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Abstract—This paper presents a development productivity
model for Information System (IS) adaptive/perfective
maintenance process. The modelling approach is from
economic perspective. The productivity model considers the
economic value of the maintenance activity, pre-committed
fixed cost and variable cost consumed in adaptive/perfective
maintenance. Factors that influence the productivity are
analysed using simulation. The simulation provides a tool for
IS project managers to tune the project parameters to obtain
the optimal productivity in adaptive/perfective maintenance.
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. Introduction

The lifecycle of an Information System (IS) includes
new application development, implementation and
maintenance. After a new application has been developed
and implemented, the system is handed over to users for
operation. On user side, during the operation, software
modification activities continue while leaving the IS primary
functions intact [1]. This modification process is the IS
software maintenance phase.

One of IS project managers’ tasks is to estimate the
efforts in IS development/maintenance and ensures the
development/maintenance efforts are conducted
productively. One common approach to estimating efforts is
to analyse the structure and components of the efforts, which
involves quantifying the structure and elements. Research
shows that the efforts in new IS development phase and
maintenance phase are different [2-7]. As a result, the
structure and estimation models for new development efforts
and maintenance efforts are very different. Efforts
estimation models have been widely used in new software
development phase [1]. Modelling of maintenance efforts is
a relatively under explored area of research.

The efforts estimation modelling approaches in
literatures can be classified into two types: static cost model
and dynamic analytical model.
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Static cost models analyse the development efforts using
direct software system components and the efforts directly
consumed in these components. Examples of these types of
models include Constructive Cost Model (COCOMO) [1,8],
and Function Point Analysis [9-11]. In these models, time
parameters are not included. All parameters are unchanged
over time. The other type of model is dynamic analytical
model. This type of model considers economic value
changes in IS development. The input and output values of
model change over time. Future values are discounted to get
present value. Uncertainty of project values is considered.
Dynamic analytical model analyses the dynamic
relationships among these economic values of project,
uncertainty and project time [12].

In this paper, we use dynamic analytical model to
analyse the IS maintenance efforts. The focus is on the
productivity of IS maintenance. There are three types of
maintenance:  corrective, adaptive, and perfective.
Productivity model for corrective maintenance was explored
in literature [13]. Considering the lack of research on
adaptive and perfective maintenance, this paper will model
the development efforts in adaptive and perfective processes
using dynamic analytical modelling approach.

This paper is organized as follows. Next section will
review the related work and propose the economic model for
adaptive/perfective maintenance. Then productivity values
are analysed, and influence factors are analysed through
simulation. Finally, conclusions are drawn and future
research directions suggested.

. Related work and three types
of maintenance

In this section, literature on system development efforts
modelling approaches is reviewed first before focusing on
the  types of maintenance and influence factors to
maintenance.

A. Related work

To understand the development efforts, productivity has
been a major metric to measure the effectiveness of system
development effort. IEEE standard defines productivity as
"the ratio of work product to work effort" [14]. We can use
the ratio of "an output primitive" to "its corresponding
primitive" of the software for productivity equation [14].

Beohm defined the software development productivity as
the ratio of “delivered source instruction” (DSI) and “the
number of man-months (MM) estimated for the software
development phase of the lifecycle” [1]. The measure of DSI
is equivalent to Line of Code (LOC) measurement. To
extend the basic efforts/cost model to maintenance phase,
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Beohm identified influence factors that affect the efforts,
cost or productivity, proposed a factor Annual Change of
Traffic (ACT) to represent annual maintenance size ratio.
ACT is applied to the basic efforts MM as the estimate
efforts [1].

In Function Point Analysis (FPA) approach, instead of
using line of code (LOC) to measure the output primitive,
FPA identifies outputs, inquiries, inputs, internal files, and
external interfaces from functional user requirements. Total
function points are calculated using these five types of
points with assigned complexity [9,11,14].

Regression model has been frequently used to establish
the relationship between efforts, cost, productivity and
related influence factors. Linear model, linear multivariable
model, and exponential regression model have been used to
analyse development and maintenance efforts or
productivity. The coefficients, factor parameters are
established by parameter estimation approach or none/semi
parametric estimation approaches [6,15].

Artificial neural networks approach uses back
propagation to represent nonlinear regression models [16].
Neural networks approach could use a large number of
parameters to model complex relations between variables in
development and maintenance efforts or productivity [4].

These approaches are the major approaches in the type
of static cost model. Static models do not include the
dynamic time factors in efforts/cost modelling. From
economic perspective, the values of these input and output
primitive are related to present value, future value, discount
rate, and uncertainty of the values over time. To consider
these economic factors, dynamic analytical modelling
approach uses analytical equations to model the relationship
among economic values, cost/efforts, discount rate, and
uncertainty level of values with the function of project or
activity time. These analytical equations also form a
simulation tool to view the dynamic relationships virtually
when model parameters and influence factors change over
project time[12]. In this research, we will apply dynamic
analytical modelling approach to analyse the IS software
maintenance economic model.

