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Stochastic Scheduling – Uncertainty 

• Activities duration 

• How do we calculate duration?

• Are production rates deterministic?

• Assume we have an excavation activity with total duration of 30days. What 
does the 30days actually means?



Stochastic Scheduling – Uncertainty 

• Stochastic/uncertain activity duration



Can CPM handle such 
uncertainty?



CPM duration drawback

• CPM is a single and deterministic duration estimate model.

• Such estimate ignores the probabilistic and variability associated with 
construction. 

• Variation can be due to crew’s efficiency, weather, management 
conditions, etc. 



PERT

• Program Evaluation Review Technique (PERT)

• Duration (Te) is calculated through three time estimates

• Optimistic (To)

• Most-likely (Tm)

• Pessimistic (Tp)

𝑇𝑇𝑒𝑒 =
𝑇𝑇𝑜𝑜 + 4𝑇𝑇𝑚𝑚 + 𝑇𝑇𝑝𝑝
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Example 

Activity Predecessor To Tm Tp Te

A -- 1 1 1

B A 3 7 11

C A 2 6 7

D A 1 3 8

E B 1 3 5

F B,C 5 7 9

G D 5 8 9

H E,F 3 7 9

J F 2 5 7

K F,G 3 3 3

L H,J,K 2 5 8



Example 

Activity Predecessor To Tm Tp Te

A -- 1 1 1 1
B A 3 7 11 7
C A 2 6 7 5.5
D A 1 3 8 3.5
E B 1 3 5 3
F B,C 5 7 9 7
G D 5 8 9 7.666667
H E,F 3 7 9 6.666667
J F 2 5 7 4.833333
K F,G 3 3 3 3
L H,J,K 2 5 8 5

Still 50% 
probability



Probability 

• What is probability?

• Likelihood that an event will occur

• What is Probability distribution?

• Probability function of a variable 
that governs its probability. 



Exploring probability distributions

• Coin and dice games



Probability 



Probability 

• Mean
• The average value at 50% probability

• Standard deviation 
• A number that express how much the values of each group differ from the 

mean

• Variance 
• Describes how are the numbers spread out from the mean. 



Probability 

• Mean (Te)

• Standard deviation (s) 

• Variance (v)

𝑇𝑇𝑒𝑒 =
𝑇𝑇𝑜𝑜 + 4𝑇𝑇𝑚𝑚 + 𝑇𝑇𝑝𝑝
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s = 𝑇𝑇𝑝𝑝−𝑇𝑇𝑜𝑜
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v = 𝑠𝑠2



Example 
Activity Predecessor To Tm Tp Te s v

A -- 1 1 1 1
B A 3 7 11 7
C A 2 6 7 5.5
D A 1 3 8 3.5
E B 1 3 5 3
F B,C 5 7 9 7
G D 5 8 9 7.666667
H E,F 3 7 9 6.666667
J F 2 5 7 4.833333
K F,G 3 3 3 3
L H,J,K 2 5 8 5



Example 
Activity Predecessor To Tm Tp Te s v

A -- 1 1 1 1 0 0
B A 3 7 11 7 1.333333 1.777778
C A 2 6 7 5.5 0.833333 0.694444
D A 1 3 8 3.5 1.166667 1.361111
E B 1 3 5 3 0.666667 0.444444
F B,C 5 7 9 7 0.666667 0.444444
G D 5 8 9 7.666667 0.666667 0.444444
H E,F 3 7 9 6.666667 1 1
J F 2 5 7 4.833333 0.833333 0.694444
K F,G 3 3 3 3 0 0
L H,J,K 2 5 8 5 1 1



Stochastic properties of critical path

• Duration of critical path 
𝑇𝑇𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑒𝑒𝑝𝑝𝑝𝑝 = �𝑇𝑇𝑒𝑒𝐶𝐶𝐶𝐶

• Variance of critical path

𝑉𝑉𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑒𝑒𝑝𝑝𝑝𝑝 = �𝑉𝑉𝐶𝐶𝐶𝐶

• Standard deviation of critical path

𝑆𝑆𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑒𝑒𝑝𝑝𝑝𝑝 = 𝑉𝑉𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑒𝑒𝑝𝑝𝑝𝑝



What did we gain from this?

• Even though we still have Te at 50% probability, we have better 
understanding on the likelihood of this estimation. 

• Through the standard deviation and variance, we can predict the 
probability of finishing the activities on time, given the changes in any 
activity. 



Another advantage of probabilistic 
distribution
• Since we have the properties of the stochastic project, we can 

evaluate the probability of completing the project (or a task) at a 
given date. 



Probability of completing before a given time. 

What if we want to check the probability of finishing the project before 
25 days? 

21.06
25

Z = (Tnew-Te)/s

Then we can calculate the probability using 
the following table





More examples

• What is the probability of finishing before 23 days?

• What is the probability of finishing before 19 days?

• What is estimated project duration if we want to finish with 
probability 75%? 
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