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What is Jop-Shop Scheduling?

• Job Shop Scheduling: In manufacturing or production environments, 
genetic algorithms can be used to optimize the scheduling of jobs on 
machines, considering constraints such as processing times, machine 
availability, and precedence relationships between tasks.

• Genetic algorithms can be applied to find an optimal or near-optimal 
schedule for more complex instances of the Job Shop Scheduling 
problem, considering additional factors such as machine constraints, 
job priorities, and setup times between operations.



Survey on Shop-Scheduling methods



What is Shop Scheduling?

• A set of n jobs (J1, J2, J3, …, Jn) which are processed on
A set of m machines (M1, M2, M3, …, Mm) 

• The processing of a job Ji on a particular machine Mj is denoted as an 
operation and noted by (i, j)

• Each job Ji consists of a number ni of operations

• For the deterministic scheduling problems, the processing time pij of 
each operation (i, j) is given in advance



Problem Definition

• For describing these problems, there exists three classifications:
• α (Machine Environment, e.g. Flow Shop, Jop-shop etc.)

• β (Job characteristics, e.g. release dates, due dates, and weights etc.)

• γ (Optimization Criterion, e.g. minimize- total makespan and maximized
lateness etc.) 

• According to the restrictions on the technological routes of the jobs, 
we distinguish a flow shop, a job shop and an open shop



Problem Definition (Shops)

• Flow Shop (α = F)
• Each job Ji has exactly m operations
• Same route
• Assumption: M1 -> M2 -> M3 -> Mm

• Job Shop (α = J)
• A specific route for each job

• Mj1
-> Mj2

-> Mj3
-> Mjni

for each job Ji (1 < i < n)

• Number of operations smaller, equal or larger then m
• Different notation: (i, j, k) -> kth processing of job Ji on machine Mj

• Open Shop (α = O)
• No routes for jobs
• Assumed every job has to be processed on every machine

• There exists Generalizations on these shops such as mixed- and general shop

• There exists extensions to shops: hybrid or flexible shops
• Multi-stage and parallel problems



Problem Definition (Constraints)

• For any job Ji there might be a release date ri, a due date di and/or a 
weight wi

• Other constraints such as no waiting times between operations of a 
job (β = no wait), sequence-(in)dependant set-up times between
processing of operations



Problem Definition (Optimality criterion)

• γ indicates optimality criterion

• Minimization of makespan Cmax

• Minimization of sum of weighted completion time σ𝑤𝑖𝐶𝑖
• Minimization of sum of weighted tardiness σ𝑤𝑖𝑇𝑖
• Or problems without weights (𝑤𝑖 = 1)



Feasible Solutions

• Specify Job orders on the machines

• Job Sequence

• Combining routes and job orders 
into rank matrix R where rij denotes
the rank of operation (i, j)

• Example Matrix (n x m):



Genetic Algorithms

• Representation:
• Not clear representation, depends on problem

• Several encoding strategies exists



Operation-based

• Each job consists m operations, so each chromosome has nm length
(each gene represents operation (i, j)

• Several variations of representations



Operation-based

• Job repetitions
• Each gene contains a job index i

• Repeats m times for a given route



Operation-based

• Operation Positions
• Subsequent numbering

• (1,1), (1,2), (1,3), (2,1), (2,2), (2,3), (3,1), (3,2), (3,3)

• E.g. number 5 at gene 3 represents (1,3) at position 5



Algorithm

• GA-GT Algorithm

• Active schedules (parents) to create new job-schedules (offspring)

• Griffler & Thompson (GT) algorithm + uniform crossover

• Optimal solutions for 10 x 10 (n jobs x m machines)

• Good solutions for 20 x 20



Algorithm

• Minimization Makespan

• The processing of job Jj
On machine Mr

Is the operation Oj, i, r
Where i Є {1, …, m} is the position of operation in the technological
sequence with processing time pj, i, r

• The objective is to determing the set of completion times for each
operation for each operation cj, i, r which minimizes makespan Smax



Algorithm

• Gantt-Chart



Algorithm

• Consider Temporal order

• A set C of the earliest operations in technological sequence among
operations which are not yet scheduled is defined (cut)

• The earliest possible completion time ECj, i is calculated for each
operation Oj, i Є C





Representation

• Each individual psn represents an active schedule directly using
elements {psnj, i, r}
• psnj, i, r = cj, i, r



Crossover



Results



Results



Limitations

• Missing code (complexity of Job-shop with constraints and feasibility)
• Tried to compare many representations and algorithms setup by survey but 

spended too much time on researching it

• In survey, diversity-operators were not considered at all
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