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A UCP-based Model to Estimate the Software Development Cost

Juseok Park' - Kiwon Chong''

ABSTRACT

In the software development project applying object-oriented development methodology, the research on the UCP(Use Case Point) as a
method to estimate development effort is being carried on. The existing research proposes the linear model calculating the development effort
that multiplies an invariant on AUCP(Adjusted Use Case Point) which applied technical and environmental factors. However, the statistical model
that estimates the development effort using AUCP and UUCP(Unadjusted Use Case Point) is not being studied. The irrelevant relationship of
the linear regression model, whose development period is increasing tremendously as the software size increases, is confirred. Moreover, during
the UCP calculating process, there can be errors in FP by applying the TCF(Technical Complexity Factor) and EF(Environmental Factor). This
paper presents a non-linear regression model, that does not consider the TCF and EF, and that estimate the development effort from UUCP
directly by utilizing the exponential function. An exponential function is selected among the linear, logarithm, polynomial, power, and exponential
model via statistical evaluations of the models mentioned above.
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(a) ILF, EIF
_ DET
T+ ®
1~19 20~50 51 of %
1 Low Low Average
RET 2~5 Low Average High
6 °] 4 Average High High
(b) EL
DET
7 2
1~4 5~15 16 o ¥
0~1 Low Low Average
FTR 2 Low Average High
3 o) Average High High
(¢) EO, EQ
_ DET
T %
1~5 6~19 20 o]
0~1 Low Low Average
FTR 2~3 Low Average High
4 o] Average High High

RET(Record Element Type)s ¥ T Qg o]29]
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Step 3: <& 2>9 7IFAE FEstd <F 3>2E UFP
(Unadjusted FP)E AAXt3lc}
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EI EO EQ ILF EIF
Low 3 4 3 7
Average 4 5 4 10
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CE 3) UFP Al
7 8a 7% BRE Total
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El _X3=_ | _X4=_ | _x6=_
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UFP(Unadjusted Function Points)
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Step 1: <& 5>l 98 A EF=ES UAW(Unadjusted
Actor Weights)E A3},

Step 2 : <X 6>9 met AHgAE BFEQ UUCW(Unad-
justed Use Case Weights)& A4tgic}.

Simpley
2 s UAw TCF = 0.6 + (0.01+Tfactor)
Actor Averag Tfactor
3
Comple:
UCCP
L l—m e [ —ucP
Simple, 5
UC Average, 10 % Efactor
s uucw EF = 1.4 + (-0.038+Efactor)
Complex
(38 5) UCP Alttztd
CE 5 UAW ALt
Weight | Number
Actor - cie N UAW,
T Description Factor |of Actors (@ xD)
ype (@ (@

4 zZ2add AeHolx
Simple | (APDE  F8} dE{slel~ = 1
B Azw

34 EE= TCP/IP §9 =
Average| ZEE € Fd Auagae | o
B A28

. GUI =& Web #Holx & &3l
Complex N E AL HE AFRT}

3
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UAW(Unadjusted Actor Weights) = _2l UAW;

(F 67 UUCW AlLt

Activity

\J
<<actor>>
<<actor>>

Sales Activity
System \
Accounting
Manage System
~ Security
System ,

Manage

Administrator Users <<actor>>
o Human

M Resource
Communicatjon @ System
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Use case

(32! 4) NextGen A|AE|9] Use case HHZESE

® # Weight Number
US; Case| Number of Numher of| Factor of Use | UUCW,
2 Transaction Classes @ Cases | (Dx®)
(Key Scenario) (@)
Simple <3 <5 5
Average 4~7 5~10 10
Complex =8 >10 15

