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A Taxonomy of Modeling Issues

Abstract Syntax Dynamic Semantics
(static structure) (models of computation)
[software architecture, [automata, synchronous languages,
metamodeling, tagged signal model,
higher-order components, ...] Kahn networks,
quantitative

system theory, ...]

Static Semantics

We are hgre. (type systems)
Static semantics: [type inference/checking,
Correctly ontologies,
Composing Models behavioral types, ...]
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Model Composition Errors

position (metersA3) position (metersA3)
velocity ((m/s)A3) velocity ((m/s)A3)
acceleration ((m/sA2)A3) acceleration ((m/sA2)A3)

temperature (centigrade)

altitude (meters)
temperature (centigrade)
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Model Composition Errors

position (metersA3) position (metersA3)
velocity ((m/s)A3) velocity ((m/s)A3)
acceleration ((m/sA2)A3) acceleration ((m/sA2)A3)

temperature (centigrade)

| altitude (meters)
», t€perature (centigrade)
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Model Composition Errors

Units error

position (meters A
acceleration (( A3) acceleratio m/sA2)A3)R1

temperature (¢

altitude (feet

altitude (meters

spperature (centigrade)gR |
a " weight (kg, gross)B

Transposition error
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Model Composition Errors

e
:

position (metersg": / pC n (metersA3)
velocity ((m/s)AF ve v ((m/s)A3)

acceleration ((m: ¥2)A3) acceleration.  m/sA2)A3)

Semantics error
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Our Goals

position (metersA3) position (metersA3)
velocity ((m/s)A3) velocity ((m/s)A3)
acceleration ((m/sA2)A3) acceleration ((m/sA2)A3)

temperature (centigrade)

altitude (meters)
temperature (centigrade)

« Detect such interfacing errors

* Minimize the manual annotations required (use inference)

* Improve communication in engineering teams by augmenting
interface definitions with semantic information
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Outline

1. Existing (Finite) Ontology Analysis
2. Value-parametrized Ontologies

3. Recursive Ontologies
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Domain-Specific Ontologies

Components in a model (e.g.
parameters, ports, messages,
fields in a packet, etc.) can
have properties drawn from a
lattice.

Components in a model (e.g.
actors) can impose
constraints on property
relationships.

The type system
infrastructure can infer
concepts and detect errors.

(Dime nsionless)

Unknown

Here is a /attice representing a simple
dimension ontology.
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Inferring Concepts

Integrator

Unknown Pr j p

Const

e X

FuelDimensionSystemSolver

Double click to 4.0
Apply Ontology ®X. .

1 Display
>

@ fuelDimensionSystem::constraint3: x >= Flow

User-defined constraints added (in as few places as possible)
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Inferring Concepts

Integrator

Unknown ’ j ’

Const

e X

Relationships between lattice
elements are constraints imposed
by the Integrator component.

FuelDimensionSystemSolver

Double click to 4.0
Apply Ontology ®X. .

@ fuelDimensionSystem::constraint3: x >= Flow

User-defined constraints added (in as few places as possible)
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Inferring Concepts

Integrator
J

Unknown Flow > Level

T3S

Const

E > Flow

FuelDimensionSystemSolver

Double click to 4.0
Apply Ontology -

Display

Level

@ fuelDimensionSystem::constraint3: x >= Flow

EMSOFT, October 2011

Lickly, Shelton, Latronico & Lee




Inferring Errors

Integrator

Unknown j b

1 Display
Const ¢

e X %

FuelDimensionSystemSolver

Double click to 4.0
Apply Ontology @ X. 4.

@ fuelDimensionSystem::constraint3: x >= Level
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Inferring Errors

CDimensionIess) (Level)
A

Integrator

Unknown onflict

FuelDimensionSystemSolver

Double click to 4.0
Apply Ontology -

Display

Confli

@ fuelDimensionSystem::constraint3: x >= Level
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More Complex Model:
Cooperative Cruise Control

This model shows a simple adaptive cruise control system,
illustrating model-integrated control strategies. A leading
e faultStartTime: 50.0 car model produces information that is observed with possible
flaws by a following car. If the following car detects flaws, it
uses a conservative strategy. Otherwise, it tracks the leading
car closely.

