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A Study on the Maintenance Cost Estimation Model for
Application Software by Considering Risks

Hyung Jong Jeong®* - Eun Young Koo** - Kyeong Seok Han***

B Abstract &

Software is more diverse and complex and the level of importance for the maintenance of application software
to securely operate software is also gradually increasing in proportion. The calculation method for maintenance cost
of application software applied in Korea public enterprises is involved in the range of 10 to 15% of development cost,
depending on the Software Project Cost Estimation Guide. Moreover, as most software maintenance cost estimation
procedures do not take into consideration of the risk factors related of maintenance, it can be seen as a main cause
for the occurrence of maintenance related accidents. This study proposes a maintenance cost estimate model that
takes into consideration of the risks related to the software maintenance activities to improve and resolve issues arising
from the estimation of maintenance cost. In doing so, maintenance risk factors are analyzed and a risk index is derived
through the analysis of risk levels based on the risk factors. Based on such analysis, a maintenance cost estimate
method which reflects the maintenance risk index was established.

Keyword : Application Software, Maintenance Cost Estimation, Risk Factors, Risk
Probability, Risk Impact, Risk Index
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(Table 1) SW Function Point
Category Subsystems Input F Output F | Inquery F ILF ELF FP
FI-general account.—closing 287 104 133 196 29 4,375
FI-general account.-treasury 201 107 25 112 17 2,460
Fl-general account.—asset 65 3 5% 45 1,018
Fl-general account.-IFRS 117 86 89 243 7 2,937
CO-mgmt account.~budget 383 B 333 206 5,044
ERP CO-mgmt account.—cost 107 29 44 52 1,262
CO-mgmt account.-responsiblity 93 27 160 64 1,526
MM-procurement 283 112 206 422 5,780
MM-materials 87 30 128 165 12 2,180
HR-salary 337 124 270 150 3,806
HR-human resources 251 27 317 172 4,026
Subtotal 2,216 744 1,809 1,827 72 34,414
e-commerce 249 154 631 351 11 6,543
groupware 412 92 M7 204 9 6,503
accounting 233 323 239 177 36 4,655
general affairs 575 9% 614 413 23 8,349
Legacy
human resources 675 82 1100 519 167 11,463
internet 510 33 1073 260 19 7,861
intranet 59 29 866 422 50 8,852
Subtotal 3,253 808 5,070 2,346 315 54,226
Total 5,469 1,552 6,879 4173 387 88,640
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Category Subsystems FP Df;;'%o)St 9 855;(225 o) De(X;qC 03?“ l\gainte{la?ce

A .85%( Y A ost( )
FlI-general account.—closing 4375 2,297,419 181,496 2478915 244173
FI-general account.-treasury 2,460 1,291,806 102,053 1,393,859 137.29%
FI-general account.—asset 1,018 534,577 42,232 576,808 56,316
FI-general account.-IFRS 2937 1,404,801 110,979 1,515,781 149,304
CO-mgmt account.-budget 5,044 2,648,085 209,199 2,857,283 281,442
ERP CO-mgmt account.—cost 1,262 662,546 52,341 714,887 70,416
CO-mgmt account.-responsiblity 1,526 801,145 63,290 864,436 85,147
MM-procurement 5,780 3,038 942 240,076 3,279,019 322,983
MM-materials 2,180 1,146,176 90,548 1,236,723 121,817
HR-salary 3,806 1,998,138 157,853 2,155,991 212,365
HR-human resources 4,026 2,113,638 166,977 2,280,615 224,641

Subtotal 34,414 17,937,273 1,417,044 19,354,317 1,906,399
accounting 4,655 1,885,343 148942 2,034,285 200,377
general affairs 8,349 3,458,157 213194 3,731,351 363,375
human resources 11,463 4,849,603 383,119 5,232,722 515423
Logacy e-commerce 6,543 3,885,911 306,987 4,192,808 413,000
groupware 6,503 3,285,745 259,574 3,545,319 349,214
intranet 8,852 3,402,173 268,772 3,670,945 360,760
internet 7,861 3,209,746 257520 3,017,266 346,451

Subtotal 54,226 24,026,678 1,898,108 25,924,786 2,548,600

Toal 88,640 41,963,951 3,315,152 45,279,103 4,454,999
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(Table 3) Ranking of the Risk Factors

