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Introduction—The Discipline of Model Architecting

» Architecting principles and heuristics
— Guide architects and facilitate rapid and effective architectural decision-making

— Similar principles are needed to facilitate the practice of model architecting

. ThIS presentation describes 18 modeling principles
menly observed in modeling practice

n odel technical debt
makmg deC|S|ons about model archltecture and implementation
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The Technical Debt Concept

 Technical debt is a widely-used concept in the software domain:
— A metaphor for development or sustainment costs deferred to the future (Cunningham, 1992)

e Like financial debt, technical debt represents the deferred costs of repairing,
reworking, or replacmg a product that wasn’t built perfectly from the beginning

“W, velopers violate good architectural or coding practices, creating
codﬁ (Curtls et al.)
’ | VT &

Cunningham, W. (1992). The Wycash portfolio management system, in
Addendum to the Proceedings of Object-Oriented Programming

! < Systems, Languages, and Applications (OOPSLA), ACM Press.
- I[P 2 Curtis, B., Sappidi, J., & Szynkarski, A. (2012a). Estimating the Size,
o Itlng from Ignorance Cogt, and Types of Technical Debt. 3rd International \Workshop

on Managing Technical Debt.

— Avoidi
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5 Model Federation Principles

« A model federation is a distributed set of models connected by a
controlled set of model usage relationships

— To enable their content to be shared whilst retaining their autonomy and
ability to evolve independently

Edwomp'[e ,"i\and requires active architecting
aﬂon SR\
Trad

diﬁeren‘tfgﬂwatlon architectures and approaches

‘J\
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.y [ |
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Model Federation Principle: Consider Federation Early (CFE)

 Most modeling efforts begin with a single, monolithic model
— Scaling and federation are often afterthoughts

 Asthe model grows in size and use, the value of federation grows
— Changing model federation architecture becomes increasingly difficult as the model grows
ALesults in a large “balloon payment”

delayedxfederation are deceptively low

res : smoment” to make model architectural decisions often results
0|d S|gh|f|‘ tyrework costs

ntil “the
too late t

nerally ghpuld\' w;ddress federation proactively
S shouldﬂée Serati

Fx

e done tQ*‘aﬂd ( § specific functional objectives for the models

I P
houl

Feder
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Model Federation Principle: Partition for Cohesion (PfC)

A key role of architects is partitioning a large component into discrete components
— And allocating responsibilities and defining interfaces between components

Model partitioning should be driven by considerations of both model governance and
model usage

— These often represent competing sources of tension for model partitioning

' 'ﬁwith organizational responsibilities for model content

[ . ‘%‘
f model governance

edwhen fever model boundaries are crossed in queries

B R -\ . . . .
YARICS! mgfcap_re;s‘uh ih semantic mismatch, complicate query construction, or
DElgimance B BN 8

.
i .

) t*;;ljpof@jy“e-ﬁ '_‘:-'(pupling, not enough cohesion—can manifest in
al effort ne@dedlito build, sustain, and use those models

L |

- |

e

substantia ition
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Model Federation Principle: Federate to Interrogate (Ftl)

« Directional usage relationships between federated models should be designed to
avoid model usage cycles or interdependencies

— These can result in performance problems

 The diagram on the left depicts a simple dependency cycle
— Federatlons should be architected to av0|d cycles

1) a model usage cycle t‘[”:." i 2) Breaking the cycle via a “bridging” model
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Model Federation Principle: Dependency Inversion Principle (DIP)

 Analogous to the OO software principle of the same name
— “More abstract software modules should depend on less abstract modules” (Martin & Martin, 2006)
— More abstract modules are typically more stable than more concrete modules
— Easier to manage dependencies when those dependencies are more stable
— As aresult, violating DIP is riskier than following DIP

Model A
_euse [ ]

Interface Model | '-,u;,.- ’

An interface model can insulate two models
| / x U~ from volatility in the other; model | is more
el A, consistent with DHQ! ] abstract (and stable) than models Aand C

[ 1]
b = J\lr‘
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Model Federation Principle: Define Clear Interfaces (DCI)

— Semantically connecting concepts represented by model elements
— Querying those models.

 Connect specific model elements with specific relationships carrying specific semantics
e ltis partlcularly vital to define model interfaces when connecting modeling “dialects”

2-6 July 2024

“‘1

Connections between federated models should establish consistent mechanisms for:

SysML model represents a potentially different domain language with its own concepts

A

| «allocate» | «allocate»

Figure adapted from:

Martin, J.N. & Broo

kshier, D. (2023). Linking UAF and

SysML  Models:  Achieving  Alignment
between Enterprise and System Architectures.

33rd INCO!

