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Optimizing a Single-Vendor Multi-Purchaser 
for Multi-Item Fuzzy Inventory System along 
Lead Time with Carbon Emission Cost
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Abstract

Multi-item investigation with a multi-purchaser inventory 
system exposes remarkable perceptions of improved demand 
enhancement in overall income and manufacturing time 

objective seems to be inaccurate. As the development of fuzzy 

problems and doubtful earnings with some indecision. The 
model is solved by means of graded mean integration technique 
with the addition of Kuhn-Tucker method when the fuzzy 
equivalent of the problem remains available. An algorithm is 
established to attain each item’s optimal order quantity for each 
purchaser and the minimum integrated total cost for a whole 

purchaser inventory system is completed utilizing mathematical 

suggested system.

Keywords: 

Tucker conditions.

1. Introduction
The dual-level single vendor multi-purchaser inventory system for multi-
item is a thought-provoking zone and is suitable for several tangible 
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circumstances in the supply chain management. Learning in a dual-level 
inventory system has been stretched to the multi-purchaser procedure. 
The organisational procedure and synchronization in creation stream are 

Many investigation shortcomings have been recognized according 
to the prevailing literature explanation. These unique shortcomings lie in 
the inadequate consideration of supply sequence concerning more than a 

purchaser inventory types containing single-seller and single-purchaser. 

level eminence enhancement by combining the well-regulated lead time. 

multi-item stream series in which every purchaser and every seller is bound 
by stockroom restrictions in collection of things.

lead time compared to previous inventory problems. Evaluation of choice 

a single-seller multi-customer stream chain system with several goods. 
The requirement of this stream sequence for every object is stochastic 

procedures. This investigation deliberates purchaser demands as a normal 

assessing deterministic and stochastic result methodologies. Esmaeili and 

objects in a single dealer and multi-vendor supply chain. The dealer offers 
the vendors trade credit. Dual situations considered the variations in 

Markovian situations. The correlation between the dealer and the vendors is 
demonstrated as a Stackelberg – game.  

from a single producer and various sellers. The decentralized model is 

developed a combined two-echelon supply chain inventory system with a 
single producer and multi-vendors in which every vendor’s demand is reliant 
on vending charge of the item. The industrialized system is demonstrated 
through the support of numerical examples utilizing a stochastic search 
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addressed the single-vendor multi-buyer model by integrating manifold 
raw resources and quality deprivation to maximize combined total revenue. 

experimental statistics resulting from an agri-nutrition business site learning 

The ordering cost decreases inventory system by manageable principal 
period and a facility range restriction stayed established in Annadurai [1]. 

with ordering charge decrease reliant on lead time happening in fuzzy 
situation by hiring trapezoidal fuzzy quantity. Vithyadevi and Annadurai 

decision variables by implementing a pentagonal fuzzy quantity. Multiple 
item inventory representation through stock-related claim is established in 
a fuzzy atmosphere. Articles are getting worse at a stable rate and retailed 
through various exits in the town under an individual organization presented 

seller–purchaser supply sequence type on behalf of backorder amount 

carbon discharge rate. 

organization with worsening and defective feature matters allowing for 

calculation processes through consuming alpha-cut processes. Fuzzy model 
for declining inventory articles using time changing demand and shortages 

The current situation stagnates due to the absence of maximum 
consideration of the scenario of multiple purchasers entangled in the 

missed the position of controlling several items in the manufacturing 
process and allowing multiple retailers to have access to these supplies. 
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examines the possibility of overloading the processes involved in single-

process such as fuzzy numbers. This study aims to improve a single-vendor 

vendor with multi-purchaser inventory type.

concentrated on the decreased combined whole price through assuming 
logarithmic and linear ordering charges the reduction of which is reliant on 

sequence type comprising a single seller and single producer which is 
inspected for commercial feasibility. A defective multiple level business 
procedure is measured at this point through a probabilistic worsening article.

algorithm for the purpose of optimizing the integrated total cost for the 

designed fuzzy inventory system and an algorithm framed towards 

illustrations and then graphical demonstrations are obtainable towards 

the conclusion.

