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Abstract

Effective vendor-buyer collaboration is a successful supply chain management (SCM) cornerstone. By working
together, both parties can achieve significant benefits. This collaboration approach fosters open communication, which
allows for better communication, improved efficiency, service levels, and reduced costs, i.e., a win-win situation.
Ultimately, this partnership strengthens the entire supply chain, increasing efficiency and profitability for vendors and
buyers. This study aims to investigate the dynamics of collaboration between supply chain partners. It focuses on a
scenario where a single vendor supplies a single product to multiple buyers through a vendor-managed inventory
(VM) and consignment stock (CS) agreement. Managing inventory and product quality is a key challenge, as the
components may be imperfect. Buyers are responsible for inspecting these items, but the process is susceptible to
misclassification. To address these issues, the research aims to develop an optimization model that incorporates costs
associated with collaboration, quality, inspection, and potential misclassification. In addition, developing a
methodology to identify the optimal solution minimizes overall costs and maximizes benefits for both vendors and
buyers. Furthermore, a numerical example is presented for tangible illustration, offering practical insights into the
benefits of partner collaboration in SCM. The findings underscore the efficacy of implementing a collaborative
approach between vendors and buyers to minimize supply chain costs. This collaborative policy necessitates a
willingness from both parties to forgo their individual cost-minimization strategies in favor of optimizing the overall
system cost through cooperation. Through this sacrifice, synergistic benefits emerge, resulting in enhanced efficiency,
reduced expenses, and improved overall performance within the supply chain ecosystem.

Keywords: Inventory Management; Collaboration Policy; Consignment Agreement; Quality Inspection; Cost
Reduction.

1. Introduction

Vendor-buyer collaboration in supply chain management (SCM) is paramount for achieving operational excellence
and sustainable growth. Organizations can streamline processes, optimize inventory levels, and enhance supply chain
efficiency by fostering close partnerships between vendors and buyers. Collaborative efforts enable real-time
communication, allowing for proactive problem-solving and quicker responses to market changes. This synergy
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promotes innovation as both parties leverage their expertise to develop or improve new products. Moreover, by sharing
information and aligning goals, vendors and buyers can mitigate risks, reduce costs, and improve the quality of
products and services delivered to end customers. Ultimately, integrating vendor-buyer collaboration cultivates a
culture of trust and transparency, driving long-term success in today's dynamic business environment. During
disasters, e.g., the COVID-19 pandemic, robust SCM is crucial for mitigating risks and minimizing costs. Strategic
measures like supplier diversification, inventory monitoring, and agile logistics networks enhance resilience (Abbasi
et al., 2023, 2024). Proactive management identifies bottlenecks and adapts quickly, reducing disruption impact.
Optimizing inventory levels and streamlining distribution channels minimizes excess costs and maximizes efficiency,
enhancing competitiveness. Investing in robust SCM strengthens organizational resilience and contributes to long-
term sustainability and success.

In SCN, incorporating vendor-managed inventory (VMI) and consignment stock (CS) is pivotal in optimizing
operational efficiency and enhancing overall performance (Alfares & Attia, 2017; Ben-Daya et al., 2013; Blackstone
& Cox, 2008). VMI allows vendors to assume responsibility for monitoring and replenishing inventory levels at the
buyer’s location based on agreed-upon criteria, such as sales data or demand forecasts, as shown in Figure 1. This
arrangement minimizes stockouts, reduces excess inventory, and fosters smoother production schedules. Similarly,
CS entails the transfer of inventory ownership to the buyer only upon consumption, thus mitigating financial risk for
the buyer while ensuring product availability, as shown in Figure 1. Both VMI and CS promote closer collaboration
between vendors and buyers, facilitating better demand forecasting, inventory management, and cost optimization. By
aligning incentives and sharing risks, these strategies enable organizations to streamline their supply chains, enhance
customer satisfaction, and gain a competitive edge in the market. Consequently, the main difference between these
two strategies is who is responsible for ordering and paying for what: in CS, the buyer is responsible, but in VMI, the
supplier is responsible (Anand et al., 2021; Giimiis et al., 2008).
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Figure 1. Definition of Vendor-managed inventory and Consignment stock policies

Venturing deeper into the intricacies of collaborative dynamics between vendor and buyers, (Ben-Daya et al., 2013)
inferred that such symbiotic partnerships yield mutual advantages for both parties, particularly in reducing setup costs,
a facet accentuated when the vendor showcases adaptable capacity. Elaborating further on this premise, (Khan et al.,
2014) introduced a meticulous quality inspection regimen within a bifurcated supply chain model, wherein
components may be subject to misclassification, such as erroneously designating a pristine item as defective.
Remedying such lapses in inspection mandates a concerted effort toward bolstering collaboration management,
refining both process and product design and fortifying personnel training within the confines of supply chain entities.
This underscores the pressing need for a perpetual evolution of collaboration mechanisms to mitigate such
discrepancies and fortify the overarching performance of the SC ecosystem.
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In supply chain management, product inspection serves as a cornerstone for ensuring the quality and reliability of
goods, safeguarding against potential defects and discrepancies that could disrupt operations or compromise customer
satisfaction (Dey et al., 2021; Dey & Seok, 2024). However, it is imperative to acknowledge the inherent risk of
inspection errors, particularly in the context of product misclassification, as they can significantly impact inventory
total cost functions. Misclassifying products can lead to erroneous inventory levels, resulting in excess or insufficient
stock, increased carrying costs, stockouts, or obsolete inventory (Khan et al., 2014; Masanta et al., 2023). Supply chain
managers must integrate accurate risk assessment models that account for potential inspection errors into their
decision-making processes to achieve optimal coordination decisions. By considering the potential costs associated
with misclassification, organizations can develop more robust inventory management strategies, such as implementing
safety stock buffers or adjusting reorder points, to mitigate the adverse effects of inspection errors and achieve greater
efficiency and resilience across the supply chain.

