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Understanding the Purpose of DE

What isthe goal of Domain Engineering?

Toinstitutionalize and improve an organization’s
ability to addressthe needs of a product line market

What isa product line market?
A set of customers having ssmilar needs

How does Domain Engineering accomplish its goal ?

By providing Application Engineering projectswith a
capability for building application products more
effectivdy (according to organization objectives)

What isthe product of Domain Engineering?
A domain and all associated work products
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What iIs a Domain?

The knowledge (product family) and expertise (process)
required to build a particular type of product.

Product Line

Customer
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Responsibilities of DE

Define the strategic direction and capability of the
organization to address a product line mar ket

| nstitutionalize the knowledge and expertise upon which
the organization depends

Give AE projectsthe ability to create productsat a
minimum in cost, time, and divergence from need.:

— Process and procedures
— Reusable components
—Tools
Evolve domain capabilities as market needs change
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Domain Engineering Activities

Domain Management
Organize, plan, and direct domain effortsto achieve
business objectives

Domain Definition
Establish the focus and scope of the domain

Product Family Engineering
Develop assets and mechanisms for deriving tailored
Instances of a product family

Process Engineering
Define a standar dized application engineering process
and develop a supporting infrastructure

Project Support
Ensurethat thedomain meets business, project, and
mar ket needs
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Domain Management

Context: Business obj ectives
Needed Expertise:

— Market characteristics

— Strategic business development, business area
management

— Application project management

Responsibility: M anage business ar ea resour ces to achieve
business objectives

Work Product: Domain Plan
(Domain Master Plan, Practices and Procedures,
Domain | ncrement Plans)
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Domain Plan
Domain Master Plan

An overview of the scope and life-cycle for a domain
suited to business objectives for a targeted mar ket

— Domain Objectives (strategic mission and vision)

— Market projections (current and future customer
needs and opportunities)

— Domain life cycle strategy (conception,
elaboration, expansion, consolidation)

— Resour ce and automation profiles (assets
availablefor meeting domain objectives)

— Domain development profile (domain increments
IN overview)

— Domain status (assessment of technical progress
and market experienceversus expectations)
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Domain Plan
Practices and Procedures

Standards an organization intendsto follow in
developing a domain.

— Establish administrative practices
— Select prefered development methods

— Define documentation standards

— | dentify guidelines for project management and
control

— I nstitute quality assurance mechanisms
— Institute configur ation management procedures

Preferred strategy: Adapt aurrent organizational standards
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Domain Plan
Domain Increment Plan

A plan for completing an increment of the domain
master plan

— Analyzerisks (potential threatsand mitigation in
progressing toward allocated domain objectives)

— Define increment objectives consistent with
domain objectives and identified risks

— Schedule tasks, allocating resources over timeto
achieve measurable goals consistent with
Increment obj ectives

—Monitor progressto plan and document
deviationsin terms of cause, implications, and
disposition
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Domain Management
Managing a Domain Increment
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A Notional Example Domain

Product category: List management

Examples
— Small business or personal expense records
— Publication references
—Task assgnments

Business objective: Rapid, low-cost provision of a diverse
product line of simple list management products

Goals

— Ability to customize product features over arange of
optionssuited to likely uses by an individual

— Lessthan two hours of effort to produce a defect-free
customized product
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Domain Definition

Context: Domain Plan
Participants:

— 2-3 management and marketing/salesr epresentatives

— 3-5 technical managers and lead engineers
Needed Expertise:

— Business strategy and market trends

— Customers needs

— Current and potential solutions
Responsihilities:

— Refine product line scope and focus

— Establish ter minology

— Characterizedefining product smilarities
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Domain Definition

Work Product: Domain Definition
(Domain synopsis, Legacy products, Domain glossary,
Domain assumptions, Decision model)
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Domain Definition
Domain Synopsis

An informal statement of domain scope
— Describe any product in the domain
— Start with 1 sentence, expand up to 2 pages
—Use and refinethe Domain Glossary
— Reflect a concensus view of domain experts

— Establish minimum criteia for whether a proposed
product fitsin the domain
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Example

Domain Synopsis

TheList Management (LM) domain isafamily of products for
maintaining a list of a designated type of asset or activity description.
Each product is customized to represent inf ormation as attributes
specific to a particular asset or activity type.