2. Notations and Assumptions 
The succeeding notations are presented in this inventory system. 

2.1. Notations 
For the purchasers q V and items i U are used to build 
the system. 

Qiq —  Order quantity for i— th item of the q

Liq — Lead time span for i —th item of the q

Aiq — Ordering cost for i—th item of q—th purchaser per 

miq— Lots quantity for i
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the vendor to the in q— 

Diq— Average demand for i—th item of per unit time on the q

Piq— Manufacturing rate for i— th item in q— th purchaser of the seller 

Siq—Vendor’s setup cost for i—th item of q

Cviq — Production cost for i—th item of q—th purchaser funded through 
vendor 

Cbiq—Purchasing cost for i—th item of q—th purchaser funded by the 

riq—Yearly inventory holding cost for i—th item for q—th purchaser in which 

Riq — Reorder point for i—th item of the q

VECviq — i—th item of q—th 

FECviq — Vendor’s stable carbon emission cost for i—th item of q—th 

FTCviq—Vendor’s stable transportation cost for i—th item of q

VTCviq i—th item of q—th 

ITCMIB

 

2.2. Assumptions 
1. The coordination comprises single-vendor with multiple purchasers 

aimed at a multi-item inventory system.

The demand between the purchasers is self-determining over time.

q—th purchaser for i—th item orders a lot of size Qiq and the vendor 
manufactures miq Qiq with a limited manufacture ratio Piq(

Qiq is transported to the purchaser over miq 
times. The vendor sustains a set up cost Siq for each manufacture run and 
the purchaser sustains an ordering cost Aiq for every order of quantity 
Qiq.

i—th item for q—th purchaser Xiq
time Liq follows a normal distribution with mean µiqLiq and standard 

deviation .
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Riq, the purchaser needs to order the items.

period and safety stock. The reorder point Riq = expected demand for the 
period of lead time for i—th item along q
Riq = Diq Liq + kiq iq Liq where kiq is the safety factor.

Liq for all items is similar and it involves niq mutually 
independent modules. The z—th module has a normal duration biqz  least period aiqz ciqz ciqz is 
organized as ciq1 < ciq  < ciq < ....< ciqn.

Let 
 

and Liqz be the span of lead time using 

zip Liqz 
can be expressed as 

R(Liqz) is given as 

 

rotation. The association is among crashing cost and lead time. 

Liqz attends condensed ordering cost Aiq and Aiq 

is resolutely the concave function of Liqz Aiq'(Liqz  and Aiq"(Liqz .

mandatory to fully shift towards the purchaser after reduced lead time.  

3. Mathematical system
A single-vendor with multi-purchaser for multi-item along lead time with 
carbon emission cost inventory system is designed in crisp and fuzzy 
scenario.

3.1. Crisp Multi-item with Multi-purchaser Inventory System

Integrated total cost of multi-item with multi-purchaser (ITCMIB)

ntegrated total cost per unit time is derived for multi-item with multi-
purchaser designed here and summated for succeeding components.
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Ordering cost for i—th item of q—th purchaser per unit time =  = 

Buyer’s holding cost for i—th item of q—th purchaser per unit time

Lead time crashing cost for i—th item of q—th purchaser per unit time

Vendor setup cost for i—th item of q—th purchaser per year

Siq, 

Vendor’s average inventory cost for i—th item of q—th purchaser

So the vendor’s holding cost for i—th item of q—th purchaser per unit time

Vendor annual transportation cost for i—th item of q—th purchaser 
=miq(FTCviq+VTCviq

Annual carbon emission cost for i—th item of q—th purchaser

=miqFECviq+QiVECviq .      

cost per unit time for i—th item of q—th purchaser is a collection of above 
mentioned costs expressed as

