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Capability-Based Software Cost Estimation (CaBSCE): 
Proposing a New Method to Estimate Software Costs 

Anandi Hira—leads research to advance the state of the art in so�ware cost es�ma�on and supports programs 
with the resul�ng es�ma�on and measurement processes in her current role at Carnegie Mellon University’s 
(CMU’s) So�ware Engineering Ins�tute (SEI). Her most recent research objec�ve is to develop a new, innova�ve, 
capability-based so�ware cost es�ma�on model. Hira received her PhD in so�ware cost es�ma�on under Barry 
Boehm at the University of Southern California (USC), where she collected so�ware development data and 
calibrated the COCOMO® II so�ware cost es�ma�on model for Func�on Points. [info@sei.cmu.edu] 

Abstract 
The dynamic nature of so�ware has led to exci�ng technology improvements as well as challenges in cost 
es�ma�on. Defining specific so�ware requirements early in the lifecycle is impossible. The So�ware 
Acquisi�on Pathway (SWP), defined in Department of Defense (DoD) Instruc�on 5000.87 (Office of the 
Under Secretary of Defense for Acquisi�on and Sustainment, 2020), requires only a high-level specifica�on 
of needed capabili�es—a capability needs statement (CNS) or so�ware ini�al capabili�es document (SW-
ICD)—before entering the execu�on phase of so�ware-intensive programs (Defense Acquisi�on 
University, 2020b). Most cost es�mators for the U.S. government rely on size-based es�ma�on methods, 
primarily source lines of code (SLOC). However, es�ma�ng SLOC requires understanding specific 
implementa�on details and can only be accurately es�mated near program comple�on. The so�ware cost 
es�ma�on community needs a capability-based es�ma�on method that aligns with the SWP and meets 
the government’s need for evidence-based, flexible, and defensible es�mates (Defense Acquisi�on 
University, 2020a). In response to these compe�ng needs, the So�ware Engineering Ins�tute (SEI) 
proposes developing a so�ware capability-based es�ma�on model requiring only high-level informa�on. 
Using exis�ng so�ware development effort data, the SEI plans to analyze descrip�ve fields to cluster data 
points based on similar so�ware func�ons and complexity. The resul�ng model would provide evidence-
based rough order of magnitude (ROM) es�mates for the ini�al stages of iden�fying required capabili�es. 

Introduc�on 
Developers and managers from the commercial space, private sector, and government 

acquisi�on learned that defining so�ware requirements in advance is an impossible expecta�on 
(Highsmith, 2002; Raza & Waheed, 2018). Requirements change significantly because both users and 
customers might not have a clear understanding of what they want and need, different stakeholders 
interpret requirements differently, and quickly evolving technology affects the needs of the new project 
(De Lucia & Qusef, 2010). These requirements issues have caused many so�ware projects to either fail or 
significantly overrun their budgets and/or schedules (Shah & Patel, 2014). Several so�ware engineers 
came together to dra� the Agile Manifesto and its corresponding 12 principles to improve so�ware 
development. Agile so�ware development primarily addresses requirements issues by “[w]elcom[ing] 
changing requirements, even late in development,” showing progress, and giving customers and users 
the opportunity to re-evaluate requirements. This is done through short increments of working so�ware 
(Beck et al., 2001). Allowing changes in requirements improves the probability of success but poses 
challenges for es�mators. Without knowing exactly what the final product will be able to do, es�mators 
cannot accurately es�mate the program’s effort, cost, and schedule required to develop what the 
customers and users need. In the commercial industry, many organiza�ons have circumnavigated this 
issue by implemen�ng high-priority requirements and addressing as many requirements as the 
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customers can afford. Since developers demonstrate working code at each increment, they con�nue 
working un�l the customer is sufficiently sa�sfied (Milani & Rossi, 2020). However, es�mates play an 
essen�al role in the U.S. government’s defense acquisi�on process, as es�mates determine which 
programs to authorize and how to distribute annual funds across ac�ve programs. 

