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ABSTRACT

It is difficult to find an appropriate ordering policy for a many types of items. One of the reasons for this difficulty is
that each item has a different demand trend. We will classify items by shipment trend and then decide the ordering
policy for each item category. In this study, we indicate that categorizing items from their statistical characteristics
leads to an ordering policy suitable for that category. We analyze the ordering policy and shipment trend and propose
a new method for selecting the ordering policy which is based on finding the strongest relation between the classifica-
tion of the items and the ordering policy. In our numerical experiment, from actual shipment data of about 5,000 items
over the past year, we calculated many statistics that represent the trend of each item. Next, we applied the canonical
correlation analysis between the evaluations of ordering policies and the various statistics. Furthermore, we applied
the cluster analysis on the statistics concerning the performance of ordering policies. Finally, we separate items into
several categories and show that the appropriate ordering policies are different for each category.

Keywords: Inventory Management, Ordering Policy, Multivariable Analysis, Canonical Correlation Analysis, Cluster
Analysis
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1. INTRODUCTION

linear regression technique to obtain approximate values
of the induced backorder cost in a one-warehouse multi-

Inventory management has been studied by many
researchers and many practitioners. Tiacci and Saetta
(2009) considered the relationship between forecasting
and ordering policy with carrier capacity. Flores et al.
(1992) provided a matrix-based methodology formulti-
criteria ABC classification. Ramanathan (2006) proposed
a weighted linear optimization model and classified in-
ventory items by multiple criteria. Ernst and Cohen (1990)
used cluster analysis to group similar items. Xaio et al.
(2011) considered the importance of inventory items
based on a loss rule. Berling and Marklund (2006) used

ple-retailer system.

Many researchers started studying the lost-sales
model. In the case of stock-out, Gruen et al. (2002) re-
vealed that only 15% of the customers who observe a
stock out wait for the item to be on the shelves again.
The other 85% of the customers decide to buy a differ-
ent product, visit another store, or do not buy any prod-
uct at all. According to Zipkin (2008), the cost devia-
tions can run up to 30% when the lost-sales system is
approximated by a backorder model. Janakiraman et al.
(2007) compared the performance of optimal replenish-
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ment policies in lost-sales and backorder models. Huh et
al. (2009) compared the performance of base-stock poli-
cies in lost-sales and backorder models. Levi et al. (2008)
proposed a dual-balancing policy, in which the risk of
ordering and holding are balanced. The authors proved
that the expected total cost of this policy is at most twice
the expected cost of the optimal policy. Bijvank and Vis
(2011) classified the models based on the characteristics
of the inventory system and they reviewed their proposed
replenishment policies. Van Donselaar and Broekmeulen
(2011) showed that the assumption which the lost sales
system can simply be approximated by a backordering
system if the target fill rate is at least 95%, which may
lead to serious approximate errors.

Forecasting is never separate from inventory man-
agement. Liao and Chang (2010) investigated the effects
of five demand forecasting methods, two inventory poli-
cies, and three lead times on the total inventory cost of a
3-echelon serial supply chain system. Tanaka et al. (2012)
proposed a decision support system that measures de-
mand risks through a sales forecasting method, especially
for new products. The system enables us to make the
demand uncertainty controllable and gives the proper
volume and timing guidance for daily reproduction of
products.

One expects that if a single ordering policy is ap-
plied to many different items with different shipping
trends, the inventory would be a mix of items which has
frequent shortages and those having excess inventory.
On the other hand, even in using multiple ordering poli-
cies, it is not easy to find an appropriate policy for many
types of items, particularly when each has a different
shipping trend. In addition, given a particular shipping
trend, no method or criteria has been specifically devel-
oped for choosing the ordering policy which would be
applied to these items. For these reasons, the proper rela-
tionship between different item trends and the appropri-
ate ordering policies is still not clear.

