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 Abstract 

Software products are said to be feasible if they are developed within the budget constraints. The cost estimation models are used 
to predict the effort and cost required to develop a project .These models give a base to predict the cost for developing a software 
project. The cost estimation can be used to develop a product utilizing optimum resources. In this paper we will be discussing 
Constructive Cost Model as the cost estimation model. If you're using more modern tools, a new development process model, a 
4GL language, or tools like Visual Basic, Delphi, or Power  Builder, you might find that COCOMO II makes more sense. 
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1. Introduction 

COCOMO (Constructive Cost Model) is a model that allows software project managers to estimate project cost and 
duration. It was developed initially (COCOMO 81) by Barry Boehm in the early eighties2). The COCOMO II1) 
model is a COCOMO 81 update to address software development practices in the 1990's and 2000's. The model is 
by now invigorative software engineering artifact that has, from customer perspective, the following features: 

� The model is simple and well tested  
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� Provides about 20% cost and 70% time estimate accuracy  

In general, COCOMO II estimates project cost, derived directly from person-months effort, by assuming the cost is 
basically dependent on total physical size of all project files, expressed in thousands single lines of code (KSLOC). 
The estimation formulas have the form: 

<A name=formula></A> 

Effort (in person-months)     =    a x KSLOC 

<SUP>B</SUP> 

where coefficient a is about 3 (2.94), and scaling factor b is close to 1 (1.0997). 

There are similar COCOMO formulas for project duration (expressed in months) and average size of project team. 
Interestingly, project duration in COCOMO is approximately cube root of effort (in person-months). 

In practice, COCOMO parameters can be greatly different from its typical values. COCOMO II provides 
classification of factors that can have an influence on project cost, and lets you make better approximation of 
coefficients and scaling factors for your particular project. As the result of adjustment, “a” coefficient value falls 
between 0.056 – 120. Model-driven adjustment of scaling factor “b” is new in COCOMO II model and reflects latest 
trends in software engineering. Many project managers used to negotiate project costs with trade-off triangle and 
trade-off matrix in terms of product functionality, quality, and schedule. If this is a case for you, you might be 
intrigued how COCOMO II adjustment parameters fit into this picture. The answer is that COCOMO II parameters 
can be viewed as two sets of parameters. The first set is external and can be loosely matched to trade-off 
triangle/matrix view and its vocabulary is frequently used while negotiating costs with stakeholder, and the second 
set is COCOMO II internal and usually cannot be used for this purpose. In this trade-off triangle/matrix perspective, 
schedule is loosely corresponding to SCED (required development schedule), quality to RELY (required reliability), 
and functionality to a combination of CPLX (product complexity), DATA (database size), TIME (execution time), 
DOCU (documentation match to life-cycle needs), and occasionally RUSE, STOR, PVOL parameters. COCOMO II 
internal parameters such as parameters for evaluation of personnel capabilities/experiences, used project tools and 
others are obviously important for project cost estimates, but usually are not a subject of cost communications with 
stakeholder.There are well-approbated COCOMO II tools on the market that calculate these parameters for you, 
asking questions about particular project in natural language, such as “How experienced is the development team?” 
or “How tough is the project schedule?” and, thus, hiding model details in the background. 

COCOMO II supercedes earlier version of COCOMO such as COCOMO 81, Ada COCOMO, which are considered 
by now as outdated. The model simplifies inception phase cost estimates by reducing the total number of parameters 
to seven (from 15 in the original COCOMO model), and suggests to use functional points for inception phase, and 
SLOC for later, more accurate phases. In fact, COCOMO II reduces controversy of what project metrics to use – 
SLOC or functional points – making the new model more flexible. 

