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No universal recipe; it depends...

Blank Page/Greenfield | Legacy/Brownfield

B2C

With a customer

B2B

Without a customer




Operational View

The Operational View is a description of the system from an external (end-users) viewpoint. It includes the
analysis of the missions, lifecycle, stakeholders, services, constraints, external interfaces, scenarios, etc. The

main deliverable is a set of needs (services and constraints) desired or imposed by external entities (a bit

similar to your TPP).
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Operational View
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From Problem Definition to a Set of Needs
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Problem/Mission Definition

A design challenge starts with the understanding of the problem/mission statement. However, before we

begin to solve a problem, we must first understand it correctly. Develop common understanding of a

oroblem with the clients and on the team. The problem/mission statement is a simple sentence that is

neither too specific (solution agnostic) nor too general (5W: what, why, who, where, when).

Project:

Team:

PROBLEM STATEMENT €ORITD0

Quick guide: A Problem Statement provides the framework for later solutions. The goal of this template is to summarize the central problem formulation in one sentence and to develop a common
understanding of the problem. In the first step, the most important WH questions are defined in relation to the problem to be solved (e.g. Why is the problem important?). These can be answered, for example, in a
team or together with the project sponsor. The preparatory questions help to define the most important hypotheses regarding the problem and to concretize the problem. In the next step, the problem statement is
summarized in one sentence, formulating as many variants as possible. The problem statement should be checked after each iteration and adjusted if necessary. Finally, select the best variant and make sure that the
Problem Statement is broad enough so that creativity can unfold - but also that it is narrow enough to cover it with the available resources and to be able to work on the Design Challenge in the available time.

PreparaTorv qus‘rions Adapt the guestions to the context of the problem and answer them individually, in a team or together with the project sponsor.

Why?

Why is the problem
important?

Why did it occur?

Why hasn't it been solved yet?

2. | Who 1?2, | Whatt 2 When? Where? @—QG How? !
. 1
. Who's invalved? What do we already : When did the problem 'e What's the problem? How could this problem be
Who's affected?

know about the problem? start? Where has it been an opportunity?
Who is the decision maker? What would we like to know? When would you like to solved?

How could it be solved?
see results?

Where were similar situations? How have attempts been

made to solve this
problem?

What are assumptions that
need to be questioned?




Problem/Mission Definition

PROBLEM FRAMING CANVAS: Defining the Right Problem MITRE | tnnovation Toolkit

What is the problem? Why haven't we solved it?  How are we part of the problem? Who experiences the problem?
Describe it O It's new

O It's hard

O It's low priority

O Lack of resources When and where do they experience it?

O Lack of authority f |

O A (situational) inequity What assumptions and biases surround

O Other: this problem? /ndividual, system, explicit, implicit. ..

What consequences do they experience?
List some symptoms Explain more. ..

Look Inward

Which of these might be redesigned, reframed, or removed? | How do lived expeniences of the problem vary?

Who else has it? Colleagues, | Who does not have it? Who has been left out so Who benefits when...

competitors, other domains, etc. Colleagues, competitors, other far? Let's broaden our perspective. ..

domains, etc. ...this problem exists? ...this problem does not
exist?

How do they deal with it? Why not?

O Avoided

O Mitigated
O Solved

O Transferred
O Other:

§

Stated another way, the problem is:

Make it actionable: How might we as we aim to ?
(action that addresses the stakeholder/user problem) (objective / desired condition to be achieved) https://itk.mitre.org/toolkit-tools/problem-framing/
itk.mitre.org | itk@mitre.org Problem Framing Canvas V3 © 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited PR_20-01469-4.



https://itk.mitre.org/toolkit-tools/problem-framing/

Problem/Mission Definition (e.g., OB-WAN)

The problem/mission statement is communicated in a single thought sentence that encapsulates the
integrated set of needs, from which the elements of the set can be elaborated (decomposed and
derived). Multiple sentences often indicate the organization is not able to agree on a single mission

statement

“The connected syringe is a manual single use device preventing accidental needle stick injury that is
intended to be used in remote clinical trials (What) where the participants (Who) will self-inject in their
own homes (Where) to deliver a full dose, automatically document the correct completion of the clinical
study trial protocol, that is, detect deviation from protocol, and minimize data collection errors while not

modifying user injection experience (Why).”



Lifecycle

ldentify the SOI lifecycle stages the stakeholder represents or is involved in.
Lifecycle stages could be e.g. procurement, development, test, verification,
validation, manufacturing, transportation, deployment, installation, transition,

training, operations, logistics, maintenance, upgrades, or disposal. Often there

is a distinct set of stakeholders and interfaces associated with each lifecycle

stage. Each has unigue needs and requirements. Not addressing a lifecycle

SELECT pen_id, temperature [...]
FROM InsulinPenEvent.
sql:PenHistoryDB, SELECT "FROM..."
'WHERE (temperature < 0)

OR (luminance > 15)

OR (acceleration > 3.0)

OR (fill_level <max_level * 0.25)

OR (manufacturer_time +40 days

< current_timestamp())

stage could result in missing needs and requirements.

receiver ="tcp://manufacturer.comisbox" |
msg="Pen "+ pen_id +" needs to be
replaced ":

1
|

msg="Warning: do not use pen!"

