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More components, more complexity

Configuration
A B, C...

Software: Configuration

AorB A B, C...

Middleware:
AorB

What matters:

« Satisfy
functional
properties

~* Achieve non-
functional
objectives

Carnegie Mellon University Guided Architecture Trade Space Exploration
SOftV\/a re Engiﬂeel’\'ng Institute © 2019 Carnegie Mellon Universit y

[DISTRIBUTION STATEMENT A] Approved for public release
and unlimited distribution. 3



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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The wheel brake system

( whs.federated*
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The wheel brake system

d pedals* ~‘gnalz . (r\ : __
Pedals 7~ BSCU Green Skid | o
pedall - S e I e Cto r Jreen ml"’“b p blue_input
[ Accumulator ““H P
"Shutoff ... s
[ Green Pump ™ queme ) D’Blue Skld
ure. ? s

[ Blue Pump

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!
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Architecture Analysis and Design Language

whs.federated*

Green Skid
" Selector v | 2

([ Accumulator """

5 H
g 3
W

boolean_inpu h
Shutoff ..
input

r

- Blue Skid

[ Green Pump ™™

( Blue Pump " —— ?

This is AADL's graphical syntax (textual syntax on... the next slide)
International standard (SAE AS5506C)
Used in academia, industry, government in the US, EU, China

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

system implementation wbs.generic
subcomponents

-- Pedal subsystem
pedals : system

-- Power subsystem
power : system

-- The two pumps at the
blue pump : system
green_pump : system

-- The accumulator pump
accumulator . system

impl::pedals::pedals.generic;

impl::power: :power.generic;

top of the diagram
impl::pump: :pump.generic;
impl::pump::pump.generic;

impl::pump::pump.generic;

-- The selector subsystem

selector : system
bscu . system
wheel : system

-- Annunciation device
annunciation

connections
accu_to_sel: bus access selector.accumulator_input <-> accumulator.pressure_output;

powerl

power2

pedall : port pedals.

pedal2 : port pedals.
properties

SEI: :WeightlLimit => 50.0

impl::valves::selector;
impl::bscu::bscu.generic;

impl::wheel: :wheel.i;

: bus access bscu.pwrl <-> power.linel;
: bus access power.line2 <-> bscu.pwr2;

signall -> bscu.pedall;
signal2 -> bscu.pedal2;

kg;

device implementation powersource.large
properties
SEI::Price => 1000.00;
SEI: :NetWeight => 7.5 kg;
SEI: :PowerCapacity => 300.0 w;
end powersource.large;

: device impl::communication::annunciation.i;

« Textual syntax is better for (potentially custom) properties /
computer scientists

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

il
IR I
%% AADLNa 23 |[# AADL Dia

==

THEF < Y1 ILTLAGIIPILED [U3OLTLTYLIT 1Ha3Le

» =\ Referenced Projects
» =4 Plug-in Contributions
*xARP4TE1
v Fadvanced
» % common
> Functional
5 alert.aadl

-

4

4= decelerate.aadl

electrical.aadl

» 5 generic_functions.aadl

» ;5 hydraulic.aadl
» Zxinstances

¥ ;5. main.aadl

[ status.aadl

[ steering.aadl
S throttle.aadl
» ieywbs

- v v

=l v

4

=

sEE DX IBEE AN

[l main.aadl 2 power.aadl ﬁ'{?ﬂ whbs.aadl £2 = B8

Dummy component for the wheel brake system.

8

-

» EiWBSFunctionalErrorLib.aadl

vz implementation
» 5 bscu.aadl
» |5 common.aadl
» 5L communication.aadl
» S error.aadl
» 5 pedals.aadl
» 2 platform.aadl
|5, power.aadl
5 pump.aadl

- v

¥~ BW OB B

: F

4= main.aadl

17

18 --
19 --
28 --
21& system wbs
22 end whbs;

23

24= system implementation wbs.generic

25 subcomponents

26 -- Pedal subsystem

27 pedals : system impl::pedals::pedals.generic;
28

29 -- Power subsystem

3 power : system impl::power::power.generic;
3 -- The two pumps at the top of the diagram

33 blue_pump : system impl::pump::pump.generic;

3 green_pump : system impl::pump::pump.generic;

