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Abstract
The Constructive Cost Model (COCOMO) is a software cost

estimation model and is oneof the mostly wused
commercially. However, the effectiveness of the model for
estimating the cost of software production in small scale
companies and market need to be investigated. This
study presented in this thesis addresses some of the issues
related to the use of the COCOMO2 model for cost estimation in in
small software market such as the Sudanese market. The aim of
the study was to evaluate the effectiveness of the model and its
relevance to the Sudanese market. The study used descriptive
analytical method where questionnaires were used to collect data
from (31) projects randomly selected from a total of (100)
projects. The data was analyzed and the results of the analysis
showed that there is a great difference between the cost
estimation produced by the model and the actual cost of all
software projects in these organizations. This suggests that for the
model to be used for cost estimation in small markets it needs to
be adjusted. The study was carried in Khartoum state only so it is
recommended to extend the study to other geographical area in
the country and other regions of small scale software market.
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9 allas Sl bla; awsli]l Jolao ox9 quogs (2/2/4) 05, Jg>>
JICASE]23 wlilSolg wlgsls Holaoll 6459 wlilssl

Developer's Expgrience v Very
and Capability €Y | Low | Nominal High
olaall 8,055 Sl Low High
ICASE  Maturity glnd v Very
Capability €Y1 Low | Nominal | High
ICASE Ulsals | oW High
"PROD" >yl Jolzo 4 7 13 25 50

) wluvlid] soe cliasl ol sudaill SVl o=l s oing
JedUWl Ll olels abgiSall dumo jull wligSallg ((Reports) ju,laidlg (Screens
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o5 o9 1Gudaill (9 poaxiws Bgw illg (Third-Generation Components
bV baxiwe (Object Complexity) (LSl xyiss 3o 3ydx oy
([231)(2/2/7) (2/2/6) (2/2/5) :adWl Jslazmlly axiogall

123

Object Points Complexity Level for Screen

Number of Views | Number and Source of Data Tables

Contained Total <4 Total <8 [Total <+8
3> Simple Simple Medium
3-7 Simple Medium Difficult
8+ Medium Difficult Difficult

oS) suylasll S blés san wlgiams (2/2/6) oo, Jga>
(1998403uu,?

Object Points Complexity Level for Reports

Number of Views | Number and Source of Data Tables

Contained Total <4  [Total <8 [Total <+8
3> Simple Simple Medium
3-7 Simple Medium | Difficult
8+ Medium Difficult | Difficult

o28) sl bla; o wlgivwe U jg tuogs (2/2/7) 095, Jgr>
(1998403uﬁ9?

Complexity Levels Weights for Object Points

sl ggi Simple Medium Difficult
Screen 1 2 3
Report 2 5 8
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3GL Component - - 10

34iss 530 331 2 (NOP) (ol susboill (lgdl ozl Gl o ¢rog

x2 (8) ad) dbleall yo wsllaall s gall Cluuz o oy LlisVl (59 S

6 > e aaini idly H9lnall azlilg ((Reuse) ploxiwdl sole] duuns aoxi

xizi WaSg (Developer's Experience and Capability) g¢looll wlilsslg
rslail adac aca) doxziusdl CASE Tools Jl wlilss] e
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The Early Design Model ,Suoll oxosaill 3905 2-2-8
e zro_udl g9 el wldlbio (s dadlgall dns igig0dl 130 paziwg
rso i Jas) e ai 9o oYl doliall (b Jasll &la gog mslaill
wlgzgo o 83122 ds0m0 patium a9y o pslail gro Wl wdslls 2> gzl]
s2¢ gl (FP) adlaJl blai e aaizi juaai wYslrog (Cost Drivers) aalSall
(KLOC) oLiSIL T)xiio 8 il louwl
eileid) aawliall alleoll e al> o)l oan b juasill adac 2 aisig
s LS g ((8) pd) dolrall) duo,lexll
E = a * Sizeb * EAF............ (8)

(Boehm) zigwoidl ia joloo a> il b Lle ¢l (2.94) soluyg el :"a"