Transport I.P.
to

Manufacturer

10

Recycle I.P. |<~




Lifecycle (e.g., Self-injection device)

Distribute to
patients/HCP

Distribute to
patients/HCP

Transport to
healthcare
professionals

Prototyping

Packaging of
combination
product

Verification Clinical trials Manufacturing

Assembly of
OB-WAN

Package of OB-WAN
in kit

Assembly of
combination Unpacking
product

Transport to
pharma
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Lifecycle (e.g., Drone for aircraft inspection
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[End of life]
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{ [End of mission] [Failure or damage or upgrade]
J - v \.
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Lifecycle (e.g., A320 Nose Fuselage)
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Context

Ibd [Block] Automobile Domain [Vehicle Gontext] )
pe : Physical Environment
bdd [Package] Structure [Top Level Hierarchy]
ee : External Entity [0..*] atm : Atmosphere r: Road
ahilncks t
Automobile Domain right rear : Road IF left rear : Road IF|
]
driver 0.4 bag, L p |} Y Sensor Input Y Alr
whiocks blocis chlocks ahlocks wblocks
Driver | | Passenger Baggage -s]rstamo_l interasts Physical Environment
Vehicle 'T' CAirlF ATorque
r ee (0.7 alm m : Visual IF v :%;hlcla
shlocks =block: shbilock= =hlocks driver : Driver
Vehicle Dccupant Road External Entity Atmospheres
v pre Accelerator Cmd ATorque
friction : Heal temperature : DegC{unit = DegreeCelsius} : Foot IF [}———p———{>] : Accelerator IF
incline : Radian{unit = Radian} air density : MassVolume right rear : Tire IF I:—pj—
FIGURE 4.3
: Hand IFE,]ﬂar’Se'iEEI - Gear Select IF left rear : Tire IF E'j—

Block definition diagram of the Autormobile Domain showing the Vehicle as the systern of interest, along with the

Vehicle Occupants and the Environment. Selected properties for the Road and Atrmosphere are also shown. [} Fuet Supply IF

FIGURE 4.9

Internal block diagram for the Automobile Domain describes the Vehicle Context, which shows the Vehicle and its external interfaces with the
Driver and the Physical Environment that were defined in Figure 4.3.



Context

«ContextDeagram»
ibd [Domain] AutomotiveDoman | Establishing the Context of the Hybrid SUV System using a User-Defined Context Diagram (Internal Block Diagram) Completeness of Diagram Noted in Diagram Description

: Maintainer
Driver X1 «systemm x5:
HSUV : HybridSUV
x2: / ‘- «externaln

/ X drivingConditions : Environment
% \ x3:

aexternals
:Passenger

aexternals
wexlernals weather : Weather object : ExternalObject [1.."]

vehicleCargo : Baggage

B aexternals
«diagramDescriptions road : Road [1.."]
fcompleteness = "partial. Does not include gas pump and other extemal
) nterfaces.”,
~~ HPescription = “Initial concepl to identify top level domain entities”,
e peference = "Ops Concept Description”,
- y w4
- porsion = "0.17}
-
-~

Figure D.4 Establishing the Context of the Hybrid SUV System using a User-Defined Context Diagram.
(Internal Block Diagram) Completeness of Diagram Noted in Diagram Description
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Context
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Context
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External entities

Indirect environment

,,,,,

The context of a system is the super-system (assumed with no external

interface) that contains all external entities (i.e. belonging to the context)

Direct

’ enti '
environment

External ‘..
External ?YStEm— ’O/ii !
entity of-interest \0\“ :"

that have an influence or interaction on the system-of-interest.

An external entity...

* Can be a human, but also a software, hardware, environmental property, facility, standérds, etc.

e Can directly interact with the SOI, but also indirectly influence it.

* Can receive a service (i.e., intended effect by its stakeholder) resulting from the interaction of the
system with its environment under determined conditions of use or impose a constraint to the

system. .



External entities

20



External entities

https://www.youtube.com/watch?v=SAshKROIjtQ



https://www.youtube.com/watch?v=SAshKROIjtQ

External entities

Ravens Take Out Google Drone, Company Forced to Stop Home
Delivery Service: VIDEO

written by Jonathan Howard | September 26, 2027 8:49 pm

22



External entities

* Weather properties (wind velocity, t°...)
* Regulatory (FAA standards,...)
e Other flying entities (small aircrafts, birds...)

e End-user (address, etc.)

23



Mapping lifecycle phases VS. External entities

Stakeholder (S)/
Lifecycle (L)
S1 X X X
S2 X X
S3 X X X
S4 X X X
S5 X X X
Combined XXX | XXX | XXX | XXX | XXX

Each column of the table represents an SOI lifecycle stage. Each row represents a stakeholder or an

external system for the lifecycle stages in which the stakeholder or external system has a stake.

24



Stakeholders in a Value Map
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— Store

Manufacturer] <—$ !—— Operator
! /ﬁm drink
$ Consumer
\!/

$ money & e $1

! Complaint i | l/

B scanna N S g

Fig. 2 a CVCA Step I: Determine the business model for the vending machine. b CVCA Step 2: Delineate pertinent parties involved with the vending machine’s life cycle.
¢ CVCA Step 3: Determine how the vending machine’s customers are related to each other. d CVCA Step 4: Identify the value propositions of the vending machine’s

z Vending machine Bottler
customers and define the flows between them. e CVCA Step 5: Analyze the Customer Chain to determine the vending machine’s critical customers and their value
propositions. The vending operator and the soft drink bottler (circled) were determined to be the critical customers to the vending machine manufacturer




Rank Stakeholders

Not all stakeholders are equal. Based on their
position and role, some stakeholders have more
“power” and influence than others. For example,
customers and the Approving Authorities. In this
case, higher ranked stakeholder’s needs and
stakeholder-owned requirements will have more
importance (higher priority) than lower ranked
stakeholders.

