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ABSTRACT

Effective software estimate is the most challengind the most important activity in a software depment
project management. Only when using scientific pdsho reasonably and reliably estimate the sddle,amount
of work and cost of the software project, do thegbe implement good plan and control. The papermihices
several typical ways of software cost estimateplyeanalyses the model of Putnam, uses the exanmplesearch
the scale, the number of labors at the peak andithe of the project to provide information for nagiers to make
positive decisions.
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INTRODUCTION

Estimation and cost budget are always made togdtirecost budget is the purpose of estimate, withestimate,
there is no possible to make cost budget. In soffwadustry, software cost estimate is always atua@uis
task[1].Estimate of software development includeshbscale and cost estimate. According to the redse
estimate result, the paper sets out feasible abgecand weighs the cost, schedule and quality affware,
implement effective risk management, and providesgsful basis for managers to make investment aesE].
The software project estimate runs through the sisofftware life development cycle, and also needfgiuous

improvement, planning, review and follow-up[3l]. With the information accumulated, compare totual data
with the estimate data, and improve the next esitimgb].

CLASSIFICATION OF SOFTWARE COST ESTIMATION

The earliest software cost estimate can be traeell to SDC (System Development Corporation) limeadel in
the 1960s, went through 40 years of developmentNB]Boehm, the Professor of Southern Californiained

out,“understanding and controlling of software dmshg us not only more software but also bettdétvwsre”[7]. At

present, some domestic software enterprises alaughlly pay attention to the thought and methodsaoftware
engineering, and put these technology and methudspractice. China’s software project managemer@hina’s
software project management is also moving towatdadardization and normalization, but start latéerms of
software project estimation,for estimation methetsh as various software cost estimation, estimabb the
amount of work, and estimation of function pointe @nly in the starting stage. So it is relativelifficult to

estimate the software project in the software ibhgusnd the estimation method of software engimgebased on
experience is still being adopted. The domestionsot project estimation techniques are still an dhiginal state
to a great extent. There are many classificationat®for software cost estimation methods [8,9]iclwitan be
classified three types from the point of whethengsalgorithm model: based on algorithm model, based on
algorithm model and the combination of both methdd® basic idea of method based on algorithm misfte0]:

to find the cost affected factors for software antoof work, and judge how it influences on the wodd, to be
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additive, multiple or exponential, in order to geptimized model algorithm expression form. The d¢gbi
methodsnot based on the algorithm model are expstismation, analogy estimation and regressionyaisalhe
combination method of software cost estimation obsly applies various techniques and analysis ndstho
estimation techniques, which is the trend of sofemeost estimation, and also the better selectiah ¢combines
various estimation methods advantages and disaalyesit and adapts to different estimation situatiand
demands.

Putnam estimation model is the dynamic and muléde estimation model of workload, which is dedilié®m
manpower distribution of large project. Putnam Hart studies the original model and improves methaahsl
explores the potential relations among variousofachy collecting data. It uses data identificafiactor and model

to explain the performance of software project, givé enough information for the administrator taka decisions

for seeking more profit. Putnam model combines maowcepts, such as manpower structure, techniques,
environment and process productivity.

ESTABLISHMENT OF PUTNAM MODEL
During the software development project, althoug quantity of problems is unknown and limitedalgo needs
manpower to solve the problems. Take indicatrix fkqoantity of problems as total labor cost. Theumcalative

labor cost involved in the proje€t<t), expressed as man yeag(t) is null at the beginning of the project, and

monotonously increases towards the total labor dbstThe change rate of accumulative labor g§54dt , shows
the number of men put into at random time duringettgpment. So the accumulative cost at time t isshas:

= t d
O =J,mere

Suppose at any given time, the optimized nhumbemen put into the project team is in direct proportio the
number of problems to be solved, and then getdahewing equation;

dC(t) _ K
——==K[K =-C(t)]
dt (2)

Among which K is proportionality coefficient.

Because during the life cycle of the project, omeug of engineers are gradually increased theicieffcy, the
concept of project team study is introduced. Thewgin trend of solving problems ability is also adeable factor

for improving work efficiency, which is shown asni:lioan) . So the change rate of accumulative labor cost can

be supposed to be in direct proportionUl@). This assumption is described through the follgnitifferential
equation of first order.