& lina) ds )Wl WLl o amasedl e Lgy plé Gl wlwl)dl W o

Ol Suw glinar aols a b Sl lab ainlse ai Ol puimg ailw

rolaill dy puai (9 b uslai @i

KSLOC"(Thousands of Lines of" 4 aic =g dazo | o> g :"Size"

w9 (FP) adll blsi sore yaai JI> o aluw> oig (Source Code

lo i il a)brall Jglazxdl ploiwl "KSLOC" (J] lioxi o5 o9 duzo il

Lelols oi illg raelize wla) sas) (FP) all blay, (KSLOC)gol Wl ox>

63>9)l 030 o JoY JLasll (9

sgl o9 wsllaall 53001 530 Sz, (Exponent Term) jwYl Jolzo o» :"b"

©39—i b JLll 50 LaS Lisli g 509 ciszo mll oz o8 82101 ablial

Wl aoleall Tab camig 5T Wl omo pllai o iliny J: COCOMO81

i=5
b=0.91+0.01 SF,...9)
i=1

odl Iz Iz aJle 10 guluis wle (SF) damoxdl woleall 03 O jg iz

: AW Molrall 03ms dinaxiog nles alleg o> alla Lo dax dna
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6 3l e S2, owliio o b :("Precedentedness "PREC) JlosVl sl
& ool aliloo gylite go Joolaidl (s8 £oirall 83 dioll 8luinioll ai Lol
b9 ailw 8,05 3979 paf sy 13g9 oz alds Jlae Yl aslw culs 155 L oslall
adle JlacVl aayluw <uilS I5lg «(6.2) s32Jl pubioll Ia g i, &=l odn
b9 ieyliisall 03m Jio s lai (59 Wisls Lol ammmiall Of oiny g8 oz Taz
7.9 o5, Jor =zl gisgoe 5 LS .(0) sally pwlioll Ixa oy iy ] o3
S o e slaall Of (s 1369 Taz Tz adle Jlocl ailw 3929 all> ndg
ol azll pas (| a8lioYl woszmopuldl guitall wlillniog waslsg ogd po 122
bl axdlan) 8302 lojlezs ISLa LSLY Jio ai ezl

iz ) Sz gwlids gvg (("Development Flexibility "FLEX) juolail aig o
izl adl> (9 g pall pass skl dlas ogi ez ughill adas (59 dig pall
wliolgo giaz dybiiy &9 iinall 83 sioll a5, il Jub o J oSl oludYl (|
alolSJl dig 0ll Ciuogis (FLEX = 5.07) jusi sl 09 vzl gitell @ lllaiog
Jiolaidl I i laié (o]l miiall dsle)l GlaaVl pogs Jaesdl plus al> (8
(FLEX= 0) s3aio)l &5 i) JolSIL

Architecture/Risk Resolution "RESL),blxall Jdxi/s,)losal oroaill ad>
o) 5 Lazall proaill Ll cani (il Jolswall Jalxs a5 puSey wliio obg:("
9 RESL = 5.65 ¢ ,blxall JolSII Judxill al> 8 RESL= 0 giog eisg ol
Yl Lo bl Judi pas & (06 Lol ... 13S0y bbbl jassiell Judxill dlb
RESL = 7.07 giog pisd Ia> Laisioll ol

iz )0 guSy gwlibso gag (("Team Cohesion "TEAM) 4 el otlisg dlwlas
$08S Jasll (9 gz Srog ipgiard pgid e Cu> o Surall dwles
paisle (58 ask lls 6,38l Sxeg agilily agisliis agslanl 9155 S0y «JolSio
) Tos Tas LWle 5 ,a)l pélisg wlas asdy .alUs e Wl pgians go pelelisy
Yol JSline 09 Jasdl §,9 ow adlzdg JolSs 3929 al> w9 (TEAM= 0
b dygraog Jelaig JolSi 3979 pas all> 8 (TEAM = 5.48) x> jaikios
(2/2/8) p3, Jgrzll miogo o0 S (s all slacl o wYlas)]
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JiSlg miai sxe puSe gwlibo gag :"Process Maturity "PMAT adosll JlaS
(2/2/8) 03, Joazll 83,15l prill lark azo Jolsill Soys cdummioll wllas
(SF) amosdl wMolroll U9 049 (2/2/8) o5, Jg>>

