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IP504914%System%engineering%%
%Best%Prac8ce%Module%

%

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

Week$37$–$Classes$Plan$$

Fundamentals%?%Monday,%Sept%8th%%%
•  Morning:$

–  Introduc8on%&%Course%Program%
–  What%is%a%System?%
–  Systems%Hierarchy%
–  Systems%Complexity%
–  Decomposi8on%and%Encapsula8on%
–  Prac8cal%Example%–%Physical%Systems%
–  Class,%instances,%objects%

•  Exercise:$
–  Complexes%systems%around%us%
–  Boundary%of%a%system%
–  Hierarchies%
–  Structural%Aspects%
–  Func8onali8es%
–  AQributes%

Literature:$
1.  Meadows,%D.%"Systems%

Thinking",%2014%
2.  Simon,%H.%"Architecture%of%

Complexity",%1962%
3.  INCOSE,%"Systems%

Engineering%Handbook",%2010%
4.  Dahl,%J.%"Systems%Engineering%

Course%at%NTNU",%2009%
5.  Oliver,%D.%et%al.%Engineering%

Complex%Systems%with%
Models%and%Objects",%1996%

6.  Mitchell,%M.%"Complexity:%a%
guided%tour",%2011%

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

8.  NASA%"Systems%Engineering%
Handbook",%2007.%
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Design%?%Monday,%Sept%8th%%
•  A;ernoon:$

–  Ar8ficial%x%Natural%System%
–  Design%Principles%
–  Design%Methods%
–  Design%of%Systems,%Subsystems%and%

System%of%Systems%
–  Examples%

•  Exercise:$
–  Designing%Engineered%Systems%
–  Describe%Form?Func8on%Concept%
–  Present%"Design%Mapping"%process%
–  Decompose%goals%and%how%to%reach%

these%goals%
–  Applying%basic%design%models%

Literature:$
1.  Coyne,%R.%et%al,%

"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%
Ar8ficial",%1996%

Lifecycle%?%Tuesday,%Sept%9th%%
•  Morning:$

–  Lifecycle%Characteris8cs%
–  Decision%Gates%
–  Lifecycle%stages%

•  Pre?concept%
•  Concept%
•  Development%
•  Produc8on%
•  Opera8on%
•  Support%
•  Re8rement%

–  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%

2.  Haskins,%C.,%"Systems%
Engineering%Handbook%–%A%
guide%for%Lifecycle%Processes%
and%Ac8vi8es",%2006%

3.  Ulstein,%T.,%and%BreQ,%P.%O.%
"Cri8cal%systems%thinking%in%
ship%design%approaches."%
Interna8onal%Mari8me%
Design%Conference%?%Glasgow%
(2012).%

4.  NASA%"Systems%Engineering%
Handbook",%2007.%
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Product%and%Process%
Tuesday,%Sept%9th%%

•  A;ernoon:$
–  Product%and%Process%
–  Flowing%through%the%system%
–  System%Architecture%Process%
–  Product%Crea8on%Process%
–  Basic%sources%for%process%

managements%
–  Examples%

•  Exercise:$
–  Product%/%Process%dis8nc8on%
–  Decomposing%your%process%
–  Product%flow%through%process%
–  Establish%form/func8on%criteria%

Literature:$

1.  Meadows,%D.%"Systems%
Thinking",%2014%

2.  INCOSE,%"Systems%
Engineering%Handbook",%2010%

3.  Muller,%G.%"System%
Architec8ng",%2010%

4.  PMBOOK,%%"Project%
Management%Body%of%
Knowledge"%

5.  Michael,%J.%"Systems%
Approaches%to%
Management",%2000%

5%Aspects%?%Wednesday,%Sept%10th%%
•  Morning:$

–  Five%Aspects%of%Complex%Systems%
•  Structural%
•  Behavioral%
•  Contextual%
•  Temporal%
•  Perceptual%

–  Connect%to%Product%and%Process%
–  Examples%

•  Exercise:$
–  Apply%five%aspect%taxonomy%to%the%

case%
–  Discuss%system%characteris8cs%for%

each%of%the%aspects%
–  Combine%methodologies%

Literature:$
1.  Rhodes%and%Ross,%"Shaping%in%

Socio?Technical%System%
Innova8on%Strategies%using%a%
Five%Aspects%Taxonomy",%
2010%

2.  Rhodes%and%Ross,%"Five%
Aspects%of%Engineering%
Complex%Systems%?%Emerging%
Constructs%and%Methods",%
2010%

3.  Gaspar,%H.M.%"Handling%
aspects%of%complexity%in%
Conceptual%Ship%Design",%
2012%
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Decision%Making%
Wednesday,%Sept%10th%%

•  A;ernoon:$
–  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%

2.  Haskins,%C.,%"Systems%Engineering%
Handbook%–%A%guide%for%Lifecycle%
Processes%and%Ac8vi8es",%2006%

3.  March,%J.%"A%Primer%on%Decision%
Making:%How%Decisions%Happen",%
1994%

4.  Ulstein,%T.,%and%BreQ,%P.%O.%
"Cri8cal%systems%thinking%in%ship%
design%approaches."%Interna8onal%
Mari8me%Design%Conference%?%
Glasgow%(2012).%

5.  Erikstad,%S.%O.%"Design%Methods%–%
NTNU%Course",%2009%

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

7.  Oliver,%D.%et%al.%Engineering%
Complex%Systems%with%Models%
and%Objects",%1996%

Combining%Methods%
Thursday,%Sept%11th%%

•  Morning:$
–  Near?decomposable%systems%
–  Combining%Methods%
–  SE%techniques%x%non?SE%Techniques%
–  RSC%and%Epoch?Era%Analysis%
–  Case%Studies%
%

•  10>16$–$Project$Proposal:$
–  Sketch%a%proposal%
–  Elevator%pitch%
–  2%slide%presenta8on:%