Rank Risk Items AVG std DEV S? Rank

1 A large number of external online user 1.48 0.90 0.81

2 A large number of internal user 343 2.02 408

3 Dealing with large sum of money 3.61 2.19 4.79 1
4 Unexpected errors in developing process 530 1.96 3.86 18
5 Continuous maintenance requirements 535 246 6.06 22
6 Hacking possibility for systems linked internet 578 2.21 491

7 Personnel shortfalls caused by budgetary pressures 848 3.80 14.44

8 Systems including dedicated packages 9.00 3.30 10.91 12
9 Frequent change of maintenance personnel 10.65 448 20.06 5
10 A lot of multiple systems maintenance per personnel 11.74 3.78 14.29 17
11 Inadequate requirements of users 12.30 3.70 13.68 9
12 Poor maintenance work plan 13.00 2.78 773 15
13 Unclear user maintenance requirements 13.17 428 1833 8
14 Inefficient structure of the application systems 13.30 452 20.40 10
15 Insufficient test work 14.87 218 475 13
16 Incomplete knowledge of maintenance personnel 15.30 407 16.58 20
17 Poor updating work of document after maintenance 1548 433 1872 16
18 Shortfalls of assistant manitenance personnel 1552 392 15.35 6
19 Lack of users understanding 15.83 414 17.15 14
20 Different system environ. between develop. and mainte 16.39 4.00 1598 19

cient of concordance)$! W% o]g3sto] A
< 1= 1 7]’ 09l o‘l‘oﬂ—‘
AR S HER

i, 1ol TS %" T} Fold Wb 19 u]]

290.627, AHfri= 19019 A HHEZLEO] 0.05 °] o}
2l 0.00022A A SHARE oJzie] o= Ak
A= Ao Z YERTh

Adaclel gk £A4 ebS fJate] Bl
Egutd oz ®93 Ay} <Figure 3>3 2o &
Sr2 o B4, fAdRE B4, JE5HeRE
FE AL

Classification

of Risk factors

Characteristics of Characteristics of
Application Program Maintenance Personnel

e AP user environ. e M. environment e Indivi. personnel
e AP Characteristics ® M. process e Group personnel