Therefore, we propose a new algorithm for finding
a reasonable ordering policy using the relationships be-
tween shipping trends. In particular, our proposed algo-
rithm classifies items according to shipping trends in
order to find a suitable ordering policy and in addition
reveals the shipping trends which are most desirable. In
this case, shipping trends refer to shipping statistics re-
lated to the criteria of the ordering policy, which are
calculated from past shipping data.

In section 2, we introduce the proposed model. The
model development includes the converting of actual
shipping data to data matrices for analysis. The details
of the experiment and results of analysis are reported in
section 3.

2. PROPOSED MODEL

2.1 Problem Outline

This study considers the inventory management pro-

blem for items having different shipping trends. Here,
the ordering policyis assumed to perform differently
according to item trends. To achieve efficient inventory
management, we would like to select a suitable ordering
policy for each item. Hence, we want to know which
item trends are suitable for determining the ordering
policy, or to find out a reasonable method for grouping
which items would be suitable and which is not for a
given ordering policy.
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Figure 1. Flowchart of proposed algorithm.

This study assumes that there has not yet been re-
vealed a difference in item shipping trends and also
what the suitable ordering policy should be. For decid-
ing an ordering policy, the ideal case would be when the
suitable ordering policy could be determined using only
a single statistic. However, such a statistic is not yet
known. Thus, many researchers have sought to find such
a statistic based on theoretical considerations. Similarly,
practitioners are also struggling to find such a trend.

In this study, we calculate and use shipping statis-
tics and evaluation values of ordering policies. A gen-
eral algorithm is presented in the following section.
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2.2 Proposed Algorithm

Figure 1 shows the flowchart of our proposed algo-
rithm. First, we assume that there is shipping data, which
informs shipping date and volume of items, like that
shown in Table 1.

Table 1. Shipping data
Date: T
Item no.
Day: 1 Day: m
1 dl 1 e dlm
n dﬂl te dﬂ/)‘l

In the following steps, we repeatedly use multivari-
ate data matrices, as shown in Table 2. Before we pro-
ceed to explaining the algorithm flowchart, we will first
explain the premise behind multivariate data matrices.

Let X denote an nx v multivariate data matrix,
which represents the shipping statistics. There are n
items and v shipping criteria. x; gives the value for the Jt
shipping criteria of the i item. For example, in Table 1,
the daily shipping average is shipping criteria j, x;; = (d;
+ dp + -+ di)/m. Let X; denotean nx 1 multivariate
data matrix. These are the values of all items for the /*
criteria.

Table 2. General variable of each item

Shipping Evaluation valu of
statistics : X ordering policy : Y
Evaluation Evaluation
criteria 1:Y; criteniaz : Y,
Statistic Statistic | Ordeing Ordering Ordering Ordeting
Ttem| 1 v | poliey 1 policy ¢ policy 1 policy ¢
no.| X % Y Vi A Yy
L] oxy Yy Y Vg Yzl Vig
i i Yy Yiut Vilg Vil Vi
] Xy Y Vil Vnlg Vel Vg

Let Y denote the multivariate data matrix, which
represents evaluation values of ordering policies. Y is
similar to the previously mentioned X. For example, y;,
gives the value for the z" evaluation criteria of the p'
ordering policy of the i item. So, y., denotes the nx 1
variable matrix of the z" evaluation criteria of the p™
ordering policy. Then, Y, denotesthe nx g variable ma-
trix ofthe z" evaluation criteria.

For analysis, since there are differences in the scale
of numbers, we should standardize the evaluation value
of each evaluation criteria and item in order to compare-
the ordering policies. If yy, is the value for the Kt

evaluation criteria of the p™ ordering policy of the i
item, then let y’y, be the standardized evaluation value
for this same combination, where the y’, are calculated
using Eq. (1) and take valuesin [0, 1].