3 -- The accumulator pump

3 accumulator : system impl::pump::pump.generic;

3 -- The selector subsystem

48 selector : system impl::valves::selector;

41 bscu : system impl::bscu::bscu.generic;
42

3 wheel : system impl::wheel::wheel.i;

44

45 -- Annunciation device

. Problems 2 [ Properties ™ AADL PropertyValues % Classifier InNformation

126 errors, 37 warnings, 0 others (Filter matched 137 of 163 items)

Description

» @ Errors (100 of 126 items)
b & Warnings (37 items)

Writable

Resource Path

Insert 41:53

OSATE is open source & SEI maintained
https://osate.org

SF @ Q-5 ~

Quick Access &=

o |

B Outline X | » & [& — =
~ i Package Public impl::wbs_public
) System wbs
~ (O System Impl wbs.generic
I ANNex EMV2
» — Access Connection accu_to_sel
» — Access Connection power1
» — Access Connection power2
» — Port Connection pedal1
» — Port Connection pedal2
O System Subcomponent pedals
O System Subcomponent power
O System Subcomponent blue pum

O System Subcomponent green_pur
O System Subcomponent accumulat

O System Subcomponent selector

System Subcomponent bscu

O System Subcomponent wheel
» O System Impl wbs.basic
» O System Impl wbs.detailed
» O System Impl wbs.federated
» O System Impl wbs.ima

=+, - =
5 8

Location Type
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https://osate.org/

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 SEIl and external researchers.
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Example Domain-Specific Plugin

private double calcBrakingPower (ComponentInstance ci) {
double power = 0.0;

/* Recurse into subcomponents */

EList<ComponentInstance> cil = ci.getComponentInstances();
for (ComponentInstance subi : cil) {

}power += calcBrakingPower(subi);

power += PropertyUtils.getRealValue(ci,
GetProperties.lookupPropertyDefinition(ci,
"DemoProperties", "BrakingPower"), 0.0);

return power;
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Designing by Shopping (Balling 99)

What's wrong with Think of buying a shirt online...

optimization? « It's hard to envision the perfect

* "Apriori articulation of shirt without seeing any
preference” (Hwang and examples
Masud) is hard. « And even if you do, what are

How do we fix it? the odds it exists?

* Visually display arange of « ook at some examples (yellow
options so users can vs blue shirts, stripes vs dots)
Intuitively understand then refine your search
tradeoffs

« Display should be
Interactive

« Options should be
pareto optimal
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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.

cal user
.ne design
adigm. The
interface:
sinate plots;
imensional

yph, parallel
acover relationships

Copyright © 2003 by ASME
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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

https://github.com/osate/osate2-qgtse

Carneg‘ie Mellon University Guided Architecture Trade Space Exploration [DISTRIBUTION STATEMENT A] Approved for public release
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https://github.com/osate/osate2-gtse

A Configuration Language for AADL

An AADL Model

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;

configuration C1 extends S.i {
sub => Intel.i3;
#SEl::Weight => 0.2 kg;

3

Extend a configuration and override an assignment
Assign a property in a nested configuration

configuration C2 extends S.i with C1 {
sub => Intel.i5 {
#SEl::MIPSCapacity => 1500 MIPS;

33

Parameterized configuration
with list of valid choices

configuration C3 (
proc: processor Intel
from (Intel.i3, Intel.i5)
) extends S.i {
sub => proc;
#SEl::MIPSCapacity => 1000MIPS;

3

Carnegie Mellon University
Software Engineering Institute
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GATSE: How do you use it?

Design Time

OSATE + GATSE

e System model
“Skeleton” ¢ Configuration:
¢ One or more analyses ® Changeable elements
e OSATE + GATSE plugin * Valid values for
and ATSV changeable elements
e Constraints
¢ Verifies constraint
satisfiability
e Create connection

. . artifacts
Prerequisites

Run Time

OSATE + GATSE

e Selects new inputs
from constrained space

¢ Draws values in

. . e Instantiates model
graphical display

from skeleton +
selected inputs

* Runs specified analyses

Carnegie Mellon University Guided Architecture Trade Space Exploration [DISTRIBUTION STATEMENT A] Approved for public release
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GATSE (ATSV): In action — Viewing