Tradi�onally, the government iden�fies high-level capability needs, which are broken down into 
detailed requirements. These requirements serve as a basis for developing cost es�mates that determine 
the feasibility of the solu�on and allow the comparison of alternate op�ons. If the government both 
authorizes and appropriates funds for the program, the acquiring organiza�on typically posts a request 
for proposal package (RFP), and organiza�ons may place their bids towards the contract. These 
organiza�ons must provide their own es�mated cost and schedule, which the government evaluates to 
award the best-value contractors. A�er the contract is awarded and implementa�on starts, the 
program’s es�mates are updated periodically to ensure that the updated es�mates reflect the learning 
and changes in the scope. The government encourages contractors to adopt Agile and DevSecOps 
(DevOps with an added focus on security, which is commonly used by defense programs) prac�ces to 
“rapidly adapt to emerging user needs” and “shorten acquisi�on �melines” (Coonce & Alleman, 2017) 
and “match the speed at which new IT capabili�es are being introduced in today’s informa�on age” 
(Defense Science Board, 2009). However, tradi�onal waterfall acquisi�on lifecycle does not align with 
Agile and DevSecOps prac�ces. In response, the government implemented the So�ware Acquisi�on 
Pathway (SWP) defined in DoD Instruc�on 5000.87 (Office of the Under Secretary of Defense for 
Acquisi�on and Sustainment, 2020). The SWP allows moving into the execu�on phase with CNS or SW-
ICD, which provide high-level opera�onal capabili�es, enhancements to exis�ng capabili�es, features, 
interoperability needs, legacy interfaces, and other atributes relevant to define how the so�ware 
solu�on relates to the overall threat environment (Office of the Under Secretary of Defense for 
Acquisi�on and Sustainment, 2020). Detailed requirements evolve through Agile increments. However, 
cost es�mates are s�ll required during the planning phase for the government’s budget process. Hence, 
defense acquisi�on programs struggle with developing es�mates and providing evidence to defend their 
budget requests. 

The SEI proposes developing a capability-based so�ware cost es�ma�on model (CaBSCE) based 
on high-level informa�on that corresponds to the capabili�es provided at program ini�a�on. CaBSCE 
would accommodate uncertainty in later architecture, reuse, and implementa�on decisions. The 
underlying sizing method is based on iden�fying clusters of so�ware func�ons in common capabili�es, 
and the cost model is calibrated with historical data from comparable efforts, thus sa�sfying the 
government’s need for flexible, credible, and defensible es�mates (Defense Acquisi�on University, 
2020a) as well as the es�mators’ need for a cost model based on capabili�es. The next sec�on defines 
capability-based planning (CBP) and capabili�es, which explains the level of detail made available when 
early es�mates are needed, followed by quick summaries of predominant and relevant so�ware cost 
es�ma�on techniques and a descrip�on of how the SEI will develop CaBSCE. 
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Background  

Capability-Based Planning (CBP) 

Defining CBP 

Several countries’ governments (e.g., United States, Canada, Australia) have started to use CBP 
to “design an appropriate [military] force” and one that is “postured to adequately deal with the 
challenges of the future” (Taliaferro et al., 2019). Instead of focusing on who an adversary might be, 
where a war might occur, or how an adversary might fight (Biltgen, 2007; Hanley et al., 2006; Planeaux, 
2003; Walker, 2005), the “goal is to plan for robust, flexible forces, capable of mee�ng a wide variety of 
threats, rather than an ‘op�mal’ force for a narrow set of threats” (Titus, 2004). The “objec�ve is to 
develop a flexible, adaptable, robust, and sustainable (i.e., technically manageable and financially 
affordable) force structure postured to address all the challenges associated with a na�on’s strategic 
defense and security environment, considering budgets and uncertainty” (Taliaferro et al., 2019). With 
CBP, governments and defense departments evaluate “the development and evolu�on of capabili�es, 
rather than specific programs or func�on” (Webb, 2008) to go “from programs to por�olios of 
capabili�es” (Bexfield & Disbrow, 2004) and “determine an efficient and effec�ve mix of military forces” 
(Taliaferro et al., 2019). A capability serves as a goal that enables us to decide whether a specific 
technology or process supports achieving that goal (Taliaferro et al., 2019). In summary, CBP underscores 
the significance of cul�va�ng adaptable military capabili�es and addressing future challenges in na�onal 
defense by transcending the limita�ons of specific defense organiza�ons, military services, programs, or 
func�ons. 

The most referenced defini�on of CBP comes from Paul Davis (2002): 

Capabilities-based planning is planning, under uncertainty, to provide capabilities 
suitable for a wide range of modern-day challenges and circumstances, while working 
within an economic framework.  

