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Architectural Design - Problems and Remedies  |ncose
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« Key concerns:

— System Complexity is increasing — manual decisions no longer
possible

— Design Space Exploration tools today — Excel and Visio

— Optimization requires a math expert to work with the Systems
Engineer

» Lots of information is lost in the interaction
— Tedious and manual management of such processes

« Solution approach:
— Allow the Systems Engineer to formally express the system
composition rules and constraints
— Automatically generate the optimization code from the model
— Visualize results
— Management tool orchestration and collaboration
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Architectural design flow — now and next
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Architecture Optimization Workbench Concept

1. Describe system through different 2. Derived Data Schema for Input and
SysML views, including design output structures
alternatives, constraints and goals
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Architecture
Optimization
through Design
Space Exploration
iterations 3. Automatic translation(via an
interchange format) into

Optimization solver

4. Optimized architecture back

annotated to SysML model




From user story to model

Functional Model
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From user story to model

Architectural Template
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From user story to model [ ] =/ =/
ol

Geometrical Model
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Concise Modeling
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Large systems architectures are difficult to model
— Lots of elements and details
— Time consuming
— Error prone

Concise Modeling — SysML models combined with tabular data
— SysML depicts the system composition rules
— Tables contain instantiations

For an existing model the tabular data is taken from

a component library )

Values

Empty parameters to be filled by the optimization engine
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Concise modeling: views and relations

Mapping
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Mapping
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= Mapping is a means of defining what

goes where

= Functions are mapped to a type of
component or to a specific instance

= Components are mapped to a type of
compartment or to a specific one

Geometrical
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“block®
Compartment

prime
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Concise modeling: views and relations

Functional "

Mapping === 1 [ __F= |

[ T T
——— PR i S
= e | |
= | | — -~
e | = e B
J\ = :

it

S e o Input & output structures
Technical = = \ P p

int int int
| S Wb e
astor L. s
— b, ckhcmtrs RDomleckhe| DAlAats
E ...,.gm ‘ ) neiatiorts
int int Isting int float  [foat  [float float int float
“id “typeid typeName pots  cost  fRate |latency power  supplier weigt
1 0
2 0 | I
3 0
> P Inventory
Automatic Generation R
int int int int float float float
*id “typeid  area device X y z
1 37
2 37
3 37 Indices
4 37 llllllll
er 5 37
2 powas 6 37
— G t . l Output Tables
= = eometrica
i E Route
from|:‘*sub *
“block?
Compartment
H " inventory? : tring. -
H " inventory? x:float pri
[ " inventory? y:float
Pars
A




Concise modeling: views and relations ,@E
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Modeling behavioral constraints

« Use variability
constructs in
functional
view

* Add system
operational
scenarios

— Extended
OCL

— Attributes as
arguments
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Scenario Modeling

?\
Systems have many operating modes and scenarios
— Design must satisfy all
— Modeling tools are needed to specify modes and scenarios
 Variability package extension
— SysML based
— Behavior modes groups ] T L
— Modeling operating and failure modes - Wij B

<<L€¢5!pand»
S1:Relay On_Off

T

5]
™1
[
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Objectives and constraints modeling - Algebras  [\cos
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« Use SysML parametric diagram or textual notation

» Some metrics will be only referenced due to their complexity

« Use the object model (including concise) to define sets

« Model interrogation functions — additional means to define sets in absence of the

actual architecture

«block»
« Stereotypes with tags to select objectives EPS
and define their constraints Values

== «objective» NumberOfRelays:int

par [block] EPS_Technical [Cost_Algebral )

\\\\\\\\\\\\\\

* ConstraintProperty®
EPS_Technical.CF:CostFormulae PDB_Costs[1..:RhpReal
Constraints

System_Cost:RhpReal -, system_Cost = PDB_Costs->sum() + Cables_Costs->su...
] Cables|_Costs[1.."]:RhpReal

Constraints
{1} NumberOfRelays=count(getAllParts(Relay))

O
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Stereotyped Comments

" Attribute®
SystemCost:RhpReal

‘‘‘‘‘‘‘‘

TotalCost :RhpReal

uuuuuu

Parametric Diagrams
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B }——————"""_ qetDiaaram}
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Constrains modeling - structure

« Constraints are given on the functional (requirements) level

— Mapping needed to technical level

* New concept — constraints diagram

— Model a functional link

— Map to a structural template
— Add link modifier

« Should/should not exist

* Related operational scenario

* Probability information

« Reliability/Timing/etc constraints on link
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Left Gen APU Right Gen

S
DSE Use case Q ) ? NG

« EPS - Electrical Power 1

System for UAV T
_ | | | |
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and switching |
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TRU TRU
— Optimize for cost Secondary Power
and weight istributi
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Optimization Auto-Generation
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Automatic Generation

Optimization Problem
Formulation (CPLEX)
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Multi Objective Optimization RO
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Optimization Problem . .. .
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Diversity Maximization Algorithms Koo
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» Points on efficient frontier often represent very similar architectures
— No real choice is given
— No boost in innovation

« Existing genetic algorithms do not guarantee maximum diversity and
are computationally heavy.

» Our algorithms guarantee maximal designs diversity under allowed
deviation (distance) from the efficient frontier
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Process and Tools overview

Architect’s

cockpit

Requirements

éonceptual design \

With Concise Modeling
& Component Libs

Auto Translate to
Optimization Model & Solve

CPLEX

Faster and Smarter Than Ever
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Architect Cockpit Objectives -

management Inl'e{}na&orﬁ%m‘pbsium

0 o P Demo - esn -~ = =T

€)@ iomeom nips/mm ot omeom: . e | 8- Googte 2#le-

Modeling management Data management

@D for P Demo - Design... | Kenton S Browser - Storage.. | +
omeom

- c o

. Single environment
—  Main tool of the Systems Engineer
—  Controlling the design and analysis process
. Based on Design Manager and JTS

. Interaction with modeling environments
—  Review and comment mechanisms
—  Cross organizational collaboration /
—  Models import / export control L 7 NLX = -
—  Back-end model transformations
. Integration with analysis tools

—  Simulations, computations, domain
specific views

astrzaton waet - BIUTORC-D090-4405 #€TS-cOOITIN0

—  White-box, black-box Bk-Annotatio,
— Analysis results feedback into models - = = =

. Visual analytics
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Design Space Exploration - METHODS

Internat
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Define SysML extensions for concise systems

modeling

— Composition rules rather than complete structures

— Add structural constraints

— Component libraries as third party input via structured
interchange format

— Define contracts for the system and its components —

behavioral constraints
— Define variables algebras (e.g. weight, cost, complexity etc)

Add variability points - choices
Add optimization enabling data to the model

— Define objectives
— Add constraints
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GCU.C1.Assumption:= [E “Gen.failed") implies [C Gen.status=failed] holds forever 5 - (Pomodt

1.9
GCU.C1.Guarantee:=whenever [E “GCU.recv_gen_failure’] occurs [E “GCU.send_gen_failure”] within (+GCU_send_delay]]
GCU.C2.Guarantee:=whenever [E “GCU.recv_gen_failure’] occurs [E “GCU.send_open_gen_relay’] within (+GCU_send_delay]] +
GCU.C3.Guarantee:=whenever [E “GCU.recv_command com” and not ( com=="send_open_gen_relay’ and C GCU.gen_status_failed)] occurs [E a
“GCU.send_command com’] within (+GCU_send_delay]] it b ooy T
LF\u" AEUI"\‘

int
“id

oo s w
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float float float float int float int int
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