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1.1 Problem Definition 
In general, a Job-Shop problem is a set of Machines and Jobs. The Jobs consist of multiple Tasks. Each Task needs 

to be processed for some duration on a specific Machine. 

The goal is to find a schedule for all the Jobs.  

For the purposes of this project, an instance of a Job-Shop problem is defined by: 

- the set of Machines 𝕄, with ids 𝑚 ∈ [1, ℳ], where ℳ = |𝕄|, 

- the set of Jobs 𝕁, with ids 𝑗 ∈ [1, 𝒥], where 𝒥 = |𝕁|, 

- the set of Tasks 𝕋, with ids 𝑡 ∈ [1, 𝒯], where 𝒯 = |𝕋|, 

- a function 𝑓𝑗: 𝕋 → [1, 𝒥], assigning Tasks to their Jobs, 

- a function 𝑓𝑚: 𝕋 → [1, ℳ], mapping Tasks to Machines, 

- a Task duration function 𝑓𝑑: 𝕋 →  ℕ, 

- a relation R𝑝 over 𝕋, which defines a strict total order for all the subsets {𝑥 ∈ 𝕋 | 𝑓𝑗(x) = i} with 𝑖 ∈

[1, 𝒥] 

1.2 Additional Notation 
- 𝔍𝓀 = |{𝑥 ∈ 𝕋 | 𝑓𝑗(𝑥) = 𝓀}| for 𝓀 ∈ 𝕁, the number of Tasks mapped to Job 𝓀 

- 𝔐ℓ = |{𝑥 ∈ 𝕋 | 𝑓𝑚(𝑥) = ℓ}| for ℓ ∈ 𝕄, the number of Tasks mapped to Machine ℓ, 

- 𝑇𝒾𝒿 ∈ 𝕋 denotes the 𝒿-th Task in the strict total order of Job 𝒾 as given by R𝑝, where 𝒾 ∈ [1, 𝒥] and 𝒿 ∈

[1, 𝔍𝒾] 

1.3 Optimization Goal 
A schedule is a function 𝒮: 𝕋 → ℕ, which defines the completion time for each Task. 

The makespan of a schedule is defined as: max
𝑥∈𝕋

(𝒮(𝑥)). 

The fitness function for a given schedule returns the makespan for that schedule. 

The optimization goal is to minimize the fitness function. 

Optimization occurs with the following additional constraints: 

1. ∀𝑎, 𝑏 ∈ 𝕋 (𝑓𝑗(𝑎) ≠ 𝑓𝑗(𝑏) ⟹ ((𝑎, 𝑏) ∉ 𝑅𝑝 ∧ (𝑏, 𝑎) ∉ 𝑅𝑝)) 

2. ∀𝒾 ∈ [1, 𝒥] ∀𝒿 ∈ [1, 𝔍𝒾] (𝒮(𝑇𝒾𝒿) ≥ {
𝒮(𝑇𝒾(𝒿−1)) + 𝑓𝑑(𝑇𝒾𝒿)    if 𝒿 ≥ 2

𝑓𝑑(𝑇𝒾𝒿)                             if 𝒿 = 1
) 

3. ∀𝒾, 𝓀 ∈ [1, 𝒥] ∀𝒿 ∈ [1, 𝔍𝒾] ∀ℓ ∈ [1, 𝔍𝓀] ((𝑓𝑚(𝑇𝒾𝒿) = 𝑓𝑚(𝑇𝓀ℓ)) ⟹ ((𝒮(𝑇𝒾𝒿) ≤ 𝒮(𝑇𝓀ℓ) − 𝑓𝑑(𝑇𝓀ℓ)) ∨

(𝒮(𝑇𝓀ℓ) ≤ 𝒮(𝑇𝒾𝒿) − 𝑓𝑑(𝑇𝒾𝒿)))) 

The constraints can be summarized as: 

1. There are no precedence relations between Task of different Jobs.  

2. The schedule fulfills the precedence relation of each Job and the Tasks are done in sequential order. 

3. There is no processing overlap for Tasks on the same Machine. 

The requirement for all Tasks to be scheduled, is captured implicitly by the definition of 𝒮 (𝕋 is the domain of 𝒮). 

 