•  Introduc8on%
•  Scope%
•  Objec8ve%
•  Milestones%
•  Deliveries%

–  What%is%your%focus%(es)?%%

Literature:$
1.  Simon,%H.%"Sciences%of%

Ar8ficial",%1996%
2.  Gaspar,%H.M.%"Handling%

aspects%of%complexity%in%
Conceptual%Ship%Design",%
2012%

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

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

5.  Muller,%G.%"System%
Architec8ng",%2010%
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Best%Prac8ce%–%Ulstein%Group%
Friday,%Sept%12th%%

•  Agenda:$
–  9:45%–%Arrival%and%introduc8on%(HG)%
–  10%?%11:00%Spirit%of%Innova8on%(ØK)%
–  11:00%–%11:45%Lunch%
–  12:00%–%13:30%Visit%Ship%Yard%(HG)%
–  13:45%–%15:45%Ulstein%Best%Prac8ces%(POB)%%
–  15:45%%Closing%Remarks%

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%star8ng%point%to%

apply%SE%in%future%cases%
•  Provide%examples%of%SE%applica8ons%in%complex%ar8ficial%

systems%
•  Make%the%students%prac8ce%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%



1/21/15%

6%

Offer%&%Expecta8on%
•  Offer:$

Best%Prac8ce%
Course%

Monday%

Fundamentals%of%
SE%

Design%

Tuesday%

Lifecycle%

Product%and%
Process%

Wednesday%

5%Aspects%of%CS%

Decision%Making%

Thursday%

Combining%
Methods%

Project%Work%

Friday%

Summary%

Ulstein%Visit%

Offer%&%Expecta8on%
•  ExpectaEons:$

Best%Prac8ce%
Course%

Monday%

Exercise%01(y/n)%

Exercise%02%(y/n)%

Tuesday%

Exercise%03%(y/n)%

Exercise%03%(y/n)%

Wednesday%

Exercise%05%(y/n)%

Exercise%06%(y/n)%

Thursday%

Intro%Project%
Work%%%%(y/n)%

Friday%

7:45am%at%HIALS%

Ulstein%Visit%

Project%Work%
(grade)%
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Grading%
•  Grade:$

–  Exercises%are%prepared%to%be%
done%in%class%

–  There%is%no%grade%for%the%
exercises,%just%"Accepted/Non?
accepted"%

–  7%Exercises%accepted%are%equal%to%
35%%of%the%final%grade%

–  If%one%or%more%exercise%is%
missed,%delivery%un8l%Monday$
Morning$(Sept$15th)$

–  Project%is%65%%of%the%grade%
–  Project%work%consists%of%groups%

of%2%or%3%persons%
–  It%is%expected%37.5%project%hours%

for%each%of%the%group%members%

Best%Prac8ce%
Course%–%100%%

Exercises%

35%%%

7%/%7%

Project%

65%%

37.5%Working%Hours%
for%each%member%
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IP504914%System%engineering%%
%Best%Prac8ce%Module%

%

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

Monday'

Fundamentals%?%Monday,%Sept%8th%%%
•  Morning:'

–  Introduc8on%&%Course%Program%
–  What%is%a%System?%
–  Systems%Hierarchy%
–  Systems%Complexity%
–  Decomposi8on%and%Encapsula8on%
–  Prac8cal%Example%–%Physical%Systems%
–  Class,%instances,%objects%

•  Exercise:'
–  Complexes%systems%around%us%
–  Boundary%of%a%system%
–  Hierarchies%
–  Structural%Aspects%
–  Func8onali8es%
–  AQributes%

Literature:'
1.  Meadows,%D.%"Systems%

Thinking",%2014%
2.  Simon,%H.%"Architecture%of%

Complexity",%1962%
3.  INCOSE,%"Systems%

Engineering%Handbook",%2010%
4.  Dahl,%J.%"Systems%Engineering%

Course%at%NTNU",%2009%
5.  Oliver,%D.%et%al.%Engineering%

Complex%Systems%with%
Models%and%Objects",%1996%

6.  Mitchell,%M.%"Complexity:%a%
guided%tour",%2011%

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

8.  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(definiKon(closely(for(a(minute,(
you(can(see(that(a(system(must(consist(of(three(
kinds(of(things:(elements,(interconnecKons,(and(

a(funcKon(or(purpose((
Meadows(

Fundamentals%%

What%is%a%System?%

Fundamentals%%

Oliver(
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What%is%a%System?%

Fundamentals%%

Dahl(

What%is%a%System?%

Fundamentals%%

Dahl(
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How%to%iden8fy%a%System?%

Fundamentals%%

Meadows%

How%to%iden8fy%a%System?%

Fundamentals%%
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Systems%Engineering%

Fundamentals%%

Systems%Engineering%

Fundamentals%%
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Systems%Hierarchy%

Fundamentals%%

Systems%Hierarchy%

Fundamentals%%

Simon(
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Systems%Hierarchy%

Fundamentals%%

Simon(

(other)%Systems%Hierarchy%

Fundamentals%%

Maslow's%Hierarchy%of%Needs%
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(other)%Systems%Hierarchy%

Fundamentals%%

Systems%Hierarchy%

Fundamentals%%
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Systems%Hierarchy%

Fundamentals%%

Systems%Hierarchy%

Fundamentals%%
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Systems%Hierarchy%

Fundamentals%%

Systems%Complexity%

Fundamentals%%

Simon(

hQps://www.youtube.com/
watch?v=7kKJW8ZLcew%
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Systems%Complexity%

Fundamentals%%

•  Complexity%as%Size%
•  Complexity%as%Entropy%
•  Complexity%as%Algorithmic%
Informa8on%Content%

•  Complexity%as%Logical%Depth%
•  Complexity%as%Thermodynamic%Depth%
•  Complexity%as%Computa8onal%
Capacity%