This research comprehensively examines a real SC scenario involving a single vendor, multiple buyers, and multiple
products. It delves into the intricate dynamics of managing inventory through VMI and CS policies, highlighting the
nuanced strategies required to optimize inventory levels and minimize total SC costs. By fostering close partnerships
and aligning objectives, vendors and buyers can enhance communication, share information, and jointly develop
strategies to improve supply chain efficiency and effectiveness. Moreover, the paper addresses the importance of
integrating the costs of misclassification consequences into decision-making processes. By acknowledging and
mitigating the impact of inspection errors on inventory management, the research offers novel insights into achieving
a minimum SC total cost through vendor-buyer collaboration. It proposes innovative approaches to optimizing
inventory levels, reducing costs associated with misclassification, and enhancing overall supply chain performance.
In conclusion, the paper’s comprehensive analysis and contributions provide valuable insights for practitioners and
researchers alike, offering a practical mathematical model for achieving efficiency and cost-effectiveness in complex
supply chain environments.

The paper is structured as follows: Section 2 discusses the current state-of-the-art literature, providing a
comprehensive overview. Section 3 elucidates the assumptions underlying the model development process, along with
the steps involved in constructing the model. Sections 4 and 5 outline the solution approach and demonstrate its
applicability through a numerical example. Lastly, Section 6 draws conclusions based on the findings and
recommendations for potential future research avenues.

2. Literature review

This section provides an overview of the latest advancements in SCM, focusing on vendor-buyer collaboration. The
literature reviewed here is categorized into three main themes: (1) models involving a single vendor and multiple
buyers; (2) collaborations between vendors and buyers, including profit-sharing arrangements; and (3) the integration
of quality control practices with SCM. Within each category, recent studies from 2010 onward are examined in
chronological order to highlight the evolving research interests in this field.

2.1. Single-vendor multiple-buyers

Under the VMI policy, which (Darwish and Odah, 2010) implemented, the vendor is responsible for charging the
ordering costs as well as surplus inventory penalties. If the vendor's inventory levels exceed the limits specified in the
contract and the SC has capacity restrictions, the vendor will be penalized. A more notable benefit for less efficient
supply chains was shown by (Rouibi and Burlat, 2010), who modeled a three-echelon SC under (s, S) inventory policy
and analyzed two VMI policies. In their model of a single-vendor multi-buyer SC, (Battini et al., 2010) accounted for
the space limitations of the buyer's warehouse and the risks of stockouts and material obsolescence.

In order to enhance SC performance, (Hoque, 2011) suggests varying the order quantity and size; in other words, using
different sizes leads to a decrease in costs. The model imposes limitations on storage and transportation space,
processing times, and minimum and maximum batch sizes. Moreover, the author presupposes that the buyer incurs
the ordering cost a single time, independent of the quantity of orders. If the seller has an infinite supply and a lower
unit holding cost than the buyers, then (Hariga et al., 2013) minimized the joint inventory costs of a mixed integer
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nonlinear program (MINLP) using an efficient heuristic. The effects of three distinct partnership policies were studied
by (Ben-Daya et al., 2013): integration with a single decision maker, VMI-CS agreements, and no coordination
agreement. Buyer cost savings under CS policy increase as ordering cost and demand variability increase, according
to (Choudhary et al., 2014). The supplier would rather have a CS policy if the setup and shipment costs are very high.
In a study conducted by (Zanoni and Jaber, 2015), the impact of buyer stock level on demand was investigated.
Furthermore, a minimum stock level and an instantaneous replenishment policy are in place to prevent shortages,
which are not permitted. It was presumed by (Hong et al., 2016) that demand is distributed uniformly and that any
shortage results in a missed sale. A VMI policy was determined to be more cost-effective than a standard individual

policy.

Time, delay without interest, and delay with interest were the three types of payment time that (Zahran et al., 2016a
and 2016b) examined in their evaluation of the impact of CS policy. A delay with interest was determined to be the
best-case scenario. According to (Lee et al., 2017), when the restoking level at the buyer's side is a decision variable,
profit increases as the buyer embraces a minimum reorder level policy. A linear relationship was assumed between
buyer-customer demand, stock level, and market price (Hemmati et al., 2017). Kumar & Uthayakumar (2019)
explored a two-echelon inventory model in an integrated lead time controllable system and developed five models to
find optimal solutions with minimum total cost. The model considered greenhouse gas (GHG) emission penalties and
taxes. Comparisons with previous models showed that the proposed model provides the minimum cost. However,
limitations include constant demand, 100% consumable production process, and single-vendor single-buyer
limitation.

Gharaei et al. (2019) presented a mathematical model that considers the buyer and vendor total cost in an SC under
penalty, green, and quality control policies and a VMI-CS agreement. The model differentiated between holding costs
for financial and nonfinancial components. The objective was to determine the optimal batch-sizing policy with a
minimum total cost in the integrated SC. An outer approximation with equality relaxation and augmented penalty
algorithm is presented, minimizing the large-scale mixed-integer nonlinear programming problem.

