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SESSION 
TWO
Modeling 
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SELECT THE BALLS

• Suppose we have n balls, if 
you select any of them the 
cost associated with that 
ball should be paid. 

• Formulate the total 
payment:

•

27



d-learn.ir/orpy 

SELECT THE BALLS

• Suppose we have n balls, if 
you select any of them the 
cost associated with that 
ball should be paid. 

• Formulate the total 
payment:

•
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i

Cost = ∑
i∈N

xici
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SELECT THE BALLS

• Select exactly two of them:

• Select at least two of them:

• Select at most two of them:

•
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i

∑
i∈N

xi = 2

∑
i∈N

xi ≥ 2

∑
i∈N

xi ≤ 2
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SELECT THE BALLS

• If ball #3 is selected then ball 4 
and ball 5 can not be selected :

• If ball #3 is selected then ball 4 
and ball 5 should be selected :

•
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i

x4 ≤ 1 − x3
x5 ≤ 1 − x3

x4 ≥ x3
x5 ≥ x3
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SHORTEST PATH

• How to start ? 

• What is the input data?

• Set?

• Decision variables? 

• Constraints?

• Objective function ?
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SHORTEST PATH
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Ui,j

OF = ∑
i,j

Di,jUi,j

∀i ∑
j

Ui,j = 1

∀i ∑
j

Uj,i = 1

Assume that we have 35 edges 
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SHORTEST PATH
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Ui,j

OF = ∑
i,j

Di,jUi,j

∀i ∑
j

Ui,j = 1

∀i ∑
j

Uj,i = 1



d-learn.ir/orpy 

SHORTEST PATH
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∀i,j fi,j ≤ M × Ui,j

OF = ∑
i,j

Di,jUi,j

∀i ∑
j

Ui,j = 1

∀i ∑
j

Uj,i = 1

∀i Si − Di = ∑
j

fi,j − ∑
j

fj,i
Parametr
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SHORTEST PATH
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∀i,j∈Nj
fi,j ≤ M × Ui,j

OF = ∑
i,j∈Ni

Di,jUi,j

∀i ∑
j∈Ni

Ui,j = 1

∀i ∑
j∈Ni

Uj,i = 1

∀i Si − Di = ∑
j∈Ni

fi,j − ∑
j∈Ni

fj,i
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AIRCRAFT 
LANDING
PROBLEM
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Target time Final timeStart time

Early  
Penalty

Late  
Penalty

ei li

TiTmin
i Tmax

i
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Target time Final timeStart time

Early  
Penalty

Late  
Penalty

ei li
Separation time required after i lands 
before j can land

Si,j

Appearance time of airplane iAi

Prepare the optimal 
landing schedule

TiTmin
i Tmax

i
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Target time Final timeStart time

Early  
Penalty

Late  
Penalty

ei li
Separation time required after i lands 
before j can land

Si,j

Appearance time of airplane iAi

Airplane i lands before jUi,j

Airplane i lands at xixi

Ti

Prepare the optimal 
landing schedule

xi + Si,j ≤ xj + M(1 − Ui,j) Penaltylate
i ≥ li(xi − Ti)

Penaltyearly
i ≥ ei(Ti − xi)

Tmin
i Tmax

i

Tmin
i ≤ xi ≤ Tmax

i

OF = ∑
i

Penaltylate
i + Penaltyearly

i

Ui,j + Uj,i = 1
39
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x + 5y ≤ 2
max OF = x + y

0 ≤ x, y ≤ 2

0 1 2

0
1

2

Y

X

9 possible combinations
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CODE 1

41

x + 5y ≤ 2
max OF = x + y

0 ≤ x, y ≤ 2

0 1 2

0
1

2

Y

X

https://colab.research.google.com/drive/1kQGGPVwyd4VWe3WmyG1V0WzfMjrCurc9?usp=sharing
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CODE 2
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x + 5y ≥ 2
min OF = x + y + 4z

0 ≤ x, y ≤ 2
x + 3y ≤ 10z

z ∈ {0,1}

https://colab.research.google.com/drive/1bBWNSEJ_G1BbLeJMcsvh2sDhQ3V0YTEV?usp=sharing
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CODE 3
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x + 5y ≥ 2
min OF = x + y + 4z

0 ≤ x, y ≤ 2
if z = 1 → x = 2y

z ∈ {0,1}

https://colab.research.google.com/drive/1J-XChP8BNK3ZddALY3hdGFV8-7sg30KT?usp=sharing

