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Constraints play a crucial role in production scheduling by defining the boundaries
within which feasible schedules must operate. They represent restrictions arising
from the physical limitations of the manufacturing environment, logical requirements
of the production process, and business rules governing operations. Understanding
the various types of constraints is essential for developing realistic and
implementable schedules, particularly in the complex context of manufacturing
systems.

Resource Constraints
Resource constraints address limitations related to the availability and capabilities of
various production resources. These constraints ensure that scheduling decisions
respect the capacity of the manufacturing system.
Machine Capacity Constraints limit the number of operations that can be processed
simultaneously on a machine. In the most common case, a machine can process only
one job at a time (disjunctive constraint). However, some machines, like batch
processors (e.g., heat treatment furnaces or plating tanks), can process multiple jobs
simultaneously up to a specific capacity limit. Effectively modeling these capacity
constraints is essential for realistic scheduling.
Workforce Constraints reflect limitations related to human resources, including:

o Availability constraints based on shift patterns and work schedules

o Skill requirements where specific operations require workers with particular
qualifications

o Labor capacity limitations when multiple workers are needed for certain tasks
e In modular manufacturing environments, workforce constraints may be
particularly complex due to the need for specialized skills to operate or

reconfigure different production modules.

Tool and Equipment Constraints involve auxiliary resources required for production
operations. These might include:

« Limited availability of specialized tools, fixtures, or testing equipment
o Setup requirements when tools must be prepared before processing
o Tool life considerations where tool degradation affects processing capabilities
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« Shared equipment that serves multiple production areas

Material Constraints ensure that scheduling decisions align with material
availability:

o Inventory limitations based on available raw materials or components

o Material handling capacity restrictions related to transport systems

» Storage capacity constraints for work-in-process or finished goods

o Lot integrity requirements where materials must be processed together
Time-Related Constraints

Time-related constraints govern the timing aspects of production scheduling,
establishing when operations can or must occur.

Release Date Constraints specify the earliest time at which a job becomes available
for processing. These may reflect:

o Material availability times when components arrive from suppliers
o Completion of preceding production stages in multi-stage processes
o Planning horizons that limit how far in advance jobs can be scheduled
Due Date Constraints establish deadlines by which jobs should be completed:
o Customer-specified delivery dates for finished products
o Shipping schedules that dictate when products must be ready for transport
o Service level agreements that establish response time requirements

Time Window Constraints define specific periods during which certain operations
must or can be performed:

e Maintenance windows when equipment is available for planned downtime

o Energy cost considerations where energy-intensive operations are scheduled
during off-peak hours

« Environmental restrictions that limit certain operations to specific times of day
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e Quality requirements where certain processes must occur under specific
temporal conditions

Sequence and Precedence Constraints

Sequence and precedence constraints establish required ordering relationships
between operations, ensuring logical production flow.

Technological Precedence Constraints reflect the inherent sequencing requirements
of the manufacturing process:

o Operation precedence where one operation must be completed before another
can begin

o Process requirements where specific sequences are necessary (e.g., cleaning
before painting)

e Quality procedures where inspection must occur at defined points in the
process

No-Wait Constraints require that consecutive operations occur without any delay
between them:

o Process requirements where intermediate products cannot wait (e.g., hot
rolling in steel production)

o Quality considerations where product characteristics would deteriorate during
waiting

o Limited intermediate storage where buffer capacity between operations is not
available

e Synchronized operations where multiple resources must coordinate precisely
Process-Specific Constraints

Process-specific constraints arise from the particular requirements of manufacturing
processes and vary significantly across industries.

Batch Size Constraints establish restrictions on production quantities:
e Minimum batch sizes due to setup costs or process requirements
« Maximum batch sizes limited by equipment capacity or quality concerns
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o Batch integrity requirements where jobs cannot be split across multiple
machines

» Batch compatibility where certain products can or cannot be processed
together

Processing Time Constraints address the duration aspects of operations:
o Fixed processing times that cannot be adjusted

o Variable processing times that depend on batch size, resource allocation, or
machine speed

o Sequence-dependent processing times where the duration depends on
previous operations

o Resource-dependent processing times where different resources process at
different rates

Setup and Changeover Constraints reflect the requirements for preparing equipment
between jobs:

o Sequence-dependent setup times that vary based on the transition between
products

o Setup state preservation where similar jobs are grouped to reduce setup
requirements

o Setup resource requirements where specific tools or personnel are needed for
changeovers

Process Mode Constraints address situations where operations can be performed in
different ways:

o Alternative resource options where jobs can be processed on different
machines

o Processing mode selections with different time/cost/quality trade-offs

o Speed/feed adjustments that affect processing time and resource
consumption

o Parallel operations where work can be split across multiple resources
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Business and Policy Constraints

Beyond physical and technical constraints, production scheduling must also respect
various business rules and policies.

Priority Constraints establish the relative importance of different jobs:
« Customer importance classifications that affect job sequencing
o Module value considerations where higher-value orders receive preference
o Contractual obligations that require certain jobs to take precedence
« Strategic priorities related to market penetration or product introduction

Cost-Related Constraints incorporate financial considerations into scheduling
decisions:

« Budget limitations for overtime, expediting, or outsourcing
o Cost efficiency targets that restrict certain expensive scheduling options
o Return on investment requirements for resource utilization

e Quality and Compliance Constraints ensure that schedules support quality
management:

« Inspection and testing requirements at specific production stages

o Traceability needs where certain product combinations must be avoided

o Regulatory compliance where production must follow specific protocols

o Certification requirements where certain products need special handling
Sustainability Constraints incorporate environmental considerations:

o Waste generation restrictions that affect process selection

o Carbon footprint targets that influence scheduling decisions

» Resource conservation goals that promote efficient material use
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