Each LM product isintended for use by an individual in support of the
need to track and manage the stat us of corresponding assetsor
activities The LM domain provides the capability to construct an
LM product customized to the attributesassociated with any single
asset or activity type. Managed assetgactivitiesmay be furt her
classified based on the values of key attributesthat enable/disable the
Inclusion of ot her informational attributes

Each LM product will provide mechanisms for adding and removing
asset/activity instances and for modifying associated attributes. An
LM product will present asset/actiuty listsin an order appropriateto
thetype of asset or actiuty.
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Domain Definition
Legacy Products

Existing productsthat exemplify important features of the
domain as a product family

— Analyze to understand the concepts, content, and
form and structure of productswithin thedomain

—Usework products as a source of raw material from
which to construct domain work products

— Deriveor vaify relevant information through the
focused application of reverse engineering techniques
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Domain Definition
Domain Glossary

Definitions and references for concepts and ter minology
having significance for domain experts

— ldentify significant termsand p hrases
— Note and clarify any redundant or ambiguouster ms

— Establish a consistent set of terms as preferred
standard ter minology

— Correlate alternatives (of other organizations) to
preferread terminology

— Characterizeaggr egate concepts and connections
among terms

— Providerderencesto primary and secondary source
materials
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Example

Domain Glossary

Asset - A physical object whose instances are tracked with an LM
product.

Activity - A time-spanning effort whose instances aretracked with an
LM product.

Attribute— A data value associated with an asset or activity.

Description - A set of key and informational attributesthat are sufficient
to identify and det ermine the status of an asset/activity.

| nf or mational attribute— A n attribute that provides additional
Information about an asset or activity.

Key attribute— An attribute that can be used in unambiguously
determining the category or identity of an asset or activity.
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Domain Definition
Domain Assumptions

Defining assumptionsthat describe and justify how
productsare similar

— Consider how products— past, current, and future —
ar e alike (commonality assumptions), emphasizing
observable features

— Analyse each commonality assumption to discover
differences among products (variability assumptions)

— Analyse product subsets defined by each variability
assumption to discover additional commonality
assumptions

— | dentify deferred, excluded, and unsupported features
ascommonalities

— Document each identified assumption with an
Informal description and justification
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Types of Domain Assumptions

Commonality: A way in which a set of productsare alike

Commonality Assumption:
A feature common to a set of ssimilar products (possibly a subset of a
larger family)

Variability: A way in which a set of ssmilar products differ
Variability Assumption:

A feature that differswithin a set of ssimilar products (characteizing a
subfamily of products that are ssmilar according to thisassumption)

Exclusion: A featurethat characerizes productswhich
would otherwise be in the domain but are outside dueto
this (a commonality associated with a particular
variability option)
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Sample Commonality Assumptions

For cellular telephones,
— operation is manual via a keypad. (justif: low cost, responsive)

— statusinformation isdisplayed in a text panel. (justif: flexible,
adequate for low bandwidth)

— If sold in the U.S,, 220 volt chargersare not offered. (justif: use
outside U.S. is precluded by comm. system incompatibilities)

For automobiles,
— thereisonboard fuel storage. (justif: must beindep. mobile)

— thereisan engine which convertsfuel to mechanical and
electrical energy. (justif: different formsbetter for each)

— with gasoline and diesel power ed engines, a battery supplies
electrical power when the engineis off. (justif: need alternative
to running engine for low power)

— if sold in Finland, air conditioners are not of fered. (justif: no
demand to justify logistics
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Sample Variability Assumptions

For cellular telgphones

— displayed text isin one of several different languages (justif: the
targeted market isinternational and multilingual)

— If sold in the U.S,, text can be preset to display in either English
or Spanish (justif: only these languages offer a sufficient market
opportunity inthe U.S)

For automobiles

— engines are powered by ether gasoline, diesdl, or electricity
(justif: thesearethe only fuelstoday that are sufficiently
efficient, distributable transportable, and saf e)

— for electicity-powered engines, electricity isstored in batteries or
fuel cells (justif: use-on-demand requir es generation when
convenient with storage in one of these media for later use)
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Example

Domain Assumptions

C: An LM product concerns a single specific type of asset or activity.

