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1 Estimation of Maintenance Tasks

Project estimation often doesn’t include the maintenance effort during the lifetime of an application system. But it usually exceeds the other application development costs. Software maintenance is often defined as the modification of a software product after delivery to correct faults, to improve performance or other attributes, or to adapt the product to a changed environment. Practical experience shows that IT systems do live longer than expected. It’s a common practice that the costs for maintenance are cumulated during the lifetime of a system without controlling the amount and without differentiating between the different kinds of costs. Like in a supermarket the user is afterwards astonished that the many cheap goods in the basket (comparably maintenance requirements) cumulate to a large sum at the cash point. It’s only a pity that in software maintenance nothing can be removed from the basket afterwards (to stick to the analogy with the supermarket).
It should always be kept in mind that the IFPUG (International Function Point User Group) definition holds that maintenance tasks do not change the functionality of an application system. If it does so it will be an enhancement instead.

The UKSMA and NESMA Standard

Besides the ISO 14764 standard „Software Engineering – Software Maintenance“ the UKSMA (United Kingdom Software Metrics Association) published together with the ISBSG (International Software Benchmarking Standards Group) in Juli 2001 in the series of the UKSMA Quality Measurement Standards the standard „Measuring Software Maintenance and Support“, Version 0.5 Draft [UKS], available from the Internet: 
 HYPERLINK http://www.uksma.co.uk 

http://www.uksma.co.uk
 . This standard distinguishes between maintenance, support and operations (see table 1).

Development (1)
Development - defined as in IFPUG 4.1 [IFP4.1]

Enhancement (2)
(1) Enhancement

- defined as in IFPUG 4.1 and with >= 5 person days effort – changes the functionality

Maintenance (3) and 

Support (4)
(3) Maintenance

· Corrective maintenance

· Perfective maintenance

· Preventative maintenance

· Adaptive maintenance (<= 5 person days effort) – may change the functionality !


(4) Ad hoc help desk responses

· Problem analysis

· Decommissioning

Operations (5)
(5) System administration

· Deployment / rollout

· Data Base Management

· Information Retrieval Support

Table 1: The ISBSG activity based model of support and maintenance

The aim of the standard was to define measures from which up to 23 metrics can be derived, such as e.g.: 

· Productivity: Function Points per person year

Departmental Proportion Minor Enhancements: 

The proportion of maintenance and support effort devoted to minor enhancements (per department) 

Proportion Minor Enhancements: 
Departmental effort of minor enhancements divided by the sum of maintenance and support effort devoted to minor enhancements, expressed in percent

In 2001 the NESMA (Netherlands Software Metrieken Gebruikers Associatie, http://www.nesma.nl/download/FPA) published in 2001 the Function Point Analysis for Software Enhancement Guidelines Version 1.0 [NES] which uses (with special impact factors weighted) so called Test Function Points (TFP) and Enhancement Function Points (EFP) for calculation of the total enhancement effort including testing (E) as: 

E = (EFP * hours per EFP) + (TFP * hours per TFP).

1.1 Enhancement

Maintenance is a necessary part of the enhancement of an application system. The ISBSG [ISB] Data Base Release 7 from June 2002 shows 40,7 % (322 from 791 projects, see page 23) enhancement projects. On pages 32 and 34 the following details of IFPUG 4.0 [IFP4.0] Function Point counts are published:

Functionality
Added
Changed
Deleted
Total

N
408
306
83
454

EI %
31,9
37,8
38,0
34,4

EO %
31,4
25,9
35,1
29,4

EQ %
13,5
16,0
10,7
14,1

ILF %
15,6
18,0
11,1
16,5

EIF %
7,5
2,3
5,1
5,6

Totals %
55,3
42,0
2,7


Table 2: Function Point components percentages in enhancement projects

Functionality
N
Percentage

Only added functions
143
31,5

Only changed functions
46
10,1

Added and changed functions
183
40,3

Added and deleted functions
5
1,1

Added, changed and deleted functions
77
17,0

Total
454
100,0

Table 3: Analyses of changes in enhancement projects

Nevertheless should be kept in mind that maintenance does not alter the system size in Function Points due to IFPRUG 4.1 rules. If it does so, it is not maintenance but enhancem,ent instead.
1.2 Software Metrics for Maintenance

The analogy with the supermarket directs our attention to metrics for the estimation of maintenance effort. The aim is to develop measures and threshold figures to find out when the service effort will exceed the costs of a new development. Often it is not considered that software – like other products or goods – ages within time and that this a preventive planning of maintenance or redevelopment is necessary.  

