export the architecture to CPACS <rane>Turboprop o</rare>
</engine>
. . <engine uID="Turboprop_0_956327">
» Select the previously-prepared base file cengineUTD>engine</ enginaUTD>
<name>Turboprop 0</name>
. </engine>
Inspect the created CPACS file clengines>
<genericSystems>
H <genericSystem uID="mySystem">
Upload the created file as results chanesExample systemc/oonc>
<components>
. < t uID="Inverter_0_ffc962">
= Observe how metrics are read cnane>Inverter 6</nanc>
</component>
<component uID="Electric_Motor_0_470397">
<systemElementUID>eMotor</systemElementUID>
<name>Electric Motor ©</name>

Met”CS </component>
. i <component uID="Electric_Motor_0_c1f8c0">
Obj ectives <systemElementUID>eMotor</systemElementUID>
Value <name>Electric Motor ©</name>
Weight 116230 kg(l] X </component>

<component uID="Batteries_0_6fbf49">
<systemElementUID>batteryPack</systemElementUID>
<name>Batteries @</name>

Value
. . : </component>
Flight time NaN min (1) X </component s>
</genericSystem>
</genericSystems>
. </systems>
Constraints </model>
Value </aircraft>
Final load NaN =20 X <engines>...</engines>
<systemElements>...</systemElements>
</vehicles>

<toolspecific>...</toolspecific>

. ADORE
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System Architecture Definition in CPACS
DLR

» [n CPACS, the systemArchitectureis ST

Provide Shaft Power

simply a collection of connections between o
CO m p O n e n tS Eerft:\rfei:t:fshaftfpower

Linked CPACS elements

System Architecture Connector X

System Architecture Connector

= Connections can be created by linking the
“System Architecture Connector” to a function
Or to a port- <systemArchitectures>

COMP: <systemArchitecture>
. . . . ‘ <connections>
» |f linked to a function: the connection is : <cc<>223rc‘::c:n uID="Electric_Motor_0_d6f@c9_to_Propeller_o_50d6d9">
establlshed from needed to fulfllled |:> </;ccjil)?gzr;entUIwEleo:tr‘ic_Motor‘_e_d61:0c9</componentUID>
. : <target>
n If ||nked to a port from source to target : o </;Ec‘gng:r;entUIwPr‘opeller‘_0_50d6d9</comp0nen'tUID>
</connection>

= The source and target elements need to be
linked to CPACS elements, or be assigned a Is Ambient Connector
connector marker (e.g. ambient connection)

. ADORE
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Exercise: CPACS System Architecture

= Establish a connection between the
turboprop and the electric motor or
turboshaft

= Define “Provide Shaft Power” to be a
connector

= Establish a connection between the
turbofan/turboprop and the ambient
= Define “Generate Power” as a connector
= Mark “Thrust Generator” as being the ambient

» Observe the systemArchitecture
being created in the exported CPACS file

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22

Function:
Provide Shaft Power

Name

Provide Shaft Power

Reference
provide-shaft-power

Linked CPACS elements

System Architecture Connector

System Architecture Connector

DLR

. ADORE
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Exercise: CPACS System Architecture

<cpacs>
<vehicles>
<aircraft> DLR
<model uID="exampleAircraft">
<name>Example aircraft</name>

. . <engines>...</engines>

= Establish a connection between the il

. <systemArchitecture>

turboprop and the electric motor or it i ey et
b h ft <connectiorjs> )
t ID="Turb 0_6367de_t b t"
turbosha U e R e
<source>

= Deflne “PrOVIde Shaft Power” to be a <componentUID>Turboprop_8_6367de</componentUID>

</source>
(3()r1r1€3(3t()r <ti£§§§;nalElement>ambient</externalElement>
</target>
. . </connec§ion> ) i}
» Establish a connection between the e Turbaprop. b besrea o st ot
turbofan/turboprop and the amblent :jEEEEEE:entUID>Tur‘bopr‘op_0_bc8264</componentUID>
t t
- Deflne “Generate Power” aS a Connector ‘ jgiie;nalElement>ambient</exter‘nalElement>
</target>
</connection>
i e I 1 i ="Electric_Motor_0_7fc8ae_to_Turb 0_6367de"
= Mark “Thrust Generator” as being the ambient ananesElectric_otor 0.7 fcse_to, Turboprop. 0, 6967de</macs
<source>
° <componentUID>Electric_Motor_0_7fc8ae</componentUID>
= Observe the systemArchitecture <fsource>
. . = <componentUID>Turboprop_0_6367de</componentUID>
being created in the exported CPACS file e
<connection uID="Electric_Motor_0_ec2d77_to_Turboprop_0_bc8264">

