Unit -2
Single and two machine flow shops

1. Introduction

Flow shop scheduling problems are fundamental to manufacturing and operations research.
They involve a sequence of jobs that must be processed through a series of machines in a
specific order. This section delves into the core concepts of single and two-machine flow
shops, exploring their characteristics, challenges, and key scheduling algorithms.

2. Single Machine Scheduling

o Definition: In a single machine scheduling problem, a set of jobs must be processed
on a single machine, one job at a time.

e Objective: The primary objective is typically to minimize the makespan (total
completion time of all jobs), average flow time (average time spent by a job in the
system), or tardiness (the amount by which a job's completion time exceeds its due
date).

e Scheduling Rules:

o Shortest Processing Time (SPT): Processes jobs in order of increasing
processing times.
= Benefits: Often minimizes makespan and average flow time.
= Limitations: May not always be optimal for all objectives, particularly
when due dates are considered.
o Earliest Due Date (EDD): Processes jobs in order of increasing due dates.
= Benefits: Effective for minimizing tardiness and meeting deadlines.
= Limitations: May not be optimal for minimizing makespan or flow
time.
o Critical Ratio: Prioritizes jobs based on the ratio of remaining processing
time to time remaining until the due date.
= Benefits: Balances the need to meet deadlines with the urgency of
completing jobs.
= Limitations: Requires accurate due date information.

3. Two Machine Flow Shop

o Definition: In a two-machine flow shop, each job must be processed on two machines
in a specific order (e.g., first on machine 1, then on machine 2).

e Challenge: Determining the optimal sequence of jobs to minimize the makespan
(total completion time) becomes more complex due to the interaction between
processing times on both machines.

e Johnson's Rule: A well-known algorithm for finding an optimal sequence in a two-
machine flow shop to minimize makespan.

o Steps:
1. ldentify Short Jobs: Create two sets:
= Set 1: Jobs with shorter processing time on the first machine.
= Set 2: Jobs with shorter processing time on the second machine.
2. Sequence Jobs:



= Schedule jobs from Set 1 in ascending order of processing time
on the first machine.

= Schedule jobs from Set 2 in descending order of processing
time on the second machine.

= Place jobs from Set 1 before jobs from Set 2 in the overall
sequence.

o Significance: Johnson's Rule provides an efficient and optimal solution for the
two-machine flow shop problem.

4. Challenges and Considerations

Real-world Complexity: Real-world manufacturing environments often involve
multiple machines, complex precedence relationships, and dynamic changes in
production requirements, making scheduling more challenging.

Uncertainty and Variability: Factors such as machine breakdowns, unexpected
delays, and variations in processing times can significantly impact schedule
performance.

Performance Metrics: Selecting the appropriate performance metric (makespan,
flow time, tardiness, etc.) is crucial for evaluating the effectiveness of different
scheduling strategies.

5. Advanced Techniques

Heuristic Algorithms: For more complex flow shop problems with multiple
machines, heuristic algorithms such as NEH (Nehrou, Narasimhan) algorithm and
genetic algorithms can be used to find near-optimal solutions.

Simulation: Simulation models can be used to evaluate the performance of different
scheduling rules under various conditions and to assess the impact of uncertainty.
Artificial Intelligence: Techniques like machine learning and artificial intelligence
can be applied to learn from historical data and optimize scheduling decisions in real-
time.

6. Conclusion

Single and two-machine flow shop scheduling problems provide a foundational
understanding of scheduling principles. While these simplified models may not fully capture
the complexities of real-world manufacturing environments, they offer valuable insights into
the challenges and opportunities for optimizing production processes. By understanding the
core concepts and exploring advanced techniques, manufacturers can improve efficiency,
reduce lead times, and enhance overall competitiveness.



