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Abstract—This work proposes an ABC-XYZ-type analysis 
modified with observed merchandise deficit. The deficit is 
determined by right censoring. This manuscript proposes 
to account for right censoring in the ABC-XYZ analysis. The 
modified ABC-XYZ analysis updates many important 
quantities including projected income, the coefficient of 
variation, and the Kaplan-Meier estimator. An illustrative 
example shows that the classical ABC-XYZ algorithm 
underestimates a merchandise value when deficit was 
observed; magnitude of the coefficient of variation is also 
underestimated. The new method corrects this bias and 
recalculates overall profit and the coefficient of variation. 
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I. INTRODUCTION 
Logistics and supply chain management suggest multiple 

optimal merchandise and supply classification schemes as 
well as approaches to their timely management [1]. In [2], 
Analytic Hierarchy Process (AHP) is suggested for 
classifying a complex inventory combining multiple 
qualitative criteria including subjective judgments. In [3], 
authors apply a generic algorithm for inventory classification 
and compared their findings with the results of AHP-
classification using two real datasets. In [4], inventory 
classification is completed simultaneously across four 
different criteria using artificial neural networks (ANN); [5] 
used fuzzy C-means clustering.  

Nevertheless, ABC analysis continues to be the most 
known and widely popular method for supply classification, 
elucidating most important merchandise groups [6]. ABC 
analysis proved to be so effective that it is currently used 
almost everywhere. This effectiveness prompts researchers to 
continue their effort towards extending ABC analysis to new 
and more complex applications. One extension focuses on 
multidimensional classification. In [7], inventory 
classification was completed with the use of a cross 
tabulation matrix. Some research [8-11] suggests using a 
super-criterion, a linear combination of multiple different 
criteria. In [12], the FNS (functional, normal, and small) 
algorithm is developed, which combines the classical ABC 
categorization with a new grouping strategy. This algorithm 
simultaneously uses a multidimensional input (handling 
frequency, lead time, contract manufacturing process time, 
and specialty) to produce an inventory classification. 

Many enterprises use their sales data in ABC-XYZ 
analysis for monitoring profit and stability of demand [1, 13]. 
It is often clear that the results of ABC-XYZ analysis do not 
always reflect the real demand, as these results do not 
account for additional information potentially related to ABC 
and XYZ grouping. In [14, 15] authors modify ABC-XYZ 
analysis with a known quantile, which results in a more 
accurate grouping. In [16], a notorious effect of short-term 
outlying demand fluctuations is suppressed with Grabbs 
criterion. 

Specifically, the ABC-XYZ analysis does not use 
information such as when certain merchandise is fully sold 
out and some potential customers simply did not have a 
chance to make their purchase because of the deficit. In fact, 
this situation can be conveniently described by right 
censored data, which requires certain statistical techniques 
for data analysis. Use of traditional statistical approaches 
which ignore censoring lead to biased findings and profit 
reduction [17]. 

In this work, an ABC-XYZ analysis accounting for right 
censoring is suggested. A plug-in estimator is used 
to estimate the mean and the coefficient of variation, where 
the Kaplan-Meier estimator is used to estimate the unknown 
cumulative distribution function. 

II. ABC-XYZ ANALYSIS IN THE PRESENCE OF DEFICIT 
The ABC method [6] is based on the Pareto principal and 

classifies merchandise assortment into three non-overlapping 
groups depending on importance of merchandise 
for a retailer. The classification criterion is a customary 
choice but predominantly it is either overall profit or overall 
revenue.  

Without loss of generality, we use product revenue 
,iR ,,1 Мi  during a predetermined time period as the 

optimality criterion, where M denotes the total number of 
products for sale. 

The classical ABC-analysis consists of four stages: 

1. All revenue values are sorted out in a decreasing order  
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2. For Мi ,1 , the ratio  
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 is calculated. 

3. For Мi ,1 , the cumulative ratio  
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 is calculated with S0 = 0. 

4. Finally, the decision is made:  

a. If  
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then the product belongs to group A. Group A is the 
most important category for profit and the deficit 
in this group leads to serious profit loss.  

b. If  

,95.08.0 iS

the product belongs to group B. Group B is less 
important and potential losses are smaller.  

c. If  

,95.0iS

the product belongs to group C, which means that 
the product can be excluded from the assortment 
without any serious impact on the revenue or profit. 

