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Abstract
Todays,56fi1y6y" size neasurenent i,\ lhe cssettidl ft)les

.fbr project toitdgenent. It can nteasu'e befure
dewlopittg in sofhture to get the (lcatltte size af
.tofhtare. Due lo ohlah the liorctio*tl sizt' r,f solhture,
there dre nldn) tneasurenent tnethods lltqL hdve been
recogni:ed us htetnatio dl stdndard- Sorne neastn'entent
nethorL are designeLl fbt bu\ircss appliLutiott sofitu.e
ttncl a ltt methotls ara desigtted.for real-tinte applictltion
sofntore- Thus, irt order to nrcttsure tlte fioxtioual si:e oJ

correctb), the well-defined class
otutio t ell-de'^igned FSIf procedures

shonld be used in svllr:n. So. COSMIC FSM i.s

one oJ the vell-knov,n of FSM which i.s suituble
lo estimute the ,size o/ so/iu are. This paper
proposes l-tML cldss design can be usecl

to e.\titfiole the si:e of enbedded paper also
shov's the nnpping rules vhich napped
diagran antl CO,\MIC FSl4 to ne.lsut e the
size of software. Finoll-t, the functional sizt: oJ sctfhrare
t:alculated by using COSMIC FSM.

Keylvords- Comrnon Software \leasuremenl
Irtenational Clonsoftiurn (COSMIC FSM), UNlL class
diagram.

l. Introduction

Softnare sizing is nsed to estimatc thc size ol softr'are
application. Scveral size estimation mcthods havc been
proposed. The most popular siTe estimating methods arc
Source Line of Ciode (SLOC) u4rich is based on size
related measurcs and Functioll Points rvhich is bascd on
lirnctior-related measures. Functional size measurentent is
a1'r inportant rvay of measuril1g soflwalc 1n thc earil
stages of development whcn the ef'for1 and ;cst estin'tation
is most needed. Se\,eral Function Points rneasurernent
rvas rccognized as ar intenrational standard. The IFPUG

[], MKll l2l, COSMIC 15.6.91. NESMA l3l and FISMA
[4] were also defined and standnrdized. Among t}tem. one
of thc functiorral size measurement mcthocls is COS\itTCl
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FSIrI rvhich uas cLi:isncd to be applied in ralious
functional domains s.rch as business application domaln
and real-trme applicairon donrain.

\,lanv rescarchcr: proposcd thc sollrvarc estimation
methods which are applicablc for I-NIL sequence diaglarr
notations and have not proposed lbr UN{L class diagranr
To address this limit.rtion. this paper proposed the L\1L
class diagram notaliors to estimate the t'unctional size ol
softrr,are. These notations have been translated to
COSNIIC by using mapping mles u,ith a sirnplc case studl
of cooker system. This paper is organized as follou's: the

second sectiol provjdes related work the third section
presents the proposed system: the tburth section explains
thc casc study and final section is conclusion and 1'utulc
u,ork.

2. Related Work

ln i7l. Synons. t. ilcscribecl the CIOSMIC
that can bc applied in arlv real-tirne solhl'are
to the func ional size oi rcai-tirnc scr

u11dcrstand anv soltrvare

rre to
alana

example. In [E], Soubra, the desigrr of
the FS\,[ procedure l--ased on the docuncntatjon rrf the

n]apping of the Simr,link concepts ro COS\IIC con..pti
for the embeddcd real-time softrvare s-vstem. In | 1 1 l. Lulgl
Llr\azza.. et ai proprsed the UN'IL that can be LLSed lo
build models accorcting to thc CIOSMIC measurement
rulcs. Asma Scllami lt al. [2] proposed the [leasurelrtent
rnethod lbr sizing rf sequcncc diagrarn that ear be
measured both the ilnctional and structural size at
dif]'erent level of grarrulalitv. ln 0]. thc author proposed
the autonated functional and structural measurenrent of
sol'trvat e size ftom X\lL stmcture ol sequence diagran to
calcuiate COSMIC i FP. In 1131. the author presented a

COSN{IC based FS\4 procedure for RTS (Rcal-Timc
embedded systems) designcd rvith SCADE and n.unuall1
applied thc FSM pr,cedure to an aerospace system and
also compared the resLLIts obtaincd with automatically by a

pl'otot)pe tool. This paper proposed the UML class design
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model notation. Then, the mapping rules dehne which can

map between these notation and COSMIC.