•  Sta8s8cal%Complexity%
•  Complexity%as%Fractal%Dimension%
•  Complexity%as%Degree%of%Hierarchy%

Mitchel(

Systems%Complexity%

Fundamentals%%

Mitchel(
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Systems%Complexity%

Fundamentals%%

Decomposi8on%and%Encapsula8on%

Fundamentals%%

•  Decomposi7on%simplifies%the%handling%of%a%complex%system%by%
breaking%core%aspects%into%smaller%chunks%or%parts%(or%
assemblies,%subsystems,%classes)%for%beQer%understanding%of%
them%and%their%mutual%interac8ons,%reducing%informa8on%
required%to%sufficiently%(for%the%purpose)%understand%
performance%of%the%overall%system.%%

•  Encapsula7on%simplifies%connec8on%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%interac8ons%and%the%
need%for%detailed%informa8on%%
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Decomposi8on%and%Encapsula8on%

Fundamentals%%

Classes%and%Objects%

Fundamentals%%
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Classes%and%Objects%

Fundamentals%%

Classes%and%Objects%

Fundamentals%%
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Mari8me%Example%

Fundamentals%%

Apply%concepts%in%this%system!%

Mari8me%Example%

Fundamentals%%
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Fundamentals%?%Monday,%Sept%8th%%%
•  Morning:'

–  Introduc8on%&%Course%Program%
–  What%is%a%System?%
–  Systems%Hierarchy%
–  Systems%Complexity%
–  Decomposi8on%and%Encapsula8on%
–  Prac8cal%Example%–%Physical%Systems%
–  Class,%instances,%objects%

•  Exercise:'
–  Complexes%systems%around%us%
–  Boundary%of%a%system%
–  Hierarchies%
–  Structural%Aspects%
–  Func8onali8es%
–  AQributes%

Literature:'
1.  Meadows,%D.%"Systems%

Thinking",%2014%
2.  Simon,%H.%"Architecture%of%

Complexity",%1962%
3.  INCOSE,%"Systems%

Engineering%Handbook",%2010%
4.  Dahl,%J.%"Systems%Engineering%

Course%at%NTNU",%2009%
5.  Oliver,%D.%et%al.%Engineering%

Complex%Systems%with%
Models%and%Objects",%1996%

6.  Mitchell,%M.%"Complexity:%a%
guided%tour",%2011%

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

8.  NASA%"Systems%Engineering%
Handbook",%2007.%

Exercise%01%

Fundamentals%%

1.   Pick'a'complex'system'around'you'and'describe'via'Meadow’s'
four'ques7ons:'
a.  Iden8fy%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%8me?%In%
which%Circumstances?%

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

3.   Establish'few'main'aKributes'for'each'component'of'your'
hierarchy'
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Design%?%Monday,%Sept%8th%%
•  AMernoon:'

–  Ar8ficial%x%Natural%System%
–  Design%Principles%
–  Design%Methods%
–  Design%of%Systems,%Subsystems%and%

System%of%Systems%
–  Examples%

•  Exercise:'
–  Designing%Engineered%Systems%
–  Describe%Form?Func8on%Concept%
–  Present%"Design%Mapping"%process%
–  Decompose%goals%and%how%to%reach%

these%goals%
–  Applying%basic%design%models%

Literature:'
1.  Coyne,%R.%et%al,%

"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%
Ar8ficial",%1996%

Natural%x%Ar8ficial%Systems%

Fundamentals%%

•  Inside%the%man?made%terminology%relies%the%main%
difference%between%the%natural%and%ar8ficial%

sciences:%the%purpose.%The%human%being%has%the%
need%of%design%something%to%achieve%some%purpose.%

In%the%natural%sciences%there%is%no%inten8on;%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%ac8on%(or%task).%
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Natural%x%Ar8ficial%Systems%

Fundamentals%%

•  The%Ar8ficial%~%synthesized%by%humans,%as%opposed%to%natural%
phenomena%

•  Ar8ficial%phenomena%imitate%nature%
•  “The%Ar8ficial”%can%be%characterized%by%goals,%inten8ons,%

func8ons,%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%putng%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%differen8ates%the%design%task%from%other%
engineering%tasks,%like%analysis.%

Natural%x%Ar8ficial%Systems%

Fundamentals%%

•  Hebert%Simon,%The%Sciences%of%the%Ar8ficial,%3rd%ed.%MIT%
Press.%

•  Design%is%devising%courses%of%ac8on%aimed%at%changing%exis8ng%
situa8ons%into%preferred%ones%

•  ?>%Vs.%natural%science:%INTENTION%
•  ?>%Vs.%Engineering%anaysis:%CHANGE%
•  (Reducing%complexity)%
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What%is%Design?%

Fundamentals%%

•  Suh%states%that%design%is%defined%as%the%mapping%process%from%the%
func8onal%space%to%the%physical%state%to%sa8sfy%the%designer?specified%
func8onal%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)%

What%is%Design?%

Fundamentals%%

•  % (hull%form%&%propeller)%→%(required%%SHP)%
•  % (hull%form)%→%(seakeeping%behaviour)%
•  % (hull%form,%propeller,%machinery)%→%(ship%speed)%
•  % (all%ship%systems)%→%(total%cost)%
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What%is%Design?%

Fundamentals%%

•  The%process%of%design,%is%different%from%the%usual%scien8fic%
approach.%The%idea%of%purpose%add%a%lot%of%characteris8cs,%
such%as%8me%and%cost%constraints.%

Design%as%an%Abduc8ve%Process%

Fundamentals%%

•  Deduc8on%(%m,a%–%F?)%
•  Induc8on%(m/a,%F%–%F%=%ma)%
•  Abduc8on%(F%=%X,%m%=?,%a=?)%
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Basic%Design%Process%