.
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The crisp integrated total cost of q—th purchaser for all U items is represented 

by ITCMIBq  (Qi, Li, mi for q V and the 

crisp integrated total cost of the whole system is 

miq, Liq and the integrated total cost for i—th item 
of q—th purchaser is ITCMIBiq (Qiq, Liq, miq , then optimal order quantity Qiq 
obtained while integrated total cost ITCMIBiq (Qiq, Liq, miq
order to obtain minimization of ITCMIBiq (Qiq, Liq, miq
ITCMIBiq (Qiq, Liq, miq Qiq

For a static miq and Liq the integrated total cost for i—th item of q—th 
purchaser ITCMIBiq (Qiq, Liq, miq  

Qiq
ITCMIBiq (Qiq, 

Liq, miq ITCMIBiq (Qiq, Liq, miq
to Qiq are used to obtain

ITCMIBiq (Qiq, Liq, miq Qiq for a static miq and Liq. As a 
Qiq* decrease so that a local minimum is obtained. 

Qiq*
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3.1.1. Algorithm for Crisp Inventory Systems
The subsequent algorithm is used for the determination of each item’s optimal 
order quantity for every purchaser and then the minimum integrated total 
cost for crisp system is found. 

Algorithm: 1
Step 1: Fix the iteration p = 1.

Step 2: Each Liqw  miqw, w tiq determine Qiq for all i q = 
V ITCMIBiq (Qiq, Liqw, miqw

Step 3: Set ITCMIBq (Qiq
(p)

 , Liq 
(p), miq 

(p)  ITCMIBq (Qiq, Liqw, miqw

(Qiq
(p)

 , Liq 
(p), miq 

(p) p.

Step 4: ITCMIB(Qiq
(p)

 , Liq 
(p), miq 

(p)  ITCMIBq (Qiq
(p)

 , Liq 
(p), miq 

(p)

the integrated total cost for stable assessment of p.

Step 5: Replace p + 1 instead of p ITCMIB (Qiq
(p), 

Liq 
(p), miq 

(p), p

Step 6: ITCMIB (Qiq
(p), Liq 

(p), miq 
(p), p ITCMIB (Qiq

(p—1), Liq 
(p—1), miq 

(p—1), p—1
 

Step 7: Set (Qiq*, Liq*, miq*, p* Qiq
(p—1), Liq 

(p—1), miq 
(p—1), p—1 Qiq*, Liq*, 

miq*, p*

3.2. Fuzzy Multi-item with Multi-purchaser Inventory System
The fuzzy-integrated total cost for multi-item with multi-purchaser in a 
two-level inventory system constructed on the graded mean integration 
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3.2.1. Pentagonal Fuzzy Number by Graded Mean Integration 
Technique 

ã = 1

3.2.2. Integrated Total Cost for Fuzzy Multi-item with Multi-
purchaser Inventory System 

 and  are fuzzy parameters. 

brings together fuzzy order quantity  to be a pentagonal fuzzy number 

 with constraint Qiq1 Qiq Qiq Qiq Qiq

The fuzzy integrated total cost for multi-item of q

where  and  are the fuzzy arithmetical operatives under function 
principle.

Fuzzy integrated total cost for each item of every purchaser 
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The integrated total cost of q—

 for q V and the 

fuzzy integrated total cost of the whole system is 
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Qiq1 Qiq2 Qiq3 Qiq4 Qiq5.  in this 

way determine for the integrated total cost per unit as the fuzzy situation. 

Qiq1 Qiq2 Qiq3 Qiq4 Qiq5 with Qiq2—Qiq1 

Qiq3—Qiq2 Qiq4—Qiq3 , Qiq5—Qiq4 , and Qiq1 >

the same.

to get Qiq1, Qiq2, Qiq3,Qiq4, and Qiq5,to minimize  in 

An optimal solution of  is found by applying 

imposed conditions. The conditions are as follows iq , 

These conditions shorten as
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As Qiq1  
and iq5Qiq1 iq5 iq1 iq2 iq3 iq4 = 0, then Qiq5<Qiq4<Qiq3 

< Qiq2<Qiq1, <Qiq1  Qiq2 Qiq3 Qiq4 Qiq5. 