The rank of stakeholders is used to resolve any
needs or requirements that are conflicting or
cannot be met by the proposed solution within the
defined constraints. Higher ranking stakeholders
are often paying customers, sponsoring agencies,
acquirers, and the Approving Authorities who will
have the authority to accept, qualify, certify, or
approve for use the SOI.
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Project:
Team:

Version & Date:
v,

STAKEHOLPER MAP

Rank Stakeholders

Quick guide: The Stakeholder Map gives an overview of all stakeholders, i.e. organisations and people who have a claim or interest in the problem and a potential solution. In a first step, start by determining
the use cases. This can be a product, a project or the collaboration of different departments. In a further step, list all stakeholders involved. Thanks to well thought-out questions, we can also sharpen our
understanding of the various stakeholders. Followed by the creation of a stakeholder map, where the various stakeholders are placed on the map. Subsequently, enter the relationship between the stakeholders
and formulate the findings. Often it makes sense to first create the stakeholder map in the project team and later in the process to question the most important actors and to question the assumptions.

Project:
Team:
Version & Date:

ideas and trends can be derived that are relevant for the solution of a problem.

EXTREME USER/LEAD USER

Quick guide: With the Extreme User/Lead User concept, new, innovative ideas and user needs can be found that are not yet known to the average user. The first step is to identify such a potential Extreme
User. This is based on attributes in which such a "user" could be interesting, e.g. age, experience etc... In the next step, enter the range and consider where and how best to learn more about the Extreme User. Then
enter the user and determine the respective priority in the fourth step. On this basis, interviews can be conducted with the Extreme Users and the findings collected accordingly. When collaborating, questioning and
observing extremes and lead users, pay special attention to workarounds or previously unknown solution alternatives. Document these findings to learn more about the problem or a broader audience. From this,

Use case

Define the use case. s

Are there different customers with different
application scenarios/ use cases?

What happens before and after?

What are extreme use cases?

Stakeholders

Conduct brainstorming to identify
all stakeholders

Who are we working with?
Who provides us with valuable ideas?
Who's blocking the idea?

Who benefits from a success/failure?

Customer
/ user

External
stakeholders
Internal
stakeholders

Public
stakeholders

z
Create the map Ixi’ﬁ&]

Place all found stakeholders in the
adjacent map

| Relationships
Draw the appmprmg
relationships.
Relation
Unclear, informal relationship —3—
Institutional Relationship

Directed flow of information ————p3»

Relationship with conflict potential —’—

Interrupted relationship ——mtm—

=]
[=]
o
y
o ] .
e.g. experience . >
freshman average user expert

e.g. high, medium low

Findings

Describe your findings from the Stakeholder map.

]

? | Ideas

ideas and tr

bur insights.

JTP THE DESIGN THINKING TOOLBOX

PREMIUM TEMPLATE

WWW.DT-TOOLBOOK.COM/ SHOP

JTP THE DESIGN THINKING TOOLBOX

PREMIUM TEMPLATE

WWW.DT-TOOLBOOK.COM/ SHOP
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Rank Stakeholders

MITRE | Innovation Toolkit

COMMUNITY MAP: Build a shared understanding of the environment

Allies Audiences

Those who work together with vou to The intended group who are the direct
accomplish the same goal. A trusted source. targets for this topic.

Influencers

Those who have the power to affect
audience decisions.

Identify all the potential allies, audiences, and influencers for the topic. These may be individuals, organizations, or groups.

https://itk.mitre.org/toolkit-tools/community-map/

ith. rmitre.org | ith@mitre.org Cormmunity Map V1 @ 2021 The MITRE Corparation. &1 rights reserved. Approved for public release. Distribution unlimited PR_20-0146%-11.
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Rank Stakeholders

MITRE | Innovation Toolkit
STAKEHOLDER MAP & MATRIX: Get to know the people with an interest in the project

AELBUOL L LI Impact Influence Imporiance Coniribution Block Engagement
Name Person

Phone, Email, How much How much What is How could the How could Strategy for

Website, does the influence do important tothe stakeholder the engaging the
Address project impact they have over stakeholder? contribute tothe stakeholder stakeholder
them? (Low, the project? project? block the
Medium, High) (Low, Medium, project?
High)

https://itk.mitre.org/toolkit-tools/stakeholder-map-and-matrix/

itk. rmitre.org | ith@rmitre. org Stakehaolder Matrix V1 & 2021 The MITRE Corporation. All rights reserved. &pproved for public release. Distribution unlimited PR_Z20-0146%-11.
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Rank Stakeholders

MITRE | Innovation Toolkit
STAKEHOLDER POWER CATEGORIES

Assess Notice and reflect

Stakeholder list What does status quo power look like in this effort?
Q1  Highly impacted but hold | Q2 Highly impacted and hold lots
little power. Prioritize Q1 so | of power. Likely already at and o . ,
they can shape the outcomes ! accustomed to being the only ones How might it be changed or disrupted?
5 that will directly affect them | at the table; they may need help
T | sharing power with those in Q1
1
< : How might we increase participation, ownership, and
] | self-governance of those who are highly impacted
5 ! (@1 and Q2) by the effort?
© |
= 1
bl 1
= 1
s ) 1
) I
® |93 Lightly impactedand hold | @4 Lightly impacted but hold lots How might we reduce barriers to participation?
g little power. Could be | of power. Should be involved + Alternatives for those without internet access
o consulted for their ! (might be gatekeepers, key allies, ) . ) .
= experience | or advocates); they may need help Changing meeting times & locations
- } sharing power «  Meals
: + Monetary compensation
= ! +  On-site childcare
S H « Transportation
H « Something else:
1
i Is our team representative of those who are highly
| impacted (Q1 and Q2) by the effort?
1

If not, how might we improve?