Characteristics of

{Figure 3) Attributes of the Maintenance Risk
Factors
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(Table 4 Attributes Classification of the Maintenance Risk Factors
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Rank Classification Risk
1 AP Characteristics A large number of external online user
2 AP Characteristics A large number of internal user
3 AP Characteristics Dealing with large sum of money
4 AP Characteristics Unexpected errors in developing process
5 AP Characteristics Continuous maintenance requirements
6 AP Characteristics Hacking possibility for systems linked internet
8 AP Characteristics Systems including dedicated packages
14 AP Characteristics Inefficient structure of the application systems
11 M. Characteristics Inadequate requirements of users
12 M. Characteristics Poor maintenance work plan
13 M. Characteristics Unclear user maintenance requirements
15 M. Characteristics Insufficient test work
17 M. Characteristics Poor updating work of document after maintenance
20 M. Characteristics Different system environ. between develop. & mainte.
P. Characteristics Personnel shortfalls caused by budgetary pressures
C P. Characteristics Frequent change of maintenance personnel
10 P. Characteristics A lot of multiple systems maintenance per personnel
16 P. Characteristics Incomplete knowledge of maintenance personnel
18 P. Characteristics Shortfalls of assistant manitenance personnel
19 P. Characteristics Lack of users understanding
44 8|24 nEpE 2 AE TE &8& TRy S #3 el Ml
Ho] glomg g8 z g EX B3l gelvt
Alzsgl FMgde® ERPE AlT-8l A, #e 3 o gatoz AR g Fe Sda) o
A FAA, Qe AR IRATCH, o) gor g F AEATRE AYov 2
AN A "2 AAGAY, 2], BA vE A= <Table 5>¢F 72th
A=, AT, Ak, C’JEEP” °1E1"i'/‘]~ ANAAT A1 9= 03554 HAA-A}
Ho® etk ERP Al o] A2l & A, 28R 9= 030024 A -Lg
19 olgel fAuTate] FUAAL AAN o) u Azl Agsln, A4 A9EE 002
Alzaglol] FQlel <1 0.1%H Al 14o] £ 2] ERP-#2] 8 A(CO)- Y711 2 8lo] a =)
HA7] wzoll Al Gl digte] A=t 9 ARAE AT @97t Hu 52 Y w9
S DU 5 Qe Aol T YTE APV 23 2E Q@] o|FolAne fAve] HHe =
goll E3st7] wiitell SAA o7} glokar et 7130 o, aFslols AlxF Aol Eijridt
Hol Wl Asglow BRsel ZAsk: WS el o8 A Wt R aXw o
EEEELS 1S A sARie B d
w9l A2E 18702 Hdos AR 1290 ¢ SEVMETEERIEES RS
BUA o) A AUE 2GR, ARA AR BHETh tie <Tble 5> A%E 74
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Table 5> Headcount ratio per risk index of subsystems
No Subsvstems Inout FP Head Risk Risk Risk
Y Head Head Ratio Probability Impact Index
1 ERP-FI-general account.—closing 15 1.44 1.05 0.19 0.24 0.05
2 ERP-FI-treasury 1.0 0.81 1.24 0.29 0.37 0.11
3 ERP-FI-asset 05 0.33 1.50 0.38 0.39 0.15
4 ERP-FI-IFRS 1.0 0.96 1.04 0.23 0.23 0.05
5 ERP-CO-budget 2.0 1.65 1.21 0.33 0.35 0.12
6 ERP-CO-cost 05 0.41 1.21 0.15 0.15 0.02
7 ERP-CO-responsibility accounting 05 0.50 1.00 0.25 0.25 0.06
8 ERP-MM-procurement 2.0 1.90 1.05 0.25 0.32 0.08
9 ERP-MM-materials 1.0 0.72 1.40 0.44 0.45 0.20
10 ERP-HR-salary 15 1.25 1.20 045 0.46 0.21
11 ERP-HR-human resources 15 1.32 114 0.42 041 0.17
12 Legacy—-e-commerce 6.0 2.15 2.80 054 0.64 0.35
13 Legacy-groupware 6.0 2.13 2.81 0.49 0.61 0.30
14 Legacy-accounting 2.0 153 1.31 0.44 0.40 0.18
15 Legacy-general affairs 4.0 2.74 1.46 0.44 0.45 0.20
16 Legacy-human resources 40 3.76 1.06 0.21 0.21 0.04
17 Legacy-intranet 40 2.90 1.38 0.39 043 0.17
18 Legacy-internet 40 2.58 155 048 052 0.25
Tot 430 29.08 AVG 015
Hro| nEZAT FAE &S <Figure 4> 9 A 2F IVNE o R AN fEATE
2om g A~ge v el &3] ) SHHTE FYUY HE&S TEHTE o 3
oo, AN R LEdlo] Alsgle] 9= = AL E Sote] FAATE mESaL FEE 2L
& ol guol gt B3 A8 NE AL A% A9 Tah
AR T F ARARG A F)ure) 7]
07 | 007 | 014 | 021 ‘ 028 | 035 | 042 | 049 TAFR AT Qds dYsid dd T
06 | 006 | 012 | 0.18 ‘ 024 | 030 | 036 | 0.42 S AT 9l oA FYRldel xnlE et
mgi ] 9lsl= & B8-S ALAB) 2= 0 EA 3
P 05 005 | 010 | 015 ,A_«ct% 35 gl T__O]"C__ "ITZ] a] ] o= L =2 T q— ) 74] H'H
intermet 3 - = = &8 Bao
04 | 004 | 008 | 0.1 el 024 | 028 717 SPSS V.I8S ol gate] mad BE 242
U
03 | 0.03 04%_ 0.15 | 018 | 0.21 <Table 6> ]— E}
273 29759 Rel A% mge 06760]
02 | 002 lGr— 08 | 010 | 012 | 0.4 i T i
#T 23 RS 08760127 Ay Rurt F43%
0.1 [ 0017] 002 0031004 | 005 006 | 007 _ ~
A(Curve Estimation)?] 23 28-S Aelstith
0.1 0.2 0.3 0.4 0.5 0.6 0.7 - - -
0 <Table 7>1A 22 Eg9| 9JAA52] A4,
: S19A% AF] §o)8HEo] 0000013 918H5e]
<Figure 4 Matrix Position of Subsystems Frol 8ol 00482 A 005K T Zom g f-olsitt
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{Table 6) Model Analysis Fat, & AF7Mdel ti3t FEA#S 3342901
= O o] 3E (7)o z} @& o
Model R RZ Adjusted Std.EITOl” Of O]Oﬂ EHZ\)} ‘ITA '_l—g(pﬂ/\)l‘ O(X)OO]E] ZZ]' - /]
R? the Estimate FEASS 53113013 9 gE (i< 0.0000] =
Linear | 822 | 676 6% 313 B 9oRES 0052 QS ) ule SolstmE
Quadratic | .936 | 876 860 200 AFIES N74e 4 g, Adsr FHARFo)
TEHUTE A AYstal o] T3 Aol
Table 7) Coefficient of Regression o5ttt ghdst 4= Qo)
unSTD STD
Coefficient | Coeffi. . Input Ratio
Category ” t Sig. 7 o Being Monitored
std. 37 " j::::nru’:;d:me\
B Error Beta A
, Risk 4717 | 816 | 822 | 5782 | 000 o]
Linear | Index
(Const)| 702 | .143 4.896 | .000
Risk 1 2066 1839 | ~691 |-2.157| 048
Index
. | Risk
Quadratic | 1o | 95426 | 5.164| 1578 | 4923 | 000 ]
EE
(Const.)| 1.224 | .140 8734 | .000 . - - —

