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Capture and define relevant concepts

MM _WORDS CAME OUT FINE!
THEY WERE PROCESSED INCORRECTLY
o, BY YOUR BRAIN T
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Some issues with the current practice

Existing approaches for domain modeling

* are not methods:
* No detailed steps and guidelines to guide the modelling activity.
* Often just a notation (and sometimes a metamodel).

» do not see behavior as first class citizen, but are data/state oriented.

* do not explicitly link to human communication (in natural language).

* do not (help to) separate application/feature knowledge from domain knowledge.
* do not offer support making specifications with the domain model.

* do not explicitly support multi-domain and multi-feature aspects.

(These are conclusions from a systematic literature review)
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MuDForM (Multi-Domain Formalization Method)

To enable the people involved in a development process to
communicate and reason close to their area of knowledge,

we are developing a method to
formalize and integrate knowledge of multiple domains and features

into domain models,

specifications in terms of those domain models,

) and integrations of those.
Today’s

focus

MuDForM principles (1)

* An engineered method with explicit ingredients:
underlying model, notation, steps, guidelines.

* Use natural language as entry point.
Everyone uses it and it has evolved over thousands of years.

* Use engineering guidelines/rules/criteria.
Go further than underlining nouns, much further.

* Separate domain knowledge, i.e., what can happen/exist
from feature/system knowledge, i.e., what shall happen/exist.
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MuDForM principles (2): divide and conquer

* Do not bother everyone with everything:
multiple domains/features (with explicit relations between them)

* There is no first time right: first explore and then engineer
go deep and wide in the beginning and then add precision.

* Focus and manageable: explicitly scope the model and check regularly.

The MuDForM modeling process

From heads and documents to tacit engineered knowledge

. Grammatical Model: Apply
= = = (andvmtta)
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; Grammatical Model:
( Scoping ) l:> ( analysis ) |:> (reﬁne/engineer) |:>

Define scope

* Define the purpose of the model:
* What do you want to specifiy with the model?
* What applications/systems do you want build from the model?

* Demarcate the area:
* List top-of-mind concepts:
* One minute brainstorm with domain expert.
* With a group: model storming.
* What is not in the model:
* “Adjacent” domains.

* Other perspectives, for example: sitting on a chair vs. crafting a chair vs. selling a chair.
* Select the input text:

* From a textual source
* From interviews with (domain) experts

’ Grammatical Model:
( Scoping ) :b( analysis ) |:> (reﬁne/engineer) I:>

: Phrase domain
sentences

Ay
[
PP
Knowledge
Input text

A Select domain
o -
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EDEDLIEED
Scope from document: an example

Apply
(and validate)
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An existing article

Selected input text
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The domain modeling process

Sespii = Grammatical Model: Apply

analysis refine/engineer (and validate)
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Grammatical analysis

Input text

13

14

Extract —

and Determine

sentences

3 sentence formats
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4 Grammatical
C e )E>C analysis )E>C

Apply
(and validate)

Model:
A | =

Analysis
Reduce ambiguity
* Add missing sentences
¢ Eliminate
homonyms/synonyms
Determine candidate actions,
objects, attributes,...

Approved
structured
text

Grammatical Model:
ELEHLIeE

Apply
(and validate)

=

* Active sentences: <subject> <predicate> <direct object> <indirect object>*

* We power a device
* We install software on a platform
* We monitor energy consumption

* Static relations: <subject> (has|consists of | contains) <direct object>

* A device consists of software and hardware

* A device has a device model

* Nominal predicate: <subject> is <nominal part of the predicate>

* Energy efficiency is a quality attribute
* A power meter is a device
* Wireless communication is a capability
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CD(

Model:
refine/engineer

Grammatical
analysis

L&D
(and validate)

Grammatical analysis

Original sentence

Extracted DM sentences

Questions/remarks

Instrumenting a data center with power metering
devices is becoming common practice.

To instrument data center with device.
Instrumenting is a practice.

what role does practice play here?

The market is flooded with many different models of
power meters with enhanced capabilities (e.g., wireless
communications, high sampling frequencies, data
analysis features).

To flood market with model.

Power meter has model.

Power meter has capability.

To enhance capability.

Wireless communications is a capability.
High sampling frequencies is a capability.
Data analysis features is a capability.

What is to flood exactly?