. Vit — II\lel)n(yrkp)

V'n Vi, k, p (1)

=T T
max (yy,) = min(y,, )

In order to evaluate multiple evaluation values, we
apply a weighted linear mixed evaluate criteria. For ex-
ample, if the criteria under evaluation are criterion e,
criterion f, -+ and the corresponding weights are w,, wy,
.-+, then yy,;, the value of the weighted linear mixed
evaluation of criterion /, ordering policy p, and item i, is
calculated by yi, = Weiey T Wi+ -+, Similarly, y,, =
WeYep + WY+ -+, In addition, in order to find differ-
ences in ordering policy tends, we applied another
weighted linear mixed evaluate criteria. Notably, the sec-
ond evalu-ation value was calculated from the difference
between evaluation values. For example, to analyze the
trend difference for criteria ¢ between policy f and pol-
icy g, naming the evaluation criterion d, it is calculated
Ya=Yef - Yeg

All the notations above, shown in Tables 1 and 2,
are used in the sections that follow. The two large sets
of variables, X and Y, are standard to, for example, the
canonical correlation analysis and cluster analysis.

2.2.1 Canonical correlation analysis

The simplest known measure of relationships is the
simple correlation coefficient between two variables.
When interested in the relation between the set of vari-
ables X and a variable y, the multiple linear regression
analysis can be used. However, in this study, we are
interested in the correlation between the set of variables
X and the set of variables Y, that is, each object for
comparison has multiple variables. Canonical correlation
analysis is one method for determining the relationship
between sets of variables. According to Basu and Man-
dal(2010), this was initially developed by Hotelling (1936).

The canonical correlation analysis focuses on the
correlation between the i™ linear combination of the set
of variables X (say U;) and the i™ linear combination of
the set of variables Y (say V). It determines the coeffi-
cients of the linear combination which make the correla-
tion between U; and V; the highest possible, whereas the
correlation between both U, and V, and each of U;;, -,
Ui, V.i, -+, Vi is zero (i.e., uncorrelatedness of other
combinations is a constraint on the optimization). The
pairs of linear combinations are called the canonical
variables, and their correlation coefficients are called the
canonical correlation coefficients. In addition, the corre-
lations between a linear combination of the set of vari-
ables and the set of variables themselves are called ca-
nonical loadings. The canonical correlation analysis is
also useful for determining how many dimensions are
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needed to account for the relationship.

In the present study, we apply the canonical corre-
lation analysis to the set of shipping statistics X and the
evaluation values Y. In addition, we expect to find rela-
tionships between the sets of linear combinations of
variables. This would allow us to sort shipping statistics
into those which are significant and those which are not.

2.2.2 Cluster analysis

The cluster analysis is an exploratory technique.
Cluster analysis techniques themselves can be broadly
grouped into hierarchical clustering and non-hierarchical
clustering. We here apply hierarchical clustering using
the Ward method, which is a frequently used method.

In this study, we separate items into some number
of clusters from xs, the shipping statistics, according to
their relationship to Y,, the evaluation value of the crite-
ria i which the practitioner is focused on. Then we
search for trends in shipping statistics and evaluation
values of ordering policies.

3. NUMERICAL EXPERIMENTS

Now, we calculate shipping statistics from actual
shipping data and generate evaluation values of ordering
policies from the simulation results. Then, we apply cano-
nical correlation analysis to the set of shipping statistics
and the evaluation values of the ordering policies. From
these results, we can obtain the shipping statistics which
exhibit a relatively strong relation with evaluation val-
ues of ordering policies. Clustering the items by these
shipping statistics, we can group items according to a par-
ticular trend in the evaluation values of ordering policies.

In this study, we used SPSS ver. 19.0 (IBM Co.,
New York, NY, USA), a data mining and statistical an-
alysis software package, for the canonical correlation
analysis and cluster analysis, as well as the multiple
linear regression analysis. The experimental environment
is an Intel® Core™ 2 Duo CPU, E8400 at 3.00 GHz,
4.00 GB RAM; we did not need long computational
times for our algorithm.

3.1 Ordering Policy and Experiment

We used two ordering policies for this study: the
so-called (s, Q) policy and the (R, s, S) policy. There are
two reasons why we choose these two ordering policies.
First, these policies are the most commonly used order-
ing policies for inventory control. Second, the company
that provided actual shipment data for us set the parame-
ters and applied these ordering policies. So, we focused
on these policies.