The XYZ-methodology is based on the coefficient of 
variation [18] 

%,100
X
SCV

where 
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is a sample mean [18] based on historical sales data 
NXXXX ,...,, 21  and 

N
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is a sample standard deviation [18]. The coefficient 
of variation (1) is calculated for every product.  

Then, the assortment is grouped in the following manner: 

1. If  

%,10CV

the product belongs to group X, a group with a 
stable, almost constant, market demand. 

2. If  

%,30%10 CV

the product is from group Y, with a less stable 
demand. 

3. If  

%,30CV

then the product is classified to group Z, a group 
with highly variable demand. These products are 
often characterized by highly seasonal demand. The 
classification boundaries can be changed: 
for example, 25% can be used instead of 30%, but 

such changes do not affect the proposed 
methodology. 
 

III. NEW ABC-XYZ PROCEDURE ACCOUNTING  
FOR DEFICIT PRESENCE 

Real demand data are rarely available, which forces 
practitioners to deal with sales data, a surrogate for a real 
demand. True demand data are not observed as sales data 
produce right censored observations, as the sales are limited 
to the amount of product available to customers at a store 
within a timeframe [19]. This results in underestimation of 
the true demand level, leading to a recurrent deficit and profit 
loss. Inadequate inventory record management leads to 
inaccuracy as well [20, 21]. 

Some researchers account for censoring to improve 
logistics and supply chain management. In [22], a new 
replenishment policy is suggested when real demand is 
unknown, but sales data with observed deficit is available. 
Authors applied the Kaplan-Meier estimate to evaluate true 
demand in the newsvendor problem. In [23], Kaplan-Meier 
was used for assessing inventory turnover and levels. The 
problem of parameter estimation in linear mixed effects 
models with random demand is considered in [24]. In [25], 
authors applied maximum likelihood estimation with right 
censored demand data to estimate a mean demand for fast 
moving items and its standard deviation. A Bayesian 
estimation of the demand and the economical order quantity 
(EOQ) on right censored data is used in [26]. Authors show 
that the correct use of censored observations leads to increase 
of EOQ, calculated on full demand observations ignoring 
censoring, whereas the profit loss associated with an 
unfulfilled demand is reduced by more than 75%. 
A comprehensive review on supply management issues 
related to demand censoring is published in [27].  

In our work, we suggest a modified ABC-XYZ analysis 
accounting for deficit (right censored demand) with the 
Kaplan-Meier estimate [28]. 

Consider a positive random variable  ≥ 0 describing 
product sales with an unknown survival function 

}{)( xPxS

If there are no censored observations, S(x) can be 
estimated with the empirical survival function 

N
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Here xI  is an indicator function.  

By plugging in )(xSN  instead of the unknown S(x) 
in expectation E  and variance Var  Formulas (2) and 
(3) are obtained.  

Consider a right censored sample 
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where Ii is an indicator of deficit: 

month.  in thedeficit   wasthere 1,

month;  in thedeficit  no  wasthere,0
th

th
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Then, the Kaplan-Meier estimator [28] 
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can be used to estimate S(x), where 
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Note, that the  )(xS C
N  is a non-parametric and 

consistent estimator [29] of the survival function )(xS . 

Further, the use of )(xS C
N  leads to new estimators 

of E  and the CV: 
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The estimator CX  is used for recalculating the revenue 
of every product with observed deficit:  

,CC XNPR

where Р is a product’s price.  

The updated revenue results are used as input values for 
regrouping products we described above.  

By analogy with an updated estimator of ,E the updated 
estimator of CV is 

%.100C

C
C

X
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The grouping principal stays the same. 
 

IV. ILLUSTRATIVE EXAMPLE 
Performance of the modified ABC-XYZ analysis 

is illustrated on a real dataset. Consider an extract 
from a commercial database of a mid-size retailer  
located in the city of Tomsk, Russian Federation. This 
extract consists of sales history of 10 products,  
named as “One”, “Two”, …, “Ten” for confidentiality 
purposes. To further preserve confidentiality, price and 
revenue numbers were also adjusted without jeopardizing the 
overall pattern seen in the original data (see Tables 1 and 2).  