Fundamentals%%

GENERATE%one,%or%a%set%of,%
design%descrip8on(s)%

ANALYSE%the%descrip8on(s)%to%
derive%the%relevant%design%
performance(s)%

EVALUATE%the%performances%
with%respect%to%the%design%
goals%

DECIDE%whether%the%current%
best%solu8on%is%acceptable,%or%
whether%it%is%necessary%to%
generate%addi8onal%design%
solu8ons%

Goal%Decomposi8on%

Fundamentals%%

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

Fundamentals%%

Design%Domain%(Ship%Example)%

Fundamentals%%

•  %Complex%mapping%between%form%and%func8on%
•  %Mul8?dimensional,%partly%non?monetary%
performance%evalua8on%

•  %High%cost%of%error%
•  %Shallow%knowledge%structure%
•  %Strong%domain%tradi8on%
•  %Strict%8me%and%resource%constraints%on%the%design%
process%

•  %Predominantly%“one?of?a?kind”%and%“engineered?to?
order”%solu8ons%
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System%Design%Vocabulary%

Fundamentals%%

•  The%task%observed%in%the%design%process%are%only%able%to%be%
performed%when%the%engineer%has%the%descrip8ons%of%the%
design%model.%

•  This%descrip8on%is%produced%from%a%vocabulary,%and%each%type%
of%design%have%a%specific%vocabulary%to%be%able%to%describe%the%
characteris8cs%of%the%system.%Only%with%a%descrip8on%in%
certain%level%is%possible%to%Analyse%and%Evaluate.%

•  Examples:%
–  Ship%
–  Oil%Plaxorm%
–  Fleet%

Approaches%

Fundamentals%%

•  Search%/%Op8miza8on%
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Approaches%

Fundamentals%%

•  Search%/%Op8miza8on%

Approaches%

Fundamentals%%

•  Axioma8c%Design%
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Approaches%

Fundamentals%%

•  Systema8c%%
•  Rela8onship%
between%levels%

•  Walk?through%
steps%

Systema8c%Design%

Fundamentals%%
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System%Based%Design%

Fundamentals%%

•  In%the%tradi8onal%way,%the%designer%has%to%make%a%large%number%of%
commitments%in%the%early%stages.%

•  The%SBD%approach%is%more%focused%in%the%func8onal%requirements,%allowing%the%
development%of%the%project%in%a%func8onal%way,%without%closing%it%into%the%
beginning.%

•  In%SBD,%instead%of%star8ng%with%some%values%of%design%parameters%?%as%L,%B%or%D%?%
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.%

•  Azer%the%establishment%of%this%core,%the%other%systems%will%follow%it,%filling%the%
necessary%features%to%support%the%main%func8on%of%the%system.%

•  This%more%prac8cal%approach%has%as%main%idea%the%gain%of%more%possible%
knowledge%in%the%first%stages%and%being%able%to%keep%the%problem%open%8me%
enough%un8l%the%sufficient%knowledge%to%solve%it%has%been%acquainted.%When%it%
occurs,%there%are%the%transforma8on%from%func8on%to%form.%

System%Based%Design%

Fundamentals%%

0.%Recogni8on%of%problems%and%possibili8es%
1.%Fact%Finding%
2.%Defini8on%of%the%task%and%goals%
3.%Idea%Finding%
4.%Select%the%best%idea%for%refining%
5.%Acceptance%&%Implementa8on%
6.%Feedback%and%reward%



1/21/15%

27%

System%Design%Keys%(NASA)%

Fundamentals%%

1.  Stakeholder%Expecta8ons%
2.  Technical%Requirements%
3.  Logical%Decomposi8on%
4.  Design%Solu8on%Defini8on%

Stakeholder%Expecta8ons%Defini8on%

Fundamentals%%
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Technical%Requirements%Defini8on%

Fundamentals%%

Technical%Requirements%Defini8on%

Fundamentals%%
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Technical%Requirements%Defini8on%

Fundamentals%%

Logical%Decomposi8on%

Fundamentals%%
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Logical%Decomposi8on%

Fundamentals%%

product%breakdown%structure%

Logical%Decomposi8on%

Fundamentals%%
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Design%Solu8on%Defini8on%

Fundamentals%%

Design%Solu8on%Defini8on%

Fundamentals%%
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Exercise%02%

Fundamentals%%

1.   Based'on'an'ar7ficial'system'of'your'choice,'to'be'carried'on'
during'the'rest'of'the'week:'
a.  Present%a%"goal%decomposi8on"%for%your%system,%

establishing%a%list%of%requirements%
b.  Present%the%hierarchic%structure%of%your%system%in%3%

levels%%
c.  Iden8fy%the%main%"Form?Func8on"%rela8onship%for%

each%of%the%levels,%in%connec8on%with%the%idea%of%
"purpose"%

d.  Connect%the%"Func8ons"%in%c%with%your%"Goals/
Requirements"%in%a.%How%these%goals/requirements%
can%be%measured?%

2.   Create'few'"pseudoZdesigns"'for'your'system,'based'on'
Erikstad's'Basic'Design'Process.'Can'you'rank'their'
performance?'

