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Abstract Make-to-Order (MTO) manufacturing facilities face persistent challenges related to low workstation
utilization, primarily stemming from inefficient assignment of work orders. Traditional queuing systems often
prioritize tasks solely based on final delivery dates, failing to consider other critical factors such as design
availability, material availability, and resource availability. Recognizing the need for a more comprehensive
approach, this paper presents a novel priority-based queuing system tailored specifically for MTO environments.
The proposed system integrates multiple factors into its prioritization mechanism, allowing for a more nuanced
assessment of project readiness. Design availability, for instance, plays a crucial role in initiating fabrication
processes, with varying degrees of completion impacting the overall project timeline. Material availability,
another pivotal factor, directly influences the feasibility of sequential fabrication and assembly operations.
Additionally, resource availability, encompassing manpower and utilities, is essential for ensuring smooth
project progression.

To ensure the accuracy and effectiveness of the prioritization process, historical data from previous project
lifecycles are analyzed to determine the weightage of each factor. This data-driven approach enables the system
to dynamically adapt to changing project dynamics and operational constraints.

The final priority rating is calculated by aggregating the weighted scores assigned to each factor, providing a
holistic basis for prioritizing work orders among different workstations. By incorporating multiple dimensions
of project readiness, the system enables more informed decision-making and efficient resource allocation.
Implementation of this priority-based queuing system has yielded promising results, with notable improvements
observed in workstation occupancy rates and the ability to manage delays in ongoing jobs effectively. By
providing a structured framework for optimizing resource allocation and enhancing operational efficiency, this
approach holds significant potential for addressing the unique challenges faced by MTO manufacturing
facilities.

In conclusion, the proposed priority-based queuing system represents a step forward in optimizing production
processes in MTO environments. By considering a broader range of factors and leveraging historical data
insights, the system empowers manufacturing teams to make more informed decisions and drive tangible
improvements in efficiency and productivity.

Keywords Make-to-Order (MTO), manufacturing, queuing system, priority-based, workstation utilization,
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1. Introduction
Efficient management of manufacturing processes in Make-to-Order (MTO) environments is pivotal for
industries seeking to maintain competitiveness in today's dynamic market landscape. Unlike traditional mass
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production systems, where standardized workflows and predictable lead times prevail, MTO facilities contend
with the intricacies of custom-made products and variable production requirements. Central to these challenges
is the effective utilization of workstations, which serve as the linchpin of operational efficiency and timely order
fulfillment.

MTO manufacturing is characterized by the production of goods in response to specific customer orders, rather
than for stocking or general consumption. This model offers greater flexibility and customization options but
poses unique challenges in terms of production planning, resource management, and lead time management.
Consequently, traditional approaches to workstation management in MTO settings often fall short, relying on
rudimentary queuing systems that prioritize work orders solely based on their final delivery dates.

However, such simplistic prioritization overlooks a multitude of factors that can profoundly influence project
timelines and resource allocation. Factors such as design availability, material procurement, and resource
readiness play critical roles in determining the feasibility and efficiency of production processes in MTO
environments. Inefficient management of these factors can lead to suboptimal utilization of workstations, delays
in order fulfillment, and increased production costs.

In response to these challenges, there exists a compelling need for a more nuanced approach to work order
prioritization in MTO manufacturing environments. This paper introduces a novel priority-based queuing
system meticulously crafted to address the intricacies of modern MTO operations. Unlike traditional methods,
this system takes into account a comprehensive array of readiness factors, each carefully weighted based on
their historical impact on project timelines and resource utilization.

At the heart of the proposed system lies the integration of multiple readiness factors, including design
completion, material availability, and resource readiness. By leveraging historical data insights and empirical
analysis spanning multiple project lifecycles, the system offers a sophisticated framework for assessing project
readiness and prioritizing work orders among various workstations. Each factor is meticulously evaluated and
assigned a weighted score, providing decision-makers with a holistic view of project readiness and resource
allocation priorities.

The introduction of this priority-based queuing system represents a paradigm shift in MTO manufacturing,
promising to revolutionize the way work orders are managed and allocated across the production floor. Through
empirical validation and iterative refinement, the system aims to optimize workstation utilization, enhance
operational efficiency, and proactively address delays in ongoing projects.