For the (s, Q) policy, when the inventory position
declines to or below the reorder point s, a batch quantity
of size Q is ordered. In this case, we never go beyond
the position s + Q.

For the (R, s, S) policy, at the end of each time pe-
riod of length R, if the inventory position declines to or
below the reorder point s, order an amount equal to the
difference between the order-up-to level S and the cur-
rent inventory position. In the special case in which s =
S -1, we call this the (R, S) policy.

In this study, we use (s, Q) and (R, S) policies. In
particular, s, O, and S of the i™ item in the /" date period
are denoted by s;,, Q:,, and S;,, which are calculated as
follows:

0 LT xd,, Viel,VteC
"0 Viel,VteD
LTxd,, +kxss;, xLT Viel,VteC
S, = ’ ’
' S0 Viel,VteD
s - (LT +R)xd,, +kxss,, xJLT + R Viel,VieC
A T Viel YteD
=1
Xy
d,, =& Viel, VteT
: SP
-1 _
(d.,-d,)
ss,, === Viel, VteT
: SP

Q,, : ordering quantity of item i on the ™ day

s;, + reorder point for item i on the "

day

S. . order-up-to level of item i on the ™ day
: safety coefficient

: shipment average of item i on the " day

d,, : shipments of item i on the "

day

R : periodic review term

LT : lead time

SP : sampling period

1 : the set of items

T : the set of days

C : the set of days that the parameter is recalculated (C < T')

D : the complement of C with respect to T’

If practitioners would like to manage items pre-
cisely, it is necessary to shift ordering policy by some
reason, like demand forecasting or seasonality. But, be-
cause we would like to find the relation between the
shipping statistics values and the evaluation values of
ordering policies, we did not shift ordering policies in
the example applied.

3.2 Data Set

In numerical and simulation experiments, we used
the actual data of a distribution company’s shipments
for the previous year. These items are categorized broa-
dly into 11 varieties, for example, beer, Japanese sake,
foods, and spices. In these categories, there are no obvi-
ous characteristic trends. So we selected about 5,000
items to be analyzed from about 7,000 items total. The
other 2,000 items were less frequently shipped, and in
smaller amounts. We applied our algorithm to the se-
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lected 5,000 items, those considered analyzable. is also used in Tables 4-6.
We simulated (s, Q) and (R, S) policies from the
shipping data, which were used to calculate shipping Table 3. Canonical loadings (shipping statistics-
statistics. We set common parameters between the set of evaluation value, differences between policy
(s, Q) and (R, S) policies, as described below. Safety evaluation values)
coefficient k was set to 1.96, sampling period SP was set — - o = p—
to 2 months, and lead time LT, the time between when oo eal| Canenical Canoniel) canomcal) Canenied
variable varnaogle variable varlianle variable
the items are ordered and when they are delivered, was 9 | eed) | Grd | gsn | @nd)
o1 |MinimumShipedAmount -0.067 -0.151 -0.308 -0.041 0341
* tOV\zled i}(;;pared the performance between five order- 5 Lapadimoniong. il Il Mt B B
. .. . .. Probability OfShipedA e = =
ing policies: the (s, Q) policy and the (R, S) policies for % | ooty | 0592| -0024| 0535 -0589| 0542
R equal to 1, 2, 3, or 4 week. For simulation, we used o |BDSVariety 0315 | -0058| 0547| -0267| -0500
. . . e @; |MinimumBDS 0482 -0.008 -0.258 0458 0232
the first 2 months of shipping data for calculating initial o |8DSAva 0751 | _o1s1i| _0143| o079 o152
values of s;,, O;,, and ;. For the (R, S) policies, S;, were | 7 [BOSStdev 0389 0236\ 00| 0E40] 0001
B %, . ’ 4 X | oz |[BDSStdev/BDSAVg -0.048 -0.485 0.4564 0.113 -0.323
recalculated per10d1ca11y, where as Sit and Q,-,, were fixed s |BDSSkewness -0574 | 0047 0465 | -0.538 | -0447
at the initial calculation values. S0 | B0sKurtosts. O3 0O73) 02661 0366 ) 0268
5y |ToRebRYORDSSHorter 0674 | 0459| -00s0| -0.774| -00s2
thanLeadTime
. . . ((ShipedA t/BDS)Stdev) ~ - -
3.3 Evaluation Criteria o[ (ShsdhmeuriE0SS e | 16| oars | azse| oom | oo
12 [MonthlyShipedTimeStdev -0.695 0177 0.068 -0.706 -0.095
. . . MonthlyShipedTimeStdev GAiE éas 565 GiEtE B0
From the results of the five ordering policy simula- %) 1 tonthlyshipedTimervg : 0. 0. 605 | 0.
tions, we define Y, as the set of evaluation values, where . 3’{;@1 . E;j g;;g g;‘s‘z
. 2 (R=1week, X -0. .
Y, is calculated as Y,= [y,[, (s, 00 Yz, (R=1week, S)» "> Yo, (R= = 0111 | -0733| 0176
sweeks, 5))- Yrp 18 the set of linear combinations for order- ol s il I
ing policy p, of the standardized evaluation of shortage 0854} 0845
. R R . -0.588 0720
time, yj,, and the standardized evaluation of total daily o4z oass
stock, y,,. We define y,, as follows: - : -0033 | 0990
b b Canonical correlation coefficient 0353 0238 0.209 0.336 0.210

