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Motivation

B Domain expert vs. verification expert

— Domain experts are not necessarily familiar with
development and testing tools

- Developers and verification experts don't always master
the domain knowledge

B Domain-specific languages enable to use directly the
domain concepts for both development and V&V

- Common vocabulary to enable feedback and
communication

— Higher level languages improve productivity
— Automated transformations improve quality



Separate vs. common language
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Domain-Specific Modeling (DSM)

B Use of concepts from the problem domain
— Already familiar => no need to learn new
- Have known semantics

B Having a special focus

— Use concepts that are relevant for the task: development,
testing, verification, validation

B Use concrete syntax that enables communication and
collaboration close to domain’s natural representation

— Not a cryptic programming/scripting language
B DSM is applied in particular for automating repetitive
development efforts*, but less in testing and V&V

* See references on EADS, NSN, Nokia, Panasonic, Polar, Elektrobit, USAF
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Example Specification

Closed loop, Heat transfer,
Liquid circulating (CHL)

CHL System Breakdown

System Performance and Components
Specification

/////////

May include: _

+ System Requirements Tree
+ System Requirements

+ Component Requirements
+ Interface Requirements

Closed Loop, Cooling Water System




How to define a language for a given
domain: steps

1. Identify abstractions
— Concepts and how they work together
2. Specify the metamodel
— Language concepts and their rules
3. Create the notation
— Representation of models
4. Define the generators
— Various outputs and analysis of the models
B The process is iterative: try solution with examples
— Define part of language, model with it, define more...



Roles for language definition & use

Experts define languages Team models with domain

& generators
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Step 1) Identify abstractions from

domain terminology

B Detailed information specifying functional & physical
characteristics of a component of a system, plant or
facility (e.g. pump)

CENTRIFUGAL PUMP API-610 108 1O eI

REQ / SPEC No 7
DATA SHEET PURCH ORDER No DATE  29-Oct-09
MKS UNITS INGUIRY Mo, BY
APPLICABLE TO: O PROPOSAL (O PURCHASE AS BULT
FOR: UNIT:
SITE SERVICE!
NO.REQ "o T i mTeans

S|MANUFACTURER

NOTES: INFORMATION
PUMPS TO OPERATE IN I O u ‘ :
(SERIES) WITH

GEAR ITEM No.

GEAR PROVIDED BY
GEAR MOUNTED BY

GEAR DATA SHT. No.

OPE

(O CAPACITY NORMA

OTHER
(O SUCTION PRESSUR

O DISCHARGE PRESS

(O DIFERENTIAL PRES

(O DIFF. HEAD

(O PROCESS VARIATI

(O STARTING CONDTIONS

Data
Sheet

(O VAPOR PRESSURE (Kg/em™)

SERVICE: (O CONT. (O INTERMITTENT (STARTS/DAY)

() PARALLEL OFERATION REQ'D

HEN N RN

(O RELATIVE DENSITY (SPECIFIC GRAVITY )
NORMAL AKX

MIN

A Stuffing Box

B Packing

C Shaft

D Shaft Sleeve
E Vane

F Casing

G eyeof Impelier
H Impeller

| Casing wear ring
J Impeller

K Discharge nozzle



Designh with domain-concepts
abstractions
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Step 2) Specify the

Start {1} Comment
Description: Text
Objects in binding:
State, Stop
Stop
From
To
Transition
To
State .
State name: String (unique per graph) B Transitior
Description: Text
Heat
: exchangar
Pump actign

Condition E N action
01 ' oM

Objects in binding: . ) . .
Condition, Objects in Objects in

Comparison binding: binding:

Burner, Pump Radiator, Boiler

Thermostat
condition:
01

Burner
condition:E
0,1

Purmip
condition
01

Sensar
condition
0,1

Boiler
condition
01

Radiator
condition
Valve Valve 0,1
action condition:}
ON 01

Valve
Mame: String (unique per graph)
MNumber of valve ends: Radio Buth
Valve type: Radio Button Set
Clasing by: Radio Button Set

metamodel

Thermostat
MName: String

Description: Text

Burner
MName: String (unigue per graph})

Pump
Mame: String (unigue per graph})
Pump type: Radio Button Set

Sensor
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Boiler
MName: String (unigue per graph})

Radiator
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Domain terminology and
visualization: Valves
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Valve Pneumatlc Motor
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BUTTERFLY VALVES ~
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DIAPHRAGM VALVES CHECK VALVES
i Motor Check Check Stop Check
Diaphragm Valve Valve
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Step 3) Create the notation:
Example on Valve
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Step 4) Define the generators:
PLC code for Valve actions

Generator Editor for Heating application E\@

Generator  Edit View Breakpoint Format Help
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/* generates entry and exit actions */
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do ~(*action} {
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id; :Valve position; "(); '

newline




Developing the system wi

. P&l Diagram: HomeHeating, 21. maaliskuuta 2012, 12:33
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enerating the code from models

.2 P& Diagram: HomeHeating, 21. maaliskuuta 2012, 12:33
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How to test a cooling system?

1. Design time

- Domain-Specific Modeling Language already captures
several rules of the system

— Language prevents errors already in the design stage

2. Testing and V&V
— DSL can capture aspects related to testing and V&V

— Same language concepts used for both development as
well as for testing



How to test a cooling system?

B As components (e.g., pumps, values, heat exchanger)
wear out, new components are substituted

- Common for original requirements or design to not exist

- May not know how current facility implementation deviates
from original design or requirements

B Concern: newly substituted component can create
potential operational or safety issues such as:
— Temperature: Produce too much heat?
— Pressure: Incorrect input/output pressure?
— Flow rates: Conflicting flow rates in the configuration?
— Control logic errors...
— Instrument configuration...