After some iterations

CD(

Model:
refine/engineer

Format/
Analyze input

) ()
(and validate)

Original sentences

Resulting sentences

Decisions

Instrumenting a data center with power metering devices
is becoming common practice.

To instrument data center with device.

Practice is contextual info.

The market is flooded with many different models of
power meters with enhanced capabilities (e.g., wireless
communications, high sampling frequencies, data analysis
features).

Fo-flood-marketwith-moedel
Power meter is a device.
Device has device model.
Device model has capability.
ok ) ity

Purpose is specification of EE tactics,
not to market power meters.

The design and production of
devices is out of scope. So, to
enhance is out of scope.

The mentioned capabilities are
instances/examples.
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. Grammatical Model:
EDLEDLED

|dentify candidates ———
Model candidate type
Comain class
. . . Domiain activity
* Grammatical subjects and objects Functon
are candidates for domain classes. P
Domain
* Active verbs are candidates for domain activities. resture
Attribute
* and some more Operation
Condition
* Some criteria: o
* Instances of Activities and Classes have own identity. AT operster
Specalization

* Domain objects have an interesting life.
* Activities are related to classes, i.e., verbs are related to nouns.

17
17
Model engineering
. Grammatical Model: Apply
= = = (oot
18
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Apply
(and validate)

. Format/Analyze Model: ¢
ELEESnIE

Modeling

Refine content
Scope precision
Detail, e.g., multiplicities
Identify gaps
Concept definitions

Initial model
* Identify domains
* Put sentences in model

A/
Approved N\,
structured Expert " |
text decides -
Engineer

Filter out derived concepts

Obijectify activities into classes

Abstract classes to reuse associations
Check consistency between domain views

19
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: Format/Analyze Model:
C ST )E>C the input )E> Cveﬂne/engineev

Apply
(and validate)

Guidelines/rules examples

* Introduce a different domain class if and only if:
* It has different domain actions on it then on another class (you do something different with it)
* It has different attributes
* It has an interesting life in the considered scope (it is involved in multiple domain activities ). If this
is not the case, then it is not a domain class. But more likely a context class.
* A composition of a whole and a part is only interesting if:
* The partis reused in other compositions.
* Several parts are instances of the same type (like your left and right eye, or the wheels of a car).
* There is a need to communicate about the part independently from the whole.

* Only introduce a specialization if:
* Two or more classes share the same relation to another class or action.

* Two ore more classes share attribute definitions. (In this case they are probably also sharing a
relation/activity).

* A clear case for the above in the future of the model. (Yes, this is a vaguer criterion).

20
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. Format/Analyze
ELETDLE

Consistency rule examples

* Each association between classes (including
aggregations/compositions):
* Must be instantiated/created in at least one activity,

* Or must be part of a composition and the composition has an instantiating
activity,
* Oris created outside the domain.

* All attributes must get a value in at least one activity.

* All domain objects must have at least two actions in which they can
participate -> All domain classes have at least two activities.

21
|dentify domains EUEDLIES
A Catalogue of Green Architectural Tactics for the
Cloud
Tactics Energy consumpticn
- -~ ;7
£ -
£ -~
. -
- -
(. -
- -
Energy efficiency tactics
22

22
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Apply
(and validate)

From sentences to model (e Yo ) o (it
Original sentences Ziammatical extracuc

Instrumenting a data center with powe” To instrument data center with Processed
metering devices is becoming comm‘,n device

practice. The market is flooded witt many Poner mEer i a davta

different models of power meters w ith

enhanced capabilities (e.g., wireless Device has device model

communications, high sampling frequen.=s, [pEVITNEIRe LI 184

data analysis features).

Finally, a GUI component called an Energy o o oo Postponed to

Dashboard provides graphical Data Center
representations of energy information along nteraction
with useful reporting for both cloud service
providers and customers.

making the model
of the metering
tactic

to Instrument

with

23

23
EBDLEEDHETD
Tactics I Energy consumption
* Manage large and complex models -
@ +to Apply @ +to Bill
@@ + to Characterize . ) i @ + to Instrument
@ * to Extract * Divide work, units of responsibility @ * to Monitor
@ + to Group @ + to Power
@@ + to Involve * Reuse domain concepts in new (@@ + to Present
+ Attribute scenario contexts @@ + to Run
+ Component role @@ +to Tune
+ Constraint 5 + Data center
+ Mechanism 5 + Device
+ Quality sttribute ; + Device model
+ Software architecture ; + Energy consumes
E + Software quality attribute {-‘{_\ ; + Energy consumption
+ System S = + Energy consumption atiribute
+ Systemn quality attribute ~ - ; + Energy consumption information
-
+ Tactic S P + Hardware
+ Tactic category Energy efficiency tactics I = Information
; + Power consumption
> Eall=ET . . = + Power meter device
+ Green architectural tactic + Software
= 24

