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Abstract - The traditional handloom industry, particularly
in heritage-rich regions such as Kanchipuram, plays a crucial
role in cultural preservation, rural livelihoods, and
economic sustainability. Despite its significance, the sector faces
persistent challenges, including production inefficiencies,
rising material costs, limited adoption of modern
technologies, and growing competition from
mechanized textile industries. This review systematically
examines the applicability of advanced optimization techniques,
including Linear Programming (LP), Integer Linear
Programming (ILP), Mixed Integer Linear Programming
(MILP), and Branch and Bound (B&B), to enhance
operational efficiency, profitability, and sustainability within
traditional handloom clusters. A comprehensive analysis of
selected studies from textiles, apparel, small and medium
enterprises (SMEs), and related industries highlights the
effectiveness of these methods in improving cost management,
resource  allocation, and production planning. The
findings indicate that LP and ILP models are effective for
small-scale production constraints , while MILP provides
robust solutions for large-scale supply chains and facility
planning. Additionally, B&B methods improve computational
efficiency for discrete manufacturing decisions. Hybrid
approaches that integrate artificial intelligence and
machine learning show promising potential for dynamic
decision-making. However, the review identifies significant
research gaps, particularly in the application of optimization
techniques to rural and heritage handloom sectors, the
integration of sustainability metrics, real-time demand
management, and cooperative-based production models. Future
research should focus on combining Al-driven forecasting with
optimization = models, developing sustainability-oriented
frameworks tailored to artisanal contexts, and
enhancing scalability for firms of different sizes. Overall,
leveraging optimization techniques offers a pathway to connect
traditional artisanal practices with modern decision-support
tools, thereby promoting economic resilience and cultural
preservation in the evolving global textile industry.

Keywords - Branch and Bound; Handloom Industry;
Integer Linear  Programming;  Mixed  Integer  Linear
Programming; Optimization Techniques; Textile Production.

I. INTRODUCTION

A. Background of the Handloom and Textile Industry

The traditional handloom industry represents one of the
oldest and most enduring textile practices globally, holding
immense cultural and economic value within rural
communities [1], [2]. Passed down through generations,
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handloom weaving continues to play a vital role in the socio-
economic structure of many developing regions. In India, the
sector provides livelihoods to millions of artisans, particularly
in heritage clusters such as Tamil Nadu, where Kanchipuram
silk sarees are globally recognized for their craftsmanship and
brand heritage [3], [4]. From a management perspective,
however, this traditional sector faces increasing challenges
including rising production costs, volatile raw material
markets, inconsistent consumer demand, and limited
integration of modern technology and supply chain systems
[5], [6]. These operational inefficiencies and market pressures
not only affect profitability and competitiveness but also
endanger the sustainability of traditional handloom clusters as
viable business ecosystems [7].

B. Importance of Optimization in Traditional and Modern
Textile Sectors

Optimization techniques have become increasingly
important for addressing production inefficiencies, supply
chain complexities, and operational bottlenecks in modern
textile industries [8], [9]. Methods such as Linear Programming
(LP), Integer Linear Programming (ILP), Mixed Integer Linear
Programming (MILP), and Branch and Bound (B&B) have
been effectively applied in production scheduling, resource
allocation, facility layout design, and sustainability-focused
operational planning [10] - [12]. These approaches
significantly enhance cost management, profit optimization,
and overall operational efficiency [13], [14]. Considering the
labour-intensive nature, limited mechanization, and demand
variability inherent to traditional handloom sectors, adopting
such optimization strategies offers a promising pathway to
improve productivity, competitiveness, and sustainable growth
[15], [16].

