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Abstract: Software cost estimation has played an important role in software development since its emergence in
1960’s. Based on a classification of algorithmic model based methods, non- algorithmic model based methods and
composite methods, the typical software cost estimation methods in history are overall reviewed. The issue of
software sizing, which is closely related to software cost estimation, is also discussed in this paper. Then a three
phases’ evaluation criterion of software cost estimation methods is proposed and a case study on cost estimation of
government sponsored projects in Chinais analyzed. At last, six possible trends from estimation models, estimation
evolutions, estimation applications, estimation contents, supporting tools and human factors, are presented as a
primary conclusion in the paper while viewing the future development for software cost estimation.
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29%,

Standish report in 1995
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, 20 60 ,
, . Standish

350 8 000 , 16.2% “ (succeeded)”,
(failed)”, ; 52.7% “ (challenged)”,
50 000 , ,
53%'2( 1 ). ,CHAOS
30%~40%".

S
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Standish report in 2004

Fig.l Statistical dataon software projects from the Standish Group International, Inc.!*?

Southern California

40

1 Standish (2.2

Boehm )
n[s]

20 60 SDC(system development corporation)

[ BESTweb (BEST=better estimation of software development tasks)
7

(algorithmic model) 3
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Fig.2 Classification of software cost estimation methods
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7

6
1
’ 18]
(cost estimating relationship)
19
(el ,
.[8,10]:
, 3 [¢l:(1) (1965 ~1985 ):
i(2) (1985 ~1995 ): i(3) (1995 ~2005
): . COCOMO(constructive cost model, ) 3
[11-15] ’ ’ (16]
cocomMo , COCOMO 81 , 20 90
COCOMO 1117,
3 ), COCOMO , (28,
PM = Ax (> Size)2° x [ (EM) (1)
,PM , (person months);A (calibration factor);Size
;B (scale factor);EM
(effort multiplicative).
1.1 COCOMO 81
COCOMO 81 3 8:(1) (basic) , ()
(intermediate) , i(3) (detailed) ,
cocomMos8lr 3 (@) ,
Effort = ax (KDSI)° x F %)
[Effort , a b , )
( ). , COCOMO 81 63
.KDSI (delivered source
instruction, DSl) , (line of codes, LOC) , F ,
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COCOMO 81 F=1, F 15
COCOMO 81 , 1.
1 30KDSI , ,
, , a=2.4,b=1.05; F=1, Effort
Effort=2.4x(30)+%=85.3
, COCOMO 81 . COCOMO 81
15 ( 1), ) . )
, (required software reliability, RELY) “ ";
,RELY o JRELY “ .
( ) . , “ ", RELY
1.40, , ( 1.00) ,
40%
Tablel Thelist of cost factors in intermediate COCOMO 818
1 COCOMO 81 (&)
Rating levels Remark
Cost drivers Very ) ) Very | Extra
low Low | Nomina | High high high
Product attributes
RELY 0.75 0.88 1.00 1.15 1.40 Required software reliability
DATA 0.94 1.00 108 | 1.16 Database size
CPLX 0.70 0.85 1.00 1.15 1.30 1.65 Product compl exity
Computer attributes
TIME 1.00 111 1.30 1.66 Execution time constraints
STOR 1.00 1.06 121 1.56 Main storage constraints
VIRT 0.87 1.00 1.15 1.30 Virtual machine volatility
TURN 0.87 1.00 1.07 1.15 Computer turnaround time
Personnel attributes
ACAP 1.46 119 1.00 086 | 0.71 Analyst capability
AEXP 1.29 1.13 1.00 0.91 0.82 Applications experience
PCAP 1.42 117 1.00 0.86 0.70 Programming capability
VEXP 121 1.10 1.00 0.90 Virtual machine experience
LEXP 1.14 1.07 1.00 0.95 L anguage experience
Process attributes
MODP 124 1.10 1.00 0.91 0.82 Use of modern programming practices
TOOL 1.24 1.10 1.00 0.91 0.83 Use of software tools
SCED 1.23 1.08 1.00 1.04 1.10 Required development schedule
) , F.
COCOMO 81 , , , 2.
2: 1 , , 15 )
RELY TURN(computer TURNaround time) SCED(required
development schedule) 3 , 1.00, a=3.2,b=1.05,
Effort=3.2x(30)*%x(1.15x0.87x1.08)=113.8x(1.15x0.87x1.08)=123.0
Cost drivers Descriptors Rating levels Effort multipliers
RELY High financial loss High 1.15
TURN Interactive Low 0.87
SCED 86% of nominal Low 1.08
, COCOMO 81 . COCOMO 81
COCOMO 81 , (1)