C: An LM product identifies specific assets/activitieswith a set of key
attributes.

C: An LM product provides a mechanism for the addition of
asset/activity instances.

C: An LM product displays asset/activity instancesin a predictable
order.

C: An LM product provides a mechanism for setting the value of each
attribut e of an asset/activity instance.

C:. LM productsdo not support concurrent access by multiple usersto
a particular set of asset/activity instances.

C: LM productsdo not support multi-valued attributes.
V: Attributes diff er according to thetype of asset/activity managed.
V: A dateattribute can berestricted to past or future dates.
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Domain Definition
Decision Model

A set of decisionsthat are sufficient to distinguish among
the membersof a product family and identify a particular
product in the domain

— For each variability assumption, specify one or more
decisions by name and value type

— Aggregate and name sets of related decisions

— ldentify dependencies and constraints on decisions
that arise when other decisions areresolved

— Evaluate completeness by adequately describing
different products uniquely with decisions

— Add other questionswhich provide any information
that a knowledgeableengineer would need to build a
complete product
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Example

Decision Model
Title: String
Usage: (planning, recordkeeping)?
Keys: (name: String, type: (Text, Date)?)* {Vv1}
Attributes. (name:String, type:(Text, Date: (past?, future?),
Num, Money)?)* {v1}
Order: String* {names of Key attributes} { not impl. }
ltemsRecur? {someitemsare variants of other itans}

Notation

* repetition (multiple values) String asimple text value item
? optional or achoice (...) asetofvalueitems
{...} acomment
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Product Family Engineering

Context: Domain D efinition

Participants: Technical managers and engineers
Needed Expertise:

— Customer problems
— Solution techniques
Responsibilities;
— Specify the problemsthat Application Products solve
— Define the structure and composition of Products

— Construct components and mechanisms to be used in
creating Products

Work Product: Product Family
(Requirements, Design, Implementation)
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Definitions

Method - Guidance and criteria that prescribea
systematic, repeatable technique for performing an
activity

Method suite - A set of methodsthat provide a consistent
approach for performing a set of related activities

Model - A representation of specific aspects of a system
that permit answering particular questions

Work product - Any tangible artifact resulting from an
activity

© 1999, PHS



Product Family

A representation of a set of similar products from which an
individual product can be extracted by resolving associated
decisions
— Usedomain assumptions asa guide to family content
— Analyze legacy products:

» to improvedomain understanding or answer questions
» to acquireraw materialsas abasisfor domain work products

— Create a product family by applying methods for
creating a product:

» Reguirements. What does the product do?

» Design: How isthe product structured?

» |mplementation: How doesthe product work?
» Verification: Doesthe product work correctly?

— At any point of uncertainty, changeability, or
diversity, annotate for decision-controlled tailoring
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Examples of Method Suites

Methods for creating a product

— Requirements. what doesthe product do?

— Design: how isthe product structured?

— Implementation: how doesthe product work?

— Verification: doesthe product work correctly?
Examples of method suites

— Real-Time Structured Analysisand Design (RTSA/D)

— Software Cost Reduction (SCR)

— Concurrent Design Approach for Real-Time Systems
(CODARTYS)

— Cleanroom
— ODbjectory
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Product Family
Requirements

The capabilities and propertiesthat products must exhibit
to be accepted as solutions by customers.

— Develop usage scenarios to characterize customers
problems.

— Describe the application:
» Concept (purposeand objectives)
» Context (environment of useor operation)
» Content (exter nally detectable behavior & information content)
» Constraints (environmental, performance/reliability, etc.)

— Specify each AE work product:

» Purpose and objectives
» How used
» Constraintson form or content

— Use annotations to record how decisions r epresenting
different needsresult in different requirements.
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Example

Product Family Requirements - Application Description

Outputs:: <title>Report
|nputs: <title>Data
Functions
Display the active set of <title> itemsin atabular format.

Provide an operation to add new <title> items, including the values
of itsattributes.