3
UUCW(Unadjusted Use Case Weights) = »21 UUCW;




Step 3: 4 (49 UUCP(Unadjusted Use Case Points)Z&
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UUCP = UAW + UUCW @
Step 4 : <X 7>¢] TFactor A4t & 2] (B)o] A3t A
el 4L MAE Jed BERE QA(TCF:
Technical Complexity Factor)-& #Atghch
TCF = 0.6 + (0.01 - TFactor) (5)
Step 5 : <¥ 8>9] Efactor AM F 4 6)o] IA A1k
QgL M= FAA EAe g d(Environmental
Complexity Factor, EF)& #Al4tgi},
EF =14+ (—0.03 - EFactor) (6)
{E 7) TFactor A4t
7N1&€3 Descripti Weight | Assigned TF;
8 91 escription Factor(®D)| Value(@) [(Dx®)
T1 EAA] 26 2 0~5
T2 SEAZE B AT 1
T3 | A8 59 !
T4 e Bie 1
T5 iz PALEA 1
T6 A BolAd 05
T7 AlR golA 05
T8 Fd& 2
T9 WA &olA 1
T10 HHA 1
T11 T RSt 1
T12 A3 A4 g 1
T13 Edo ARERF wSA1A 1
13
TFactor{Total Technical Factor) = ; TF,
(E 8) EFactor HlAt
Lk Descrinti Weight | Assigned EF;
a9 esenption Factor(®D) | Value(@) | (Dx @)
El RUP #&% 15 0~5
E2 ol A¥ 05
E3 KL *] & 34 1
F4 Y 54 05
E5 718 1
E6 BTG A AE 2
E7 AR s e 9l -1
E8 zzad Ao o -1
8
EFactor(Total Environmental Factor) = ; EF;
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AZHUCPE 44819 2H, Schneiderst Winters= EF < 2%

49 20A1ZH/UCPE, 3 < EF <49 4% 28A7UCP, EF =5
J A4 Adadvt 88 BrMs¥ Yz ABE EFE
ZzdsE Aol RS AABIITHI6L Ribul4le 3643
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@ UCP Atk A0 VAFSH FUT A TR 3 & BAAL REe AN g3 sirk w4
FA0R AN UCPA c%e) AR Jebl, & AR B Rt ARIEE AT ¢ g
EF: -30~+0%¢ 94% $2A2 & 90 224 FA4 nde AN,

545 A% Aol VAFE HFH02 ANHE
Fpol o) 353 2xt@ A + sleel= 8 4. AFBARE HS Jlg HWHIBFE 29

T3 F8&A0 Qe AR dEHo AFP Hu+e
UFPE A&stz 9tk whA, TCFY EFE X*%f'ﬂ

AUCP Rtte UUCPRO 2 Adw=de 248 # &8 uge FHE Aungol *%sav} oj%} g o
= Helrh 42 s Andoz Aure 24 wdL ABug 23
AUCPY UUCPE ol-43te /N=goli} v && F743 Edolgt FEW(3]. o|FFHE MExdE FHsE A&
(E 9 ARBAIR H+ M3 Holy
Actor Use Case
zZ 2 4 E
Simple Medium Complex UAW Simple Medium Complex UUCW
S. Nageswaren [19] 5 64
Project B~Subsystem 1 1 3 2 13 10 7 2 150
Project B-Subsystem 2 0 4 1 11 12 9 0 150
Project B-Subsystem 3 0 5 0 10 2 4 6 145
Project”B-Subsystem 4 1 3 2 13 0 8 2 110
1-Q 0 1 2 8 0 6 0 60
2-S 0 0 3 9 6 1 0 40
3-S 0 0 3 9 4 2 0 40
Ribul4] 4-Q 1 0 2 7 2 3 1 55
5-Q 1 0 2 7 0 4 0 40
6-S 1 0 2 7 2 7 0 30
7-Q 1 1 2 9 1 2 0 2
8-S 0 1 3 11 2 3 1 55
9-S 1 0 2 7 1 2 1 40
10-Q 1 1 2 9 4 4 0 60
Project A 0 0 2 18 41 4 560
R UUCP | TC Factor | E Factor TCF EF aucp | SEITHow b
per UCP
S. Nageswaren[19] 119 87 13 147 1.01 176.68 20 3,120
Project B-Subsystem 1 163 43 175 1.03 0.88 146.90 28 3,723
Project B-Subsystem 2 161 43 175 1.03 0.88 145.10 28 3,665
Project B-Subsystem 3 155 43 175 1.03 0.88 139.69 28 383%
Project B-Subsystem 4 123 43 175 1.03 0.8 11085 2 2,710
1-Q 68 25 19 0.85 0.83 4797 10 294
2-3 49 19 19 0.79 0.83 32.13 10 298
3-S 49 19 19 0.79 0.83 3213 10 232
Ribuf4] 4-Q 62 25 19 0.85 0.83 43.74 10 371
5-Q 47 25 19 0.85 0.83 33.16 10
6-S 87 19 19 0.79 0.83 57.05 10 530
7-Q 4 25 19 085 0.83 23.99 10
8-S 66 19 19 0.79 0.83 4328 10 5%
9-S 47 19 15 0.79 0.83 3082 10 578
10-Q 69 25 19 0.3 0.83 4868 10 490
Project A 566 44 19 1.04 092 541.55 10 10,043
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ar|1q Ev WE %8 (Person-months ¥+ Person-Hours),
a,bcE ABHLE FEFH Aolm S F8 vEUdA
Q FREA LOC ®E& FP7} €th