Due to different characteristics in software maintenance
activities, maintenance process can be classified into three
major types: corrective maintenance, adaptive maintenance,
and perfective maintenance. Research shows that the efforts
and productivity in different types are different [15,17]. To
further understand the economic model of productivity in IS
software maintenance process, we understand the different
types of maintenance first, and then present the economic
model of productivity for each type.

B. Types of maintenance and
influences factors

The input cost and output value of different maintenance
type is dramatically different, so the maintenance
productivity of all maintenance types is not the same. Based
on the motivation what causes maintenance, maintenance
activities can be divided into three types: corrective,
adaptive, and perfective maintenance.

The most common maintenance activity is corrective
maintenance. Three kinds of failure are solved in corrective

maintenance [1,17,18]. The first failure is processing failure,
the bugs of the software system. The second failure is
performance failure. The third failure is implementation
failure [1,18].

Adaptive maintenance is often caused by system
environmental change[1,17,18]. Environmental change
includes change in data environment and change in
processing environment. Perfective maintenance is the
activity to enhance the system[1,17,18]. It includes the
software enhancement of efficiency, performance or
maintainability. Due to the different characteristics in
maintenance type, the effort devoted to each type is
different. The maintenance efforts in different maintenance
types are statistically distributed as: corrective: 14%,
adaptive: 5%, perfective: 61%, and others: 20% [15].

In literature, influences to system development and
maintenance have been identified[1,19]. Boehm grouped the
factors into product attributes, computer attributes,
personnel attributes, and project attributes. For the
maintenance process, the influence factors can be classified
into two groups: technical factors and non-technical factors
as in Table 1 [13].

TABLE L INFLUENCE FACTORS IN MAINTENANCE PROCESS
Group Influence Factors
Quality of system
original program .
& progr Database size
Code reusability .
. Maintenance personnel
Modern programming . .
. abilities on maintenance
practice .
. . Maintenance personnel
Technical Quality of system s .
7 abilities on configuration
factors documentation
management
Adequacy of system .
. . . Maintenance tool
design specification -
. availability
Maintenance personnel .
. Software system complexity
experience
User demands for
Non- enhancements, extents Maintenance personnel
Technical Software reliability stability
factors request Environmental change
Usage time

Influences to corrective maintenance productivity model
have been studied in previous research. In this paper, we
will focus on adaptive perfective maintenance.

m. Economic Model For
Information System Adaptive /
Perfective Maintenance

A. Productivity model for IS
maintenance

To analyse the economic values, efforts or productivity
in IS software adaptive/perfective maintenance, we review
the economic model for general maintenance process first.
We use the productivity metric to model the effectiveness of
the maintenance process in economic perspective.

In maintenance process, ‘“productivity” measures the
outputs, inputs of maintenance activities, and their ratio in
economic values. In dynamic analytical modelling approach,
the output of a maintenance activity is the total economic
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value of this activity. The inputs of the maintenance are the
total cost of pre-committed fixed cost plus the variable cost
consumed to this activity. Example of fixed cost includes the
cost for educating maintenance developers. Variable cost
includes salaries paid for system developers in this activity
only [13]. The productivity metric can be presented as
follows [12,13]:

Syr XT (1
K, +Cy XT

where Productivity_Eco is the metric of productivity of the
IS system maintenance process,

Productivity _Eco =

Smr is the economic value of the maintenance in a unit
time, Kmr is the pre-committed fixed cost, Cmr is the
variable cost in a unit time, and T is the total time of the
maintenance activity.

The following equation represents the relationship
among these economic values in equation (1)[20]:

Cyr =Sy N(d)) - KMTeirTN(dz) 2

where N(di1) and N(d2) are the cumulative probability
distribution functions for a standardized normal random
variable. d1 and d2 are calculated as below [20]:

_In@S,;/ Ky)+(r+07 12)T

olT 3)
zln(SMT/KMT)+(r—62/2)T:dl _oT

oJT
where r is the discount rate of return, ¢ is the uncertainty
rate. Equations (1) (2) and (3) are the economic model for
maintenance productivity. This general model can be used in
three types of maintenance. To analyse the influences in this
economic model, we separate types of maintenance due to
the different influences. The influence analysis for
corrective maintenance has been explored in literature, in

this paper we focus on the analysis for adaptive/perfective
maintenance.

d,

d,

B. Analysis of productivity values of
adaptive/perfective maintenance

To analyse the productivity using economic model to
adaptive/perfective maintenance process, the input, output
values and influence factors to these values will be
identified and analysed in the following sections.