Scale Factors

("Factors Weight Values "SF) wMolzall o jg oud

0sll Jolss
Very Very | Extra
Low | Nominal | High

Low High | High
PREC 6.2 | 4.96 3.72 248 | 1.24 | 0.00
FLEX 5.07 | 4.05 3.04 3.03 | 1.01 | 0.00
RESL 7.07 | 5.65 4.24 2.83 | 141 | 0.00
TEAM 5.48 | 4.38 3.29 2.19 | 1.10 | 0.00
PMAT 7.80 | 6.24 4.68 3.12 | 1.56 | 0.00

r el laia) (Effort Adjustment Factor) agxll lox o J ole :"EAF"
(7) s g390il I3 Josing (Cost Drivers) aalSill wlgzgo il ¢posais
Soloazall 390l o Lo ilai g0 7.10 Jga =zl daxings aalSill wlgzgo
Jaiig .oMel Jgazll d axiogally ((Post-Architecture Model) >l

rad Wl sbolaodl (jo "EAF" doud

i=n

EAF =[] EM,.....(10)

- -Isll OL@_?S_O _)‘)L -9-m ||n|| 3 ‘.. -ISll g")l_e_?-s_oj )_@_.zjl USJAD w S_QEMIII" &P

cigaid atlSill lgzge our adMall puogs (2/2/9) as, Jgaz
909595
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Post-Architecture cost drivers

Early Design cost drivers .
v 9 (Counterpart combined)

Product reliability and complaxity RCPX RELY, DATA, CPLX, DOCU
Required reuss RUSE RUSE

Platform difficulty POIF TIME, STOR, PVOL
Personnel capability PERS ACAP, PCAP, PCON
Personnel experience PREX AEXP, PEXP, LTEX
Facilities FCIL TOOL, SITE

Required Development Schadule SCED SCED

ti90ill) 909593 Tig0il aalSill wlg=g0 quogs (2/2/10) o35, Joa=

Rating
Cost
Driver

Description Very

Low Low ||[Nominal || High |Very High| Extra High

|Product giiad | wloww

Required lo s
RELY |[Software 2' .9211.00 1.10(1.26 -
Reliability ‘

|DATA ”Database Size |’o.9o 1.00 [1.14|1.28 |

Product (0.7
’CPLX }(omplexity X ’0.87 1.00 h.i17h.34 |74
RUSE [Required . fo.osli.00 [1.07[i15  [1.24
Reusability
pocy [Pocumentatiof0.8 1) o1 o0 b 11ho3 |

n 1

Platform a__aio < lo_u)

Execution
TIME ime - - 1.00 1.11(1.29 1.63
onstraint
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Rating
Cost o
) Description
Driver \Iiery Low ||[Nominal || High |Very High| Extra High
ow
ain Storage
STOR konstramt L | loo [rosfii7  |r.46
pyoL | latform lo.87f1.00 [1.15[1.30 |
olatility
Personneluln
cap [Analyst 154 ool00 [o.83l0.67 |
apability [0
Programmer [1.3
PCAP apability 1 1.15(1.00 I0.88‘0.76 -
Personnel 1.2
PCON }continuity lo 1.12]1.00 [0.90}0.81 -
EXP ‘ pplications  [1.24; 15l 90 [o0.88l0.81 |
Experience |2
PLEX
Platform L1 69l 00 [0.91)0.85 |
(PEXP)[Experience (9
Language and}, ., |
LTEX [Tool 0' 1.09(1.00 [0.91(0.84
Experience
Project & g ol < loww
TOOL [Software Tools|; " [1.09[1.00 [0.90f0.78 |
SiTE [Multisite 1211 o9l1.00 [0.93j0.86 [0.80
| Development |2
|SCED ”Development 1.4 [1.14[1.00 [1.001.00 |}
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Rating
Cost -
Driver Description Very : : . .
Low Low ||[Nominal || High |Very High| Extra High
[Schedule 3

L) (Effort Multiplier) s gzl wspas wlus pi S oI Jlswdl oSs
il aalSil & lgrgo go Lblill JY5 oo assll 48] Glezse o azse
il olslasdl gl Jlgal I3n s alzM 1 5>WI s loxall T35l
dno Al aalSill wlgzgo I 6 W 1 o puliiall (e d408) d0sd Sluwls 08
2l Gy e Clws Hhell dalSil azgol dblaoll §>MI s/ lamall T3504lL
Lo aolsdl wlpaidl 13] sizas g amolll el Lab ay golsll
il (oo "aminio” <ilS Bls (1) aras )l dasill clasi "oz i
Sl Jgazll piogo oo LS 13S0g .. (2) arad I