2 AR 2de 33 AT 7IE A7 EAFE @
of met TCFe EFE a8k &x A3 UUCPERH A
Trds FAY 5 Uds TAY ZEE AT 2D A
A& 93l Ribul4l$} Nageswaren(1919] 72 HZHE <X
9>9] do|lHE 533t

<E 9> A Project Ax thE do|EEd & UUCPS
Effort gkol €53 2 o3& ZE 9lof of dol"HE X
FAA Rdg fesid Agd 478 Jdg 4 o uE
A, B =&t Project A HolEHE A Zde F
1§02 AN

g FAA ARDS dAs) s 2R AFCo
A, 2] 4%
& B71817) A8 Briand et all2]o] 2-8% MMRE(Mean
Magnitude of Relative Error)S o] &3tk F£H 39 g4
o] #oz Yehn, F WEEL HdYsicd JoA HAH
(E)2 E¥¥sUUCP 98] 2A45E FE3 nAY 2
Mol s s W B &S AAAFE &, Fo] 5
£ &8 3y A HAW £2 vd2 HAss] g

712e Qe Aot 24 A (Accwacy)E B7het

efficient of determination, R%)[20]&

L L == ;gx]_}d Z]
= = &3 2o 249 RE= * P ,

MRE(Magnitude of RE) = ABS(RE), MMRE(Mean MRE)

=100/n*§MRE. MMRE7} 22 glo|d Huyeoez F

v

o] o] A
L e & &

3¢ Conte et all211% MMRE <0.25
(2B%)olH MLu 8-S dFse REE Ad /e Ao
= 1839t

4.1 UUCP 7|4t 7ietedy =8 ZEl(Project A 3

Project AE X883 H o tis] UUCPo & 7dn]-&
FRRELE (2 6, 2l 4% B ZAs <F 10>
o AA= Ut Project AS EEI AF$, MY, =o

LIE0 JhE "IBE =

12000

E =-0.0297 XUUCP? + 37.3386 X UUCP - 1544.1987
v
0000 - R? = 09752
?
3
< 6000 | .
2 _-~"E=1956133 X UUCP - 336.3587
g R =0.9307
3000
0 1 i 1 ]
0 100 200 300 400 500 600
UucpP
12000 ~
./.
_/
E= 08567 UCPP' ’ °
9000 R =08571 /.f )
—~ VY
4 s -
¥ 6000 £
8 7B = 3490.20680 - In(UUCP) - 13664.3204
o s R*=09018
e
3000 - . " E=393'2303e0.m74xUUCP
RE=05787
0 1 1 1 3
V] 100 200 300 400 500 600
(22 6) si724 BU(Z2HE A 28
CE 10 Mg =4 24 ds(ZE=ME AXS)
244 | MM
Ed A 1<)
434 4 A% | RE
A 8| E=19.6133 - UUCP—336.3587 0.9307|73.68

g 1| E=3499.2080 - In(UUCP)—13664.3294 0.9018 |127.90

o g x| E= —0.097- UUCP*+37.3386 - UUCP

 ut 1987 09752 | 61.03
ASAF | E=10.6567 - yUCP"*® 0.8571{43.42
2] F | E=2393.2303 - >0 UUCP 0.5787| 70.84

42 UUCP 7|t Jigtea! 8 2d(Project A HH)

Project AEZ AAs Yo dolHEDE of&3td
UUCPell wh& 7ignlg #AREL (28 Do, 249 4
T A AdE <F 11> AAs ok

Project AZ AAA HE3 20 34 Fee 40 ]3]
UUCPE 717 =24 E Fr gsfids S5 g 7IAe
MEAE FAste] @dAol Yok Asd thdy
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Heje] mde] Aty oz BE dolEHE /M & RdE
Bdojzt & 4 glon, AL o Edo] MMREZ}
71 3 Conte et all21]9] /ey 5 29 AHdxA
& A9 wE A7) 9t wikA, UUCPE ol &3 My
HS Y5l RUE F=111.1054 - ¢ "2 P2 Aolgto)h
E d7E50 FIF 2D AMEAHE gl AFE
F3 o) maE7 Ay 2 H5& nwdte] B
. 71E ATEL W< AR/AUCP <32 ThFe AR
Bygd a2y YutEoez 15 < A/ UcP <309 ¥
Zk3 glem@ AUCPZ /MEAZHE 15 207 30S % &
sto] <& 9>9 dHolEEe dgk MMREE AXdstd zhz
4893, 72877 142958 A& F rh ol AliE mde
MMRE 4% 2580 vl& €53 £4 @& 235 g
e, 71& A7ES o8 F§ AUCPR MEAEE &
nt2 AR A7t wet AfLege] F HAE dEhd
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T