1) Maintenance output - the economic
values of adaptive/perfective
maintenance

Adaptive maintenance and perfective maintenance are
similar from the perspective of modelling the economic
productivity, but they are different from corrective
maintenance. There are two reasons. Firstly the corrective
maintenance is consecutive, while adaptive and perfective
maintenance are not consecutive. Corrective maintenance is
a daily routine work. Adaptive and perfective maintenance
concentrate in a certain period. Only when environment
changes, the customer has new demands, or system
problems accumulate to certain degree, adaptive and
perfective maintenance are necessary. Secondly the
corrective maintenance only decreases the depreciation

speed of the original system, while adaptive and perfective
maintenance can keep or increase the value of the original
system.

We suppose the original value of the system at the time
development just finishes is Spev, the value of the system
depreciates based on the following exponential accelerated
depreciation model, the value of the system is as below:

Tt
SNo_MT(Y;zef’aNo_MT) =Sper X" No_mr 0< Cyo_ur <1 #

where Sno_mris the economic value of the system in a unit
time without maintenance; ano_mr is the depreciation rate
without maintenance; and Tber is system running time before
adaptive/perfective maintenance.

With adaptive / perfective maintenance, new value is
added in, and the depreciation rate may change too. Usually
the depreciation rate becomes higher because the system is
better, but if adaptive maintenance is not successful, it may
be lower. We assume the new added value is Sadd_val, the
depreciation rate of the system with adaptive/perfective
maintenance is aadaPec_mT , and the value of the system with
maintenance is as below:

SWiIhAdaPPQ MT(SDev’ SAdd,Val ’ a”AdaPec, MT> a’,No,MT’ E)e_/‘ > TMT) (5)

O<«a <1

= (SDev X a’{;’t:f,MT + SAdd,Val) X agZ'T‘LMT ‘AdaPec_MT
where  oAdaPec_MT is  the depreciation rate  with
adaptive/perfective maintenance, SWithAdaPec_mT is the unit
value of the system with adaptive perfective maintenance in
a unit time; and Tmr is the system maintenance time in
adaptive/perfective maintenance.So the economic value of

the adaptive / perfective maintenance is:

SM'I'(SDev’ SAdd,VaI > aAdal—‘ez; MT> aNo, MT> ]wa > TM'I')

(6

= Swisadapec mr = Sno_mr
= (Sl)ev X a;’;/, mT + SAdd, Val) X a;lﬁ;zzl—‘ez; Mr Sl)ev X aly\;;fj\?;r
2) Maintenance input - the cost of the
adaptive/perfective maintenance
Adaptive maintenance may cause to buy new devices
and software. Perfective maintenance need to buy
maintenance tools too. The most cost is the payment to

maintainers. The cost is divided into two parts — pre-
committed fixed cost and variable cost.

The ratio of the above maintenance output and input will
be used to calculate the productivity metric. There will be
factors that influence the productivity. Influence analysis
will be presented in the following sections.

iv. Influence Analysis for
Adaptive / Perfective
Maintenance Using Simulation

To analyse the influences to the productivity model, we
use simulation based on the analytical equations of the
economic model. In simulation, we will observe how the
productivity changes when we change the parameters in the
productivity economic model. We select a number of
influence factors to analyse and present in this paper. The
following parameters will be set up for analysis in the
simulation:
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Sur: economic value of adaptive/perfective maintenance
in a unit time (unit: dollar)

Kumr: pre-committed fixed cost of adaptive/perfective
maintenance (unit: dollar)

Cur: variable cost of adaptive/perfective maintenance in
a unit time (unit: dollar)

Tur: IS system maintenance time (unit: month)

Productivity_Eco: Economic
adaptive/perfective maintenance process

productivity for

r: discount rate of return
o: rate of uncertainty

The selected influences factors include: code reusability
Fcode_reus and modern programming practice FMode_prac.

A. Analysis of the basic economic
productivity of adaptive/perfective
maintenance without influence
factors

To understand different influences to the economic
productivity in adaptive/perfective maintenance activities,
firstly we analyse the basic economic productivity without
influence of factors. We set up a simulation using the
economic productivity model and set values as follows:
Spev=10000, Sadd_vai=2000, onNo_m1=0.8, 0aAdapec_mT =0.85,
Kmr=1000, Threr=6, r=0.03, 6=0.25. Tmr changes from 1 to 19
with the interval of 1. Fig. 1 shows how Productivity_Eco
changes with Tur. The simulation results indicate that for
adaptive/perfective maintenance without influence of
factors, the economic productivity at first inclines then
declines with time.

