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Lecture — 25

Project Estimation Techniques (Contd.)

Good afternoon. Will now today see one of the important estimation aspect of the

projects that is staffing level estimation.
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Here we will see two important models for staff level in estimation that is Putnam’s

model and Jensen’s model.



(Refer Slide Time: 00:33)

Project duration and staffing

* As well as effort estimation, managers must estimate the calendar time
required to complete a project and when staff will be required.

* Calendar time can be estimated using COCOMO 2 formula
» TDEV=3" (pM)(0.33*0,2'(8v1.01))

* PM s the effort in person months and B is the exponent computed (B is
1 for the early prototyping model).

* The time required is independent of the number of people working on
the project.

So, let us see about this project duration and staffing. So, as well as effort estimation
managers must estimate the calendar time required to complete a project and when the
staff will be required. Let us say effort estimation it is at all very much important.
Similarly, estimating the calendar time required to complete a project, as well as how
many staffs will be required when they will be required these are also important aspects

of a project estimation.

So, the calendar time for a given project can be estimated using COCOMO 2 formula.

Here T development is; that means, calendar time is represented as
TDEV =3 * (PM)(0.33+0.2*(B—1.01))

So, here this formula is obtained by using COCOMO 2 estimation technique and here
PM represents the effort in person months and B is the exponent computed, normally, B

is one for early prototyping model.

The time required is independent of the number of a persons working on the project.
These time developed it is does not depend upon that how many persons are working in
the project. It is the time the development time required is independent of the number of

people working on the project.
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Staffing requirements

+ Staff required can’t be computed by diving the development time by
the required schedule.

* The number of people working on a project varies depending on the
phase of the project.

* The more people who work on the project, the more total effort is
usually required.

* Avery rapid build-up of people often correlates with schedule

slippage.
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So, the now let us see about the staff requirement, how many staffs generally do you
require for a given project? Staff required it cannot be computed just by dividing the
development time by the required schedule not at all possible. Because the number of a
people working on a project it varies depending on the different phases of the project.

You might require less number of people during the requirements analysis maybe again
more number of people during design. And during coding again it may either increase or
decrease depending on the nature of the project and in testing time again you may require
more number of people. So, that is why it will vary the number of people working on a
project, it will vary it will depend on the phase of the project that you are currently in.
The more people who work on the project the more total effort is usually required this
very obvious. If more number of people work on the project; obviously, the total effort
required will be more. So, a very rapid buildup of people upon correlates with the a

schedule slippage.
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Staffing Level Estimation
* Number of personnel required during any development project:
~ not constant.
* Norden in 1958 analyzed many R&D projects, and observed:

- Rayleigh curve represents the number of full-time personnel
required at any time.

Now, let us see how to estimate the staffing level. The number of personnel required
during any development project is not constant | have already told you that it may
depend upon the what the phases. So, that is why the number of personal required during
the development of any project is not constant.

It will may be less at the initial time; that means, this requirement specific analysis and
specification, then again more number of people will be required during design. And the
highest number of people may be required during the testing time, so that is why it is not

constant it varies.

Now, then in 1958 he has analyzed he had analyzed many R and D projects, and
observed the followings; what he observed? He observed that the Rayleigh curve
represents the number of full time personnel required at any time. That means, the
number the number of full time personnel required at any time for a project can be

represented by using a Rayleigh curve.
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Rayleigh Curve

* Rayleigh curve is specified ,
Rayleigh Curve
by two parameters:

- t, is the time at which the Effort

curve reaches its
maximum '
2 td >
- Kis the total area under Time
the curve.

So, let us see what is a Rayleigh curve? | hope you must have known Rayleigh curve
earlier see this is the form of a Rayleigh curve. Here in the x axis we have taken the time
and y axis we have taken the effort. You can see as the time moves the effort also it
gradually increases and there will be time come peak period and after which even if the

time increases the effort will slight it will fall down it will decrease.

Rayleigh curve is specified by two important parameters; one is the t d, another is K, t d
is the time at which the curve reaches its maximum we can see. So, the td is the time at
which the curve reaches its maximum and the K is the total area under the curve, so total
area under the curve is represented by K. So, Rayleigh curve is specified by using the

two these two parameters td and K.
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Staffing

* Norden was one of the first to investigate staffing pattern:
— Considered general research and development (R&D) type of
projects.
* Norden concluded:
— Staffing pattern for any R&D project can be approximated by the

Rayleigh distribution curve
Manpower
TD
Time
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Norden was one of the first persons or to investigate the staffing pattern. He considered

some general R and D kind of a projects, he concluded that this staffing pattern for any R

and D project can be approximated by the Rayleigh distribution curve.