2dg olgste MExEE FAHII MNEPAL Az
Hi 48 HEE FoH AP La¥w AN LS 7E
F A
4000
E=307514 X UUCP- 13037617 o
R = 0.9367 S
VP
3000 2
o,/)/
'g E =2596.5781 - In(UUCP) - 9891 4931/,
T 200 | R = 0.8366 o
S i =0.1784 x UCPp'®*
w P =0.8643
1000 -
G
Q
0 7 I 1 1
0 50 100 150 200
uuce
4000 -
&
E =0.1962 X UUCP? - 9.4503 X UUCP + 302.4433
R?=0.9679
3000 |
N
3
£ 2000 |
2
] =111.1054 - g0@2XUCP
R?=09152
1000
0 1 1 A 1
0 50 100 150 200

(22 7) HASN IY(Z2HE A HH)

B 1D MG £ 29 4S(ZRHE A HAH)

3l
zd P 7 2 fl _;; l\gl
A B E=30.7514 - UUCP —1303.7617 09367 | 59.45

2 1| E=2596.5781 - In(UUCP)—9891.4931 | 0.8366 | 9496

E = (.1962 - UUCP?~9.4503 - UUCP

& A 09679 | 2850

R +302.4493

ABAE | E=0.1784 - UUCP*® 0.8643 | 34.90

A F| E=111.1054 - %022 VUCP 09152 | 258

AF7AE Foi7 dolHo A mds AAs7] 9
TE £33}

g Rdo] FA(Estimation) $¥% #8d o
of

HEg Zdo] nx el fo]E o

SP.
tlo
M
%
®
.

7 & (Prediction) ¥

2t Bl o &% L wddh=dl Conte et al[2119] Pred

ol H&sta Urh Pred(0.25)%= AZES

o] R we Folx 2uz ZAHY H]E9 gteo] AA

gkel 25% ol sk vl&E 9w g} Pred(0.25)7F 0.50

olgbd 2HA g9 50%7F AAl ghel 50% Wl St A

o]t} Conte et al[21]¥ Pred(0.25)7} 075 ol4d #$ =

o B &AA dErde] g £ Aeg AAth At

d 2dE9 Pred(0.25)8 24 AAs <FE 12> A4
=o] 9t

(o3

(E 12) Pred(0.25)0]] W2 2d2| 6|F ds

B =)
w9 2 Z2AE A AAA ZzsE A THA
A 0.4667 03125
2 o) 0.4000 0.3750
= 05333 0.4375
AGAF 0.3333 0.2500
A 0.6000 01250

5. 28 ¥« &% od7aH

czego] g AeHE e doj urh Fe
7, 2o me ARs v AR funes 2e



A9 s8] g1 o olr’—if& FAl %
ERE ALALE Aol 7)uE AZEg0} HEE

LN

AR A A EHEE AR, A

S AEE e sk REnl 8-S FAsE V1E 9
e A7Zskiet AgdE Zde FHFH o

Xy 2do FA

b 2AE AREALE Hge] s]ubEkA] ga, Al
ot € A}%A}‘cﬂl Aol 7jukste] Ao fun &g
st Rl Axstdth 299 4%g Arte A A
Fele) wNY HAARL(E=q-e> WP o] 7 A3t

o
ol

iy

of B A weol 4000 Plvrl Z2AES 4§ 7}
she] 4000 o) ZEAEe] H§ Jbse dusE 29
B4lH T AedATZY
§ 54 e 9o delez Frslolo}
488 Azt Fado
2 AN 44D dolng Fo| ¥FRE

1% A A 7
Eols @75 o 01 o
Quirsd mug AGE A7t

HE Edo

i

(11 K. Johnson,

Models,” Department of Computer Science University of

“Software Cost Estimation : Metrics and

Calgary, Albreta, Canada, http://sern.ucalgary.ca/courses/
seng/621/W98/johnsonk/cost.htm, 1998.

(2] L. C. Briand, K. E. Elmam, D. Surmann, §. Wieczork and
K. D. Maxwell, “An Assessment and Comparison of
Common Software Cost Estimation Modeling Techniques,”
International Software Engineering Research Network,
Technical Report, ISERN-98-27, 1998.

[3] L. C. Briand and I Wieczorek, “Resource Estimation in

Software Engineering,” International Software Engineer-

LSEERN JHY HIBE FETH| RIS AFZAL B JIg 28 17
ing Research Network, Technical Report, ISERN 00-05,
2000.