LOW Power over the effort HiGH

o What have we learned/discovered about which stakeholders are important to Next Steps (These can be internal or external actions)
@ | prioritize?

ﬁ For , we need to

(stakeholder name/quadrant) (team action)

https://itk.mitre.org/toolkit-tools/stakeholder-power-categories/

itk.mitre.org | itk@mitre.org Stakeholder Power Categories V1 © 2021 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited PR_20-01469-12.
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Use of Checklists/Guiding Questions

Who pays?

Who profits?

Who produces?

Who tests (is involved in design and system verification and validation)?
Who uses or operates?

Who maintains?

Who regulates?

Who accepts, approves, certifies, or qualifies the SOI?

Who owns or controls external systems that interfaces with the SOI?
Who owns or controls enabling systems the SOl interacts with?

Who is involved or who may be impacted by in the disposal of the SOl at end-of-life?

Who else cares?
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Use of Checklists/Guiding Questions

What are the relevant standards and regulations?

What are the production processes/workmanship/facility limitations?

Are there required design approaches (industry, mechanical, electrical, software, business
management, etc.)?

How will the SOI be verified and validated (labs, facilities, etc.)?

What are the Human Factor considerations for the SOI?

What are the critical technologies and what is their maturity?

What are the existing systems that the SOl must interact with? Have those stakeholders been involved
in elicitation?

What are the higher-level requirements allocated to the SOI?

What are the budget and schedule constraints?

What is the operating environment of the SOI?
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Use of Checklists/Guiding Questions

Define Paying customer, sponsor, project team, project manager, procurement,
research and development, suppliers, regulating authorities, public,
marketing, end users, operators, compliance office, regulators, owners of
enabling systems, owners of external systems, Approving Authorities

Develop Project team, subject matter experts (SMEs), system architects, design
engineers, suppliers, procurement, etc.

Produce Production organization, process engineers, quality control, production
verification, product acceptance, supply chain

Integrate, Verify, Test engineers, system integration engineers, system verification engineers,

and Validate system validation engineers, operators/users, owners of enabling systems,

facility personnel, contracting, Approving Authorities, regulators, safety
personnel, security personnel

Operate Transporters, installers, users, operators, safety engineers, security engineers,
owners of external systems, IT, regulators, quality, mission assurance
Sustain/Maintain Customer/technical support, replacement part providers, service technicians,

trainers, IT, quality engineer, inspectors, CM, those conducting post
development system verification and system validation activities.
Dismantle/Dispose  Operators, waste management, regulators, public




Discard

Distribute to
patients/HCP

Distribute to
patients/HCP

Transport to
healthcare

professionals

Prototyping

Packaging of
combination
product

Stakeholders

Verification Clinical trials Manufacturing

Assembly of
OB-WAN

Package of OB-WAN
in kit

Assembly of Transport to

combination Unpacking

It pharma
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rainstorming of external entities

Room temperature

Room humidity

Clinal study
supervisor

Health care
practitioner

Patient

1SO/IEC 11-608

Electronic waste
collector

Electromagnetic
fields

Electromagnetic
fields

Pharmaceutical
companies

ISO/IEC 23-908

Data receiver

Clinical center

ISO/IEC 62 366

Sharp container Cloud database

Packaging line

Blister sterile
packaging

Regulatory bodies

Becton Dickinson

Storage humidity

Assembly line

Filling line

Electromagnetic
fields

Storage
temperature
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Clustering of external entities

Scalpel (sharp
object) Refrigerator

Sharp container

Electronic waste
collector

Packaging line
Data receiver

Sales representative

Blister sterile
packaging

Clinal study
supervisor

Electromagnetic
fields

Pharmaceutical

Health care companies

practitioner

Patient

Cloud database

Assembly line

Filling line

Abdomen

Trainer
Blister
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Groups of external entities

Often there will be multiple members of a

PERSONA/USER PROFILES

Quick guide: The description of a typical person who is a potential user/customer of a solution helps to maintain a consistent understanding of a target group. In a first step, the persona is named and described
as precisely as possible. The other fields can be filled out in any order, depending on your previous knowledge of the problem. One possibility is to start with the question: What is the task (Jobs to be done),
where the persona can be helped? In the next step, use cases of possible scenarios will be described, which can arise when using the product, for example. Then describe the biggest Pains (problems,
frustration) and Gains (desire) for the respective persona individually. Al findings can be visualized in the form of a moodboard (like a collage), which consists of pictures, photos, sketches, texts, quotations and
materials about the persona. Finally, stakeholders, such as family and children, that influence the persona can be described. General trends, megatrends, market and technology trends that exert an influence
come in addition to user profiles being added.

Nawe of persona ron

Determine name, sex and age. Add other attributes such as

sales, safety, regulators, customers, the “public” who |- A
Pescription of —] | Moodboard/sketch R Jobs to be done &5

fh e persona — Make a sketch that visualizes the customer or supplement the user profile with photos or excerpts from Which functional tasks are supported by th
p — magazines similar to a moodboard as designers use it for inspiration. = product? Which social and emotional tasks

stakeholder group, e.g., users, operators, marketing,

Describe the fictitious character does the product fulfil?

will be buying, using, operating, or maintaining a |~

product or may be affected by the product in some oo
Inflencer T

Who is involved in the user?