So, he has observed several projects and then what concluded that this staffing pattern

then; that means, the number of staffs required for developing a project it will follow on

R and D project ok. Sorry the number of people required for developing an R and D

project it can be approximated by a Rayleigh distribution curve as shown below, and

Rayleigh distribution curve is specified by two parameters T d and K.
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Putnam’s Work

* In 1976, Putnam studied the problem of staffing of software
projects:
— observed that the level of effort required in software
development efforts has a similar envelope.
— found that the Rayleigh-Norden curve
* relates the number of delivered lines of code to effort and
development time.

Then Putnam came, so Putnam has also done some work, he has studied the problem of
staffing of software projects. He has also what investigated many projects in 1976
Putnam studied the problem of staffing of software projects. He observed that the level
of effort required in software development projects has a similar envelope ok. He
observed he has observed that the level of effort required in software development has
also a similar effort because previously Putnam this Norden had studied normally what

some of the what R and D projects.

So, then Putnam had studied as some what this problem of staffing of software projects,
he observed that the level of effort required in software development has also a similar
envelope that happens in case of R and D projects. He also found that the he also found
that the Rayleigh Norden curve it relates the number of delivered lines of code to the
effort and development time.
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Putnam’s Work cont...

* Putnam analyzed a large number of army projects, and derived the
expression:
L=C,K3t 43
- Kis the effort expended and L is the size in KLOC.
— 1,is the time to develop the software.
— C, is the state of technology constant
* reflects factors that affect programmér productj
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So; that means, you will see this Rayleigh Norden curve it also relates the number of the
delivered lines of code to what to effort and development time. On Putnam analyzed he
has studied a large number of army projects and derived the expression for L. And L is

specified as

Where K is the effort expended or the export the effort required and L is the size in terms
of KLOC, t d is the time to develop the software, C k is the is a constant it is known as
the state of technology constant.

This C k which is known as technology constant it reflects the different factors that affect
the programmer productivity, as you have seen in earlier cases COCOMO model
etcetera, there are many factors they affect the programmer productivity. Here C k also
represents the different factors that the that affect the programmers productivity.
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Putnam’s Work cont...

* C,=2 for poor development environment

- no methodology, poor documentation, and review, etc.
* C,=8 for good software development environment

- software engineering principles used

* (=11 for an excellent environment

o j 10

Putnam’s work has established something Putnam has stated the followings. That after
conducting several experiments he has observed that C k the value of C k is equal to 2
for poor very poor development environment where no software engineering

methodology, no proper methodology used whatever poor documentation is there.

And no reviews there or very poor reviews there for that the value of ck may be set to 2,
but what where or the organizations where good software development and environment
is there. Software engineering principles are used, good programming languages are used
etcetera, then the value of C k may be set to 8 and if the environment is excellent.

So, using various current software engineering practices, modern programming practices
uses what you can see now automated tools case tools etcetera and then the value of ck
may be set to 11. Or very small number of engineers are needed at the beginning of the
project carrier for carrying out planning and specification.

We can see at the beginning only very small number of manpower are required for
carrying out the planning and specification. That means, requirement analysis and
specification ok, planning and requirements specification and analysis activities. As the
progress as the project progresses more detailed work is required. See the time is passing
are the project progresses more number of people are required because what more

detailed work is required. That is why the number of engineers slowly increases and



reaches peak as the time progresses as more number of work is required. Now, let us see

this peak time represents which phase of software development.
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Rayleigh Curve cont...
* Putnam observed that:
- the time at which the Rayleigh curve reaches its maximum value
* corresponds to system testing and product release.
— After system testing,

* the number 0f project staff falls till product installation and
delivery.

Putnam observed that the time at which the Rayleigh curve reaches it is maximum value
it corresponds to the system testing after product is released. So, you see initially I have
told this is the during the project planning or this what requirement analysis specification

analysis phase; then design will come, then coding will come.

So, this peak period T D will correspond to the testing phase that using system testing
phase. Putnam observed that the time at which the Rayleigh curve reaches it is maximum
value it roughly corresponds to the testing phase, the system testing phase and product

release.

