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More components, more complexity

Middleware: 

A or B?

Configuration 

A, B, C …

CPU: 

A or B?

Software: 

A or B?

Configuration 

A, B, C … … 

… 

… 

Software: 

A or B

CPU: 

A or B

Configuration 

A, B, C …

Software: 

A or B

Middleware:

A or B

Middleware: 

A or B

What matters:

• Satisfy 

functional 

properties

• Achieve non-

functional 

objectives
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But that’s not actually how it all works.

System designers rely on their expertise and intuition instead

• Model-Based System Engineering (MBSE) supports that intuition, 

but has some drawbacks at large scale.

• Design Space Exploration works well at scale, but has some 

usability issues and rarely uses multipurpose system models

So, we created and evaluated the Guided Architecture Trade Space 

Explorer, which supports designers’ intuition by integrating:

• A standardized MBSE language and tool

• An established DSE tool
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Pedals

Power

BSCU

Green Pump

Blue Pump

Accumulator

Shutoff

Selector
Green Skid

Blue Skid

Wheel

The wheel brake system
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The wheel brake system

Two subsystems (command and monitor) + common platform

• Two monitor implementations, two command implementations

• Platform varies in power budget, wiring gauge, CPU architecture

• Multiple CPUs must have the same architecture

• Power required by CPUs must match platform provisions

… and that’s just one component!

Pedals

Power

BSCU

Green Pump

Blue Pump

Accumulator

Shutoff

Selector
Green Skid

Blue Skid

Wheel
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Architecture Analysis and Design Language

This is AADL’s graphical syntax (textual syntax on… next slide).

International standard (SAE AS5506C)

Used in academia, industry, government in the US, EU, China

https://aadl.info

Pedals

Power

BSCU

Green Pump

Blue Pump

Accumulator

Shutoff

Selector
Green Skid

Blue Skid

Wheel

https://aadl.info/
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Architecture Analysis and Design Language

Textual syntax is better for properties / computer scientists

Graphical syntax is better for structure / system engineers
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Open Source Architecture Tool Environment

OSATE is open source & SEI maintained

https://osate.org

https://osate.org/
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OSATE is a system analysis toolbench

In addition to expected IDE functionality, OSATE supports:

• Latency analysis

• Power consumption / budgeting

• Scheduling analysis

• Much more (safety, security, etc.)

… more are being added by the SEI and external researchers.
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Example Domain-Specific Plugin
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Designing by Shopping (Balling)

What’s wrong with optimization?

• “A priori articulation of preference” (Hwang and Masud) is hard. 

How do we fix it?

• Provide a range of options so users can intuitively understand 

tradeoffs

• Options should be pareto optimal

Think of buying a shirt on Amazon…

• It’s hard to envision the perfect shirt without seeing any examples

• And even if you do, what are the odds it exists?

• Look at some examples (yellow vs blue shirts) then refine your 

search

• Repeat until you’re satisfied
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Penn State’s ARL Trade Space Visualizer

Java based software for 

design-by-shopping.

Includes both a range of 

evolutionary algorithms and 

a variety of visualizations.

Evaluated in aeronautics 

and aerospace domains.
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GATSE: What is it?

Plugin for OSATE, three main elements:

• Support for new configuration language (more detail coming)

• Modifies OSATE’s instantiation and analysis logic

• To make it headless

• To support “skeleton” architectures

• Creates ATSV-connection artifacts
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A Configuration Language for AADL

configuration C1 extends S.i {

sub => Intel.i3;

#SEI::Weight => 0.2 kg;

}

Assign a component implementation 

and a property value

package P

system S

end S;

system implementation S.i

subcomponents

sub: processor Intel;

end S;

processor Intel

end Intel;

processor implementation Intel.i3

end Intel.i3;

processor implementation Intel.i5

end Intel.i5;

end P;

An AADL Model

configuration C3 (

proc: processor Intel

from (Intel.i3, Intel.i5)

) extends S.i {

sub => proc;

#SEI::MIPSCapacity => 1000MIPS;

}

Parameterized configuration

with list of valid choices

configuration C2 extends S.i with C1 {

sub => Intel.i5 {

#SEI::MIPSCapacity => 1500 MIPS;

}   }

Extend a configuration and override an assignment

Assign a property in a nested configuration
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Run TimeDesign Time

GATSE: How do you use it?

• Configuration:

• Changeable elements

• Valid values for 
changeable elements

• Constraints

• Verifies constraint 
satisfiability

• Create connection 
artifacts

OSATE + GATSE

• Instantiates model 
from skeleton + 
selected inputs

• Runs specified analyses

OSATE + GATSE
• System model 
“Skeleton”

• One or more analyses

• OSATE + GATSE plugin 
and ATSV

Prerequisites

• Selects new inputs 
from constrained space

• Draws values in 
graphical display

ATSV
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GATSE (ATSV): In action – Viewing
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GATSE (ATSV): In action – Filtering
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GATSE (ATSV): In action – Tailoring
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GATSE (ATSV): In action – Pareto
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GATSE (ATSV): In action – Detail 
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Example Domain-Specific Plugin
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The GATSE Vision

AADL: Custom Properties

Used By

OSATE: Custom Analyses

Viewing Filtering Tailoring

Enables



28
Guided Architecture Trade Space Exploration 
© 2019 Carnegie Mellon University

[DISTRIBUTION STATEMENT A] Approved for public release 

and unlimited distribution.

Software Engineering Institute

Carnegie Mellon University

Pittsburgh, PA  15213

[DISTRIBUTION STATEMENT A] Approved for public release 

and unlimited distribution.

Guided Architecture Trade Space 
Exploration
Fusing Model Based Engineering and Design by 
Shopping

Sam Procter (sprocter@sei.cmu.edu)

Lutz Wrage