Weight vs. Price vs. Braking Power

286 oe—O0e oe o
® 0 @ @00 eee oo
s 000 ¢ De®@C®ed Ooe o0
o o00 A @ geg CC®e@ © O
= oo 000°VWH°Pald®*om 00 oo
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% oo ot WO VW) MHEG N )% e ©
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e eoe ot QUG O &Gp ®00 O
7545535, 98 000 '_.%%22 e-oo 76308 — 55547
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GATSE (ATSV): In action — Filtering

Weight vs. Price vs. Braking Power

SR © © © cruch/prererence controls o

| =

B B =2 2 =8 &

4

9

Add Controls for a Variable |Price |v| Visible count=43 Pref. Type

23.3 Variable Brush Controls Preference Controls
BrakingPo || 14.00 R 20-19 20.10 Minimize | » ' Maximize .00
—{ ——
E Weight 7.46 6'46 D 23'61 15.00 Minirmize | ' Maximize 00
i Pri 4330.00 2004.7 A e | i - .
.% 18.0 rice 4335,.,:,@'3 ¥ 16CICICI.CICI Minimize Maximize .00
= R G R S @ sy S Q- ng NP (P N P g WA )
0 00 080 @C® TPV THo O
27100 00D @b @XY XD OO WO O O —
OO @@ C@o CX» 0y OO O
/94333.0 Uehtrs @ Gge e Y 7830.8 17
Prlce 11.2
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GATSE (ATSV): In action — Talloring

Weight vs. Price vs. Braking Power

Engine Frame: CommandLineProblem

ot mm = o—o—o-o

Feasibility Sampler ertlnns |
MOEA Pareto Sampler r Point Sampler . O .
Attractor Sampler |/ Pareto Sampler
Basic Sampler |/ Preference Sampler

Choose direction of preference B @ O. .' . .'

wbs_impl.b...

Wy COe©C e @ o O

wbs_impl.b...
wbs_impl.b...

e 00 @ O
e ®® o

- o e e
BrakingPower

4 e 4
Algorithm :

@
Number of Runs | [1,000 Pﬁl 58872 7 55

Price 11.2

Price

validModel

Weight

InvalidReason
Weight

powerbusl

powerbus2 20.1

G E|E e e e e E e e
= =

i
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GATSE (ATSV): In action — Pareto

Weight vs. Price vs. Braking Power

@& oy O o— Curve Legend
289 =~ . e Pareto
@ O @
23.9 D Co @ @ o
@ D Q> Qg O g O gp ® o o
£ @)
2 102 @O Cu» @O ee @ @
apy @
¢ ® O e > © o O
14° @
20,1
a g % 11.2
T4269.0 . ~ 6678.1 78827 9087.2
Price
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GATSE (ATSV): In action — Detall

Weight vs. Price vs. Braking Power

28.6 O—8—CO OO

Details For Poinkt 95

239 functional decelerate=0
functional alert=functional::Alert;Alert.hi_quality
. . @ functional. steering=functional:;Steering:: Steering.i3
o functional. status=functional:: Status:: Status.lo_quality
whs_impl.power.linel=1
19.2 ) whs_impl.power.line2=0

whs_impl.power.powerbusl=0
whs_impl.power.powerbusl.socket=impl:common::power

. ~ @ whs_impl.power.powerbus2=2

Weight

whs_impl.power.powerbus2. socket=impl: common: power
whs_impl.blue_pump=impl:;:pump: pump.large
¢ whs_impl.green_pump=impl:pump:;:pump.large
14-- - (‘j} - ¢ whs_impl.accumulator=impl:pump::pump.large
¢ whs_impl.wheel=impl:wheel;wheel one_input
. ¢ whs_impl.wheel.tire=impl::wheel:tire.hi_quality
g m ¢ whs_impl.wheel brake=impl::wheel::brake. hi_quality
¢ whs_impl.bscu.subl.mon=impl;:bscus:monitor.il
whs_impl.bscu.subl.cmd=0