Tables 3 and 4 report results of the classical АВС-XYZ 
analysis. These tables show that Group АХ has only one 
product, Group AY – zero, AZ – two, ВХ – one, BY – one, 
СХ – one, СY – three, and СZ – one. 

Consider more carefully sales of Product Four (see 
Figure 1). A second look at the same sales history showed 
that in February, May, August and October there was 
observed deficit of Product Four: it was fully out of stock, 
which means that the sale of this product could have been 
higher during these months, which did not happen due to its 
absence. To incorporate this fact, the Kaplan-Meier estimator 
(5) is applied to recalculate average sales and revenue (see 
Table 5). This approach also allows evaluation of potential 
profit loss. 

Figure 2 shows the survival function S*(x) which is 
estimated by the classical formula (4) ignoring censoring, 
which means that censored data are treated as exact 
observations, and SС(x) is the Kaplan-Meier estimator (5). 

Thus, the averaged sales of Product Four accounting 
for censoring is  

monthper  units 1507.75 C
FourX

TABLE I.  DATA SET 

Product 
name Jan Feb March Apr May June 

One 6 576.0 4 263.0 3 340.0 3 697.0 3 535.0 2 651.0 

Two 803.0 805.0 880.0 797.0 794.0 870.0 

Three 1 549.2 1 384.8 1 558.6 1 999.0 14 431.6 30 178.8 

Four 1 538.0 1 508.0 1 528.0 1 463.0 1 504.0 1 496.0 

Five 308.0 398.0 351.0 406.0 439.0 374.0 

Six 2 545.5 2 809.7 2 627.1 2 806.9 2 829.1 2 649.0 

Seven 60.8 62.9 57.1 63.8 58.6 41.0 

Eight 155.0 98.0 92.0 99.0 100.0 99.0 

Nine 73.0 84.0 97.0 72.0 88.0 83.0 

Ten 215.0 142.0 155.0 96.7 100.8 83.0 
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TABLE II.  DATA SET (CONTINUATION OF TABLE 1) 

Product 
name July Aug Sept Oct Nov Dec 

One 2 541.0 1 351.0 3 611.0 3 867.0 4 257.0 6 204.0 

Two 791.0 797.0 686.0 816.0 792.0 805.0 

Three 32 450.3 30 448.1 4 647.0 1 562.2 1 539.7 1 760.1 

Four 1 485.0 1 510.0 1 492.0 1 507.0 1 465.0 1 494.0 

Five 424.0 317.0 385.0 420.0 357.0 290.0 

Six 2 986.9 2 569.2 2 490.5 2 146.0 2 359.0 2 436.0 

Seven 52.5 57.6 44.3 55.0 71.6 58.1 

Eight 130.0 91.0 108.0 99.0 50.0 99.0 

Nine 78.0 79.0 78.0 69.0 88.0 60.0 

Ten 104.0 95.6 102.3 101.2 130.0 315.0 

 

TABLE III.  ABC-ANALYSIS 

Product 
name 

Price, 
Rub/Item 

Revenue Ri, Rub.  
for a year di, % Si, % ABC 

One 860 39 467 980.0 39.94 39.94 A 

Two 1 920 18 501 120.0 18.72 58.66 A 

Three 118 14 574 096.5 14.75 73.41 A 

Four 808 14 535 920.0 14.71 88.11 B 

Five 1 145 5 117 005.0 5.18 93.29 B 

Six 150 4 688 210.9 4.74 98.04 С 

Seven 1 200 820 100.3 0.83 98.87 С 

Eight 490 597 800.0 0.60 99.47 С 

Nine 388 368 212.0 0.37 99.84 С 

Ten 94 154 217.1 0.16 100.00 С 
Total  

Revenue 98 824 661.7    
 

TABLE IV.  XYZ-ANALYSIS 

Product 
name 

X , items per 
month 

S, items per 
month CV, % XYZ 

One 3 824.4 1 450.3 37.9 Z 

Two 803.0 47.4 5.9 X 

Three 10 292.4 13 032.0 126.6 Z 

Four 1 499.2 22.1 1.5 X 

Five 372.4 48.6 13.1 Y 

Six 2 604.6 233.3 9.0 X 

Seven 57.0 8.3 14.5 Y 

Eight 101.7 24.5 24.1 Y 

Nine 79.1 9.9 12.5 Y 

Ten 136.7 66.9 49.0 Z 

 