Poshtahani & Pasandideh (2020) proposed a bi-objective model for a two-echelon single vendor-single buyer green
SCn under VMI policy. The model aimed to minimize total cost and greenhouse gas emissions, allowing back-ordering
shortages. The model used stochastic programming and GAMS software to solve non-linear programming. Results
showed that multi-choice goal programming with utility function (MCGP-U) has better efficiency than Goal
attainment and LP-metrics, and Goal attainment has better performance than LP-metrics in terms of objective
functions, second objective functions, and CPU time criteria. However, significant differences exist between LP-
metrics, Goal attainment, and MCGP-U methods regarding CPU time. Woo et al. (2021) introduced a coordination
policy for controlling a production-inventory system in a vertically integrated SC. It relaxed the assumption of fixed
production rates and aimed to determine optimal order sizes, replenishment cycles, and production rates without
inventory shortages. The model addressed limitations in dependent replenishment cycles and ensured manufacturers
could replenish raw materials independently. The model can be extended to address location-allocations in SCs,
aiming to provide more cost-effective decisions by considering various facility types and yields.

SCM often employs both CS and VMI policies; however, VMI is associated with increased ordering frequency,
decreased shortage quantity, and decreased inventory cost (Owusu Kwateng et al., 2022). Research by (Hariga et al.,
2022, 2023) investigated how carbon cap and tax policies, as well as other CO2 regulation measures, influenced SCM
choices. They discovered that a considerably smaller carbon footprint can be accomplished with little changes to
operations, although there will be a slight increase in operational costs. The costs of reworking, disposal, holding, and
inspection were attributed to the vendor in the study by (Gharaei et al., 2023), which assumed that the vendor was
responsible for error-free product inspection. The model optimized the number and quantity of shipments using mixed
integer nonlinear programming (MINLP) and generalized bender decomposition (GBD). However the model failed to
take into account how beneficial it would be for various SC parties to work together.

Utama et al. (2024) highlighted the importance of optimizing production capacity and SC planning in the single-
vendor multi-buyer problem. The study suggested increased demand leads to shorter production cycles, requiring
vendors to adapt their strategies. It also highlighted the need for efficient shipping strategies, as higher costs lead to
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decreased JTP and longer production cycles. Additionally, the study suggested prioritizing product quality to ensure
customer satisfaction and minimize financial losses.

2.2.  Vendor-buyer collaboration and profit sharing

The authors of the relevant studies (Ben-Daya et al., 2013; Hu et al., 2014) dealt with the problem of increased costs
for vendors or buyers due to collaboration and offered solutions to that problem. In the event that the vendor's financial
situation worsens, a portion of the buyers' savings can be reinvested in the vendor through an increase in the unit price.
The collaboration cannot go forward if at least one potential customer is scared off by the proposed price hike. The
vendor is not worse off after the cooperation ends, even with a slight price increase. Just as the vendor can lower prices
to entice some buyers to accept the partnership, they can do the same if some or all of the buyers are worse off.

(Wettasinghe & Luong, 2020) devised two mathematical models to calculate the most advantageous base stock level,
delivery quantity to the retailer, and cycle length of a VMI system for an SC consisting of a single vendor and retailer.
They conducted numerical experiments and sensitivity analysis to evaluate the optimal solution under different cost
parameters. The suggested heuristic, derived based on the rate of demand, can be utilized for expansions where the
precise method is infeasible. The sensitivity analysis demonstrated that the demand rate impacts all three decision
variables, explicitly leading to changes in the system's base stock level and the quantity of deliveries made to the
retailer. To enhance the model, one should consider service centers SCs that have Poisson/compound Poisson
customer demands and inventory transshipment. The possibility of a developer and distribution platform splitting the
profits was explored by (Avinadav et al., 2022). Platforms like Google Firebase and Apple App Analytics recommend
sharing data with developers, and when developers are aware of this, the platform benefits.

Juman et al. (2023) presented an integrated multi-vendor multi-buyer production-inventory model for supplying a
single product, synchronizing production flow, and transferring batches of different sizes. The model optimized joint
inventory costs, improving performance and potentially establishing mutually beneficial relationships. The approach
used combinatorial optimization to minimize total costs for both vendors and buyers, including ordering, setup,
inventory holding, and transportation. The results showed that the integrated model outperforms single-vendor multi-
buyer systems under uniform demand. The model can be extended to synchronized production flow, limited capacities
on transportation vehicles, storage space, and variable production/demand rates. Khakbaz et al. (2024) developed a
cross-docking EOQ-based model for a retail company, considering a two-stage inventory procurement process. The
model minimized total inventory costs by analyzing holding costs at the central warehouse, retail store holding, fixed
ordering, and central warehouse holding costs. The model also allows managers to analyze key factors affecting
system costs, such as annual retailer demand, central warehouse ordering costs, retail store ordering costs, and holding
costs at each store. It can be extended to consider the returned products from the inspection process.

Ru (2024) addressed the conflict regarding the impact of VMI on retailer performance in a two-product SC. The
research incorporated consumer response to retail stockouts and explored how product substitution and consumers'
store loyalty affect VMI value. Key findings included that retailers benefit from VMI if the wholesale price is greater
than a critical value, manufacturers benefit from VMI if the wholesale price is greater than another critical value, and
retailers are more likely to benefit from VMI for higher consumer loyalty.