Initial implementation of the proposed system has demonstrated promising results, with significant
improvements observed in workstation occupancy rates and the ability to mitigate delays through proactive
resource allocation. As industries continue to navigate the complexities of MTO manufacturing, the adoption of
this innovative queuing system holds immense potential to drive transformative changes, fostering a culture of
efficiency, adaptability, and sustained growth in manufacturing enterprises.

2. Methods

Creating an effective priority-based queuing system for Make-to-Order (MTQO) manufacturing demands a
thorough examination of factors influencing project readiness and resource availability. This methodology
delves into each critical factor with greater elaboration and detail:

A. Delivery Date (RDD):

The RDD represents the cornerstone of project planning, set by the buyer to delineate project completion
expectations. A dynamic scoring system is established to meticulously evaluate the alignment between the
project's Work Breakdown Structure (WBS) timeline and the RDD.

Each score, ranging from 1 to 5, encapsulates a spectrum of scenarios:

1) A score of 1 indicates the RDD is under review or subject to delays.

2) Scores of 2 to 4 gauge the deviation between the WBS timeline and RDD, considering safe working

time allowances.

3) A score of 5 signifies that the initial WBS timeline surpasses the RDD, indicating early completion.
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SCORE MEANING
1 Under review. Held up for some reason
2 RDD — WBS sum > safe working time allowance
3 RDD — WBS sum = safe working time allowance
4 RDD — WBS sum < safe working time allowance
5 Sum of initial WBS timeline > RDD

Safe working time allowance is the generally accepted buffer period between completion of a project as per
work breakdown structure (WBS) and the delivery date. Generally used Safe working time allowance as a
percentage of overall project duration. Whether time allocation to WBS activities exist and if yes, whether it is
appropriately allocated.

B. Design Availability:

Design readiness is critical for initiating fabrication processes and ensuring project progression without hitches.
The scoring framework for design availability spans a continuum from design on hold to comprehensive design
completion.

Scores of 1 to 5 represent various stages of design readiness:

1) A score of 1 denotes designs held up or pending completion.
2) Scores progress upwards as design components are completed, enabling sequential fabrication and
assembly.
SCORE MEANING
1 Design on hold. Held up for some reason
2 Design completed for 1-2 components. Initial fabrication can commence
3 General Assembly design and major components design available. Non
sequential fabrication can commence
4 General Assembly design and majer components design (of a sequence) =~
available]
5 All design completed well in advance of fabrication

C. Material Availability:

Timely access to materials is pivotal for project execution, contingent upon accurate Bill of Materials (BOMs)
derived from project designs. The scoring system for material availability is nuanced, considering factors such
as material shortages, staggered availability, and availability of critical components.

Scores range from 1 to 5, reflecting varying degrees of material readiness:

1) A score of 1 signifies material unavailability or significant delays.
2) Higher scores indicate progressive readiness, with all materials available facilitating uninhibited
fabrication.
SCORE MEANING
i No material available. Held up for some reason.
2 Major portion of material not available. Non essential fabrication can be done
if necessary
3 Material availability is staggered. Non ial fabrication can be done.
4 Material available for major components. Fabrication can commence
sequentially.
5 All material available. Fabrication can proceed uninhibited

Material availability is subject to availability of BOM’s from drawings. For example, if all designs are available,
in all probability that project will also have a higher material availability score.

D. Resource Availability:

Resource availability encompasses essential manpower and utilities necessary for project execution. The scoring
framework evaluates resource availability across different levels, ranging from severe shortages to sufficiency
for all project activities.

Scores from 1 to 5 reflect resource readiness:
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1) A score of 1 indicates severe resource shortages or unavailability.
2) Scores rise with increasing resource availability, enabling smooth project progression and allocation.
SCORE MEANING

1 Resources not available for some reason

2 Resources can only be diverted when other activities are halted. Sequencing
not possible as availability cannot be predicted.

3 Resources supply restricted. Sequencing required.

4 Resources available only for major activities.

5 Resources available for all activities. If required, additional Resources can be
supported

The proposed system's rating scale is dynamic, allowing real-time adjustments based on project dynamics and
resource availability. The frequency of review and assessment is collaboratively determined to ensure timely
updates and accurate prioritization.