SE International Symposium.
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3 Model Layers Principles

o Descriptive models are constructed with multiple layers

— Layers of abstraction facilitate separations of concerns

— Taxonomic layers represent key domain concepts at different levels of
ranularity

ﬂem tion ‘ th e\ye rs

/’ ght nuMber C}f layers
nU. b tent ORSACH,!:

— Defin
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Model Layers Principle: Just Enough Layers (JEL)

 Too few abstraction layers increases risk that additional intermediate layers must
be added later

 Too many abstraction layers drives additional complexity and taxes

« Too few taxonomic layers can create difficult rework for each usage or
- jon of each model element

= T _:‘
L 1 L W e
«block» «block» «block» «block»
Transport Layer Network Layer Data Link Layer Physical Layer
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Model Layers Principle: Don’t Cross Streams (DCS)

e Avoid creating connections between abstraction layers
— Communication across abstraction layers dilutes separation of concerns
— Often results when mixing structure and abstraction in a single hierarchy
— Also seen when combining contextual tenses within the same model
— Easily renders the model inconsistent, incoherent, and very difficult to correct

ogy should clearly define the use of these layers
interface points between those layers

y bﬂ a\/

Wc@é breaking encapsulation
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Model Layers Principle: Scale Free Decomposition (SFD)

 Modelers often overuse bespoke levels of decomposition
— A specific taxonomy of distinct element types at each level

« Often, the natural representation is a tree structure where
ite and atomic elements can be treated equivalently

I recurswe) mode of decomposition
|t|on of extraneous decomposition layers
ltates !sfacmﬁn ".‘I:Ihe other two Model Layers Principles
Just

’ yers 5 e )

treams & |
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6 Modeling Domain Principles

o Descriptive models for MBSE must accurately represent

the domain being modeled
— At least to the extent that it answers the stakeholders’ questions

tween the way concepts are modeled
'a!i holders? b(p@\atatlons of those concepts is a
/r jlca e’ cﬁtechnlcal debt
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Modeling Domain Principles: Other People’s Profiles (OPP)

* Avoid reinventing the square wheel

 While it can be very useful to create new metamodels and profiles to better
represent vital concepts within the model’s domain, this also has a downside

— Often, homegrown approaches are narrowly focused and poorly documented,
ing their reusability and understandability.

e cont;ﬁually maintained through the life of the project
mainteﬁlce‘ (h‘t \*be significantly reduced by extending standards

preferrg $e’n ‘QQ. these standards and contributing to their
an better leverage reuse, improve model
'l,use their resources
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Modeling Domain Principles: Single Responsibility Principle (SRP)

o Definitions should be minimal in scope
— Represent a single coherent concept, not a combination of multiple distinct concepts

e A composite concept is usually best represented using multiple inheritance

« Fallure to adhere to this principle often results in the need to eventually break
up t j deflnltlon Into its constituent components

tantial propagation of rework to the specializations and usages of
| asusers of those usages
nde‘W‘ ‘-OO programming can be subconsciously

i

e mherlta ~'Ce due to their software experience

«block»
Satellite
A

S Very exp
st mul

«block» «block»
Communications Satellite Geostationary COMSAT
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Modeling Domain Principles: Open/Closed Principle (OCP)

 Model element type definitions should be designed to be
specialized without needing to be modified

— Typically, modification is needed because the definition is
overly constrained

— While it isn’t possible to anticipate all future contexts,
enabling future flexibility is not difficult when done early

| munications Satellite block has a
| defawlt multiplicity of 1
plicity i

its““’e‘ai‘ﬁf’ime frequently observed cases
bqars-\j‘mg‘lkp‘lg payloads
- orré-ct'gf:lj,xi, ré‘\?wc)(k is driven to many of its
3 | - ] i "\_R ‘\

eally reiquii’égj@% flual inspection of each
L Lrewosk|is warranted

i ]

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS

wblock:
wlogicals

Communications Satellite

18



Modeling Domain Principles: Liskov Substitution Principle (LSP)

* Any specialization of a base classifier should be a valid substitute for
that base classifier (Liskov, 1988; Martin, 1996)

* In descriptive models, generalization should be reserved for those
contexts for which that substitution is valid

— Not just used as a convenient mechanism for reuse

e fimheritance Is often avoidable as most use cases for
er lmpl&mented by composition

A 1

ode \ .\ﬁi\‘@rltance carries semantics of substitutability and

wlogicals Liskov, B. (1988). Data abstraction and hierarchy.
Communications Satellite : SIGPLAN Notices 23.
= : aDInCEn Martin, R. (1996). The Liskov Substitution Principle.
C++ Report, Vol 9 (2).

