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Abstract. Enterprise Resource Planning (ERP) systenprojects is that they discover the software does
is a complex software system that supports netabrk not support one of their important business
different business processes. Sales of such systegycesses. If they gave up later the project @sts

has expanded in the late 90s. In that period ER ot more than it should. The problems in ERP

installations  dominated  in  large bqs'”essimplementation can be different but it would be
organizations, but today are commonplace in smal

and medium-sized enterprises. It's very important f ideal t(.) dlscoyer them a_t the time of the
ERP buyers to check is it possible to adapt preterr €valuation and implementation of software. The
ERP package to their business. ERP implementer cdWOre serious problems may arise later in ERP
modify the software to fit the customer's businesgnaintenance. In both cases, the challenge is to
process but that can slow down the project andnake an assessment of the ERP system
introduce new defects into the system. It would beeliability. That includes two types of activities:
useful to gather input about the perceived defectgeliability estimation and reliability prediction.

during systems usage and to try to assess what Reliability estimation represents the measure of
customer can expect in the future. We assumed thﬁEhieved ERP reliability and reliability

suitable models in modeling of ERP system religbili - . C L
are Software Reliability (growth Mo}(ljels (SngbM) preqllctlon determines future ERP reliability upon
'tavallable measures.

Thi ts h timal selecti fi . ,
'S PAPST PIESSNES now opamal seecion o mpunln this paper we start from the client

parameters can be done during a system usage in a o2 B . . .
attempt to choose the appropriate SGRM model. iQrganization’s perspective with assumption that

presented case study Weibull model is identified anthe ERP system is not completed software in

used for reliability modeling and reliability prextion early design stag_e. It is usually a product th§t ha
for existing ERP installation. already been delivered to many customers in the

past but some adaptation and configuration must
Keywords. ERP, reliability prediction, Weibull be done for specific client. The main problem is
model how to select an appropriate software reliability
model with optimal parameter choice. In section
2 basic definitions are reviewed for parameters
1 Introduction that affect the reliability of software and define
what types of defects are reported in observed
) ) ERP system. All defects are tracked and
ERP (Enterprise Resource Planning) systemategorized by proposed scheme from users and
integrates all departments and functions across\&ndor in the separate e-service database.
company onto a single computer system that caleasurement-based analysis framework is
serve all those different department’'s particulapresented in section 3, as a good starting point
needs [8]. According to [9] the most commonfor ERP reliability estimation and prediction. In
reason that companies walk away from ERP



section 6, all phases from specified framework Each defect has also attributes like opening

are validated on presented use case. date, priority, reason for priority, descriptiondan
closing date.
2 Basic definitions Each defect has its own life cycle:
e Opening by customer
* Analysis

The key terms of software reliability asgror,
fault andfailure. )
Error has two different meanings [1]: © Testing

« A discrepancy between a computed Implementation

observed or measured value or condition °* Closing by customer -
and theoretically correct value o The instantaneous rate of defects which is

r
condition. denoted byA(z), is an important function in
« A human action that results in software®liability measurement. o
The mean value of defect distribution (the

containing a fault. : ) )
Fault is the cause of the failure [1]. It is alsotXpected number of defects in the time interval
[0,1]) is:

referred as aug
Failure occurs when the user perceives that .

the software ceases to deliver the expecteB[N(t)] = u(t) = fo A(t)dt Q)

service [1].

Defectcan be used as generic parameter in ;
modeling of ERP system reliability to refer to t\i/vnr:s{eu(t) 's the expected number of defects

either a fault (cause) or a failure (effect). From o0 o6 two fundamentally different periods

the perspective of strict definition in ERP in modeling of ERP system reliability:

software it often captures the fault, sometimes Implementation (initial software design)

the error and often the failure. ith L lik . d
Software reliability is defined as the wit aptmﬂes ke 'exnj:tlng ata

. : o conversion, customization and

probability of failure-free software operation in a inteqration

specified environment for a specified period of Pos?—im Ie'mentation (post-production)

time [1]. The same definition can be used for with acrt)ivities connecteg wit% roduct

ERP system reliability but the term defect can be : P

maintenance.