Example: Cooling in process plant*

7. P8I Diagram: CHLL, 15. April 2014, 10:39 = R ==
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Specifying properties of components

Graph Edit View Types Format Help
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Both structure and behavior

== o

. P& Diagram: CHL1, 15. huhtikuuta 2013, 10:39
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8 Fnn D [ LLIED| % | B B wstatetion T Twincat
L @OMmS 2 o[ + 0| —

@ Burner -
4 (5 Pump
- cp Tk1
(T Radiator
- % Sensor
PTL

2 System end £ L
3 Thermostat 1 [

4[] Valve V1
@ (=)
" &) R

it
Property Value vz
b

[ Graph type P& Diagri
Esen Loop, Cooling Water Syslerrzl

(me

System name  CHLL
Description
Use visualizati Yes

4

Number of errors/warnings: 0

Active: Mone Grid:10 @ 10 V| Snap Show | 2 100%
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if valve is closed then
pump should be closed
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pump can be open

72 Heating application: CPumpCentroller, 23. toukokuuta 2013, 17:01
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Toolchain and stakeholder roles

B Conceptual representation of DSM and formal methods

toolchain
Formal methods analysis
Test vector generation
Requirement-to-test
a) Metamodels b) c) Generator traceability
® - . Application Template(s) 4) Analysis & d) Analysis
-’ Models SCR/TTM ) Test Gen. |, &
/ \ ¥ Test Vectors
, Simulation
1) Meta- 2) Diagram - 3) Generators/ | j
model Dev. Dev. ’ \ /' ~Transformation IDocumentation|
DSM Application Engineer/

nOE: Modeler Test Engineer



DSM integrates with formal methods

MetaEdit+ -based DSM T-VEC Tabular Modeler (TTM) and
for Process Facility Design T—VEC Vector Generatlon System (VGS)
@ Ia = 1...".:::::.".::.... . :
| == VGS
= B e e ey e
=1
« Model transformation .

« Formal methods analysis
 Theorem proving
* Property checking
. « Test vector generation
SRS « Test driver generation
« Requirement-to-test traceability




Model captures component properties

.7 P& Diagram: CHLL, 15. huhtikuuta 2012, 10:33 =] ==
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Analysis identifies unsatisfiable
constraints

t_150 Coverage Analysis FAILED

Vector File: C\Users\jptiDocuments\MetaEdit+ 5 1\reportsitest_vectorsit_150.TST

Time Run 02-29-16 17:37:27
Analyzer Version 4.0.0
Total Number of DCPs 2

DCPs Not Covered Y,

1

Predicates Requiring Cweraf

1

TTM Table t_150

Assignment

Condition

Reguirement ID

flony_rate = Hul flow_rate;
preszure = Hyl pressure;
temperature = Hxl termperature;

»

Feq Hx1_482 Objec...

w1 flow_rate <= 11000 AMD Hul . pressure <= 200 AHD
Hul temperature <= 200 AMD W flow_rate = Hal flow_rate AND
: [t W1 prezsure = Hel pressure AMD 11 temperature =
Hul.temperature

Feq Hx1_482 Objec...

Hyperlink from analysis

report to model defect

cv_t 150 RP_ 1 2 flowy_rate = Hal flow_rate;
t_150 pressure = Hxl pressure;
Predicates Not Covel 5[t_150_FR_ 1 temperature = Hx1 termperat
t_150_RP__1
t 150 1_LS /
Total Cweragelrrors 6
Total Cwerageﬁarnings 0
Test Generatln Failures 2
Uncovered DCP Paths
DCP Nu¢per DCP Path Failure Detection
) t_15&t_150_FR__1.cw}_150_RP__1.LJESQTP__1_LjSU_RP__U.Lj50_1__LS(gmc Vector Generator

Failed Pre-Condition Relation —_—

Exact 55 File Location

cv_equal_to

t_150.55

Line # 30

Input Domain At Error

Occurance at U4 =

t V1_VAR.flow_rate:Valve_ type flow rateDataTyps
Hxl.flow_rate:Heat Exchanger type flow rateDatalpe [

[ O .. 1200 ]
11000

11000 ]




Experiences from the CHL case

B Model-based approach to:
- Analyze requirements and create design specifications
— Generate implementation code, deployment, docs etc.

- Generate tests and provide traceability of tests to
corresponding requirements

B Benefits
- Improved system validation
— Ability to better trace rationale
- Improved systems engineering



Why DSM: emergin
and enabling technology for V&V

B Provides relevant and intuitive graphical abstraction for
specific domain or related subdomains

B Allows for rich semantics required for formal analysis
and test generation
- Necessary for V&V effectiveness and efficiency
B DSM tooling allows multiple views to be integrated
- Model transformation often built into the tools
- Integrates formal analysis and test generation tools
- Formal methods hidden behind the scenes
— Model languages are evolvable



Summary

B DSM provides differing views of system designs across
multiple disciplines
— Approach enables collaboration between domain experts
and developers, development and verification
— Leverage and integrate new analysis and model-based
automation (e.qg., simulation, synthesis, generation, etc.)
B Future challenges - increase in modeling & analysis
tools

— Apply further views and multi-model consistency (e.g. in
automotive)

— Integrate with various testing tools, each focusing on
different aspects



MetaCase

Thank you!
Questions, please?

For references on examples and cases contact:
Juha-Pekka Tolvanen, jpt@metacase.com
Wwww.metacase.com
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