What arethe alles? Problems/pains

way. It may not be practical to collaborate with every ™ e

What causes a bad feeling in the customer?

member of the group to elicit their needs and

Trends wW

What are the driving forces Gains

requirements. In this case a means must be |i i | seoases/aploation seenari

influence the customer? Describe all use cases in the context of the problem (Where? What? How?) 2 What possibilities and advantages could
Where is the product used by the user? he/she have?
What happens in the system environment while using the product? What does the customer expect and what
What happens before and after? How does she/he use it? exceeds his expectations?

How do current products please
customers?

implemented to name a representative of the group

JSP THE DESIGN THINKING TOOLBOX PREMIUM TEMPLATE WWW.DT-TOOLBOOK.COM/ SHOP

concerning their needs and requirements.
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Classes of external entities

External Entities

Sharps
container

Unit package

Sharp object
(scalpel)

Refrigerator

Sales

representative
Abdomen

Trainer
Arm

, Friend
Finger

Patient

Healthcare
professional

Caregiver

Healthcare
professional
factility

Room
temperature

Refrigerator
temperature

FDA
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Stakeholders register

The project must identify and manage the stakeholders or classes of stakeholders who will participate

with the project team to develop the system-of-interest. One approach that can be used to record the

list of external entities is to develop a stakeholder register that includes key information for each

stakeholder involved in some way with the SOI. Key information for each stakeholder includes:

Stakeholder’s name, location, mailing address, email, phone, fax, etc.

Stakeholder’s organization and job title.

Whether or not the stakeholder is internal or external to the organization.

How are they involved? What is their “stake”? Are they an Approving Authority? Are they decision makers, end
users, controller of assets or resources, influencer, interested party, procurement, legal, compliance?

What lifecycle(s) are they primarily concerned with or involved in? In what way?

What information the project needs from the stakeholder.

What information the stakeholder needs from the project.
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External interfaces

During the identification of external entities for each lifecycle stage, you must pay particular attention to

any interactions of the SOl with external entities. These interactions could represent interfaces.
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External interfaces

During the identification of external entities for each lifecycle stage, you must pay particular attention to

any interactions of the SOl with external entities. These interactions could represent interfaces.

* Which external systems are existing versus which are being developed concurrently with the SOI?

 Who are the stakeholders for the external systems?

* Have they been involved in the elicitation activities?

* Have all the interactions (inputs/outputs) between the SOI and external systems been defined?

* |s an existing external system likely to change how it interacts with the SOI across the interface boundary during the
development or after the SOl is in use? How will the project team know if it does change? How will the proposed changes
impact the SOI?

* For new systems being developed concurrently, what is the process to be followed to document and agree on the specific
interactions. Who is responsible for recording the interactions and getting approval? Who will have configuration control of
those definitions? What is the schedule for doing so?

* For software systems, what standard, application programmer’s interface (API), etc. apply to the interactions? .



Services / System Functions / Effect-Functions

Observe usage of the term capability. Traditionally, the
term function—as in form, fit, and function—has been used
by Engineers to characterize what a system 1s expected to
accomplish. However, there is a gross disparity between the
true definition of a function and what the User expects the
system to accomplish. Here's the difference.

Catch Phrase for Failure!

: Form, Fit, and Function: An Implied

The phrase form, fit, and function, which is
A Word of  deeply ingrained as a paradigm in everyday
Caution 1.1 Engineering, is a well-intended concept that
is subject to misinterpretation. By virtue of the sequence of
terms, people sometimes interpret the phrase as the sequence
of steps required to perform Engineering:

s Step 1—Design the physical system—form.
¢ Step 2—Figure out how to get the pieces to fif together.
o Step 3—Decide what the system must do—function.

Evidence of this paradigm is illustrated in Figure 2.3.
PURGE the form, fit, and function paradigm from your
mind-set! The phrase simply identifies three key attributes of
a system, product, or service that must be considered, nothing
more!

Simply stated, a function represents an action to be
performed such as Perform Navigation. A function is a
unitless term that does not express a level of performance
to be achieved. In general, it 1s easy to *identify functions”
via functional analysis—sounds impressive to uninformed
customers. The challenge is specifying and bounding the
level of performance a function must achieve. Although
functions and functional analysis are certainly valid within
their own context, from a current SE perspective, the concept
of functional analysis as a primary driving SE activity is
outdated. The reality is functional analysis is still valid but
only as a supporting SE activity. So, how do we solve this
dilemma?

The solution resides in the term capability. A capability
is defined as follows:

o Capability—An explicit, inherent feature activated by
an external stimulus, cue, or excitation to perform an
action (function) at a specified level of performance
until terminated by external commands, timed comple-
tion, or resource depletion.

The definition of services consists in adopting an external “Black-box” view on
the system of interest (Sol) and to specify the effects — intended by its

stakeholders — of the interaction of the Sol with its operating environment.

