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A Generalized Integrated Inventory Model 
for a Multi‐Item and its Raw Materials
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공급사슬에서 다완제품-원자재의 통합재고정책에 관한 연구

In this paper, we consider a single-manufacturer single-buyer supply chain problem where a single manufacturer purchases 
and processes raw materials into a family of items in order to deliver a family of items to a single buyer at a fixed interval 
of time for effective implementation of Just-In-Time Purchasing. An integrated  multi-item lot-splitting model of facilitating multiple 
shipments in small lots between buyer and manufacturer is developed in a JIT Purchasing environment. Previous research on 
the integrated model assumed that the manufacturer orders raw materials m (integer) times for every production run (lot multiplier 
policy for the raw material). In this paper, we consider a generalized policy in the replenishment of raw materials, allowing 
lot multiplier policy and lot splitting policy. An iterative solution procedure is developed to find  the order interval for finished 
goods and raw materials, and number of shipments between buyer and manufacturer. We show by numerical example that when 
the integrated policy is adopted by both buyer and manufacturer in a cooperative manner, both parties can benefit.
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<Figure 2> Inventory-time Plots for the Buyer and Manu-

facturer

 : i
 : i (  >  )
 : 
 : i 1
 : i 1
 : i 1

 : i



Dae-Hong Kim

 : i
 :  i

 : i
T : ( )
N : T (

)
Z : 1
 : (  

),    ⋯ 

 : i 1

1  
1 

( )

(EOQ)
.

1) .
2) 

.
3) .
4) .





. 


 . 

∑    , 

∑    .
 N

ZN/ . 
1 (= )

N














 

[12, 16].

, 
1 (  

  ⋯   ) 1 (    ⋯  
  ) . 

( 1) ( 2) . 

( 1) <Figure 2> ( 1)     

) 2
1 .  

  ⋯ 

[25].











  
( 2) <Figure 2> ( 2)  = 1/2( = 2  

) 1  
.  = {1, 

1/2, 1/3, , 1/}

[8, 17].












( 1) ( 2)
( 1)

∈(Lot Multiplier) , ( 2)
∈(Lot Splitting) , 


∈














  


∈











      

⋯ 
   ⋯  . 

, 



A Generalized Integrated Inventory Model for a Multi-Item and its Raw Materials

   



∑   


∑   




∑   

 












 

 
∈










  

 
∈










 (1)

(1) 

. 
[8, 22]

(heuristic)
. 

1
( 1) 1

( 2) . 

( 1) T, N, 
∈

[8, 22] 
∈

 0









 

     


 





∈ (2)

( 2) ( 1) ∈


0















 

     

 





∈ (3)

( 1) ( 2)
() . 

()
1 ( 1) ( 2)

. i (
1) ( 2)

( 1)  (2) ( 2) 

(3)


 

















 

. 1 ( 1) 
( 2) ( )  1

.  1

  1 . ( 1)
( 2)  , 1

, ( 1), ( 2) 

1 , (
1) ( 2) 

. ( 1) (2)
( 2) (3) , (2) ≥ (3) 

( 1) , 
( 2) . ( 1)

( 2) 

.
(2) (3) (1)

.

  



∑   


∑   




∑   














 
 

 
∈
 

 
∈
  

∈
 (4)

T
T 0

.



Dae-Hong Kim




 

 



 


 















 
 

 
∈

 

T .

        
 
∈
  








 


  


  


 






   




  
∈
 








 


     (5)

(5) (4)
.

  

 
 





  
 



  
∈

  

∈
  

∈
 (6)


∈

 
∈



(6) 

N  N
.

        






  





 
∈

   (7)

(7)  N
n+1

. 
(heuristic)

. 
.

( 1) (7) ∈

[8, 22] ∈
(7)  0



 





  
  



  
∈

  
 

  





       

       


  

  





 

 
     

       .

  





 

 
  ∈      (8)

        

 


  

  
⋅ ∈  (9)

( 2) ( 1) ∈
(7) 

0



 






 




  
∈
  

  
  





    



A Generalized Integrated Inventory Model for a Multi-Item and its Raw Materials



 





∙∈       (10)

∈ (9) ∈
(10) 1

. ( 1) ( 2)  

∈

  

           (11)

∈



                   (12)

∈
∈ 1 .

( 1) (11)
( , ∈ ). 

  ≠ ∈ .
1      



   . .






    
∈

 
∈



   
∈


 

 
    

     ∙ 
∈

 (13)

,








 
   

∈
 

 
∈



(9) (10)








 
  



⋅ 
∈

     



∙ 
∈

 (14)

(13) (14) (8) 

 


 

          (15)

.
( 2) (12)

( , ∈
).    ≠ ∈ .

1  

   .






    
∈
 

∈


   
∈


 

 
   

    ⋅ 
∈

  (16)

. ,








 
   

∈





 
 
∈







(9) (10)








 
  



⋅
∈
       (17)



⋅ 
∈

 

(16) (17) (8) 

 


 

           (18)

.



Dae-Hong Kim

<Table 1> Numerical Example for the Integrated Inventory Model

Data Item 1 Item 2 Item 3 Item 4

 : Annual demand rate 10000 5000 8000 3000

 : Annual production rate 50000 20000 32000 12000

 : Ordering cost for the buyer($) 50 20 100 500

 : Setup cost for the manufacturer($) 100 600 600 3000

 : Ordering cost of raw material($) 100 200 80 60

 : Buyer’s holding cost per unit for the item i 40 50 20 20

 : Manufacturer’s holding cost per unit for the item 10 5 10 15

 : Manufacturer’s holding cost for raw material 1.2 0.5 30 40

 : Usage rate of raw material for the item i 1 1 1 1

(11) < (12)

 (15)
(18) .
 1 , (9)

(10)  1 1
, 1 .
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<Table 2> Calculation Results for Different Value of N

N         T JTC

1 2(1) 7(1) 2(2) 5(2) 1 1 2 5 0.0585 $111924.7 

2 1(1) 4(1) 2(2) 6(2) 1 1 1 4 0.0979 94668.4

3 1(1) 3(1) 2(2) 6(2) 1 1 1 3 0.1269 88894.5

4 1(1) 2(1) 3(2) 5(2) 1 1 1 2 0.1606 87934.9

5 1(1) 2(1) 3(2) 6(2) 1 1 1 2 0.1766 86538.9

6 1(1) 2(1) 4(2) 6(2) 1 1 1 2 0.1909 85724.0

7 1(1) 2(1) 4(2) 6(2) 1 1 1 2 0.2039 85687.0

8 1(1) 2(1) 4(2) 7(2) 1 1 1 2 0.2160 86017.4

,  , 
  ,    . 

T  ,   . 
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Cost

Policies

Buyer’s

total cost

Manufacturer’s

total cost

Joint

total cost

% increase of

Joint total cost

Integrated inventory model 44636.8 41050.2 85687.0  -

Buyer initiative model 29495.8 ∞ ∞ ∞(%)

Manufacturer initiative model 176892.9 24938.1 201830.9 134.6(%)

<Table 3> Comparison of the Total Cost for the Different Ordering Policies($)
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