2.00
0 1.80
._.‘-jl 1.60 -
1.40
£1.20 -
2 1.00
"g 0.80
0.60 #
-50.40I\\!\\\\!!\III!\\I\\
o 1357 91113151719
Maintenance time (month)

Figure 1. Productivity changes with time 7m7 in basic
adaptive/perfective maintenance without influences of factors

B. Analysis of influence factor - code
reusability Fcode._reus

Code reusability is important for adaptive maintenance.
It can shorten the transfer period from one platform to
another, decrease the maintenance cost, and make the
system more standard and higher quality. Working with
higher code reusability IS system will save maintainers’
effort. Code reusability Fcode_reus influences the economic
productivity through 2 parameters of productivity model in
adaptive / perfective maintenance: Kmr and Tmr. High code
reusability decreases the pre-committed cost Kmr. It also
shortens the maintenance time 7mr. We use the regression

analysis approach to analyse the relationship between
Fcode_reus and Kmr as follows:

Brer <0 @)

TMT zﬂTC0+ﬂTC1XFC0de_reus+€TC ﬂTCl<0 (8)

where fkco and frco are constant, pkci and grci are the
scaling factors, &kc and &rc are the error terms in the
regression models respectively.

Kyr = ﬂKCO +ﬁ1<c1 X Feote _reus + Exc

To analyse the influence of Fcode_reus to productivity, in
simulation we set: Spev=10000, Sadd_vai=2000, ano_mT =0.6,
oAdaPec_MT =0.8, Tber=6, r=0.03, 6=0.25, and pxkc1=-400,
Prc0=1400, prci=-10, and frco=16.

The value of code reusability Fcode_reus varies from 0.6 to
1.5 with the interval of 0.05. The bigger the value is, the
higher the code reusability is. We observe the change of the
economic productivity Productivity_Eco with the change of
Fcode_reus. The simulation results are illustrated in Fig. 2.
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Figure 2. Productivity_Eco changes with code reusability Fcode_reus-

High code reusability can increase the unit value of
adaptive/perfective maintenance. With code reusability rises
from low to standard level or average level, the productivity
goes up to the peak. When code reusability continues to rise
from average to very high, the productivity bends down and
declines. So from productivity viewpoint, we shouldn't
pursuit to very high code reusability. To keep high code
reusability in maintenance, the maintainers should be very
careful not to destroy the code block complement.
Maintainers may put more effort on keeping reusability
rather than system efficiency.

c. Analysis of the influence factor -
modern programming practice
FMode_prac

Modern programming practice follows standard
development and maintenance process framework, uses
modularized and hieratical programming design. The system
design structure is clear and easily adjusted. Applying
modern programming practice in maintenance task can
shorten maintainers’ time and effort on read/understand the
present software program. Modern programming practice
may need more pre-committed cost on more detailed
programming design, better maintenance task management
and more reasonable decomposition of maintenance work,
and maintainers training in advance. So FMode_prac 1is
positively correlated with Kmr and negatively correlated
with Tmr. We use the following regression model to analyse
their relationship:
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KMT =IBKM0+IBKM]XFMr)d67/)raL‘+€KM IBKMI <0 (9)

TMT:ﬁTMO +IBTM1XFM0defprac+€TM ﬁTMl <O (10)
where fkmo and frmo are constant, fxkm1 and frmi are the

scaling factors, and €kv and E7m are the error terms in the
regression models respectively.

In simulation we set: Spev=10000, Sada_vai=2000, ONo_mT

=0.6, Oadapecmr =0.8, Tbhet=6, r=0.03, 0=0.25, and
Prm1=400, frkmo=600, frmi=-10, and frmo=16. Fig. 3 shows
that the result is similar to that of code reusability. The
simulation result shows that applying too much modern
programming practice will decrease the productivity. It is
not suitable to pursuit extreme modern programming
practice.
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Figure 3. Productivity changes with modern programming practice

v. Conclusion and Further
Research

In this research, we present an information system
maintenance productivity model for adaptive and perfective
types of maintenance. The modelling is based on dynamic
analytical modelling approach. A selected number of
influence factors are analysed using simulation approach for
its impacts on productivity. These factors include code
reusability, modern programming practice, user demands for
enhancement and environmental change for
adaptive/perfective maintenance. For each influence factor,
simulation is designed to observe the changes of economic
productivity when changing the parameters in economic
model. Simulation results illustrate that for each influence
factor, an optimal productivity value exists in
adaptive/perfective maintenance activity. Therefore this
simulation approach provides a tool for IS project managers
for tuning the parameters to obtain the optimal productivity
in economic perspective.
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