T.x_? JL& T.)o JLS« JL& @)LS« —a=xio T.)o Ul Rio
,T = = .
> Very | High| Nomin v Very Low
Extra High al| Low
High
6 5 4 3 2 1

bz s o)l aalSill azg 0 uadi iy LM> po (ills wlnadill 030 gox @8
cosis 1au pol Al Joa =l po agxll g o 89,00 Wlillg o) 2gll Cg a0
W JLadb s
;0L 3] RCPX aalSill azg oy yol sl o gl g iao ol o6

RELY = Low.DATA = Low.CPLX = Nominal.DOCU = Nominal.Time =
High.STOR = LOW.PVOL = Very High

a_alSil &l gzgo Jlay, RCPX aalSill azg o of s, Jorzdl oo 1=l

;o] sz aisludl lglasdl gLl (RELY. DATA.CPLX . DOCU
. RELY = 2.DATA = 2.CPLX = 3.DOCU = 3

44

1



10 =242+ 3 + 3 = wl il fgono
ol ode Jai 10 aonidl of s W RCPX  aalSill azgos solxll Jgazl o
.0.83:92 a) ol 2=l Lo uang LOW = RCPX

ol a0l wlgzgel gl w9 o0 paty aslxdl Jolazldl

RCPX Cost Driver
RCPX Descriptors:
« Sumof RELY, DATA, 5,6 78 [ 9-1 12 13-15 | 16-18 19-21
CPLX, DOCU Ratings
Rating Levels Extra Very Very Extra
Low Low Low | Nominal High High High
Effort Multipliers 0.49 0.60 083 1.00 1.33 1.91 272
PDIF Cost Driver
PDIF Descriptors:
« Sumof TIME, STOR, and 8 9 10-12 13-15 16,17
PVOL ratings
Rating Levels Low Nominal High Very High | Extra High
Effort Multipliers 0.87 1.00 129 181 261
PERS Cost Driver
PERS Descriptors:
« Sum of ACAP, PCAP, 3,4 5,6 7.8 9 10, 12,13 | 14,15
PCON Ratinas 11
Rating Levels Extra Very Very Extra
Low Low Low | Nominal | High High High
Effort Multipliers 212 1.62 1.26 1.00 0.83 0.63 0.50
PREX Cost Driver
PREX Descriptors:
« Sum of APEX, PLEX, and 3,4 5.6 7,8 9 10,11 112,13 | 14,15
LTEX ratinas
Rating Levels Extra Very Very Extra
Low Low Low Nominal | High High High
Effort Multipliers 1.59 1.33 122 1.00 087 0.74 0.62
FCIL Cost Driver
FLIL
Descriptors:
* Sum of
TOOL and 2 3 45 6 7.8 9,10 1
ratings
Rating Extra Very Very Extra
Levels Low Low Low Nominal High High High
Effort 143 1.30 110 1.0 087 073 0.62
Multipliers

(Reuse Model) plazvuwVl eole] g3g0s 2-2-9
5 ra il Ll :COCOMOII 3905 9 (New Code) szl b il b2

Lo .(CASE To0ls) aume )l wlgo¥l o i el 9o g iyl agiSoll
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allxl 03 (sdg (plaxiwYl 83le] gloil o Lo gi & i sl plagiwl 223 s Ias
6_aildl (Integrate) good p Ml sgxll sl plaziwdl ssle] gig0i iy
) 8¢ buad | dumo |l wlgo¥l o 83Jgall ol (Reused Code) plaxiwl 85leall
3Ll jo w0 ol Elgil ,un> ) Sayg 32zl 8,4 il go (Generated Code
toly Losd oozl

Pre-) livws 839790 6,44 by (Reused Code) plaxiwYl 6slso & paill
Lgogd) dlglxo 09oug ,uti sl V9o s LS lgolainl iy (Existed Code
Uollaoll sg=llg .(Black Box Code) sl §9aiall 6 i Lol lede gllasg
siuall sgluy Al 0an (o9

iy i ano 839250 b riib by ((Adapted Code) Lgitgr sleall & raxll
Lio] Lgale 3layg vosmodl giial) aumo il o lisSall (8L go qoai) Lebiass
ogd) 3 gz xzgs alll 03d 99 (White Box Code) jauVl Geriall b rai
vz pll CligSall (5L o Tl Jai iz leliasd) 2gzs lghasi Jud 6 il

