IP504914 System engineering
Best Practice Module

Week 37 — Classes Plan

Henrique Gaspar - Fall 2014
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Fundamentals - Monday, Sept 8t"

Morning:

Introduction & Course Program
What is a System?

Systems Hierarchy

Systems Complexity

Decomposition and Encapsulation
Practical Example — Physical Systems
Class, instances, objects

Exercise:

Complexes systems around us
Boundary of a system
Hierarchies

Structural Aspects
Functionalities

Attributes

Literature:

1.

2.

3.

Meadows, D. "Systems
Thinking", 2014

Simon, H. "Architecture of
Complexity", 1962

INCOSE, "Systems
Engineering Handbook", 2010
Dahl, J. "Systems Engineering
Course at NTNU", 2009
Oliver, D. et al. Engineering
Complex Systems with
Models and Objects", 1996
Mitchell, M. "Complexity: a
guided tour", 2011

Gaspar, H.M. "Handling
aspects of complexity in
Conceptual Ship Design",
2012

NASA "Systems Engineering
Handbook", 2007.
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Design - Monday, Sept 8t

Afternoon:

— Artificial x Natural System
Design Principles
Design Methods

Design of Systems, Subsystems and
System of Systems

Examples

Exercise:

— Designing Engineered Systems
Describe Form-Function Concept
Present "Design Mapping" process

Decompose goals and how to reach
these goals

Applying basic design models

Literature:

1. Coyne, R.etal,
"Knowledge-Based
Design Systems",
1990

2. Erikstad, S. O. "Design
Methods — NTNU
Course", 2009

3. Suh, N. "Principles of
Design", 1990

4. Simon, H. "Sciences of
Artificial", 1996
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Lifecycle - Tuesday, Sept 9t

Morning:
Lifecycle Characteristics
Decision Gates
Lifecycle stages
* Pre-concept
* Concept

* Development
* Production
* Operation

* Support

¢ Retirement

Value Chain Overview
— Examples

Exercise:
— Propose a lifecycle for your system
— Apply basic lifecycle method

— Brief discussion on layers and
boundaries

Literature:
1.

INCOSE, "Systems
Engineering Handbook",
2010

Haskins, C., "Systems
Engineering Handbook — A
guide for Lifecycle Processes
and Activities", 2006
Ulstein, T., and Brett, P. O.
"Critical systems thinking in
ship design approaches."
International Maritime
Design Conference - Glasgow
(2012).

NASA "Systems Engineering
Handbook", 2007.
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Product and Process

Tuesday, Sept 9t

Afternoon:

Product and Process
Flowing through the system
System Architecture Process
Product Creation Process

Basic sources for process
managements

Examples

Exercise:

Product / Process distinction
Decomposing your process
Product flow through process
Establish form/function criteria

Literature:

Meadows, D. "Systems
Thinking", 2014
INCOSE, "Systems
Engineering Handbook", 2010
Muller, G. "System
Architecting", 2010
PMBOOK, "Project
Management Body of
Knowledge"

Michael, J. "Systems
Approaches to
Management", 2000
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5 Aspects - Wednesday, Sept 10t

Morning:
— Five Aspects of Complex Systems

e Structural
¢ Behavioral
* Contextual
¢ Temporal
¢ Perceptual

— Connect to Product and Process
— Examples

Exercise:
— Apply five aspect taxonomy to the

case

— Discuss system characteristics for

each of the aspects

— Combine methodologies

Literature:

1.

Rhodes and Ross, "Shaping in
Socio-Technical System
Innovation Strategies using a
Five Aspects Taxonomy",
2010

Rhodes and Ross, "Five
Aspects of Engineering
Complex Systems - Emerging
Constructs and Methods",
2010

Gaspar, H.M. "Handling

aspects of complexity in

Conceptual Ship Design",
2012
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Decision Making

Wednesday, Sept 10t

Afternoon:
— Perceptual Aspect

— How "good" is perceived?

— Decision Making
— Measures of Merit
— Decision Matrix

— AHP

— Decision Tree — what is the "value" of

a decision?
— Examples

Exercise:

— Develop a simple decision making

tool for your case
— Basic AHP

— Decision Tree for Key choices

Literature:
1.

Rhodes and Ross, "Five Aspects of
Engineering Complex Systems -
Emerging Constructs and
Methods", 2010

Haskins, C., "Systems Engineering
Handbook — A guide for Lifecycle
Processes and Activities", 2006
March, J. "A Primer on Decision
Making: How Decisions Happen",
1994

Ulstein, T., and Brett, P. O.
"Critical systems thinking in ship
design approaches." International
Maritime Design Conference -
Glasgow (2012).

Erikstad, S. O. "Design Methods —
NTNU Course", 2009

Dahl, J. "Systems Engineering
Course at NTNU", 2009

Oliver, D. et al. Engineering
Complex Systems with Models
and Objects", 1996
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Combining Methods
Thursday, Sept 11t

Morning:

Case Studies

10-16 — Project Proposal

Sketch a proposal
Elevator pitch

¢ Introduction
* Scope

* Objective

* Milestones
* Deliveries

2 slide presentation:

Near-decomposable systems
Combining Methods

SE techniques x non-SE Techniques
RSC and Epoch-Era Analysis

What is your focus (es)?

Literature:

1.

2.

Simon, H. "Sciences of
Artificial", 1996

Gaspar, H.M. "Handling
aspects of complexity in
Conceptual Ship Design",
2012

Gaspar, H. et al., "Handling
temporal complexity in the
design of non-transport ships
using epoch-era analysis",
2011

Ross, A.M.,et al. "Responsive
Systems Comparison
Method: Dynamic Insights
into Designing a Satellite
Radar System,", 2009

Muller, G. "System
Architecting", 2010
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Best Practice — Ulstein Group 2.,
Friday, Sept 12t

* Agenda:

— 9:45 — Arrival and introduction (HG)

— 10 - 11:00 Spirit of Innovation (@K)

— 11:00 — 11:45 Lunch

— 12:00 - 13:30 Visit Ship Yard (HG)
13:45 — 15:45 Ulstein Best Practices (POB)
— 15:45 Closing Remarks

Aslesund University College

Purpose of the Course

* Introduce Systems Engineering (SE) basic principles,
methods and thinking to master students at HIALS

* Provide references that can be used as starting point to
apply SE in future cases

* Provide examples of SE applications in complex artificial
systems

* Make the students practice the SE principles with regular
tasks, to be performed during the course, plus a final
project

* Students can apply later these principles/techniques/
thinking in their Maser Thesis

Aslesund University College




¢ Offer:

Offer & Expectation

)

Best Practice

Course

P

=

H

P

Monday Tuesday Wednesday Thursday

NS NS NS N S
TN TN TN TN

Fundamentals of . Combining
SE Lifecycle 5 Aspects of CS Methods
NS NS NS NS
L~ L 7N L~ L 7
Design Product and Decision Making Project Work
Process

NS NS NS

I

Friday
NS

TN
Summary
NS

7N
Ulstein Visit
N
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Offer & Expectation

* Expectations:

VRN
Best Practice
Course
Monday Tuesday Wednesday Thursday Friday Pro(Jge::athgI)ork
N N N N N
7N 7N RN RN VRN
. . . Intro Project .
Exercise 01(y/n) Exercise 03 (y/n) Exercise 05 (y/n) Work  (y/n) 7:45am at HIALS
N N N N N
7N 7N RN VRN
Exercise 02 (y/n) Exercise 03 (y/n) Exercise 06 (y/n) Ulstein Visit
N N N N
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Grading

Grade: TN
. Best Practice
Exercises are prepared to be Course — 100%
done in class \/
There is no grade for the /\ /J\
exercises, just "Accepted/Non-
n
accepted Exercises Project

7 Exercises accepted are equalto .
35% of the final grade

If one or more exercise is TN
missed, delivery until Monday

Morning (Sept 15th) 3%
Project is 65% of the grade —
Project work consists of groups N

of 2 or 3 persons

It is expected 37.5 project hours
for each of the group members

37.5 Working Hours
for each member
NS
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IP504914 System engineering
Best Practice Module

Monday

Henrique Gaspar - Fall 2014
hega@hials.no - B410 (AMO)
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Fundamentals - Monday, Sept 8t"

Morning:

Introduction & Course Program
What is a System?

Systems Hierarchy

Systems Complexity

Decomposition and Encapsulation
Practical Example — Physical Systems
Class, instances, objects

Exercise:

Complexes systems around us
Boundary of a system
Hierarchies

Structural Aspects
Functionalities

Attributes

Literature:

1.

2.

3.

Meadows, D. "Systems
Thinking", 2014

Simon, H. "Architecture of
Complexity", 1962

INCOSE, "Systems
Engineering Handbook", 2010
Dahl, J. "Systems Engineering
Course at NTNU", 2009
Oliver, D. et al. Engineering
Complex Systems with
Models and Objects", 1996
Mitchell, M. "Complexity: a
guided tour", 2011

Gaspar, H.M. "Handling
aspects of complexity in
Conceptual Ship Design",
2012

NASA "Systems Engineering
Handbook", 2007.
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What is a System?

A system is an interconnected set of elements
that is coherently organized in a way that
achieves something.

If you look at that definition closely for a minute,
you can see that a system must consist of three
kinds of things: elements, interconnections, and

a function or purpose

Meadows

Fundamentals @

Aslesund University College

What is a System?

1.4.4 System

“A system is a complex unity formed of many often diverse parts subject to
a common plan or serving a common purpose.” (Mirriam-Webster 1981)

A system is a thing built from many other things, components, which
interact for a common purpose. If an engineer is to define a system he
must describe its context, its behavior or purpose, and its structure

Oliver

Fundamentals @
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What is a System?

*+ The word «system» stems from the Greek word
«systema» meaning an organized whole.

* Asbjornsen (1992): A system is an assemblage of
interacting elements, the performance of which shall
ensure a required performance of the total system over
its entire life cycle

+ System thinking is deeply rooted in philosophy. Any
collection of any interaction parts may be called a system,
e.g. technical and social systems

Dahl

September 2009

. HOGSKOLEN
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.........................

What is a System?

(INCOSE)

System: An integrated set of elements that accomplish a
defined objective. These elements include products
(hardware, software, firmware), processes, people,
information, techniques, facilities, services, and other
support elements.

Dahl
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How to identify a System?

How to know whether you are looking at a system or just a bunch of stuff:
A) Can you identify parts?

..and...

B) Do the parts affect each other?

..and ...

C) Do the parts together produce an effect that is different from the effect of
each part on its own?

... and perhaps ...

D) Does the effect, the behavior over time, persist in a variety of

circumstances?

Meadows

. HOGSKOLEN
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How to identify a System?

HO@GSKOLEN
Fundamentals ' ALESUND

Aslesund University College

1/21/15



Systems Engineering

Systems engineering is a discipline that concentrates on the design and
application of the whole (system) as distinct from the parts. It involves
looking at a problem in its entirety, taking into account all the facets and
all the variables and relating the social to the technical aspect. (Ramo1l)

Systems engineering is an iterative process of top-down synthesis,
development, and operation of a real-world system that satisfies, in a near
optimal manner, the full range of requirements for the system. (Eisner2)

. HOGSKOLEN
Fundamentals I ALESUND

.........................

Systems Engineering

Systems engineering is an interdisciplinary approach and means to enable
the realization of successful systems. It focuses on defining customer needs
and required functionality early in the development cycle, documenting
requirements, and then proceeding with design synthesis and system
validation while considering the complete problem: operations, cost and
schedule, performance, training and support, test, manufacturing, and
disposal. SE considers both the business and the technical needs of all
customers with the goal of providing a quality product that meets the user
needs. (INCOSE3)

. HOGSKOLEN
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Systems Hierarchy

GO gle system hierarchy [oOR) n

Web  Images  Videos  News  Maps  More~  Search tools

Fundamentals
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Systems Hierarchy

By a hierarchic system, or hierarchy, I mean a
system that is composed of interrelated subsys-
tems, each of the latter being, in turn, hierarchic
in structure until we reach some lowest level of
elementary subsystem. In most systems in nature,
it is somewhat arbitrary as to where we leave off
the partitioning and what subsystems we take as
elementary. Physics makes much use of the con-
cept of “elementary particle,” although particles
have a disconcerting tendency not to remain ele-
mentary very long. Only a couple of generations
ago, the atoms themselves were elementary parti-
cles; today, to the nuclear physicist they are
complex systems. For certain purposes of astron-
omy, whole stars, or even galaxies, can be re-
garded as elementary subsystems. In one kind of
biological research, a cell may be treated as an
elementary subsystem; in another, a protein
molecule; in still another, an amino acid residue.

Simon

Fundamentals

sund University College
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Systems Hierarchy

I have already given an example of one kind of
hierarchy that is frequently encountered in the
social sciences: a formal organization. Business
firms, governments, universities all have a clearly
visible parts-within-parts structure. But formal
organizations are not the only, or even the most
common, kind of social hierarchy. Almost all
societies have elementary units called families,
which may be grouped into villages or tribes, and
these into larger groupings, and so on. If we
make a chart of social interactions, of who talks
to whom, the clusters of dense interaction in the
chart will identify a rather well-defined hierarchic
structure. The groupings in this structure may be
defined operationally by some measure of fre-
quency of interaction in this sociometric matrix.