Qiq1 = Qiq2, Qiq2 = Qiq3, Qiq3 = Qiq4, Qiq4 = Qiq5, that is Qiq1 = Qiq2 = Qiq3 = 

Qiq4 = Qiq5 = . i—th item for q—

purchaser optimal order quantity is obtained as follows

The optimum fuzzy integrated total cost for each item 
 

is 

3.2.3. Algorithm for Fuzzy Inventory System
Multi-item multi-purchaser’s order quantities are calculated using the 
subsequent algorithm to determine each item’s optimal order quantity for 

is found. 

Algorithm: 2
Step 1: Fix the iteration p = 1.

Step 2: Each Liqw,miqw, w = 0,1,2,...tiq 
determine for all i U, q V 

 

Step 3: Set 

and a p.

Step 4:

integrated total cost for stable assessment of p.
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Step 5: Replace p+1 instead of p

Step 6:  then 

Step 7: Set  and  
is the optimum result of the fuzzy system.

4. Numerical Examples

with multi-purchaser inventory system is recognised. The results to these 
examples are achieved through Mat lab software. The suggested fuzzy 
multi-item with multi-purchaser inventory system can be used in businesses 

The projected integrated multi-item with multi-purchaser inventory system 
is extra effective aimed at the supply chain business progression of vendor-
purchaser administration.

Example. 1 

Multi-item with Multi-purchaser Crisp Inventory System 
The results demonstrate crisp model with initial inputs taken from (Pan and 

The remaining input is made-up related to the problem. 

Let us consider the integrated multi-item with multi-purchaser inventory 
system for four items and four purchasers. That is U = V =
parameters are FECviq =

 
FTCviq

entire i= q=

supposed to have same lead time for the q— Li1 is the lead 

mi1 =3
purchaser is Li1=3 R(Li1)=
order quantities be (Q11,Q21,Q31,Q41

.
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the shipment is mi1 =4 lead time Li1 =4 R(Li1) =18.2
resultant optimal order quantities be (Q11,Q21,Q31,Q41

mi1 =5 lead time Li1 =6 
cost is R(Li1) =1.4, mi1 =5, Li1 =8 R(Li1) =0, the optimal 
order quantities and integrated total costs are (Q11,Q21,Q31,Q41

Q11,Q21,Q31,Q41

Table 1:

i Piq Cviq Cbiq riq Siq VTCviq VECviq Aiq

1

Table 2: Demand of i—th item for the q—th purchaser

Diq q=1 q q q

i=1
i
i
i

Table 3: 

Purchaser q iq kiq

1

Table 4: Summarized lead time and shipment data

Purchaser q (Liq, R (Liq ,miq)
p = 1

(Liq, R (Liq ,miq)
p 

(Liq, R (Liq ,miq)
p 

(Liq, R (Liq ,miq)
p 

q = 1

q = 
q = 
q = 

ITCMIB1= 
ITCMIB1

ITCMIB2 ITCMIB3 ITCMIB4= 
ITCMIB= 
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ITCMIB
crisp minimum integrated total cost of the system. For the lead time Liq 

the minimum integrated total cost for each purchaser is (ITCMIB1 ITCMIB2
ITCMIB3 ITCMIB4

Example. 2 

Multi-item with Multi-purchaser Fuzzy Inventory System 

Table 5: q— th purchaser data for all items
i= 

Piq

Piq1 Piq2 Piq3
Piq4 Piq5

Cviq

Cviq1 Cviq2 Cviq3
Cviq4 Cviq5

Cbiq

Cbiq1 Cbiq2
Cbiq3 Cbiq4 Cbiq5 = 

riq

riq1 riq2 riq3
riq4 riq5

Siq

Siq1 Siq2 Siq3
Siq4 Siq5

VTCviq

VTCviq1 VTCviq2
VTCviq3 VTCviq4
VTCviq5

VECviq

VECviq1 VECviq2
VECviq3 VECviq4
VECviq5

Aiq

Aiq1 Aiq2
Aiq3 Aiq4

Aiq5

Table 6: Demand of i—th item for the q—th purchaser

i = 

q = 1 Diq1 Diq2 Diq3
Diq4 Diq5
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q = Diq1 Diq2 Diq3
Diq4 Diq5