Essen�ally, CBP must “confront—rather than discount—uncertainty, to express risk in 
meaningful terms, and to weigh costs and benefits simultaneously” (Commitee on Naval Analy�cal 
Capabili�es and Improving Capabili�es-Based Planning, 2005). Uncertainty stems from two sources: (1) 
the scenarios that describe the needed capabili�es and (2) the “details of assump�ons in those 
scenarios” (Commitee on Naval Analy�cal Capabili�es and Improving Capabili�es-Based Planning, 
2005). Addi�onally, CBP should consider a diverse “range of compe��ve op�ons and trade-offs before 
making the choices necessitated by a budget” (Commitee on Naval Analy�cal Capabili�es and Improving 
Capabili�es-Based Planning, 2005). In other words, CBP focuses on goals and outcomes and encourages 
innova�on (Anastasios, 2014; Bexfield & Disbrow, 2004; Chim et al., 2010; Desgagné, 2009; Technical 
Coopera�on Program, 2004) by “moving away from determining equipment solu�ons prematurely” 
(Technical Coopera�on Program, 2004). This “provides a means to compare different op�ons for 
achieving the same capability” (Technical Coopera�on Program, 2004). Hence, it is not CBP’s goal to 
“engineer planning processes to a fine level of detail, but rather to design an effec�ve decision-support 
mechanism for regular, rigorous integra�on of planning process outputs” (Hanley et al., 2006). To 
support this high-level, generalizable framework, CBP “starts with a top-down defini�on through 
scenarios, case studies, or use cases” without elici�ng detailed requirements (Alleman, 2020b). 
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The CBP processes require stakeholders to “think broadly about the en�re scenario space of 
possibili�es” (Davis et al., 2008). “Scenarios provide the essen�al link between defense policy and 
capability objec�ves” (Technical Coopera�on Program, 2004). Broad, high-level scenarios help with the 
following: 

• develop “realis�c capability goals” (Technical Coopera�on Program, 2004) 
• provide “context and a means to share assump�ons” (Hales & Chouinard, 2011) and therefore 

“facilitate communica�on” as it becomes “easier to compare op�ons in a strategic-level 
framework if everyone has a fairly concrete mental image of what the evalua�on cases are” 
(Davis et al., 2008) 

• provide context for capability assessment (Titus, 2004) and iden�fying gaps associated with the 
mission area (Chairman of the Staff, 2009) 

• “provide a way to test the concept against the breadth of the defense strategy” and “the 
spectrum of condi�ons to be considered” (Chairman of the Staff, 2009) 

• “assess whether the capability at issue would merely be nice to have logically or would make a 
difference in plausible cases of concern” (Davis et al., 2008) 

Therefore, to make strategic and successful decisions, governments must evaluate their ideal and 
exis�ng capabili�es at the highest level possible while refraining from making decisions that can overlook 
uncertainty, risk, and budget constraints. The generalizability of the CBP framework corresponds to the 
generalizable defini�ons of capabili�es. CBP and planning at the capabili�es level aim to offer a holis�c 
and flexible perspec�ve while ensuring success. 

Defining Capabilities  
Capabili�es have been defined in many ways to support the high-level, flexible, and 

comprehensive CBP framework. The defini�ons can be grouped into three categories: (1) the descrip�on 
of objec�ves or high-level needs, (2) opera�onal outcomes, and (3) the ability to produce or achieve 
some type of outcome.  

Defini�ons in the first set collec�vely illustrate that capabili�es represent objec�ves or high-level 
needs that form the fundamental basis of strategic decision making:  

• “Func�onal approach to the ar�cula�on of broad requirements without necessarily specifying 
the resources that may be involved” (Chim et al., 2010) 

• “Defined by an opera�onal user and expressed in broad opera�onal terms” (Iacobucci, 2012) 
• “Founda�on of defining the technical and opera�onal requirements of the product or service 

produced by the project. Without the defined capabili�es, those requirements have no reason 
for being” (Alleman, 2020b). 

• “Consist of far more than just technology; in fact, technology underpins just one element—
materiel—of a capability” (Hanley et al., 2006) 

• “Capabili�es are not the same as features and func�ons; they enable demands to be met 
without the explicit specifica�on of the solu�on” (Alleman, 2020a).  

• “Capabili�es provide the answer to the following ques�on: To achieve our objec�ves, what 
capabili�es must we possess?” (Davis et al., 2008). In other words, “to achieve our objec�ves,” 
what must we be able to do? Capabili�es include talent, exper�se, materiel, and capacity, 
among other things.  
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The next category of capability defini�ons is related to the above, but instead of focusing on 
objec�ves and needs, it focuses on opera�onal outcomes: 

• “A descrip�on of the military opera�onal output or outcome that a unit, force, or organiza�on is 
able (and usually cons�tuted or organized) to deliver” (Steele, 2021) 

• “Define the future effects needed for agencies to meet their mission and transform into a more 
agile and adaptable force” (Kossakowski, 2005).  