Yop = We¥pp T Wi¥yp WD (2

We take the weights of shortage time, wp, as 0.5, and the
weights of total daily stock, w,, as 0.5.

Similarly, we define Y; as the difference between
evaluation values for criteria w of policy f and another
policy using yse = ¥z - Yze If Vis is positive, then order-
ing policy g is more suitable than ffor item i. In the pre-
sent study, we compare the evaluation value of criteria

between policy (s, Q) and (R, S). Thus, Y; are calcu-
lated as follows:

Y5 = [Yr5,0) - YaR=lweek, S " "s Yrs.0) = Yok=dweek,] (3)

We then apply canonical correlation analysis to the
set of shipping statistics X and the set of evaluation cri-
teria, using either Y, or Y, Next, cluster analysis is ap-
plied for all items using the shipping statistics, which
are with respect to the ordering policy.

3.4 Experimental Results

The results of the canonical correlation analysis are
listed in Table 3. We apply the canonical analysis to the
sets (o, m) and (o, 8), Here, o is the set of shipping sta-
tistics and = is the set of evaluation values. The set 0 is
the set of differences in evaluation value. This notation

BDS: between the date of shipping, Avg: average,
EV: evaluation value, Stdev: standard deviation.

Conducting the analysis shown in Table 3, we ob-
tained the five canonical variables, @, ©_,, ©,,, ©,, and
w,, from the canonical analysis of the sets (6, m) and
four canonical variables, @;, @;,, @, and ©,,, from the
canonical analysis of the sets (o, 8). We extracted as
canonical variables only those for which the canonical
correlation coefficient was at least 0.20, the value at
which variables can be said to have a weak relation in
terms of one group being affected by the other groups.
Here, in addition to the canonical correlation coeffi-
cients, we must consider the absolute value of canonical
loadings. If these are large in absolute value, then the
statistic indicates a strong effect on the other groups. For
example, in Table 3, if w,, in X are listed in order of the
strength of their relation to Y, then the canonical load-
ings are 65 = 0.751, 6,3 = -0.695, 6,1 ***. So, o5, Which
is the average of between the date of shipping (BDS),
BDSAvg is the most significant statistic for the first
canonical variable, w_,, of Y. And, if w_, in Y are listed
in order of their relation to X, these are s = -0.732, =
-0.558, ---. So, ms, which is evaluation value (EV; R =4
week, S), EV of (R, S) policy when R = 4 weeks, and 7,
which is EV (R = 1 week, S), EV of (R, S) policy when
R =1 week, were strongly affected by the first canonical
variable, @, of X. Thus, either 75 or m; and o, or pos-
sibly o3, are strongly related.
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Table 4. Correlation between shipping statistics and
evaluation value of ordering policy