2.3.  Quality control procedures and inventory management in SCM

Inspection can be conducted by either the vendor or the buyer. Chiu et al. (2013a and 2013b) examined the existence
of faulty items that can be repaired on the vendor's end. Furthermore, a failure may happen during rework and be
considered a standard cycle time for multiple items. Jaber et al. (2014a) posited that sending back faulty items for
repair was impractical due to the distance between the supplier and the buyer. Jaber et al. (2014b) later posited that
the supplier is responsible for managing production, repair, and waste disposal. Two inspection scenarios are being
examined from the perspective of the vendor and the buyer. The model operates under the assumption that both new
and repaired products are of equal quality. Defective items generated during production and remanufacturing are
consequently disregarded. In 2014, Bazan and colleagues addressed imperfect production by incorporating reworking
and interrupting the production run. They applied modest setups to bring the process back to its in-control state.
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Sana (2011) implemented an unequal shipment policy among different SC echelons. Defective items are inspected
and then sent back to the previous echelon in a single shipment. (Khan et al., 2014, 2016) analyzed inspection errors
from the buyer's perspective and the learning rate from the vendor's perspective. They implemented two strategies for
handling defective items: either scrapping them or reworking them, which incurs costs for remanufacturing and
disposal. Akbarzadeh et al. (2016) later examined a scenario where the rework of faulty items is imperfect, potentially
resulting in the production of more imperfect items. Hariga et al. (2017) analyzed faulty products requiring
remanufacturing and developed a model to optimize the order quantity and shipment quantities for newly
manufactured and remanufactured components. In 2017, Giri and colleagues examined the impact of varying shipment
sizes, buyer-led inspections, and handling defective items through scrapping or repair.

Alfares & Afzal (2021) introduced an inventory model that addresses the management of imperfect quality items,
allowable shortages, and holding costs. The model hypothesized that a portion of fully matured items are of
substandard quality and must be eliminated following inspection. Shortages are authorized and placed on backorder
to minimize warehousing and inventory maintenance expenses. The model's objective was to minimize the overall
expenses associated with the inventory system, encompassing procurement, setup, replenishment, quality control,
stockouts, and storage costs. Extensions incorporate practical elements such as quantity discounts and lost sales to
modify existing assumptions.

Salas-Navarro et al. (2023) hypothesized a probabilistic demand rate for the customer and a consistent deterioration
rate for the vendor. The model takes into account various costs, including deterioration, screening, disposal, and labor.
A vendor-buyer partnership is established by exchanging information regarding sales forecasts, operating costs,
storage policies, and quality attributes. Masanta et al. (2023) studied a closed-loop SC model involving a single
producer, retailer, and collector, considering retail pricing, green innovation, and marketing efforts. They considered
an S-shaped learning curve to mitigate inspection errors and benefit both consignors and consignees. They indicated
that the learning effect has a strong influence and should be included in all repetitive processes, especially the
production, inspection, and handling of objects.

2.4.  Summary of the literature and contribution of the paper

Table 1. Summary of the relevant reviewed literature provides an overview of the pertinent literature on vendor-buyer
collaboration within SCM, encompassing studies that incorporate quality considerations and those that do not. The
table outlines key elements such as the objective function, decision variables, and solution approach. It shows the
different policies and approaches researchers have considered to deal with the difficulties of vendor-buyer
collaboration in SCM.

In summary, the proposed research aims to address a research gap by comprehensively analyzing the intricate
dynamics within a single-vendor, multiple-buyers SC environment. The study focuses on integrating VMI and CS
policies for complete collaboration, highlighting their implications for inventory management and total SC cost
optimization. Furthermore, it delves into the role of vendor-buyer collaboration in improving supply chain efficiency
and effectiveness, particularly in achieving a minimum total cost. One of the main aspects of the research is its
investigation into the impact of product inspection and the consequences of misclassification errors on inventory
management within this SC setting. By developing a mathematical model and decision-making framework, the paper
aims to provide practitioners and researchers with valuable insights into optimizing inventory levels, reducing costs
associated with misclassification, and fostering collaboration between vendors and buyers to achieve greater efficiency
and cost-effectiveness. Overall, this research seeks to fill a gap in the literature and contribute to advancing knowledge
and practices in supply chain management.
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Table 1. Summary of the relevant reviewed literature