C. Research Objectives and Scope

This review systematically investigates the role and
applicability of optimization models—specifically LP, ILP,
MILP, and B&B in supporting strategic decision-making and
operational efficiency in the handloom industry. It evaluates
the potential for transferring these models from modern textile
and allied manufacturing contexts to traditional handloom
clusters, particularly small and medium enterprises (SMEs)
[17], [18]. Furthermore, the review identifies critical research
gaps related to sustainability, scalability, and cultural
preservation, highlighting the need for optimization
frameworks specifically tailored to heritage textile industries
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[19], [20]. The scope encompasses literature from textile
manufacturing, apparel production, bakery operations, mining,
and other SME sectors to illustrate transferable optimization
methodologies [21], [22].
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Fig. 1. Optimization Handloom Industry

D. Structure of the Review

The review is organized to systematically guide the reader
through methodology, findings, and implications. Section 2
presents the systematic methodology employed for literature
selection and analysis. Section 3 synthesizes the literature on
optimization techniques applied in textiles and related sectors.
Section 4 discusses managerial implications for traditional
handloom industries, highlighting opportunities, operational
challenges, and strategic interventions. Finally, Section 5
proposes future research directions, emphasizing sustainability
integration, Al-assisted demand forecasting, and cooperative-
based optimization frameworks.

II. METHODOLOGY OF LITERATURE REVIEW

A. Search Strategy

This study adopted a systematic literature review approach
to critically examine the application of optimization
techniques in the textile and handloom sectors, with a focus on
operational and managerial decision-making. The primary
database utilized was Dimensions Al, chosen for its
comprehensive multidisciplinary coverage and advanced
filtering capabilities [23]. To enhance the efficiency of data
extraction and synthesis, Al-assisted tools such as SciSpace,
ChatPDF, and NoteGPT.io were employed, allowing rapid
summarization and thematic categorization of relevant
publications [24].

B. Keywords and Boolean Search Strings

The search strategy incorporated targeted Boolean queries
to retrieve literature on optimization in textile management
and production planning. Key search strings included terms
such as “integer programming,” “branch and bound,” in
combination with “textile industry,” “apparel production,” and
“operations  planning”  [25].  Additional  keywords
encompassed linear programming (LP), mixed integer linear
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programming (MILP), supply chain optimization, facility
layout, demand forecasting, and resource allocation [9], [26].
This approach ensured a focused retrieval of studies relevant
to decision-making, process efficiency, and operational
optimization in both traditional and modern textile sectors.

C. Inclusion and Exclusion Criteria

Studies were included if they:

(1) addressed optimization, decision support, or
mathematical modelling in textile, apparel, or related
industrial contexts;

(2) presented empirical models, case studies, or

frameworks relevant to small and medium enterprises (SMEs)
or traditional industries; and

(3) were published between 2018 and 2025 to capture
contemporary and emerging managerial practices [19].

Exclusion criteria encompassed studies focusing
exclusively on fiber technology, chemical processing, or
product design without an optimization component, as well as
editorials or opinion pieces lacking methodological rigor [28].

D. Screening and Refinement Process

The initial search yielded over 2,000 results from
Dimensions Al. After removing duplicates and irrelevant
studies based on titles and abstracts, full-text screening was
conducted to ensure relevance to managerial decision-making
and operational optimization [15]. Structured extraction of
objectives, methodologies, findings, and identified gaps was
performed for each shortlisted paper. Ultimately, the most
pertinent studies were selected for in-depth thematic analysis,
covering optimization applications across textiles, apparel,
bakery production, mining, and related SMEs [21], [22].

Dimensions Al

Al-assisted Tools

Systematic Literature
Review

Fig. 2. Systematic Literature Review Methodology
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E. Data Analysis and Thematic Categorization

The selected literature was categorized thematically based
on key optimization and managerial methodologies, including
Linear Programming (LP), Integer Linear Programming (ILP),
Mixed Integer Linear Programming (MILP), Branch and
Bound (B&B), supply chain optimization, and hybrid models
integrating machine learning (ML) and artificial intelligence
(Al) for decision support [29]. This thematic synthesis
provided a comprehensive perspective on how these
techniques support operational efficiency, resource allocation,
and strategic decision-making, particularly within traditional
handloom and SME-based textile industries [1], [16].

