
CDS 230
Modeling and Simulation I

Module 9
Uncertainty in Models

Dr. Hamdi Kavak
http://www.hamdikavak.com

hkavak@gmu.edu



Uncertainty

• uncertain: ”not known or definite” (Oxford Dictionary)
• Many real-world systems contain uncertainty and variability
• E.g.: traffic, queues, weather, voting, package delivery, disease spread…

• Can be of varying degrees
• If one or more components of a model has uncertainty, we call 

such models as stochastic model and use a probabilistic 
framework to describe the component’s behavior. 
• Unlike deterministic models that produce the same results for the same 

condition
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Some sources of uncertainty

• Imperfect knowledge 
• (e.g., small sample in election polls, low resolution)

• Changes in the environment 
• (e.g., weather, human decisions)

• Time dependency 
• (e.g., different traffic patterns at different times, store visits)

• Presence of noise 
• (e.g., measurement precision or accuracy)

• Failure 
• (e.g., power outage, defect)
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A small experiment*

• Pick a number: 1, 2, 3, or 4

• Tell me that number when I asked

• Let’s see the results…
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*Saw this experiment in Dr. William Kennedy’s lectures.



Traffic flow example
Goal: predicting how traffic will flow according to people’s individual 

preferences.

Day 1: Monday – afternoon



Traffic flow example
Day: Monday

Q: Where will 
this vehicle go?

Options: straight, 
right, or left.
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Traffic flow example
Day: Monday

How about 
now?
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Traffic flow example
Day: Monday

Now?
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Traffic flow example
Day: Monday

Now?
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Traffic flow example
Day: Monday
Knowledge: This person arrives home (red) in the afternoon.

Home 
sweet 
home!
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Traffic flow example
Day 2: Tuesday – afternoon



Traffic flow example
Day: Tuesday

Q: Where will 
this vehicle go?

Options: straight, 
right, or left.
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Traffic flow example
Day: Tuesday

How about 
now?
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Traffic flow example
Day: Tuesday

Now?
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Traffic flow example
Day: Tuesday

Now?
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Traffic flow example
Day: Tuesday

?
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Traffic flow example
Day: Tuesday
Shopping: Bread

Let’s do some 
shopping
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Traffic flow example
Day: Tuesday
Knowledge: This person sometimes stops by the nearest shop 
before arriving home in the afternoon.

Home 
sweet 
home!
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Traffic flow example
Day 3: Wednesday – afternoon



Traffic flow example
Day: Wednesday

?
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Traffic flow example
Day: Wednesday

?
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Traffic flow example
Day: Wednesday
Shopping: Groceries

Shopping
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Traffic flow example
Day: Wednesday
Knowledge: This person sometimes stops by different shops 
before arriving home in the afternoon.

Home 
sweet 
home!
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Long story short

• Humans naturally follow some regularities  …. 
• However, it is highly challenging to perfectly capture why and when a 

person will visit a particular place or will do a certain thing.
• Neither is it feasible or ethical to collect such data.

• How do we study such uncertain systems?

• Introduce randomness in our models to capture uncertainty

• … and make simplifications
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Traffic flow example
Day: Monday

Q: Where will 
this vehicle go?

Options: straight, 
right, or left.

A: We don’t know 
about this vehicle, 

but we know!

80% go straight

5% turn right

15% turn left

Our goal is to represent 
such uncertainties in our 
models
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Random numbers

• Uncertainty can be represented using random numbers.
• E.g.: rolling a die will result in one of the six possible cases {1,2,3,4,5,6}.

die = np.random.randint(1,7)
dice = np.random.randint(1,7,size=2)
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Random numbers

• In simulation models, random numbers are often implemented based on 
a family of algorithms called pseudo-random number generators.
• Produces a sequence of numbers based on an initial seed value.
• Fast
• Reproducible/deterministic

• Many programming languages and simulation tools use the Mersenne 
Twister pseudo-random number generator. 
• Linear Congruential Generator (LCG) is also very popular.
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Random numbers in Python

• Can use random or np.random modules.
• Default random number generation [0,1)

• We prefer NumPy’s random number generator because it can return 
NumPy arrays/matrices.
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Random integers

• np.random.randint(x) generates a random integer between 0
(inclusive) and x (exclusive).
• np.random.randint(x,y) generates a random integer between x

(inclusive) and y (exclusive).
• You can generate multiple integers by adding the size argument.
• np.random.randint(x,size=k)
• np.random.randint(x,y,size=m)
• np.random.randint(x,y,size=(n,p))

CDS 230 - Modeling and Simulation 1 — © Dr. Hamdi Kavak 29



Let’s roll some dice using randint

• Roll a fair die

• Now, roll two fair dice

• Finally, roll five fair dice.
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Now you can play Yahtzee! 



The concept of equal chances

• Random numbers we learned so far have equal chances
• E.g.: np.random.random() all float numbers [0,1) have equal probability to 

occur.
• np.random.randint(3) here 0, 1, and 2 have equal probability to occur.

• This concept is also known as uniform distribution.
• np.random.uniform(x,y) generates float numbers between x

(inclusive) and y (exclusive).
• np.random.random() = np.random.uniform(0.0,1.0)

• The size argument can still be used as shown previously.
• np.random.uniform(x,y,size=k)
• np.random.uniform(x,y,size=(m,n))
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choice() function

• We can use np.random.choice() function which takes a list or 
NumPy array and returns one of these values, each with equal chances.

• Assume you have a list of prizes that you want to draw one at a time and 
give away.

• You can use the choice function to do that.

Number of draws
Because it is False, the same element won’t be 
drawn again.
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Shuffling

• Given a list/array, NumPy’s random submodule can help you shuffle the 
order of elements.

• Original list unchanged Original list changed
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Reproducing the same sequence

• Recall: pseudo-random number generators are deterministic given the 
same seed.

Without changing the seed Setting the seed

CDS 230 - Modeling and Simulation 1 — © Dr. Hamdi Kavak 34



Equal chances (uniform distribution): recap

Decimal numbers Integers

𝑎
(lower limit)

𝑏
(upper limit)

Any arbitrary points within lower (𝑎) and 
upper (𝑏) limits have equal chances to be 
selected.

np.random.uniform(a,b)

𝑐
(lower limit)

𝑑
(upper limit)

Any integers within lower (𝑐) and upper 
(𝑑) limits have equal chances to be 
selected.

np.random.randint(c,d+1)

𝑐 + 1 𝑐 + 2 𝑑 − 1……… .
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