Commercial off-the-shelf "COTS") s al_=Jl &zl ol _isSoll
vz idl § b e ol Ll 3l o8 paxiuws b4 g ((COMponents
.(Leased or Licensed Source Code) Lgoloxiwl

6 _aiu g ((Automatically Translated Code) (W] lebg=i sloll & el

) assuSall assigll 3o plaxily aul aiy sl Lobigni pizg lisano 829250
Automated Software) aioigoll ol wlgoVl plaziwl (Reengineering

ko) Collnall ISII sgzdl 58 el pais) Lollaall szl (yroiai 22dg .(TOOIS

oty s3LoY 2gxl 3mg .COCOMOI 390 8 asdlioy] wlimmzil! o dxzo
H(11) pb, abslrall o aslus

Eauo = ASLOC * (AT/100) / ATPROD ......... (11)

3L o WT led g slrall 8 ,iall mod 8 cpslanll axzli] :"ATPROD" ca>

COCOMOII) 390l 5 lno lg> i8] LaS 2400 soluss (ol gitell wligSo

Size) Lgiirg o il (880)]) duzo )l wligSall pz> :"ASLOC"g (Manual
LT Leliom sleadl & il pxn) dygiall amuidl "AT" 4 .(of Adapted Code
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b :("Equivalent Source Line of Code "ESLOC) aislSoll & il ol
Joasall 262l proiad LoVl aimo il px> ] Leislio] ety il & pasil law]
sley il el of (Reused Code) lgolsziml sleoll wliidl Groiaig Jyrzi b
((12) o8, aslroll ploziwl b s (Soug (Adapted Code) lgitugs
KESLOC = KASLOC * (1 - AT/100) * AAM......... (12)

o=zx> gbasi >V olSIL dauwlis a i)l 6 0 bl x> ("KESLOC": >
b io Jolso Jios "AAM"g WT 8agall & ,iall ax> 5l LolS as8lSall & il
wligSo 8l go dauzo 8 90 TlouiW ploiwl 8sleall wligSall digi adosl
1(13) 3, dolradl M o cuuxig (szo_ | @iiedl

AAM = (AA + SU + 0.4DM +0.3CM + 0.3IM) / 100 ...(13)
e sicboll wligSall Jd=ig JlisY wellaall agxll puSay Joloo ("AA": ] cu>
oo Dy Y o 8,84 plaziwl 850y Cgllnoll agzll cu> ilgolaziwl 85l
Sxo il s9g7e S pi ad] ez gelaziwl sole] aiy @ O] iz aall
> (8) ol (0) o Jolrall Ian doud zoliiig vanare o lgolaziwl a>No
Jalzilly LSVl Gidae 9 sllaall sl
plaziwl 85l eall duzo | WligSall agal Lollaall xgxll juSsy Jolzo :"SU"
a> o9 «(Structure) Sl > o 80 sl dysei sa0 A aiond dainig
) 60 il WMl Coglly 7wl sa0g (Application Clarity) gulail zgi0g
oi g ousdasll aally ayl)s sae e xeizi W3Sy (Self-Descriptiveness
sxbzally alSgall ,ue Wl e id) (50) o Joloadl 132 doud 79l g o ligSall
dazro p wlisSe 8 9w0 Aoy dalnio adSid 85000 di9iSall wl il (10) |
Loss lgolasiwl alas>Mo go .Jau> g adiges (Strong Modularity) as s
J=all Lgolaziwwl 8ole] a5 28 wligSo 2979 dll> (9
Percent) Jasoll proaill d9iall awdl 1 Jlgdl Gle g :"DM"."CM".,"IM"
Percent Code) aJasoll 8,0 il a,9iall & will ((Design  Modified
) plaziwl sole] wligSe mod wollnall s9e=all daygiall auuilly (Modified
.(Percent of Integration Required for Adapted Software
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Post - Architecture Model)) : g—=MWIl s,Loxall g39 ol 2-2-10
((CoCoMOll

3Saall prosaill g3 05 w9 Wil WYsles pusi gigaill I3 poiwg
Iy «plaxiwl sole| g390i 9 85,)l9dl plaxiwd] 85| wYoles | asloYl
il (Effective Size) Jlsall axxll lova) (REVL) o> Jole (J] asloYL
Requirements Evolution and oldhioll ol pacg jolai daxuis szo ll
1(14) 8, aslaall plaxiwl dsg saslizadl uolaill J>| 0 sWl ((Volatility