3 . , (DSl) CPLX,PCARVEXPLEXP 4
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; ) 1 ; ) )
(2 :
oo (applications experience, AEXP)
) COCOMO 81 ,
( AEXP , 2). 4 :
RPD(requirements & product design) DD(detailed design) CUT(code & unit
test) IT(integration & test).

Table2 Anexample of different effort multipliers by phase in detailed COCOMO 811

2 COCOMO 81 8
: Rating levels
Cost drivers Development phase Very low | Low Nominal High Very high | Extrahigh
RPD (requirement and
product design) 1.40 1.20 1.00 0.87 0.75 --
AEXP DD (detailed design) 1.30 1.15 1.00 0.90 0.80 --
CUT (code and unit test) 1.25 1.10 1.00 0.92 0.85 --
IT (integration and test) 1.25 1.10 1.00 0.92 0.85 --
, COCOMO 81 ,
1.2 COCOMO Il
COCOMO 81 Ada COCOMO!*, ,
(model clash) ,
,COCOMO 81 . ,Boehm
COCOMO 81 , 1995 COCOMO 111471,
COCOMO I 3 17 (1) (application composition) , (object
point) ,
:(2) (early design) , (function point, FP) 5 7
, , HE))
(post-architecture) , , , / 5
17 , )
COCOMO I , 4 ( )
COCOMO |1 , 1997
10% , 83 (20 1908
, (Bayesian analysis) , 30%
1997 52% 71961%%22:2000 161 30%
75%!23, ,
COCOMO 81 ,COCOMO I 2l

,COCOMO I ,
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: ,COCOMO I
,COCOMO Il , ,
,COCOMO I
,COCOMO I :
, ,COCOMO Il Size
Sze= (1+ '?Eé" J x(  KILOC+  KI.OC) ®)

REVL (requirements evolution and volatility) ,

’

KSLOC(thousands of source lines of code)

,COCOMO I .
/ , , 5
PREC(precedentedness) FLEX(development flexibility) /
RESL (architecture/risk resolution) TEAM (team cohesion) PMAT (process maturity).
COCOMO I ,
, COCOMO 81 ,
1.3 COCOMO
,Boehm Southeast California
(Center for Software Engineering, CSE) ,

, COCOMO Ba COINCOMO(constructive
incremental COCOMO) DBA COCOMO(database (access) doing
business as COCOMO I1) COQUALMO(constructive
quality model) iDAVE(information dependability attributed value
estimation) COPLIMO(constructive product line investment
model) COPSEMO(constructive phased schedule and effort
model) CORADMO(constructive rapid application development model)

(most cost effective) COPROMO(constructive productivity
improvement model) COTS COCOTS(constructive commercial-
off-the-shelf cost model) COSY SMO(constructive systems
engineering cost model) SoS(system-of-system)

COSOSIMO(constructive system of systems integration cost model)
cocomo 11 ¢ 17 (1) (2 :((3)
[(4) Delphi ~ ;(5) (6) Bayesian

() , )
COCOMO , ,
COCOMO-U,



21

2.2

(2

distance)!?”!

WBS

Delphi

(analogy)

[31].