ollaboration . nspection ective ecision olution
Paper Vendor Buyer Items Collab - Inspection Inspecti Objecti Decisi Soluti
P Y policy P error function variables | approach
. . . . Not Not Minimize .
(Hariga et al., 2013) Single Multiple | Single VMI considered | considered total cost nQT Heuristic
. . . Not Not Minimize .
(Choudhary et al., 2014) Single Single Single VMl and RMI considered | considered total cost 0,2 Analytical
. . . . Not Not Maximize -
(Zanoni & Jaber, 2015) Single Single Single VMl and CS considered | considered total profit n,Q Analytical
. . . Not Not Minimize .
(Hong et al., 2016) Multiple | Multiple | Single VMI considered | considered total cost Q, T,S,r | Heuristic
. . . Not Not Maximize .
(Zahran et al., 2016a) Single Single Single CSs considered | considered total profit n,Q Heuristic
(Alfares & Attia, 2017) Single | Multiple | Single VMl and CS | Considered | Considered 't\glg;'?(';f nT Exact
. . . . . Not Maximize
(Giri et al., 2017) Single Single Single CS Considered considered total profit n,Q Exact
. . . - Not Not Minimize
(Gharaei et al., 2019) Single Multiple | Multiple | VMl and CS considered | considered total cost n,Q OA&AP
(Kumar & Uthayakumar, . . . Not Not Minimize
2019) Single Single Single VMI considered | considered total cost nQ L GA
Minimize
(Poshtahani & . . - Not Not total cost
Pasandideh, 2020) Single Single Multiple VMI considered | considered Minimize Qs Exact
GHG
(Wettasinghe & Luong, Single Single . Not Not Minimize
2020) Single VMI considered | considered total cost QTS GA
Single Single Single . Not Minimize
(Alfares & Afzal, 2021) VMI Considered considered total cost T,s Exact
. . . Not Not Minimize -
(Woo et al., 2021) Multiple | Multiple | Multiple JC considered | considered total cost QTP Heuristic
. . . . Not Not Minimize
(Hariga et al., 2022) Single | Multiple | Single VMI considered | considered total cost nQ,z Exact
. . . - . Not Minimize
(Gharaei et al., 2023) Single Multiple | Multiple VMI Considered considered total cost n,Q Exact
(Salas-Navarro et al., . . . . Not Maximize .
2023) Multiple | Multiple | Multiple VMI Considered considered total profit T,P Analytical
- . . . Not Not Minimize
(Hariga et al., 2023) Single | Multiple | Single VMI considered | considered total cost nQ,z Exact
. . . Not Not Minimize
(Juman et al., 2023) Multiple | Multiple | Single JC considered | considered total cost n,Q Exact
. . . Not - - Maximize
(Masanta et al., 2023) Single Single Single considered Considered | Considered total profit n,Q,p Exact
. . . Not Not Not Minimize
(Khakbaz et al., 2024) Multiple | Multiple | Multiple considered considered | considered total cost T Exact
. . . Not Not Maximize
(Ru, 2024) Multiple | Single | Multiple | VMIand RMI considered | considered total profit p Exact
. . . Not Not Not Maximize
(Utama et al., 2024) Single | Multiple | Multiple considered considered | considered total profit n,m, T WOA
. . . VMI, CS, and . . Minimize
Current work Single Multiple | Single ic Considered | Considered total cost nT Exact

Abbreviations: JC: Joint Collaboration, VMI: Vendor-Managed Inventory, RMI
Stock, Q: order quantity, T: replenishment cycle length, n: number of orders, L: lead time, S: safety stock, r: reorder point, P:
production rate, m: number of raw material orders, p: price, z: overstock quantity, s: out-of-stock (shortage) quantity, o: order or
not (binary), GHG: greenhouse gasses, GA: Genetic Algorithm, WOA: Whale Optimization Algorithm, OA&AP: outer
approximation and augmented penalty algorithm.

3. Model development

: Retailer-Managed Inventory, CS: Consignment

This section describes the steps to formulate the mathematical model and the suggested optimization procedure. Table
1 summarizes the key notations used throughout this paper. It includes definitions for sets and indices, primary and
dependent decision variables, and various buyer, vendor, and inspection parameters.
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Table 1. Model notations

Sets/Indices

N | set of buyers, denoted by index i

Decision variables

Primary variables

n | number of orders from the vendor to buyer i, assumed to be equal

T | replenishment cycle length

Dependent variables

t | time to produce one order = Q/P

gi | order quantity to buyer i

Q | total orders quantity to all buyers = YN, g;

TCy | total cost for vendor per unit of time

TC; | total cost for buyer i per unit of time

TC | total cost for the supply chain per unit of time

Parameters

Buyer parameters

Kopi | cost of placing an order at buyer i ($/order)

Kori | cost of receiving an order at buyer i ($/order)

hwei | cost of tied-up inventory at buyer i charged by the vendor ($/unit/unit time)

hesi | cost of physical storage at buyer i ($/unit/unit time)

di | demand at buyer i (units/unit time)

D | total demand of buyers = YN, d; (units/unit time)

Vendor parameters

Kvs | cost of setup at the vendor ($/order)

Kuwi | cost of order release at the vendor to buyer i ($/order)

hy | cost of holding one unit at the vendor ($/unit/unit time)

P | production rate of the vendor (units/unit time)

Inspection parameters

e1 | probability of type I error, i.e., a non-defective item being classified as defective

e» | probability of type Il error, i.e., a defective item being classified as non-defective

Cra | cost of falsely accepting a defective item

crr | cost of falsely rejecting a non-defective item

. _________________________________________________________________________________________________|
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Table 2. Model notations (Continued)

Cer | cost of correctly rejecting a defective item
p | percentage of defective supplied by the vendor

pe | percentage of rejected items, either correctly or falsely rejected
Ir | buyer's inspection rate (units /unit time)

tsi | inspection time of buyer i (time/order) = qi/l;

3.1. Model assumptions

The primary assumptions are presented to enhance convenience. Many of these assumptions are commonly found in
the literature. Additional assumptions have been incorporated to formulate a more accurate and realistic model that
reflects real-life scenarios.

1.

N

No ok~ w

10.

11.

12.

13.

The vendor charges the costs of setup and release of orders and holding (Ben-Daya et al., 2013).

Under the consignment policy, the vendor is responsible for placing an order and tying up inventory costs
(Ben-Daya et al., 2013).

The buyers charge the costs of receiving an order and physical storage (Ben-Daya et al., 2013).

The vendor produces each cycle nQ units continuously throughout the first nt time units.

The vendor's production rate exceeds the combined demand from all buyers; P > D.

