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Outline for Today 
 General Status Update 

 Go over Master Solution for Online Quiz 

 Interactive Discussion with INCOSE Board of Directors (BoD) 

 Octanis 1 Project Presentation 
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General Status Update 
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SE Mid-Term Exam 

 10 Questions, each worth 10 points 

 Max 100 Points 

 Open Book, Open Internet, Could use calculator, SE, Handbook PC  etc… 

 Individual Work (no collaboration or copying) 

 Time estimate: 60-90 minutes (actual time ?) 
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Question 1 

Assume 7-tree [Miller 1956] 

http://www.musanim.com/miller1956/  

log(# )#
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6

http://www.musanim.com/miller1956/


Question 2 
 You are attending a cocktail party and tell a stranger that you took a 

class in Systems Engineering this term. She asks you "What is Systems 
Engineering?". What is your response? 

 Sample responses 
 Systems Engineering represents a method, but also a mindset which enables 

the design, construction, operations and testing of a system in a successful 
way if done correctly. To exemplify in real life, system engineering is like 
cooking a delicious cake. The ingredients are either made by you or 
manufactured by a producer.  

 The woman’s name is Cher and it turns out she’s a singer. I explain to her, 
“Systems engineering is the optimal process for bringing an idea to reality with 
a combination of disciplines that work in concert – just like all the instruments 
and vocals in your band combine to make beautiful music. It isn’t just about the 
design or the pieces that go into it; it is a process that lasts the entire life of the 
product. 
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Question 3 – V-Model  
 The V model is a graphical representation of the entire lifecycle of a 

system. It shows major review milestones and what stage the project 
should be in for each review. The left side of the V is the design of the 
system, including requirements definition and concept selection. The 
right side of the V is fabrication, integration, and test. 

 …Requirements on the left directly affect the right side of the flow. If 
requirements change, a system won’t pass V&V and will have to get 
through more iterations on the concept. If a system is found deficient in 
V&V, this can directly affect the left side of the ‘V’, where requirements 
waivers may have to be issued, or requirements changes may even be 
made. … 

Vision 

decompose 

Details 

integrate 

Operation 
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Question 4 

OK both correct. 
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Questions 5 and 6 

PDR is correct. 
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Question 7 

Stakeholder 
Analysis 

Set Requirements 
=Metric + Target  

value 
Complete? 

Intended 
function 

Concept 
Implemented 

Design 

Solution 

Model 

Consistent? 

Delivered Goals 
=Metrics +  

Delivered value 

Attainable? 

Start 

Model 

Delivered Function 

Is goal  
representative? 

End SE 
process 

Validation 

Solvable? 

Functional  
Deployment 

Verification Validation 
Loop 

Verification 
Loop 

Verification: Did you satisfy 

requirements as written?  

 

Validation: Did you satisfy 

the stakeholders and deliver 

the expected value to 

them? 
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Question 8 
 Question 8 – Rocket Equation 

 

 

 

 Single Stage to Orbit (SSTO) 

 
 DV – change in velocity = 11,200 [m/s]  
 go – gravitational acceleration = 9.81 [m/s2] 
 Isp – specific impulse = 440 [s] 
 mo – initial mass [kg] 
 m1 – final mass [kg] 
 mf – fuel mass [kg] Infeasible Requirement ! 

 What would mass fraction have to be 
To make it feasible ?  a < 0.08 
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 mp – payload mass [kg] 
 a – structural mass fraction – 0.1

 

 

 

v = goIsp ln mo

m1
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mo = 1+( ) m f +mp( )
m1 = m f +mp( )

LHS = 2.59         RHS = 2.398 
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We’ve tried before and failed:  

 Lockheed Martin X33 
 SSTO Reusable Launch Vehicle Demonstrator 
 Target Mass mo=130,000 kg, mass fraction a =0.1 
 Propellant: LOX / LH2 ~ Isp=440sec 
 Fatal failure of LH2 composite fuel tanks 
 NASA canceled project in 2001 after spending $1,279 Million 

I am sure we will try again at some point ! 

https://en.wikipedia.org/wiki/Lockheed_Martin_X-33  

This image is in the public domain.
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Question 9 
 Design a Pareto-optimal beverage / oil can 

h>0.1m 

r/h>1/4 

h<=2m 

r<=2m 

Utopia 
Point V = r2h

A = 2 r2 +2 rh
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Question 10 – VW Emissions Scandal 

Cheat to meet requirements (verification NOx tests), failed validation 
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Outline for Today 
 General Status Update 

 Go over Master Solution for Online Quiz 

 Interactive Discussion with INCOSE Board of Directors (BoD) 

 Octanis 1 Project Presentation 
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INCOSE Board of Directors 
International Council on Systems Engineering 

Board Meeting 

@ MIT today 
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Octanis 1 Project 
 Design, Manufacturing and Deployment of a rover for extreme 

environments (e.g. Antarctica) 

 Presented by Raffael Fabian Tschui 

 Look for the Systems Engineering challenges in the project 
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