used instead of failure. If there is a separate system with defect log

All we need is a scheme to capture the atabase then is possible to extract data, perform
semantics of each ERP software defect quickl;f.]| . P 1a, p
analysis and choose an appropriate ERP

It is the definition and capture of defect attrimut I : :
that make mathematical analysis and modelinéﬁgﬁrg'?’ model [1] for both periods like on

possible. In step 1 necessary information from the
defect log is extracted (cumulative number of
defects, rate of defects). In step 2 the data are
interpreted  with reliability estimation of
Typical defect triggers in ERP systems [2] are: operational ERP system in actual environments

Development

3 How to track ERP defects ?

* Training and issues that must be addressed to improve
e Customization system reliability. In step 3 and 4 the appropriate
+ Integration model is identified forreliability prediction
o Data conversion (what-if analysis) that follows in step 5.
Defect types in ERP systems are usually
categorized in a simple scheme [2] as: 4 Suitable ERP reliability models
« Insufficient understanding and familiarity
with the system (user-support) ~_ Most authors are recommending software
+ Changes to security and authorizationygjiapility models according to Software
profiles Development Life Cycle (SDLC) phases [3].
* Bugs fixes One group of models is known as Software
 Changes to existing functionality Reliability Growth Models (SRGM). This type

» New functionality of models captures failure behavior of software



during testing, verification and validation andproduction starts. Infinite models are applicable
extrapolates it to determine its behavior duringn ERP post-production and it is interesting to
operation. Hence this category of models usesse them for ERP maintenance validation.
failure data information and trends observed in The main approach in ERP reliability model
the failure data to derive reliability predictions. selection can be defined by the distribution of the
We have found SRGM interesting for ERPnumber of the defects experienced by time.
reliability modeling during implementation to During step 1 and step 2 from Figure 1. defect
assess whether a system is ready for productiahstribution experienced by time can be
[4]. We have also found this group of modelsmeasured. According to [1] two important
interesting in ERP production assuming thadistribution types can be expected: Poisson and
system will be constantly changed during futurébinomial. When the corresponding distribution is
maintenance. obtained, appropriate models can be selected in
Most of SRGM are described in [1]. Model step 3 and step 4 and compared with real system
classification scheme was proposed by Musa arid step 5 from Figure 1.
Okumoto [1]. We have found particularly In presented case study, post-implementation
interesting classification in that scheme (basechaintenance log for one ERP system was
on total number of failures that can beavailable. After data analysis it was found that
experienced in infinite time) that can be appliegprobability density function for new defects can
in ERP reliability modeling ofiinite andinfinite  be interpreted with Weibull distribution. Weibull
models. Finite models are applicable before ERHistribution can be employed for engineering
production [4] because in that period we striveanalysis with small sample sizes better than any
for a finite number of defects and it is interegtin other method so that was another reason to
to use them for estimating the number ofaccept Weibull reliability model from [1].
undetected defects in a moment when ERP

| >

1. 2. 3. 4 » Analysis of models
———»  Preprocessing of Analaysis of data Model identification Model y luti Models & measures,
data odel solution » reliability prediction }

Reduced Real Solution [ | Results

thod:
data methods

behaviour Models

Figure 1. Measurement-based analysis framework of ERP system reliability

5 Case study Changes to security and authorization profiles)
and attached documents.

Insufficient understanding defect in presented

As a case study we have selected one Croati : L9
rental company witch implemented RentPRO XL%%se study is defect that is initially reportedaas

g, but after analysis it is found that customer
i‘;ﬁasfgqeengtthzgeﬁgggs ?(”Lthies aggsgfg ‘g dfegt&% not use the software correctly. In that case
CarPr% Systéms More about RentPRO )QL ER dditional documentation or customer training is

: , provided.

can be found at [6]. The final goal was to .
validate optimal parameter choice in selection of EVery defect can be tracked with more events
an appropriate model of ERP system reliabilit like question in by user, answer out by customer
during production. The main source of data wa§UPPOrt and closing by customer). Customer
an e-service database of all requests for systeRyPPOrt can change defect domain (for example:
enhancement, bug fixes and requests pertainifg!@nge from bug to insufficient understanding).
to customer support. All defects were added bl defects were solved according to their
the user during product usage and solved byomplexity (defects recognized as insufficient
CarPro customer support centre in Pune, India. Understanding — with - more  ftraining  or