1 AoE) R4 Gkl Bal EA 20
tgkol —2.157 > -1.96, 1FAF A< tgke] 4923

{Figure 5y Graph of Regression Analysis

> 196, 449] tgte] 8734 > 196°]Di 74 o] ool w2 IPAFE FFOoE, FULY W&
AW, webd 24 BH Y = 12243966 o ot ST SelEs <Fgure 5>
12542658 AT, .

(Table 8> Analysis of Variance 45 &3 HlO[Eof o2t 23X &S

Category S&ﬁi df sl,fﬁie F |Sig. 3712 Y = 1.224-3966X+25426X°9] A%< 9l

Regression| 3277 | 1 | 3277 |33429] 000 stel S84 919 A5 XS AF149 A7)

Linear | Residual | 1569 | 16 | 0098 FAJNY HIE Y= g 7 /75w A

Total | 4846 | 17 A A 7S 7 H, oY FY AYE A E

Regression| 4246 | 2 | 2123 |53.113] .000 I T} 2o A2doME 7 THFR AP

Quadratic| Residual 600 15 | 0.040 Eqloldy} vkl Arket xfolr} 3/13_77 =l

Total | 4846 | 17 b w2 Agle A Zelrh glon, dAHow

A "J% 439 oin] o T3] AAY)

<Table 804 4] F BA &2 371239 o 431%H O & <Table 9>} 2o Zis Ak
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(Table 97 Verification Using the Regression Equation