'
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IP504914%System%engineering%%
%Best%Prac8ce%Module%

%

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

Week$37$–$Classes$Plan$$

Lifecycle%@%Tuesday,%Sept%9th%%
•  Morning:$

–  Lifecycle%Characteris8cs%
–  Decision%Gates%
–  Lifecycle%stages%

•  Pre@concept%
•  Concept%
•  Development%
•  Produc8on%
•  Opera8on%
•  Support%
•  Re8rement%

–  Value%Chain%Overview%
–  System%Lifecycle%Proper8es%(Ili8es)%

•  Exercise:$
–  Propose%a%lifecycle%for%your%system%
–  Apply%basic%lifecycle%method%
–  Brief%discussion%on%layers%and%%

boundaries%

Literature:$
1.  INCOSE,%"Systems%

Engineering%Handbook",%
2010%

2.  Haskins,%C.,%"Systems%
Engineering%Handbook%–%A%
guide%for%Lifecycle%Processes%
and%Ac8vi8es",%2006%

3.  Ulstein,%T.,%and%Bre[,%P.%O.%
"Cri8cal%systems%thinking%in%
ship%design%approaches."%
Interna8onal%Mari8me%
Design%Conference%@%Glasgow%
(2012).%

4.  NASA%"Systems%Engineering%
Handbook",%2007.%

5.  Ross%et%all%"System%Lifecycle%
Proper8es",%SEARI@MIT,%2012%
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Lifecycle%Introduc8on%

•  Every%ar8ficial%system%has%a%lifecycle,%even%if%not%formally%
defined%

•  The%life%cycle%processes%and%ac8vi8es%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%mee8ng%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%organiza8ons%recognize%the%need%for%systems%
engineering%throughout%the%systems%life%span%

Lifecycle%Characteris8cs%
•  Business%Aspect%(case)%
•  Budget%Aspect%(funding)%
•  Technical%Aspect%(product)%
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Lifecycle%Stages%

Lifecycle%Stages%
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Lifecycle%Characteris8cs%

What%costs%should%be%counted?%

How%should%costs%occurring%at%different%8mes%be%treated?%%
What%about%costs%that%cannot%easily%be%measured%in%$$$?%

Lifecycle%Characteris8cs%
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Lifecycle%Costs%Considera8ons%

•  %Iden8fy%a%common%set%of%ground%rules%and%
assump8ons%for%life@cycle%cost%es8ma8on%

•  Manage%to%a%cost%baseline%and%maintain%
traceability%to%the%technical%baseline%with%
documenta8on%for%subsequent%cost%
changes;%

•  Ensure%that%best@prac8ce%methods,%tools,%
and%models%are%used%for%life@cycle%cost%
analysis%

•  Track%the%es8mated%life@cycle%cost%
throughout%the%project%life%cycle;%and,(most(
important:(

•  Integrate%life@cycle%cost%considera8ons%into%
the%design%and%development%process%via%
trade%studies%and%formal%change%request%
assessments.%

Lifecycle%Examples%
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Mari8me%Example%

NASA%Example%
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Phases%

Phases%
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Generalist%vs%Specialist%

Generalist%vs%Specialist%
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Generalist%vs%Specialist%

Budget%



1/21/15%

10%

System%Lifecycle%Proper8es%

•  Complex%Engineering%Systems%live%for%decades%or%
centuries%

•  The%ili8es%are%desired%proper8es%of%systems,%such%as%
flexibility%or%maintainability%(usually%but%not%always%
ending%in%“ility”)%that%omen%manifest%themselves%%amer%a%
system%has%been%put%to%ini8al%use.%%

•  These%proper8es%are%usually%not%the%primary%func8onal%
requirements%of%a%system’s%performance,%but%typically%%
concern%wider%system%impacts%with%respect%to%8me%and%
stakeholders%than%%embodied%in%those%primary%func8onal%
requirements%%

System%Lifecycle%Proper8es%

•  Top%20%
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System%Lifecycle%Proper8es%

System%Lifecycle%Proper8es%
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System%Lifecycle%Proper8es%

Exercise%03%

Fundamentals%%

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%es8mate%a%budget%for%your%system?%

2.   Based$on$the$concept$of$"iliFes":$
a.  Describe%how%to%create%and%maintain%value%robustness%

for%your%system%during%its%life%cycle%
b.  Decompose%your%value%robustness%in%few%"ili8es"%and%

describe%how%they%affect%the%value%perceived%

$
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Product%and%Process%
Tuesday,%Sept%9th%%

•  AHernoon:$
–  Product%and%Process%
–  Flowing%through%the%system%
–  System%Architecture%Process%
–  Product%Crea8on%Process%
–  Basic%sources%for%process%

managements%
–  Examples%

•  Exercise:$
–  Product%/%Process%dis8nc8on%
–  Decomposing%your%process%
–  Product%flow%through%process%
–  Establish%form/func8on%criteria%

Literature:$

1.  Meadows,%D.%"Systems%
Thinking",%2014%

2.  INCOSE,%"Systems%
Engineering%Handbook",%2010%

3.  Muller,%G.%"System%
Architec8ng",%2010%

4.  PMBOOK,%%"Project%
Management%Body%of%
Knowledge"%

5.  Michael,%J.%"Systems%
Approaches%to%
Management",%2000%

Manipula8ng%the%System%

Fundamentals%%

To:%%
manage,%influence,%
control,%handle,%use,%
adapt,%change,%
examine,%hold,%test,%
verify,%act,%pick%up,%
deal,%employ,%direct,%
govern,%conduct...%
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Basic%System%Overview%

!

Process%Defini8on%

A(process(is(an(acFvity(which(takes(place(over(Fme(
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(parFally(ordered(set(of(subprocesses.(%
%
%

Muller%
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Process%A[ributes%

Basic%System%Process%
Coffee%intake%
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Basic%System%Process%

Coffee%temperature%

Basic%Produc8on%Process%

Produc8on%Process%
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Basic%System%Process%

inventory%

Basic%System%Process%

inventory%with%delays%
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(not%so)%Basic%System%

Fleet%&%Ship%

Process:%SE%and%Project%Control%
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Process%and%Product%for%each%
Lifecycle%Phase%

Systems%Engineering%Engine%
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Systems%Engineering%Engine%
•  Used%to%define%and%baseline%stakeholder%expecta8ons,%

generate%and%baseline%technical%requirements,%and%
convert%the%technical%requirements%into%a%design%
solu8on%that%will%sa8sfy%the%baseline%stakeholder%
expecta8ons%

