
Appendix A: The details of the proposed transformation approach for the IS-MRIPSP 

               

    The proposed MIP model for the IS-MRIPSP:                                                                         

 

                                                                                                     

 

 
 
 

 

 

 

 

 

 

After applying the proposed interval programming & chance 

constrained optimization based transformation approach: 

𝑓1 =  𝑀𝑖𝑛    𝑚 ([𝑍1, 𝑍1]) = ∑ ∑
(𝑡 + 𝑡)

2
⁄  .  𝑥𝐽1𝑡,𝑡

𝐿𝐹𝑇𝐽

𝑡∈𝐸𝐹𝑇𝐽 

𝐿𝐹𝑇𝐽

𝑡∈ 𝐸𝐹𝑇𝐽

 

  

𝑓2 =  𝑀𝑖𝑛   𝑚 ([𝑍2, 𝑍2]) =∑
(𝐶𝑟 + 𝐶𝑟) . (𝐾𝑟 + 𝐾𝑟)

2

𝑅

𝑟

 

∑ ∑ 𝑥𝑗𝑚[𝑡,𝑡] = 1    

[𝐿𝐹𝑇𝑗,𝐿𝐹𝑇𝑗]

[𝑡,𝑡]∈[𝐸𝐹𝑇𝑗,𝐸𝐹𝑇𝑗]

𝑀𝑗

𝑚=1

     ∀𝑗 ∈ 𝐽 Subject to; 

Subject to; 

∑ ∑   ∑ 𝑥𝑗𝑚 𝑡 𝑡 = 1

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

  

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

𝑀𝑗

𝑚=1

                  ∀𝑗 ∈ 𝐽 

∑ ∑ [𝑡, 𝑡] ⊗  𝑥𝑗𝑚[𝑡,𝑡] 

[𝐿𝐹𝑇𝑗,𝐿𝐹𝑇𝑗]

[𝑡,𝑡]∈[𝐸𝐹𝑇𝑗,𝐸𝐹𝑇𝑗]

𝑀𝑗

𝑚=1

≳ ∑ ∑ [𝑑𝑗𝑚, 𝑑𝑗𝑚]

[𝐿𝐹𝑇𝑗,𝐿𝐹𝑇𝑗]

[𝑡,𝑡]∈[𝐸𝐹𝑇𝑗,𝐸𝐹𝑇𝑗]

𝑀𝑗

𝑚=1

⊗  𝑥𝑗𝑚[𝑡,𝑡]         ∀𝑗 ∈ 𝐽 
∑ ∑   ∑ 𝑑𝑗𝑚  . 𝑥𝑗𝑚 𝑡 𝑡

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

 ≤ ∑ ∑   ∑ [𝜃. 𝑡 + (1 − θ). 𝑡]. 𝑥𝑗𝑚 𝑡 𝑡

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

 

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

𝑀𝑗

𝑚=1

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

𝑀𝑗

𝑚=1

     ∀𝑗 ∈ 𝐽 

∑ ∑   ∑ 𝑑𝑗𝑚  . 𝑥𝑗𝑚 𝑡 𝑡

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

 ≤ ∑ ∑   ∑ [𝜃. 𝑡 + (1 − θ). 𝑡]. 𝑥𝑗𝑚 𝑡 𝑡

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

 

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

𝑀𝑗

𝑚=1

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

𝑀𝑗

𝑚=1

     ∀𝑗 ∈ 𝐽 

 

 

∑ ∑ [𝑡, 𝑡]  ⊗ 𝑥𝑖𝑚[𝑡,𝑡] 

[𝐿𝐹𝑇𝑖,𝐿𝐹𝑇𝑖]

[𝑡,𝑡]∈[𝐸𝐹𝑇𝑖,𝐸𝐹𝑇𝑖]

𝑀𝑖

𝑚=1

≲ ∑ ∑ ([𝑡, 𝑡] ⊖ [𝑑𝑗𝑚, 𝑑𝑗𝑚]) ⊗ 𝑥𝑗𝑚[𝑡,𝑡] 

[𝐿𝐹𝑇𝑗,𝐿𝐹𝑇𝑗]

[𝑡,𝑡]∈[𝐸𝐹𝑇𝑗,𝐸𝐹𝑇𝑗]

𝑀𝑗

𝑚=1

 

∀𝑗 ∈ 𝐽, ∀𝑖 ∈ 𝑃𝑗  

 

∑ ∑   ∑ 𝑡 .  𝑥𝑖𝑚 𝑡 𝑡

𝐿𝐹𝑇𝑖

𝑡∈𝐸𝐹𝑇𝑖 

𝐿𝐹𝑇𝑖

𝑡∈ 𝐸𝐹𝑇𝑖

𝑀𝑖

𝑚=1

≤ ∑ ∑   ∑ [𝛼. (𝑡 − 𝑑𝑗𝑚) + (1 − 𝛼). (𝑡 − 𝑑𝑗𝑚 )]

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

.