Buyers receive the same number of orders, n, during each cycle.

A buyer receives equal-size orders. However, different buyers receive orders of different sizes based on their
demand rates, where the gi/d; ratio is the same for all buyers.

A buyer receives an order, and then this cycle is repeated until all orders are fulfilled, i.e., a cyclic shipping
plan.

Buyers have an equal inspection rate, which is higher than the demand rate of any buyer; | > d;, Vi.

Buyers inspect all received items and consume only the accepted ones. While falsely accepted items are used
to produce low-value items.

At the end of the inspection process, the items buyers reject are disposed of collectively (Khan et al., 2014;
Salameh & Jaber, 2000).

The inspection process is subjected to classification errors. Type | error, in which the non-defective item can
be classified as defective, and Type Il error, in which the defective item can be classified as non-defective,
are shown in Table 2.

The percentage of defective items and the probabilities of type I and type Il errors are fixed constants that
represent the expected values of random variables with probability density functions f(p), f(e1), and f(ey),
respectively, (Khan et al., 2011).

Table 2. Item classification after the inspection activity

Item classification after inspection
Non-defective Defective
. : )1 (1-p)(e1)
Non-defective (1-p)(1-e1) Falsely rejected
(1-p) Correctly accepted
Type | error
Item true
classification 0)e2)
. 2
Fo | Flyeceed | o DU
Type Il error
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3.2. Inventory modeling

The stocking procedure commences with the initial order, gz, dispatched by the vendor to the first buyer. Subsequently,
the vendor sends the first order, gz, to the second buyer, as illustrated in Figure 2. This sequential process continues
until all buyers receive their initial orders from the vendor. Subsequently, after a time period has elapsed, t, buyers
receive the second order before depleting the first one. This results in the buyers' inventory buildup, consequently
increasing holding costs. However, it is noteworthy that the vendor bears the burden of the buyers' inventory costs
under the consignment policy partnership. Initially, upon receiving an order, the buyer's inventory stands at I,. After
that, the processes of consumption and inspection commence at rates d; and I, respectively, resulting in a decline in
inventory levels, as depicted in Figure 2. The inspection process eliminates defective items, while the consumption
process satisfies the demand for non-defective ones. The inventory level at the end of the cycle reaches 14 prior to the
receipt of the subsequent order.

Due to potential inspection inaccuracies by buyers, where both accepted and rejected items might be either defective
or non-defective, the effective proportion of rejected items, denoted as pe, encompasses both correctly rejected items,
calculated as p(1 — e2), and falsely rejected items, represented by (1 — p)es, as shown in Eq. (1). Consequently, the
fulfillment of an order, g;, only consumes qi(1 — p.) accepted units. Moreover, over a cycle T, the number of utilized
accepted items, expressed as ngi(1 — pe), must meet the demand for buyer i, Td;, as illustrated in Eq. (2). Eq. (3)
mathematically signifies the required time to produce an order for all buyers.

Pe = P(1-e3) + (1-pe; (1)
_nq(1-=p,) nQ(1-p,)
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Figure 2. Inventory profile for 1 vendor-2 buyers collaboration
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Referring to Figure 2, the average inventory of the vendor, £, is calculated using the total area of the triangles, where
the height corresponds to gi and the base to qi/P. Therefore, the total n triangular areas for each of the N buyers are
divided by the cycle time T, so it can be formulated mathematically as follows:

N

- T
L, = mz df 4)

i=1

Contrarily, referring to Figure 2, the average inventory of a buyer equals the sum of the areas under the inventory
profile divided by the cycle time, Eg. (5). The area is n pairs of trapezoids, Area 1 and Area 2, and at the end of the
cycle, one triangle, TRI. After formulating the area and performing simplification, the mathematical expression in (6)
can be used for the average inventory of a buyer.

n

- 1
Ip; = T Z Areal;; + Area 2;; | + Area 3; (5)

j=1
_ le 2Ppedl
.= 6
b= 2Pn(1 — p,)? [“ I, ] ©)
a = (1-pe)[D +n(P—Pp,—D)] ()

where i is the buyer number, and j is the order number in the cycle
3.3.  Mathematical model

The vendor is in charge of determining both the timing and the quantity for each order, which results in the seven
components of the vendor's total cost, as shown in Eq. (8). The first three components primarily encompass the
vendor's setup cost, Kys, shipment release cost, Kyri, and holding cost, hyZ,. Conversely, within the framework of the
consignment policy, the subsequent fourth and fifth components incorporate the buyers' ordering costs, nKypi, and
holding costs, hneilhi. Ultimately, the final two components encapsulate the expenses attributed to rejected items,
encompassing false and correct rejections.

2Pp d-]
N . el
Kvs + TlZIiV=1 eri nZIiV=1 Kbpi Zi:l hbmdl [(X + Ir

N
T
_ 2 8
T6m 1) = T " opn pe)ZZ dit—7 2Pn(1 — p,)?
i=

4 crD(1 —pleg 4 cerDp(1 —ey)
1- Pe 1- Pe

For each buyer, i, there are three cost components, Eq. (9): (1) cost of receiving orders, n Ky, (2) holding cost: the
cost of physical storage per unit, hysi, times the average inventory level,I,;, and (3) cost of false acceptance of defective
items: the cost of false acceptance per unit, cs,, times the expected number of falsely accepted units. Adding up the
costs of the vendor and all buyers, Egs.

(8) and (9), the total cost for the supply chain system is expressed mathematically in Eq.