•  These%processes%are%applied%to%each%product%of%the%
system%structure%from%the%top%of%the%structure%to%the%
bo[om%un8l%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%
integra8on%

•  Designers%not%only%develop%the%design%solu8ons%to%the%
products%intended%to%perform%the%opera8onal%func8ons%
of%the%system,%but%also%establish%requirements%for%the%
products%and%services%that%enable%each%opera8onal/
mission%product%in%the%system%structure%

Systems%Engineering%Engine%

•  The%technical%management%processes%are%
used%to%establish%and%evolve%technical%
plans%for%the%project,%to%manage%
communica8on%across%interfaces,%to%
assess%progress%against%the%plans%and%
requirements%for%the%system%products%or%
services,%to%control%technical%execu8on%of%
the%project%through%to%comple8on,%and%to%
aid%in%the%decision%making%process.%
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Systems%Engineering%Engine%

•  The%product%realiza8on%processes%are%applied%to%
each%opera8onal/mission%product%in%the%system%
structure%star8ng%from%the%lowest%level%product%
and%working%up%to%higher%level%integrated%
products%

•  These%processes%are%used%to%create%the%design%
solu8on%for%each%product%(e.g.,%by%the%Product%
Implementa8on%or%Product%Integra8on%Process)%
and%to%verify,%validate,%and%transi8on%up%to%the%
next%hierarchical%level%products%that%sa8sfy%their%
design%solu8ons%and%meet%stakeholder%
expecta8ons%as%a%func8on%of%the%applicable%life@
cycle%phase%

Systems%Engineering%Engine%

•  The%product%realiza8on%processes%are%applied%to%
each%opera8onal/mission%product%in%the%system%
structure%star8ng%from%the%lowest%level%product%
and%working%up%to%higher%level%integrated%
products%

•  These%processes%are%used%to%create%the%design%
solu8on%for%each%product%(e.g.,%by%the%Product%
Implementa8on%or%Product%Integra8on%Process)%
and%to%verify,%validate,%and%transi8on%up%to%the%
next%hierarchical%level%products%that%sa8sfy%their%
design%solu8ons%and%meet%stakeholder%
expecta8ons%as%a%func8on%of%the%applicable%life@
cycle%phase%
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Example:%Technical%Planning%%

Example:%Contract%Development%
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Example:%Gan[%Chart%

Product%Breakdown%Structure%
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Working%Breakdown%Structure%

•  A%work%breakdown%structure%is%a%
hierarchical%break@%down%of%the%work%
necessary%to%complete%a%project%

•  The%WBS%should%be%a%product@based,%
hierarchical%division%of%deliverable%items%
and%associated%services%

•  As%such,%it%should%contain%the%project’s%
Product%Breakdown%Structure%(PBS)%with%the%
specified%prime%product(s)%at%the%top%and%
the%systems,%segments,%subsystems,%etc.,%at%
successive%lower%levels%

•  At%the%lowest%level%are%products%such%as%
hardware%items,%somware%items,%and%
informa8on%items%(documents,%databases,%
etc.)%for%which%there%is%a%cognizant%engineer%
or%manager.%%

Product%Crea8on%Process%
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Product%Crea8on%Process%

Product%Crea8on%Process%
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Product%Crea8on%Process%

Product%Crea8on%Team%
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Business%Process%(Simplified)%

Business%Process%(Simplified)%
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Ulstein%ABD%

Ulstein%and%Bre[%(2012)%

Exercise%04%

Fundamentals%%

$
$

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.  Amer%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?%
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IP504914%System%engineering%%

%Best%Prac8ce%Module%

%

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

Week$37$–$Classes$Plan$$

5%Aspects%@%Wednesday,%Sept%10th%%

•  Morning:$
–  Five%Aspects%of%Complex%Systems%

•  Structural%
•  Behavioral%
•  Contextual%
•  Temporal%

•  Perceptual%
–  Examples%

•  Exercise:$
–  Apply%five%aspect%taxonomy%to%the%

case%

–  Discuss%system%characteris8cs%for%

each%of%the%aspects%

Literature:$
1.  Rhodes%and%Ross,%"Shaping%in%

Socio@Technical%System%

Innova8on%Strategies%using%a%

Five%Aspects%Taxonomy",%

2010%

2.  Rhodes%and%Ross,%"Five%

Aspects%of%Engineering%

Complex%Systems%@%Emerging%

Constructs%and%Methods",%

2010%

3.  Gaspar,%H.M.%"Handling%

aspects%of%complexity%in%

Conceptual%Ship%Design",%

2012%
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System%Complexity%

3%

Handling%Complexity:%

MIT%–%SEAri%

4%

Systems%Engineering%

Advancement%Research%

Ini8a8ve%@%MIT:%

•  Systems%Engineering%applied%to%

Military%and%Aerospace%

•  Complex%Systems%Methods%

•  Methods%to%handle%Uncertainty%and%

Robustness%

•  Taxonomy%and%methods%not%yet%

applied%in%the%mari8me%industry%



1/21/15%

3%

A%Taxonomic%Framework%

!  Classifica8on%as%an%useful%way%

to%organize(informaBon(in(
order(to(share(knowledge(
with(others((Rhodes%&%Ross,%
2010)%

!  Embrace%tradi8onal%elements,%

adding%other%important%

aspects%@%some8mes%

neglected%during%early%stages%

–%as%uncertainty%and%

robustness%

Structural%Aspect%
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Behavioural%Aspect%

Contextual%Aspect%
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Temporal%Aspect%

Perceptual%Aspect%
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Decomposi8on%