Effective Size = Original Size (1 + REVL/100) .... (14)
6, ,Luc o9 «wldlniall Wl pacg Hglai axuis p._ZJLIICJa.p'aJ Jole g2 :REVL >
ro2oll giiall (Lol ezl o dsie duwi s
rasilgl] ai 900 9 COCOMOII zi90i Jini adlll wYsleoll
E = a*Sizeb * EAF + Eaut... (15)

i=5

b=0.91+0.01 SF,...(16)
i=1

EAF =[] EM,..(17)
i=1

d:}lJI LS_)LoJLo.” C.)_g.ou.U 17 4)&.!.0.” ,oa.oua.l.” C)_g.o.J n'=7" S
Eauo = ASLOC * (AT/100) / ATPROD ... (18)

Size = (KSLOC + KASLOC * (1 - AT/100) * AAM)(1+REVL/100)...
(19)

:COCOMO Il g3g0s 59 g9 uinall jugloi 6,i9 jua8; 2-2-11
:(Schedule Estimation in COCOMO Il Model)
aiyg0 59 COCOMO Il £3gai (09 (sroull o isall juolai 6,19 u2ai oy
1(20) o3, ablradl Y5> o ool
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Toev= [C * ENS (D + 0.2%(B - 0.91))] * SCED% / 100...(20)

ols G g line wlil Ll lagiplzo wny SJg .C = 3.67.D = 0.28:cu>

Jiogs "SCED"iall Joole Lol .aJlnll hyglaill aty pusi (nd bk o

e M STl s> gzl o g8 "Ens" o « g taill 8,08 8505 ol lasia) aygioll auwill

Nominal) s>>ly soluw, "SCED" s gzl & ,io Jole ging go yughill drlas)
. oo clil (Value
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sl (9 paioll ggioll 3-1-1
ol aains il wo il (29 2iis 909 Al (a0 o)l meiall cm Ll gl
Leso il JY> s alSinall ol 5 0lall wila)] gios)l s o8 (siuos)| Tgial
JoolSio §495 (rals a0y ] sVl g Lein wLaNall Cavosis olals
112]les alawi yoll $5laxdl (e slaie YU alSuisall ol 6 nlall
teasu]l aine 3-1-2
sliy ol dlolell wlogleall S0y wlhimo il wlisy po daxlguins die
ode sliy 3o i pi g g9 ite (31) po VS polosxll &Yy J2ls wlizo
izl Bloanl Uizl 38 .89 ,uino 100 dlans &Ye)l g linall 36 ,yais
Olawl 822 & puiall

: BlowYl 03n o 8371y axi dwildgud] Gemdl ol -1
BlowYl o do0ols gy, luine e dine Rl 9 T390l Wlly 82cls ol -2

calizo 09> Sgimog g_9_9)Jo ._;\.9 J.o.su (_9|_9.uu=y| oldg d.tSJJ.oy|_9 d.u_)_gyl
&Yl wluwY COCOMO2 JI g3g0i bzl 284

lzmo | awain Jlxw o ,LiwYl gwly gigar -1
abwdl loglrally wluxdl Jiiar wle xoins gigai -2

rolgaVl 3-1-4

s lgiasy Loy, Gilly acgiiall aliwIl po & bgano tobg Oluiw)
rasizy gz lay ll alSiinall JWs o oWl ad] G s3I Qagll Gaxy S
sl o8l o acoamo | sl aanb U sl aulb OluiwIl Jw s
[11].cxldl Lesle] pi Leituws piy oS ez cr bl b, iz il wluwwoll
ode acjge Jlgaw (26) ode camdl (o8 lgdlomiawl i idl &bl iy
dawljall poasll Oluwdl xaicly . puall [l oz g2y jsi pis glro dues
1 (Lis2dS giz dseln wlizo il dwain S 50) Jud (o pouo luiwl le
COCOMO 53905 wloglzo 823cl5 5385 il wlill gox) poiny s3llg [14
Alsg .0leudl & urall BlgwYl go §9lsis bo OluiwIl o ol sl 28,
W o=l Lle
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go wwliv iz sy Function Points JU Tsio ol ax> /1
Sisdl Ssiame go aawling pulidl (3 a8l o el a2, lasd wsllaall
il 9 g lioll

6 >) > e molinll 83 sizell (dwuwsoll) &5 il Copiuai /2
ustaill i lat miai sao Llolrolly s lozoll siglicell ol go dummwioll
(Josdl 32,9 wloi glaill dig 0