Comparing to classical COCOMO 81, COCOMO II introduces five scale factors, at least three of them are directly 
related to PM activities, and, thus, raises the role of project management in reducing project costs: 

� Takes into account process maturity in the organization (CMM levels)  

� Takes into account the degree to which project architecture exists and is stabilized before construction phase  

� Takes into account relationships perspective: team cohesion, relations with stockholder  
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2. History 

 BOEHM W. BARRY: 

One of the most prominent contributions of Barry is the Constructive Cost Model (COCOMO) used in estimating 
Software cost. COCOMO II is a well known model used in software cost and schedule estimation. Barry Boehm is 
TRW professor of software engineering and Computer Science Department Director. He received his BA degree 
from Harvard in 1957 and his MS and PhD degrees from UCLA in 1961 and 1964, all in mathematics. His current 
research interest include software process modeling, software requirements engineering, software architectures, 
software metrics and cost models, software engineering environments, and knowledge-based software engineering. 
Besides his COCOMO contributions to the field, others are the Spiral Model of the software process, the Theory W 
(win-win) approach to software management and requirements determination, and two advanced software 
engineering environments: the TRW Software Productivity System and Quantum Leap Environment. 

 

3. COCOMO Background:  

Significant research on software cost modeling began with the extensive 1965 SDC study of the 104 attributes of 
169 software projects (Nelson,1966). This led to some useful partial models in the late 1960s and early 1970s. In the 
late 1970s, several sophisticated software cost estimating models developed in response to the demand for control of 
escalating software costs. The proprietary RCA PRICE-S model, now the PRICE-S model, was released in 1977 and 
was instantly successful (Park, 1988). A year later, Lawrence Putnam’s Quantitative Software management 
Company marketed the first edition of the proprietary Software Life Cycle Model (SLIM), which has also been 
successful (Putnam and Myers, 1992). Barry W. Boehm, then employed by TRW Corporation, was considering the 
same approach: to develop a proprietary algorithmic (or parametric) software cost model to be released to the public, 
much like PRICE-S and SLIM. However, Boehm (1981) decided to use a different approach; he wrote the book 
Software Engineering Economics, which completely described and explained COCOMO. COCOMO quickly 
became popular because it was not proprietary, free to use, and relatively easy to learn and operate. COCOMO 
user’s groups emerged throughout the world, and several computerized editions soon became available. As the years 
passed COCOMO’s popularity increased but the model experienced difficulties in estimating software projects of 
the 1990s as a result of new practices such as non-sequential and rapid-development process models; reuse-driven 
approached involving commercial-off-the-shelf  (COTS) packages, reengineering, applications composition , and 
application generation capabilities; object-oriented approaches supported by distributed middleware; software 
process maturity effects and process-driven quality estimation. There was a need to develop COCOMO II to meet 
the changing needs of the 1990s and the twenty-first century. COCOMO II was an effort that was started to update 
software cost estimation models, such as the 1981 Constructive Cost Model and its 1987 Ada COCOMO (Boehm 
and Royce, 1987; Boehm, 1989) update. Every year the COCOMO User’s Group meets at the University of 
Southern California chaired by Boehm who is the director of the Center of Software Engineering. At these meetings 
Boehm and the rest of the COCOMO II research team (in alphabetic order – Chris Abts, Jongmoon Baik, A. Winsor  
Brown, Sunita Chulani, Brad Clark and others) usually unveil COCOMO enhancements, some of which are 
discussed later in this paper. Also, there are several computerized editions, some of which are discussed later in this 
paper. 

 

4.  About the Nomenclature 

The original model published in 1981 went by the simple name of COCOMO. This is an acronym derived from the 
first two letters of each word in the longer phrase COnstructive COst MOdel. The word constructive refers to the 
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fact that the model helps an estimator better understand the complexities of the software job to be done, and by its 
openness permits the estimator to know exactly why the model gives the estimate it does. Not surprisingly, the new 
model (composed of all three submodels) was initially given the name COCOMO 2.0. However, after some 
confusion in how to designate subsequent releases of the software implementation of the new model, the name was 
permanently changed to COCOMO II. To further avoid confusion, the original COCOMO model was also then re-
designated COCOMO 81. All references to COCOMO found in books and literature published before 1995 refer to 
what is now called COCOMO 81. Most references to COCOMO published from 1995 onward refer to what is now 
called COCOMO II. 