Internal As a HCP, | want to prepare the OBl setup at the following Normal Use
conditions:
MRD.200
Temp Rar*ge: 5-40°C
RH: < 90%
Duration: < 3 hours
MRD.299 | VOC As a HCP, | want the drug to be delivered subcutaneously. Customer Need
MRD.&S VOC As a HCP or Patient, | want to have the drug delivered Competitive
automatically at least 24 hours after OBI activation. Benchmark
VIRD.37 VOC As a Patient, | want the device to be inconspicuous so that | do | Marketing
not feel embarrassed when wearing it.
VOoC As a Patient, | want all OBl feedback to be discreet to avoid Compliance per IS0
MRD.S0 patient stigmatization (e.g. no large buzzer sound in a public 11608-1
setting). Compliance per IS0
11608-5
Regulatory As a HCP, | want to know if the device is working properly Safety
MRD.53 during setup (i.e. any malfunction preventing complete drug Compliance
delivery) prior to sending the Patient home.
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Services / System Functions / Effect-Functions
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Focus on Stakeholders

For each lifecycle stage, ask the stakeholders to describe a “day-in-the life” of the SOI. This could include

multiple use cases or scenarios. Address both nominal and alternate nominal cases. For use cases,

capture the initial conditions and state of the SOI at the end of the use case.

Use Case Name: Manual filling of the LVDS for Oncology Drug

Summa I'y: (Brief overall summary of the intention of this Use Case)

This use case describes the transfer of the oncology drug from the Primary Container as received
from the Pharmacy into the Flexible Bag in the Falcon LVDS. This is a precondition to performing the

Inject Oncology Drug use case.
Actors: (List the primary actors in the use case)

Health Care Provider (HCP)
Preconditions: (State what conditions must be true for the Use Case to begin execution)

The HCP has received the oncology drug and the Disposable Module from the Pharmacy.
Postconditions: (state what conditions must be true when the Use Case ends under normal conditions)

The oncology drug has been successfully transferred from the Primary Container to the Flexible Bag
in the Disposable Module.

Assum ptions: (State any assumptions that need to be made for the Use Case to execute either Normal or Alternate
Courses)

The Pharmacist has been trained in and follows aseptic techniques required for transferring the
drug.

The connection from the drug syringe to the Disposable Module can be a septum/needle, or a luer
lock with check valve, as examples.

Normal Use Case Course: (List the time-ordered steps that the Actors take to execute the Use Case, considering
only the main normal course. Do not id i these are handled in the Exceptions section. Avoid IF-THEN-
ELSE or other programmatic constructs when possible, these may be handled as Alternate courses).

1. The Pharmacist removes the Disposable Module from its packaging.

2. The Pharmacist remaoves the oncology drug and the supplied syringe from packaging

3. The Pharmacist fills the syringe with the desired and appropriate volume of the oncology drug
for the patient

4. The Pharmacist inserts the syringe needle in the Disposable Module connector

5. The Pharmacist presses the syringe plunger to deliver the oncology drug into the LVDS Flexible
Bag

6. The Pharmacist removes the syringe and disposes of the syringe in a suitable biohazard
container

7. The Pharmacist discards the primary container following the IFU from the drug manufacturer

Alternate Courses: (List any flows or logic alternative to the Normal. When possible, note the Normal Use Case step

where the course modification applies).
N/A

Exce ptions: (List any unexpected or abnormal conditions that may be encountered during execution of Normal or

Alternative Use Cases. When possible, note the Normal or Alternate Use Case step where the exception applies).

Step 1: The HCP must check the labeling on the drug to check that it is the correct drug for the
correct patient, and that it is not past the expiry date. If these conditions are not true, the drug
cannot be used.

Open |Ssues: (List any open issues that need to be resolved for successful adoption of this Use Case. Ideally all open

issues should be closed at project completion and this section will be empty).

1. Will the syringe be 20 mL, or less —so the HCP will have to repeat filling the syringe multiple
times to fill the Flexible Bag?

2. Will the syringe always be filled completely, or we fill with just 20 mL? What if syringe is less
than 20 mL and we need to repeat multiple times to reach the prescription volume?
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Storyboarding
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Use case / Operational Scenario

In addition to the nominal and alternate nominal scenarios,
also ask the stakeholder about off-nominal scenarios- what
could go wrong, or currently what often goes wrong? (The
off-nominal scenarios will be a major source of risk ->

Failure Modes and Effects Analysis (FMEA)).

The resulting use cases or scenarios provide key insights
into the stakeholder needs and stakeholder-owned system
requirements concerning features, capabilities,
functionality, performance, interaction with other systems,

standards, regulations, physical attributes, etc.

fi = —
PROJECT: OBI Precondtions:
\TITLE: UC-001 — Prepare to use OBI Distributed
Prirmary — HCP only
Secondary — Trainer, Sales Representative
Tertiany — NIA
. . - Actor mishandles / damages Kit
1. Remove Kit from Refigerator - gy in inappropriate environmental conditions
¢ - Actor attempts to wam through
2. Allow Kit to Wam to Room | ____ inappropriate means S
Temperature - Actor skips step, does not warm product
to room temperature
- Actor accidentally activates OBI
- Actor damages the Unit Package
{ex. dent/crack, no longer stable for filing)
- Actor disposes of Unit Package -= Difficulty later
during filling
A - Actor does not know how to use Kit
Remove & Layout Contents - Actor injured by the DB
- Actor injured by the Unit Package {ex. skin cut)
- Actor mishandles / damages OBl
- Acior opens Kit or Unit Package in manner that
damages product (ex. using a scalpel / sharp object)
- Actor unable to open / remove
contents (physically difficult)
Y
§ . - Achor cannot read labeling/expiration/dosage
4. Inspect Kit art'ld tinrt Package | __ on product .
contents - Actor skips step, does not inspect product
I____,-»" x“""“--____x - Actor does not detect defective/compromised
5 Confirm product product
fssus is good fo use _f_),-—j" - Actor gquestions integrity of product and rejects+
T (despite product being ok)
4
- Actor does not know how to prepare site
6. Select and Prepare Site - MActor selects site not recommended by IFU --»
- Actor skips step, does not clean site
—_— |"?_ End State: Kit and OB are readythf N
- use.
Error tanling | > UC-002 - Tum On / Activate OB
N vy . /