The attributes of an <title> item are;
<for i Iin items <its<i> value
>>

<values-recur ? <Provide an operation to add a new <title> item
which isavariant of an existing <title> item.>>

Provide an operation to deactivate an item; deactivated itemsare
omitted from the <title> display.
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Product Family
Design

A design for productsthat satisfactorily resolves all
conflicts among needs and constraints.
— Specify the architedure (internal or ganization) of
applications

» |dentify needed components (static structure)
» Specify runtimetasking and communications (dynamic structure)

» Specify how componentsinteract (dependency structure)

— Create annotated outlines for document and testing
work products

— Specify the interfaceand adaptability of components
Identified in the architecture

— Use annotations to specify how decisions contr ol
tailoring of the ar chitecture and components
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Example
Product Family Design : Architecture

Class Set Dependency Structure
<title>Tracker : Frame

stitle> i::z"t’itle>Tracke"r'.":: *{':titl e>
sPanel : Panel G
inputDialog : Dialog j
dateDialog : Dialog
StringSelector

L L

“'.. .."u
(3 e
. 0 g »
A S
¢ inputDialo :
v G
™, ot

., .

S\ a et
"EESgpaamnampnn”

¢ dateDialog };

StringSelector
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Example

Product Family Design : Component | nterface
Component family name: dateDialog
Variability specification:
Range: (past?, future?) {indicateswhether datesarerestricted }
| nt er face specification:
Name: <Range.past?<past>; <Range.future?<future>;...>DateDialog
Types. Date { internal representation of a date}
Programs:
User Select (Date):Date {allow a user to specify or change a Dat €}
Today ():Date {get today’sdate}
ToString (Date): String {convert a Dat e into a displayable form}
SameDay (Date, Date): Boolean {test whether 2 dates arethe same}
EarlierDay (Date, Date): Date {get the earlier of 2 dat es}
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Example

Product Family Design : Design Mapping

» Architecture mapping: how to adapt the
Product Family Architecture

» Component mapping: How to select Adaptable
Componentsto instantiate the Product Family
Architecture

» Decision mapping: How to determinethe
values of Adaptable Components parameters
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Product Family
Implementation

A set of componentsand composition proceduresthat are
sufficient to enable deriving any describable product.
— Implement component families as specified by the
product family design

» Design theinternal structureof an Adaptable Component
conforming to a component design

» mplement the Adaptable Component
» Verify the Adaptable Component to the component design

— Fill in annotated AE document work product outlines

— Develop outlined AE testing work products

— Document or implement proceduresto generate an
application and associated AE work products by
selecting, instantiating, and composing Adaptable
Components
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Two Views of a Component Family

param eters
of variation

a set of similar
(created) components

(created)

a family

(notyet (derived) a set of similar
created) components
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Example

Product Family | mplementation: Adaptable Component
(CCOS order sheet)

<{customized computer order specification system}>
<program ccos (
platform:(handheld, portable, desktop, server:(files, calc, comm)?)?,
com ponents: (disks: (primary:text, secondary?:text, removable?:(mega, giga)?),
printer ?:(inkjet, laser)?),
customer:(name:text, street:text, city_state zip:text, telephone?:text),
xactn: (agent:text, price:text, discount:text, date: text)
) <
Thefollowing or der has been authorized for submission to the ACME Customized
Computer Order Secification System in keeping with instruction 98-38A76-B,
Guidanceto Regional Sales Agentsfor Customized Product Orders. The customer,
<customer.name>, her eafter identified as" Customer", acceptsthat delivery is
contingent on availability of requisite constituent and added components and

that the order cannot be modified without the mutual consent of ACME Computers
. . : e ©1999, PHS




Example

Product Family | mplementation: Generation Procedure

String tenp;
tenp = platform get Sel ectedltem ();
resultText += "platform ("
+ (tenmp.equals ("Handheld") ? "handhel d"
t enp. equal s (" Not ebook") ? "portable"
tenp. equal s (" Desktop") ? "desktop"
tenp.equals ("Server") ? "server" : "");
I f (tenp.equals ("Server")) {
tenp = svrtyp.getSel ectedltem ();
resul t Text += ": ("
+ (tenp.equals ("File Storage") ? "files"
tenp. equal s (" Conputation") ? "calc"
t enp. equal s (" Conmuni cati ons") ? "comt'
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Example

Product Family | mplementation: Generation Procedure
(Generated MetaProgram | nstantiator)