 

5. Current Status 

The USC CSSE overlooks the progress of COCOMO II ever since it came into existence. Their website at 
http://csse.usc.edu/csse boasts around 42 industry and government affiliates who help them to keep current with the 
technology and economic trends through their annual workshops and collaborative projects. Their affiliates include 
Cisco, Boeing, IBM, Samsung, Microsoft, General Dynamics, DARPA, Motorola and Sun Microsystems among 
others. They also have courses wherein 5-student teams go from inception through to transition in 24 weeks, 
developing real-client e-service applications for campus (and some off-campus) organizations. They use a mix of 
industrial-grade tools (Rational Rose/Soda/Clear Case, MS Project, numerous Java and other  development tools) 
and our own USC-developed tools (USC COCOMO II, Easy Win-Win) and the aforementioned methods. The 
website mentions of their upcoming 2009 CSSE-Annual Research Review at the USC Campus from March 16 to 19. 
The next event is International Forum on COCOMO and Systems/Software Cost Modeling on October 26 to 29 in 
Washington D.C. Based on these facts there is evidence that these models are heavily used in industry and there is 
on-going work to continuously improve the model while maintaining to the changing needs of the time. 

5.1 Available Computerized Editions of COCOMO II: 

The three most widely used COCOMO II tools are Costar, Cost Xpert, and Estimate Professional. 

Costar is a commercial tool sold by Softstar Systems. It contains all COCOMO updates, from the COCOMO 81 to 
the Ada COCOMO and now COCOMO II, and provides many useful tables and graphs. This commercially 
available tool is the most widely COCOMO tool used. More information can be obtained at  
http://www.softstarsystems.com. 

Cost Xpert is a commercial tool sold by Marotz, Inc. It supports seven different costing methodologies in addition to 
COCOMO II and Feature Points. More information of Cost Xpert can be found at 

http://www.marotz.com. 

 Estimate Professional is a tool sold by Software Productivity Centre, CA. It is a commercial management tool that 
combines the most well-known and reliable estimation models, COCOMO II and Putnam’s SLIM, with Monte Carlo 
simulation. For more information, please visit 

http://www.spc.ca. 
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6. Different Models of COCOMO II: 

COCOMO II has three different models :  
 

� Application Composition Model 
 
� Early Design Model 
 
� Post Architectural Model 
  
 
6.1 The Application Composition Model  
 
 It is suitable for projects built with modern GUI-builder tools. Based on Object Points.  
 
6.2 The Early Design Model  
 
This model is used to make rough estimates of a project's cost and duration before it is entire architecture is not 
determined. It uses a small set of new Cost Drivers, and new estimating equations. Based on Unadjusted Function 
Points or KSLOC.  
 
 For the Early Design and Post Architecture Model : 
  
 Where a = 2.5, SFj = scale factor, EMi = effort multiplier 
 BRAK = Percentage code discarted due to requirement volatility 
 ASLOC = size of adapted components 
 AT = percents of components adapted 
 ATPROD = Automatic Translation Productivity 
 AAM = Adaptation Adjustment Multiplier  
 
 COCOMO'II adjusts for the effects of reengineering in its effort estimate. When a project includes automatic 
translation, following list must be estimated :  
 
� Automatic translation productivity (ATPROD), estimated from previous development efforts.  
 
� The size, in thousands of Source Lines of Code, of untranslated code (KSLOC) and of code to be translated 

(KASLOC) under this project.  
 
� The percentage of components being developed from reengineered software (ADAPT).  
 
� The percentage of components that are being automatically translated (AT).  
 