9%9=MMK-QW
(3)

For this equation from the beginning of the projédt., t =0 get any given timel integration, get the
following equation:

C@)= K[l— ex;{ﬁ p(r)drﬂ "

Separate variables and make replacemenilgf) =
then:

K -C ¢
Log( r; ) = _.LP(T)OIT

K -C@) du = —dC(t) u(0) = K

, then get , When ,

Further assumption on the learning functh), most of the expression of learning functions larear, i.e., in
direct proportion to time, this linear relationshimy be expressed as follow:

P(t) = 2at 5

Suppose parameter a is a positive number. By iategr on the equation (4), at any given time t, fihvenula of
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accumulative labor cosp (t) becomes:

C(t) = K[1-expat?)] (6)

By accumulative cost function By accumulative cistction against time differential, the number albdr of the
project can be calculated, namely, manpower functio

— )
m(t) = 2Katexpat®) )

This function represents Rayleigh curve, at tharbegg of the project (t= 0), its value is 0. Thewrease toward
the employment peak direction, after the peak, gy reduced to zero. See Figure 1
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Fig. 1: Parameter a’s effect on the labor distribuion

From the above Figure we can see: parameter ahieadlitnension of inverse square of time, which plaps
important role in determining of labor peak. Thegéa a value is, the earlier the occurrence timpeak, and the
steeper the labor curve is. Derive manpower funcéigainst time, to get its zero value, then thati@h between

peak hourtd and € can be found.

ESTIMATION OF LABOR PEAK

During measurement of large software developmenjept, the manpower distribution curve has maximuaiue,
which occurs at the time very near delivery timebefore that time, manpower used in specificatiencription,
design, coding, test and qualified verificationteafthat, manpower demand is used in maintenanodification
and other site work.

According to equation (8), the labor peak timeekated to a. Accordingly, acan be obtained frompbak time as
follows:

L
2t

a =
9)

2
So the number of men put into the project at pdaie tis determined by using}/ztd to replace a in
Norden/Rayleigh model.

By replacement, equatior( 7 ) becomes:
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K t*
m(t) = =t exp(=—)
r

r 2t (10)
When =1 , labor peak can be obtained, which is also esgekén Mo . 30 the expression on labor peak of
project is expressed in:
_ K
m, =

te (11)

Among which K s the total project cost in the unit of man ye;[aff, is the delivery time in the unit of yeaf is

the base number of natural Iogarithrrr1r,]O is the number of men employed at the peak.

DIFFICULTY ESTIMATION

A difficult project mainly refers to a very urgetdsk which needs to arrange a number of personsott

concurrently, thus resulting in the developmennsgldifficult to control. Compare with the projeatmuite difficult,
difficult project is more sensitive to disturband@enerally for the project with relatively longeme limit, the

manpower distribution curve is relatively flat. Thorden/Rayleigh function against differential ohé¢ gets the
following equation:

m (t) = 2Ka(1- 2at?) exp(-at?)
When t =0
' K
m(t) =2Ka=—
t
2
The rate of K/td is called the degree of difficulty (also knownths coefficient of difficulty), expressed in D:

D = £2 (unit: man/year)

Lo (12)

This relational expression shows, when there anedator demands or maybe time arrangement is tithe value

of ty is small) , the development of project is more difficult. Acding to formula ( 11)

D:E:moﬁ

ty b

From degree of difficulty D, we can see the difficproject normally demand the relatively highebda peak
number in given development time.

LABOR INCREMENT ESTIMATION
The labor increment is also called labor acceldragpeed. It shows the project's bearable and pssiye
manpower applied maximum allowable growth rate.

D relative to the derivative oFd and K:

. 2K
D (ty) = s
d (13)
‘ 1 _
D (K)=3 ()
d (14)
In fact D (K) is always much smaller tharp (td) .

The degree of difficulty relative to the derivativid time plays an important role in describing e@ite
development If the project scale increaseshe development time also increases to such extdmts making
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3
parameter K/td focuses on a value and remain the valugch might be 8, 15 or 27. This parameter is esped

D

in ~Oas:

D, = tﬁs (mariyearz) ( man/year) (15)
d

The value of DO and the developed software property have the fatigwelations:
D, =8

D, =15
D, =27

new software has many interfaces and is interaetith other software systems.
new and independent system.

software re-established from the existing software

ParameterD0 is called labor increment, which is also calledolabccelerated spee(PO has great influence on

the shape of the labor distribution curve. The b'rggl]:)o is, the steeper the labor distribution curvelis, faster the
labor growth accelerate.

ACCUMULATIVE LABOR COST ESTIMATION
Define accumulative labor cost:

- _ At2
According to formula (6?(t) = K[1-exp-at’)]
Among which C (with man year as unit) gives theolabost from the beginning of the project to t tjrizethe total

labor cost of software life cycle (with man yearths unit) , while a is Norden coefficient defined by Putnam,
1

2
equals 24 (see equation 9), so the accumulative labor ca$tarwhole cycle is expressed as:

t2
C(t) = KL-expt-—)]
2 (16)

While the accumulative labor cost in developmett-sycle is expressed as:
t2
Calt)= Kalt-expt— )]
od (17)

During the period of software project, the accurtiwacost increases from zero, then one well kn@acurve (see
Figure 2) labor costs in delivery time in the masragnt of the project can be obtained in equatignb(6

replacement oft =1 :

c(t,)= K(l—%} = 039K

From this equation we can see, the developed sadtagstem once delivered to the target processothe initial
operate stage, it only spends 39% of the total Kp#te rest labor amount uses in acceptancerteshtenance and
modification aspects, etc.