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

𝑀𝑗

𝑚=1

𝑥𝑗𝑚 𝑡 𝑡 

∑ ∑   ∑ 𝑡 .  𝑥𝑖𝑚 𝑡 𝑡

𝐿𝐹𝑇𝑖

𝑡∈𝐸𝐹𝑇𝑖 

𝐿𝐹𝑇𝑖

𝑡∈ 𝐸𝐹𝑇𝑖

𝑀𝑖

𝑚=1

≤ ∑ ∑   ∑ [𝛼. (𝑡 − 𝑑𝑗𝑚) + (1 − 𝛼). (𝑡 − 𝑑𝑗𝑚)]

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

.

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

𝑀𝑗

𝑚=1

𝑥𝑗𝑚 𝑡 𝑡 

∀𝑗 ∈ 𝐽, ∀𝑖 ∈ 𝑃𝑗  

After applying the compromise 

programming technique: 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒   𝑍1
+ + 𝑍1

−+𝑍2
+ + 𝑍2

−    

Subject to; 

𝑍1 + 𝑍1
+ − 𝑍1

− = 0 

𝑍2 + 𝑍2
+ − 𝑍2

− = 0   

𝑍1 =

∑ ∑
(𝑡 + 𝑡)

2
⁄  .  𝑥𝐽1𝑡,𝑡

𝐿𝐹𝑇𝐽

𝑡∈𝐸𝐹𝑇𝐽 

𝐿𝐹𝑇𝐽
𝑡∈ 𝐸𝐹𝑇𝐽

− 𝑓1
∗

𝑓1
𝑚𝑎𝑥 − 𝑓1

∗  

𝑍2 =
∑
(𝐶𝑟 + 𝐶𝑟) . (𝐾𝑟 + 𝐾𝑟)

2
𝑅
𝑟 − 𝑓2

∗

𝑓2
𝑚𝑎𝑥 − 𝑓2

∗  

𝑍1
+, 𝑍1

−, 𝑍2
+, 𝑍2

− ≥ 0 

𝑀𝑖𝑛 [𝑍1, 𝑍1] = ∑  [𝑡, 𝑡 ] ⊗ 𝑥𝐽1[𝑡,𝑡]

[𝐿𝐹𝑇𝐽,𝐿𝐹𝑇𝐽]

[𝑡,𝑡]∈[𝐸𝐹𝑇𝐽,𝐸𝐹𝑇𝐽]

 

𝑀𝑖𝑛 [𝑍2, 𝑍2] =∑[𝐶𝑟 , 𝐶𝑟] ⊗ [𝐾𝑟 , 𝐾𝑟]

𝑅

𝑟

 

Project makespan 

Resource utilization costs 

Constraints for mode and 

completion time allocation  

Precedence constraints 

Additional constraints in the relations between 

completion times and activity durations  



 

The proposed MIP model for the IS-MRIPSP (Continued):    

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

After applying the proposed interval programming & chance constrained 

optimization based transformation approach (Continued): 

∑∑
[𝑘𝑗𝑚𝑟 , 𝑘𝑗𝑚𝑟]

[𝐸𝑗𝑟 , 𝐸𝑗𝑟]
⁄

𝑀𝑗

𝑚=1

𝐽

𝑗

 ⊗ ∑ 𝑥𝑗𝑚[𝜏,𝜏]

[𝑡+𝑑𝑗𝑚−1,𝑡+𝑑𝑗𝑚−1]

[𝜏,𝜏]∈[𝑡,𝑡]

 ≲  [𝐾𝑟 , 𝐾𝑟] ⊗ [𝑅𝑟 , 𝑅𝑟] 

∀𝑟 ∈ 𝑅, ∀[𝑡, 𝑡] | 𝑡 = 𝑡  ∈ 𝑇 

∑∑
𝑘𝑗𝑚𝑟

𝐸𝑗𝑟

𝑀𝑗

𝑚=1

.

(

 
 

∑   ∑𝑥𝑗𝑚 𝜏 𝜏

𝑇

𝜏 ≥𝜏

𝛽.(𝑡+𝑑𝑗𝑚−1)+(1−𝛽).(𝑡+𝑑𝑗𝑚−1)

𝜏=𝑡

)

 
 
≤ [∆. 𝐾𝑟 + (1 − ∆). 𝐾𝑟] . 𝑅𝑟

𝐽

𝑗

 

∑∑
𝑘𝑗𝑚𝑟

𝐸𝑗𝑟

𝑀𝑗

𝑚=1

.