(10).
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nKbri hbsidi [ 2Ppedi] Cfapezdi
TCy;(n,T) = 9
e T Bl L 1—p, ©9)
TC(T) = Kys + nZ?’ﬂ(Kv]rj + Kpp; + Kbri) + D[Cfr(l —ple; +1ccrp(1 —ey) + Cfapez] )
op — Pe
hy Yoy df + XN (hpor + hps)d; [05 + Irpe di]
T
* 2Pn(1 —p,)?

4. Solution approach
For a given n, the total cost expressed in Eq.

(10) is convex regarding the cycle time, T, as its second partial derivative with respect to T is positive for all T > 0.
Consequently, the optimum cycle time, T, in Eqg. (11) is obtained by taking the partial derivative of Eq.

(10) with respect to the cycle time, T, and equating it to zero. Then, Eq.

(12) is derived by substituting the value of T into Eq.

(10).
_ 2Pn(1 - pe)z[Kvs + nZﬁil(eri + Kbpi + Kbri)] (11)
- 2P
h,, Ziv=1 di2 + Z?:l(hboi + hbsi)di [0( + Sfe di]
D[Cfr(l - P)e1 + Ccrp(l - ez) + CfapeZ]
T T) =
C(n,T) T—p, (12)
2P
2[Kys + n XL (Kpri + Kppi + Kpr)] (hv YL di + X (hpoi + hpsi)d; [Of + Irpe diD
¥ Pn(l—p,)’
In Eq.

(12), the term under the square root should be minimized to minimize the total cost. This can be achieved by applying
the first difference approach, by setting Term (n) < Term(n+1) and Term (n) < Term(n-1), deleting redundant terms,
and combining similar terms. Then, by getting the positive roots of the quadratic function, Eq. (13) expresses the
optimum number of cycles.

2P
1+ 4'Kvs [hv Z?I:l dzz + Z?Izl(hboi + hbsi)di (D - Dpe + ]pe dl)]

r
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(13)
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In summary, the following steps are used to optimize the decision variables and to achieve the minimum total cost:
Step 1: Determine the number of cycles, n, using Eq. (13)
If nis an integer, go to step 2
else, n is not integer, round it to the nearest lower integer Ln_ and higher integer [n .
Step 2: Compute the total cost, TC (n, T), for the values of n using Eq.

(12).
Step 3: Choose the n value that yields the minimum total cost.
Step 4: Calculate the optimum cycle length, T, by substituting the optimum number of cycles, n, into Eq. (11).

5. A numerical example and sensitivity analysis

A numerical example is provided herein to elucidate the managerial implications of the model under consideration.
The dataset pertains to a supply chain configuration featuring a single vendor and two buyers, drawn from prior studies
and detailed in Table 3 (Ben-Daya et al., 2013; Khan et al., 2016). This empirical demonstration underscores the
proposed framework's practical applicability and managerial insights.

Initially, the expected values of the inspection errors and percentage of defective items based on the given uniform
distributions are (p = 0.02, e1 = 0.02, e, = 0.02). Then, computing the number of shipments using Eq. (13), n = 2.361,
and substituting both [ n|=2 and[n]= 3 into Eq.

(12), the minimum total cost TC = 7,511.59 is associated with n = 2 and T = 0.429, as shown in Table 4.

Table 3. Numerical example data

P = 3200 units/year Kpop1 = $15 /shipment r = 175,200 units/year

D = 1500 units/year Kbp2 = $50 /shipment f(e1) = U(0, 0.04)

d1 = 500 units/year Kor1 = $10 /shipment f(e2) = U(0, 0.04)

d2 = 1000 units/year Korz = $25 /shipment f(p) = U(0, 0.04)

hbo1 = $2.5 /unit/year hv = $4 /unit/year Cer = $100 /unit

hboz = $2 /unit/year Kur1 = $0 /shipment crr = $50 Junit

hbst = $2.5 /unit/year Kur2 = $0 /shipment cra = $200 /unit

hbs2 = $3 /unit/year Kus = $400 /setup

Table 4. Solutions for vendor-buyer collaboration

n t T q1 q2 TC, TCy1 TCy, TC
1 0.161 0.33 172 343 6,815.17 278.1 654 7,747.25
2 0.105 0.429 112 223 6,534.01 291 686.6 7,511.59
3 0.081 0.499 87 173 6,470.47 312.2 738.6 7,521.27
4 0.068 0.556 72 145 6,467.79 333.9 791.9 7,593.60

This section conducts a sensitivity analysis to garner managerial insights and implications concerning the comparative
efficacy of vendor-buyer collaboration versus individualistic approaches. The cost functions govern strategic
interactions between parties in the supply chain (SC), Egs.

(8) and (9), are minimized using methods similar to those used to find the minimum total costs when parties
collaborate, which can be seen in Table 5, Table 6, and Table 7. The findings underscore that a collaborative strategy
between vendors and buyers yields the most advantageous outcome, culminating in a minimized SC cost of $7,511.59.
However, embracing such a collaborative stance necessitates a degree of sacrifice from the involved parties, requiring
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them to forgo the pursuit of individual cost minimization in favor of optimizing the system's overall cost efficiency
through collaboration.