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 19



Modeling Domain Principles: Interface Segregation Principle (ISP)

Type definitions should avoid defining features that are not required (or
even meaningful) in all of its specializations

In the diagram below, the Communications Node has an electrical power
ose multiplicity value makes it non-optional

unlcatlons Nodes must have one, even if not needed
.

actlvate% ose features for those specializations that don’t use them

f ‘\
|
L %
A N
Y 3
A

wblocks

xlogicals
‘|Communications Node 1 € Proxys
electrical power
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Modeling Domain Principles: Reify for Reuse (RfR)

 Modelers often rely too heavily on primitive types

«block» «block»
Satellite Satellite

* Enumeratlons are Often a‘ better ChOICe orbit_f pe:svt?IiLrIE;S:"GEO" orbit_f pe:(\;ll;iizsal Regime
. . . String primitive «alueType»
* Ifaconcept is frequently reused in different contexts = R
itis etter to reify it HEo
!epresent it
?\3‘“} ‘«;’%\ Enumeration
A W\
grea l‘ \t@'model users and

«block»
Satellite
orbit_type : Orbital Regime

e\hodel rather than

l‘ | ! «block»
ekg\i ! n:el eleme.nts
, Qﬁwmeratlon offers
Agfalization

=

. {

Reification
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4 Modeling Semantics Principles

 Some of the most common but least visible
problems in models are semantic in nature

— Inconsistent use of modeling constructs, resulting in ambiguity

Iv phes between the modeler’'s and model users’
eXpectatic fth&se{nantlcs of the concepts being modeled,
sultir g in genfusion e

1 | 8
| | '« | |
e |
- ™
| .y B N =
- “l “'“ T = ) :"1
- Ny ~]
-5 i ~}
— !
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Modeling Semantics Principle: Avoid Undertyping

 Modelers frequently underspecify model elements
— Often the intent is to avoid being constrained by deciding on a narrowly defined type or stereotype

* Inthe figure on the left, the single stereotype «Protocol Link» types all connections
— Regardless of whether they are appropriately connected at that level of abstraction

« Often,a suitable corrective action is to create a set of specializations of the type or
LE0LYPE to use (ﬂese different roles, as shown on the right

ink»pand &|P Protocol Link» are specializations of «Protocol Link»

2

reotypes to be treated either as equivalent or different

«prox : Computer2

TCP I/F : tcp_interfa . A TCP Layer
«

«Protocol Link»
proxy» «prox

~ 1 IP Layer . I/F : protocol interface IP I/F : protocol interfa N ~ o IP Layer

«Protocol Link»

<
)_| 3 .- . IP Layer

Example without undertyping

Example of undertyping Y
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Modeling Semantics Principle: Avoid Overloading

 Modelers often overload concepts with multiple meanings

* In this example of semantic overloading the «dependency» and «satisfy» relationships are
each used in the same model to express multiple distinct meanings

« Overloading results in rework that can be very difficult to find since each instance must be
separately to determine which of the overloaded meanings is the correct one

W c% notmecéssarily wrong, but overloading adds some risk of
that mor Il be needed in the future involving major rework

efii@mentivi

D..-.... I m
Peak Power Generation (kW) _ esatisfys =3 Natural Water Source

— — |Power Generating Station - '_ o ) ok

t' - =
esafislys - “|  Power Generation Regulations

wrequirements
Wastewater Contamination Regulations | = e
Backup Power Generator
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Modeling Semantics Principle: Avoid Composition Misuse

 Modelers often overuse composition when describing entities that are
not intended to be duplicated
— Composition establishes the existence of an individual usage of a block
definition in the separate context
» That individual usage is distinct and separate from every other usage
lle this is often appropriate, in other cases it is dangerous and misleading

elow, the two model elements representing the GPS system are
seﬁt {he“same system, not two separate copies of that system

Ground System Model Satellite System Model

wblocks sblocks
Earth Observation Satellite Satellite Ground Station

wblocks ablocks
GPS System GPS System
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Modeling Semantics Principle: Intrinsic is Permanent

 Modelers often use permanent modeling constructs to represent
characteristics that are transitory or context-dependent
— This results in ambiguity or misinterpretation when the context changes

 E.g., using stereotypes for a “system of interest” or a “stakeholder”
nc re context-dependent, not intrinsic properties of the modeled entity
ii

hlﬁder t‘he model’s reuse and interpretation within a federation

—- \t
.'#te?&ﬂextu dérﬁﬁd : '.;\t\characterlstlcs should be modeled using
o~ lng ¢
7
e.g.,
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Summary

 This presentation described 18 key modeling principles

— These principles reflect over a decade of observation and experience of many descriptive modeling
efforts and their need for rework to accommodate their changing context.

 These principles are not fundamentally novel or unprecedented
related to principles and heuristics well known in system architecting and software domains

. gc n.les represents a suggested modeling choice
- — }O reduc.e ass m '”i\@%of excessive technical debt in these models

’ ~m
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nCIplesl doesx HOt guarantee success
heSe prchp j‘revates risk
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