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Questions 1: Continuous modeling [10 Points]. In the kids’ room.

John and his younger sister Sookie are playing with some ants that somehow found their way into the kids’
room. Their parents, however, disapprove.

This model considers the following four positive real-valued quantities:

The mood of John

The mood of Sookie

The mood of their parents

The number of ants in the room

The system is governed by the following interdependencies of these quantities:
N.B.: This is just an overview over the processes occurring. The concrete assumptions and
interdependencies will be presented only in the actual exam.

John loves his ants and is happy if he can play with them. However, his parents are getting on his
nerves, especially if they are happy. The ants multiply according to the logistic equation, and the
parents exterminate them. The parents are happy if there are few ants and the kids are having fun. Little
Sookie always strives to be just like her brother.

a) [9 Points]
Describe this model as a system of ordinary differential equations. Use symbols a,, a,, etc. for positive
constants.

b) [1 Point]
Mark the one of the following that continuous models cannot account for.
1.

2.
3.
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Question 2: Semester Assignment ,,Ocean’s Eleven” [20 Points].

a) Continuous/Hybrid Behavior [10 Points]
Sketch (graphically) a typical development of ,, “. Briefly explain why the system
behaves the way you sketched it. In your graph, mark and name at least four (in total!) different activities and

states.

b) AnyLogic-Modeling [5 Points]
Explain in short how and with the use of which AnyLogic model elements you modeled the following:
* (also consider the effects of this part of the model.)

C) [5 Points]
In the Semester Assignment, your task was to determine
. Give a statistically meaningful answer to this task. Explain what it means. Describe on

what basis it has been obtained.
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Question 3: Input data analysis [10 Points].

a) Quantile-Quantile-Plot [5 Points]
The following ten numbers were obtained in a measurement:

You assume that these measurements are distributed according to a . To check this
assumption, draw a Quantile-Quantile-Plot in the empty graph below and interpret the result.

b) Chi-Square-Test [5 Points]
You receive a file containing numbers between 0 and 1. These are assigned to ten intervals (*Observed”)
according to their value. Someone claims that these numbers

xMin xMax Expected Observed

Sum

What does the Chi-Square-Test say to this hypothesis? Do not merge any classes; round numbers to one decimal
place. Use first « = 0.1 and then « = 0.05. What exactly do these results mean?
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Question 4: Random Variables [10 Points]. At a government agency.

a) Probability Density Functions [6 Points]

At a government office, the “committee to improve efficiency” measured the following random variables:
1.
2.
3.

The probability density functions of these distributions are shown here:

A B C
Match the graphs A, B and C to the measurements 1, 2 and 3 and explain your decision. (Note: Simply naming
the corresponding distribution functions is not an explanation for the chosen assignment. The process of
elimination is not an explanation either.)

b) Distribution Functions [4 Points]
The duration of lunch breaks at the government agency is distributed. How many of the  lunch breaks
made on a given day are inside the legally mandated range between  and  minutes?
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Question 5: Petri nets [10 Points]. A Pit Stop.

Every Formula 1 racing team has two cars running on the track, as long as everything goes well. The pit stop of
a car during a race is a well practiced and highly organized routine, where everyone knows their duties. The
following description shows the course of events during a pit stop of one racing team while a race is going on.
We assume that during each pit stop, all four tires are changed, the car is refueled, and there will be no repairs.

N.B.: This is just an overview over the processes occurring. The concrete assumptions and
interdependencies will be presented only in the actual exam.

The cars can be on the track or on in the pit. Entering and leaving the pit takes time. During the pit stop the
crew changes tires and refuels. The engineers are not always on standby, and the fuel pump may fail. The car
can only leave when the pit stop is complete.

Draw a Petri net model of this system. Assume the following initial state: One of the cars is currently on the
track. The pit stop of the other car is under way. The fueling is done, but the tires are still being replaced.
Currently the fueling machinery is running.

Mark all transitions that have a race age policy. List the transitions that are currently enabled.
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Question 6: Progression of a discrete simulation [10 Points]. In a bureaucracy.

John works at a government office. His only job is to fill out and file copies of the form 1337. He sits at his desk
and fills out copies of this form until he has completed three copies. He then takes the forms to the office’s
archives to file them. Once he is done in the archive, he returns to his desk to fill out more forms. Since this job
is very boring, accidents happen whenever John sits at his desk for too long. Each accident destroys one of the
filled-out forms.