Then after system testing is over, the number of project staff it falls gradually till the
product installation and delivery. So, after this is over see this is the system testing this T
D this point corresponds to the system testing phase. And after the testing phase is there
over then gradually the manpower required will be fall down, because now the system
will be implemented at this side and then gradually the number of person will be at
falling down that is what he says. So, Putnam observed that, after system testing is over
the number of a project staff it gradually falls down till the product installation and

delivery it can still the product installation over and delivery comes.
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Rayleigh Curve cont...
* From the Rayleigh curve observe that:

— approximately 40% of the area under the Rayleigh curve is to
the left of t,

- and 60% to the right.
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From the Rayleigh curve it is also observed that approximately 40 percent of the area on
the under the curve is to the left of the T D and 60 percent to the right of the T D. You
see it is also observed that almost 40 percent of the area what lies to the left of the curve
and 60 percent lies to the right of the curve sorry to the left of the T D. So, 40 percent
lies to the left of this point T D and 60 percent area lies to the right of this point T D.
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Putnam’s Model

Lines of code: Ss
Person years invested: K

Time to develop: ¢,

Technology coefficient: ¢ ,

7 ﬁffl ‘

NRTEL y ar

Now, let us see Putnam’s model can be used to estimate what? Putnam’s model can be

used to estimate the lines of code which is represented as Ss. It can also be used to



estimate the person years invested the time to develop and a constant called as

technology coefficient constant C k.
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Putnam’s Model

Lines of code: She = ChE Wi

Person years invested: K - —
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Putnam has given these formulas. So, that the lines of code can be computed by using the

formula
/34413
S, =C K"t}

the meanings of the term solid who have told you earlier. From this formula you can

easily find out the value of K; that means, the person years invested.
3
K =| s
C,t5"

That means, you can say this is the effort required maybe in terms of person month. This
will be equal to S's, S s is the lines of code divided by C k into to the power 4 to the
power or 4 by 3. Also from this equation lines of code, you can easily derive the value of

td
S 3/4
ty = S1/3
C.K

which is equal to S s divided by C k into k to the power 1 by 3.



So, given any, so lines of code there are you can see that four things, Ss C k K and t d.
So, if three parameters are given C k, K and t d are given easily you can find out the
lines of code easily you can estimate the lines of code. So, similarly if the valuesof Ss C
k and t d are given you can easily estimate the value of K. And if the values of S s ,C k

and K they are given you can easily estimate the time to develop that is td .
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Putnam’s Work

* Putnam adapted the Rayleigh-Norden curve:
— Related the number of delivered lines of code to the effort
and the time required to develop the product.
— Studied the effect of schedule compression:

)
o (.
org
pm new = pm org X e —
‘ td

new

Putnam adopted this Rayleigh Norden’s curve, he has related the number of delivered
lines of code to what to the effort and the type ok. From the Rayleigh Norden curve he
has related the he has established an relation between the number of delivered lines of
code and the effort and the time required to develop the product. He has also studied the
effect of schedule compression on the effort as well as the time. So, instead in general

you can say he has studied the effect of scheduled compression on the cost.

So, he has established the followings

Here td is this schedule the time to delivery or org means what originally you have
planned to develop the what software, td new just the new time. Suppose you have

estimated that 12 months will be required to develop the project.



Then the customer comes some urgency, due to some urgency they are requesting you
delivery it within 6 months. So, now, td org is 12 this the original schedule and new
schedule is suppose now 6. So, pm org means the effort required for the original
schedule and here pm new means the effort that will be required for the new schedule,

because now according to the new schedule time has been reduced.

So, if time will be reduced how much what more effort you have to put to develop the
software that is represented here. So, pm new; that means, the new effort revised effort
will be equal to the original effort into what the original time to delivery original time

divided by the new time.
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Effort Applied vs. Delivery Time

* There is a nonlinear relationship between effort applied and
delivery time (Putnam-Norden-Rayleigh Curve)

— Effort increases rapidly as the delivery time is reduced

¥ (%) \
So, now let us see the effort applied versus the delivery time. There is a non-linear
relationship between effort apply and delivery time according to put Putnam Norden
Rayleigh curve ok. So, according to do according to the Putnam Norden Rayleigh curve,
you can observe that there is a non-linear relationship between the effort that will be

applied on the delivered time.

So, what does it mean that the effort increases rapidly as the delivery time is reduced not
linearly. The if the time is increased the effort that does not increase just linearly, it
increases very rapidly | will show one example. So, if the delivered time is reduced ok,

here you can see that if the delivery time is reduced the effort increases very rapidly.
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Effort Applied vs. Delivery Time

Effort
cost

Impossible
region

optimal

t

t minimum t theoretical optimal

Development time

Let us see how? So, initially you can say this is the optimal time; that means, if this is the
time to delivery the optimal report is required will be required it is given at this point.
Now, you see there is the compression suppose, so theoretically this delivered time it is
reduced this is t theoretical. Then what will happen how much is the required the effort is

required what increases tremendously.