Delphi

, “ (intuition)”.
, 2
.2
COCOMO
CBR(case-based reasoning,
(1) )
/ : /(3)

(weighted Euclidean distance)!®.

k=1

distance(R,P,) =

n

Y 5P P

781

[28]

WBS(work breakdown structure),
WBS :

[26]

[

) [27] ,
[28]

[29]

(unweighted Euclidean

(4)
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2
Py it Kiscont
[ | R Pic | J,|fk|scont|nuous
0,
1

: : mm(Z(y. ] N

—min,
(P, Py) = if kiscategoricd AND B, = P, (5)
if kiscategoricd AND B, # P,
3: Po P1,P>.
Project Project type Programming language Team size Project size Effort
Po MIS C 9 180
Py MIS C 11 200 1000
P, Real time C 10 175 900
Povs. Py Py vs. P,
5(P01,P11):5(M |S,M | S):O §(P01,P21):5(M | S,Real Ti me):l
(Poz2,P12)=8(C,C)=0 &(Po2,P22)=8(C,C)=0
&(Po3,P13)=6(9,11) (Po3,P23)=8(9,10)
=[(9-11)/(9-11)]*=1 =[(9-10)/(9-11)]?=0.25
&(Po4,P14)=6(180,200) (Po4,P24)=6(180,175)
=[(180-200)/(200-175)]*=0.64 =[(180-175)/(200-175)]?*=0.04
distance(Po,P1)=(1.64/4)"°=0.64 distance(Po,P1)=0.57
, : ( Po 1000);
( Po 1900/2=950); ,
, , :Sze(Py)/ S ze(P;)=Effort(Py)/Effort(Py), Po
1000x180/200=900.
23
[31]
CART( ,Classification and regression trees),OSR( ,optimized set reduction),Stepwise
ANOVA( Stepwise analysis of variance),OLS( ,ordinary least squares
regression),RR( ,robust regression) . ,OLS ,
/ (32,
OLS , ( ),
, S, oLS (53]
Yi = Bt PoXip + ot By + U (6)
» Xig- X [ » BB B Yi i
Ui .
I i yi' Yi , l'iz .OLS



4: 10 Effort Sze ( 1~-3 ),
Effort=axSize”, a b
log(Effort)=log(axSize")=log(a)+bxlog(size),
y=A+bxx, A=log(a),x=log(size),y=log(effort).
A=log(a)=1.7873,a=10"""°~61.3;b~1.3, Effort=61.3xSze"*.

783

. Size Effort _ :
Project (klod) | (Man-hour) x=log(Size) | y=log(Effort)

P, 8.20 980.00 0.913814 | 2.991 226 ~

P, 5010 | 832000 | 1699838 | 3920123 4 = e L

P; 90.50 | 18000.00 | 1.956649 | 4.255273 3|

P, 6.00 748.00 0.778151 | 2.873902

Ps 60.60 | 17000.00 | 1.782473 | 4.230449 2 f

Ps 72.30 | 19400.00 | 1.859138 | 4.287 802 1

P, 3520 | 7530.00 1546543 | 3.876795

Ps 99.20 | 36800.00 | 1.996512 | 4.565 848 0

Py 120.00| 28000.00 | 2.079181 | 4.447158 00 05 10 15 25

P1o 19.90 | 2200.00 1.298853 | 3.342423

OoLS ,Minitab,Splus,SPSS (20,
(2 :
, 5 .3
3
COCOMO [17] : ’
[31]

, COBRAP Web Web-COBRA®,

3.1 COBRA

COBRA (cost estimation, benchmarking, and risk assessment)
[34]

) , 3
Cost overhead
estimation model @ Productivity

8 equation
o
. Cost model of - 3
Project data cost overhead Cost overhead 2
questionnaire estimation ©

Productivity

Fig.3 Overview of productivity estimation model®*!
3 COBRA 34
, (causal model), (cost overhead)

(D)
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P=fo—(S1xCO)