Fundamentals

Simon
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(other) Systems Hierarchy

Figurehaad

morality,
creativity,

Poliical Leader
Nobles

Warriors

Paid Soldiers

Farmers and
Fishermen

Crafts
People

Sales |
People /

Viarior Class

07 of the.
7 Population

Merchants

\ { Lowest
! Class

spontaneity,
problem solving,
lack of prejudice,
acceptance of facts

Self-actualization

self-esteem,
confidence, achievement,
respect of others, respect by others

/ friendship, family, sexual intimacy \

security of body, of employment, of resources,
of morality, of the family, of health, of property

Safety

food, water, sex, sleep, hol

Physiological

Maslow's Hierarchy of Needs
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SELF-
ACTUALIZATION
Pursue Inner Talent
Creativity Fulfillment

SELF-ESTEEM
Achievement Mastery
Recognition Respect
BELONGING - LOVE
Friends Family Spouse Lover

SAFETY
Security Stability Freedom from Fear

PHYSIOLOGICAL
Food Water Shelfer Warmth

IGSKOLEN
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Systems Hierarchy

N Space
Tiero Transportation System
[
[ I 1
Tier1 External Orbiter Solid
Tank Rocket Booster
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Systems Hierarchy

) Space
Tiero Transportation System

[ | 1

External Orbiter Solid
Tank Rocket Booster

Tier1

Hydrogen| | Oxygen External Instru-
Tank Tank Structure ion

Tier2

[ 1 I |
External | | Thermal | | Avionics | | Environ-

Structure | |Protection| | System mental

Tier2 System Control
System

. HOGSKOLEN
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Systems Hierarchy

. Space
Tiero Transportation System
|
[ | 1
. External Orbiter Solid
Tier1 Tank Rocket Booster
I
[ | 1 1 H
External Thermal Avionics Environmental Etc.
Tier2 Structure Protection System Control System
System
|
[ | | 1 H
Tier3 Communication I ion G d & Data Displays & Etc.
ter System System Handling System Controls

Figure 2.3-5 Product hierarchy, tier 3: avionics system
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Systems Hierarchy

) Space
Tier0 Transportation System
|
| 1
e Orbiter Solid
ier Rocket Booster

1

~ @ B BmH @ GeH 6

Tier3 Bb \_c:a_“ o ‘ LA:ﬂ[ Ab 8 |
Tier4 Q @

Tiers :Caba::Cabb‘ Isaaa' Baab | [Caba”Cabb ’Bbaa:IBbbb:
Tier6 ’Baaba‘ Faabq

Figure 2.3-6 Product hierarchy: complete pass through system design processes side of the SE engine
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Systems Complexity

THE DESCRIPTION OF COMPLEXITY

If you ask a person to draw a complex object— https://www.youtube.com/
such as a human face—he will almost always watch?v=7kKIW8ZLcew
proceed in a hierarchic fashion. First he will
outline the face. Then he will add or insert fea-
tures: eyes, nose, mouth, ears, hair. If asked to
elaborate, he will begin to develop details for
each of the features—pupils, eyelids, lashes for
the eyes, and so on—until he reaches thelimitsof
his anatomical knowledge. His information about
the object is arranged hierarchically in memory,
like a topical outline.

When information is put in outline form, it is
easy to include information about the relations
among the major parts and information about the
internal relations of parts in each of the suboutli-
nes. Detailed information about the relations of
subparts belonging to different parts has no place
in the outline and is likely to be lost. The loss of
such information and the preservation mainly of
information about hierarchic order is a salient
characteristic that distinguishes the drawings of a

child or someone untrained in representation Simon

from the drawing of a trained artist. (I am speak-

ing of an artist who is striving for representation.) . HOGSKOLEN
Fundamentals I ALESUND

Aslesund University College
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Systems Complexity

Complexity as Size

Complexity as Entropy

Complexity as Algorithmic
Information Content

Complexity as Logical Depth
Complexity as Thermodynamic Depth
Complexity as Computational
Capacity

Statistical Complexity

Complexity as Fractal Dimension
Complexity as Degree of Hierarchy

Mitchel

. HOGSKOLEN

Fundamentals I ALESUND

Systems Complexity

Degree of Technical

. Characteristics Examples
Complexity System s xamp
elementary system pro- bolt, bearing
. part, compo- - .
I (simplest) nent duced without assem- sleeve, spring,
bly operations washer
gear box, hy-
group, mech- simple system that can draulic drive,
I anism, sub- fulfill some higher func- spindle head,
assembly tions brake unit, shaft
coupling
system that consists
I machine, appa- of sub-assembles and lathe, motor vehi-
ratus, device parts that perform a cle, electric motor
closed function
complicated system
that fulfills a number .
. . hardening plant,
plant, equip- of functions and that L.
. . machining trans-
v ment, complex consists of machines, X
" . fer line, factory
machine unit groups and parts that . "
constitute a functional SAWPTHEN
and spatial unity
HOGSKOLEN
Fundamentals w

.........................

1/21/15

11



Systems Complexity

Amount of informa-
tion necessary to
define the system

INFORMATION

The information about the
system can be observed
under many perspectives

COMPLEXITY

SKOLEN
Fundamentals ~ WE T 1 Avesuuo

Aslesund University College

Decomposition and Encapsulation

* Decomposition simplifies the handling of a complex system by
breaking core aspects into smaller chunks or parts (or
assemblies, subsystems, classes) for better understanding of
them and their mutual interactions, reducing information
required to sufficiently (for the purpose) understand
performance of the overall system.

* Encapsulation simplifies connection of parts with other parts,
defining clear inputs/outputs. This process combines smaller
parts into larger subsystems or assemblies, with predefined
interfaces, thus reducing the number of interactions and the
need for detailed information

. HOGSKOLEN
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Decomposition and Encapsulation

decomposition
(system separated into parts)

F(X)

output
(e.g., performance)

X
input

(e.g., variables)

encapsulation system boundary

(bounding strategy _
defining interfaces) interfaces

. HOGSKOLEN
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Classes and Objects

Object
Something from  formation : Class formation
—_— :
the real world 11 Objects = Classes

/J
B—

4
Bello v
8 _—
4} [ calculator \

\; Calculator
;V"';‘J R Carry-on luggage
SN T \Henry's notebook| =

Henry's notebook

-
~0 0\
™~ * 'q \
Ay Irmgard &
N
% - Mark /

Mark

. HOGSKOLEN
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Classes and Objects

ATTRIBUTES

ARTICLE OBJECT

Title: Penguin

Intro: The penguin is
called "Sigge"

Body: He is an angry
old penguin

ARTICLE CLASS

Name Datatype

Title Text line
Intro Text line
Body XML field

ARTICLE OBJECT

Title: Scooter Title:

Intro: Sigge rides a Intro:
yellow scooter

Body: He wants a Body:
parking spot
for his scooter

Fundamentals

ARTICLE OBJECT

Megaphone

Sigge has a
megaphone

"So watch out!",
he shouts.

. H@GSKOLEN
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Classes and Objects

Class Object
Car
Model Ford
Colour
Speed
Model: Fiesta
StartEngine() Colour: Red
Speed: Slow
Base Class . Ohject
N LT Create
i Dog Instance Rayne
Properties Methods Property values Methods
Color Sit Color: Gray, White, and Black ~ Sit
Eye Color Lay Down Eye Color: Blue and Brown Lay Down
Height Shake Height: 18 Inches Shake
Length Come Length: 36 Inches Come
Weight Weight: 30 Pounds
HOGSKOLEN
Funaamentais — I ALESUND

Aslesund University College
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Maritime Example

complex relationships:

physical structures: changes in one part may
affect the whole system L v L v
ééki- }{!2231 //"dihrdi‘r % z

b ah
$ FANA] O

components  subsystems ship maritime logistic chain
transportation
class obje.ct system
examples
gears propulsion tankers port road
propeller hull AHTS feeder rail
screws outfit container fleet sea
shaft cranes RoRo routes air

Apply concepts in this system!

. HOGSKOLEN
Fundamentals I ALESUND
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Maritime Example

Marine Structures

.. Class

Submarines Ships _
Qil Platforms

Subclass (i)

TLP FPSO Semi Sub Concrete
emi Sul cevereariieninn .. SUbClaSsS (i)

P-51
.................. Instance

LxB: 125 x 110m
Operational Draft: 27,5m
Bpd: 180.000
Gas: 66 m3/da,
Electrical Power: 100MW
Risers: 85
Mooring Lines: 16
Displacement: 85.000 ton
Crew: 200 persons

. HOGSKOLEN
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Fundamentals - Monday, Sept 8t"

Morning:

— Introduction & Course Program
What is a System?
Systems Hierarchy
Systems Complexity

Decomposition and Encapsulation
Practical Example — Physical Systems
Class, instances, objects

Exercise:

Complexes systems around us
Boundary of a system
Hierarchies

Structural Aspects
Functionalities

Attributes

Literature:

1.

2.

3.

Meadows, D. "Systems
Thinking", 2014

Simon, H. "Architecture of
Complexity", 1962

INCOSE, "Systems
Engineering Handbook", 2010
Dahl, J. "Systems Engineering
Course at NTNU", 2009
Oliver, D. et al. Engineering
Complex Systems with
Models and Objects", 1996
Mitchell, M. "Complexity: a
guided tour", 2011

Gaspar, H.M. "Handling
aspects of complexity in
Conceptual Ship Design",
2012

NASA "Systems Engineering
Handbook", 2007.

. HOGSKOLEN
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1.

Exercise 01

Pick a complex system around you and describe via Meadow’s

four questions:
a. lIdentify the parts

b. How the parts affects each other?

c. What are the effects/behavior of each part
separately, and what effect is produced when they

are combined?

d. How the effect/behavior changes over time? In

which Circumstances?

Create an hierarchical structure for your system in 1),
decomposing into classes, subclasses and objects/instances

Establish few main attributes for each component of your

hierarchy

. HOGSKOLEN
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Design - Monday, Sept 8t

Afternoon:
— Artificial x Natural System
— Design Principles Literature:
— Design Methods 1 I(IZOYHG, R.etal,
— Design of Systems, Subsystems and DKnpr(Sedgte-Ba'sled
System of Systems 1;;'()8” ystems”,
~ Examples 2. Erikstad, 5. O. "Design
Methods — NTNU
Exercise: Course", 2009
— Designing Engineered Systems 3. Suh, N."Principles of

Design", 1990

4. Simon, H. "Sciences of
Artificial", 1996

Describe Form-Function Concept
Present "Design Mapping" process

Decompose goals and how to reach
these goals

Applying basic design models

. HOGSKOLEN

I ALESUND

.........................

Natural x Artificial Systems

* Inside the man-made terminology relies the main
difference between the natural and artificial
sciences: the purpose. The human being has the
need of design something to achieve some purpose.
In the natural sciences there is no intention; if
something happens, just happens. Gravity is gravity,
no mankind purpose in this. Even when the cause is
know, Why the gravity happens? there is no purpose

in the action (or task).

. HOGSKOLEN
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Natural x Artificial Systems

The Artificial ~ synthesized by humans, as opposed to natural
phenomena

Artificial phenomena imitate nature

“The Artificial” can be characterized by goals, intentions,
functions, purpose — idea of a PURPOSE

When studying a shoal of fish you are studying a system
already put together. For the designer of a ship, or a fleet of
vessels, it is putting it together in the first place that is the
main intellectual challenge

The idea of desired stage is the reason to someone design
something. In the design has to be a change; and this change

is also what differentiates the design task from other
engineering tasks, like analysis. I osscote

Fundamentals LESUND

.........................

Natural x Artificial Systems

Hebert Simon, The Sciences of the Artificial, 3rd ed. MIT
Press.

Design is devising courses of action aimed at changing existing
situations into preferred ones A

->Vs. natural science: INTENTION
->Vs. Engineering anaysis: CHANGE
(Reducing complexity)

. HOGSKOLEN
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What is Design?

* Suh states that design is defined as the mapping process from the
functional space to the physical state to satisfy the designer-specified
functional requirements (a)

* Gero has a similar approach, when he represents the design task as
mapping between a decision space and a performance space, where the
design itself is a single point in the decision space (b)

Mapping

syntactic space semantic space
decisions performances
Functional Physical descriptions interprotations
space (a} space (b)
- nwuasnulEN
Fundamentals Bl 7 iacesuno

.........................

What is Design?

Decision space Performance space
(Syntactic space) MaPPil’lg (Semantic space)

Initially achieyed
performance

Initial design

description Feedback

e (hull form & propeller) — (required SHP)

* (hull form) — (seakeeping behaviour)

e (hull form, propeller, machinery) — (ship speed)
* (all ship systems) — (total cost)

. HOGSKOLEN
Fundamentals I ALESUND
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What is Design?