[4] K. Ribu, “Estimating Object-oriented Software Projects
with Use Cases,” University of Oslo Department of Infor-
matics, Master of Science Thesis, 2001.

[5] J. E. Matson, B. E. Barrett and J. M. Mellichamp, “Soft-
ware Development Cost Estimation Using Function Po-
ints,” IEEE Trans. on Software Eng., Vol.20, No.4, pp.
275-287, 1994.

[6] A. ]J. Albrecht, “Measuring Applications Development
Productivity,” Proceedings of IBM Application Dev., Joint
SHARE/GUIDE Symposium, Monterey, CA., pp.83-92,
1979.

[7} C. Symons, “COSMIC-FFP Measurement Manual, Ver-
sion 2.1,” Common Software Measurement International
Consortium, 2001.

[8] C. Symons, “COSMIC-FFP Measurement Manual, Vers-
ion 2.2 (The COSMIC Implementation Guide for ISO/IEC
19761 : 2003),” Common Software Measurement Interna-
tional Consortium, 2003.

[9] J. Kammelar, “A Sizing Approach for OO-environments,”
IQUIP Informatica B. V. Netherlands, 4th International
ECOOP Workshop on Quantitative Approaches in Ob-
ject-Oriented Software Engineering, 2000.

[10] T. Fetcke, A. Abran and T-H. Nguyen, “Mapping the
00-Jacobson Approach into Function Point Analysis,”
Université du Québec & Montréal Software Engineecring
Management Research Laboratory, IEEE Proceeding of
TOOLS-23, 1998.

[11] I Jacobson, M. Christerson, et al., “Object-oriented Soft-
ware Engineering. A Use Case Driven Approach,” Addi-
son-Wesley, 1992.

[12] M. Carbune and G. Santucci, “Fast & Serious : A UML
based Metric for Effort Estimation,” Universita’ degli studi
di Roma “La Sapieuza,” http://alarcos.inf-cr.uclm.es/qacose
2002/docs/QAOQSE~Car-San.pdf, 2002.

f13] G. Karner, “Metrics for Objectory,” Diploma Thesis, Uni-
versity of Link&ping, Sweden, No. LiTH-IDA-Ex-934421,
1993,

[14] M. Bradley, “Function Point Counting Practices Manual,
Release 4.1,” International Function Point Users Group
(IFPUG), 1999.

[15] C. Larman, “Applying UML and Patterns. An Introduction
to Object-oriented Analysis and Design and the Unified



172 §2Melga==X D HM11-D3 H1=(2004.2)

Process,” Prentice-Hall, 2002.

[16] G. Banerjee, “Use Case Points-An Estimation Approach,”
http://java.isawix.com/whitepapers/1035194512861.pdf,
2001.

(17] B. Kitchenham and K. K#ns4l4, “Inter-item Correlation
Among Function Points,” National Computing Centre Ltd,
UK and VTT, Finland, 1997.

[18] L. Probasco, “Dear Dr. Use Case : What About Function
Points and Use Cases,” http://www.therationaledge.com/
content/aug_02/t_drUseCase_lp.jsp, Rational Software
Canada, 2002.

[19] S. Nageswaren, “Test Effort Estimation Using Use Case
Points,” Quality Week 2001, San Francisco, California, USA,
2001.

[20] A. Abran, C. Symons, and S. Oligny, “An Overview of
COSMIC-FFP Field Trial Results,” ESCOM 2001, London,
England, 2001.

[21] S. Conte, H. E. Dunsmore and V. Y. Shen, “Software
Engineering Metrics and Models,” Benjamin/Cummings.,

1986.

=<
TR~

e-mail : iageZk@dreamwiz.com

19843 S ZARE T AASTIHEF A

1995 Sl e A AA AR (H Akt
Aah)

20019 ~ A A At dutgste
AFHEN HARE 8
DA v &MY, FF L T2 AL ARAAANGHRE, &2

EdolFANE, AuA

a7 &

il : chong@comp.ssu.ackr
AEste A7]3eA(F AL

W% gebelel Yoy Aares

EREEA

o% gaaF Y A

(Atghatap)

196611 ~ 1968 WI8F(IBM 71 A QU] )

19713 ~1975d d=Her|edT 4

197514 ~1990d ZW A T A I AT )

19909~ 84 sAddgn HFe| SR g

FABof: AnEYo] ZTENA AXEo] AYHHE AR
Al ARZA S (CALS/EC)