Y
Y Ty T3 Ty 5 5, 8y 83 8y
S1 0.07 0.05 | -0.01 -0.03 -0.02 0.04 0.07 0.08 0.07
s> | 0.14 0.02 0.06 0.08 0.20 0.12 0.09 0.08 0.00
s3 | 0.20 -0.01 | -0.05 | -0.03 0.08 0.19 0.20 0.19 0.12
Sy | -0.02 0.04 | -0.02 | 0.03| 0.16 | -0.04 | -0.01 | -0.03 | -0.10
ss | -0.06 -0.02 0.06 | -0.02 | -0.15 | -0.04 | -0.08 | -0.04 0.04
S¢ | -0.11 0.04 0.08 | -0.02 | -0.20 | -0.13 | -0.14 | -0.09 0.02
s7 | -0.10 0.07 0.08 0.01 | -0.13 | -0.14 | -0.13 | -0.09 | -0.01
sg | -0.02 0.11 0.08 0.08 0.09 | -0.09 | -0.06 | -0.06 | -0.07
So | 0.04 -0.04 0.00 0.05 0.21 0.06 0.03 0.00 | -0.09
S10 | 0.03 -0.04 | -0.01 0.03 | 0.13 | 0.05| 0.03 | 0.00 | -0.05
Si | 0.10 -0.15 | -0.08 | -0.01 0.15 0.18 0.13 0.09 0.00
Si2 | 0.04 0.10 0.07 0.07 0.10 | -0.03 | -0.01 0.00 | -0.03
Si3 | 0.11 -0.09 | -0.04 0.04 0.18 0.16 0.12 0.07 | -0.01
S14 | 0.01 0.12 0.14 0.05| -0.13 | -0.07 | -0.06 | -0.02 0.08

The results of correlation analysis are listed in Ta-
ble 4. In the Table 4, (o4, m,) represents the correlation
of the average of BDS and EV of ordering policy (R, S)
for R = 1 week, which is 0.04. It can seem from Table 3
that there is no relation between the shipping statistics
and ordering policy.

The last result is interesting in light of a compari-
son of Tables 3 and 4. Table 4 gives simple correlations
of shipping statistics and evaluation values of ordering
policies. By comparing these Tables, it is possible to say
that no individual variables and evaluation values of an
ordering policy clearly relate to each other. But individ-
ual groups of statistics and groups of evaluation values
do. A comparison of Tables 3 and 5 reveals similar as-
pects, where Table 5 shows the results of the multiple
linear regression analysis. For example, in Table 5, all
entries of the 6,3 and o;; rows indicate a lack of a strong
relation, whereas Table 3 does indicate a strong relation.

Table 5. Standard partial regression coefficients of multi-
ple linear regression analysis between the set of
shipping statistics and each evaluation value

m L T T T & & 8; &y
[ 0078 0047 -0009| -0.019 0.012 0041 0073 0.076 0.058
[ 0.051 0.045 0.078 0.073 0114 0018 0003 0005] -0.023
a3 0170 0030 -0033| -0.054| -0.013 0135 0.166 0.171 0.147
7] -0.004 0015 0.045 0.059 0155 ] -0013| -0028| -0.034] -0.091
G5 0118| -0.055 0.108 0.045 0.085 0.141 0.045 0.076 0.048
a5 -0.249 0053| -0073| -0.072] -0203| -0258| -0178| -0173| -0.089
G 0085| -0.082 0.053 0.044 0.106 0128 0.046 0.049 0.010
oy -0037 0083| -0033] -0.020 0009 | -0086( -0.015| -0021| -0.036
Gy -0.062 0011 0131 0.105 0118 -0063| -0124| -0107| -0.118
Gy 0011 -0019| -0.048| -0.048] -0.062 0.021 0035 0.034 0.044
oy 0009 -0089| -0018 0.005 0113 0064 0.017 0.005] -0.056
Gy 0.062 0.049 0.067 0.029 (.009 0.025 0018 0.037 0.046
(51 0059 -0072] -0048 0.004 [ -0.003 0098 0.077 0.048 0.050
Gy 0.103 0097 0.173 0.123 0.061 0033 -0003 0,024 0,050
Constant 0.238 0210 0,304 0428 0458 0028 -0066| -0189| -0.219
ba 0070 0.047 0.040 0.021 0.086 0070 0.064 0.052 0.044