 The effort equation is adjusted by 15 cost driver attributes in COCOMO'81, but COCOMO'II defines seven cost 
drivers (EM) for the Early Design estimate:  
 
� Personnel capability  
� Product reliability and complexity  
� Required reuse  
� Platform difficulty  
� Personnel experience  
� Facilities  
� Schedule constraints.  
  
Some of these effort multipliers are disaggregated into several multipliers in the Post-Architecture COCOMO'II 
model.  
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COCOMO'II models software projects as exhibiting decreasing returns to scale. Decreasing returns are reflected in 
the effort equation by an exponent for SLOC greater than unity. This exponent varies among the three COCOMO'81 
development modes (organic, semidetached, and embedded). COCOMO'II does not explicitly partition projects by 
development modes. Instead the power to which the size estimate is raised is determined by five scale factors:  
 
� Precedentedness (how novel the project is for the organization)  
� Development flexibility  
� Architecture/risk resolution  
� Team cohesion  
� Organization process maturity.  
 
6.3 The Post-Architecture Model  
 
This is the most detailed COCOMO II model. It is used after project's overall architecture is developed. It has new 
cost drivers, new line counting rules, and new equations.  
 
 Use of reengineered and automatically translated software is accounted for as in the Early Design equation 
(ASLOC, AT, ATPROD, and AAM). Breakage (BRAK), or the percentage of code thrown away due to 
requirements change is accounted for in 2.0. Reused software (RUF) is accounted for in the effort equation by 
adjusting the size by the adaptation adjustment multiplier (AAM). This multiplier is calculated from estimates of the 
percent of the design modified (DM), percent of the code modified (CM), integration effort modification (IM), 
software understanding (SU), and assessment and assimilation (AA). Seventeen effort multipliers are defined for the 
Post-Architecture model grouped into four categories:  
 
� Product factors  
� Platform factors  
� Personnel factors  
� Project factors  
 
These four categories parallel the four categories of COCOMO'81 - product attributes, computer attributes, 
personnel attributes and project attributes, respectively. Many of the seventeen factors of COCOMO'II are similar to 
the fifteen factors of COCOMO'81. The new factors introduced in COCOMO'II include required reusability, 
platform experience, language and tool experience, personnel continuity and turnover, and a factor for multi-site 
development. Computer turnaround time, the use of modern programming practices, virtual machine experience, and 
programming language experience, which were effort multipliers in COCOMO'81, are removed in COCOMO'II.  
 
A single development schedule estimate is defined for all three COCOMO'II models : 
 
Where c = 3, SFj scale factor and SCED% = schedule compression/expansion parameter. 
 

7. Counting SLOC in the Project 

To make actual estimations, you need at first to figure out SLOC count for each of the components and use these 
counts in COCOMO model. 

To put it simple, SLOC (single line of code) is a physical line of code in your program except comments. Of course, 
you can use your favorite IDE and look onto the status bar in order to see how much line the code contains. It might 
be acceptable as a first-time estimate of SLOC. To be more accurate, you need to exclude comments and blank lines. 
Albeit, it is an easy procedure for a small project; for a larger project with many thousands of SLOC and multiple 
files, the choice of automated SLOC counting tool would be a more natural option. 

Decided to use for these estimates the CodeCounter program that has a friendly UI, and can count SLOC in many 
languages including Java, C/C++, SQL (and flavors), HTML/XML. The CodeCounter program can be downloaded 
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for 30-day evaluation from here. 

The case study source project files reflect four tasks accomplished during this project: 

Create PostgreSQL database, indexes, write pgSQL (close to PL/SQL) stored procedures. Build a Java component 
(composed of multiple JavaBeans) that encapsulates an application’s basic logic, and serves as database provider. 
Build a servlet, considered as a separate component, to dispatch UI calls to the core Java component. Write simple 
HTML pages to test database provider. 