3. Proposed System

This section described the proposed method based on
the COSMIC that uses the specihcation expressed UML
class diagram notation in embedded system to obtain the

functional size of software. The proposed system has three

measurement processes which are shown in Fig l. ln the
measuement strategy phase, the proposed system is

analyzed from the popular notation of UML class

diagram. After analyzing the class diagram with COSMIC,
the mapping rule apply between these diagram and

COSMIC during the mapping phase. The functional size

ofsoftware is calculated by using the COSMIC in the final
state of measurement process.

Measurement
Strategy

the cooker system must be defined. The functional use:
requirements ofthis system are as follows:

1. The cooker software can get the input from a

door sensor and start button. Then it can shos
the light and heater on/off when the power is
switched on.

2. When the start button is pressed and the door is

closed, the cooking starts. Ifthe door is open, the
start button has no effect.

3. Either the door is open while the cooking is in
progress or when cooking is completed, the timer
signals will stop.

4.2. Use Case of UML Model

The use case diagram of cooker system is shown in
Fig. 2. This system consists of three main functionalities:
Pressed Button, Opened Door and End Cooking. The
functional users of this system are Door Serlsor, Start
Button, Timer, Light and Heater.

I
LightGenerate modeling construct

from UML Class diagram

Start Button
l\,4easurement
Phase

Figure 2. Use case diagram of cooker system

4.3. COSMIC FSM in UML Class diagram

The measurernent process of the cooker system mainly
comes from the design requirements of UML class

diagram. In this system, there are three functional
processes of UML class diagrams for the cooker system as

sholr,n in Fig. 3 to 5. In Fig. 3, the cooker checks that the
door is open or closed. When the door is closed, it sends

the signals to start the heater and to switch on the light.
The dependency is a relationship between named elements

Figure 1. Proposed System based on UML Class
diagram

4. Case Study

The IJML use case and class diagram are used in the

case study of cooker system. Then the total no of data

movements for each class diagram is calculated.

4.1. Functional User Requirement

The paper proposed the specification ol a simple
version ofthe cooker system which is used as a case study

to determine the counting of COSMIC [13] .Before

developing the UML representation, the specification of

such as class diagram. It is appropdate to
functional size of class diagram depends on the
and types of messages exchanged. Usage is a dependency
in which one named element (client) requires another
named element (supplier) for its full definition or
implementation. Call is a usage dependency that specifies
that the source operation invokes the target operation.
This dependency may connect a source operation to any
target operation that is within the scope including, but not
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limitecl to, operations oi rhe enclosing classificr and

operatiol']s of other r isrblc classiticrs. Cal1 is denoted wjth
the standard stereo+pe r,call> r,hose sourcc is

an operation and rhosc targct is also an operation. Send is

a usage dcpendencr ul]ose source is an operation and
$,hose larget is a signal. specilying that thc soLirce sends

the target signal. Scnd is dcnotcd ilith the standarrl
stereotl4)e (scndr.

Thc t),pes of nessages with thc corresponding
[lcasurement results in CFP units arc shoB'n i[ Table 1.

Then. the nunbcr of data movenents tbr each class

diagram is calculated. Finally. thc total size of systern is

calculatccl by aggrcgating all these data rnovements.