And still if you will compress the time, again you reduce the time; suppose at this point
ok. This point then you will say that then it is almost impossible region you cannot what
get your work done you cannot complete the project. So, there is certain point up to
which you can reduce the time, you can reduce the schedule. Beyond that even if you
will schedule how many even if how many more number of personnel you hire you may

not complete the project let us see.
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Effect of Schedule Change on Cost

* Using the Putnam's expression for L,
K=|.3/ Ck 3td4
Or, K=C1/t,*

* For the same product size, C1=L3/ C,?is a constant.
o Or, KI/K2 =t 0/t
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The conclusion says that what is the effect of schedule change on the cost? Let us see we
have already seen by using Putnam’s expression for L, L we have already seen earlier the
value of L is equal to ok. The value of L is specified like this using Putnam’s equation,
from this you can find out the value of the C k or the value of K let us see.

By using that equation you can find out the value of K which is equal to
K=L% City’
And you can see that if will simplify, you will get K is equal to
K=C1/ty'

some constant into 2 to the power 4. So, C1 is either constant and this will be C1 will be

coming to be L cube by C k cube.

So, if you will what simply this statement you will get K is equal to how much? L cube
by C k cube in into 1 by t d to the power 4. So, this L k cube by C k cube is a constant
ah, so for the same product size C this L cube by C k cube against C k to the power 3 is a
constant and this is represented as C k here. So, finally, K is equal to C 1 to the power
ok.

So, final k is equal to C 1 to divided by t d to the power 4. Now, if you will take say a

now on say there are two timings two schedules you will take t d 1 which one the



original schedule you have estimated. Now, due to some urgency the customer is
requesting you to deliver it before that time say that is t d 2, then you can get the
equation you can get two values here K1 and the K2. So, then you take the ratio K1 by
K2 is equal to

K1/K2 = tg*/tar”
this will be now reverse t d 2 to the power 4 by td 1 4.

So, this is just a simplification what | have done, here | have found out the values for 2
timestd 1 and t d 2. And accordingly I will get two values K 1 and K 2. So, divide K 1
by K 2 it will be simplified as t d 2 to the power 4 by t d 1 to the power 4. So, what does

it mean then what is it is what inference we can draw from this statement.
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Effect of Schedule Change on Cost cont...

* Observe:
~ Arelatively small compression in delivery schedule
* can result in substantial penalty on human effort.
* Also, observe:

- benefits can be gained by using fewer people over a somewhat

longer time span.
EIIE)
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You can see that a relatively small compression in delivery schedule can result in
substantial penalty on the human effort. See if you are reducing then how much time it is
increasing almost 4 times, if you will reduce the job or sorry if you will reduce the time,
so the delivered time. Then the effort that you have to put and hence the cost will be
increasing very rapidly. So, this can result in, so if a relatively only a very small
compression in schedule or in delivery schedule is required, it can result in a substantial

penalty on the human effort.



You have to spend much more human effort, you have to spend much more cost. Also
observed that the benefits can be gained by using fewer people over a somewhat longer
time span, if you can use only few people for a long amount of time then you will get

more profit.
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Example

* If the estimated development time is 1 year, then in order to
develop the product in 6 months,

— the total effort and hence the cost increases 16 times.
- In other words,

* The relationship between effort and the chronological
delivery time is highly nonlinear.

Let us take quickly a small example, if the estimated development time is 1 year then in
order to develop the product in 6 months, so what will the consequence on the effort or
the cost ok? So, original development time was 1 year, now the customer is coming and

requesting you to develop the product in 6 months due to some emergency.

So, now let us see what will be it is effect on the effort and the cost? So, what I will do
now | will put the values in the equation, what is the equation? Here you can see that
originally t d 1 year; that means, 12 month ok. Then t d 2 is equal is equal to how much?
New time what is what you can say that, so original time, so originally it was how much?
12 months or 1 year or 12 months and then it is subsequently reduced to how much? 6

months.