q = Diq1 Diq2 Diq3
Diq4 Diq5

q = Diq1 Diq2 Diq3 
Diq4 Diq5

for the 1st shipment mi1=3

Li1=3 weeks then the crashing cost is R (Li1)= 53.2 and the resultant optimal 
order quantities be 

mi1=4, lead time Li1=

cost is R(Li1)=18.2

Table 7:

Demand
i Liq R(Liq) miq Qiq ITCMIBq

Purchaser -1

6 1.4 5
(109.36, 109.42, 
108.33, 109.39)

9749.4
(108.99, 109.00, 
108.99, 108.99)

9720.5

6 1.4 5
(161.42, 161.52, 
161.38, 161.47)

11690
(161.07, 161.06, 
161.07, 161.07)

11644
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6 1.4 5
(148.34, 148.43, 
148.30, 148.38)

11336
(147.96, 147.96, 
147.96, 147.96)

11294

6 1.4 5
(128.96, 129.04, 
128.93, 129.00)

10653
(128.58, 128.59, 
128.57, 128.58)

10618

mil Lil

cost is R(Lil mil Lil R(Lil

the optimal order quantities and integrated total costs are  

 

= 

This 
system. For the lead time Liq

total cost for each purchaser is (



Vithyadevi and Annadurai Optimizing a Single-Vendor Multi-Purchaser

Table 8: Summary of crisp and fuzzy optimal solutions

Demand
i Li Optimal order quantity for each purchaser

Di1 and 

Di2 and 

Di3 and 

Di4 and 

4.1. Graphical Representations
Each purchaser’s integrated total cost for dissimilar values of lead time 
and demand related mutually in the fuzzy and crisp systems is shown 

integrated total cost ITCMIBq and 

in the fuzzy model compared to the crisp model.

Figure 1:



Mapana - Journal of Sciences

Figure 2:

Figure 3:

Figure 4:
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Table 9: Summary of the comparisons

Liq R(Liq miq

inventory system

Fuzzy multi-item multi-purchaser 
inventory system

5. Comparative Study 

multi-item multi-purchaser system’s minimized integrated total cost is 

and fuzzy models in integrated total cost for the systems can be grasped 

Fuzzy system supports the businesses manage indeterminate inventory 

6. Conclusion

the graded mean technique is hired for the estimation of minimum integrated 

Tucker technique is utilized to obtain each item’s optimal order quantity 
for each purchaser. A computational algorithm is made use of for the 

multi-purchaser integrated total cost. Each item’s optimal order quantity 

representations for the numerical examples are displayed for the suggested 

of the fuzzy inventory system is better than the crisp inventory system.
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Further investigations on this system can be made using inventory space 

different types of multi-level stream sequence systems can be demonstrated 

References

model with variable lead time and a service level constraint by reducing order 

products in retailers using model-based deep reinforcement learning. Expert 

integrated inventory model with price dependent demand and stochastic lead 

decisions for a single-manufacturer multi-retailer system of deteriorating 



Vithyadevi and Annadurai Optimizing a Single-Vendor Multi-Purchaser

chain model for backorder price discount and price-dependent demand using 

the single-vendor-multi-buyer inventory model for imperfect quality with 

vendor multi-product multi-constraint supply chain problem with stochastic 

with deteriorating and imperfect quality items considering carbon emission. 

single-vendor multi-buyer inventory model with multiple raw material and 

integrated  inventory model with ordering cost reduction dependent on lead 



Mapana - Journal of Sciences

for multi-stage manufacturing with partial backlogging under the fuzzy 