III. REVIEW OF OPTIMIZATION APPLICATIONS
IN TEXTILE AND RELATED INDUSTRIES

A. Linear Programming Applications in Textile Production

Linear Programming (LP) has been widely employed in
textile and apparel industries to enhance operational
efficiency, optimize production schedules, and minimize costs.
LP models support managerial decisions by planning the
optimal allocation of limited resources, including labor, raw
materials, and machinery. Early applications demonstrated
substantial cost savings by optimizing weaving and dyeing
processes [10]. Recent studies extended LP applications to
apparel production, improving fabric utilization and
sequencing tasks for better workflow management [26].
Furthermore, LP frameworks have been adapted to integrate
sustainability objectives, enabling managers to balance
resource efficiency with environmental considerations [16].

B. Use of Integer Linear Programming and Branch and
Bound in Manufacturing Optimization

Integer Linear Programming (ILP) is particularly relevant
for scenarios requiring discrete production decisions, such as
batch sizes in textile manufacturing. Branch and Bound
(B&B) methods provide structured managerial decision-
making tools for complex production environments. For
instance, combining ILP with B&B in bakery production
improved profitability by optimizing production quantities,
demonstrating enhanced resource utilization and operational
performance [21]. In textiles, B&B algorithms have been
successfully applied to loom allocation, order scheduling, and
facility layout planning, addressing both technical and cost
constraints [9].

C. Mixed Integer Linear Programming in Production
Planning and Supply Chains

Mixed Integer Linear Programming (MILP) is widely used
for production planning and supply chain optimization in the
textile sector. MILP models can simultaneously handle
continuous and discrete variables, making them suitable for
batch planning, labor allocation, and machine scheduling. In
luxury textile production, MILP has been applied to optimize
production plans under fluctuating demand conditions [30].
Additionally, integrating MILP with cellular manufacturing
and aggregate production planning has achieved substantial
reductions in material handling costs [9], demonstrating
MILP’s effectiveness in improving operational efficiency, cost
management, and scalability.
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D. Applications in Small-Scale and SME Textile Enterprises

Optimization methods are particularly valuable for SMEs
in the textile sector, where resource limitations require careful
planning. Research highlights the need for balancing cost
efficiency with responsiveness to market demand [28]. In
traditional handloom clusters, spatial and resource
optimization supports both productivity and cultural
preservation [6]. Hybrid LP/MILP models combined with
heuristic approaches are increasingly adopted to aid
managerial decision-making under data and infrastructure
constraints typical of SMEs [19].

Fig.3. Handloom setup to weave a pure Kanchipuram silk saree

E. Case Studies in Allied Sectors: Bakery, Convection, and
Others

Optimization models developed in allied sectors provide
transferable insights for textile managers. ILP combined with
B&B in bakery production increased profitability by over
200% [21]. Similar approaches in convection and tofu
production optimized resource allocation and production
scheduling [22]. These cross-sector applications offer
methodological guidance for textile SMEs facing comparable
operational challenges.

F. Multi-Objective and Hybrid Optimization Models

Textile enterprises often face trade-offs between cost,
sustainability, and timely delivery.  Multi-objective
optimization models allow managers to balance these
competing goals simultaneously. Hybrid approaches
integrating MILP with heuristics or simulation techniques
improve computational feasibility and practical applicability
[15]. Moreover, ESG-driven decision tree models have been
embedded in optimization frameworks to integrate
sustainability metrics into operational planning, reflecting a
managerial emphasis on socially responsible decision-making
[23].

IV. COMPARATIVE SURVEY OF REVIEWED
STUDIES

A. Summary of Optimization Methods Applied

The literature demonstrates broad applications of
optimization techniques in textiles and related sectors. LP has
been a key tool for resource management and production
scheduling, helping managers reduce costs and enhance
operational efficiency [16], [26]. ILP, often solved via B&B, is
prevalent in discrete production contexts, such as bakery and
small-scale textile operations, efficiently managing integer
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constraints [9], [21]. MILP is favored in large-scale, complex
scenarios, particularly in luxury textiles and facility layout
planning, offering scalability and adaptability to fluctuating
demand [28], [30]. Hybrid models integrating heuristics, Al,
and decision trees support multi-objective trade-offs and
sustainability considerations, enhancing both managerial
decision quality and computational efficiency [15], [23].