Table 1 Message types in a UML class diagram
Figure 4. End Cook of UML Class diagram

Figure 5. Open Door of UMtllass diagram

4.,1. Nlapping Rules

ln this secl on. tl're ke]' conccpts o1 COStrllC are

rnapped to tl're ke) concepts of U\IL class drag;ranr

l1otation.
The mapping m)es are dcscribcd as follors:
Rule 1: Identill thc boundary.
Thc boundary is represented in use casc diagrarn. lt slto*s
the application horder that is cstablishcd by identiliing the

external elemcnts and application system.

Rule 2: Tdentil\ the functional user.
The functional rLser is a class that represcnts an object or a

set ofobjects th.rt share a common structurc and beha!ior.
Rule 3: ldentif) fu1lctional process.
Tl're i.mctional process identifies use cases in thc system.
Rule 4: ldentif) data groups
Tl]e data groufs identily that trigger evcnt carries data
between objects.
Rule 5: Identif) lbur data movements.
The lbur data movemenls are identilied as tbllows;
Rule 5.1: The l:ntry data movcmcnt identify from Rule 2

to Rule 3.
Rule 5.2: The llxit data movement identifu frorn Rule -l
t0 Rule 2.

Er;*..

S ,5i;,1i . e-.!,.c, :r.ri

Figure 3. Button Pressed of UML Class diagram

Usage
dependency

Symbol Stantlartl
storcotypc

Data
NIo\.ement

CFP
unlts

Call <<call> Rorw l

Send <<send>> EorX I
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Rule 5.3: Thc Rcadr'Writc data tr'ro.,crrcnt itlcntify
rncssases that send into or out of the interral persistellt
storagc.
Rule 6: Apply the CIOSMIC rncasurcrrcnt fulrction.
According to COSMIC rncasurcmcnt. cacl of thc datr
lno\e[1ent in cac]r linctional proccss is added to gct thc
flmctional size ofthat process.

Rule 7: Aggrcgatc thc functional size measurcments.
Aggrcgatc all of the data movements of the fuoctional
processes rilthe whole systcm into a siDglc functional sizc
r aluc to obtain the fulctional size ofthe svstc]r'r.

4.5. Nleasurement Phase

Aftcr dcfining thc mapping rules. the dala fro\rements
of cach lunctional process have been identitied as shos,n

in Fig. 3 to 6. According to COSMIC stanrlard. lCFP is

definecl as thc sizc ofone data movement.
For the case study, thele are thrcc functit llal proccsscs

such as Push Buttor, End Cook and Ope[ Door. The
functional process of Push Button identifleil 2 Entrv data
mo\rements. The Entry data movclncnts couitcd the PLlsh

Signal attributc liom staft blrtion and the Lietdoorstatus
fl-om DoorScnsor. lt also identifled , Exit data

mov(]lrellts. The Exit data firo\:emcnts xls( countcd thc
Heateron att bute to Ilcatcr. thc Lighlor attribute to
Light ancl thc Start attdbute to Tirrer respectively. Thc
subtotal ol ilnctional size fol that liLlctiolal process is

5CFP. Thc total sizc of each functiorr is I 2C FP by adding
all ntLnber of data rno\.ernents. Thc data rnolemenl of
each sequence diagrarn in this system is as slroun in Table
2.

5. Conclusion and Future Work

FSM. an impoftant component of a sotware project.
provides inlbnnation for estimating thc clli d fequired to
dcvclop the measured softwarc. The earll prediction of
the size of the cmbcdded software can be ar'hievccl in thc

developmcntal process as the softr'alc clcvclrpment costs

are incrcasing. In this paper. rvc proposetl tire UML class

diagram rotation rvith COSMIC tSM uhjcl is applicablc
to the case study in cooker systenr. Ther. thc mapping
rulcs betrveen these notation and COSMIC I S\1 clefine to

sLlpport thc 1'unotional size n]easurernent . i soliu'arc. lt
has bccn intended to proposc thc variou. notatiols by
c\te11ding the C OSMICI rulcs.

Table 2. Measurement of data movements for
cooker system
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