* The process of design, is different from the usual scientific
approach. The idea of purpose add a lot of characteristics,
such as time and cost constraints.

Design Knowledge,

Freedom to Change

H@GSKOLEN
Fundamentals .-l I ALESUND

.........................

* Deduction (m,a—F?)

* Induction (m/a, F— F =ma)
* Abduction (F =X, m =?, a=?)

H@GSKOLEN
Fundamentals .-l I ALESUND

.........................
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Basic Design Process

GENERATE

DECIDE

ANALYSE

EVALUATE

GENERATE one, or a set of,
design description(s)

ANALYSE the description(s) to
derive the relevant design
performance(s)

EVALUATE the performances
with respect to the design
goals

DECIDE whether the current
best solution is acceptable, or
whether it is necessary to
generate additional design
solutions

. HOGSKOLEN
Fundamentals I ALESUND

.........................

Goal Decomposition

Value decomposed in
many criteria/key
performance
indicators (KPIs)

accommodation
for a family

7 N

physical
comfort

economy function

s

acoustic thermal < :
comfort comfort eating sleeping
R air
temperature humidity movement

ok

HOGSKOLEN
I ALESUND

Fundamentals .
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Extended Mapping

goal objectives performance Ir [ i the

variables variables system
ol
. g ~
) P~
L]
° . pa
*. —u1 ® o
L] L)
black box e
building cost cost
design thermal temperature
example lighting air speed §
acoustic air exchange floor area
spatial humidity wall area
durability | lighting level glazed area
aesthetic| glare ceiling height
2 sound transmission wall thickness
reverberation
H@GSKOLEN
Fundamentals w

Aslesund University College

Design Domain (Ship Example)

Complex mapping between form and function

Multi-dimensional, partly non-monetary
performance evaluation

High cost of error
Shallow knowledge structure
Strong domain tradition

Strict time and resource constraints on the design
process

Predominantly “one-of-a-kind” and “engineered-to-
order” solutions

. HOGSKOLEN
Fundamentals Bl 7 iacesuno

Aslesund University College
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System Design Vocabulary

* The task observed in the design process are only able to be
performed when the engineer has the descriptions of the
design model.

* This description is produced from a vocabulary, and each type
of design have a specific vocabulary to be able to describe the
characteristics of the system. Only with a description in
certain level is possible to Analyse and Evaluate.

* Examples:
— Ship O, s ON © s ‘@
— Oil Platform |() @ % (B ©
— Fleet

. HOGSKOLEN
Fundamentals I ALESUND

.........................

Approaches

* Search / Optimization

Fome Looh Dua Moasi Hep

-1 EER
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Approaches

* Search / Optimization

71539 Feasible Solutions

3171 Feasible Solutions

@ H
Weight (ton) xiess

. HOGSKOLEN

Fundamentals I ALESUND
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Approaches

* Axiomatic Design

{FRim = [Alun - {DP}n

Suh says that are two axioms that must be followed to achieve a good design: 1 - The
Independence Axiom (maintain the independence of the FRs): 2 The Information Axiom (minimize
the information content of the design). A discussion about those axioms, and how it leads to a good
design has been done trough the class.

The first axiom is directly related to the three types of design listed by Suh: coupled. uncoupled
and decoupled. The form of the matrix [A] for each one the types of design is represented in (2):

_ |X00 _|xo00 _|xXxx
= loxo AT 1xxo0 Alxxx| @

00X XXX XXX

uncoupled decoupled coupled

. H@GSKOLEN

Fundamentals I ALESUND

Aslesund University College
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Approaches

. Recognize Identify and
o need/ )
Syste matlc opportunity quantify goals

Identify and
quantify goals

* Relationship
between levels

* Walk-through
steps

Identify and
quantify goals

Identify and
quantify goals

Perform
mission

. H@GSKOLEN

I ALESUND
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Systematic Design

[vowmar ] o
oneemves 0. Task-formulation
*
‘ }-_‘ orneasL .k_.{—_r‘\;‘ ‘ Soecitied tunction
(et ] 1. functional |
‘mwznmmwznv e ‘ S ‘ phase
!

Technical requrements
and spectied costs

LCompanson of Specilied
ang achial ncbons
2. Form design

|
l 2.1 Form desi ind ‘
. o design & |
e ]
22 Design forprocuction
|
i =
reT—
T IONSON 4 al-specited cosis
. Result
-
@ I H@GSKOLEN
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System Based Design

In the traditional way, the designer has to make a large number of
commitments in the early stages.

The SBD approach is more focused in the functional requirements, allowing the
development of the project in a functional way, without closing it into the
beginning.

In SBD, instead of starting with some values of design parameters-as L, BorD -
and iterate it, the designer should first focus in what can generate some value to
the system. The real core of the project has to be reached. For instance,
passengers in a cruise vessel, storage capacity in a tanker or number of TEU’s in
a container ship.

After the establishment of this core, the other systems will follow it, filling the
necessary features to support the main function of the system.

This more practical approach has as main idea the gain of more possible
knowledge in the first stages and being able to keep the problem open time
enough until the sufficient knowledge to solve it has been acquainted. When it
occurs, there are the transformation from function to form. I Hosskouen

Fundamentals I ALESUND

Aslesund University College

System Based Design

0. Recognition of problems and possibilities
1. Fact Finding

2. Definition of the task and goals
3. Idea Finding

4. Select the best idea for refining
5. Acceptance & Implementation
6. Feedback and reward

PERFORMANCE

ECONOMICS FORM

FUNCTION

MISSION

. HOGSKOLEN
Fundamentals I ALESUND

Aslesund University College
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System Design Keys (NASA)

Successfully understanding and defining the mis-
sion objectives and operational concepts are keys
to capturing the stakeholder expectations, which
will translate into quality requirements over the life
cycle of the project.

Complete and thorough requirements traceability
is a critical factor in successful validation of require-
ments.

Clear and unambiguous requirements will help
avoid misunderstanding when developing the
overall system and when making major or minor
changes.

Document all decisions made during the develop-
ment of the original design concept in the techni-
cal data package. This will make the original design
philosophy and negotiation results available to
assess future proposed changes and modifications
against.

e The design solution verification occurs when an

acceptable design solution has been selected and
documented in a technical data package. The de-
sign solution is verified against the system require-
ments and constraints. However, the validation of
a design solution is a continuing recursive and it-
erative process during which the design solution is
evaluated against stakeholder expectations.

. Stakeholder Expectations
Technical Requirements
Logical Decomposition

A WO NP

. Design Solution Definition

. HOGSKOLEN
Fundamentals I ALESUND
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Stakeholder Expectations Definition

To Technical
Definiti

and

| Establish list of stakeholders

Requirements Management and
Interface P

v

From project |

Elicit stakeholder expectations ‘ >

Validated Stakeholder

¢ Expectations
Initial Cust'cmer = Establish operations concept and support —
Expectations strategies To Technical
\_/ ¢ Requirements Definition
and Configuration
Define stakeholder expectations in acceptable Management Processes
Other Stakeholder | statements
Expecatioe * —»  Concept of Operations
\—/ Analyze expectation statements for measures
From Design Solution of effectiveness A
Definition (recursive loop) and ¢
qui and > Enabling Product
Interface Management Processes Validate that defined expectation statements Support Strategies
reflect bidirectional traceability
Customer Flowdown ¢ -
Requi To Technical

Obtain stakeholder commitments to the
validated set of expectations

quil
Definition and Technical Data
Management Processes

v

Baseline stakeholder expectations

of Effectiveness

KOLEN

SUND

Aslesund University College
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Technical Requirements Definition

| Analyze scope of problem ‘

From Stakeholder
Defi

—

and Configuration

Define design and
Management Processes

product constraints

Baselined Stakeholder
Expectations >

Baselined Concept of
Operations

Baselined Enabling

Define functional and
behavioral expectation in
technical terms

To Logical Decomposition
and Requirements
Management and Interface

v

Define performance
requirements for each
defined functional and
behavioral expectation

Validated Technical
Requirements

To Logical Decomposition

Support Strategies

Define technical require-
ments in acceptable
“shall” statements

From Stakeholder
e Definit

and Technical Data

Validate technical
requirements

Measures of
Effectiveness

Define measures of
performance for each
measure of effectiveness

Establish technical
requirements baseline

|

Define technical
performance measures

|

and Technical Data
Management Processes

Measures of
™| Performance

To Technical
Assessment Process

Technical Performance
Measures

N

Fundamentals

Aslesund University College
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Technical Requirements Definition

Example of Functional and Performance
Requirements

Initial Function Statement
The Thrust Vector Controller (TVC) shall provide vehi-
cle control about the pitch and yaw axes.

This statement describes a high-level function that
the TVC must perform. The technical team needs to
transform this statement into a set of design-to func-
tional and performance requirements.

Functional Requirements with Associated

Performance Requirements

® The TVC shall gimbal the engine a maximum of
9 degrees, + 0.1 degree.

® TheTVCshall gimbal the engine at a maximum rate
of 5 degrees/second + 0.3 degrees/second.

® The TVC shall provide a force of 40,000 pounds,
+ 500 pounds.

e The TVC shall have a frequency response of 20 Hz,
+0.1 Hz.

Fundamentals

. H@GSKOLEN
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Technical Requirements Definition

Mission
Authority

Mission
Objectives

Progammaic I
Requirements = Cost "
= Schedule
= Constraints fofonde iten. see Ratonae o belw o et s )
Customer = Mission C “Traced from
‘

Organizations

Y
System
Fuv)!lc!ional <

Owner

Environmental

determined s the requirements are developed.

‘ itutie person
2 >l
and Other Design »€ Constraints tem, subs
Requirements tem, clement).
and Guidelines
Y
System
<
" <
Requirements
Rationale
ptof Ifthereisa
A X
Functional and Functional and e
Performance Performance . bout h
Requirements Requirements ConOps.
. i Ifthe require-

| Allocated ‘ ‘ Derived ‘ ‘ Allocated ‘ ’ Derived ‘

L 1

L [ |

. HOGSKOLEN
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Logical Decomposition

From Technical
Requirements Definition

Define one or more logical
decomposition models

To Design Solution
Definition and Requiremer
Management and Interfa

M t Processes

and Configuration

v

Management Processes

Baselined Technical
Requirements

Allocate technical requirements to
logical decomposition models to form
a set of derived technical requirements

From Technical
Requirements Definition
and Technical Data
Management Processes

Measures of
Performance

v

Y

Derived Technical
Requirements

To Design Solution
Definition and Configurati(

Resolve derived technical
requirement conflicts

v

Validate the resulting set of derived
technical requirements

v

Management Processes

Logical Decomposition
Models

To Technical Data

Management Process

Establish the derived technical
requirements baseline

> Logical Decomposition
Work Products

. HOGSKOLEN
Fundamentals I ALESUND
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Logical Decomposition
product breakdown structure

Flight Segment
Payload Spacecraft Launch
Element Bus Accommodations
Command Payload
Telescope Structure &Data Attached
Fitting
Guidance,
Detectors Power Navigation & Electrical
Control
Electronics — Electrical Propulsion Supply
Thermal Mechani
Spacecraft Payload Communi-
Interface Interface cations
. HOGSKOLEN
Fundamentals ! ALesunp
Aalesund University College
L I I D . ti
TOP LEVEL
[i0 | [20 | [0 60 ] [70 | [0 ]
Ascentlnto | | CheckOut |, Transferto Transferto Retrieve Reenter and
Orbit Injection| | and Deploy OPS Orbit STS Orbit Spacecraft Land
—~
—~ -~
—~ = -~
— ® cy ~
~ perations
~ =~ ~
— <
SECOND LEVEL ~
GoRef. | [41 | [22 | 43 ]
Transferto | | provide Provide Provide
0PS Orbit | *[Electric Power| || _ Attitude: Thermal ‘
i Control
s | [ | a7 | [s8 | A 60) Re.
Provide Orbit| ,| Receive ,/Store/Process| ,| Acquire e Transfer to
" Main Command Command | | Payload Data load & Sub- @ STS Orbit
m Data
—
_
[46 | -
N Acquire Transmit
e e Subsystem Subsystem
Status Data Data ~
— ~
— ~
THIRLEVEL ~
(4.10) Ref.
(4.7) Ref. Tvansm‘KEPay'
Store/Process| load & Sub
Command system Data
481 | 482 483 484 485 |
Compute TORS| |~ Slewto Radarto SlewS/C
Pointing and Track Sandby | | Ponting [ tolOS
Vector TDRS Vector Vector
. HOGSKOLEN
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Design Solution Definition

To Requirements Management
and Interface Management Processes

System-Specified
7| Requirements

From Logical
Decomposition and

Define alternative design solutions ‘

Analyze each alternative design solution ‘

v

pnd and Interfa

Select best desi luti i ‘

¥

Baselined Logical
D

Generate full design iption of the
selected solution

Models

Baselined Derived
Technical
Requirements

¥

Verify the fully defined design solution ‘

Baseline design solution specified requirements
and design descriptions

lower level

product?
iti Initiate development
L?:I:;iﬁ:;ﬂ::dr:iz of next lower level
products

Initial Subsystem

To Stakeholder Expectations Definition
or Product Implementation and
Requirements Management and

Interface Management Processes

To Product Verification Process

To Product Validation Process

To Technical Data Management Process

*To Product Implementation Process

. HOGSKOLEN
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Effectiveness

y (dimensionless)

04

08

06

0.2

Design Solution

There are no designs
that produce results in
this portion of the
trade space

Cost

re
lCAPEX @] ‘

Some Aspect of Effectiveness,
Expressed in Quantitative Units

Definition

[C1x[V]

plots
\
Utility [U]

!

