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Abstract—This paper presented an economic model for
productivity of software corrective maintenance. The
productivity is modeled using economic value of thenaintenance
process as the output, and the pre-committed fixed¢ost and
variable cost as input. The relationship of the eammic value and
these cost components are modeled using analytictdeory of
investment. The values of corrective maintenance pcess are
analyzed. A simulation approach is demonstrated tanalyze the
influences to the productivity in corrective maintenance. This
approach provided a tool to identify and analyze tk optimal
parameters in productivity using the economic modeland
simulation.
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[. INTRODUCTION

Software development lifecycle consists of a numdbier
phases: planning, requirements, specifications, igdes
implementation, integration, testing, deploymenpemtion
and maintenance. After new development is completed
software system is delivered to client for use, lifee cycle
goes to a long maintenance phase. |IEEE standaidedef
software maintenance as “the process of modifyisgfaware
system or component after delivery to correct falhnprove
performance or other attributes, or adapt to a gbdn
environment” [1]. Research found that the main r$fan a
software development life cycle have been made
maintenance phase [2,3]. Software project
viewpoint of activity importance is more in mainggte phase
than in new software development [4].

To understand software development efforts, largeuat
of research work have been focusing on cost mddelaew
software development. Conventional

points [6]. Recently developed dynamic model ineluidan
economic model using analytical theory of projemsteistment
[7]. These models are developed for early new agreént
phases in life cycle rather than maintenance.

characteristics of maintenance activity are différeom new
software development [4,8]. Rather than straightwéod
creation of new software, maintenance activities kena
changes to existing software system in a long peiio a

relatively stable environment. There are
maintenance types: corrective maintenance,
maintenance and perfective maintenance [1,8]. Therehe
economic model for maintenance phase should beratepa
from new development phase. In literatures, Sorseaneher

in
managers

approaches dieclu
Constructive Cost Model (COCOMO) [5] and functional

attempt to develop models to analyse maintenancé&loa,
cost and productivity. Examples of such models are
Jorgensen’s productivity model for maintenancevitgti[9],
Basili's productivity using metric of line of codger hour
[10], Nguyen’s maintenance metrics using mainteaasize,
effort and effort distribution [2], and COCOMO mtenance
model [5]. These models are static models usingioset

In this research, we develop a new dynamic economic
model to analyse software maintenance productiviing
analytical modelling and simulation approach. Mamance
efforts and values will be analysed using this ecoic model.
There are three types of maintenance: correctivieaterance,
adaptive maintenance and perfective maintenancethis
paper, we will analyse the productivity model inrreative
maintenance type. Impact factors to corrective teaimnce
productivity will be analysed using simulation.

This paper is organized as follows. Section Il wéliew
related work in software maintenance modelling.ti8aclll
will present the new analytical economic model oftware
maintenance productivity for corrective maintenarection
IV will present simulation results using the economodel
for corrective maintenance. Selected impact factars
analysed. Conclusion and further research will bewd in
Section V.

. SOFTWARE MAINTENANCE PRODUCTIVITY
» AND INFLUENCE FACTORS

To model and evaluate the software developmenttsffo
productivity is used as one of the major metriandBctivity
is defined as “the ratio of work product to worlkfoef’ by
IEEE standard [11]. Software productivity can beameed by
the ratio of “an output primitive” to “its correspding
primitive” of the software [11]. Software mainteman
productivity could be similarly defined. In thiscti®n we will
review the related work on software maintenancelpctvity.

Software maintenance productivity can be measusatju

Thenaintenance production function. Maintenance pradoc

function represents the relationship between thaterance
effort (major maintenance input) and modified saiites
(major maintenance output). In literature, the ostrfor
maintenance productivity have been designed ineudifft

three majoapproaches. Productivities in different maintenatypes are
adaptivdifferent. Maintenance activities are classifietbithree major

types: corrective, adaptive and perfective maimeaa[2,8].
Some literature has modelled maintenance produgtivi
general or in different types.