!  Decomposability%is%the%ability%of%a%system%to%be%separated%into%a%subset%

of%elements,%making%it%more%manageable%and%therefore%

comprehensible%

!  Decomposi8on%simplifies%the%parts%of%a%complex%system,%breaking%into%

small%chunks%for%be]er%understanding%of%its%components%and%

interac8on%

!  Normally%related%to%the%func8onal%part%

Encapsula8on%

!  Encapsula8on%is%a%construct%that%facilitates%the%bounding%of%the%

informa8on%according%to%one%func8on/process,%constraining%the%part%

(subsystem)%into%a%common%ideal%ra8onality/to@do%purpose%

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

!  Encapsula8on%simplifies%the%connec8on%of%the%subsystem%with%others,%

defining%clear%outputs/inputs,%allowing%the%understanding%as%a%whole%of%

the%main%purposes/tasks/objec8ves%of%the%system%
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Techniques%to%Handle%Complexity%

Techniques%to%Handle%Complexity%

High Uncertainty 
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Uncertainty%

Each%of%the%complexity%aspects%has%a%certain%level%of%uncertainty%

Uncertainty%

Each%of%the%complexity%aspects%has%a%certain%level%of%uncertainty%
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Handling%Complexity%in%

Mari8me%Design%

Exercise%05%

Fundamentals%%

$
$

1.   Based$on$your$system$designed$yesterday:$
a.  Apply%the%taxonomy%to%your%system.%What%are%the%

•  Structural%aspects%

•  Behavioral%Aspects%

•  Contextual%Aspects%

•  Temporal%Aspects%

•  Perceptual%Aspects%

b.  How%do%you%deal%with%uncertainty%in%each%of%the%

aspects?%Sketch%a%brief%"what%if"%

%
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Decision%Making%

Wednesday,%Sept%10th%%

•  AAernoon:$
–  Perceptual%Aspect%
–  Stakeholders%
–  How%"good"%is%perceived?%
–  Decision%Making%

–  Measures%of%Effec8veness%

–  Decision%Matrix%

–  Decision%Tree%–%what%is%the%"value"%of%
a%decision?%

–  Examples%

•  Exercise:$
–  Develop%a%simple%decision%making%

tool%for%your%case%(AHP%or%Matrix)%

–  Decision%Tree%for%Key%investment%

–  Perceptual%aspect%discussion%

Literature:$
1.  Rhodes%and%Ross,%"Five%Aspects%of%

Engineering%Complex%Systems%@%

Emerging%Constructs%and%

Methods",%2010%

2.  Haskins,%C.,%"Systems%Engineering%

Handbook%–%A%guide%for%Lifecycle%

Processes%and%Ac8vi8es",%2006%

3.  March,%J.%"A%Primer%on%Decision%

Making:%How%Decisions%Happen",%

1994%

4.  Ulstein,%T.,%and%Bre],%P.%O.%

"Cri8cal%systems%thinking%in%ship%

design%approaches."%Interna8onal%

Mari8me%Design%Conference%@%

Glasgow%(2012).%

5.  Erikstad,%S.%O.%"Design%Methods%–%

NTNU%Course",%2009%

6.  Dahl,%J.%"Systems%Engineering%

Course%at%NTNU",%2009%

7.  Oliver,%D.%et%al.%Engineering%

Complex%Systems%with%Models%

and%Objects",%1996%

Perceptual%Aspect%
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Measures%of%Effec8veness%%

A.%Jameson%

A%way%to%measure%"success"%

%

Some%quali8es%of%MOE:%%

•  They%represent%the%viewpoint%of%stakeholders;%those%who%
have%a%right%to%impose%requirements%on%a%solu8on%%

•  They%assist%in%making%the%right%choice%by%indica8on%“how%

well”%a%solu8on%meets%the%stakeholders%need%%

•  %MOE%should%be%able%to%be%quan8fied%in%some%manner%%

Purpose:%How%is%it%possible%to%recognize%success?%%

Measures%of%Effec8veness%(MOE)%%

A.%Jameson%

•  MOEs%are%standards%against%which%the%capability%of%

a%solu8on%to%meet%the%needs%of%a%problem%may%be%

judged%%

•  MOEs%are%independent%of%any%solu8on%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%%
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Measures%of%Effec8veness%(MOE)%%

A.%Jameson%

Ex:%

•  50.000%of%electrical%cars%by%2018%(Parliament%%@%

Norway)%

•  Iden8fica8on%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%

System%Stakeholders%

24%

A%stakeholder%is%any%en8ty%(individual%or%organiza8on)%with%a%

legi8mate%interest%in%the%system.%Typical%stakeholders%

include%users,%operators,%organiza8on%decision@makers,%

par8es%to%the%agreement,%regulatory%bodies,%developing%

agencies,%support%organiza8ons,%and%society@at@large.%When%

direct%contact%is%not%possible,%systems%engineers%find%agents,%

such%as%marke8ng%or%non@%governmental%organiza8ons,%to%

represent%the%concerns%of%a%class%of%stakeholders,%such%as%

consumers%or%future%genera8ons%
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System%Stakeholders%

25%

•  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,%some8mes%

iden8cal%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%authori8es,%those%who%set%the%

rules%for%design%and%opera8on%of%the%system%

o  The%so@called%”Third%Party”,%those%who%are%inadvertently%
affected%by%the%system,%its%existence%and%opera8on%%

System%Stakeholders%

26%

•  Stakeholders%have%requirements%to%the%system:%

•  Structural%

•  Behavioral%

•  Contextual%%

•  Temporal%

•  Perceptual%
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Idea%of%Ra8onal%Choice%

•  AlternaBves:$What%ac8ons%are%possible?%

•  ExpectaBons:$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%alterna8ves?%

Percep8on%Responsibili8es%
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Classical%View%

A.%Jameson%

More%Comprehensive%View%

A.%Jameson%
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Model%of%Sa8sficing%Search%

J.%March%

NASA%Case%
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Decision%Analysis%Process%(NASA)%

Decision%Report%
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Analysis%through%Lifecycle%

Analysis%through%Lifecycle%
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Simula8on%Dashboard%