2ol zgioll /3

Josll 5,9 /4

.Josl| daio /5

&9l /6

oo 0355 LY caS,idl acsy Lo gloiall 658 ] s ling ailuall /7

&g minal| aalSs /8

9 disso 8,0l ol Lo Jolwd ainsall axdlolly s3nbinall (g dla>Nallg
e pawsid ais ologles (e Jgaxll o duse alu Jalgcs W9l b
1131 6 nlall o3n of Jglwll
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téasull 5 ga> 3-1-6
olespinall Lgsd i Lill 92014-2009 Gy Lo 6,1l tasilo 2925
e limodl s ood alolall wlosleall 3STr0s wlna,dl @lisy tamlSe 292>
polo =l &¥g S5
twloglroll go> aty ,lo 3-1-7
osismuall g as¥l Ll gan) ailiwdl coll pxxiwl :adeVl wLLLI
ol ol aaSxall ol el avalell grlyalls Sl o ansilil] oLl
.egi05all
o lbdl Jd>s ag,,le 3-1-8
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Upgrade Acceptability
User-Oriented

Variations as a Function
of Counting Conventions

Variations as a Function
of Languages

Web-Based Applications
Weight

What-if Analysis

White Box Code

»olaill 5,9

solize w9l =il
avlosYl 6lSIoall

a1 giogo

eUaidl sgiumo

Gl pelig awlos
Ty | PPN |

soles yulwl e g3les
adsIl ca JISiI
arolexll Tilail glssl
aasroll jue alla)l Lléig
adzall aalSill o JoVI uaaill
canamadl anlils

andl Mool (59 WlaS asiy

lalll (59 allaS jasis

wugll e davinoll wlanlaill
s

sl bl

sVl Ggriall & usis

83



84



a>loll

tau ol a>1,0ll

UL dez,illy il SS po dnz i Mool dwain® iOloww 429, /1
22004 . JVl asdall L pglall au =l )

2/ asalall Sl b Mo lizo ] dwnin wliwlw!" (g el e jurige

02005 .6 el g jsillg juiill.
aiz Vl &>l

3. B. W. Boehm, Software Engineering Economics,

Englewood Cliffs, NJ: Prentice-Hall, 1981.
4. lan Somerville , "Software Engineering", Addison

Wesley, 2001.
5. Ronald J. Leach, "Introduction to Software Engineering",

CRC Press, 1999.Douglas Bell , "Software Engineering:

A Programming Approach", 3 Edition, Addison Wesley.
6. Steven C. McConnel, "Estimation", Chapter 8, Rapid

Development, Microsoft Press,

1996 ,www.construx.com/stevemcc.
7. Kim Johnso, "Software Cost Estimation: Metrics and

Models" , Department of Computer Science , University

of Calgary , Alberta , CANADA T2N 1N4.
http://sern.ucalgary.ca/courses/seng/621/W98/johnsonk/
cost.htm

8. COCOMO Il Model Definition Manual , Version 2.1 ,
1995-2000 Center For Software Engineering , USC.

i sVl gdlgo
9. http://csse.usc.edu
10.http://csse.usc.edu/tools/COCOMOIl.php
11.http://en.wikipedia.org/wiki/Questionnaire
12.http://ar.wikipedia.org/wiki/ e ==

http://sunset.usc.edu/publications/TECHRPTS/20 13
00/usccse2000-505/usccse2000-505.pdf,

"Software Development Cost Estimation Approaches
- A Survey"

www.comp.lancs.ac.uk/computing/resources/lan 14
S/SE7/SampleChapters/ch26.pdf ,

85



http://www.construx.com/stevemcc
http://www.comp.lancs.ac.uk/computing/resources/IanS/SE7/SampleChapters
http://www.comp.lancs.ac.uk/computing/resources/IanS/SE7/SampleChapters
http://sunset.usc.edu/publications/TECHRPTS/2000/usccse2000-505/usccse2000-505.pdf
http://sunset.usc.edu/publications/TECHRPTS/2000/usccse2000-505/usccse2000-505.pdf
http://en.wikipedia.org/wiki/Questionnaire
http://csse.usc.edu/tools/COCOMOII.php
http://csse.usc.edu/
http://sern.ucalgary.ca/courses/seng/621/W98/johnsonk/cost.htm
http://sern.ucalgary.ca/courses/seng/621/W98/johnsonk/cost.htm