Each factor's score is meticulously assigned based on predefined criteria and weighted according to historical
impact on project timelines and resource utilization. Aggregating weighted scores yields a comprehensive
priority rating, guiding decision-making regarding work order prioritization and resource allocation across
workstations.

By meticulously integrating these factors, the priority-based queuing system enhances operational efficiency,
optimizes resource utilization, and proactively addresses delays, ultimately bolstering productivity and customer
satisfaction in MTO manufacturing settings.

3. Calculation of Weightages

In crafting a robust prioritization system for Make-to-Order (MTO) manufacturing, it is imperative to assign
appropriate weightages to key factors based on their historical impact on project timelines. The weightage for
each factor, including Required Delivery Date, Design Availability, Material Availability, and Resource
Availability, is calculated through thorough analysis of historical data spanning 2-3 project lifecycles.

For instance, if Material Availability has been a contributing factor in 30% of cases where work orders were
processed in a workstation, it would be assigned a weightage of 0.3 in the final calculation. Similarly,
weightages (denoted as A, B, C, and D) are determined for each factor based on their historical significance in
influencing project timelines.

The final rating (R) is calculated using a weighted sum of scores assigned to each factor. The score for Required
Delivery Date, Design Availability, Material Availability, and Resource Availability are multiplied by their
respective weightages (A, B, C, and D), and the resulting values are summed up to obtain the final rating R. This
rating serves as a quantitative measure of project readiness and resource allocation priorities.

A. Utilization of Rating:

The generated rating plays a pivotal role in several aspects of project management and decision-making:

1) Work Order Prioritization: Work orders are prioritized between different workstations based on their
final rating. This ensures that resources are allocated efficiently, and projects are executed in accordance with
their urgency and importance.

2) Resource Allocation: The rating provides the fabrication department with a basis for forming a queuing
system in the workshop. It aids in managing multiple workstations by directing resources to projects with higher
priority ratings, thereby optimizing resource utilization.

3) Insight for Management: The rating offers management a comprehensive overview of each
department's readiness to handle specific projects. It serves as an early warning system, highlighting potential
delays and resource constraints that may impact project timelines.

4) Tracking Project Progress: The priority rating, along with an early warning system, can be integrated
into the Overall Work Progress Report (WPR). This enables management to track the overall progress of
running projects and identify areas requiring intervention or resource reallocation.

5) Identification of Undercontributors: The priority rating section can include a column for identifying
factors with the lowest scores, termed "undercontributors." This provides management with insights into the
primary reasons for delays or resource constraints, facilitating targeted interventions and corrective actions.
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B. Rounding Off Considerations:

To maintain clarity in the queuing system, the final rating R can be rounded off to the nearest whole number
when the number of simultaneous projects is manageable. However, as the number of concurrent projects
increases, rounding off to the nearest 0.5 decimal ensures precision in prioritization and mitigates the risk of
confusion in resource allocation.

4. Conclusion

In the dynamic landscape of Make-to-Order manufacturing, the need for continuous improvement and
innovation is paramount. This imperative for progress resonates deeply with my ethos, as demonstrated through
my pivotal role in transforming our production queuing system. Recognizing the inherent limitations of our
existing approach, which predominantly focused on the project's overall delivery date, | embarked on a journey
to redefine our prioritization strategies.

By meticulously analyzing the challenges stemming from delays in existing jobs and the subsequent difficulty in
assigning new tasks, | identified the critical need to consider multiple factors such as design schedules and
resource availability. This realization led to the development of a comprehensive scale, wherein each factor is
assigned scores based on its status, and these scores are weighted to reflect their historical impact on project
timelines.

Despite being in its nascent stages, the implementation of this novel prioritization system has yielded tangible
benefits. Notably, our workstation occupancy has surged by approximately 30%, and we can now efficiently
allocate activities to at least 3 out of 10 workstations, even in the face of hindrances to ongoing tasks.

This success underscores the efficacy of the devised scale in enhancing operational efficiency and mitigating the
challenges inherent in Make-to-Order manufacturing. Moving forward, | am committed to further refining and
optimizing our prioritization strategies, ensuring that we continue to adapt and excel in meeting the evolving
demands of our industry. Through continued innovation and a steadfast commitment to improvement, we will
strive to maintain our position at the forefront of excellence in Make-to-Order manufacturing.
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