In other words, the sample project source files correspond to four ingredients written in SQL, Java, and 
HTML/XML. It is convenient before counting to make separate folders corresponding to the project components 
and place there files to count.The result of separate SLOC count in all project folders is the following:    

Folder                                                            Total SLOC 

1 SQL Files     414 

2 Java DB Provider Files    345 

3 Java Servlet     156 

4 Web Files     113 

Table 1. 

COCOMO generally recommends using standard SLOC counting programs that can perform line counting for code 
written in different languages. One of these programs is C-based Code Count (command-line program without UI). 
You can download its source from Center for Software Engineering (you need to compile it by yourself too!), and 
count SLOC in C, C++, Java, and other languages. The benefit of CodeCount is that it is free, and was used for 
many years by many companies for code counting. 

8.  Making COCOMO II estimates Using Costar Estimation Tool 

Of course, you can use COCOMO II as it is: choose model, formulas, figure out the values for parameters, and 
manually calculate project costs. I believe it is a matter what tool you prefer in every spring, filling out tax forms – 
just simple calculator or automated software tools. Allegedly, you prefer (you can opt to skip this section if I’m 
wrong!) the latter choice, and therefore, I would cover in this section one of the specific tools for making COCOMO 
II estimates. 

I’ve selected Costar 7.0 COCOMO II tool since it has a convenient interface and concise help. The program is 
licensed to over than one million customers. Costar 7.0 30-day demo can be downloaded from here. 

Generally, you create a main component and subcomponents corresponding to separate tasks of your project. The 
main component serves basically as the Costar project root for all other components, and is a place to summarize all 
estimates. It is not supposed to be associated with your project files. You need to create subcomponents for every 
project task, and type manually total SLOC count for the task from the SLOC counting program. 

For this sample project (see Costar’s costar_dbprovider.cst project file for this project in cocomo2.zip), I’ve created 
the main (root) component and four subcomponents: 

� db_provider  

� servlet  
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� database_scripts  

� ui_web_testing  

Now, when initial state of components is set up in the Costar project, we can start making actual COCOMO II 
estimates. Albeit the total cost of the project in COCOMO models is largely determined by total SLOC count, 
adjustment and scaling parameters for a real project can vary project costs in hundreds of times. As was mentioned 
above, there are two sets of additional parameters that are used to make COCOMO II estimates more accurate. The 
first set, 17 cost drivers, are largely inherited from COCOMO 81 model, and the second set, 5 scale drivers, are new 
in COCOMO II model. 

The method of setting these parameters in a real project is rather straightforward. As a project manager, you need to 
gather information about most important sides of your project such as required product characteristics, required 
schedule, required product quality, experience and capability of project team, project infrastructure readiness and 
maturity. Next comes the delicate part of making assumptions about the values of COCOMO II parameters that 
correspond to the information collected. 

Since my aim is to make an introduction to COCOMO II techniques and terminology based on real project, I will 
only briefly describe assumptions that I made for the case study project. All COCOMO II parameters not mentioned 
below are set to their nominal value equal to 1. The project was characterized by: 

8.1 Scaling factors and product characteristics 

Accomplished inception phase, but the major lack of documented architecture since stockholders considered this 
project as rather small and not made elaboration phase as a separate phase. (RESL scale factor is very low).  

The development team was familiar with basic concepts of software development methodology, but the software 
process maturity was close to initial CMM stages (PMAT scale factor, describing CMM level, is low).  

Medium-size database backend (~1 GB) with about 20 tables and 100 indexes (DATA cost driver is very high).  

8.2 Schedule and personnel 

The project schedule was characterized by fixed time limitations, limited time for new team members to 
accommodate themselves to the environment and tasks, which means that schedule can be considered as tough 
(SCED scheduling parameter is high).  

Team members were experienced more than average in programming languages such as C/C++, but were new to 
Java development (PCAP, programmer capabilities is high, and LTEX, language/tool experience, cost driver is low).  

Team members were experienced more than average in Windows environments, but were not especially experienced 
in the latest Linux developments (PLEX, platform experience, cost driver is low).  