«L»
«i ncl ude "pattern"
»« CCOS (
pl at f or m ( handhel d),
conponent s: (di sks: (primary: «2. 3», )),
cust omer: (name: «», street:«», city_state_zip: «»),
xact n: (agent: «», price: «0», discount: «100»,
date: «January 1, 1998»)
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Process Engineering

Context: Domain Definition, Product Family
Needed Expertise:

Analyzing, designing, and documenting engineering
processes and procedures

Building and documenting softwar e tools

Responsibility: Define a standar dized Application Engineering
process for the domain

Work Product: AE Process (Requirements, Infrastructure)

© 1999, PHS



AE Process
Requirements

A specification for how application engineering proj ects
should operate given domain capabilities

— Define the activities, work products, and work flow
for an Application Engineering process.
» Document thecurrent AE process
» |dentify externally imposed work products

» Definearevised AE process by combining, eliminating, or
simplifying stepsthrough reuseor tool support

— Defineadialog for creating an application model to
describe a needed product.

» Defineformsfor specifyingrelated setsof decisions
» Order form access based on specified Decision Model constraints
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Example

Process Requirements

Current process: waterfall with informal requirements and design,
instance coding, and ad hoc testing

| mprovements:
— Generate family-based requirements and design documents
— Generate family-based instance code
— Generate family-based test suitefor first level testing
Steps:
— Specify a decision-based application model
— Generate instance documents, code, and tests

— Evaluate generated work productsfor needed application model
changes

— Apply minimal handtailoring to achieve customer acceptance
— Basedline the application model and required hand changes
— Report short-fallsto Domain Engineering ©1999, PHS




AE Process
Infrastructure

Documentation and toolsfor the AE Process as specified in
AE Process Requirements

— Document the AE Processin the form of
organizational polides and procedures

— Create a detailed domain user’s guide for application
engineersto follow in using the domain

— Develop automated support for the process

— Createtraining coursesfor instructing application
engineersin proper domain practices

— Provide materials (tools and manuals) for deploying
and supporting AE Projectsin use of the domain
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A Minimal Application Engineering
Environment

A tool for interactive dialogs (to o eate, store, view, and
update Application M odels)

File-based storage for Adaptable Components

A tool to instantiate work product component families
(Adaptable Components) using an Application M odel

A tool to compose (e.g., compile and link) instantiated
components into deliverable work products
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Example

AE Process . Application Engineering Environment
A domain-specific (Java-implement ed) tool for application model
definition
MTP plugin for Adaptable Component instantiation

MTP-instrumented t ext and Java code files representing Adaptable
Componentsfor thedomain

CodeWarrior Integrated Development Environment to select,
Instantiate, and compose (or compile and link) Adaptable
Componentsinto work products
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Project Support

Context: Domain Definition, Product Family, AE Process
Needed Expertise:

— Verification and validation techniques
—Training delivery
— Customer support

Responsibility: Ensure that the domain is effectiveboth for the

business and for client AE projeds
(Domain Verification, Domain Validation, Domain Delivery)
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Project Support
Domain Verification

An independent evaluation of the consistency,
completeness, correctness, and quality of Domain
Engineering work products.

— Verify adherence to management-prescribed
standards.

— Verify the Domain Definition to domain objectives.

— Verify consistency of Product Family Engineering
work products

— Verify consistency of Proocess Engineering work
products.

— Verify Product Family/AE Process compatibility and
compliance with the Domain Definition.

— Document problemsfor DE correction.
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Project Support
Domain Validation

An independent evaluation of the effectiveness and utility
of theintegrated Domain product.

— Evaluate satisfaction of business objectives.

— Evaluate the quality and effectiveness of the Domain
from the perspective of current and near-future AE
proj ects.

—Usethe Domain to build test applicationsthat require
new, improved, or corrected Domain capabilities.

—Usethe Domain to build a set of standard applications
to evaluate derivead attributes (such as perfor mance,
reliability, safety, availability, usability).

— Document problemsfor DE correction.
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Project Support
Domain Delivery

Assistance to AE projectsto enable effedive use of Domain
capabilitiesto best meet project objedives.

—Transport and install the validated Domain for each
AE project

— Assist AE projectsin the understanding and proper
use of the specified AE process and associated
Domain capabilities.

— Document needed Domain improvements and
evolution based on current AE project experiences
and expected future customer and project needs.
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