(18)

DEFINE SOFTWARE EQUATION
The definition of two important parameters of Scftey projectsK and ty , and by means of Rayleigh function,
see how labor change with the time, now discusselaions betweenK and ty and software products, i.e., to

find the relations between labor co and development timgd and the delivered software scafe.

From the relations between productivity and degrfedifficulty, it would get the following equation:
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— -2/3
Pr=C,D (19)

Pr is productivity, D is the defined degree of idifity, C“ is a proportional constant, which depends on the
technical condition in the data collecting enviram
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Fig. 2: Accumulative labor cost

While the degree of productivity is the rate ofuhfo output:
Input

Pr = L
Output

Set productivity Pr is the proportion of the totilivered source codes constituted product andtdts labor
needed to produce these source codes:

_ The size of delivered source code
The total labor of code

Pr

Total labor includes labor cost spent from the beiyig of the project to the delivery timtej . From equation( 18),
we get:
C(t,)= 039K 0)
_Thus, at timetd , the delivered software size i§, use the source program statement number as thexpnessed
Ig = Prx 039K (21)

From equations( 19 ) and( 21) , we get:

S=039C KD ?*

According to equatiorf 12 ) ,we get:
-2/3

K

S=03%C K|
ty
after systemizing, we get:

- Y3 43
S=039%C, K " 2

Use coefficient Eto replace 03%“, we get the software equation as follows:
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— Y3 4/3
S=EK*"%; 23)

E becomes environment factor, it determined by tle@niEal condition in the production environmenteTinore
efficient of the method and tool of software deyet@nt, the more skillful the analysts and progransnaad their

administrators, the higher the environment fact(Ey is. K is the labor cost in the complete period (with man

year as the unit),td is development time (with year as the urﬁ),is the scale of the software (with NCSS as the
unit ) .

APPLICATION CASE
Take second-hand car trading system as the exampien by the state second-hand car policies agistic
promotion policies, the second-hand car markets h#s/e increased gradually, in order to grasp amdral the
state second-hand car price trend and the regfteratices, the demands for the second-hand caicegulatform
facing the whole country and with complete funcéiare also increasing. Because the second-hanuaréet is
characterized as one car one price, one placerig® pne person one price, and one time one phime,to judge a
car’s actual quality truly and correctly is the émént problem to increase the second-hand car meldse rate to

be solved, secondly, how to complete car transadtialifferent places conveniently, fast, and witgh quality to
increase the second-hand car market close rate ikety problem to be solved. This project is agubpf a certain
Changchun second-hand car trading company, maiedtizmg the functions such as the management of
second-hand car, individual user’s management,@ge user’s management, and website managemenitsF
cost estimation, relatively mature Putnam modeimegton method is used. According to the previousjqct
experience, the estimated scale of this proje@0BONCSS, not more than 18000NCSS (Non-commentcsour
statement), so it belongs to small project, whickiéveloped under the condition of environmentofaé®00. This
=15

software is an independent data processing typedram, and its labor acceleratigﬁ . Determine the

development sub-cycle:

The software equation given by equation (23) ovan# the third power of which get:

3
£
3

3
The right side multiplies and dividetsd and replacesK/td by labor accelerationDO, we get the following
equation:

Sy
[Ej = Dot;

To solve the development timttl'ad , it would get:
y7

(ol L(SY

¢ | D,\E

This Do value corresponds to the shortest development fionehe above given value, it would get the sbsirt
development time:

Ly (min) = 1.6year , this value also approximately equals to 1 yearantbnths.
Estimate the labor needed in the complete perimmmFequation ( 15) to solve K, it would get:
K = Dyt = 62.Tman year

From the degree of difficulty defined by equatid2); it would estimate:

D = LS = 24. 5man/ year

t 2
d man/year

Seen from the above, according to the current jpeaxperience of our team, programming tasksihtincrease
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at the growth rate of two persons monthly.