We, therefore, conjecture that searching for rela-
tionships between the set of shipping statistics and the
ordering policies would produce results different than
the other analyses.

By using cluster analysis, we separate all items into

two groups, also called clusters. In Table 6, the averages
of each statistic of each separated group, columns yy,
and y,, and the averages of each statistic of all items,
column g, are shown. In the cluster analysis, we use
the Ward method and calculate distance of each item-
from the statistics o4, 615, and o3, those for which ca-
nonical correlation analysis results showed a relation-
ship between shipping statistics and evaluation values of
ordering policies in the canonical variable m_,, the first
canonical variable of canonical analysis to the sets (o, 7).
The signs “+” and “—” to the right of the values for col-
umns ¥, and yx,, are relative to ... For example, the
value of (o, X,1) 1s higher than (G, Yean). Thus, the sign
to the right, separated by a dashed, is “+.” From Table 6,
we can observe that there are trends within each cluster.

Table 6. Statistical average of all items and two groups
separated by the ward method (cluster analysis)

Wt Loz Lot
Average Average Av(ear;alge
(clusterl) (cluster2) W
itemns)
g; [MinimumShipedAmount 2293 |+ 1479 | - 2152
o Sh\;.JedAmountStdev 0441 | - BTG e ih
/ShipedAmountivg
2 Probab.\i|tyOfSn|pedAmount oaan| - 037G | 067
OverShipedAmountivg
g, |BDSVariety 10263 | + 5085 | - 9.538
o; |MinimumBDS 6139 | + 1000 | - 5.247
a; |[BDSAvg 23599 | + 2183 | -| 19881
o |BDSStdev 20,895 | + 2130 | - 17.637
X | oy |[BDSStdev/BDSAVg 0.890 | + 0.706 | - 0.858
oy |BDSSkewness 1176 - 2301 |+ 1371
&1, |BDSKurtosis 1730 - 7.984 |+ 2.815
ili k
i Probab\hty‘OfBDSSJor‘ter 0083 | - 0605 | + 0178
thanLeadTime
o ((ShipedAmount/BDS)Stdev) voai| 5 0935 | - 1055

* |/{(ShipedAmoun/BDS)Avg)
a5 |MonthlyShipedTimeStdey 1502 | - 3802 |+ 1.901
MonthlyShipedTimeStdey

L /MonthlyShipedTimeAvg L) = SR | S
T |EV(5,Q) 0331 - 0370 |+ 0.337
mx |EV(R=1week5) 0.278 | + 0.218 | - 0.267
ny |EV(R=2week,S) 0383 | + 0356 | - 0.378
ny |EV(R=3weekS) 0484 | + 0484 | - 0.484
Y| n: [EV(R=4weekS) 0.554 | - 0598 | + 0.562
5, |EV(s,Q) - EV(R=1weekS) 0.053 | - 0151 |+ 0.070
B, |EV(5,Q) - EV(R=2week,S) -0.052 | - 0.014 | + -0.041
B; |EV(s,Q) - EV(R=3weekS) -0.154 | - -0.114 | + -0.147
B4 |EV(5,Q) - EV(R=4week,S) -0.224 | + -0.228 | - -0.225

BDS: between the date of shipping, Avg: average,
EV: evaluation value, Stdev: standard deviation.