Catesory Subsysems Hd | | e | Rt | index | Hewd | Hewd
FI-general account.—closing 1.5 4375 1.44 1.05 0.05 1.6 0.1
Fl-treasury 1.0 2,460 0.81 1.24 0.11 0.9 -0.1
Fl-asset 0.5 1,018 0.33 1.50 0.15 0.4 -0.1
FI-IFRS 1.0 2,937 0.96 1.04 0.05 1.0 0
CO-budget 2.0 5,044 1.65 1.21 0.12 1.8 -0.2
ERP CO-cost 0.5 1,262 041 1.21 0.02 0.5 0
CO-responsihility account. 0.5 1,526 0.50 1.00 0.06 0.5 0
MM-procurement 2.0 5,780 1.90 1.05 0.08 2.0 0
MM-materials 1.0 2,180 0.72 1.40 0.20 1.0 0
HR-salary 1.5 3,806 1.25 1.20 021 1.9 0.4
HR-human resources mgmt 1.5 4,026 1.32 1.14 0.17 1.7 0.2
e-commerce system 6.0 6,543 2.15 2.80 0.35 6.3 0.3
groupware system 6.0 6,503 2.13 2.81 0.30 49 -1.1
accountung system 2.0 4,655 1.53 1.31 0.18 2.0 0
Legacy general affairs system 4.0 8,349 2.74 1.46 0.20 4.0 0
human resources mgmt 4.0 11,463 3.76 1.06 0.04 4.2 0.2
intranet systems 4.0 8852 2.90 1.38 017 3.7 -0.3
internet systems 4.0 7,361 2.58 155 0.25 4.7 0.7
Total 43.0 88,640 29.08 - - 43.1 0.1
3% <Table 10>} 7+o] 2] 541919 437 cj) o= ByHHe B ol /A 4T
dAEAAEAAD S Mooz WY, Fed /l5oRA A Fu Ak o)l we
19%0] 7k Fisojof g} §arEgolo] Al g8 oluje} f4we) vl
T 1909 FAHEY HEE SW 71Eat =l F e o] Sk Stk dd E7]
7H2014.829¢3%) T T v 7l=Ae] At @il AZES O] FA3Y HE-S AXE Y] AR )
140,579,4409 & A &stAvh. w2 w2l b= A8 Zrol =) mek g ate Alo] dntbA el
445499971 A 4,722,561%& Ao F7hEf e, A ] gEolA T = 7 2A SEolut
7k S 2675523 delth 9P =E vhags) S AkebAl AL o], AA fAve <
| Az} wlaste] jzhe] 27 Hl&-E 6o%o0ln, F o] Agw I A ek,
FleRe AREtE FoR WS Ba g SHATEMOIE Ag F At BsE A
U2 1990t G A= 2 vA= Go]l 24 F9k7] W
of FEFARY tistEA AT 7 Aok
5.4 = BRvee @A) S8 azE o] FAH 2
WA o w Qg AbaL WA o= Apare] wpgo
ggazmEdol HAd Hd FA gEsl, & 3 ARY o] wAsle] FuFARl WY B
ghlsh, mupddst QIEulst Ha, 7143t AA & 2 AvEE 497 gt
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Table 10> Increased Costs Through Headcount Adjustments
Category Subsystems Mainte{lance Risk Diff. Adjusted CQST+
Cost(H €) Index Head Head )
Fl-general account.—closing 244,173 0.05 0.1 0.1 14,508
Fl-general account.-treasury 13729% 0.11 -0.1 0 0
Fl-general account.—asset 56,316 0.15 -0.1 0 0
Fl-general account.-IFRS 149,304 0.05 0 0 0
CO-mgmt account.—budget 281,442 0.12 -0.2 0 0
ERP CO-mgmt account.—cost 70,416 0.02 0 0 0
CO-mgmt account.-responsibility 85,147 0.06 0 0 0
MM-procurement 322,933 0.08 0 0 0
MM-materials 121,817 0.20 0 0 0
HR-salary 212,365 021 0.4 04 56,232
HR-human resources 224,641 0.17 0.2 0.2 28116
Sub-total 1,906,399 0.3 0.7 98,856
e-commerce system 413,000 0.35 0.3 0.3 42,174
groupware system 349,214 0.30 -1.1 0 0
accounting system 200,377 0.18 0 0 0
general affairs system 363,375 0.20 0 0 0
Legacy
human resources 515,423 0.04 0.2 0.2 28,116
intranet systems 360,760 0.17 -0.3 0 0
internet systems 346,451 0.25 0.7 0.7 98,406
Sub-total 2,548,600 -0.2 1.2 168696
Total 4,454,999 0.1 19 267,552
oo & Aol ME AAl AZE O] AL T F olel] Aetet 3RS =T
23 elslolok sk A9S neld fAwe B ATE Bal G AW wgH s
H]-&Ag BEls AlQkskoTt EdJole] 4] Hl- g4kl gk AAA] &
29 5Ye 98 K 379004 A 39 49 AR EE 5 glow, Adeld fAR5 A
Bop AXEfolE Uz BAS Fasdt. a9 dde] ABoz B§a: so| ey A
FARE A27tE oz A fdal 207 o8 Erf Hg E =7 7|E =EE 3%
g AAsa, fdaslel g ALAFE oA AL v EAES Z42E Atete] et dAAA
UAES HS3 A 066624 o= A 9 714 33 BiEs A ne Aol hEA o
o] dAH AT = 1 et gy B =RdA e fx
AHH APRA Yo 9del WY F o wag mdo] 54 F/IUL Yo 4%
3 G2 ARSI ARAFE AT 5 A sitte ¢4 Zta glom, v 7|l
QT SASE AT A MeRs  QUHoR 43T 5 i wg AgAS Al
FAL HES A on, SHHER 9F = a5 Al A A& vEof & A
A5E Hesta SEUSE TYu L Hesel oz Az
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