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Solutions for the Shelf Space Allocation and Inventory
Replenishment of Convenience Stores with Product Substitution
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Due to their accessibility and 24-hr availability, convenience stores are an integral part of daily lives. Because they sell a
limited number of products and have small shelf space, shelf space allocation and inventory replenishment are important consid-
erations for inventory management that critically affect profit. In this paper, we propose five solutions for the vendor-managed
inventory problem of convenience stores that maximize profit while considering stock-out-based product substitutions. The perform-
ance of the proposed solutions is evaluated via simulation to reflect the demand uncertainty and marketing activity.
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<Table 1> Product Sales Price at Convenience Stores

(monetary unit : won)

Product1 Product2 Product3 Product4 Product5 Product6 Product7
Fresh product group 700 4500 3500 4000 1500 1000 2500
General product group 1 6000 1800 4000 1100 2400 3000 4500
General product group 2 3200 2900 2900 3500 4000 2400 4700
General product group 3 8900 5200 6000 7500 5400 6700 5500
General product group 4 14400 13400 10000 10600 9200 9600 10400
50 Aol A ayar =AU "ot A9 #54
o ¥ wie] YA WPslo] Y= wAlY AE
36 ARt gt A Eol S X BE 4L IBM 53

14
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<Figure 1> Division of Service Area of Convenience Stores
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<Table 2> Average Daily Monetary Outputs of Convenience Store(Random Distribution Case)

(monetary unit : won)

. Purchase Lost sales | Substitution | Transportation | Inventor . Profit increase
Solution Revenue cost cost cost (?ost carrying csc;st Profit rate(%)
Current 413727 268923 3833 953 90958 8687 40374 -

ILPM 471306 288675 30132 22883 77410 8992 43214 7.0
LOSS 457530 280924 32765 15613 77944 8213 42072 42
NEWV 458260 282838 25646 12886 86505 7773 42612 55
PART 433347 276476 20492 7480 79826 7407 41668 32
EOQS 464608 283411 23723 14496 91930 8590 42459 52
<Table 3> Average Daily Monetary Outputs of Convenience Store(Centralized Case)
(monetary unit : won)
. Trans- Inventory Profit
Solution Revenue Pu(r:(;r;?se Losctoz?les tuﬁgasté;st portation carrying Profit increase
cost cost rate(%)
Current 426523 273828 3758 944 89246 8601 50147 -
ILPM 489230 300632 29541 22435 72773 8816 55034 9.7
LOSS 471680 286970 31810 15158 77093 7973 52675 5.0
NEWV 472433 290074 24827 12474 84687 7525 52846 5.4
PART 446750 282703 19761 7213 78148 7142 51783 3.3
EOQS 478977 290500 22921 14006 89998 8299 53254 6.2
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<Figure 2> Confidence Intervals of Average Daily Profit
of Convenience Store for Six Solutions

<Table 4> Result of Dunnett’s t-test(Random Distribution Type)

Sum of Mean .
squares df square F Sig.
Between groups | 23949430 | 5 4789886 10.82 .000
Within groups | 10622080 | 24 442587
Total 34571510 | 29
Solution Mean difference | Std. Sig
(1 () (1-J) error '
ILPM Current 2840 421 .000
LOSS Current 1697 421 .001
NEWV Current 2237 421 .000
PART Current 1294 421 011
EOQS Current 2084 421 .000

<Table 5> Result of Dunnett’s t-test(Centralized Type)
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<Table 6> Result of Duncan’s Multiple Range Test
(Random Distribution Type)

Solution N Subset for alpha = 0.05
1 2 3

Current 5 40374

PART 5 41668

NEWV 5 42611

LOSS 5 42071

EOQS 5 42458

ILPM 5 43214

Avg. of subset 40374 42202 43214
Sig. 1.000 .095 1.000

<Table 7> Result of Duncan’s Multiple Range Test

Sum of | Mean F Sig. (Centralized Type)
squares square
Between groups | 65500687 | 5 | 13100137 | 189 | .000 Solution N Subset for alpha = 0.05
Within groups | 16627760 | 24 692823 1 2 3
Total 82128447 | 29 Current 5 50146
Solution Mean difference | Std. | .o PART 5 51782
) () (1-J) error : NEWV 5 52846
ILPM Current 4887 526 | 0.000 LOSS 5 52674
LOSS Current 2528 526 | .000 EOQS 5 53253
NEWV Current 2700 526 .000 ILPM 5 55033
PART Current 1636 526 | .010 Avg. of subset 50146 52638 55033
EOQS Current 3107 526 | .000 Sig. 1.000 172 1.000
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<Table 8> Sensitivity Analysis for Three Input Variables

¢

. current value)

Nominal margin rate | 25% | 30% | 35% | 40% | 45%
Profit increase rate 1.7% | 4.5% | 7.0% | 8.6% | 9.3%
Multiple of .
demand variation interval 05 10 13 20 25
Profit increase rate 51% | 7.0% | 7.6% | 9.3% | 11.2%
Multiple of transportation 05 10" 15 20 )5
cost
Profit increase rate 6.7% | 7.0% | 7.7% | 9.8% | 12.7%
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