There is broad consensus in the metrics community that productivity depends especially on software size and also that there do exist more parameters influencing productivity. The same holds for maintenance effort. The Cocomo-M(aintenance) model [BOE] and SLIM both use only one parameter related to maintenance, while PRICE-S, SEER-SEM and Capers Jones‘ estimation tool Checkpoint do use several such parameters. Parameters related to maintenance may be due to a publication from Abran et al. from 2002 [ABR-S] , e.g.: 

· Type of application system

· Programming language

· Age of software

· Quality of existing documentation

· Necessity of a complete system test

· Restrictions in availability of resources

· Functional complexity

· Technical complexity

Degree of reuse
This field study was done in two organisations concerning 15 maintenance projects with functional changes in one organisation and 19 maintenance projects in the other organisation. The result was that there does exist a positive but weak relationship between size and effort. The regression analysis gave evidence of other parameters influencing the effort. Introduction of a second free parameter increased the significance (R2 = 0.85 and 0.87, resp.). The average size of the maintenance tasks in the organisation with the web based environment was four times as large as in the military organisation, but the average effort was only two times as much. Thus the average cost per maintenance task was in the web based environment only half as much (about 115 person hours) as in the military environment (221 person hours). 
Abran and Robillard [ABR-R] reported 1996 about 21 maintenance projects of Management Information Systems (MIS) type with larger functional enhancements. The average effort for this projects was more than 2,200 person hours or 332 person days. The authors could find a statistical (R2 = 0.81) relationship between size and effort. The data were from an organisation which was known to deliver ist projects successfully on time, in costs, in functionality and in quality. The organisation had already in the beginning of the 1990‘s reached CMM level 3 with an evidentially strong quantitative management of the KPI (Key Performance Indicators) on level 5.

Abran und Nguyenkim [ABR-N] performed a field study in 1993 in an organisation with strong data collection and effort records. The projects were about smaller maintenance tasks which were all performed by one person only. The average effort per maintenance task was 37 hours with a minimum of 27 hours and a maximum of 52 hours for corrective maintenance. 
Horst Zuse [ZUS] collected the following metrics which can be used for estimation of maintenance tasks: 

· Number of errors occuring after delivery. Often the measurements are performed during six months after delivery.  

·  Number of changes or change requests.

· Effort for error search and correction.

· Error quote recorded as errors per Function Point

Mean time until error occurence.

· Software Maturity Index (SMI, defined as differe4nce between the number of modules/functions of the actual release (R) minus the number of modules/functions changed, added and deleted in the previous release (P). This difference is divided by the number of modules/functions of the actual release: 
SMI = (R – P) / R

This list can be prolonged by the following metric: 

Effort for maintenance in hours per installed Function Point. If this figure is very high reengineering or new development should be planned.

From all this one can draw the conclusion that simple counting of maintenance tasks and error reports can hint to errorprone modules and can furthermore deliver informations about enhancement of modules/functions. Such metrics and results from collections of the relevant data are benficial informations for know how collection of organisations and estimation of future maintenance tasks.

Two aspects should be considered:

· Estimation of maintenance effort after delivery of the application system.

Estimation for (single) maintenance tasks. 

Estimation of Maintenance Effort after Delivery of the Application System

Already at the beginning of the 1990‘s R. Großjohann [GRO] from the Volkswagen AG (VW) used a VW-specific variant of the Function Point method for estimation of the service effort of IT systems. He calculated the relation between hours per Function Point per year (service factor) and the service year. This so called „bath tub curve“ (see Fig. 1, the name is derived from the form of the curve) was calculated by the formula (S = service factor, Y = service year):

S(Y) = 1,604 – 0,37268 * Y + 0,04684 * Y 2   - 0,00166 * Y 3
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Fig. 1: VW-specific „bath tub curve“

The effort for the service of the complete life cycle of an application system (ST) is calculated according to the following formula: 

ST =  FP * S(Y-0,5) * B(Y)

In this formula B(Y) are influential factors (skills, number of users, system specific and environment specific parameters) correlating with the year. This total effort is divided into

· maintenance

65 %

· user support

25 %

production


10 %. 