Continuous Director

o faultStopTime: 70.0

Currentlime

DriverSimulator

RecordAssembler Simulate a wireless

Car Model network that corrupts Simulate a car
T the data when the fault that attempts
input is true to detect faults

PeriodicSampler

Simulate the
driver of the
leading car
Qutput is the
driver's
desired speed

In communication
and adapt its
NetworkModel behavior

—

Simulate a car
that matches

the desired speed
using feedback
control with a

FollowingCar
specified tme DiscreteClock s axceleraion

constant @

DimensionSystemSolver Simulate faults

Double click to

Resolve Properties

ConstNonconstSolver rAnedpiattar Author: Xiaoljun Liu and Edward A. Lee

RD:::hl::c (Fi'r(c:(p::)rtws - - II Example from “Scalable Semantic Annotation
Using Lattice-Based Ontologies” (MODELS 2009)
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More Complex Model:
Cooperative Cruise Control

Continuous Director

..mllSl.mT ime: 50.0

..)ullSmpTum(- 70.0

CurrentTime

DriverSimulator

(Error J
(Unknown )

. ~ecordAssembler
Car Model

MEoweal or

desredipenc pee pee

.'\!D"I FOSTIOPEA Do

SO T S Eifp povun - Posiior

that matches

the desired spepden

using feedback

control with a

specified time

constant

Simulate the
driver of the
leading car
Output is the
drver's
desired speed

DiscreteClock

= Accslecation, pasiion = Positon, seapt= 30T Witeh tE fault
PeriodicSampler

Simulate a wireless
network that corrupts Simulate a car
that attempts
10 detect faults
in communicaton
speci nuhand e 115

behavior,

nput is true

Acceleraton, postion Posteon, peed

NetworkModel

van, speed = Spead, e Mivlerdtiom « Addeionaliaon, posmon « Moy

FollowingCar
e  celeration (Ac

soeel peec)

Hiban (faan

DimensionSystemSalver Simulate faults.

Double click to

Resolve Properties

: pehetin (acceleration Acceleration, posiicr "
G 'U— N |
»

ConstNonconstSolver

Double click to L
Resolve Properties

TimedPlotter
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More Complex Model:
Cooperative Cruise Control

I'his model shows a simple adaptive cruise control system,

illustrating model-integrated control strategies. A leading
..wllSmrﬂmw 50.0 car model produces information that is observed with possible
.JullSlopTlm(- 20.0 flaws by a follow!ng car. If the followyng car detects flaws.- it

uses a conservative strategy. Otherwise, it tracks the leading
car closely

Continuous Director

CurrentTime

DriverSimulator >

J
®

Simulate a wireless
Car Model

1 network that corrupts Simulate a car
desredspendls — Ay o o SPILe dATA WHenh T fault that attempts
%D TSN (0L AIePEs T input is true 10 detect faults
Simulate the

in communicatuon
Acceleration, position « Postion, speed S:H"AIHLHI(“\‘K ins
NetworkModel behavior,

driver of the

leading car STt o Eh poruqn - Positier
Output is the that matches

the desired spepde
using feedback
control with a
specified time
constant

van, speed « Spead, tivwe CCeleritiom « Adceienation, posmon « Mo

h
driver's

desired speed FollowingCar
DiscreteClock x

. whelln (lacceler st on Acceleration, posiicre Fosbion Jopeed Speed, L
| Lodleas J;‘

.

-

Simulate faults.