B. Industry Segments Addressed

Optimization applications span diverse industrial segments.
Traditional handloom clusters and modern apparel units benefit
from models focused on production scheduling and resource
utilization, though handloom clusters remain relatively
underexplored [6]. Luxury textile firms utilize MILP for supply
chain management and demand variability mitigation [30].
Allied sectors such as bakery, convection, and oil & gas offer
transferable frameworks, demonstrating substantial
improvements in profitability and cost efficiency [13], [21],
[22]. The reviewed literature therefore spans both large-scale
and SME enterprises, highlighting the versatility of
optimization methods.

C. Key Performance Indicators

Profit maximization emerges as the primary KPI, with
bakery and convection sectors reporting up to 221% increases
following optimization [21], [22]. Material handling and
transportation costs have been significantly reduced, for
instance, MILP-enabled cellular manufacturing achieved a
35% reduction in handling costs [9]. Operational efficiency
metrics include reduced production time, improved machine
utilization, and enhanced scheduling accuracy [14]. More
recent studies incorporate ESG and sustainability metrics,
integrating environmental and social considerations into
decision-making frameworks [23].

Fig. 4. Pure Kanchipuram Silk Saree
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Fig. 5. Optimization in various sectors
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D. Software and Tools Used

Several software platforms are widely used to implement
optimization models in textile management. LINGO and
LINDO are preferred for large-scale MILP and ILP problems
due to their efficiency in handling complex industrial scenarios
[9], [30]. QM for Windows is suitable for smaller enterprises,
such as bakery or handloom units, offering a user-friendly
interface for simpler optimization models [21], [22]. Advanced
tasks involving multi-objective and hybrid models increasingly
employ MATLAB and GAMS, supporting integration with Al
and decision support systems, thereby enhancing managerial
decision-making and industrial adoption [15].

V. RESEARCH GAPS IDENTIFIED

A. Limitied Application in Rural and Heritage Textile
Industries

Despite widespread adoption of optimization techniques
such as Linear Programming (LP), Integer Linear
Programming (ILP), and Mixed Integer Linear Programming
(MILP) in modern textile and apparel sectors, their use in rural
and heritage handloom clusters remains minimal. Studies
focusing on regions such as Kanchipuram emphasize socio-
cultural and climatic factors but rarely integrate formal
optimization models for production planning or resource
management. This highlights a critical need for frameworks
tailored to artisanal clusters, accounting for skill dependence,
irregular demand, and fragmented supply chains [6].

B. Underexplored Focus on Silk and Handloom Cooperatives

Most optimization research targets mass-production
environments, with limited attention to cooperative structures
prevalent in silk weaving and handloom sectors. These
cooperatives play a pivotal role in sustaining rural livelihoods
but face managerial challenges in production planning, cost
control, and market access. The lack of optimization-based
decision-support tools addressing cooperative dynamics
represents a significant research gap [9], [30].

C. Minimal Use of Hybrid Optimization Models

Recent advancements demonstrate that integrating Branch
and Bound and MILP with artificial intelligence (AI) or
machine learning (ML) enhances computational efficiency and
decision-making. However, such hybrid approaches are rarely
applied in textile industries. For example, combining ILP with
Al-driven forecasting can mitigate seasonal demand variability,
while reinforcement learning could facilitate dynamic
production scheduling. Evidence from other sectors, such as oil
and gas, confirms the feasibility and potential benefits of
hybrid optimization models, suggesting textiles could similarly
gain from these innovations [13], [15].
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D. Practical Barriers and Transition Costs for SMEs

Despite the advantages of MILP-based optimization,
SMEs face practical implementation challenges. High
software costs, need for specialized training, and resistance to
organizational change hinder adoption. Transition-related
costs—such as machinery relocation, workforce retraining,
and facility redesign—are seldom considered in theoretical
models, resulting in a gap between predicted and actual
operational benefits [16], [21].