If shortages of budgets are decided the maintenance will be reduced and problems may occur since user demand at least correct and complete functionality of the running system which cannot be guaranteed under this circumstances.  

Projects for the enhancement of the application system are not included in this formula and have to be added separately.    

1.3 Estimation for (single) Maintenance Tasks

Single maintenance tasks are necessary due to legal, technical or organisational requirements as well as for error correction. Often the effort of such tasks is less than 3 person months and therefore the effort for a Function Point count cannot be economically justified. 

.

The estimation Copmpetence Center of the AXA Service AG developed together with some project leaders an Excel chart with typical tasks and parameters which were considered to be influental for maintenance tasks. To each of these factors there was correlated an estimated effort for estimation which could be changed by plus/minus 100 %. The actual effort could be documented, too. During two years five of the application development departments performed more than 220 estimations using this Excel charts (see Fig. 2). 
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More than 90 of this estimations contained actual efforts (see Fig. 3).
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Fig. 3: Maintenance estimations with actual effort

According to this the estimations of the estimated errors in the Excel sheets were changed according to the measured averages. In average the reduction of the former estimated efforts was about 44 % (see Fig. 4).
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Line in Estimation Sheet

Nr.

Plan Average

Actual 

Average 

Nr.

Plan 

relevant 

actual  

(calcul.)

relevante 

actual

(calcul.)

old metric

new metric

# concerned staff members

93

0,38

0,03

6

0,50

0,20

0,5

0,2

# concerned end users

93

0,23

0,00

7

0,43

0,30

0,5

0,3

# concerned interfaces

93

0,42

0,00

0

0,00

0,00

1

0,4

# Peanut PGM changes

52

0,55

0,10

7

1,69

0,80

0,1

0,1

# small PGM changes

52

2,35

1,22

7

7,71

8,77

1

0,3

# normal PGM changes

52

4,22

0,12

3

0,00

2,33

5

3

# large PGM changes

52

5,02

0,20

0

0,00

0,00

10

5

# all PGMs to be changes

52

2,06

0,02

0

0,00

0,00

0,2

0,1

# concerned PSBs

93

0,18

0,00

0

0,00

0,00

0,3

0,2

# Jobs to be changes

93

3,28

0,04

2

1,50

1,50

1,5

0,7

# concerned Formats

93

0,29

0,00

0

0,00

0,00

1,5

0,3

# concerned pages System docu

93

0,22

0,00

2

0,25

0,30

0,1

0,3

# pages System docu. to be written new

52

0,45

0,00

0

0,00

0,00

0,4

0,4

# new Test cases to be designed

93

0,53

0,00

0

0,00

0,00

0,1

0,1

# Test cases to be verified

93

0,32

0,00

0

0,00

0,00

0,05

0,05

IT-Test effort derived

93

6,61

0,02

7

0,39

0,33

0,8

# Test cycles for end user test

93

2,74

0,07

2

3,00

3,00

3

2,8

25,25

14,25

- 44%


Fig. 4: Actualisation of estimated efforts

Tables 4 and 5 show the new Excel estimation sheets for host and PC development.

1.3.1 The Maintenance Estimation Sheet for Host Applications

Parameters
Effort in person days (PD) 1 PD = 8 person hours

Project management (coordination)
10 % from total effort


Discussions
Number of involved IT persons
0,2 PD


Number of involved users of insurance branches
0,3 PD


Number of involved interfaces
0,4 PD

Databases
Number of new tables / databases
3 PD


Number of concerned tables / databases
2,5 PD

Programs
Number of peanuts program changes
0,1 PD


Number of small program changes
0,3 PD


Number of „normal“ program changes
3,0 PD


Number of large program changes
5,0 PD


Number of all programs to be changed
0,1 PD

Other elements
Number of concerned Program Status Blocks (PSB’s)
0,2 PD


Number of  new / to be changed Jobs
0,7 PD


Number of concerned Formats
0,3 PD

Documentation
Number of concerned pages of system documentation
0,3 PD


Number of pages of system documentation to be written new
0,3 PD

Test
Number of test cases to be defined new
0,1 PD


Number of old test cases to be verified
0,05 PD


IT test effort
0,8 PD


Number of test cycles for end user test
2,8 PD

Table 4: Parameters for estimation of host maintenance tasks

1.3.2 The Maintenance Estimation Sheet for PC Applications

For PC developments the Excel sheets were modified according to the requirements of the project leaders of this department and since were used with large acceptance. 