Interestingly, COCOMO II predicts that selection of highly capable development team albeit not particularly 
experienced in language, tools, and platform justifies itself for a project: 

 <CODE>PCAP</CODE> [high=0.88]x <CODE>LTEX</CODE>[low=1.09]x   
 <CODE>PLEX</CODE>[low=1.09] =1.04 ~ 1 

There was no separate role for an analyst. This factor decreases team’s analytical capabilities. This is not a standard 
situation in COCOMO model, which has ACAP parameter to account for analyst capabilities. It seems possible to 
take into account not filled analyst position in COCOMO II by setting analyst capabilities parameter to lower value 
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(ACAP, analyst capabilities is low). 

Finally, the pictures 2 and 3 taken from Costar project show all COCOMO II cost drivers and scale factors along 
with their values: 

 

Picture 2. 

 

 

Picture 3.  Notice that Costar lets you see equations that were used for final cost estimates, as on        picture 4: 
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Picture 4. 

 

9.  Summary of Cost Estimation Results: 

The overall result of COCOMO II estimates demonstrated in the report obtained from Costar project: 

 

Picture 5.  

The report says that project cost is $23,000 and project duration is 4.6 months ($5000 was taken as an average 
monthly developer salary). 

 

10.  Formulae for Calculation of COCOMO II  

In COCOMO II the constant value b is replaced by 5 scale factors.  

Effort (E) is calculated as follows  

          E = a * (KDSI) sf * π (EM) 

Where a is constant, sf is scaling factor, EM is Effort Multiplier (7 for Early                                                                    
design, 17 for Post architecture). 

 

11. Limitations of COCOMO I and Uses of COCOMO II: 

11.1 Limitations of COCOMO I: 

• COCOMO is used to estimate the cost and schedule of the project, starting from the design phase and till 
the end of integration phase. For the remaining phases a separate estimation model should be used.  

• COCOMO is not a perfect realistic model. Assumptions made at the beginning may vary as time progresses 
in developing the project. 

•  When need arises to revise the cost of the project. A new estimate may show over budget or under budget 
for the project. This may lead to a partial development of the system, excluding certain requirements. 

•  COCOMO assumes that the requirements are constant throughout the development of the project; any 
changes in the requirements are not accommodated for calculation of cost of the project. 
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• There is not much difference between basic and intermediate COCOMO, except during the maintenance 
and development of the software project.[1] 

• COCOMO is not suitable for non-sequential ,rapid development, reengineering ,reuse cases models.[3] 

11.2  COCOMO II Uses : 

• Helps in making decisions based on business and financial calculations of the project. 

• Establishes the cost and schedule of the project under development, this provides a plan for the project. 

• Provides a more reliable cost and schedule, hence the risk mitigation is easy to accomplish. 

• It overcomes the problem of reengineering and reuse of software modules. 

• Develops a process at each level . Hence takes care of the capability   maturity model. 

•  Making investment or other financial decisions involving a software development effort. 

•  Setting project budgets and schedules as a basis for planning and control. 

• Deciding on or negotiating tradeoffs among software cost, schedule, functionality, performance or quality 
factors. 

• Making software cost and schedule risk management decisions. 

• Deciding which parts of a software system to develop, reuse, lease, or purchase. 

• Making legacy software inventory decisions: what parts to modify, phase out, outsource, etc. 

• Setting mixed investment strategies to improve organization's software capability, via reuse, tools, process 
maturity, outsourcing, etc. 

• Deciding how to implement a process improvement strategy, such as that provided in the SEI CMM. 

12.  Conclusions 

Constructive Cost Model developed by Barry W Boehm, is the most common and widely used cost estimation 
models for most software projects. The effort and schedule calculated by the model is based on two things, historical 
information and experience. Thus the reliability on cocomo has been increased. The website provided by NASA on 
cocomo, provides a cocomo calculator with cost drivers for a complex project. Cost drivers directly have an impact 
on the development of the project. 
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