In Jorgensen’s approach, maintenance productivity
defined using the ratio of maintenance size toreffised on
the maintenance task [9]. The maintenance sizeased on
inserted line of code (LOC), updated LOC and delé®C in
a maintenance task. Boehm uses the average DeliGenarce
Instruction (DSI) of a Man in a Month (MM) to deéinthe
productivity metric [5]. In Basil's model, softwar
maintenance productivity is defined using Sourceeki Of
Code (SLOC) over hours spent in the maintenande [fd).
They also found that the productivity measuremeaots
different types of maintenance activities are défe [10]. The
productivity for error correction activity and mikeactivity
was significantly lower than for enhancement atfivi
implying that error corrections were less produgtivin terms

i Quality of system documentation

Adequacy of system design specification
Maintenance personnel experience
Maintenance personnel abilities on maintenance
Maintenance personnel abilities on configuration
management

Maintenance tool availability

Database size

Software system complexity

User demands for enhancements, ex
Software reliability reque

Usage tim

Maintenaice personnel stabili
Environmental chany

Non-technical factors

We will use these factors to analyse the productivityhis
research.

of SLOC per hour—than in enhancements of perfective

maintenance type [10Nguyen et al. continued Basili’s study.
They assessed the maintenance size, effort and effort

distributions of three different maintenance type®rrective,
adaptive, perfective maintenance, then built estananodels
to predict the developers’ effort spent on mainteeatasks
[2]. Their results indicated that corrective mainterewas the
least productive maintenance in all maintenancegypalf
effort of maintenance was spent on reading and rstateding
present code.

Recently an analytical modeling approach is progdse
model software productivity in general using ecoimowalues
and software economic cost [7]. The software prading
metric is defined using the ratio of total softwareject value
and total pre-committed project fixed cost plussaltvariable
cost of the project. Eq. (1) represents the metic
productivity in this analytical approach.

S_Total (1)

Productivity Eco =
+ C_Tota]

where Productivity Eco is the productivity metric of a

software projectS o is the total software project economic

values.K is the total pre-committed project fixed c@3t Tow
is the total variable cost in the software project.

Using this analytical model, the impact factors to the
identified and analysed using
simulation [7]. This analytical model is developed fomwne

software development. Characteristics of maintenance phase

software project can be

are not analysed.

Ill. ECONOMIC MODEL FOR SOFTWARE
MAINTENANCE

In this section, we present an economic model for soétwa
maintenance process. Productivity of maintenance is
modelled. In this model, software maintenance produgtisit
defined using the output values and input cost from economic
viewpoint.

A. Software Maintenace Economic Model

To define a metric for software maintenance productivity
we can use the ratio of the output and input of a maintenance
process. From economic perspective, in software maintena
the output is the economic value of the maintenance process,
and the output is the total maintenance cost. The costigtuct
of a software project can be divided into pre-commifireld
cost and variable cost. Fixed cost includes cost before
maintenance commences, such as education cost for
maintenance personnel. Variable cost is consumed for the
maintenance activity, such as salary paid for maintenance
personnel in the maintenance activity.

Using analytical theory of project investment, the
productivity of a software maintenance process in general ca
be represented as [7, 12, 13]:

S\/ITiTotal

KMT + CMTﬁTotal

2

Productivity Eco=

where Productivity Eco is the metric of productivity of the

In our research, we will use this dynamic analyticalsoftware maintenance procesyr tow iS the total economic
modelling approach to analyse the productivity for sofewar value of the maintenance proce&sy is the pre-committed

maintenance.

In these literatures, some
process are identified. By analysing these influencabtése

literatures, we derived the influence factors to maintenance

influences to maintenanc

fixed cost, Cwrtaa is the total variable cost of the
maintenance. This definition can be applied to three tgbpes
fhaintenance.

If the unit economic value of the maintenance in a unit

productivity and classify them into two groups: technicaltime isSwr, the unit variable cost in a unit timeGsm, and the

factors and non-technical factors. These influence factods
groups are listed in Table 1.

TABLE 1 FACTORS AFFECTING SOFTWARE MAINTENANCE
PRODUCTIVITY

Group Influence Factors
. Quality of system original program
Technical Code reusability
factors - -
Modern programming practice

total time of the maintenanceTs the total value and the total
variable cost can be represented as

SVIT _Total = SMT xT ) CMT _Total (3)

The relationship between unit value, unit variable cosgdfix
cost and the maintenance time can be represented as:

=CMT xT



Cyr = Sy N(dy) ~ K, € TN(d,) @ Assuming the depreciation rate of the system wittrective

maintenance i§Corr ur the value of the system with

where N(d1) and N(d2) are the cumulative probability maintenance of tim& is as below:

distribution functions for a standardized normahdem

variable. d: andd: are calculate as below: Switncor wr = Soe XA corr_ut 0< gy, yr <1 (8)
o, = N(Sur [Koer) * (r +0° 12)T (5)  WhereSaincor_ur is the unit value of the system with
oVT maintenanceac wr is the depreciation rate with corrective
g =S /Ky + (=0T _ ) -
2 o7 ) maintenancea,, . <Qcy, wr-
wherer is the discount rate; is the uncertainty level. Therefore the value of the corrective maintengiaes:
Eq. 2 with relationships in Eq.3, Eq. 4, and Ecré the Swur = Sustncorr_mt ~ Sho_ur @)

economic model for maintenance productivity. Thisdel is a
general model for 3 types of maintenance. For égph of
maintenance, the factors in Table 1 will have défe 2) Output: the cost of the corrective maintenance

influence to productivity. Usually purchasing new equipment and software is no
needed in corrective maintenance process. Theomslyis the
Tost of maintenance personnel. This cost is contposéwo
components: pre-committed fixed cost and variabkt.c

= Soe X(a'TCorrJ\/lT -a’ No_MT )

IEEE standards defined three maintenance type
corrective, adaptive and perfective maintenancee Tirput
cost and output values are different in each typarrective
maintenance is defined by IEEE standard as “thetikea
modification of a software product performed afietivery to IV. INFLUENCES TO CORRECTIVE MAINTENANCE

correct discovered problems [1]. Adaptive mainteeais the To understand the influences to the productivityded,
modification of a software product, performed aftiefivery,  we use a simulation approach to analyse how théugtivity
to keep a software product usable in a changechanging  changes with parameters in the productivity modalj how
environment [1]. Perfective maintenance is the rincation of  factors influence the productivity through thoseapaeters.
a software product after delivery to detect andremirlatent  The parameters to be analysed in the model areeaahomic
faults in the software product before they are fiested as value of the maintenance in a unit tin®n), pre-committed
failures [1]. As a pilot study, in this paper, wectis on the fixed cost of maintenancér), variable cost of maintenance

corrective maintenance modelling. Economic modeis f (Cur), system maintenance tini€){( discount rate of returm)
adaptive and perfective maintenance will be analys® and the rate of uncertainty)(
further research.

) o ) _ A. Basic economic productiviy model for software corrective
B. Analysis Productivity for Corrective Maintenace mainteance
To evaluate the productivity in corrective maintece, the
economic value, the cost of the maintenance proeaskthe
influence factors to the productivity will be anséyg.

Firstly we analyse the basic economic productiwitthout
influences of factors. Keeping the values %%, K, r, o,

Qo wra@Nd @, yr unchanged, observe hd@r and the
1) Analysis of the value of corrective maintenance - -

Corrective maintenance ensures the system runatiyrre productivity change with the maintenance tinie In

and does not break down. Considering the systenat&in simulation, we set the value of the new developetiesn Soe

; ; . to $10,000, fixed cos to $1,000, discount rateat 3% per
without any maintenance, the problem of the systeih T : AN o P
emerge and new similar systems will come to theketaoon. Month, and uncertainty level 0.25, depreciatiore rafith
This causes the intangible depreciation. The ecimoaiue ~ Corrective maintenangg 0.8, depreciation rate without
of the software system will decrease rapidly withou maintenance o 0.5. The system maintenance tinfe

maintenance. No-MT _ ,
changes from 2 months to 22 months with the inteofa2

Suppose that the original value of the system attithe  months. Using the economic model in Eq. (2), (8),and (5)
the development finishes iSoe. The value of the system for simulation, the changes of system maintenarateevand
depreciation of maintenance tirfiecan be assumed using an the productivity without influence of factors arteosvn in Fig.
exponential accelerated model as below: 1 and Fig. 2. Simulation results in Fig 1 and Figelnonstrate

— T that without the influences of factors, the valdecorrective

Sto_ur = Spey X o 0< o r <1 % maintenance decreases rapidly with the system dieyice.
where Sw_ur is the unit value of the system in a unit time The productivity shows a curve of a reversed Uisks from
without maintenanceg, s the depreciation rate without the beginning, bends smoothly at the peak, thetingsc The
maintenance. - peak produc'uvny_ stays at t_hg pqst—med|an_ parts Tdicates

that the economic productivity increases in the tnpzst of

If corrective maintenance is carried out, the dejt®n  the lifetime, only decreases at the end of the life
rate slows down. The lifetime of the system is pdt.