120%.COBRA
Carlo ,
) (productivity equation),
P ,CO Lo
Effort=axSze,
Sze «
COBRA :(1)
1(3)
1) (2 :
3.2 Web-COBRA
Web ,  Web
.Ruhe
COCOMO 11 Web
Web , Web ;
Web , )
(2)
, (3)
(5)
Web , Web
4
, (sof
,COCOMO I
(49 Effort=A+Bx (S ze)°,

Web

S CO P
B
1
a=——
Bo— (B, xCO)
(8),
(2)
Web
WebMo®*® Ruhe, Jeffery
COBRA
(4
tware sizing)
n(23]
PM Effort

Sze
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20%

Wieczorek

()

2

[39]

Monte

(7)

(8)

Reifer
CORBA

[37-39]

.Boehm



141 , . Reifer
600 42l David 2000 ~2004 8 740
[43]
4.1
(lines of code, LOC) (&7,
(4, , (source lines of code, SLOC)
(delivered source instruction, DSl), e
) e
) . Jones ,
, 5 [46].
&) .
3
(4) , [40].
4.2
S 5 ( El EO
EIF EQ , (
“ "UFP(unadjusted function points) ; 2 , 14
(general system characteristic, GSC) VAF(value adjustment factor),
Table3 Weights for UFP with different complexity
3
" Weights for different complexity
Type of function Simple Average Complex
External inputs 3 4 6
External outputs 4 5 7
External queries 3 4 6
Internal logical files 7 10 15
External interface files 5 7 10
(International Function Point User Group, IFPUG)“) 5
) ) , .Michigan
[s01.

[52]

[51] [37]
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2004

[47

ILF

3),5
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4.3
431
1986 SPR(Software Productivity Research)  Jones ,
(feature point)!>*¥ Jones , , FP
,SPR 5 ,
, ,Jones
) 3. )
Whitmire , , )
(52
432 3D
Whitmire “3D (3D function points)” 3753 ,
) 3 )
“ (transformations)”; , , —_ (state)
(transition).
3D , 1371,
433
COSMIC(the Common Software Metrics International Consortium) 1997 ,
COSMIC (full function point, FFP)I%
, 5 , ,
.FFP , ,
. , : (
) :
44
(object point) 561, ,
(report) (screen) .
, (screen) (report) (3GL component)
) ) 4,
r ,
( )% (100-r)

= 00 (9)




Table4 Calculation of object point!®

787

4 [23]
Number and source of datatables
Total 4~8(srvr Total
Total<4(srvr <Z;clnt*<2) 2~3;cInt ?(,~5) >8(srvr>3;clnt>5)
For screens: <3 Simple Simple Medium
Number of views 3~7 Simple Medium Difficult
contained >8 Medium Difficult Difficult
For reports: Oor1l Simple Simple Medium
Number of views 20r3 Simple Medium Difficult
contained >4 Medium Difficult Difficult
*srvr: Number of server data tables;* cint: Number of client data tables

Different element Simple Medium Difficult

types correspond Screen 1 2 3

to different Report 2 5 8

complexity-weight | 3GL component 10

479%1°7,

45
UCP)
,ucp

factor, TCF)

UCP

UCP 1993

61 2005 ,Carroll

9% 162
5

(unified modeling language, UML)
UML , (use case) ,
(s8]
(unadjusted use case point, UUCP)

(use case point,

[59]

(technical complexity

(environment complexity factor, ECF).
UCP=UUCPxTCFxECF (10)
Effort=UCPxProductivityFactor (11)
, .2001  ,Nageswaran
ucpP , 612005 ,Anda UCP
COCOMO I ,
ucp , ,95%
, COCOMO Costar'®® CostX pert®!, True COCOMO!®!
,Boehm 10 ¥l:(1) (definition),
() (fidelity), :(3) (scope),
(4) (objectivity),
( );(5) (constructiveness),

:(6) (detail),
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(7) (stability),
1(8) (easy of use), ;(9)
(prospectiveness), ;(10) (parsimony),

Briand , 3 (31:(1) (model and
estimate criteria), ;
2 (estimation method criteria), HE))

