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This paper is concerned with the single vendor single buyer integrated production inventory problem. To make this problem
more practical, space restriction and lead time proportional to lot size are considered. Since the space for the inventory is limited
in most practical inventory system, the space restriction for the inventory of a vendor and a buyer is considered. As product’s
quantity to be manufactured by the vendor is increased, the lead time for the order is usually increased. Therefore, lead time
for the product is proportional to the order quantity by the buyer. Demand is assumed to be stochastic and the continuous review
inventory policy is used by the buyer. If the buyer places an order, then the vendor will start to manufacture products and
the products will be transferred to the buyer with equal shipments many times. The mathematical formulation with space restriction
for the inventory of a vendor and a buyer is suggested in this paper. This problem is constrained nonlinear integer programming
problem. Order quantity, reorder points for the buyer, and the number of shipments are required to be determined. A Lagrangian
relaxation approach, a popular solution method for constrained problem, is developed to find lower bound of this problem. Since
a Lagrangian relaxation approach cannot guarantee the feasible solution, the solution method based on the Lagrangian relaxation
approach is proposed to provide with a good feasible solution. Total costs by the proposed method are pretty close to those
by the Lagrangian relaxation approach. Sensitivity analysis for space restriction for the vendor and the buyer is done to figure
out the relationships between parameters.
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<Table 1> Data for Numerical Example

Notation Value Notation Value
D 1,000 A, $400
P 1/3,200 4, $50
o 5 h, $4
F $25 Iy, 85
b $100 b 0.01
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<Table 2> Sensitivity Analysis from 7, = 440 to 240 by Algorithm 1 & 2
, Lower Bound by Algorithm 1 Solution by Algorithm 2
" Q r z n L Q r z n TC
440 116.3 49.0 2.5 48 2007.3 110.0 47.0 2.5 5.0 2009.2
420 116.3 49.0 2.5 4.6 2009.8 105.0 45.4 2.5 5.0 2015.8
400 116.9 49.2 2.5 44 2014.8 100.0 43.8 2.5 5.0 2027.2
380 114.6 48.5 2.5 43 2021.5 117.3 493 2.5 4.0 2037.9
360 114.7 48.5 2.5 4.1 2031.8 115.6 48.8 2.5 4.0 2042.7
340 113.9 48.2 2.4 4.0 2045.1 111.5 47.4 2.5 4.0 2056.7
320 116.6 49.0 2.4 3.7 2063.7 106.7 45.9 2.5 4.0 2077.4
300 116.7 49.1 24 3.6 2085.5 100.0 43.7 2.5 4.0 2114.8
280 117.2 49.2 2.4 3.4 2112.5 93.3 41.6 2.5 4.0 2164.4
260 115.1 48.5 2.4 33 2143.7 117.4 49.2 2.4 3.0 2195.8
240 1174 49.2 24 3.0 2184.4 1159 48.8 24 3.0 2206.4
{Table 3> Sensitivity Analysis for 1, = 120 to 70 by Algorithm 1 & 2
, Algorithm 1 Algorithm 2
i Q r z n L Q r z n TC
120 116.3 49.0 2.5 4.8 2007.3 110.0 47.0 2.5 5.0 2009.2
115 1104 47.1 2.5 5.0 2007.9 108.3 46.5 2.5 5.0 2011.0
110 105.1 45.4 2.5 5.2 2009.7 106.2 45.8 2.5 5.0 2013.7
105 100.1 43.8 2.5 5.4 2012.8 102.4 44.6 2.5 5.0 2021.0
100 96.1 42.5 2.5 5.5 2017.5 88.0 39.9 2.5 6.0 2030.6
95 90.4 40.7 2.5 5.8 2023.1 87.7 39.8 2.5 6.0 2031.5
90 87.1 39.6 2.5 6.0 2031.2 86.6 39.5 2.5 6.0 2034.9
85 81.4 37.8 2.5 6.4 2040.5 82.6 38.2 2.5 6.0 2050.7
80 76.7 36.3 2.5 6.7 2052.5 73.3 352 2.5 7.0 2065.5
75 72.7 35.0 2.5 7.0 2067.4 72.4 34.9 2.5 7.0 2070.7
70 66.9 33.1 2.5 7.5 2085.1 67.8 33.4 2.5 7.0 2101.9
{Table 4> Sensitivity Analysis for W, = 440 to 240 and »; = 120 to 70 by Algorithm 1 & 2
) Algorithm 1 Algorithm 2
" " Q r z n L Q r z n TC
440.0 120.0 116.3 49.0 2.5 4.8 2007.3 110.0 47.0 2.5 5.0 2009.2
420.0 115.0 110.5 472 2.5 48 2011.1 105.0 454 2.5 5.0 2015.7
400.0 110.0 105.9 45.7 2.5 4.8 2019.7 100.0 43.8 2.5 5.0 2027.2
380.0 105.0 100.0 43.8 2.5 4.8 2033.2 95.0 422 2.5 5.0 2044.5
360.0 100.0 95.4 423 2.5 48 2053.4 90.0 40.6 2.5 5.0 2068.5
340.0 95.0 90.2 40.6 2.5 4.8 2080.4 85.0 38.9 2.5 5.0 2100.3
320.0 90.0 87.8 39.8 24 4.6 2117.6 80.0 373 2.5 5.0 2141.6
300.0 85.0 81.4 37.7 2.4 4.7 2162.6 75.0 357 2.5 5.0 2194.2
280.0 80.0 76.7 36.2 2.4 4.6 2220.7 70.0 34.1 2.4 5.0 2260.6
260.0 75.0 72.0 34.6 24 4.6 2293.8 65.0 324 2.4 5.0 23438
240.0 70.0 67.3 33.1 2.4 45 2385.6 60.0 30.8 2.4 5.0 2448.1
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