RISK ASSESSMENT
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Use case / Operational Scenario

7.8 Error Handling

EDROJECT: OBl

TITLE: UC-007 — Error Handling
() Prmary - HCP or Patient Preconditions:
—— SEcOndany — Caregiver or HCP -4 rtor beleves there s a
Teflary — Friend or Significant Other probiam with the OB

2. OBl Fell
Inimtentionally F

q. OBl behavid

{ state inappropriate
g fill indicato

=128l Signaling

N 5. OBl damaged

Actor does not detect OBl signal

{ compromised - gd , - . ; _....
[E Repeated Beegh - Actor misinterprets OBl signal
discomfort / pain
JBl non-funciocna .
—_— _ signaling / dead? . Actor does not detect OBl signal »*
lm 11. Did proble
Ssssssssssss—e---- Aptor does not bag or contain OBl - - - - 4=

Acior misinterprets OBl siate
A rdrwr mussstinms intearihe of it and reiects (dasnite moduct bsinn ok

Actor continues to womy amyway and overrides HCP decision ----- >
e e Acior doesn't use caution when removing OBl (since may be
O, Actor removes OB from site able to still dispense or still pressurized from occluded site)
(Fattachedy  [TTTTT777 i - Actor skips step, does not remove OBl from skin~ -———— >
* - Refer io Removal Use Case Issues

10. Actor returns with 08| 1o HCP

¥

s 12. HCP determines next step [f-------- HCP performs another injection without blood testing------ -
I L
L ¥ L
(" 14.End State:
15. End Siate: Resume 13. End State: Complaint Handling
Originating Use Case Actor disposed of OBl ({Poientially r=tums compiant
L sampla)
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Use case / Operational Scenario

Operational phase behavior (Activity):

Use Case “To create the A320 Nose Section

Can be used to describe the rational scenario (use case)

Step 4.2 reference baseline”

‘Systems G u Critical Interfaces System
Designer e Project

T —— - — ]

i Nrworthoss
PAR
=
e S
| -

. ————————————————————— -

Reguiation to be considered and application rules

Operational task invocation (Call Behavior Action):
It represents the execution of an operational task by the Sol

LOOP [Reference baseline validated)

Ralerence baseing. MSN11080 Reference (DMU and Functional
Scope) & Step 4.2 lechnical dossier
Request for improvement

or a stakeholder (grey boxes on scenarios).

Updated reference baseling

Valdation of the reference basaline

|
.:] Validated reference baseline
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Use case / Operational Scenario

The goal of elicitation is to provide an implementation-free understanding of the stakeholders’ needs by

defining what is expected (specification) without addressing how (design) to satisfy the set of needs.

11 1.2 13 14 k
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Power Module Fires
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|
|
|
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Interface Spec I J  Interface Spec Distance X
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|
|
|
|

Initiate Needle 2.1 2.2 23 /: ) 2.4 2.5 26 Finalize Needle

Actuator Spring Needle Actuator Rotate Power Needle Insertion 7 ‘,V Status Indication Needle Retraction Button Pop Up Actuator Spring
|
|

49



Use case / Operational Scenario

User Interactions

Device Functions

= F.emowve from
Refrigerator

Inspect Drug

— R emove Needle
Shield Remover &
Adhesive Liner

Apply to
Skin

PREPARE

— Preaks Sterile Barrier on

Disables Safety Interlock

— Exposes Adhesive Pad

- Activate Button
(slide & press)

w==WVisual Indicator
mowves from Solid
White to Striped

=+ Audible Indicator

= sounds
I—-Tactile Indicator
= activates L Sp——

= Stopper Movement
Visible through
Window

= Visual Indicator
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to Solid Blue

= Audible Indicator
sounds

= Tactile Indicator
activates

=TT

- Femove
& Dispose

DISPOSE

— Automated Needle
Insertion (5.6mm
depth)

Primary Container shunts
forward

Connection established
between Primary
Container & Fluid Path

Needle Automatically
Retracts from Patient

into Casework

— Power Module

Delivers pre-set
Dose
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Set of Needs (Services and constraints)

Source of additional

Umqu\e D o ource Stateinent services/constraints
Internal As a HCP, | want to prepare the OBl setup at the following Normal Use
conditions: Expected
deliverable
MRD.200
Temp Har*ge: 5-40°C
RH: < 90%
Duration: < 3 hours
MRD.299 | VOC As a HCP, | want the drug to be delivered subcutaneously. Customer Need
VIRD.ES VOC As a HCP or Patient, | want to have the drug delivered Competitive
automatically at least 24 hours after OBI activation. Benchmark
MRD.37 VOC As a Patient, | want the device to be inconspicuous so that | do | Marketing
not feel embarrassed when wearing it.
VOC As a Patient, | want all OBl feedback to be discreet to avoid Compliance per ISO
VIRD.S0 patient stigmatization (e.g. no large buzzer sound in a public 11608-1
setting). Compliance per IS0
11608-5
Regulatory As a HCP, | want to know if the device is working properly Safety
MRD.53 during setup (i.e. any malfunction preventing complete drug Compliance
delivery) prior to sending the Patient home. 51




Need priority

It is common for a specific stakeholder to consider some aspects of the SOl more important than
others. During elicitation activities, it is important to ask the stakeholders to prioritize what they are
asking for. Some things will be especially important to the stakeholder, while other things may be “nice-
to-haves” or “desires”, but not critical to the system being able to achieve the agreed to mission. There
will be some things that the stakeholder may be able to “live without” given budget or schedule
constraints or conflicting stakeholder needs and stakeholder-owned requirements.