9'84259.[) %}qu whbs_impl.bscu.sub2. mon=impl::bscu::monitor.il
|

whs impl.bscu.sub2.cmd=impl::bscu: command.il
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Example Domain-Specific Plugin

public class BrakingPower extends AbstractAnalysis {

@Override public void runAnalysis(SystemInstance instance,
SystemOperationMode som, AnalysisErrorReporterManager errMgr,
IProgressMonitor progressMonitor, Response resp) {

resp.addVariable("BrakingPower", ATSVVariableType.FLOAT,
String.valueOf(calcBrakingPower(instance)));

}

private double calcBrakingPower (ComponentInstance ci) {
double power = 0.0;

/* Recurse into subcomponents */

EList<ComponentInstance> cil = ci.getComponentInstances();
for (ComponentInstance subi : cil) {

power += calcBrakingPower(subi);

power += PropertyUtils.getRealValue(ci,
GetProperties. lookupPropertyDefinition(ci,
"DemoProperties", "BrakingPower"), 0.0);
return power;

Carnegie Mellon University Guided Architecture Trade Space Exploration [DISTRIBUTION STATEMENT A] Approved for public release
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The GATSE Vision

AADL: Custom Properties

device 1mp1ementat10n tire.hi quality
properties

-- Built-in properties supporting
cost and weight analyses
SEI::Price => 1000.
SEI: :NetWeight => 3.5

kg;

Custom property supporting domain-
specific analysis, potentially
derived from other analysis /

- modeling tools
DemoPropertleS"BraklngPower => 10.0;
end tire.hi_quality;

Used By

Enables

$

OSATE: Custom Analyses

public class BrakingPower extends AbstractAnalysis {

@0verride public void runAnal{51s(Systemlnstance instance,
SystemOperationMode som, AnalysisErrorReporterManager errMgr,
IProgressMonitor progressMonitor, Response resp) {
resp.addvVariable( "BrakingPower", ATSVVariableType.FLOAT,
String.valueOf(calcBrakingPower (instance)));

private double calcBrakingPower (ComponentInstance ci) {
double power = 0.0;

/* Recurse into subconponents ¥/

EList<ComponentInstance> cil = ci.getComponentInstances();
for (ComponentInstance subi : cil) {

power += calcBrakingPower(subi);

power += PropertyUtils.getRealValue(ci,
GetProperties. lnokupPrnpertyDefmltmn(c:.,
"DemoProperties"”, 'H
}return power;

"BrakingPower"), H

Viewing Filtering e e Tailoring ’
eig VS. Price vs. braking Fower =) A
Weight vs. Price vs. Braking Power e vs. Braking Power
< - = N © G © oot preterence convots oerae ] . o
= o FIERECRE e o —00o——
® b =2 2 &8 L 8 & |z v Feasibility Sampler | Options
e c & @28 ese e MOEA Pareto Sampler Point Sampler ° e e
Add Controls for a Variable [price =] Visible count=43  Pref. Type [Normali. = T T
. ®C0e § LePC®ed Boe (1} ‘ Variabie “m‘""*"‘“""‘i:‘*m Pestarence Cantrots Chooss diraction of prefarenca I @ e @ L 2
L R - [ srakingea| 1000 T o T 7] [Minimize Maximize .00 wosmpib... 8] [ 5
* Geo wAm 208 00ed 2o ¢ & [0 weighe || pte g 2.6 | Minimize Mexmize 00 whsimpl.b... | |f My CDg O gy ® g
® Opaly®hom oo e se ) 1 Jmoerce |[Ta00jgmes T o [ Minimize Masmize .00 & progmra N
€ see ©oe”balb 18.0) e ° :
g g FAD T ADOGE CHAN IO A TATIT i E i 4t E» “ed ©® @ L
H ® 0 005400 HMBA WM e B%0ce e E3 vaidnodel |8 [ )
g D80 @B T CEX X X invalidreason | |} A*L @ @ ®
% se o WD W MHE Y H"e | Weight 3 4
s 0O @ € ) ) powerbus1 a i ® *j. ®
‘lee eea otte Tam GRgp 6 WO €O powerbus2 | ] ff 201
oo @ O arakingrower |8 [ - Y +
e soe otuo BY%p ¢ Gy See L] Algorithm : [MOEAD |+
S350 A S0 e Price nz |
Brice
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Future Work

Engineering
 Replace ATSV

Research
« Configuration language usability
* Novel quantification strategies

Evaluation
e Get this Iin the hands of a customer
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