30 50 70
CAPEX ($)

%0 110 Attributes I

Life-Cycle Cost, Expressed in Constant Dollars

. HOGSKOLEN
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Exercise 02

1. Based on an artificial system of your choice, to be carried on
during the rest of the week:
a. Present a"goal decomposition" for your system,
establishing a list of requirements

b. Present the hierarchic structure of your systemin 3
levels

c. ldentify the main "Form-Function" relationship for
each of the levels, in connection with the idea of
"purpose”

d. Connect the "Functions" in ¢ with your "Goals/
Requirements" in a. How these goals/requirements
can be measured?

2. Create few "pseudo-designs" for your system, based on
Erikstad's Basic Design Process. Can you rank their

performance?
H@GSKOLEN

Fundamentals .7‘
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IP504914 System engineering
Best Practice Module

Week 37 — Classes Plan

Henrique Gaspar - Fall 2014
hega@hials.no - B410 (AMO)
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Lifecycle - Tuesday, Sept 9t

Morning:

— Lifecycle Characteristics Literature:

— Decision Gates 1.  INCOSE, "Systems

— Lifecycle stages Engineering Handbook",

2010

2. Haskins, C., "Systems
Engineering Handbook — A
guide for Lifecycle Processes

* Pre-concept
* Concept
* Development

¢ Production and Activities", 2006

* Operation 3.  Ulstein, T., and Brett, P. O.
¢ Support "Critical systems thinking in
« Retirement ship design approaches."

International Maritime

— Value Chain Overview ;
) . . Design Conference - Glasgow
— System Lifecycle Properties (llities) (2012).
Exercise: 4. NASA "Systems Engineering
— Propose a lifecycle for your system HandbOOk"’ 2007. .
. 5.  Ross et all "System Lifecycle
— Apply basic lifecycle method Properties”, SEARI-MIT, 2012
— Brief discussion on layers and
boundaries [l | HocskoLen

Aslesund University College
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Lifecycle Introduction

* Every artificial system has a lifecycle, even if not formally
defined

* The life cycle processes and activities are selected, tailored as
appropriate, and employed in a stage to fulfill the purpose
and outcomes of that stage

* The purpose in defining the system life cycle is to establish a
framework for meeting the stakeholders’ needs in an orderly
and efficient manner

* Systems engineering tasks are usually concentrated at the
beginning of the life cycle, but both commercial and
government organizations recognize the need for systems
engineering throughout the systems life span

LLLLLL

.........................

Lifecycle Characteristics

* Business Aspect (case)
* Budget Aspect (funding)
* Technical Aspect (product)

[ Business Development, Marketg T

System Engineering f !
W /—— Order intake
| wtum on investment
Accumulated $£€
[ Operation I
B ] /,_/
Revenues —

u
g

| | >
/1 0 15 20 years

Break even

'
—
o

¥
(3]

.........................
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Lifecycle Stages

LIFE CYCLE
STAGES PURPOSE DECISION GATES

Identify stakeholders’ needs
CONCEPT Explore concepts

Propose viable solutions

Refine system requirements
DEVELOPMENT Crt-?ate solution description Decision Options

Build system — Execute next stage

Verify and validate system — Continue this stage

— Go to a preceding stage

PRODUCTION Produce systems — Hold project activity

Inspect and test [verify] — Terminate project
UTILIZATION Operate system to satisfy users’ needs
SUPPORT Provide sustained system capability
RETIREMENT Store, archive, or dispose of the system

. HOGSKOLEN
I ALESUND
infancy adolescence |mature ageing
driVing business vision il harvesting of assets
factor model
. ) . refining
value from responsiveness features refinements / service existing assets
. . . — low effort
requwements discovery select strategic | prioritise high value only
dom"?am feasibility scaling legacy lk.a CK?; product
technical now-how
obsolescence Low effort for
concerns obsolete technologies
e of . fev»{ inventors& ) o

typ mv;?‘t:;fs& pioneers "engineers" "maintainers”
peOple P "designers"
process chaotic bureaucratic budget driven
dominant . |conservative . )
panem over-dimensioning expansion mid-life refactoring Ul gadgets
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Accumulated expenditures (%)

100

90

80

70

60

50

40

30

20

10

Lifecycle Characteristics

Operations

through Disposal

Committed Costs 95%

85%
500-1000x

70%

Production

Development
/ Detailing

Design Phase
Concept Phase

Time

What costs should be counted?

How should costs occurring at different times be treated?

What about costs that cannot easily be measured in $$5? . HOGSKOLEN
I ALESUND

.........................

sales volume

»
»
.
.
.
v
% ()
N 7

Lifecycle Characteristics

ideal "bathtub” cufve
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Lifecycle Costs Considerations

Identify a common set of ground rules and

assumptions for life-cycle cost estimation

Manage to a cost baseline and maintain EAC Forecast
traceability to the technical baseline with o Jofcost
documentation for subsequent cost W \c/inn?;f:;‘n
changes; S (9

Ensure that best-practice methods, tools, § Schedule
and models are used for life-cycle cost s B b covarnce poriance
analysis | e
Track the estimated life-cycle cost ?’0»&\

throughout the project life cycle; and, most C:‘r‘r‘em

important: o Date

Integrate life-cycle cost considerations into Timet

the design and development process via

trade studies and formal change request

assessments. HOGSKOLEN

I ALESUND
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Typical High-Tech C

Lifecycle Examples

Study Period

Imglemematlon Period

User
Roquirements | Concept | _ System | Aca
o Definition | Specification | Prep

Definition
Phase Phase  |Phase

Phase

Operations Period

Source | —_— D Operations i ati
Select. | ™ phase Phase Phase | Maintenance | Phase
Phase

Phase

Typical High-Tech C

Study Period

ImEIementatlon Period

Operations Period

Product Product Product Engr Internal External Full-Scale Deactivation
Requirements | Definition | ~Development | Model |  Test Test | Production | Sales, and vat
Phase Phase Phase Phase | Phase Phase Phase |Support Phase|
ISO/IEC 15288
Utilization Stage
b ' )
Concept Stage Stage Stage Phase
Support Phase
US Department of Defense (DoD) 5000.2
\{:/ 10C FOC

Pre-systems Acquisition

Systems Acquisition
o, System Production and

Concept and D

Demonstration Deployment

Sustainment

Operations and Support
(including Disposal)

US Department of Energy (DoE)

Project Planning Period Project Execution Mission
" C imi Final
Pre-Project Planning Design Design | Design o
DTvpipal v v v v v v
ecision New Initiative Concept [»! F i [o] D -
Gates Approval Approval Approval \pp ppi PP ':SEKSOULE ND

nd University College
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Maritime Example

activities in the value chain

manufacturing sys-
conceptualisation design construction tems equipment assembly ‘commissioning deliverable
and components and testing
required design modelling/analysis
3D .
—————————— -
— — ‘medium o -
high
2 level of modeling detail required

activities man-hours

man-hours

offshore support vessel:
300 000 - 500 000 man-hours in
upstream value chain until delivery

hours

current jineering tools &
Empower Hullisc
thinoceros 30 CFD-NUMECA  gr¥@m il AutoCad AutoCad foCa toCad
clickview NAPA 'ROROPT Nextix Cadmatic AVEVA suite AVEVA suite AVEVA suite
CADMATIC AutoCad Cadmatic 3D beam TKHeat

Cadmatic  EDSA EPLAN FoxPro  Nauticus Rules.

report and docu-
mentation based on
dule

Gommon lbrary parts, d via reporting and

3D modulesfor  main blooks archiec- connect subsystems, aid via reporting a

3D concept model 0 analysis (GFD, FEM) ture and nerfaceof  S210GLMAIeN ¥4, check of design s simulaton,dovelop- TR0 BEEs
sales/client lboray development s g automatically ment of modules vy

?

redesign and re-
construction hours
after delivering

(epoch-era)  (ifecycle assess-
ment)

(take into account a (include scrapping
setof possible op-  during design)
erations)

uL

. H@GSKOLEN
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NASA Example

Formulation | Implementation
Pre-Phase A: Phase A: Phase B: Phase C:
Concept Studies Concept & Technology Preliminary Design & Final Design &
Development Technology Completion Fabrication

Phase E: Phase F:
Operations & Closeout
Sustainment

\4 \4 v \4

A

Key Decision Points: I

Major Reviews:

Technical Development

AAAAA A A

\4

Technical Management

61 61 81

(¥ 88 68

68

Aslesund University College
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Phases

Phase ‘ Purp ‘ Typical Output
Pre-Phase A To produce a broad spectrum of ideas and alternatives for missions Feasible system concepts
Concept from which new programs/projects can be selected. Determine feasi- | in the form of simulations,
Studies bility of desired system, develop mission concepts, draft system-level | analysis, study reports,

requirements, identify potential technology needs. models, and mockups
- Phase A To determine the feasibility and desirability of a suggested new major | System concept definition
S | Conceptand system and establish an initial baseline compatibility with NASA's stra- | in the form of simulations,
é Technology tegic plans. Develop final mission concept, system-level requirements, | analysis, engineering
E | Development | and needed system structure technology developments. models, and mockups and
8 trade study definition
Phase B To define the project in enough detail to establish an initial baseline End products in the form
Preliminary capable of meeting mission needs. Develop system structure end of mockups, trade study
Design and product (and enabling product) requirements and generate a prelimi- | results, specification and
Technology nary design for each system structure end product. interface documents, and
Completion prototypes
Phase C To complete the detailed design of the system (and its associated End product detailed
Final Design L including its operations systems), fabricate hardware, and | designs, end product
and Fabrication | code software. Generate final designs for each system structure end component fabrication,
product. and software development
Phase D To assemble and integrate the products to create the system, mean- | Operations-ready system
&/ System while developing confidence that it will be able to meet the system end product with sup-
® | Assembly, requirements. Launch and prepare for operations. Perform system porting related enabling
§ | Integration and | end product impl; ion, bly, i ion and test, and products
E Test, Launch transition to use.
Q.
E | PhaseE To conduct the mission and meet the initially identified need and Desired system
Operationsand | maintain support for that need. Implement the mission operations
Sustainment plan.
Phase F To implement the systems dec issioning | plan developed | Product closeout
Closeout in Phase E and perform analyses of the returned data and any
returned samples.

. H@GSKOLEN
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Initial Idea

Phases

Final Deployment to End User

Upgrades/Changes Reenter SE Engine

at Stakehold. D

Phase F
Closeout
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Generalist vs Specialist

breadthof ___
knowledge
‘ generalist

i '| "

— n

o |

8 |
- root l
% knowledge [‘

Generalist vs Specialist
breadth of
knowledps

| | | I |
L —gen Dgﬁf.'{eralist
ERIGERIGCRIEGERIGCRIGERIGCRIEG
it
§

||||||||
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Generalist vs Specialist

B ana —— =
& @~

listen. tak design, assist project leader present,
think, walk a.roun.d brainstorm, with work breakdown, ~ meet, teach,
analyse explain schedule, risks discuss
===y F|| reeor
I_‘ k_.I -
travel to
write, customer, provide
test, consolidate, read, supplier, vision and
integrate browse review conference leadership
. HOGSKOLEN
I ALESUND
PLANNING PROGRAMMING BUDGETING EXECUTION
Internal/External Program and Programmatic Operating Plan
Studies and >  Resource />|and Institutional | —>>| and
Analysis Guidance Guidance Reprogramming
NASA Program Monthly
Strategic Analysis and OMB Budget Phasing
Plan Alignment Plans
Annual Institutional : . Analysis of
Performance Infrastructure Pr;::;!e:tt s Performance/
Goals Analysis 9 Expenditures
A Program
Imp’I,T::.enri:agtlon Review/Issues Closeout
Book
v v v v
Strategic Program ) Performance and
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Guidance Memorandum Report . HBGSKOLEN
I ALESUND




System Lifecycle Properties

* Complex Engineering Systems live for decades or
centuries

* The ilities are desired properties of systems, such as
flexibility or maintainability (usually but not always
ending in “ility”) that often manifest themselves after a
system has been put to initial use.