Stakeholders need to make clear which things are critical for the system to be able to meet its intended
purpose in the operating environment. \When there is a difference in opinion as to priority or criticality,
the ranking of the stakeholder must be considered.

When recording stakeholder inputs, it is important to record within the SOl’s integrated dataset the

priority of their needs and the rationale concerning the designation.
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Need rationale

For each need elicited from the stakeholders, it is important to capture the rationale concerning “why”.

Rationale helps understand intent. To understand the real need, stakeholders may have to be asked

“why?” multiple times.

= |f the need or requirement is based on an assumption, that assumption should be included in the
rationale attribute.

= |f the need includes a number, the rationale should also include a description from which that
number was derived.

= |f a stakeholder cannot provide a rationale, why include the need or requirement in the set?
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Considerations for the Elicitation of Needs

The elicited needs and requirements will frequently include ambiguous terms and phrases like user
friendly, robust, easy to use, works fast, safe, affordable, pleasant, easy to test, cost-effective
manufacturing, works just like the last one only better, etc. It is common for stakeholders to state their

needs at a high level of abstraction resulting in ambiguity as to their exact intent as it applies to the SOI.
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Considerations for the Elicitation of Needs

Stakeholders often state their needs as implementation statements or solutions rather than address the
problem and needs concerning a solution to the problem. The focus should be on the "what" not
"how”. When a stakeholder states a specific implementation or solution, ask “Why?” and “What does
that implementation or solution allow you to do?” A common approach is to ask “why” multiple times.
The answers to the questions will help uncover the real needs. In addition, avoiding implementation

allows the project team to be more innovative in defining an effective design solution.
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Considerations for the Elicitation of Needs

Stakeholders will often address needs for lower-level system elements that make up the SOI, rather
than focusing on the integrated system. For some it is hard to address higher levels of abstraction. It is
common for engineers to jump to an architectural and design solution, rather than spend the time to
understand the problem. For any given SOI, have the stakeholders focus on what would be observable

externally, rather than diving into the internal architecture and design of the SOI.
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Considerations for the Elicitation of Needs

Stakeholders will often have both explicit AND implicit needs. Stakeholders will often focus on
functionality, performance, and user interfaces, assuming everything else will be addressed by the
developing project team. The stakeholders assume the project team knows what they are
assuming. The stakeholder’s expectations for their implicit needs are often the same as for what
they have explicitly stated. If the implicit needs are not met, the system may fail system validation,
even though those needs and requirements were not explicitly stated. To avoid this issue, the
project team must ask questions concerning areas of interest not explicitly stated by the
stakeholders. For example, what quality attributes do they need the SOI to have? What standards

or regulations need to be adhered to? What are the drivers and constraints?

57



Considerations for the Elicitation of Needs

What are the drivers and constraints? Drivers and Constraints can include:

e Design constraints (parts, materials, organizational design best practices, etc.).

e Design standards (industry, domain, business management, business operations).
e Production constraints (existing technology, facilities, equipment, cost, throughput, etc.).
e Human factors (human/machine interface - HMI).

e Regulations (law).

e Operating environment (natural, induced).

e Operating environment (social, cultural).

e Existing systems: (interactions, interfaces, dependencies).

e Technology Maturity.

e Cost.

e Schedule.
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Considerations for the Elicitation of Needs

Stories, scenarios, use cases, system concepts, ops concepts, concepts of operation, etc. often
focus on functionality, performance, and interactions with other systems, but are often incomplete,

|II

not addressing other “non-functional” needs such as quality needs (-ilities), e.g. maintenability,
availability, security, reliability..., design and construction standards, regulations, and physical
characteristics. These other needs must also be included - otherwise the integrated set of needs

and resulting set of design input requirements will be incomplete.
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Validation of the Needs

Has an acceptable elicitation process been followed?

Validation of a need statement determines whether a need statement clearly communicates the intent
of the lifecycle concepts or source from which it was derived or transformed.

All relevant stakeholders have been involved in the elicitation activities.

All lifecycle stages have been addressed.

All interactions with external entities identified during elicitation have been recorded.

The elicitation outcomes are communicated at the right level of abstraction.

Are they an implementation-free understanding of the needs and requirements by defining what is
expected (design inputs) without addressing how (design outputs)?

Rationale has been captured for each need.

The priorities and critically of the stakeholder needs and stakeholhave been established and recorded.
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Validation of the Needs

Any conflicts and inconsistencies have been captured and a plan for resolution developed.

Do the needs correctly and completely capture what the stakeholders need the SOl to do in the
operational environment in terms of form, fit, function, compliance, and quality?

Issues and risk have been recorded and a plan for mitigation has been established.

Ambiguous terms such as user-friendly, easy-to-use, fast, high quality, good tasting, affordable, robust,
etc. have been resolved.

Are the needs written correctly?

Does each need statement trace to a source?

Does each source have a corresponding need statement?

Would the set of needs, if met, solve the problem?
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