Human distribution of software development is a sglycle of the complete cycle, it is also Raylefghction,
according to equation (10), described again asviali

2
m,(t) = %.t. exp (= —)
¢
0d 0d (24)

In the formula, Lo is labor peak hour (unit: year), is the labor dosiit: man year) relevant to the sub-cycle of the
product development, the manpower spent on thela@wvent activities of the products, starts aftez thitial
design recheck and stops at the system test aratcspted. Thus it covers the subsystem design, Imodu

specifications, design, coding, test, subsystem system test and acceptanclé.d and Lo have the following
specific value relation:

k
A, = —
T6 (25)
Ct
od /6 6)

Thus it would get Kq =10.5 man year. 95% of which would spend on theigment period oftd .
According to the accumulative labor cost expressibthe time t given by equation (17), it is debed again as
follows:

2
C,(t) =K4|1-exp - t2
2tOd

(27)

Substitutet =1 into equation, and divided b>|/<d on both sides of the equation, then it would get:

Kd 2t§d

Then based on equation (26), it would get:

Calta) _ 1-exp3)
d
thus get:

Calta) 21006 = 95%
Ky (29)

This means within the delivery tim<ted , 95% of the total development/project labor cast honsumed away, 5%

K o . . .
of "9 leaves for the site installation and qualificattesting expenses.

So Cy (td) =9.9 man year. The rest 0.6 many year (7.2 man monthdjixgpend on after-sales services.

According to the above data, the labor charactsesl in the development peak hour is calculated. pEad labor
time is given from equation (26), so we have:

—

= 0. 6byear
or 7.8 months.

tOd

e

Substitutet = Tog into equation (24), it would get:

K 1
My =My (tyy) = t_deXp(_E)

0d
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Mg = At
"ty

So number of men in peak labor tinféod . From the obvious actual consideration, we thimé t
number of men in the development team would inea¢ad0 within 7 months after the project begins.

i.e.
= 9. 8man

From the above result,we find, if the time periedshort, first, the higher the Norden coeffitiéh value is,

the steeper the labor distribution curve is; sebphabor peak value formuld@ = K/td\/g gives higher value,
which is conformed with the former point. This meathe more difficult the project is, the more derhan
concentrate more persons, and the earlier the ntnate time is. The implicit meaning is, a veryemgtask would
need to arrange more persons to work concurrearty,making the development plan not easy to corfimmpare
with not very difficult project, difficult projecis more sensitive to the interruption, the slightdsmands change or

_ 2
response result in management will cause the deeren’ 1/2td , .e., for the project with relatively longer
time limit, the manpower distribution curve is iilely flat. Naturally, if the manpower demand igfrer, this effect
is more obvious.

ESTIMATION RESULT AND COMPARATIVE ANALYSIS

Compare the estimation result with the actual tesuithe case using Putman model as follow, theimcdative
labor cost of the development sub-cycle is 9.9 year, while the actual one is 12 man year; thenegidbn result of
labor time at the peak is 7.8 months, while thesactime starts in the 10th month after the projeegins; the
estimation result of the labor number of peopléhatpeak is 10, the actual result is 8. The actahie is basically
near the estimated value. In the existing softvemtémation methods, using the aforementioned es@stimation
methods and analogy and other methods, can alsnadstthe software project. But the expert estiomthethods
mainly depend on the expert to make the indivigudgment by predicting the object future develophiesnd and
condition; estimation is able to be made accordiintpe specific software project status, with sgrempertinence, it
only depends on the estimation experts’ knowledgkexperience, with more subjectivity and lack bjeativity, in
actual work, for software project of the same typeeven the same software project , different esperight
evaluate obvious different results. While during tbstimation of software by analogy method, ithe tcale
estimation by the comparison between new projedtrastory project, which is suitable to evaluatenseqrojects of
equivalent application fields, environment and ctaxipy with history project, the precision of itstamation results
depend on the integrity and correctness of thetyigiroject data.

CONCLUSION

Putnam find that the results get from projectshef same type basically obey the normal distributtben make
linear treatment, then get relevant benchmark grapimg these graphs, development capacity ofrdiftesoftware

enterprises can be compared, which is very usefutHe bidding and progress estimation of projétte paper
collects relevant data, makes deeper analysis tnePumodel, and estimates the actual project inrgkband car
industry. During using the model estimation, thegrareveals the relations among the source progmata length

of software project, the development time of sofevand the workload, with very important theordticeeaning,

can help the software administrator to implemeféative risk management and decision. The softvmogect

estimation methods researched in the paper haviedein many software project, and the resultsvghbat these
methods have higher reliability and better applaicapotential. But Putham model also has the ptasesuch as a
relatively low correctness, not reflecting the wsafte product, project, participants, and softwand hardware
resources. In the future estimation process ofago# project using Puthnam model, collecting anduandating

different historical data related to cost estimatioombined by the statistics and analysis of th&a do get the
model parameter suitable to the organization itSdftware cost estimation is based on probahitibdel, thus it is
very difficult to produce precision, but if providj good historical data and using systematic telcigyo better

result can be obtained, completely correct estonatif software cost still needs the continuous refférom the

broad science researchers.
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