Decision%Tree%



1/21/15%

20%

Decision%Tree%

Decision%Matrix%



1/21/15%

21%

Decision%Matrix%

Decision%Matrix%
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Detailed%Decision%

Future%Study%@%AHP%

Analy8cal%Hierarchy%Process%
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Exercise%06%

Fundamentals%%

$
$

1.   Based$on$your$system$designed$yesterday:$
a.  Present%a%simple%decision%tree,%comparing%the%

investment%in%your%system%versus%inves8ng%in%Bank%

funds%(2.5%%yearly)%

b.  Describe%a%list%of%the%main%stakeholders,%and%how%they%

perceive%value%in%your%system.%

c.  Create%a%unique%measure%of%effec8veness%for%your%

system%

d.  Create%a%simple%Decision%Matrix%for%comparing%designs%

e.  Based%on%c)%and%d),%explain%how%each%of%the%

stakeholders%in%b)%perceive%value%in%your%system.%

Incorporate%topics%from%the%perceptual%aspect.%

%
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IP504914%System%engineering%%
%Best%Prac8ce%Module%

%

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

Week$37$–$Classes$Plan$$

Combining%Methods%
Thursday,%Sept%11th%%

•  Morning:$
–  NearEdecomposable%systems%
–  Combining%Methods%
–  SE%techniques%x%nonESE%Techniques%
–  RSC%and%EpochEEra%Analysis%
–  Case%Studies%
%

•  10616$–$Project$Proposal:$
–  Sketch%a%proposal%
–  Elevator%pitch%
–  2%page%presenta8on%(14:00):%

•  Introduc8on%
•  Scope%
•  Objec8ve%
•  Milestones%
•  Deliveries%

–  What%is%your%focus%(es)?%%

Literature:$
1.  Simon,%H.%"Sciences%of%

Ar8ficial",%1996%
2.  Gaspar,%H.M.%"Handling%

aspects%of%complexity%in%
Conceptual%Ship%Design",%
2012%

3.  Gaspar,%H.%et%al.,%"Handling%
temporal%complexity%in%the%
design%of%nonEtransport%ships%
using%epochEera%analysis",%
2011%

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

5.  Muller,%G.%"System%
Architec8ng",%2010%
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Combining%Methods%
Thursday,%Sept%11th%%

•  To$see$as$example:$

– NearEdecomposable%systems%–%Simon%1962%
– Combining%Methods%–%Merging%theories%
(Gaspar%2012)%

– SE%techniques%x%nonESE%Techniques%(SE%x%
Analysis%x%Management)%

– RSC%(SEAri)%and%EpochEEra%Analysis%(Ross%et%al.)%
– Case%Studies%–%Arc8c%LNG%
%

Project%Work%
•  Groups%of%2%or$3$
•  Pick%a%theme/system/process%that%you%would%like%to%tackle%via%

Systems$Engineering$

– What%is%the%problem/ques8on/issue?%
– Why%is%this%important?%
– What%have%others%done%(i.e.%what%is%the%current%
situa8on)%

– 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:%

–  IntroducGon:%Explain%briefly%what%is%the%system,%important%aspects,%
your%aspects%among%others,%what%is%the%current%situa8on,%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(operaMons.(
There(are(different(types(of(vessels,(some(of(them(with(
standard(equipment,(others(tailor-made(for(a(specific(

mission.(A(more(operaMonal(versaMle(and(cost-compeMMve(
vessel(is(the(current(challenge(of(the(industry."(

Project%Work%

–  Object:%To%which%extent%you%will%be%considering%your%problem/
issue/ques8on?%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(capabiliMes(installed(on(board(given(a(

certain(group(of(missions."%
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Project%Work%

–  ObjecGve:%What%your%project%aim%to%do?%What%are%the%goal(s)?%

Example:%
%
"The(objecMve(of(the(project(is(to(present(an(enMre(but(

simplified(iteraMon(of(the(operaMonal(value(
(Operability)(assessment(in(AHTS,(linking(the(mission(
parameters(unMl(a(unique(operaMonal(measure(during(

the(early(stages(of(design."(

Project%Work%
–  Milestones:%What%are%the%main%tasks?%How%

you%will%progress%your%work?%How%it%will%be%
development?%

Example:%
%
1.  IdenMficaMon(of(main(AHTS(operaMons(

2.  Mapping(between(installed(capabiliMes(
(form)(and(operaMonal(funcMonality(
(funcMon)(for(one(vessel(in(one(operaMon(

3.  Extension(of(the(Mapping(to(diverse(
capabiliMes(and(diverse(operaMon(

4.  Evaluate(an(operaMon(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(

Time%

1%–%Opera8ons%List%

2%–%FormEFunc8on%
Mapping%
Preliminary%Report%

3%–%Extended%
Mapping%

4%%–%Operability%
Measure%

5%–%Vessels'%Evalua8on%
Final%Report%

Tasks%
15%Sept%

30%%Oct%

05%Dec%



1/21/15%

5%

Project%Work%
–  Deliveries:%What%will%be%delivered?%

Example:%
Report%with%introduc8on,%scope,%objec8ves%(goals),%
methodology,%analysis,%results%and%discussion%of%the%
main%tasks:%
%
1.  IdenMficaMon(of(main(AHTS(operaMons(

2.  Mapping(between(installed(capabiliMes((form)(and(
operaMonal(funcMonality((funcMon)(for(one(vessel(in(one(
operaMon(

3.  Extension(of(the(Mapping(to(diverse(capabiliMes(and(
diverse(operaMon(

4.  Evaluate(an(operaMon(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(

Exercise%07%

Fundamentals%%

$
$

Group$exercise$(2$or$3$–$SAME$group$as$project)$
1.  Sketch%a%1E2%page%project%proposal%about%containing:%

a.  Introduc8on%
b.  Scope%
c.  Objec8ve%
d.  Milestones%
e.  Deliveries%

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


