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Using COCOMO
Model 1 - The Basic Model
This is a static, single value model that computes software development effort in man month (MM) as a function of program size expressed in estimated lines of code to be written (KDSI). 

MM= a (KDSI) exp(b)








TDev = c(MM) exp(d )
MM

Effort to be applied to all phase of the project from specification through to implementation (in man months) 

KDSI

Estimated size of the system as the number of lines of executable code (counted as thousand of delivered source instructions)

TDev

Development time in months
a, b, c, d

Coefficients derived from an analysis of 60 projects undertaken by Boehm at TRW in the seventies.  The appropriate values for these coefficients are substituted in the formula, they depend upon how the project is classified.

Figure 1: COCOMO Basic Mode Equations
Boehm classified the projects he analysed as organic, semi-detached or embedded. 

Organic

These were relatively small simple software projects on which  teams with good experience of the application and each other were working.

Embedded 
At the other end of the scale, these were projects where the constraints were rigid and difficult to handle.  The project  had specific and tight operational considerations and hardware and/or software were original and technically difficult (projects such as flight control systems)

Semi-detached
Fell in between the two.

Figure 2: Project Categories
Boehm’s analysis of the 60 projects used showed that the coefficient values of a, b, c, d for the different types of projects had to be as shown in table 1.






Project Categories


a

b


c

d





Organic





2.4

1.05

2.5


0.38





Semi detached



3.0

1.12

2.5


0.35





Embedded




3.6

1.20

2.5



0.32

Table 1:  The Coefficients for the Basic COCOMO Model
TASK 1
Example use of the basic model

Example 1

Assume a system is to be developed with an estimated 32,000 lines of code.  The project is considered to be smallish and familiar and so in Boehm’s jargon it is organic.  Calculate using the basic model the effort, duration (elapse time ) and average staffing for the project.

TASK  2
Prepare an estimate for example 2

Example 2
Consider a complex project to develop a real time control system to be part of a space station system.  It is estimated that 128K of code is required and the project category is 'embedded'. 


How many man months of effort will this take?


How much will it cost at £4000/man month?


How long will the project take?






How many people will be employed at any stage on average?
Complexity factors

The basic model has one parameter which is the anticipated size of the proposed system, this single parameter model is too simple though for anything but a very rough and ready estimate of effort and timescales.  Instinctively we all know that to write a 32K system for a student record management system will be simpler than to develop 32K of code for a satellite control system This will be especially so if the development staff already have experience of working on college systems and little experience of control system software.   One reason put forward to explain why early estimates of development effort required are too low is the failure to recognise that there is a relationship between the degree of complexity of systems and the effort required to develop them.  

Complexity is deemed to cover external attributes of the system as well as the internal factors to do with the application product itself.  For example it is obvious that more time will be spent in designing, coding and testing a program that has complicated algorithms,  extensive recursion and is dealing with real-time interrupts.  Not quite so obvious to planners is that having to develop the routine on one machine, test it on another and install it to run on another will probably take  more effort than the original development work  Also having to change the system because the  requirements were not  well defined to start with takes extra development effort that may not have been anticipated when the estimates were first prepared and  the project  planned.  

TASK 3

List project complexity factors

List any factor  you believe (or of which you have experience) that add to the complexity of developing a software system.  These complications may be brought about by the nature of the required system itself or by the environment for the project (e.g. the development environment, language features, attributes of the other team members, the customer's attitude, vague requirements, poor management etc.). 


Initially your list and those complied by other groups may look quite dissimilar but a closer examination they often reveal common threads that run through them all.

 



Since the earliest days of  software development, people have been trying to devise algorithmic models to estimate software costs.   All these parametric cost models take account of the complexity factors as well as the product size. The Doty model is a name given to the set of recommendations for estimating software that resulted from a study by Doty Associates on the software developed for the Rome Air Development Centre (RADC).  A model was supplied for application of less than or equal to 10 KDSI (there were also models supplied for large applications).  The complexity factors (or effort multipliers ) for that model are shown in table 2a.





Factor






Value if Yes

Value if No.