" Software cost estimation"

www.classes.cecs.ucf.edu/eel6883/ 15
berrios/slides2/CH7-art-3-4-5.pp ,

" Software Cost Estimation "

m COCOMO Il web page can be found at :

sunset.usc.edu/research/COCOMOIl/index.html

m USC COCOMO 11.1999.0 Software
(Implementations of Post-architecture and Early
Design models) :

http://sunset.usc.edu/research/COCOMOIl/index.h
tml

86


http://sunset.usc.edu/research/COCOMOII/index.html
http://sunset.usc.edu/research/COCOMOII/index.html
http://sunset.usc.edu/research/COCOMOII/index.html
http://www.comp.lancs.ac.uk/computing/resources/IanS/SE7/SampleChapters/ch26.pdf
http://www.comp.lancs.ac.uk/computing/resources/IanS/SE7/SampleChapters/ch26.pdf




& Luwl|

................................. function Points JL TJm ol ox>
doxzximoll uolaill a2) @ b
s,»>l| 39G| PERL| java| DBMS C| Basic

Software Scale Drivers goli ) 639i0ll aS juindl Orizai
goriall alilos g line go Jolaill (s9 g9 minall s3siall olinioll aisbull 6l uSz, puliio sng

Precedentedness sl

2o | o> gaiyo &85 yo0 sole | aexio yoaRio
e lai VI e
Architecture / Risk Resolution ,blxoll 14 ) losoll
.)J.)LMJ |.)‘_> &‘u)o &QJJ.D G)L; e . .). .
e lai VI e
Process Maturity yelaill wldoe guai s20
)J.XMJ L)‘_> &m)o &QJ_)-D kS-)L; e . .; .
e lai VI e
Development Flexibility ,glail daig 0
.)J.).MJ |.).7 &QJ).O &QJ).O U.S-)L; e e . .; .
e lai VI e

88



Team Cohesion Josll 45,9 wlos

MN |-)_>&‘“)_o &m)_o 6-)L; e . ,
¢ lai VI e
Product giioll
Required Software b ,glai 5l joll duzo jdl 9 agllaall di8gigall S0
Reliabilit
I.).? &QJ).O &QJ).O (S-)l-; . . .’. .
lx>
Data Base Size wlldl 62c8 ox>
I.).? &DJ).O &OJJ.O (SJL; s . .’. .
FC

Product Complexity agllaall dzo | xiss S0 ob Lo

SVRUYY

£las, Yl

lr> gai 0

sole

2
lh>

Developed for Reusab

ility plaxiwYl 65leY sazall wlize | pox>

AVRUVY

elas, VI

x> gairo

sl

s

>

Documentation Match to Lifecycle Needs ogllaoll §i55il o>

la> g45 0

&9 )0

sole

89



Personnel juolsgoll
Analyst Capability olaidl (=0 8,33 sginmo

B

>

Programmer Capability (ju=o juoll 8,28 sgims

B

[

Personnel Continuity ¢uelbgall a)leiwl Jbizl b

Ed
[

Application Experience sulaill g5 go Jos)l (§5,9 8 4> Sgims

Ed
[

Platform Experience gulill daio go Josdl (§5,9 6 4>

Ed
[

Platform Jes)l awoio

90



Time Constraint gg el go g9 ial] zliadl cdgll dosdo 20

BVR UV

£ las VI

x> gairo

&0 )0

sole

Storage Constraint wluwdl i e aiog raoll bog uidl sgime

AVR UV

elas, VI

x> gairo

& o

sole

Platform Volatility Jesll daais |l psiwl sginms

lr> gai o

&2 )0

sl

91




Project

Use of Software Tools wlzo ll by wlgsl 83929 plaxiwl S0

L)_7 &‘v)-o &‘u)-o §)L; e . }
lo>
Multisite Development ssazio gdgo e Josll
SVRWTR B CAFY Y &85 yo0 sole | LJaakio UoaRio
¢ lai )Vl e

Required Development a; eVl sgiimo 92 bog wgllas Josll Jgoz Ja

Schedule

sole

Ed
[

Maintenance alLuall

Cost per(,Ygall) g - pazin dawlio wellnall xg=xll aalSs
Person-Month

92

((Dollars

(LY9aJL) audeall &g uinoll aalSs