* These properties are usually not the primary functional
requirements of a system’s performance, but typically
concern wider system impacts with respect to time and
stakeholders than embodied in those primary functional
requirements

. HOGSKOLEN
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System Lifecycle Properties
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System Lifecycle Properties

Cumulative number of journal articles where an llity appears in the title or

b Qualit_y_ abstract of the paper (1884-2010). Source: Inspec and Compendex,
© Reliability accessed via Engineering Village http://www.engineeringvillage.com
¢ Safety Fig. 4-2
® Flexibility ’
° Robustness

1,000,000 [ ° Durab.ili(y

Scalability
© Adaptability .
* Usability Quality -
100,000 @ Interoperability 5 p
® Sustainability
* Maintainability Saf"ety ’
® Testability
10,000 ® Modularity
© Resilience
1,000 o—
Durability
r/(
musmes
100 0 i Sustainability
10 .Aaintainabili y lyreroperability
g /Usabilicy /7| scalabjlity
| / Modulap‘tyTestabilit)/

1884 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

The Epoch of Great The Epoch of The Epoch of

Inventions and Artifacts Complex Systems Engineering Systems LEN
uND

Aslesund University College

System Lifecycle Properties

Ility Name Definition (“ability of a system...”)

adaptability to be changed by a system-internal change agent with intent

agility to change in a timely fashion

changeability to alter its operations or form, and consequently possibly its function, at an
acceptable level of resources

evolvability design to be inherited and changed across generations (over time)

extensibility to accommodate new features after design

flexibility to be changed by a system-external change agent with intent

interoperability to effectively interact with other systems

modifiability to change the current set of specified system parameters

modularity degree to which a system is composed of modules (not an ability-type ility)

reconfigurability to change its component arrangement and links reversibly

robustness to maintain its level and/or set of specified parameters in the context of
changing system external and internal forces

scalability to change the current level of a specified system parameter

survivability to minimize the impact of a finite duration disturbance on value delivery

value robustness to maintain value delivery in spite of changes in needs or context

versatility to satisfy diverse needs for the system without having to change form

(measure of latent value)

. H@GSKOLEN

I ALESUND

Aslesund University College
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System Lifecycle Properties

Median Level Ordering

aS
208 & —7 *
& -
- Value Robustness

-
- =4
////// S~
- -~
- s Robustness —~

Interoperability Modularity

. HOGSKOLEN
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Exercise 03

1. Present a Lifecycle for your System from yesterday:
a. What are the main stages and gates?
b. Describe the purpose and typical output of each level
c. Describe the level of detailing for each cycle
d. How would you estimate a budget for your system?

2. Based on the concept of "ilities":

a. Describe how to create and maintain value robustness
for your system during its life cycle

b. Decompose your value robustness in few "ilities" and
describe how they affect the value perceived

. HOGSKOLEN
Fundamentals I ALESUND

A 4 University College
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Product and Process
Tuesday, Sept 9t

¢ Afternoon:

— Product and Process Literature:
— Flowing through the system
Syst Architect p 1. Meadows, D. "Systems
— System Architecture Process Thinking", 2014
— Product Creation Process 2. INCOSE, "Systems
Basi f Engineering Handbook", 2010
— DbaslIC sources tor process 3. Muller, G. "System
managements Architecting", 2010
— Examples 4. PMBOOK, "Project
Management Body of
Knowledge"
. P 5. Michael, J. "Systems
Exercise: L . Approaches to
— Product / Process distinction Management", 2000

— Decomposing your process
— Product flow through process
— Establish form/function criteria

. HOGSKOLEN

I ALESUND
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Manipulating the System

Test:

1. When did the Pilgrims
land at Plymouth Rock ? To:

1620.

«"/.I’ég manage, influence,
' control, handle, use,
adapt, change,

F

AN examine, hold, test,
i e e verifv act. pick u
»f&o‘.{’“uﬁ“‘iu‘?dnélﬁ THEY SK1 THE SATISFACTION q Iy' ’I P di P,
T | TS eal, employ, direct,
aQ \ .
I Now iNtENd Yo foReEt [ [T V-—-—/ govern, conduct...
it foREVER. YouVe TauGHt

ME NotHiNg EXCEPT HOW
jo CYNicaluy ¥ENipULate
E S{stEM. CoNGRatulations

. HOGSKOLEN
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Basic System Overview

T ‘ T
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Fuel— CZzToTg
) o Land
Air——— g ‘ !
= -—Garbage »
—Sea Water» Y-z 8 % 3 ainage
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Process Definition

A process is an activity which takes place over time
and which has a precise aim regarding the result to
be achieved. The concept of a process is
hierarchical which means that a process may
consist of a partially ordered set of subprocesses.

Muller

. HOGSKOLEN
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Process Attributes

Purpose What is to be achieved and why
Structure How will the goal be achieved
Rationale What is the reasoning behind this process

Roles What roles are present, what responsibilities are
associated, what incentives are present, what are the criteria
for these roles

Ordering What phasing or sequence is applied

is i formalism
principle — drives —» process —— elatorated »procedure —supgorted —» ool
i template

abstract | =————specic and executable =———

. H@GSKOLEN
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Basic System Process

Coffee intake

stored energy in body energy available for work

metabolic mobilization of energy energy expenditure

B

coffee intake
desired energy level

discrepancy

. H@GSKOLEN
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Basic System Process

Coffee temperature

coffee temperature

coffee temperature

room temperature
discrepancy  gor discrepancy

. H@GSKOLEN

I ALESUND
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Basic Production Process

Production Process

raw materials inventory consumers home stocks
o— | - | : =
raw materials processing production sales depreciation or discard

. H@GSKOLEN
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Basic System Process

inventory

deliveries ~ nventory sales

@ > O >©

desired inventor

. H@GSKOLEN
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Basic System Process

inventory with delays

deliveries ~ Inventory sales

4

desired inventory
perception delay
response delay

. H@GSKOLEN
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(not so) Basic System

Industrial
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T
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8 i
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availability
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Fleet & Ship

Process: SE and Project Control

* System Design
- Requirements Definition

* Product Realization

- Design Realization

- Evaluation

- Product Transition
* Technical Management
-Technical Planning
-Technical Control
- Technical Assessment
- Technical Decision Analysis

SYSTEMS ENGINEERING

- Technical Solution Definition

* Planning

* Risk Management

* Configuration
Management

* Data Management

* Assessment

* Decision Analysis

PROJECT CONTROL

* Management Planning
* Integrated Assessment
* Schedule Management

* Configuration Management
* Resource Management

* Documentation and Data

Management
* Acquisition Management

. HOGSKOLEN

I ALESUND

Aslesund University College

1/21/15

18



Process and Product for each

Lifecycle Phas

e

Phase ‘ Purpose Typical Output
Pre-Phase A To produce a broad spectrum of ideas and alternatives for missions Feasible system concepts
Concept from which new programs/projects can be selected. Determine feasi- | in the form of simulations,
Studies bility of desired system, develop mission concepts, draft system-level | analysis, study reports,

i identify potential needs. models, and mockups
Phase A To ine the feasibility and desirability of a new major | System concept definition
6| Conceptand | system and establish an initial baseline compatibility with NASA's stra- | in the form of simulations,
,_‘g Technology tegic plans. Develop final mission concept, sy level i , | analysi: i i
£ | Development | and needed system structure technology developments. models, and mockups and
5 trade study definition
Phase B To define the project in enough detail to establish an initial baseline | End products in the form
Preliminary capable of meeting mission needs. Develop system structure end of mockups, trade study
Design and product (and enabling product) requirements and generate a prelimi- | results, specification and
Technology nary design for each system structure end product. interface documents, and
Completion prototypes
Phase C To complete the detailed design of the system (and its associated End product detailed
Final Design subsystems, including its operations systems), fabricate hardware, and | designs, end product
and Fabrication | code software. Generate final designs for each system structure end ccomponent fabrication,
product. and software development
Phase D To assemble and integrate the products to create the system, mean- | Operations-ready system
.5 System while developing confidence that it will be able to meet the system end product with sup-
T | Assembly, requirements. Launch and prepare for operations. Perform system porting related enabling
G | Integration and | end product implementation, assembly, integration and test, and products
E Test, Launch transition to use.
=
E| PhaseE To conduct the mission and meet the initially identified need and Desired system
Operations and | maintain support for that need. Implement the mission operations
Sustainment plan.
Phase F Toi the issionil lan Product closeout
Closeout in Phase E and perform analyses of the returned data and any
returned samples.

HO@GSKOLEN

I ALESUND

sund University College

Systems Engineering Engine

Requirements flow down
from level above

TECHNICAL MANAGEMENT
PROCESSES

v

Realized products
to level above

f

Requirements flow down
to level below

System

SYSTEM PRODUCT
DESIGN Technical Planning REALIZATION
PROCESSES Process PROCESSES
10. Technical Planning
Requirements Definition —_—
Processes Technical Control
1. Stakeholder Expectations Processes
Definition 11. Requl "
2. Technical Requirements | (49| | 12. Interface Management l€>»{| Evaluation Processes
Definition 13. Technical Risk Management 7. Product Verification
14. C i 8. Product Validation
¢ 15. Technical Data Management
Technical Solution " Design Realization
Definition Processes Te{h"“:[l:::::smem g,ocesses
3. Logical Decomposition 16. Technical Assessment 5. ProductImplementation
4, Design Solution Definition 6. Product Integration
Technical Decision Analysis
Process
17. Decision Analysis

design processes

applied to each work breakdown

structure

model down and

across system structure

Realized products
from level below

Product realization processes
applied to each product
up andacross
system structure

HO@GSKOLEN
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Systems Engineering Engine

Requirements flow down
from level above

y

~ SYSTEM
DESIGN
PROCESSES

Requirements Definition
Processes
/ 1. Stakeholder Expectations
/ Definition
[ 2. Technical Requirements
Definition

\

\ 7I
\ Technical Solution
Definition Processes

3. Logical Decomposition
4. Design Solution Definition

=

—

—

Requirements flow down
to level below
System design processes

applied to each work breakdown
structure model down and

across system structure

Used to define and baseline stakeholder expectations,
generate and baseline technical requirements, and
convert the technical requirements into a design
solution that will satisfy the baseline stakeholder
expectations

These processes are applied to each product of the
system structure from the top of the structure to the
bottom until the lowest products in any system structure
branch are defined to the point where they can be built,
bought, or reused

All other products in the system structure are realized by
integration

Designers not only develop the design solutions to the
products intended to perform the operational functions
of the system, but also establish requirements for the
products and services that enable each operational/

mission product in the system structure
. HOGSKOLEN

I ALESUND

Systems Engineering Engine

TECHNICAL MANAGEMENT
PROCESSES

Technical Planning
Process
10. Technical Planning

Technical Control
Processes
11. Requirements Management
| | 12. Interface Management
13. Technical Risk Management
14. Configuration Management
15. Technical Data Management

Technical Assessment
Process
16. Technical Assessment

Technical Decision Analysis
Process
17. Decision Analysis

e The technical management processes are

used to establish and evolve technical
plans for the project, to manage
communication across interfaces, to
assess progress against the plans and
requirements for the system products or
services, to control technical execution of
the project through to completion, and to
aid in the decision making process.