DimensionSystemSolver

Double click to

Resolve Properties

Author: Xiaoljun Liu and Edward A. Lee
ConstNonconstSolver TimedPlotter J

Double click to -
Resolve Properties
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Continuous Director

..mllSmrﬂ ime: 50.0

More Complex Model:
Cooperative Cruise Control

I'his model shows a simple adaptive cruise control system,
illustrating model-integrated control strategies. A leading
car model produces information that is observed with possible

flawere b o Fnllmaine rar IFthe Fnllanswaines rav dateacte flawae o8

. .nitialPosillon: 10.0  etimeConstant: 10.0
‘| desiredSpeed .nitialSpeed: 0.0 @ DimensionSystemSolver::constraint; timeConstant > = Time
DriverSimulator sok VSMIG MultiplyDivide4
B}D - ; + peed Speedyy, o | acceleration
i Speed « -
;‘(.t\’ =
— { oo S— Timeps, = | Integrator
desredipen E const - [ﬁ
Simulate the ; é timeConstant Time Acceleral I ’mﬂ
driver of the
leading car S""&-._UY*“ lﬂ—j speed
Output is the r"ml-,: Sy . -
driver's L;‘;ﬂg‘;‘ Car simulator. This model takes as input a Integrator2
desired speed contriol| desired speed and implements a simple position
specifif proportional controller with the specified oy J
constad time constant to achieve that speed. It outputs
{the eleration, spee nd position of the car.
DimensionSystemSolver Et acc at » speed, and posit the ca

Double click to
Resolve Properties

ConstNonconstSolver

Double click to
Resolve Properties

EMSOFT, October 2011
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Author: Xiaoljun Liu and Edward A. Lee

TimedPlotter
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Why is this insufficient?

CDimensionIéss) Acceleration)

Unknown
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Units Errors

f

position (metersg’

Y (metersA3)

velocity ((m/s)A 3

acceleration ((m" W2)A3)

temperature (c
altutude feet)

9 rade)

EMSOFT, October 2011
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temperature (centigrade)
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Definitions

Least Upper Bound/
LUB(S): The least x,
if it exists, such that

VsES, X =s.

Greatest Lower
Bound/GLB(S): The
greatest x, if it exists,
such that

VsES, X <s.
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Complete Lattice:
Partially ordered set
in which all subsets
have a LUB and

GLB.

EMSOFT, October 2011

Definitions

General

Numerical

ComplexMatrix

(Object) (LongMatrix)

DoubleMatrix

20

Complex

IntMatrix
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Value-parametrized Concepts

Concepts with values can be usetful.

(CO nstant_Xx === (" Constant_0 (Consta nt_l) (Consta nt_2>
\

(Unused) Unused
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Value-dependent Constraints

AddSubtract ?
X
4
YE B ’OUt = fsub(X, Y) (\Constant )>
fsun(X, y) =
( Unused if x = Unused or y = Unused
Constant(c, — ¢y) if x = Constant(cy)
< and y = Constant(c,)
| Nonconst otherwise
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Constant Propagation Analysis

MultiplyDivide

Const Constant_60 :_
q 60 Constant_

Const2

Constant_70
% 70 N

AddSubtract

ohconst

TimedPlotter
ooo

/\/

Non

Const3
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Constant Propagation Analysis

Const4

% 120 Constant_120 MU|tip|yDivide
Constant 120 _><_|

Constant 60p_ e

Constant_2

Const

@ Constant_g0 SN AddSubtract
CQustant 2 |
7 + Constant_-5598
Const?2 Constant 56000l __ _ )

Constant_70

£70

MultiplyDivide TimedPlotter

>< | | oono
Constant_-Q598 /\/
Const3 -~ |

Constant B0

500
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Full Unit Systems

(Dime nsionles/
T

-

C=D)

(Acce le ration))

N\

Unknown
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Units Library

bd
>
>
2
v

b

Divides units into base

) Dimensionless
& BaseDimension
=h DerivedDimension

] Pre-Defined Base Dimensions

|

L . . .

L] Pre-Defined Derived Dimensions

|
>
|
>
|

= Mass

= Length

=h Time

&= Current

&= Temperature
= Substance
= Lightintensity

—=h Velocity

=h Acceleration

&= Volume

=h VolumetricFlowRate
= Force

dimensions and
derived dimensions.