Parameters
Effort in person days (PD)

1 PD = 8 person hours

Project management (coordination)
10 % from total effort


Discussions
Number of involved IT persons
1,0 PD


Number of involved users of insurance branches
1,0 PD


Number of involved existing interfaces
2,0 PD


Number of involved new interfaces
5,0 PD


Number of discussions with computing center
5,0 PD

Concept (data model, data search, processes, authorizations, security system, DB2)
Number of complexity 1
5,0 PD


Number of complexity 2
10,0 PD


Number of complexity 3
20,0 PD

Programming
Number of data searches complexity 1
2,0 PD


Number of data searches complexity 2
5,0 PD


Number of data searches complexity 3
10,0 PD


Number of interface integrations (security, memo routing, ...)
5,0 PD


Number of data migrations
5,0 PD


Number of search algorithms
5,0 PD


Number of functionality (folders, business processes, ... ) complexity 1
1,0 PD


Number of functionality (folders, business processes, ... ) complexity 2
2,0 PD


Number of functionality (folders, business processes, ... ) complexity 3
3,0 PD


Number of reports, printouts, lists of complexity 1
0,5 PD


Number of reports, printouts, lists of complexity 2
2,0 PD


Number of reports, printouts, lists of complexity 3
5 PD


Number of graphics
1,0 PD


Number of administration dialogues for meta data / key tables
2,0 PD


Number of others complexity 1
2,0 PD


Number of others complexity 2
5,0 PD


Number of others complexity 3
10,0 PD

Data storage
Number of host tables small (<= 10 fields)
0,1 PD


Number of host tables medium (<= 30 fields)
0,5 PD


Number of host tables large (> 30 fields)
1,0 PD


Number of local data base tables small (<= 10 fields)
0,1 PD


Number of local data base tables medium (<= 30 fields)
0,2 PD


Number of local data base tables large (> 30 fields)
0,3 PD


Number of server data base tables small (<= 10 fields)
01, PD


Number of server data base tables medium (<= 30 fields)
0,3 PD


Number of server data base tables large (> 30 fields)
0,5 PD

Technics
Number of existing technical elements easy
0,5 PD


Number of existing technical elements medium
2,0 PD


Number of existing technical elements complex
5,0 PD


Number of new technical elements easy
1,0 PD


Number of new technical elements medium
5,0 PD


Number of new technical elements complex
10,0 PD

Tuning
Number of  tuning measures
5,0 PD

Installations / Releases
Number of installations complexity 1
1,0 PD


Number of installations complexity 2
2,0 PD


Number of installations complexity 3
3,0 PD


Number of Releases complexity 1
1,0 PD


Number of   Releases complexity 2
2,0 PD


Number of  Releases complexity 3
3,0 PD


Number of supports for installations by computing center
5,0 PD


Number of concerned formats
0,3 PD

Documentation
10 % of the total development effort


Test
Program system test, 20 % of the total development effort



Functional integration test, 30 % of the total development effort without project management, test and project post mortem


Project post mortem
5 % of the total development effort


Table 5: Parameters for estimation of PC maintenance tasks

Both tables show possible heuristic estimation methods which are usually not transferable to other environments or organisations. They are specific for individual business branches and application environments. But the principle of such an estimation method can be adopted and own experiences be made. 

Especially the given figures for the estimated effort in person days are depending on the environment of the large organization involved with about 650 IT professionals, and a computing center with about 250 persons and about 160 IT coordiantors from the insurance branches supporting the IT projects. Programming is mostly done in host COBOL, PC projects use Optima++, a C++ Shell. Internet Programming is done with Java. There exist about 2,700 databases (1,600 CICS, 1,100 IMS) and 2,500 DB2 tables (1,600 production and 900 disposition), 7,800,000 transactions per day (5,600,000 CICS and 2,200,000 IMS). 