E. Insufficient Integration of Sustainability and
Environmental Metrics

Although sustainability is gaining managerial attention,
many textile optimization studies fail to incorporate
environmental and social governance (ESG) metrics, such as
carbon footprint, energy consumption, and waste reduction.
Integrating these parameters into decision-support models is
essential for aligning production planning with global
sustainability objectives and enhancing resilience to climate-
related disruptions [23].

F. Scalability Challenges Across Firm Sizes

Optimization models are often designed either for SMEs or
large-scale industrial enterprises, with limited exploration of
adaptability across diverse firm sizes. Research is needed to
determine whether MILP and hybrid frameworks can be
generalized or customized to suit varying scales from rural
cooperatives to luxury textile exporters, thus supporting wider
managerial adoption [16], [30].

VI. FUTURE RESEARCH DIRECTIONS

A. Integration of AI and Machine Learning with Optimization

A promising research avenue is the hybridization of
classical optimization techniques (ILP and MILP) with Al and
ML. This integration can improve demand forecasting, enable
adaptive real-time decision-making, and support supply chain
management under uncertainty. Although successfully applied
in other industries, Al-enhanced optimization remains
underutilized in textile and handloom sectors, where demand
patterns are highly variable [29].

B. Real-Time and Dynamic Optimization for Fluctuating
Demand

Most current models assume static demand, which does not
reflect the seasonal and volatile nature of traditional handloom
markets. Future studies should develop dynamic optimization
frameworks capable of processing real-time data, facilitating
adaptive scheduling and production planning. Stochastic
programming and adaptive scheduling methodologies offer a
strong foundation for such applications, improving operational
responsiveness and resilience [13].

C. Sustainability-Oriented Optimization in Traditional Textile
Industries
Future research should emphasize embedding ESG
criteria—such as energy efficiency, carbon footprint reduction,
and waste minimization—into optimization models for
traditional handloom clusters. While sustainability frameworks
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have been studied in industrial textiles, their adaptation to
heritage and rural contexts remains limited. Incorporating these
metrics can align production planning with global
sustainability goals while preserving socio-cultural value [23].

D. Frameworks for Rural and Heritage Handloom Clusters

Optimization frameworks need to be customized for rural
and heritage textile sectors, characterized by decentralized
production, skill wvariability, and cooperative marketing
structures. Developing tailored decision-support models can
enhance productivity, income generation, and cultural
preservation in vulnerable rural communities [6].

E. Scalability of Optimization Models Across Firm Sizes

Existing models primarily target SMEs or large-scale firms,
with limited attention to cross-scale adaptability. Future
research should explore whether MILP and hybrid frameworks
can be applied to diverse enterprise sizes, facilitating broader
adoption of optimization techniques and providing actionable
guidance for managers across contexts [16], [30]

VII. CONCLUSION

The adoption of advanced optimization techniques in the
handloom and textile industry represents a strategic
opportunity to enhance competitiveness while preserving
cultural heritage. Methods such as LP, ILP, MILP, and
heuristic approaches have demonstrated significant efficacy
across various industrial sectors, including apparel, bakery, oil
and gas, and large-scale textile manufacturing [13], [16], [21],
[30].

However, their application in rural and traditional sectors,
particularly silk weaving and heritage handloom cooperatives,
remains limited due to socio-cultural and operational
complexities [24], [31]. Current research emphasizes cost
reduction, profit maximization, and efficiency but often
neglects sustainability and cultural preservation [5], [29].

Evidence suggests that hybrid optimization approaches
integrating Al and ML can improve demand forecasting,
supply chain management, and dynamic scheduling [3], [32].
Real-time scheduling and facility layout optimization provide
practical tools for SMEs facing volatile demand, while MILP
models facilitate operational scalability for large exporters
[33], [34]. Integer programming applications in weaving mills
demonstrate flexibility in balancing technical and financial
constraints [8], [35].

Overall, optimization has transformative potential for the
handloom and textile sector, bridging traditional craftsmanship
and modern decision-support systems. Future research should
prioritize hybrid Al-driven models, real-time dynamic
optimization, and  sustainability-oriented = frameworks,
extending applications to rural and heritage industries to
promote both economic resilience and cultural preservation.
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