Special Display





1.11



1.11



Detailed Definition of operational



 requirements available



1.0



1.11



Real-time operations




1.33



1.00



CPU memory constraints



1.43



1.00



CPU time constraints




1.33



1.00



First Software Development on



that hardware environment



1.92



1.00



Concurrent development of hardware
1.82



1.00



On-line development facilities


0.83



1.00



Development on a computer at



another facility





1.43



1.00



Development at the operational site

1.39



1.00



Development machine different



from target machine




1.25



1.00



Development at more than one site

1.39



1.00



Limited access to machine



1.00



0.90

Table 2a: of Complexity Factors used in the Doty Model for <=10K Projects

  Boehm identified many factors other than size that affect productivity and hence the required development effort for projects.  He finally rationalised these down into 15 that he grouped into four categories.


1
Product attributes 


(those factors directly to do with the end product)


RELY
required software reliability









DATA
size of application database



CPLX
complexity of product


2
Hardware attributes 


(those factors to do with the run-time hardware and development hardware)


TIME
run-time performance constraints, response times, throughput 



STOR
memory constraints, the need to optimise code and storage



VIRT
volatility of the virtual machine environment



TURN
development turnaround time for compiling, testing, debugging


3
Personnel attributes


(the level and experience of the staff on the project)


ACAP
analyst capability



AEXP
application experience



PCAP
software engineering capability



VEXP
virtual machine experience



LEXP
programming language experience


4
Project attributes


(the software engineering environment)


MODP
application of software engineering methods



TOOL
use of software tools



SCED
required development schedule

Table 2b:COCOMO Effort Multipliers or Cost Drivers 

Model 2- The intermediate model

The intermediate model is an extension of the basic model that include the effort multiplier (EM) . 








MM = a  ( KDSI)  exp ( b  )* EM








TDEV = c  (MM) exp(d  )

MM
Effort to be applied to all phase of the project from specification through to implementation (in man months) 

KDSI
Estimated size of the system as the number of lines of executable code (counted as thousand of delivered source instructions)

TDev
Development time in months
a, b, c, d

Coefficients derived from an analysis of 60 projects undertaken by Boehm at TRW in the seventies.  The appropriate values for these coefficients are substituted in the formula, they depend upon how the project is classified.
EM
The effort multiplier is determined for each attribute from tables published by Boehm (Reference: figure 1) and the product of all the effort multipliers is the effort adjustment factor (EM)




Figure 3: The Intermediate COCOMO Model




Project Category


a

b


c

d





Organic





3.2

1.05

2.5

0.38





Semi detached



3.0

1.12

2.5

0.35





Embedded




2.8

1.20

2.5

0.32

Table 3:  The Coefficients for the Intermediate COCOMO Model












Very



Very
Extra













Low
Low
Nom
High
High
High



________________________________________________________________________________



RELY
required software reliability

.75
.88
1.00
1.15
1.40




DATA
size of application database


.94
1.00
1.08
1.16



CPLX
complexity of product


.70
.85
1.00
1.15
1.30
1.65



TIME
run-time performance 




1.00
1.11
1.30
1.66



STOR
memory constraints





1.00
1.06
1.21
1.56



VIRT
volatility of the virtual 



.87
1.00
1.15
1.30



TURN
required turnaround time


.87
1.00
1.07
1.15



ACAP
analyst capability



1.46
1.19
1.00
.86
.71



AEXP
application experience


1.29
1.13
1.00
.91
.82



PCAP
software engineering capability
1.42
1.17
1.00
.86
.70



VEXP
virtual machine experience

1.21
1.10
1.00
.90



LEXP
programming language experience
1.14
1.07
1.00
.95



MODP
use of software
 methods

1.24
1.10
1.00
.91
.82 



TOOL
use of software tools


1.24
1.10
1.00
.91
.83



SCED
required development schedule
1.23
1.08
1.00
1.04
1.10


____________________________________________________________________________________

Table 4: COCOMO Effort Multiplier Values
TASK 4

Example use of the intermediate model
Calculate  the effort and schedule for the following example using embedded mode.

Example 3
A complex new stock exchange system is to be developed the size of System is 10k of original code and 100k of code that is to be adapted from an existing system this adaptation is equivalent to developing 20.4 k of original code.