The following Petri net represents this system: At time , two forms have been completed and John is currently
at his desk filling out more forms. The Future-Event-List (FEL) of the system is the following:

#forms finished form

{ ...; The next accident occurs
accident!
tol done filing i

{ ...; John has completed the next form

at desk in archive

The next three time intervals for filling out forms are:
The next three time intervals between accidents are:
The next three time intervals for archiving forms are:

a) Simulation progression [7 Points]

Sketch the progression of the simulation program from time  to time : show the system state and the next
event to occur after each state change. Mark which events are primary and which are secondary (=conditional).

b) Future Event List [3 Points]
Describe or draw the FEL for time , i.e. the FEL after all events for that point in time have been processed.
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Question 7: Output-Analysis [10 Points]. A Formula 1 Racing Team

The Formula 1 Team Magdeburg Racing needs to select a new type of tire for the next racing season. There will
be two manufacturers that they can choose from next season, and depending on the car setup, the performance
of the different tires can vary. It is now your task to determine which tire manufacturer the team should select
for the next season in order to be competitive.

The team was able to drive ten laps with tires from each of the manufacturers. The only criterion is the speed of
the cars, since the wear characteristics of the tires from both manufacturers seem to be identical.
The time in seconds needed for each lap was recorded and can be found in the following table:

Setup |Manufacturer 1|Manufacturer 2 D, D (Dr-IT)2
1

O NO O~ W(IN

=
o

a) Comparison [10 Points]

Statistically compare the two test series. Which tire manufacturer should be chosen? Interpret the results of
your calculations and justify your decision. (Hints: use empty table cells for your calculations. For the
computation of square roots rough estimates are sufficient)
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Question 8: Discrete Time Markov Chains [10 Points]. The Economy

We want to build a simple model of the economy. We therefore assume, that there are only three main market
conditions.

e bull market  (increasing investor confidence)

e bear market  (transition from high investor optimism to widespread investor fear and pessimism)

e recession (widespread investor fear and pessimism)
We further assume that in any given week, one of these states is prevalent. As the market is very volatile, the
situation in the current week only depends on the market situation prevalent last week. Therefore we can assume
the dynamics of the economy can be represented by a discrete-time Markov chain (DTMC).

We have data for the 50 weeks from last year, how often one of the market situations was succeeded by any of
the other. (e.g. how often a bull market was followed by a recession).

market in week n | market in week n+1 | number
bull market bull market

bull market bear market

bull market recession

bear market bull market

bear market bear market

bear market recession

recession bull market

recession bear market

recession recession

a) Modelling [4 Points]
Sketch the discrete-time Markov chain (DTMC) that can be deduced from this statistic.

b) Transient Solution [4 Points]
Assume that the current week is a bull week. Using the above model, compute the probability that two weeks
from now we will also have a bull market.

c) Hidden Markov Models [2 Points]

Assume that the market situation has a direct influence on the type of car having the highest sales in a given
week. The probability that sports cars have the highest sales is  in a bull market week,  in a bear market
week and  in a recession week.

Assuming that the current week is a recession week, compute the probability that in the following week, sports
cars will have the highest sales.
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Question 9: Miscellaneous [10 Points].

a) Given the initial value problem y’(t) = with y(0) = . This problem is to be solved using the Euler
method with step size 1. Compute the result at time t = 3. [3 Points]

b) Generate (pseudo) random numbers that are (1) distributed using the Linear Congruential
Method. What are the first four values x; to x, generated using the parameters a= ,c¢= , m= and the seed
Xo= ?

[3 Points]

¢) We are considering . Give an example for each of the following [3 Points]
(Refer to the definitions from the lecture!)

e anevent -

an activity —

a delay —

an entity —

an attribute —

a state variable —

d) A queue has formed in front of a cold beverage vending machine. People arrive there about every  minutes
and the queue holds on average  people. Compute how long a person can expect to wait in the queue on
average. [1 Point]
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Appendix

Graph of the N(30;4) Distribution
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The value of the Student t-distribution for 9 degrees of freedom at position 0.05 is 2.26
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Some values of the #*-Distribution:
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#degrees of freedom
7 8 9 10 11 12
a [0.05 14.06 15.51 16.92 18.31 19.68 21.03
0.10 12.01 13.36 14.68 15.99 17.28 18.55
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