Unit -2
Ranked Positional Weight Heuristics

1. Introduction

Line balancing is a critical aspect of manufacturing and assembly processes, aiming to
optimize the distribution of tasks across workstations along an assembly line. The goal is to
minimize idle time, maximize efficiency, and ensure a smooth and continuous production
flow. Heuristic methods, such as the Ranked Positional Weight (RPW) heuristic, provide
practical solutions for line balancing problems, especially when dealing with complex
systems.

2. Key Concepts

e Task: A unit of work performed on a product.
e Workstation: A location on the assembly line where one or more tasks are
performed.
e Cycle Time: The maximum time allowed for each workstation to complete its
assigned tasks.
o Formula: Cycle Time = Available Production Time per Period / Required
Production Quantity per Period
e Precedence Diagram: A graphical representation of the order in which tasks must be
performed.
o Nodes: Represent individual tasks.
o Arrows: Indicate the order of task execution (precedence relationships).

3. Precedence Diagram Example

Start / Finish

B E > F

Precedence Diagram Method (PDM)

simple precedence diagram with 5 nodes and arrows showing dependencies

Task A: 30 seconds

Task B: 20 seconds (depends on A)
Task C: 15 seconds (depends on A)
Task D: 10 seconds (depends on B)
Task E: 25 seconds (depends on C)



4. Theoretical Minimum Number of Workstations

Formula:
o Minimum Number of Workstations = Sum of Task Times / Cycle Time

5. Ranked Positional Weight (RPW) Heuristic

Core Principle: Prioritizes tasks based on their "positional weight,” which considers
both the task's own processing time and the processing times of all its successor tasks.
Tasks with higher positional weights are assigned earlier to minimize idle time.
Calculating Positional Weight:
1. For each task, sum the task's own processing time and the processing times of
all its successor tasks.
2. Higher weight indicates greater importance in minimizing idle time.
Algorithm:
1. Calculate Positional Weights: Determine the positional weight for each task.
2. Sort Tasks: Arrange tasks in descending order of their positional weights.
3. Assign Tasks to Workstations:
= Assign tasks to workstations in the sorted order, strictly adhering to
precedence constraints.
= |f atask cannot be assigned to the current workstation due to time
constraints or precedence rules, move to the next workstation.

6. Example: Applying RPW

Scenario:

Steps:

N

Product: Simple toy car

Tasks: A, B, C, D, E (as shown in the precedence diagram)
Task Times: A: 30s, B: 20s, C: 15s, D: 10s, E: 25s
Precedence: A->B,A->C,B->D,C->E

Cycle Time: 60s

Calculate Positional Weights:

o TaskA:30+20+10+25=85

o TaskB:20+10=30

o Task C:15+25=40

o TaskD: 10

o TaskE: 25
Sort Tasks: A (85) > C (40) > B (30) > E (25) > D (10)
Assign Tasks to Workstations:

o Workstation 1: A, C, E (Total time: 70s)

o Workstation 2: B, D (Total time: 30s)



7. Line Balancing Diagram
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(b) U-shaped assembly line
simple assembly line diagram with two workstations and the assigned tasks

8. Advantages of RPW

« Considers Precedence Relationships: Explicitly incorporates the order in which
tasks must be performed.

e Minimizes Idle Time: Prioritizes tasks that have a significant impact on overall idle
time.

o Relatively Simple to Implement: Easy to understand and apply, even for moderately
complex problems.

9. Limitations of RPW

o Heuristic Approach: May not always find the absolute optimal solution.

e Sensitivity to Precedence Changes: Changes in the precedence diagram can
significantly affect the results.

« Computational Complexity: Can become computationally expensive for very large
and complex problems.

10. Improving RPW

o Combinatorial Approaches: Combine RPW with other heuristics or optimization
techniques (e.g., genetic algorithms, simulated annealing) to improve solution quality.

« Iterative Refinement: Apply the RPW method iteratively, making small adjustments
to the task assignments to further reduce idle time.

« Software Tools: Utilize specialized software tools that implement the RPW algorithm
and provide features for visualization, analysis, and optimization.



11. Conclusion

The RPW heuristic is a valuable tool for line balancing problems. By effectively prioritizing
tasks based on their positional weight, it helps to minimize idle time, improve overall line
efficiency, and optimize production processes. While it may not always guarantee the
absolute optimal solution, it provides a practical and efficient approach for many real-world
applications.