Every defect had attributes like: event datedocumentatlon) and urgency (regular monthly

subject, priority, reason for priority, domain upgrades for all customers or urgent repair for

(Insufficient understanding, Bug, Changes tospecific customer). All new functionalities or

existing functionality, New functionality, ?:nh?:gj;rttr)ngmﬁygpfggg;onallty were published



The equation for the Weibull cumulative
6 Data analysis and interpretation ~ distribution function is:
F(H)=1-¢ @ (5)
In step 1 we have extracted data from the

existing maintenance log (E-service log) in one Defect PDF and CDF function can be
table with events like: defect creation date, defeaalculated from measured data from Table 1. and

closing date, defect type. compared with calculated Weibull distribution
In step 2 we have prepared data with thevalues with estimated parameterandp.
structure from Table 1. In step 4 we have found estimated parameters

We have chosen monthly time distributionfor the Weibull distribution with EasyFit
because we have assumed that most importag@ftware [7] as:o= 1,3842 an@= 8,4355.
cause of new defects are regular monthly Goodness of fit with Kolmogorov-Smirnov
updates. test is presented for estimated Weibull

In step 3 we have analyzed measured defecdlistribution in Table 2
PDF from the Table 1. in period of 24 months With estimatedr andp, Weibull distribution is
with EasyFit software [7] and found good fit calculated with (4) and (5). Result is presented at
with Weibull distribution (visible at Figure 2). Figure 2.

Weibull reliability model is binomial model  According to (3) it is possible to compare
type [1] and defect rate function is obtained froncumulative number of defects from measured
the defect probability density function (PDF)data and proposed Weibull model on Figure 3.

fa(t) as: In step 5, we have triedproposed Weibull
A(t) = Nfy () 2 model for ERP system reliability prediction.
Reliability prediction is useful if the existing

where the N is the expected number of defects iRRP system is changed in any way (new
infinite time t. functionality, regular upgrade etc.). That can be

According to (1), expected number of defectdone by the manufacturer for all reported defects

() at timet is calculated from the defect rate (rom all customers) or for the specific (one
functionA(t). customer) installation like we did in our case

study. In that case, our task is to set the
‘procedure to automatically determine the
Weibull parameters. andp for the new version
of software that will be developed [5].

For the binomial model types, according to [1]
expected number of defegtgt) is in turn related
to the defect cumulative distribution function
(CDF) Fy() as:

u@) = NFa(t) 3 Table 2. Kolmogorov-Smirnov test for
estimated Weibull distribution
Table 1. Formatted structure for extracted

data Sample
size 73
No. | Attribute Description Statistic | 0,0581
1 | Month Month of system usage P-Value| 095411
Number of new defects, detected in o 0.2 01 0,05 0,02 0,01
Number of month of system usage, extracted from|E
2 | new defects service lo
Probability g Critical | 0,123
density value 3 0,1409 | 0,15649 0,1749§ 0,187716
function (PDF) | Statistical distribution of new defects, Reject? No No No No No
for the new detected during ERP usage. Calculated
3 | defects from [2].
Cumulative
number of Cumulative number of defect, calculated
4 | defects from [2]

The equation for the Weibull probability
density function is:

ta
fa(®) = sztele P (@)



Measured defect PDF

- — — Estimated Weibull defect PDF
(0=1,3842$=8,4355)
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Figure 2. Measured and estimated Weibull
defect distribution

Measured cumulative number of
defects

— — — Calculated cumulative number of
defects from Weibull model
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Prediction forp in the 17" month of usage is
made from trend estimation, presented at Figure
5

B17p = 0,2186*17+5,9706 = 7,2822
Measured values for and p for 16" month
(At16), from Table 3. are:

Q16m = 1,4986

Biem = 7,0432

According to (4), from measured,s , B,  in
Table 3:

farem= 0,01048
According to (4), from predicted, 7, , B, in
Table 3:

fa17,=0,01204

According to (2):

/117p//116m = fa17p/ faiem

A17p = 1,1489

Mem= Miem-M1sm= 66-65=1
Predicted cumulative number of defects for the
17" month is:

H17p= Wem + A17p Aty7 = 68

Table 3. Prediction for Weibull parameters
with trend estimation from measured values
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Figure 3. .Measured and calculated
cumulative number of defects

Example: Reliability prediction in the 17th
month of usage, after system upgrade.

