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Abstract - This paper focuses on production inventory model with quantity discount, screening processes and shortages. The 

inventory model investigates the manufacturer - buyer comfort of supply chain developed under coordinate situations. In 

addition to the model satisfies the inventory level constraint and Lagrange multiplier technique is used to solve this type of 

difficulties. Numerical examples are included in detail to develop and understand the proposed method. 
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I. INTRODUCTION 

In industries, the demand is almost not predictable and suitable. In particular, ordering goods should be 

in time and in correct quantity. Production is the raw material formed from the process of finished products. But 

manufacturing is the one of major functions of all kind of business involves in production. The total inventory 

cost is to minimize in unique intention of traditional inventory models. 

S. Hemamalini et al. [4] proposed EOQ inventory model for buyer-vendor with screening disposed cost 

and controllable lead time. A. Mari Selvi et al. [7] obtained Vendor-Buyer integrated inventory model for 

controllable lead time with screening and disposed cost. M. Babu et al. [1] found out integrated EPQ shortage 

inventory model with quantity discount.  M. Ravithammal et al. [9] discussed about EOQ inventory model using 

algebraic method with inventory level constraint. M. K. Vediappan et al. [11] investigated integrated 

coordination inventory model for buyer – vendor using Lagrange multiplier technique. A. Khanna et al. [6] 

developed strategic production modeling for defective items with imperfect inspection process, rework, and 

sales return under two-level trade credit. L.F. Hsu and J.T. Hsu [5] analyzed economic production quantity 

(EPQ) models under an imperfect production process with shortages backordered.  C. H. Glock and T. Kim [3] 

studied a joint economic lot size model with returnable transport items. A. Taleizadeh et al. [10] developed   

optimal price, replenishment lot size and number of shipments for an EPQ model with rework and multiple 

shipments.  P. Muniappan et al [8] discussed an EPQ incentive inventory model for deteriorating products 

involving partially backlogged shortages. M. Babu et al. [2] formulated centralized production inventory model 

for buyer – vendor with quantity discount for fixed life time products. 

 

II. NOTATIONS AND ASSUMPTIONS 

The model use the following notations which is same as M. Babu et al. [1] 

 

Notations 

D Demand rate  

r1 Buyer’s unit ordering cost  

r2 Vendor’s unit setup cost  

P Production cost  
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Q Economic Order Quantity 

hb  Buyer’s unit holding cost  

hv  Vendor’s unit holding cost  

Cs  Vendor’s unit screening cost  

Cd           Disposed cost  

n Vendor’s multiples of order  

s Shortage cost 

k  Buyer’s multiples of order  

d(k)   Discount factor 

𝑝 Purchase cost   

𝑢            Percentage of defecting items 

𝑣            Percentage of scrap items 

 

Assumptions 

(i) Demand rate is known and constant. 

(ii) Buyer having shortage and manufacturer manufacture the products and provide quantity discount to the 

buyer. 

(iii) For system optimization integrated system cost is formulated and satisfies the inventory level 

constraint. 

(iv) Mathematically, the constraint will be taken as 
𝑄

2
≤ 𝑌 where 𝑌 denotes maximum available inventory.   

 

III. MODEL FORMULATION 

The total cost for buyer contains following cost 

i.e., ordering cost  
𝑟1𝐷

𝑄
 , holding cost 

hb Q1
2

2Q
, shortage cost 

s Q−Q1 2

2Q
and screening cost 

𝐶𝑠𝑄

2
.  

The buyer cost will be written as 

𝑇𝐶𝑏 = Ordering cost + Holding cost + Shortage Cost+ Screening Cost  

i.e.,  𝑇𝐶𝑏 =
𝑟1𝐷

𝑄
+

hb Q1
2

2Q
+

s Q−Q1 2

2Q
+

𝐶𝑠𝑄

2
                                                                                  (1) 

The total cost for vendor contains following costs 

i.e.,  setup cost 
𝑟2𝐷

𝑛𝑘𝑄
, holding cost 

ℎ𝑣𝑘 𝑛−1 𝑄

2
 
𝑃−𝐷

𝑃
 , discount factor 𝑝𝐷𝑑 𝑘  and disposed cost 

𝑢𝑣𝐶𝑑𝑛𝑄

2
. 

The manufacturer cost will be written as 

𝑇𝐶𝑚  = Setup cost + Holding cost + Discount factor + Disposed Cost 

i.e., 𝑇𝐶𝑚 =
𝑟2𝐷

𝑛𝑘𝑄
+

𝑘 𝑛−1 ℎ𝑣𝑄

2
 
𝑃−𝐷

𝑃
 + 𝑝𝐷𝑑 𝑘 +

𝑛𝑢𝑣 𝐶𝑑𝑄

2
                                                         (2) 

Now, the integrated system cost is written as  

TCs = TCb + TCm  

subject to the constrain  
𝑄

2
≤ 𝑌. 