So, how much you will get? 12 by 6, so almost 2 to the power 4 that is 16 times. So, the
effort or the cost will be increased by 16 times if the development time is just reduced to
half, that is what | want to say. So, if the estimated developed time is 1 year and then in
order to develop the product in 6 months; that means, just half you are reducing the time

half. The total effort and hence the cost will increase how much? 2 to the power 4 that is



16 times. In other words, we can say that the relationship between the effort and the

chronological delivery time is highly non-linear.
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Putnam’s Model
Example:
given 5¢=100,000
C,=10,040
t, = varies
compute K
k K
1 988 person-month
1.5 195 person-month
2 62 person-month b
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So, let us take a small example and apply Putnam’s model for estimating this size effort
etcetera. Given that the size S s ok, | hope S s is the size, so given that S s is equal to
100000 lines of code loc, or C k is equal to 10040 and t d varies it may be what 1 month
2 month or whatever that. So, t d is varies or maybe you can take yes t d you have taken
in a months. So, now, you have to compute K for t d maybe 1 month, you are getting
how much? Putting the values S C K be the values the since | have already shown you

earlier that is the equations here.

So, S5, C k Kand t d there, we want to compute the K which is the person years
invested or effort in person months. So, K is equal to what? So, this is the basically effort
k, so S sis given Ck is given t d is given. So, now, we can easily compute the value of K.

So, for 1 month you see that for 1 month by putting this value of S s and this value of Ck.

That means, S s equal 100000 and C k is equal to what 10040, then the value of K is
coming to be 988 person month, please put the values in the previous equation you will
get this. Similarly, for td is equal to 1.5 months you will get this is the value of K; that
means, this is the value of effort required, for td delivery time 2 months the value of

effort is 62 person month. Given these given the these values for the parameters S s and



C kand t d is equal to 2. In this way you can compute the effort required by using

Putnam’s model.
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Limitations of Putnam’s Model

* Putnam model indicates extreme penalty for schedule compression
- and extreme reward for expanding the schedule.

* Putnam estimation model works reasonably well for very large
systems,

— but seriously overestimates the effort for medium and small
systems.

Now, let us quickly see what is the limitation of Putnam’s model? Putnam’s model
indicates extreme penalty for schedule compression, that we have already seen that if this
time or schedule is compressed a half. So, almost we have to what the effort will be
increased by 16 times, the cost will be may be increased accordingly or what because the

cost maybe increased 16 times.

And extreme reward for expanding the schedule, if you can go on expanding the
schedule then your profit will be more you will get more benefit. Putnam’s estimation
model it works reasonably well for very large system. So, if you are system is a very
large, your project is very large, then it will work perfectly the estimations will be more
accurate. But seriously overestimate the effort for medium and small scale systems. So,
if you are using just a small scale small scale system or a medium scale system, then on

the estimates will not be accurate they will be overestimated.
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Effect of Schedule Change on Cost cont...

* Boehm observed:

- “There is a limit beyond which the schedule of a software
project cannot be reduced by buying any more personnel or
equipment.”

— This limit occurs roughly at 75% of the nominal time estimate.

So, in order to what here you can see that there is a limit beyond which the schedule of
your software project cannot be reduced by buying any more personnel or equipment, |
have already told you in this graph that. So, this is the optimal time point of time and the
optimal effort is here. If you are reducing up to say this point you can reduce
theoretically and you see effort is increasing tremendously. But still if you will again go
on reducing there will be some point and beyond it you are reducing the time you cannot

complete your project you may not be successful.

So, what is that point, up to what point you can go on compressing the schedule and if
you come further schedule that then you may not succeed. So, that point Boehm has
studied many applications and he has concluded this. Boehm observed that there is a
limit beyond which the schedule of a software project cannot be reduced by buying any

more personnel or equipment.

Because some of the what because some of the activities are sequential they are not
parallel, so how many what personnel you may hire. So, since these things activity has
sequential, so they cannot complete the extra persons they will just sit idle. So, what is
this limit? This limit occurs roughly at 75 percent of the nominal time estimate. So, this
limit it will occur at 75 percent of the nominal time estimate beyond this if you will

schedule, so your project may not succeed.
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Effect of Schedule Change on Cost cont...

* If a project manager accepts a customer demand to compress the
development time by more than 25%

- very unlikely to succeed.
* every project has only a limited amount of parallel activities

* sequential activities cannot be speeded up by hiring any
number of additional engineers.

* many engineers have to sit idle.

If a project manager accepts a customer demand to compress the development time by
more than 25 percentages. See here | have already told you the limit is up to 75
percentage. So, there; that means, if a project manager accept a customer demand to
compress the development time by more than 75 25 percent, because we have already

seen that it is 75 percent the limit.