. HOGSKOLEN

I ALESUND
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Systems Engineering Engine

Realized products
to level above

I e The product realization processes are applied to
Z each operational/mission product in the system

structure starting from the lowest level product
and working up to higher level integrated

\ products

e These processes are used to create the design

/ solution for each product (e.g., by the Product

/ Implementation or Product Integration Process)
and to verify, validate, and transition up to the
next hierarchical level products that satisfy their

Product Transition Process
9. Product Transition

Evaluation Processes
7. Product Verification
8. Product Validation

Design Realization
Processes
5. Product Implementation
6. Product Integration

o design solutions and meet stakeholder
) g expectations as a function of the applicable life-
777 Realized products Cyde phase

from level below

Product realization processes
applied to each product
up and across
system structure

Aslesund

HOGSKOLEN
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University College

Systems Engineering Engine

Realized products
to level above

I e The product realization processes are applied to
Z each operational/mission product in the system

structure starting from the lowest level product
and working up to higher level integrated

\ products

e These processes are used to create the design

/ solution for each product (e.g., by the Product

/ Implementation or Product Integration Process)
and to verify, validate, and transition up to the
next hierarchical level products that satisfy their
design solutions and meet stakeholder
expectations as a function of the applicable life-

" Realized products Cyde phaSe
from level below

Product Transition Process
9. Product Transition

Evaluation Processes
7. Product Verification
8. Product Validation

Design Realization
Processes
5. Product Implementation
6. Product Integration

Product realization processes
applied to each product
up and across
system structure

Aslesund un

HOGSKOLEN
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Example: Technical Planning

From project To project

Project Technical Effort Prepare to conduct technical Cost Estimates,

Requirements and Project () planning »{ Schedules, and Resource
Resource C ints * Requests
T

Agreements, Capability > Define the technical work To Technical

Needs, Applicable Product- * Assessment Process
Line Life-Cycle Phase

Schedule, organize, and cost | | 5, Product and Process

i Measures
Applicable Policies, the technical work I
Pr:::d (;lr:!:'n?z‘:;g:;‘ljs’ > * To applicable technical
Processes Prepare SEMP and other processes
technical plans
SEMP and Other
From Technical Data # > Technical Plans
M Obtain stakeholder commitments e
Prior Phase or to technical plans _ _
Baseline Plans * To applicable technical teams

- | N N Technical Work Directives
Issue authorized technical
From Technical Assessment ra
work directives

and Technical Risk
Management Processes To Technical Data
M Process

Replanning Needs Capture technical planning
work products

Technical Planning
Work Products

I H@GSKOLEN

I ALESUND
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Example: Contract Development

Define
Scope

Step 1: Analyze
Work

~
Step 2: Analyze Write SOW \ \'
Performance Requirements |

Step 3: Analyze Define Document . /7

Data Rationale

Performance
Standards

7
”
”~
Identify ,v 3
-
-
-

Standards
Front-End
ront-tn Define

Analysis _ Baseline
Deliverables - C SOwW

Requirements

= Define Product

= Specify Standards

= Prepare Quality Assurance
Surveillance Plan

= Define Incentives

Other Related
Documentation

. H@GSKOLEN
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Example: Gantt Chart

Responsible Manager: SYSTEM (TIER 2) EXAMPLE PROJECT Page 1/2}
SUBSYSTEM (TIER 3) Statusasof:  Jan 20,2007
ASSEMBLY (TIER 4) Revision Date:  Dec 23,2006
2006 2007
ACTIVITY FY 2007
Oct [ Nov [ Dec [Jan [Feb | Mar [ Apr [May [ Jun | Jul [Aug [Sep
1 | Milestones - Subsystem 'SOR PDR \/CDR 1 .
2 - Assembly WeoR cor Deliver {3
3 | Management
4 Quarterly v v \v4
5 | System Engineering 'Rec'd Requirements
6 Assembly Design ‘W Approval
7 Subassembly Requirements 'WApproval
8 | Subassembly #1
9 Design To Integration &Test
10 Fabricate
1 Test
12| Subassembly #2 .
13 Design Integration &Test
14 Fabricate
15 Test
16 | Subassembly #3
17 Design To Integration &Test
18 Fabricate Phase 1 y
19 Fabricate Phase 2
20 Test
21| Integration and Test
22 Plans Wrinall Approval Receive All
23 Procedures IFixture: L % |
24 Integrate and Test . ]|  —

<> End ofTask Schedule

V' Major Milestone

3 Scheduled

Period of Performance for Activity

== Critical Path

3 Not Completed

= Completed

Float, positive or negative, is shown above the activity bars and event symbols.
The baselined schedule is shown below revised schedule, if they differ.

. H@GSKOLEN
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Product Breakdown Structure

Flight Segment
Payload Spacecraft Launch
Element Bus Accommodations
c | Payload
Telescope Structure &D. Attached
ata Fitting
Guidance,
Detectors [ Power Navigation & Electrical
Control
Electronics Electrical Propul! Supply
Thermal Mect
Spacecraft Payload Communi-
Interface Interface cations
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Working Breakdown Structure

The whole does more
than the sum of the parts.

A work breakdown structure is a Subsystem A Components
hierarchical break- down of the work U ETTT
necessary to complete a project SbotemD |
The WBS should be a product-based, /

hierarchical division of deliverable items Shows the components

that form the system

and associated services
As such, it should contain the project’s
Product Breakdown Structure (PBS) with the

System

WBS
All work components
necessary to produce
acomplete system

specified prime product(s) at the top and

the systems, segments, subsystems, etc., at Theindividual
. system components
successive lower levels

At the lowest level are products such as l Syslem
hardware items, software items, and

v
information items (documents, databases, ﬂ Il_:ﬁ i E Lo s | ﬁ

etc.) for which there is a cognizant engineer

or manager. Work to produce Work to integrate the
theindividual |  componentsintoa system
system components
The whole takes more work N
than the sum of the parts. o

Aslesund University College

Product Creation Process

3.
fea5|b|l|ty defmmon system engineering mtegranon fleld
design & test monitoring

sales

logistics

production

service

development & engineering:  marketing, project management, design

. HOGSKOLEN
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Product Creation Process

3.
feasublllty deﬁmtion system engineering mtegratlon ﬁeld
design monitoring

specification |] -

o M @ M W

verification I:l u .
L

engineering ﬂ .
. < most information information is stable
Legend: [0 il:fgfr:;'atnon I:ISO% u available in . enough to use
concept heavier change control
\ full under development | preparing or updating work

. H@GSKOLEN
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Product Creation Process

~ [operational | [ technical | [commercial |
‘entire i ; arketi |
5 . operational portioio marketing
gportfollo manager arch:lect man]ager :
product sy faA' e
family operational arcr:i‘llth marketing

manager __manager

. A A A

single project product product
product leader architect manager

single product)

project subsystem
leader architect
{subsystem)

module developers ‘
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Product Creation Process

Product Creation Process

|
[ [

|
Operational Design Marketing
Management Control
specification technical profitability
budget sellability
ﬁme — needs ~——customer input
what is needed
— specification [—customer expectations
— planning what will be realized ~commercial structure
— progress control - desigr:low S ~—product pricing
- 'ﬁ::a';‘:mem — verification ~— market introduction
— risk management 2:223;3::;“ —introduction at customer
— project log — engin:g;l;nt% T —feedback
and to maintain

. H@GSKOLEN
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Logistics

Quality
Assurance

Application
Manager

Operational Support
project manager)

Marketing or Operational Leader

Reguirements
o Product Manager (project leader)

Analyst

Subsystem
Operational
Leaders

Architect

Test Engineer Subsystem

Technology- Architects
Specific
Architects

Service Manufacturing

Development
support
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Business Process (Simplified)

customer
L A
8 2 = g g
£ £2 g 8 B §
F 4 I I
o g | l
Policy and B  mtor o eSS sales  logisics poducton service |
Planning Process g Customer Oriented Process
I 5% ' ‘ :
lﬁ § 3 2 .8 B,
§ g & ¢ gg% ° 3
ou | EX % 28 §Ef 3¢
- T F g8 88
g | 9 G S ¢ 5
E % v 1 1 _g_
g2 B ’ Product Creation Process | §J§
og a
£2 ¥ +
L o8
5ed
l i

People, Process and Technology Management Process ‘
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Business Process (Simplified)

What does Customer need
in Product and Why?

A Product
4 h How
Customer Customer Product A

AN

What How What 7
Customer | | Appication | | Functiorsl | | Concsptual | | Rleatsation

chjectives

context obj
0N
oppor- constramt how
tunities
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Ulstein ABD

Business Operational
development

Commercial Technical

Operation

Ship Engineering

&

building Sourcing

Ulstein and Brett (2012)

. HOGSKOLEN
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Exercise 04

1. Based on your system designed yesterday:

a. Present a process for your design, with the product
delivered in each of your design phases

b. Considering the NASA SE engine, explain how the
technical analysis influences the product and process
during the system design process. Give an example
considering a typical technical analysis from your system

c. After the design is decided, present a simplified product
breakdown structure (PBS)

d. Based on your PBS, create a simplified working
breakdown structure (WBS)

e. How to incorporate changes in the product/process?
How these changes are connected to your Lifecycle
gates?

. HOGSKOLEN
Fundamentals Bl 7 iacesuno
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IP504914 System engineering

Best Practice Module

Week 37 — Classes Plan

Henrique Gaspar - Fall 2014
hega@hials.no - B410 (AMO)

HOGSKOLEN
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5 Aspects - Wednesday, Sept 10t

Morning:
— Five Aspects of Complex Systems
e Structural
* Behavioral
* Contextual
¢ Temporal
¢ Perceptual

— Examples 2.

Exercise:

— Apply five aspect taxonomy to the 3.

case

— Discuss system characteristics for
each of the aspects

Literature:
1.

Rhodes and Ross, "Shaping in
Socio-Technical System
Innovation Strategies using a
Five Aspects Taxonomy",
2010

Rhodes and Ross, "Five
Aspects of Engineering
Complex Systems - Emerging
Constructs and Methods",
2010

Gaspar, H.M. "Handling
aspects of complexity in
Conceptual Ship Design",
2012

. HOGSKOLEN
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W mm  Massachusetts
I I Institute of
Technology

System Complexity
Handling Complexity:

Amount of information nec- ;
essary to define the system @eOK'
& —
AP

5 Main Aspects

INFORMATION

COMPLEXITY . HOGSKOLEN

I ALESUND

.........................

W mm  Massachusetts
I I Institute of
Technology

MIT — SEAri
Systems Engineering
Advancement Research
Initiative - MIT:

* Systems Engineering applied to
Military and Aerospace

*  Complex Systems Methods
* Methods to handle Uncertainty and

Effective Fuzzy Normalized Pareto Trace (eNPT)

Robustness i o s
\:’MaxEmmen(
* Taxonomy and methods not yet zj B sunive
applied in the maritime industry 08
S o)

0.4}

0.3]
0.2]
0.1

Cc D
Desians of Interest
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SEN

A Taxonomic Framework N e

Institute of
Technology

Structural: related to the form of
system components and their inter-

« Classification as an useful way 3
. . = ; ;
to organize information in S relationships
order to share knowledge ¥ Behavioral: related to perfor-
i =~ o .
with others (Rhodes & Ross, & mance, operations, and reactions
2010) to stimuli
Contextual: related to circum-

« Embrace traditional elements, stances in which the system exists
adding other important Temporal: related to dimensions
aspects - sometimes 8 and properties of systems over

o Y :
neglected during early stages S ume
. S
— as uncertainty and 2  Perceptual: related to stakeholder
robustness 2 preferences, perceptions and cog-
nitive biases
- miknl\uu:N
physical structures: ﬁ ﬁ j
? L Y
@ oo P o o9
L 3
components  subsystems ship maritime logistic chain
transportation
class object System
examples:
gears propulsion tankers port road
propeller hull AHTS feeder rail
screws outfit container fleet sea
shaft cranes RoRo routes air

. H@GSKOLEN
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Behavioural Aspect

;m M/ - behavior A

/\/ﬂ

stimuli B system behavior B

stimuli C behavior C

. H@GSKOLEN

I ALESUND

.........................

Contextual Aspect

$ 4

i og 50

W

i

market system boundaries mission

fuel cost demand
building costs time percentage
regulations operational profile
taxes operational states

. H@GSKOLEN
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Temporal Aspect

if context A if context B if context ?

,‘\ A $A $B
\ 2 2
\B

\ \\// ?  then then then

N
e — ds

A

. H@GSKOLEN
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Perceptual Aspect

how behavior X of system Y in context Z is

o
perceived at time T by stakeholder S?
/—§ T -

~

) , CO,NO, SO,

economical

! AY
!
: ‘./_ - @ environmental

. H@GSKOLEN
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Decomposition — ‘L

Decomposability is the ability of a system to be separated into a subset
of elements, making it more manageable and therefore
comprehensible

Decomposition simplifies the parts of a complex system, breaking into
small chunks for better understanding of its components and
interaction

Normally related to the functional part

complex relationships:
physical structures: changes in one part may

! affect the whole system

Components subsystems ship
HOGSKOLEN

I ALESUND

.........................