After some discussion and debate the cost multipliers have been calculated thus:

DRIVER
SELECTION
RATING

RELY
HIGH

1.5 (set at an extra high value by the developers)

DATA
LOW

.94

CPLX
HIGH

1.15

TIME
HIGH

1.11

STOR
HIGH

1.06

VIRT
NOMINAL

1.00

TURN
LOW

0.87

ACAP
HIGH

0.86

AEXP
NOMINAL

1.00

PCAP
NOMINAL

1.00

VEXP
NOMINAL

1.00

LEXP
LOW

1.07

MODP
NOMINAL

1.00

TOOL
LOW

1.10

SCED
NOMINAL

1.00

Sensitivity Analysis

Algorithmic models lend themselves to the decision making process that engages the project manager’s attention during the definition phase of projects.  COCOMO and other parametric cost models can be used to help in  the “what if " scenarios.

TASK 5

'WHAT IF' EXERCISES (SENSITIVitY ANALYSIS)
What would be the effect on the estimates in example 3  if the project employed programmers with very high programming capabilities and extensive experience of the development environment? (i.e. PCAP, VEXP)





PCAP becomes .70, VEXP becomes .90 which means that





EM becomes 1.68*.7*.9=1





MM becomes 2.8(30.4)^1.2*1=168 man months





TDev becomes 2.5(168)^.32=13 months

TASK 6

FURTHER SENSITIVITY ANALYSIS 

The models are sensitive to values placed on the various parameters. The following example illustrates how the model may be used to help a project manager decide how to spread the project budget between hardware, software and personnel.


Example 4

Consider a situation where it is estimated that a proposed system needs 45 man months to develop.  Assume that it is real time and complex and all the effort multipliers have been rated as nominal apart from: 


RELY

HIGH


1.15
(System has to be very reliable)

STOR

VERY HIGH

1.21
(Tight constraints of use of storage)

TIME

HIGH


1.11
(fast efficient code to ensure responses)

TOOLS

LOW USAGE
1.10
(old fashioned, labour intensive tools)



Total of Effort Multipliers EM = 1.7


Applying the effort multipliers to the estimate of 45 man months the estimate goes up from 45 MM to 76 MM


i.e. MM = 45*1.7= 76 man months


Assume a monthly cost of £6000 per person the cost for the project will be £456,000 




i.e. 76 MM * £ 6000 per MM = £456,000


After some discussion it is decided that a possibility for the project is to reduce the storage requirements and time constraints by buying a more powerful machine for £60,000.  


The effort multipliers become:



RELY

HIGH



1.15
( The system still has to be reliable)


STOR

NOMINAL


1.00
(The pressure is now off to optimise


TIME

NOMINAL


1.00
the design and coding)


TOOLS

LOW USAGE

1.10
(Still poor)
 EM= 1.15*1.0*1.0*1.11=1.265

task 6 a 
analyse the effect of this on the project costs?


A further proposal is made to buy Unix at £150,000 but as a result the effort multiplier change





RELY
HIGH
1.15
(stays the same)




TURN
GOOD
0.87
(because of more interactive program development)




TOOLS
HIGH
0.91
(good tools in Unix)




VEXP
LOW
1.10
(new machine so staff experience is low)




MODP
HIGH
.82

(decide to adopt new methods and train staff)
task 6 b 
analyse the effect of this on the project costs?

task 6 c 
consider how the project manager can make use of this ANALYSE to increase productivity and minimise risks on the project? 

 SUMMARY

COCOMO is just one example of a parametric cost model.  In fact it is not one but three models:


Model 1
Basic COCOMO used for obtaining rough 'ball park 'estimates


Model 2
Intermediate COCOMO used when the major subsystems and components of a system are understood. 


Model 3
Detailed COCOMO used when individual components (i.e. modules within subsystems) are 

identified.

Models two and three effort estimation equations are adjusted using cost drivers. With  Intermediate COCOMO  the cost drivers are applied to the complete subsystems.  Using detailed COCOMO the cost drivers may be applied by phase or at module level.  

Note to tutors

It may be useful to stop at Task  3 and conduct a class discussion around complexity factors as these change as the technology changes and the ones listed are becoming dated. Again you may like to ask a group to write their list on the OHP in order to trigger the discussion

Also a good discussion can centre on Task  6

Rosemary Phillimore 15/09/2005
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