<name>Electric_Motor_0_ec2d77_to_Turboprop_0_bc8264</name>
CPACS Evaluator: System Architecture Factories <source>

<componentUID>Electric_Motor_0_ec2d77</componentUID>
System Component Factories s Source: CPACS Evaluator (Connection Manager) </source>

= 3 O
Updated: 23-01-2026 10:28 ] ] <target>
« Engine Factories P System Architecture Connector Factories (2/3 Search Q <componentUID>Turboprop_08_bc8264</componentUID>
' Updated: 23-01-2026 10:28 - Iinked) </target>
@ System Architecture Factories 4 o </C°””e§t10”>
=~ Updated: 23-01-2026 10:28 - # 4 Name Auto-Linking Patterns Element types Linked to </connections>
. ) </systemArchitecture>
« CPACS Metrics Factories ¥ m 1 System Architecture Connector Function, Port Generate Power, Provide Shaft Power /sy .
= Updated: 23-01-2026 10:28 - 2 s Ambient C c Thrust G </systemArchitectures>
s Ambient Connector omponent rust Generator </model>
3 Is Passengers Connecior Component X </aircraft>

</vehicles> x
</cpacs> ;:

https://adore.mbse-env.com/docs/
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DLR

SAQ Inputs

£p | Provide
L | -*adoreopt file
- NFE base file (or empty file if not using NFE)

MDAQ inputs
fad it}

TS
SA0 Loop

i
of-

x
AdoreOpt

input and
provides file
as output.

Toolchain

MDAO outputs | 33>

Connect input to "data_condition 1°
of the MDAQ inputs switch.

»t; ADORE
Remote File-based SAO (RFSAOQO)

50 ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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Remote File-Based SAO (RFSAQO)

Remote Execution

Configure the algorithm and
evaluation interface in the
GUI. Execute the optimization
in an external environment.

DLR

Create a design problem in
the GUI and click “start
remote optimization”.

START REMOTE OPTIMIZATION

Resulting AdoreOpt file

Algorithm
Choose from DoE, NSGA-II,

SBO or SEGOMOE.
Refer to SBArchOpt for more
details about the algorithms.

Remote Optimizer Configuration
Algorithm ®
Select optimization algorithm

Bayesian Optimization (SBO)

Initial DoE size

15

Number of infill points

30

*©

Minimum Probability of Feasibility

9

AdoreQOpt file

PLS dimensions

Configuration and
state is stored in an

Open the resulting .adoreopt
file in the GUI to view results
and export to CSV.

SAQ Inputs

{F Provide:
L | -=adareopt file

- NFE base file (or empty file if not using NFE)

MDAQ inputs

ar

SAO Loop

1

x
AdoreOpt

Evaluator ©
Evaluator adoreopt
Choose from XM I_’ .JSON, SCc;:Cﬂ;:h\mclurc evaluator ‘flle MDAD outputs »
XML NFE or CPACS.
Connectinput to "data_condition 1"
of the MDAQ inputs switch.
CLOSE GET OPTIMIZATION FILE

ADORE Evaluation Interfaces | Jasper Bussemaker (DLR-SL) | 2026-01-22
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RCE Workflow Template

DLR
Remote Component Workflow template
. Start from adore_rfsao_template.wf.
E nvironme ﬂt Replace “toolchain” by the actual
RCE is an open-source process evaluation tools Evaluation input file
integration platform, developed Workflow inputs Connect “data_condition 1”
Provide the AdoreOpt file SAO Inputs to the toolchain.
by the DLR. and (optionally) an XML T £ .
httDS//rcenVIrOnmeﬂth/ or CPACS base file. -NFEbasepfne(oremptyfneifnotusing NFE)
MDAD inputs
s =
SAO Loop
t
AdoreOpt block — Azfépt :
Remotely available or locally integrated. Refer feolchain
to remote_file_based/rce_integration Tkesficas
for more details. MDAO outputs | 32> orovides file
Toclchain as output.
Restart / Viewing Results et o oot conditont:

of the MDAQ inputs switch,

At each iteration, the AdoreOpt block outputs a

new .adoreopt file:

* Provide it as workflow input to restart the Evaluation output file
workflow from that iteration. Connect to the join'er.

* Open it in the GUI to view (intermediate)
optimization results and export to CSV.

. ADORE
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