 Here, we consider the buyer’s inventory level constraint. Now, Lagrange multiplier function 𝜆, 0 ≤ 𝜆 ≤
1 is added on system cost can be written as follows: 

TCs = TCb + TCm + 𝜆(
𝑄

2
− 𝑌)  

=
𝑟1𝐷

𝑄
+

hb Q1
2

2Q
+

s Q−Q1 2

2Q
+

𝐶𝑠𝑄

2
+

𝑟2𝐷

𝑛𝑘𝑄
+

ℎ𝑣𝑘 𝑛−1 𝑄

2
 
𝑃−𝐷

𝑃
 + 𝑝𝐷𝑑 𝑘 +

𝑢𝑣𝐶𝑑𝑛𝑄

2
+ 𝜆(

𝑄

2
− 𝑌)     (3) 
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For optimality 
∂TC s

∂Q1
= 0 and 

∂2TC s

∂Q1
2 > 0 and 

∂TC s

∂Q
= 0 and 

∂2TC s

∂Q2 > 0 we get, 

𝑄1
∗ =

sQ

hb +s
 and 

𝑄∗ =   
2 ℎ𝑏 +𝑠  𝐷𝑟1+

𝐷𝑟 2
𝑛𝑘

 

𝑠ℎ𝑏 + ℎ𝑏 +𝑠  𝐶𝑠+ 𝑛−1 𝑘ℎ𝑣 
𝑃−𝐷

𝑃
 +𝑛𝑢𝑣𝐶𝑑+𝜆 

                                                                          (4)         

where  𝜆 =  
2 ℎ𝑏+𝑠  𝐷𝑟1+

𝐷𝑟 2
𝑛𝑘

 −𝑌2 𝑠ℎ𝑏 + ℎ𝑏 +𝑠  𝐶𝑠+ 𝑛−1 𝑘ℎ𝑣 
𝑃−𝐷

𝑃
 +𝑛𝑢𝑣𝐶𝑑   

𝑌2 ℎ𝑏 +𝑠 
 

 

IV. NUMERICAL EXAMPLE 

Let R1 = 100 per order, R2 = 300 per order, D = 2000 units per year, P = 3000, Hv  = 0.6$, Hb  = 0.3$,                  

sc  = 0.2$, s = 0.25$, 𝐶𝑑 = 0.5, u = 0.4, v = 0.3, p = 1.2$, n = 2, k= 3, d(k) = 20%, Y = 800. 

The optimal solutions are 

Q∗ = 800, Q1
∗ = 235, TCs Q∗, Q1

∗ = 1.1172𝑋 103 satisfies the constraint 
𝑄

2
≤ 800. 

 

V. CONCLUSION 

In this paper, a manufacturer – buyer model is developed with quantity discount under coordination 

situation. The manufacturer provides quantity discount to the buyer for bulk purchase. Integrated system cost is 

developed for equal gain of buyer and manufacturer. Also, this integrated system cost satisfies inventory level 

constraint. For the further researches, our proposed model can be extended into multilevel products, multi 

constraints etc., 

REFERENCES 

[1] M. Babu, M. Ravithammal, and M. K. Vediappan, Integrated EPQ shortage inventory model with quantity discount. 

International Journal of Scientific Research and Review, 8(3), (2019), 126-129. 

[2] M. Babu, M. Ravithammal and P. Muniappan, Centralized Production Inventory Model for Buyer – Vendor with 

Quantity Discount for Fixed Life Time Products, Jour of Adv Research in Dynamical & Control Systems, 11, (1), 2019, 

288 – 291. 

[3] C. H. Glock and T. Kim, A Joint Economic Lot Size Model with Returnable Transport items. International Journal of 

Integrated Supply Management, 9 (3), (2015), 202–224. 

[4] S. Hemamalini, M. Ravithammal, and P. Muniappan, EOQ inventory model for buyer-vendor with screening, disposed 

cost and controllable lead time. AIP Conference Proceedings, 2095, (2019), 030001 – 030010.  

[5] L.F. Hsu and J.T. Hsu, Economic production quantity (EPQ) models under an imperfect production process with 

shortages backordered. International Journal of Systems Science, 47(4), (2014), 852-867. 

[6] A. Khanna, A. Kishore, and C. Jaggi, Strategic production modeling for defective items with imperfect inspection 

process, rework, and sales return under two-level trade credit. International Journal of Industrial Engineering 

Computations, 8(1), (2017), 85-118. 

[7] A. Mari Selvi, M. Ravithammal and P. Muniappan, Vendor-Buyer Integrated Inventory Model for Controllable Lead 

Time with Screening and Disposed Cost. Jour of Adv.  Research in Dynamical & Control Systems, 10(5), (2018),               

636-638. 

[8] P. Muniappan, M. Ravithammal and A. Ameenammal, EPQ incentive inventory model for deteriorating products 

involving partially backlogged shortages. Jour of Adv Research in Dynamical & Control Systems, 10(6), (2018),          

940-943.  

[9] M. Ravithammal, P. Muniappan and S. Hemamalini, EOQ inventory model using algebraic method with inventory level 

constraint. Journal of International Pharmaceutical Research, 46(1), (2019), 813-815. 

[10] A. Taleizadeh, S. S. Kalantari and L. E. Cardenas-Barron, Determining optimal price, replenishment lot size and 

number of shipments for an EPQ model with rework and multiple shipments. Journal of Industrial and Management 

Optimization, 11, (2015), 1059–1071. 

 [11] M. K. Vediappan, M. Ravithammal and P. Muniappan, Integrated Coordination Inventory Model for Buyer – Vendor 

Using Lagrange Multiplier Technique. Jour of Adv Research in Dynamical & Control Systems, 11(1), (2019),                 

283 – 287. 

The International journal of analytical and experimental modal analysis

Volume XI, Issue X, October/2019

ISSN NO: 0886-9367

Page No:93

International Conference on Computational and Applicable Mathematics (ICCAM- 2019), Organized by Department of Mathematics, The Quaide Milleth College for Men, Medavakkam, Chennai