Encapsulation ——

Encapsulation is a construct that facilitates the bounding of the
information according to one function/process, constraining the part
(subsystem) into a common ideal rationality/to-do purpose

“A way to accomplishing a bounding strategy” (McClamrock)

Encapsulation simplifies the connection of the subsystem with others,
defining clear outputs/inputs, allowing the understanding as a whole of
the main purposes/tasks/objectives of the system

complex relationships:
physical structures: changes in one part may

? affect the whole system

components subsystems ship
HOGSKOLEN

I ALESUND
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Aspect Key Complexities Drivers Decomposing Encapsulating
Structural  Interaction betweens com-  Increased number of parts;  Modularization: identify =~ Modularization: define in-
ponents, that is, strongly Embedded software; More  near independent modules;  puts and outputs of each
coupled design focus on subsystem inter- Definition of criteria to  module; Definition of in-
action and balck boxes create modules terface criteria to connect
one module to another
Behavioral The correct mapping be- New performance param-  Functional breakdown, di- Response Surface and
tween form and function, eters to measure (for in-  viding the systeminto sub-  other methods to en-
that is, to assure that aship ~ stance environmental be- systems according to a  capsulate data  from
will perform its mission havior), less documented task to be performed , then  simulation
methods, with higher un-  evaluating the behavior of
certainty each subsystem, for in-
stance, via simulatio or re-
gression analysis
Contextual ~ Extension of the context Global market; Liberaliza-  Take into account multiple ~ Standard and customized
entities, taking into ac-  tion of regulations: Higher  operational profiles, with  operational profiles
count new elements such  volatility in freight rate different context parame-
as sustainability and risk and demand ters in each
Temporal Uncertainty towards con- Rapid shifts of markets; Epochs: divide the life  Eras: encapsulate changes
text changes and future Uncertainty about future span of the system in  and uncertainties into eras,
scenarios expectations in major economies; Un- epoch variables; each that is, a time-sequenced
certainty about new regu-  epoch represents a  setof epochs.
lations snapshot of certain period
of time
Perceptual ~ What if situations do doc-  Larger societal concerns Requirements elucidation  Multi-objective methods,
ument to different stake- related to environment for different stakeholders such as AHP, Pareto.
holders and social responsibility;
Importance in distinguish
risk prone and risk
averseness
| ISRt
Aspect Key Complexities Drivers Decomposing Encapsulating
Structural ~ Interaction betweens com-  Increased number of parts;  Modularization: identify =~ Modularization: define in-
ponents, that is, strongly Embedded software; More  near independent modules;  puts and outputs of each
coupled design focus on subsystem inter- Definition of criteria to  module; Definition of in-
action and balck boxes create modules terface criteria to connect
one module to another
Behavioral The correct mapping be- New performance param-  Functional breakdown, di- Response Surface and

tween form and function,
that is, to assure that a ship
will perform its mission

High Uncertainty

eters to measure (for in-
stance environmental be-
havior), less documented
methods, with higher un-
certainty

viding the system into sub-
systems according to a
task to be performed , then
evaluating the behavior of
each subsystem, for in-
stance, via simulatio or re-
gression analysis

other methods to en-
capsulate  data  from
simulation

Contextual

Temporal

Perceptual

Extension of the context
entities, taking into ac-
count new elements such
as sustainability and risk

Uncertainty towards con-
text changes and future
scenarios expectations

What if situations do doc-
ument to different stake-
holders

Global market; Liberaliza-
tion of regulations: Higher
volatility in freight rate
and demand

Rapid shifts of markets;
Uncertainty about future
in major economies; Un-
certainty about new regu-
lations

Larger societal concerns
related to environment
and social responsibility;
Importance in distinguish
risk prone and risk
averseness

Take into account multiple
operational profiles, with
different context parame-
ters in each

Epochs: divide the life
span of the system in
epoch variables; each
epoch represents a
snapshot of certain period
of time

Requirements elucidation
for different stakeholders

Standard and customized
operational profiles

Eras: encapsulate changes
and uncertainties into eras,
that is, a time-sequenced
set of epochs.

Multi-objective methods,
such as AHP, Pareto.

L_ IR
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uncertai nty
(lack of knowledge)

Uncertainty =AL

Each of the complexity aspects has a certain level of uncertainty

>
>

perceptual
embrace the uncer-
tainty of all other as-
poects, plus stylistic
preferences and
personal experi-
ences (gut feeling)

new drivers increas-
ing amount of uncer-
tainty and complexity

temporal
changes through
time: expecta-
tions, probabilistic
distribution, unex-

contextual epect situtions increasing
context parameFe‘rs: attention
no control of entities
behavioral outside the system aspec’[ss
key performance
~ structural indicators, based
phisical object: preci- on empirical and
sion with direct measure discret models
complexity

(information relevant
to define a system)
- nwusnuLen
I ALESUND
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uncertainty

Uncertainty =AL

Each of the complexity aspects has a certain level of uncertainty

A
[0}
e perceptual
<@ new drivers increas- er_nbrace 2 Wms-
g ing amount of uncer- (il il ailier -
b . poects, plus stylistic
c tainty and complexity
X preferences and
bS] personal experi-
\T/) temporal ences (gut feeling)
S changes through
~ time: expecta-
tions, probabilistic
contextual Gl Lrere increasing
context parameters: e VeI attention
Ino control of entities
behavioral outside the system aspectss
key performance
structural indicators, based
phisical object: preci- on empirical and
sion with direct measure discret models
complexity

(information relevant
to define a system)
- nwusnuLen
I ALESUND

Aslesund University College
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@ NTNU

Handling Complexity in

Maritime Design

temporal (

ifts / uncertainties
[ in context through
( time

LT

: -

. : structural -~ \g)
S i arrangement and interre- —

[ Q%\ ! lationship of the functional

i N ! and physical objects

behavioral
resulting performance on the in-
== teraction between the system | ——
contextual—/ and stimuli from the environment |
external circumstanc-  \_ :
es to which the system traditional system ship design boundary

is subjected to

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

complex system ship design boundary

Norwegian University of
Science and Technology

perceptual
how decision X
is perceived by
stakeholder Y?

HOGSKOLEN

I ALESUND

Exercise 05

1. Based on your system designed yesterday:

a.

b.

Apply the taxonomy to your system. What are the

Structural aspects
Behavioral Aspects
Contextual Aspects
Temporal Aspects
Perceptual Aspects

How do you deal with uncertainty in each of the
aspects? Sketch a brief "what if"

Fundamentals .

.....

HOGSKOLEN

I ALESUND
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Decision Making
Wednesday, Sept 10t

¢ Afternoon:

— Perceptual Aspect Literature:
1. Rhodes and Ross, "Five Aspects of
— Stakeholders Engineering Complex Systems -
. . E ing Construct d
— How "good" is perceived? Methods® 2010 "
— ici i 2. Haskins, C., "Systems Engineering
Decision Makmg X Handbook — A guide forI!_ifecycIe
— Measures of Effectiveness Processes and Activities", 2006
.. . 3. March, J. "A Primer on Decision
— Decision Matrix Making: How Decisions Happen",
. . . 1994
— Decision Tree — what is the "value" of 4. Ulstein, T, and Brett, P. O.
a decision? "Critical systems thinking in ship
design approaches." International
- Examples Maritime Design Conference -
. Glasgow (2012).
* Exercise: 5. Erikstad, S. O. "Design Methods —
. .. . NTNU Course", 2009
- Develop a S|mp|e decision mak'_ng 6. Dahl, J. "Systems Engineering
tool for your case (AHP or Matrix) Course at NTNU", 2009
. . . 7. Oliver, D. et al. Engineering
— Decision Tree for Key investment Complex Systems with Models

. . d Objects", 1996
— Perceptual aspect discussion and Dbjects

. HOGSKOLEN

I ALESUND
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Perceptual Aspect

how behavior X of system Y in context Z is

perceived at time T by stakeholder S?
economical

\
’ AY
1
. ‘./' o @ environmental

) , CO,NO, SO,

% icchnical
system R 6?* echnical

. HOGSKOLEN
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Aslesund University College
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Measures of Effectiveness

A way to measure "success"

Some qualities of MOE:

* They represent the viewpoint of stakeholders; those who
have a right to impose requirements on a solution

* They assist in making the right choice by indication “how
well” a solution meets the stakeholders need

* MOE should be able to be quantified in some manner

Purpose: How is it possible to recognize success?

A. Jameson [l Hosskoen

LLLLLL

.........................

Measures of Effectiveness (MOE)

* MOEs are standards against which the capability of
a solution to meet the needs of a problem may be
judged

* MOEs are independent of any solution and specify
neither performance nor criteria

* MOEs are the small subset of requirements that are
so important that the system will fail if they are not
met and will be a huge success if they are met

A. Jameson [l Hosskoen

LLLLLL

.........................

1/21/15
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Measures of Effectiveness (MOE)

Ex:

* 50.000 of electrical cars by 2018 (Parliament -
Norway)

* Identification of fish in the River Thames as a MOE
for cleaning the river

* The F-117 stealth fighter that did not suffer a hit and
that kills bats in the hangars

A. Jameson [l HocskoLen

LLLLLL

.........................

System Stakeholders

A stakeholder is any entity (individual or organization) with a
legitimate interest in the system. Typical stakeholders
include users, operators, organization decision-makers,
parties to the agreement, regulatory bodies, developing
agencies, support organizations, and society-at-large. When
direct contact is not possible, systems engineers find agents,
such as marketing or non- governmental organizations, to
represent the concerns of a class of stakeholders, such as
consumers or future generations

.........................

1/21/15
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System Stakeholders

* All systems have a group of stakeholders having interests in
the system.
* The stakeholders may be classified or grouped as follows:
o The customers, those who pay for and own the system
o The users, those who use the system, sometimes
identical to the customers, but usually not
o The developers, those who design, develop,
manufacture, and implement the system, "bringing the
system into being”
o Government and public authorities, those who set the
rules for design and operation of the system
o The so-called “Third Party”, those who are inadvertently
affected by the system, its existence and operation

. HOGSKOLEN
25 I ALESUND

.........................

System Stakeholders

* Stakeholders have requirements to the system:
e Structural

* Behavioral Users,

P Systems in
¢ Contextual "o operational
* Temporal .,".,0 environment

¢ '
* Perceptual e
N
W ¢
¥ .
So;iet'y $ ) —> - System-of-interest
3t
:,o. Operators

.~ Enabling Systems

. HOGSKOLEN

I ALESUND
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Idea of Rational Choice

Alternatives: What actions are possible?

Expectations: What future consequences?
How likely is each consequence?

Preferences: How valuable are the
consequences?

Decision rule: How is a choice to be made
among the alternatives?

. HOGSKOLEN
I ALESUND

.........................

Perception Responsibilities

Rogurement
Sgec
Design

Realizatior

‘-To%‘

Funaion

modun
subsysem
system

Decomposition
Integration

Balance Consistency Overview

KISS

Elegance
Simple Integrity Fitting

. HOGSKOLEN
I ALESUND

.........................
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Classical View

Value Functions and
Importance Weights
# Words 'E $$
! 0] 1
++ + -
- ? ++
++ - -
A. Jameson

. H@GSKOLEN
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More Comprehensive View

[ General Attitudes and Policies w

Oxford Dictionaries

Justifiability

oo Value Functions and

Oxford Importance Weights
Italian

Usa-
SWords oy  $%
e

1 0] "

Oxford E& || S5
Italian Emotional =
Responses —
Oxford . Slovoed

French g Mg (B

GSKOLEN
A. Jameson | I tuaa

Aslesund University College
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Model of Satisficing Search

Performance’
yes greater than no
iratic ?
[
Aspirations
R
Increase Increase : Decrease Decrease
slack aspirations aspirations slack
Decrease Performance Increase
search of others search
Institutionalized Supply-side
Decrease
slack
search
; J. March
Bty Aol HOGSKOLEN
Aelesund University Colleae
Define/Identify
Goals/Objectives Define
and Constraints Define Selection
Plausible Rule
l Alternatives *The following questions
should be considered:
Perform Functional ; * Have the goals/objectives and
Analysis constraints been met?

* Is the tentative selection robust?

* |s more analytical refinement

Define measures and Collect data on needed to distinguish among
measurement methods for: each alternative alternatives?
to support
+ System effectiveness evaluation by * Have the subjective aspects of
+ System performance or selected the problem been addressed?
technical
* System cost methods
Y
* G an of system effecti ceed
perf e or technical and cost m HOMU:TO:‘ ?er
X LOP each altemative _ selection system design, or to
= e (decision) I
* Perform sensitivity analyses

Analytical Portion of Trade Studies

Aslesund University College
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Decision Analysis Process (NASA)

Establish guidelines to determine
which technical issues are subject to a
formal analysis/evaluation process
v
Define the criteria for evaluating To all technical processes
alternative solutions
From all technical [ Selection
processes v > di and
Decision Need, Identify alternative solutions to Impacts
Alternatives, lssues, or' Ly address decision issues J
Problems and
Su Data
PPy | Select evaluation methods and tools ‘ ToTechnical
Process
From Technical Evaluate allapatlve sqlullons with | [ Pati Suppona o
Assessment Process the established criteria and Impacts
selected methods J
Analysis Support ¥
Requests ™ Select recommended solutions from To Technical Data
— the alternatives based on the M tP
evaluation criteria e e ——
v Work Products From
Report analysis results with || Dedision Analysis
recommendations, impacts, and J
corrective actions
Capture work products from
decision analysis activities . HOGSKOLEN
I ALESUND
Decision R t
Section Section Description

1 | Executive Summary | Provide a short half-page executive summary of the report:
© Recommendation (short summary—1 sentence)
® Problem/issue requiring a decision (short summary—1 sentence)
2 | Problem/Issue Describe the problem/issue that requires a decision. Provide background, history, the
Description decisionmaker(s) (e.g., board, panel, forum, council), and decision recommendation team, etc.
3 | Decision Matrix Provide the rationale for setting up the decision matrix:
Setup Rationale o Criteria selected
® Options selected
© Weights selected
® Evaluation methods selected
Provide a copy of the setup decision matrix.
4 | Decision Matrix Provide the rationale for the scoring of the decision matrix. Provide the results of populating the
Scoring Rationale | scores of the matrix using the evaluation methods selected.
5 | Final Decision Cut and paste the final spreadsheet into the document. Also include any important snapshots of
Matrix the decision matrix.
6 | Risk/Benefits For the final options being considered, document the risks and benefits of each option.
7 | Recommendation | Describe the recommendation that is being made to the decisionmaker(s) and the rationale for
and/or Final why the option was selected. Can also document the final decision in this section.
Decision
8 | Dissent If applicable, document any dissent with the recommendation. Document how dissent was
addressed (e.g., decision matrix, risk, etc.).
9 | References Provide any references.
A | Appendices Provide the results of the literature search, including lessons learned, previous related decisions,
and previous related dissent. Also document any detailed data analysis and risk analysis used for
the decision. Can also document any decision metrics.