(application criteria),
, 3 9 , 4

Estimation input Estimation output

Completeness
Reliability

Comprehensiveness
Accessibility
Objectivity

Parsimony

Scientificalness
Repeatability
Sustainableness

Fig.4 A three phases’ evaluation criterion of software cost estimation methods

4
(@D} (comprehensiveness):
(2) (accessibility): )
3 (objectivity):
4 (parsimony):
(5) (scientificalness): ,
(6) (repeatability): ,
) (sustainableness): )
8) (completeness):
(9) (reliability):
IFPUG 491 COCOMO 11117, :

51
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Fig.5 Softwaresizingin “Declaration and Management System for Government Sponsored Projects’

5

, 138

5.

Table5 Size estimation list of

“Declaration and Management System for Government Sponsored Projects’

5

Development type
Estimation phase
Estimation basis

New development
Design phase
Requirement specification, system architecture & system data table

Size estimation specification

Type of function Complexity Weights Number Amount of FP
Simple *3 7 21
External input Average *4 0 0
Complex *6 1 6
Subtotal 27
Simple *4 1 4
External outputs Average *5 0 0
Complex *7 0 0
Subtotal 4
Simple *3 18 54
External queries Average *4 1 4
Complex *6 0 0
Subtotal 58
Simple *7 7 49
Internal logical files Average *10 0 0
Complex *15 0 0
Subtotal 49
Simple *5 0 0
External interface files Average *7 0 0
Complex *10 0 0
Subtotal 0
Total unadjusted FP 138 UFPs
52
. 6 500 ,
1SBSG!®

CocomMOll
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6 ©

[54]

Table6 Effort estimation list of

“Declaration and Management System for Government Sponsored Projects’

6 © »
Project size information
Project size | 138 UFPs
Project characteristic
Platform Non-Mainframe Architecture BS
Project type MIS Language Java
Development flexibility Nominal Required reliability Nominal
Database size Nominal Product complexity Nominal
Developed for reusability Nominal Execution time constraint Nominal
Main storage constraint Nominal Platform volatility Nominal
Effort and schedule estimation result (MM: Man-Month)
Total effort 3.7MM Total schedule 5.4 Months
Requirement effort 0.1 MM Requirement schedule 0.2 Months
Design effort 0.3MM Design schedule 0.4 Months
Coding effort 0.7 MM Coding schedule 1.0 Months
CM effort 0.0 MM CM schedule 0.1 Months
Documenting effort 0.1 MM Documenting schedule 0.2 Months
Test effort 2.0MM Test schedule 2.8 Months
PM effort 0.4 MM PM schedule 0.6 Months
" 138 , 3.7
2.83

1~2

-

54



Table7 Cost estimation list of
“Declaration and Management System for Government Sponsored Projects’

7w »
Project size information
Estimated effort 3.7 Man-Month
Project type MIS
Risk information
Risk issue Probability Influence
Requirement alteration High Very high
Technique High High
Quality Average Average
External affairs Average Average
Labor rate information (Unit: KRMB/Month)
Requirement 10 Design 105
Coding 8 Configuration management 8
Test 8.5 Document editor 35
Project manager 115 Quality management 8
Cost estimation result (Unit: 10KRMB)
Maximum Most likely value Minimum
Total cost 10.28 6.99 4.75
Collaboration cost 1.46 0.67 0.00
Tenancy cost 0.72 0.31 0.00
Labor cost 3.75 2.83 191
Energy and material cost 0.65 0.28 0.00
Printing cost 0.52 0.25 0.00
Investigation cost 1.05 0.52 0.00
Traveling & communication cost 1.06 0.46 0.00
Equipment cost 1.98 1.03 0.08
Others 1.14 0.63 0.11
, 55 10 ,
1 .
8:
9: ,
10: , )
11: ,
12: , ,
13: ,
14:
6: )
[41]
[41]
,Boehm “ (value)” ,
(671

(value-based software engineering)”
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3 [68]
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