T
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Fig. 1. Without influences of factors, maintenan@due changes with
maintenance tim&
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Fig. 2. Without influences of factors, maintenapeeductivity changes
with maintenance time.

Meanwhile, high quality of the system original gram
can save the efforts of maintenance task for miaiets. High
quality system needs a few maintenance personmeh there
are some bugs, high quality program makes it eamy f
maintainers to read source code and position thodlgm.
Therefore the effort and the cost of maintenancsqrmel are
reduced. The cost of maintenance personnel is taopare-
committed fixed cosKwr. So the influence factor of quality of
the system original programfqua_prog iS Negatively correlated
with Kmt. We assume that the relation between pre-committed
fixed costKur and the factoFqua_pog Can be described by a
unary linear regression model:

Kur :ﬂK0+ﬂleFQual_prog +& B <0

whereg,  is the location invariant,  is the scale invariant,

(11)

and &, is the error term of the model.

Analyse the influence dfoua_prog t0 UNcertainty rate

The quality of the system original program is negdy

In the above analysis, we assume the case that tlwerrelated with the rate of uncertainty too. Systems with

corrective maintenance is not influenced by factdts the
findings in Table 1, there are two groups of fastdhat
influence the productivity in software maintenante. the
following simulations, we will select a number offluence
factors for analysis.

B. Influence factor: the quality of systemoriginal program

The quality of the system original program reflette
quality of development result. It is a factor spécfor
maintenance process. This factbhua_pog impacts on 3
parameters in the dynamic economic productivity ehoaf
maintenance process: the depreciation rate
maintenancey, ., pre-committed fixed cost of maintenance

Kwmr, and the rate of uncertaingy

Analyse the influencEqua_prog to depreciation rate

If the quality of the original software programhigh, the
system should run relatively steady. Higher quatityans less
bugs, better performance, and more precise dedigh.good
customer operational experience and outstandingeptation,
the life of the system is extended and the valuthefsystem
increases. The depreciation rate without maintemgnatural

depreciation rate) a,, ,,0f a system with higher

development quality should be greater than thah wotver
development quality. To model the relationship hestw
a,, ur @nd the factor of quality of system original pragra

Faua_pro, We use the regression analysis approach [14ksich
linear regression model is built to specify thifatienship as
follows:

a £ (10)

:ﬁa0+ a’leQualfprog-'- a 180'1>0

where g_ is the location invariang is the scale invariant,

No_MT

and £,is the error term in the regression model.

Analyse the influence dfqua_prog to fixed cosKmr

without

low quality programs are always along with troublasd
unexpected results. The rate of uncertainty iseased with
the decrease of the quality of the system. A basary linear
regression model is built to describe the relatetweeno

and the factoFQua_prog:

g= ﬂao + 18171 x I:Qual _prog ﬂal < O (12)
where g is the location invariang is the scale invariant,

+&

ag

and £,is the error term in the regression model.

Analysis of the influence dfqua_prog t0 productivity

Now we can analyse the influence of the qualitythod
system original program Fqua pog ON the economic
productivity Productivity Eco. In simulation, keep the value
of Se, T, 1, andg_ . unchanged. We set the value of the

new developed systei®e 10000 dollars per month, system
maintenance timél' 12 months, discount rate at 3% per

month, depreciation rate with corrective maintegaag, .

0.8. The coefficients of the three regression nedeEq. (9),
(10) and (11) are set as below:

B,,=033 [, =-400
B,.=02 [, =1400

The standard quality of the system original program
Foua_prog iS assigned to 1. In the simulatidfqua_prog Changes
from 0.6 to 1.5 with the interval of 0.05. The qtyabf the
system original program is poor whEgua_prog is 0.6, and the
quality is high whenFquapog is 1.5. The results are
demonstrated by Figs 3, 4, 5, and 6.

IBUO =-03
B, = 055

From the simulation results in Fig 3, 4, 5 and &, fimd
out that as the quality of the original system paogFqual_prog
goes up, the unit value of the maintenafee declines, the
pre-committed fixed cost of maintenance declines, the rate
of uncertaintys declines too. But the economic productivity
of maintenance proce®soductivity Eco grows up.
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Fig. 3. The unit value of the maintenance in a time SMT changes with
the factor of the quality of the original progrdiqual_prog.
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Fig.4. Pre-committed fixed cost of maintenaddT changes with the
factor of the quality of the original prografoual_prog.
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Fig. 5. The rate of uncertain€f’ changes with the factor of the quality of
the original progranfQual_prog.