In this example we assume that Weibu
reliability prediction model is first time applied
on presented ERP system installation one y¢g
after the software was deployed and then eve
time when software was upgraded (ever
month).  Weibull parameterss and p are
estimated from measured data before upgrad
After two or more estimations af andf from
measured data, prediction could be made f
future values ofu and p with Microsoft Excel
trend estimation statistical technique (Figures
and 5). All the results obtained are presented
Table 3.

£ |2
B 3 ° ° g g
< 5 5 g £l5¢2 [Ee
= 7] n = = (SRS (5]
5 s s ? Bl ; L
E £ = = [ |23
3 =8 3 a | 9 %
S
£ a
12| 1,5673 6,2268 60
| 13 ] 1,5583 6,3465 61
14| 1,5348 6,6158| 1,5493 6,466 6B
ar

ry15 1,5103 6,8994| 15208 6,7854 6

y 16 | 1,4986 7,0432] 1,4938 7,0939 6

OT

[*2)

17| 1,4857 7,195 1,4785| 7,2822 67| 68

le.
18 1,4437 7,69193 1,464p 7,4428 o
Drio | 1,4437 7,691 14358  7,7909 [0
20 1,4315 7,855 1,4199 7,971 T1

4
aft | 14315 7,859 14068 8,149 1

P 23| 1,4007 8,2321] 1,387p 8,37 F3

After 16 months, Weibull parameters arg
estimated from measured data and prediction

4
9

22| 1,4172 8,0354 1,398  8,24%7 f2
7
7

4 1,3842 8,4354 1,37p 8,514 [3

a in the 17" month of usage is made from trend

estimation, presented at Figure 4.
ay7p = -0,0185*17+1,5895 = 1,4785
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Figure 4. Trend estimation for parameter a at
16™ month of usage
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Figure 5. Trend estimation for parameter B at
16™ month of usage

Parameter o is shape parameter of the
Weibull distribution and according to presented
case study and mathematical definitions [10] can
be interpreted as follows:

Since the parameter is decreasing over
time (Figure 4), Weibull distribution
becomes exponential and defect rate is
constant (form=1) or decreasing over time
(defects are rare and existing installation is
tending to be stable)

Since the value of parametes is
increasing over time, defect rate is
increasing over time (defects are often and
existing installation is tending to be
unstable).

7 Conclusion

Measurement-based analysis represents a good
foundation for the future work in modeling of
ERP system reliability. This paper gives example
how to use existing user-generated ERP software
defect reports in choosing of an appropriate
SRGM in reliability modeling and later in
reliability prediction. It is important to
emphasize that we have analyzed data for only
one installation of described ERP product,
collected during system usage after software
acquisition. It is good approach for the situation
when user wants to validate product maintenance
and predict the future trends during product

Similar prediction can be made for longerusage. Another important point is that we have

period, for an example for the 2@nonth, at the
16" month:

H20p= Hiem T A17p Aty7+
+ Aigp Aty1g+A19p Ati9tAy0p Atyg

At17 = At18 = Atlg = Atzo = At = l month

AlSp = Al7pfa18p/fa17p

/119p = /118pfa19p/ fa18p

/120p = /119pfa20p/ fa19p

According to trend estimation forx and f8
from Figures 4 and 5 at $6month for next
periods and (4):

Haop™ 72

analyzed maintenance log from the moment
when the product was in full production so the
number of reported defects is relatively small.

The future research should cover the ERP
software implementation phase before full
production when amount of reported defects is
bigger in smaller time interval. It will be also
interesting to use presented analysis for one ERP
product with reported defect data from different
customer installations.
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