(

 
 

∑   ∑𝑥𝑗𝑚 𝜏 𝜏

𝑇

𝜏 ≥𝜏

𝛽.(𝑡+𝑑𝑗𝑚−1)+(1−𝛽).(𝑡+𝑑𝑗𝑚−1)

𝜏=𝑡

)

 
 
≤ [∆. 𝐾𝑟 + (1 − ∆). 𝐾𝑟] . 𝑅𝑟

𝐽

𝑗

 

∀𝑟 ∈ 𝑅, ∀𝑡 = 𝑡  ∈ 𝑇 

 

𝑃𝑟

{
 
 

 
 

∑∑ [𝑦𝑗𝑚𝑛 , 𝑦𝑗𝑚𝑛]

𝑀𝑗

𝑚=1

𝐽

𝑗

 ⊗ ∑ 𝑥𝑗𝑚[𝑡,𝑡]

[𝐿𝐹𝑇𝑗,𝐿𝐹𝑇𝑗]

[𝑡,𝑡]∈[𝐸𝐹𝑇𝑗,𝐸𝐹𝑇𝑗]

≲ [𝑁𝑛, 𝑁𝑛]

}
 
 

 
 

≥ 𝛽𝑛 

∀𝑛 ∈ 𝑁    𝑎𝑛𝑑   [𝑁𝑛, 𝑁𝑛] ~𝑁𝑜𝑟𝑚𝑎𝑙 ([𝜇𝑛, 𝜇𝑛] , [𝜎𝑛
2, 𝜎𝑛

2]) 

𝑥𝑗𝑚[𝑡,𝑡] ∈ {0,1}       ∀𝑗 ∈ 𝐽,       ∀𝑚 ∈ 𝑀,       ∀[𝑡, 𝑡] | 𝑡 ≤ 𝑡  ∈ [𝐸𝐹𝑇𝑗 , 𝐿𝐹𝑇𝑗] 

[𝐾𝑟 , 𝐾𝑟] ≥ 0               ∀𝑟 ∈ 𝑅 

𝑁𝑛 ~𝑁 (𝜇𝑛, 𝜎𝑛
2)              ∀𝑛 ∈ 𝑁 

𝑁𝑛 ~𝑁 (𝜇𝑛, 𝜎𝑛
2)              ∀𝑛 ∈ 𝑁 

∑∑ 𝑦𝑗𝑚𝑛 .

𝑀𝑗

𝑚=1

𝐽

𝑗

∑   ∑ 𝑥𝑗𝑚 𝑡 𝑡

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

 ≤

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

 𝜁𝑛          ∀𝑛 ∈ 𝑁 

∑∑ 𝑦𝑗𝑚𝑛 .

𝑀𝑗

𝑚=1

𝐽

𝑗

∑   ∑ 𝑥𝑗𝑚 𝑡 𝑡

𝐿𝐹𝑇𝑗

𝑡∈𝐸𝐹𝑇𝑗 

 ≤

𝐿𝐹𝑇𝑗

𝑡∈ 𝐸𝐹𝑇𝑗

 𝜓𝑛        ∀𝑛 ∈ 𝑁 

𝐹(𝜁𝑛) = 𝐹(𝜓𝑛) = 𝛽𝑛                                              ∀𝑛 ∈ 𝑁 

𝜁𝑛 = 𝐹−1 (𝛽𝑛 | 𝜇𝑛, 𝜎𝑛) = 𝜇𝑛 + 𝜎𝑛 . √2 . 𝑒𝑟𝑓
−1(2. 𝛽𝑛 − 1)          ∀𝑛 ∈ 𝑁 

𝜓𝑛 = 𝐹
−1(𝛽𝑛 | 𝜇𝑛, 𝜎𝑛) = 𝜇𝑛 + 𝜎𝑛 . √2 . 𝑒𝑟𝑓

−1(2. 𝛽𝑛 − 1)           ∀𝑛 ∈ 𝑁   

𝑥𝑗𝑚 𝑡 𝑡 ∈ {0,1}        ∀𝑗 ∈ 𝐽, ∀𝑚 ∈ 𝑀,       ∀ 𝑡 ≤ 𝑡  ∈ [𝐸𝐹𝑇𝑗 , 𝐿𝐹𝑇𝑗] 

𝐾𝑟 , 𝐾𝑟 ≥ 0            𝑎𝑛𝑑              𝐾𝑟 ≤ 𝐾𝑟                      ∀𝑟 ∈ 𝑅 

Constraints for renewable 

resource availabilities 

Chance constraints for non-

renewable resource availabilities 

Definition of interval-valued 

decision variables 