If a project manager he accepts a customer demand to compress the development time
more than 25 percent, then it is very unlikely he will succeed you may not complete the
project you will he may fail. Because every project has only a limited amount of parallel
activities where you can employ more people most staff for those areas, but there are

several sequential activities.

These sequential activities cannot be speeded up by hiring any number of additional
engineers and many of the engineers they will have to sit idle. So, if will compress the
development time by more than 25 percent, then certainly your project may fail it may
not succeed you may not get success, because many engineers they will just sit idle
because for them no work. Because many activities are sequential they are not parallel
they are sequential, and any number of what the sequential activities cannot be speeded

up by hiring any number of what personnel, so this engineers will sit idle.
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Jensen Model
* Jensen model is very similar to Putnam model.
- attempts to soften the effect of schedule compression on effort

- makes it applicable to smaller and medium sized projects.

We have seen that one of the major drawback of what this Putnam model is that it does
not work for what it does not work well among for the medium and small size systems.
So, in order to overcome that Jensen came he has proposed a model. This is known as
Jensen’s model, Jensen’s model is very similar to Putnam’s model, he attempts to soften

the effect of scheduled compression on effort.

Because we have seen in case of the Putnam’s model the effect of scheduled
compression on the effect on scheduled compression on effort is very hard it almost its
4 times and we have already seen it is of to the power 4. So, that is why when we are
reducing half the schedule almost 16 times effort is increasing ok. This makes it
applicable to smaller and medium sized project, since he has tried to soften the effect of
schedule companies on effort this makes it applicable to be applied in smaller and
medium sized projects.
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Jensen Model cont ...

+ Less sensitive to schedule compression than Putnam

* makes it applicable to smaller and medium sized projects.
S=C.2E A
So, K1/K2 = ty?/t,?

* C,. is the effective technology constant,

*t; is the time to develop the software, and
*K s the effort needed to develop the software.

Fo
=ty

So, it is a less sensitive to schedule compression than Putnam ok, it is very much less
sensitive to schedule compression than Putnam. It makes it applicable to smaller and
medium sized projects, according to Jensen or according to Jensen’s model the size can

be specified as
Ss = Cre * ta * K'*
C te into td into K to the power 1 by 2.

Here the terms of the user meaning S s is the size and C te is the it is the effective
technology constant, t d is the time to develop the software and K is the effort needed to
develop the software and these are the formulas is there. So, you can see this formula is

very much suitable for the small and medium sized program problems or projects.

From this equation similarly you can find out the what for the two values; one is the
original schedule another is the revised schedule you can find out the values of K1 and K
2 to the power them then where K represent the effort. Now, you what divide K 1 by K,

2 then you can see what is the effect of schedule compression on effort.

You can see that now it is of the order of the square previously it was of the order of to
the power 4, now you can see this ratio is of the order of square. So,



K1/K2 = tg,% /41

K1 by K2 is equal to td 2 by t d 1 whole square. So, here the effort it will not increase of
the order output to the power of 4 rather it will increase to the of the order of to the

power 2.
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Effect of Schedule Change on Cost

* If the estimated development time is 1 year, then in order to
develop the product in 6 months,

- the total effort and hence the cost increases 4 times.

— Much less in comparison to Putnam’s model.

So, now if you will take the same problem that we have applied for Putnam’s model you
can see this will work like this. If the estimated development time is 1 year then in order
to develop the product in half that is 6 months. Now, the total effort and hence the total

increase the total cost increase how much time 12 by 6 is 2.

So, 2 square, 2 square means 4. So, now, the effort and cost will increase 4 times
whereas, in Putnam’s model it was increasing by 16 times. So, this is much less in
comparison to the Putnam’s model, so these are the advantages of Jensen’s model over
Putnam’s model. Now, first the if the schedule is reduced the time is reduced the effort is
not increased in a if the effort is not increased rapidly. As well as these model can be
easily applied to small and medium scale, small and medium scale, or small and medium

size small and medium sized projects.



(Refer Slide Time: 33:12)

Summary

Explained Rayleigh Curve.

Discussed Putnam’s model for staffing level estimation.

Also discussed Jensen’s model for staffing level estimation.

Presented the effect of schedule change on the effort / cost.

We have seen in this class the details of Rayleigh curve, how Rayleigh curve can be
applied to what software industries. We have discussed the Putnam’s model for staffing
level information, estimation. We have also discussed Jensen’s model for staffing level
in estimation, we have presented the effect of schedule change on the effort of cost on

effort and hence the cost using Putnam’s model and Jensen’s model

(Refer Slide Time: 33:40)
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