From the results shown in Table 3 and the ¢ rows
in Table 6, it is possible to make predictions. For exam-
ple, from looking at the w_ column of Table 3, let us
consider o4, 611, and o3, which were the top three in
terms of the strength of their relation in X to Y of col-
umn w,,. In Table 3, the values of those ¢’s, (o6, ®,, ),
(o11, ©, ), and (o3, @, ), are greater than zero, less
than zero, and less than zero, respectively; thus, (o,
@, ), (611, @, ), and (o013, @, ) correspond to (+, -, -).
As another example, in the y,, column of Table 6, the
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signs of (667 Xﬂl)s (Gll; Xﬂl)’ and (013; Xﬂl) arc (+, ) _)'
Therefore, we can predict that (m;, ¥,1) and (7s, ¥,1) in
Table 6 will follow the same tends as that represented in
the @, column of Table 3, that is, they will be less than
the average.

In a similar way, in the ©_, column of Table 3, let
us consider cg, Gy, and 614, which were the top three in
terms of the strength of their relation in X to Y of col-
umn w_,. In Table 3, all three values were less than zero.
In the ¥, column of Table 6, (o, ¥u2), (012, %u2), and (G4,
Y«2) correspond to (-, -, -). From these signs, we can pre-
dict that (7, %,2) and (73, ¥w), and possibly (14, ¥,2) and
(11, %s2) in Table 6, will follow the same trend as that
represented in the @w_, column of Table 3, which means
they will be less than the average.

Next, in the ©,, column of Table 3, (o5, ®,,), (C11,
w,, ) and (03, @, ) have signs (+, -, -); in the y,; col-
umn of Table 6, (G4, Xu1), (G115 Xu1), and (o713, Ya1) have
the same signs, (+, -, -). Thus, as we would predict, (6,
Xo1)s (02, Yu1), and (33, ¥,1) in Table 6 would follow the
same trend as that shown in the ©_, column of Table 3,
meaning they would be less than the average.

For the case of comparing the evaluation value of a
policy, if the average performance of ordering policies
were not significantly different and there are comple-
mentarities, such asw; and s, then a difference in evalua-
tion values of ordering policies implies which ordering
policy should be applied. For example, from Table 6,
applying the original policy of the evaluation value 7y,
which is a (s, Q) policy, for group y,;, and applying the
origin policy of the evaluation value m; for group ¥, is
superior to using either one alone.

4. CONCLUSION

In this paper, our focus was on an approach to how
to categorize items for a suitable ordering policy based
on shipping statistics according to an evaluation of the
ordering policy.

The practical point of view for real business of our
proposed method is that practitioners can find, easily,
significant shipping statistics values for selecting an
ordering policy and can select an ordering policy for
each item based on those significant statistics values
efficiently. In the phase of finding significant shipping
statistics values, we can look at the relation between the
set of shipping statistics and the set of evaluation values
of ordering policies.

In the numerical experiments, actual shipping data
were used for calculating shipping data and simulating
ordering policies. To evaluate the ordering policy, we
considered the simulation results of (s, Q) and (R, S)
policies for each item. Then, we applied canonical cor-
relation analysis between the set of shipping statistics
and the set of evaluation values of inventory policies.

Using the results, we showed the effectiveness of
grouping items by shipping statistics. Because groups,

which are separated by cluster analysis, have different
trends in evaluation values, it is possible to see how to
select an ordering policy from shipping statistics. For
example, by selecting ordering policies appropriately,
we can reduce both shortage time and total daily stock.

Furthermore, we conjecture that the results of ap-
plying our method would vary according to the demand
forecasting method, demand uncertainty, parameter set-
tings for ordering policies, evaluation criteria settings
and criteria of shifting ordering policy. By analyzing the
interactions of these factors, we would like to extend the
model beyond inventories to consider the global optimi-
zation of the performance of the entire supply chain
management system.
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