The estimation sheets were during the past available in the LAN (Local Area Network) for the project leaders. For future use this estimation sheets have been programmed with cold fusion, based on an Oracle database as an Intranet application. The aim was to be able to actualize the parameters and estimated efforts more flexibly and to have an actual overview concerning the maintenance tasks.
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Tabelle1


			Line in Estimation Sheet			Nr.			Plan Average			Actual Average			Nr.			Plan relevant actual  (calcul.)			relevante actual
(calcul.)			old metric			new metric


			# concerned staff members			93			0.38			0.03			6			0.50			0.20			0.5			0.2


			# concerned end users			93			0.23			0.00			7			0.43			0.30			0.5			0.3


			# concerned interfaces			93			0.42			0.00			0			0.00			0.00			1			0.4


			# Peanut PGM changes			52			0.55			0.10			7			1.69			0.80			0.1			0.1


			# small PGM changes			52			2.35			1.22			7			7.71			8.77			1			0.3


			# normal PGM changes			52			4.22			0.12			3			0.00			2.33			5			3


			# large PGM changes			52			5.02			0.20			0			0.00			0.00			10			5


			# all PGMs to be changes			52			2.06			0.02			0			0.00			0.00			0.2			0.1


			# concerned PSBs			93			0.18			0.00			0			0.00			0.00			0.3			0.2


			# Jobs to be changes			93			3.28			0.04			2			1.50			1.50			1.5			0.7


			# concerned Formats			93			0.29			0.00			0			0.00			0.00			1.5			0.3


			# concerned pages System docu			93			0.22			0.00			2			0.25			0.30			0.1			0.3


			# pages System docu. to be written new			52			0.45			0.00			0			0.00			0.00			0.4			0.4


			# new Test cases to be designed			93			0.53			0.00			0			0.00			0.00			0.1			0.1


			# Test cases to be verified			93			0.32			0.00			0			0.00			0.00			0.05			0.05


			IT-Test effort derived			93			6.61			0.02			7			0.39			0.33						0.8


			# Test cycles for end user test			93			2.74			0.07			2			3.00			3.00			3			2.8


																								25.25			14.25








Tabelle2


			








Tabelle3


			


















Line in Estimation Sheet Nr. Plan Average


Actual 


Average  Nr.


Plan 


relevant 


actual  


(calcul.)


relevante 


actual


(calcul.) old metric new metric


# concerned staff members 93 0,38 0,03 6 0,50 0,20 0,5 0,2


# concerned end users 93 0,23 0,00 7 0,43 0,30 0,5 0,3


# concerned interfaces 93 0,42 0,00 0 0,00 0,00 1 0,4


# Peanut PGM changes 52 0,55 0,10 7 1,69 0,80 0,1 0,1


# small PGM changes 52 2,35 1,22 7 7,71 8,77 1 0,3


# normal PGM changes 52 4,22 0,12 3 0,00 2,33 5 3


# large PGM changes 52 5,02 0,20 0 0,00 0,00 10 5


# all PGMs to be changes 52 2,06 0,02 0 0,00 0,00 0,2 0,1


# concerned PSBs 93 0,18 0,00 0 0,00 0,00 0,3 0,2


# Jobs to be changes 93 3,28 0,04 2 1,50 1,50 1,5 0,7


# concerned Formats 93 0,29 0,00 0 0,00 0,00 1,5 0,3


# concerned pages System docu 93 0,22 0,00 2 0,25 0,30 0,1 0,3


# pages System docu. to be written new 52 0,45 0,00 0 0,00 0,00 0,4 0,4


# new Test cases to be designed 93 0,53 0,00 0 0,00 0,00 0,1 0,1


# Test cases to be verified 93 0,32 0,00 0 0,00 0,00 0,05 0,05


IT-Test effort derived 93 6,61 0,02 7 0,39 0,33 0,8


# Test cycles for end user test 93 2,74 0,07 2 3,00 3,00 3 2,8


25,25 14,25
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