24
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" Format/Analyze
ELETDLE

Iterating over domain views

* Interaction view: interactions between classes in terms of domain activities.
* Static view: relates domain classes by associations and generalizations.

* Element definitions view (often just a table, possibly generated).

* Attribute view per domain class and domain activity: the properties of instances of domain activities
and domain classes in relation to concepts from the context.

* One or more context models, which contain definitions of objects and operations that are needed
for definitions of domain activities and domain classes, but that are not defined by the domain.

* Object lifecycle view per domain class. The possible life of objects of a domain class. (Regular
expression, process algebra, activity diagram, or state transition diagram).

* An activity operations view per domain activity to describe logic: pre-/post-conditions, operations.

All viewpoints help in engineering. In practice, use only needed views,

25
25
The domain modeling process
. Grammatical Model: Appl
= = =
26
26

13
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Apply
(and validate)

Apply a domain model

* To define consistent specifications, e.g., requirements, use cases.

* To derive other specifications, e.g., (software) design.

27
27
Domain model [ Spedficson [<}——— Gherkinscenario
defines in terms of f \
Domain concept |work}flow Requirement +u PaLEErM |domain) use case
For example: use OCL to make a formal For example: express a use case scenario with
specification of a requirement, which may an activity diagram. The types of the steps and
only use elements from the domain model objects must be defined in the domain model.
28
28
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Example of domain-based requirement

If the material on the AGV is glass, then the abruptness of slowing down should not
be too big.

Forall actions of the type “to adjust speed” holds: if the AGV (of which the speed is
adjusted) is loaded with glass material, and the set speed is lower than the current
speed, then the abruptness of the adjust speed is not too big.

OCL. A to adjust speed
II AS' d d - speed [ | abruptness
Forall (AS: to adjust speed | et ==

AS.AGV.material.material type = “glass” -_location
and AS.AGV.speed > AS.speed
implies AS.abruptness < “too big”) o
What is “abruptness”? - mn:h;lp
- damage amount

Apparently, the domain model
was not precise enough.

EPLIE DL
Write domain-based texts/specs

Input text

':>[ Rewrite original text ] =

Formalized
Express new
p. N =) | specification
specifications
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In conclusion...
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31
There is more MuDForM...
g rertton wranctormation nodeling constructs | ) MuuForMMeﬁmﬂEr\gimril\gl ___mgri\iveasp:ns |
Grammatical analysis \dentify T F |
(omasemences ) T i 7
S~ | P |
-~ | ; 1
Wodel usage ‘ MuDFuerlwdﬁguun:qﬂs‘ e Discovery |
(oo | | |
A ), A
| ~ |
| AN |
Efiminate homonyms and Subset of UML | MuDFort Viewpoints | Mathod flow
7= = = |
liet tha final nhracae z
Engineer context . Engineer domain N Engineer feature N Manage spedfication space
dependendes
Currently about
Make activity model 125 guidelines for
all the steps
A j
32
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Exploit domain models

* As a language:
* Common/shared by domain experts.
* Transferable to developers/designers.
* Also applicable to solution domains or quality attribute domains.
* Separate analysis from design discussions.
* For learning the domain.

* Basis for Specifications:
* Completeness and consistency.
* Basis for a DSL.
* Add precision to requirements and functional specifications.

33

Some issues with the current practice
are (partially) solved

because MuDForM

* isa method:
* detailed steps and guidelines to guide the modelling activity.
* Underlying metamodel

* sees behavior as first class citizen, and is not only data/state oriented.
explicitly links to human communication (in natural language).

* separates application/feature knowledge from domain knowledge.
offers support making specifications with the domain model.
explicitly supports multi-domain and multi-feature aspects.

(Yes, not all these points were addressed equally in this presentation.)

34
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Questions o
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robert.deckers@AtomFreelT.com

+31 6 46882428
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