X t

1400
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1520

1560
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Fig. 1. Product Four monthly sales, solid circles denote deficit 

 

with overall annual revenue for Product Four 

rub.  144 619 1475.507112808C
FourR

If there were no deficit, the total annual sales from all 
products could be 

rub. 885.7 907 98CR

and the proportion of Product Four in the total increased 
from 14.71%  to 14.78%.   

Product Four moved to Group A while continuing to stay 
in Group Х, because the coefficient of variation accounting 
for deficit is 

%,8.1%100
75.5071

27.23CCV

 

TABLE V.  KALPAN-MEIER ESTIMATOR 

j )( jX  )( jI  )( jR
 1)(

)(
)(1

j

j

RN

RN jI

 
)( j

C XS  )( jh  

1 1463 0 1 0.917 0.917 0.083 

2 1465 0 2 0.909 0.833 0.083 

3 1485 0 3 0.900 0.750 0.083 

4 1492 0 4 0.889 0.667 0.083 

5 1494 0 5 0.875 0.583 0.083 

6 1496 0 6 0.857 0.500 0.083 

7 1504 1 7 1.000 0.500 0.000 

8 1507 1 8 1.000 0.500 0.000 

9 1508 1 9 1.000 0.500 0.000 

10 1510 1 10 1.000 0.500 0.000 

11 1528 0 11 0.500 0.250 0.250 

12 1538 0 12 0.000 0.000 0.250 

Authorized licensed use limited to: Tomsk State University. Downloaded on January 22,2021 at 05:36:55 UTC from IEEE Xplore.  Restrictions apply. 



0

0.2

0.4

0.6

0.8

1

1450 1470 1490 1510 1530 1550
x

ScN(x)
S*N(x)

 
Fig. 2. )(* xS N  calculates with the classical formulas ignoring censoring; 

)(xS C
N  is the Kaplan-Meier estimate 

which is higher than the initial CV = 1.5% by 20%. The 
results of the new ABC-XYZ analysis are summarized 
in Table 6. 

Thus, accounting for deficit in ABC-XYZ analysis 
allowed us to re-evaluate importance of Products Four and 
Three and revise inventory management parameters. 

The proposed new categorization updates companies’ 
expenses and logistics. For each particular case, however, a 
detailed analysis of the updates is needed to predict 
the overall impact on companies’ performance.  

Nevertheless, this new approach provides a more 
accurate estimation of consumer demand and a more 
accurate ABC-XYZ classification, which consequently leads 
to increased quality of service and customer satisfaction. 

 

 

TABLE VI.  MODIFIED ABC-ANALYSIS 

Product 
name 

Revenue C
iR , 

Rub. for a year 
C
id i, % C

iS i, % ABC XYZ 

One 39 467 980.0 39.90 39.90 A Z 

Two 18 501 120.0 18.71 58.61 A X 

Four 14 619 144.0 14.78 73.39 A X 

Three 14 574 096.5 14.74 88.12 B Z 

Five 5 117 005.0 5.17 93.30 B Y 

Six 4 688 210.9 4.74 98.04 С X 

Seven 820 100.3 0.83 98.87 С Y 

Eight 597 800.0 0.60 99.47 С Y 

Nine 368 212.0 0.37 99.84 С Y 

Ten 154 217.1 0.16 100.00 С Z 
Total 
Revenue 98 907 885.7     

 

CONCLUSION 
This work suggests a new approach to ABC-XYZ 

analysis, which incorporates information on observed 
deficit. This approach estimates real product demand, not 
just what was actually sold. 

The use of illustrative sales data with observed deficit 
showed that proper accounting for censoring leads to 
substantial changes of final grouping. The new methods are 
more appropriate and more accurate, as the Kaplan-Meier 
estimator is an asymptotically unbiased estimator of the 
survival and cumulative distribution functions. 
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