. H@GSKOLEN

I ALESUND

Aslesund University Co
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Analysis through Lifecycle

As-Deployed Baseline
System Operation in User Environment

60-90% of e J
osomdltiecce i T o po
necemarlyknown) Operation Tests

System Modifications for Improvement
Contractor Support
System Assessment/Field Deta Collection
and Analysis
Update Analysis snd Models

Functional Systems Anaiysis and Alocation
Anslysi, Synthess, and Evalustion Build-to Product Basefine
Techology Appications Evaluation Evalustion and Seiection of Different Technologes,
Technical Approsch Selection Evaluation and Selection of Different Materials
Funetional Definition of System Aternative System Packaging snd Wring
System Planning Aternative Disgnastics

Program Implementation
Major Suppiers and Supplier Activities
Subsystem ComponentDesign

Development of Engineering and Prototype Models

Developmental Test and Evalustion
Suppier Activities
Aemative Manufecture/Producitility Concepts

ncepts
Aemative System/Material Dispasal Concepts
Update Anaiysis and Models With New Data

As-Built Product Baseline.

Suppier Production Activities
ce Testing

System Distribution and Operation

Developmental/Operational Test and Evsuation

Interim Contractor Support
Update Ansiysis With New Data 'H?(LESEKSCT‘LSND

Aslesund University College

Analysis through Lifecycle

Cuupt&Tegmlngy Prelimi D&gnand Flnall)esl;and Smnknzmly Openﬂons' nd
nal e ai
’yC letion Fabrication &Test, Launch Sustainment

Requirements Understanding/Filtering Architectures Selection/Analysis

Acceptable: Proceed with the next stage of the project;
Or Acceptable with reservations: Proceed and respond to action items;

Unacceptable: Do not proceed; continue this stage and repeat the review when
ready;

Unacceptable: Return to a preceding stage;
Unacceptable: Put a hold on project activity;
Unsalvageable: Terminate the project.

HOGSKOLEN

I ALESUND

Aslesund University College
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Simulation Dashboard

Simulation Model Inputs

Mission Model

* Annual Launches for Each Vehicle
Configuration

Process Flow

* Task Duration, Sequence

* Resource Requirements

ConOps

* Work Shifts and Priorities

* Weather, Range, Safety Constraints

* Extended Maintenance

Probabilistic Events

* Weather and Range Events

* Unplanned Work

+ Equipment Downtime (MTBF
and MTTR)

* Process Time Variability and
Learning Effects

* Loss of Vehicle

Resources

* Launch Vehicle Quantity

* Facilities and Equipment

* Personnel Quality and Skills

MAKE CHANGES HERE SEE IMPACTS HERE

Simulation Model Outputs
Launch Rate Turnaround
% g‘ mean = 18.2
o<
s 2
g g|
E] “16 1718 19 20 21 22 23
Sys1 Sys2 Sys3 Turnaround (days]

1

0 2 3 45
Launch Delay (days

Utilization

Personnel Utilization
g Available Pool

Util ization

Date

Optimization

Meets all reg'mts C=nll=y
L =
] .D ™
Vol
0 DOminumD 0
“ Simulation Model Iterations

o

onrecurring §
o]

o
b
e
&
ki

Flight HAW Reliability

Facility Utilization Personnel Utilization
" Oventime
5 Preventive Maint.
2 Unplanned Work
H Planned Work
= Straight Time,

Hangar VIF__PPF__ Pad Worked Paid
Sensitivity Analvses
g Optimum Unlimited Customized
~ e\ .~ e
Opti o Analyses per Specific
ptimum E Program Needs

Personnel Quantity

. H@GSKOLEN
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Simmstar's

Rid

Don't Bid

Decision Tree

0.500

($250,000);
P = 0.400

Cost is $28 q
0.100

($2,950,000);
P =0.240

$4,250,000;
P=0.30

$6,050,000;
P =0.060

Contract Win Expected Value = 10% * $6.05 M + 50% * $4.25 M — 40% * $2.95M

or $1.55M

The expected value of making the bid is 60% * $1.55 — 40% * 0.25 or $0.83 M

Aslesund University College

1/21/15
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Decision Tree

They Win
25% -300000
($435,000)

They Appeal
90%  -25000
($210,000)

They Lose
0
($135,000)

75%

MNo Appeal
0
($110,000)

($200,000)

10%

Go To Court
-110000
($272,000)

We Appeal
-45000

($155,000)

Root ($3580,000) We Lose
- 75% -300000
($272,000) 5350,000) out ($455,000)
-300000
Settle Out Of Court
SR000 ($410,000)
($280,000)
. H!;)GSKOLEN
Decision Matrix
Example of Comparison
Criterion 1 Criterion 2 Criterion N
Alternative 1 | xq4 X12 XiN
Alternative 2 | xo4 Xoo XoN
Xjj=Good ...
Alternative M xp Xpe XMN
Sum
Rank
Status No No

. HOGSKOLEN
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Decision Matrix

% Value Car1 Car 2 Car3
Price
Operating Cost
Styling
Comfort
Handling
Safety
Totals
. HOGSKOLEN
I ALESUND
Decision Matri
E| # ¢
Decision Matrix ;,-8' -] 2
Example for Battery TR SCORS z 3 8.9 L&
(=] T &E3 g @ E
b 3 I =228<| T
Zel > |5E28 8
i a |Go=da O
CRITERIA [Mandatory (Y=1/N=0)? | Weight SCALE | |
Mission Success (Get 3 = Most Supportive 2 3 3 0
Experiment Data) ! 30 1 = Least Supportive
Cost per Option 0 10 ‘? - kf:::g:g:::;’: 1 2 3 1
Risk (Overall Option Risk) 0 15 [32eastRisk 2 ! 2 .
3 = Shortest Schedule
Schedule 0 10 1 = Longest Schedule 3 2 1 3
sy ! N EEERERE
Uninterrupted Data Collection 0 20 13 - LMQ%SSIISS';'J%%%'&':C% 3 1 2 1
WEIGHTED TOTALS in % 100% 3 73% 60% [ 77% I 0%
SCALE1-3

. H@GSKOLEN
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Detailed Decision

SHIP
PROJECT
Cost Risk I Performance | Schedule e |
- ke |
l =~ Other I
| 0.23 ’ 0.14 [ 0.18 ‘ 0.13 ‘ 0.12 ‘ 0.21
Reliability Transport Fi Political Price I
time and impact
Global Health Acidification | il spills | omher |
warming effects = owher |
I =~ Other |
Airborne emissions Working Bioacculating Noise | vhar |
(TSP, NO,, SO,) - e |
= Other

. HOGSKOLEN

I ALESUND
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Future Study - AHP

Ch the best car for the Jones family

Cost Safety Style Capacity
Purchase| Fuel Maint. | Resale Cargo Pass.
Model Price Costs Costs Value Capacity | Capacity | Total

Accord Sedan 0.060

0.024 0.018 0.018 0.051 0.015 0.003 0.025 0.213

Accord Hybrid 0.007

0.027 0.016 0.008 0.051 0.015 0.003 0.025 0.150

Pilot SUV 0.007 0.017 0.004 0.004 0.020 0.002 0.006 0.049 0.109

CR.V SUvV 0.060 0.020 0.005 0.034 0.009 0.007 0.006 0.025 0.165

Element SUV 0.089 0.019 0.004 0.009 0.006 0.001 0.006 0.008 0.143

Odyssey Minivan | 0.025 0.020 0.003 0.009 0.100 0.003 0.011 0.049 0.220

0.246 0.127 0.050 0.081 0.036 0.181 1.000

TOTALS 0.504 0.237 0.042 0.217 1.000
1.000

Analytical Hierarchy Process

. HOGSKOLEN
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Exercise 06

1. Based on your system designed yesterday:

a.

Present a simple decision tree, comparing the
investment in your system versus investing in Bank
funds (2.5% yearly)

Describe a list of the main stakeholders, and how they
perceive value in your system.

Create a unique measure of effectiveness for your
system

Create a simple Decision Matrix for comparing designs

Based on c) and d), explain how each of the
stakeholders in b) perceive value in your system.
Incorporate topics from the perceptual aspect.

. HOGSKOLEN
Fundamentals Bl 7 iacesuno

.........................

1/21/15

23



IP504914 System engineering
Best Practice Module

Week 37 — Classes Plan

Henrique Gaspar - Fall 2014
hega@hials.no - B410 (AMO)

. H@GSKOLEN
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Combining Methods
Thursday, Sept 11t

Morning:
— Near-decomposable systems
— Combining Methods Literature:
— SE techniques x non-SE Techniques 1. Simgn, IH "Sciences of
. Artificial", 1996
— RSC and Epoch-Era Analysis 2. Gaspar, H.M. "Handling
— i aspects of complexity in
ase Studies
Conceptual Ship Design",
2012
10-16 - Project Proposal: 3. Gaspar, H. etal, "Handling
temporal complexity in the
— Sketch a proposal design of non-transport ships
. using epoch-era analysis",
— Elevator pitch 2011
— 2 page presentation (14:00): 4. Ross, AM.etal. "Responsive
: Systems Comparison
¢ Introduction

Method: Dynamic Insights
* Scope into Designing a Satellite

* Objective s ':/lefr S\gtﬁ;n' t 2009
R . . uller, G. ystem
Milestones Architecting", 2010
¢ Deliveries
— What is your focus (es)? - Hesscouen
I ALESUND

Aslesund University College
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Combining Methods
Thursday, Sept 11t

* To see as example:

— Near-decomposable systems — Simon 1962

— Combining Methods — Merging theories
(Gaspar 2012)

— SE technigues x non-SE Techniques (SE x
Analysis x Management)

— RSC (SEAri) and Epoch-Era Analysis (Ross et al.)
— Case Studies — Arctic LNG

.........................

Project Work

* Groupsof2or3

* Pick atheme/system/process that you would like to tackle via
Systems Engineering

— What is the problem/question/issue?
— Why is this important?

— What have others done (i.e. what is the current
situation)

— What must be done (i.e. what you plan to change/
understand/solve in the future)

.........................
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Project Work

Sketch a 2 page proposal containing:

— Introduction: Explain briefly what is the system, important aspects,
your aspects among others, what is the current situation, how it can
be improved.

Example:

"Anchor handling tug supply vessels (AHTS) are produced
to support the development, maintenance and repair of oil
and gas offshore fields, in a wide range of operations.
There are different types of vessels, some of them with
standard equipment, others tailor-made for a specific
mission. A more operational versatile and cost-competitive
vessel is the current challenge of the industry."

. HOGSKOLEN
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Project Work

— Object: To which extent you will be considering your problem/
issue/question? What are the parts that you will consider?

Example:

"The scope of the project is the conceptual phase of
design and preliminary assessment of operability based
on the main capabilities installed on board given a
certain group of missions."

. HOGSKOLEN
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Project Work

— Objective: What your project aim to do? What are the goal(s)?

Example:

"The objective of the project is to present an entire but
simplified iteration of the operational value
(Operability) assessment in AHTS, linking the mission
parameters until a unique operational measure during
the early stages of design."

. HOGSKOLEN
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Project Work

— Milestones: What are the main tasks? How
you will progress your work? How it will be
development?

Example:

Time
Tasks. , ,
1. Identification of main AHTS operations sept [ 1- overstons it

Mapping between installed capabilities

(form) and operational functionality b;:;;g“nmn

(function) for one vessel in one operation Preliminary Report
3. Extension of the Mapping to diverse 30 oct [ 3

capabilities and diverse operation Mapping

4. Evaluate an operation based on the ability

iy | . ®
of a vessel perform it given equipment on 4 — Operatility
board, defining an Operability measure Measure
5. Evaluate vessels based on their operability
value

5 - Vessels' Evaluation
Final Report
. HBGSKOLEN
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Project Work

— Deliveries: What will be delivered?

Example:

Report with introduction, scope, objectives (goals),
methodology, analysis, results and discussion of the
main tasks:

1. Identification of main AHTS operations

Mapping between installed capabilities (form) and
operational functionality (function) for one vessel in one
operation

3. Extension of the Mapping to diverse capabilities and
diverse operation

4. Evaluate an operation based on the ability of a vessel
perform it given equipment on board, defining an
Operability measure

5. Evaluate vessels based on their operability value I rosscoe

I ALESUND
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Exercise 07

Group exercise (2 or 3 — SAME group as project)
1. Sketch a 1-2 page project proposal about containing:

a. Introduction
b. Scope

c. Objective

d. Milestones
e. Deliveries

2. 14:00 - Present a "elevator pitch" of you proposal to be
discussed in class (no need of power-point, just paper)

. HOGSKOLEN
Fundamentals I ALESUND

Aslesund University College
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