We observed that the unit value of the maintenghae
slides accelerated as the program quality goedegulg. That
means the better the original program is, the mieds
necessary the corrective maintenance will be, thehress
the value of maintenance will be. The ascendingaoil of

experienced programmers, designing a detailed nemeint
statement, and arranging sufficient development tietc.

In this section, we select one impact factor tolys®athe
productivity in corrective maintenance. The simiglatresults
for other factors will be presented in future resha

V. CONCLUSIONS AND FURTHER RESEARCH

In this paper, we developed an analytical econanudel
for software maintenance productivity. Impact fastao
maintenance process are identified. There are thmapor
maintenance types. Corrective maintenance typeoideited
in this paper. Among the impact factors, the quatif the
original software program is selected to demonstrite
analysis result in simulation. By using the modetigation,
this economic model can be used as a tool to amalys
impact factors and select the optimal parameteesieve the
optimal productivity. In further research, otherpiact factors
will be analysed. Adaptive maintenance and perecti
maintenance will be modelled.

REFERENCES

ISO/IEC/IEEE 24765:2010(E) “Systems and sofeveengineering —
Vocabulary”

Nguyen, Vu, Barry Boehm, and Phongphan Danpghitphan."A
Controlled Experiment in Assessing and Estimatingftare
Maintenance Tasks." Information and software tetdgy53,6 (2011):
682-91.

[3] Boehm B.W. Understanding and controlling softevaosts, IEEE Trans.
Software Engineering. Vol. 14, No. 10. pp.1462-141988).

Lientz, Bennet P., E. Burton Swanson, and GBil Tompkins.
"Characteristics of Application Software MaintenaricCommunications
of the ACM 21,6 (1978): 466-71

Boehm, Barry W. "Software Engineering Econoniic®rentice-Hall
Advances in Computing Science and Technology Sef#glewood
Cliffs: Prentice-Hall, 1981

[6] Albrecht, A. J., and J. J. Gaffney. "SoftwarenEtion, Source Lines of
Code, and Development Effort Prediction: A Softwafrience
Validation." |IEEE Transactions On Software Engiimgr SE-9,6
(1983):639-48.

[1

_—

(2]

(4]

(5]

Productivity_Eco becomes bigger and bigger with the steady{7] Liu L., Kong X., and Chen J. How Project Dutatj Upfront Costs And

increase of-qua_prog. It infers the enhancement of the quality of
the system original program can earn bigger enhaent of
the economic productivity in corrective maintenance

2.40 /
o
g 2.20 /
2 2.00
& 1.80 W,L
5
g 1.60
o
% 1.40 Ml\\\\\\\lll\\\\
T ) B B T T B
o o o o e ]
Quality of system original program

Fig. 6. The relation between the economic proditgtiroductivity Eco
and facor of the quality of the system originalgreomFQual_prog.

From the result we conclude that to achieve higinemic
productivity, decrease the total cost of
(development cost + maintenance cost), it is necgs
improve the quality of the original program. Mosgfoet and

the system

Uncertainty Interact And Impact On Software Devehgmt Productivity?
A Simulation Approach, Int. J. of Agile Systems aM@nagement, In
Press

[8] Swanson, E. Burton. "The dimensions of mainteea' Proceedings of the
2nd international conference on Software engingerlEEE Computer
Society Press, 1976.

[9] Jorgensen, Magne. "Experience with the accuddspftware maintenance
task effort prediction models." Software EnginegritEEE Transactions
on 21.8 (1995): 674-681.

[10] Basili, Victor, et al. "Understanding and pietthg the process of
software maintenance release." Proceedings of 8tk Mhternational
conference on Software engineering. IEEE ComputereBy, 1996.

[11] IEEE (1992) IEEE Standard for Software Prddlity Metrics 1045

[12] Chen, J. (2012) The Nature of Discounting,uStural Change and
Economic Dynamics, Vol. 23, p. 313-324. 2012

[13] Chen, J. (2005) THE PHYSICAL FOUNDATION OF EGCIOMICS,

An Analytical Thermodynamic Theory, World SciertifPublishing Co.

2005.

[14] Frees, Edward W "Regression modeling with adal and financial
applications", Cambridge University Press, 2010.

time in development process, more enhancement ef th

program quality will be achieved. Strategies to rioye the
program quality can be derived as: employing qiealifand