Furthermore, this collaborative paradigm incurs adjustments in the minimum costs incurred by individual entities
within the SC. Specifically, the vendor's minimum cost experiences a marginal increase of 2.1%, ascending from
$6,400.79 to $6,534.01. Similarly, the cost for Buyer 1 witnesses a substantial escalation of 46%, rising from $199.77
to $291.03, while Buyer 2 encounters a parallel increase of 46%, surging from $470.66 to $686.55. These insights
illuminate the dynamic interplay between collaborative strategies and individual cost optimization within the SC,
underscoring the nuanced trade-offs inherent in pursuing collaborative efficiencies.

Table 5. Solutions if the vendor has chosen to work individually

n t T q1 q, TCU TCbl TCbZ TC

1 0.212 0.434 226 451 6,734.17 335.8 791.8 7,861.80

2 0.138 0.566 147 295 6,461.39 344.6 814.1 7,620.12

3 0.107 0.657 114 228 6,401.42 364.4 862.5 7,628.26

4 0.089 0.729 95 190 6,400.79 385.4 913.9 7,700.11
Table 6. Solutions if buyer 1 has chosen to work individually

n t T q1 q2 TC, TCp1 TCy, TC

1 0.062 0.126 66 132 8,579.16 199.8 470.7 8,976.59

2 0.05 0.206 54 107 7,506.18 236.1 559.7 7,976.99

3 0.043 0.267 46 93 7,188.62 266.6 634.5 7,696.05

4 0.039 0.318 41 83 7,062.08 2935 700.3 7,628.89
Table 7. Solutions if buyer 2 has chosen to work individually

n t T q1 q2 TC, TCp1 TCy, TC

1 0.063 0.129 67 134 8,511.72 199.8 470.7 9,059.86

2 0.051 0.21 55 109 7,461.31 236.1 559.6 8,032.91

3 0.044 0.272 47 94 7,151.23 266.7 634.4 7,816.72

4 0.04 0.324 42 84 7,028.32 293.5 700.1 7,768.73

The managerial implications of the contrast between vendor-buyer collaboration and individualistic approaches in the
context of SCM are significant, such as the following key considerations:

1.

Collaborative strategy benefits: The findings suggest that a collaborative strategy between vendors and
buyers leads to the most advantageous outcomes, notably minimizing SC costs. Managers need to recognize
the potential benefits of collaboration, such as reduced costs, improved efficiency, and enhanced
responsiveness to market changes.

System optimization vs. Individual optimization: Embracing collaboration necessitates a shift in mindset
from individual cost minimization to optimizing the system’s overall efficiency. Managers should understand
that while individual entities may incur higher costs initially, the collective benefits outweigh these individual
sacrifices. This entails a strategic realignment of organizational goals towards broader SC objectives.
Sacrifice and commitment: Implementing a collaborative approach demands sacrifice and commitment
from both vendors and buyers. Managers must foster a culture of trust, transparency, and mutual benefits to
encourage cooperation among SC partners. This may involve renegotiating contracts, sharing information,
and aligning incentives to incentivize collaborative behaviors.

Cost adjustments: Managers must anticipate and manage the minimum cost adjustments incurred by
individual entities within the supply chain. It is crucial to consider the overall cost savings achieved through
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collaboration, even though some parties may experience marginal cost increases. Strategies such as process
optimization and inventory management can help mitigate any adverse effects on individual costs.

5. Performance measurement: Establishing metrics and performance indicators is crucial for evaluating the
effectiveness of collaborative efforts. Managers should track the key performance indicators (KPIs) related
to cost savings, lead times, inventory levels, and customer satisfaction to gauge the success of collaboration
initiatives. Regular performance reviews and feedback mechanisms can help identify the areas for
improvement and drive continuous optimization.

In summary, the managerial implications of vendor-buyer collaboration versus individualistic approaches in supply
chain management underscore the importance of fostering collaborative relationships, embracing system-wide
optimization, and proactively managing costs and risks. Organizations can enhance their competitive advantage and
adaptability in an increasingly complex and dynamic business environment by prioritizing collaboration and adopting
a holistic approach to SCM.

6. Conclusion

This study investigated supply chain management (SCM) within the context of collaborative endeavors between
buyers and vendors and the implementation of item inspection protocols on the buyer’s end. When viewed in this
light, the SC system incorporates a single vendor and multiple buyers operating within inventory partnership policies.
This research paper has investigated various aspects of SCM, specifically emphasizing vendor-buyer collaboration,
vendor-managed inventory, consignment stock policy, and inspection practices. The analysis considered two
significant errors that occur during the inspection process: the acceptance of a defective unit and the rejection of a unit
that was not defective. In order to investigate the complexities of managing these interrelated components, a
mathematical model and optimization procedure were developed. This procedure aimed to find the optimal number
of shipments and cycle length by reducing the total costs. In addition, a numerical example is provided to shed light
on the procedural complexities of the solution method and highlight the primary benefits resulting from the
collaboration between the buyer and the vendors. It has been observed that inspection errors significantly influence
the total costs incurred by the SC parties, with the costs of the vendor being especially susceptible to fluctuations of
this kind. It is important to note that the findings highlight the viability of a collaborative policy in order to achieve
the lowest possible SC cost. Nevertheless, implementing such a policy calls for the involved parties to abandon their
efforts to minimize their individual costs in favor of maximizing the efficiency of the system as a whole through the
utilization of collaborative efforts. Future research endeavors must address the primary limitations inherent in the
assumptions used in the current study. Therefore, these may include, but are not limited to, considerations pertaining
to the size, quantity, and sequencing of shipments, thereby paving the way for more robust and comprehensive
investigations in this domain.
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