Contains commonly
used units of mass,
time, length, force,
etc.
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Base Concepts

(Dime nsionless

secFactor: 1.0

hrFactor: 3600*secFactor

dayFactor: 24*hrFactor /
sec: { Factor = secFactor }

ms: { Factor = 0.001*secFactor }

us: { Factor = 1E-06*secFactor }

ns: { Factor = 1E-09*secFactor }
minute: { Factor = 60*secFactor }

hr: { Factor = hrFactor }

day: { Factor = dayFactor }
yrCalendar: { Factor = 365.2425*dayFactor }
yrSidereal: { Factor = 31558150*secFactor }
yrTropical: { Factor = 31556930*secFactor }

EMSOFT, October 2011
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Derived Concepts

(Dime nsionless

.- (Accele ration)“ju\
----------------- T
____________ / / ~

~

dimensionArray: { {Dimension = "LengthConcept”, Exponent = 1}, {Dimension = "TimeConcept”, Exponent = -2} }
LengthConcept: "Position ’
TimeConcept: Time

m_per_sec2: { LengthConcept = {"m"}, TimeConcept = {"sec", "sec"} }

cm_per_sec2: { LengthConcept = {"cm"}, TimeConcept = {"sec”, "sec"} }

ft_per_sec2: { LengthConcept = {"ft"}, TimeConcept = {"sec”, "sec"} }

kph_per_sec: { LengthConcept = {"km"}, TimeConcept = {"hr", "sec"} }

mph_per_sec: { LengthConcept = {"mi"}, TimeConcept = {"hr", "sec"} }
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Automatically Inferred Constraints

Multiply/divide and related constraints need not be
specified for these unit systems.

MultiplyDivide Integrator
>t X
(AN < > | >
- Estimate Current Position Y WA
oldPosition
+ (currentTime - oldTime) p
* oldSpeed
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Semantics Errors

osition (metersA3) osition (metersA3)
velocity ((m/s)A3) velocity ((m/s)A3)
acceleration ((m/sA2)A3) acceleration ((m/sA2)A3)

temperature (centigrade) |
altitude (feet)
weight (kg, tare)

altitude (meters)
temperature (centigrade)

Semantics error
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Domain-specific Units

COiITe mpe rature>> (Atmosp hericTempe rature>>
N\ N

e
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Record Types

record = {
labell : datal;
label2 : data2;

}

Representing the concept of a record can be difficult.
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Recursive Ontologies

Recursive lattices can express structured data types.

Top

N

CConce ptA) (Conce ptB)

Bottom

EMSOFT, October 2011

Top

CConce ptA) CConce ptB)
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Bottom
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Related Work

1. Constraint Satisfiability (Rehof and
Mogensen)
« Efficient inference algorithm

2. Abstract Interpretation (Cousot and Cousot)
* Analysis of static semantics using complete
|attices.

3. Existing systems for unit analysis, including
those for Ada, SCADE, SystemC, and C++
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Conclusion

Our analysis framework:

1. Efficiently infers unspecified concepts
throughout large models.

2. Includes general mechanisms for
infinite lattices

3. Specifically includes useful features for
unit systems.
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Thanks!

Questions? -

CDimensionIess)

secFactor: 1.0
hrfFactor: 3600*secFactor
dayFactor: 24*hrFactor
sec: { Factor = secFactor }
ms: { Factor = 0.001*secFactor }
us: { Factor = 1E-06*secFactor }
ns: { Factor = 1E-09*secFactor }
minute: { Factor = 60*secFactor }
hr: { Factor = hrFactor }
day: { Factor = dayFactor }
yrCalendar { Factor = 365.2425*dayFactor |
yrSidereal { Factor = 31558150*secFactor }
yrTropical { Factor = 31556930*secFactor } '/ “
- ) )
dimensionArray: { {Dimension = "LengthConcept”, Exponent = 1}, {Dimension = "TimeConcept", Exponent = -2} }
LengthConcept: Position
TimeConcept: Time
m_per_sec2: { LengthConcept = {"m"}, TimeConcept = {"sec", "sec"} }
cm_per_sec2: { LengthConcept = {"cm”}, TimeConcept = {"sec”, "sec”} }
ft_per_sec2: { LengthConcept = {"ft"}, TimeConcept = {"sec”, "sec”} }
kph_per_sec: { LengthConcept = {"km"}, TimeConcept = {"hr", "sec"} }
mph_per_sec: { LengthConcept = {"mi"}, TimeConcept = {"hr", "sec"} }
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