• “the combina�on of military equipment, personnel, logis�cs support, training, resources, etc. 
that provides Defence with the ability to achieve its opera�onal aims” (Neaga et al., 2009) 

While the first two categories of defini�ons focus on what can be changed or done, the last 
group of defini�ons focuses on the ability to produce or achieve some type of outcome rather than the 
outcome per se: 

• “Ability to achieve a desired effect under specified standards and condi�ons through 
combina�ons of means and ways to perform a set of tasks” (Bexfield & Disbrow, 2004)  

• “Further defined as the ability to contribute to the achievement of a desired effect in a given 
environment within a specified �me and the sustainment of that effect for a designated period” 
(Steele, 2021) 

• “Wherewithal to complete a task or produce an effect within a set of specified performance 
standards and environmental condi�ons” (Taliaferro et al., 2019)  

• “The ability to achieve an objec�ve in a military opera�on” (Chairman of the Staff, 2009) 

At first, these defini�ons may seem divergent. However, they collec�vely describe the essence of 
capabili�es as high-level descrip�ons essen�al for fulfilling the government’s objec�ves. These 
mul�faceted defini�ons capture different dimensions in which achieving a solu�on must encompass. The 
individual defini�ons may represent a view from a �me in the lifecycle, the viewer’s role, or a 
stakeholder’s value proposi�on. 

So�ware Acquisi�on Pathway (SWP) 
The output of CBP (i.e., iden�fied capability needs) serves as the input to the defense acquisi�on 

lifecycle. In the waterfall acquisi�on lifecycle, the high-level capability needs are broken down into 
detailed requirements that specify how they need to be met. Tradi�onally, so�ware was treated as a 
component of the overarching system or “an enabler of hardware systems and weapon pla�orms” 
(Defense Innova�on Board, 2019). As the government realized that so�ware is predominant and 
“defines our mission-cri�cal capabili�es and our ability to sense, share, integrate, coordinate, and act” 
(Defense Innova�on Board, 2019), the government developed the SWP to provide specific guidance for 
so�ware development and remove the roadblocks to Agile and DevSecOps so�ware development 
prac�ces in the defense acquisi�on programs. The SWP allows so�ware development efforts to adapt 
quickly and meet capability needs; it also enables the “�mely acquisi�on of custom so�ware capabili�es 
developed” (Office of the Under Secretary of Defense for Aquisi�on and Sustainment, 2020).  

The SWP abandons a waterfall lifecycle model in favor of an incremental and itera�ve one—that 
is compa�ble with modern so�ware development prac�ces such as Agile and DevSecOps. The high-level 
capability needs replace detailed requirements before moving into the execu�on phase. In compliance 
with Agile prac�ces, the requirements evolve through con�nuous user involvement and high priority 
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needs are addressed earlier. In the execu�on phase, requirements engineering, development, 
integra�on, tes�ng, and deploying so�ware occur incrementally; programs are required to deliver 
so�ware capability releases every year or more frequently. Cost es�mates are s�ll required before 
moving to the execu�on phase and are updated annually (Office of the Under Secretary of Defense for 
Aquisi�on and Sustainment, 2020). Ini�al es�mates are not expected to precisely capture the required 
cost and schedule, but they should be updated itera�vely as requirements, architecture, and 
implementa�on decisions are refined (Defense Acquisi�on University, 2020a). 

So�ware Cost Es�ma�on Methodologies 

Cost Estimation Criteria  
Es�ma�on plays a crucial role in the decision-making processes of the CBP framework, since “the 

most effec�ve and efficient op�ons to sa�sfy the requirements” and fill capability gaps “are sought” 
(Davis, 2002). Es�ma�on is par�cularly vital when both comparing and analyzing all possible and 
alterna�ve solu�ons within CBP. Without es�mates for the poten�al outcomes of each choice in the list 
of alterna�ves, it becomes impossible to determine which capabili�es are best suited to meet the 
mission’s needs and which ones fulfill a business case. As Alleman (2020) emphasizes, credible decisions 
in the face of uncertainty rely on es�mates. Therefore, the accuracy and reliability of es�mates are 
cri�cal to ensuring that CBP can effec�vely inform decisions about which capabili�es to pursue, aligning 
them with strategic objec�ves and mission requirements. The U.S. government also requires cost 
es�mates to jus�fy the costs of a program and distribute annual funds across ac�ve programs. For 
es�mates to effec�vely support CBP and the U.S. government’s budget processes, the es�ma�on 
method/model must meet the following criteria (the labels in the beginning correspond to labels used in 
Table 1):  

1. Early Lifecycle: be applicable to high-level capabili�es early in the acquisi�on lifecycle—before 
contractors and developers see the capability needs or requirements 

2. Defensible: be defensible and evidence-based (based on historical data) 
3. Generalizable: be generalizable, as the underlying cost models should be contractor agnos�c 

(i.e., es�mates should be applicable before contractors have been selected) 
4. Cost Analysis: be able to perform cost analysis and answer ques�ons such as, How much will it 

cost, and how long will it take to reach a minimal viable product (MVP)? What would a minimum 
viable capability release (MVCR) entail? Will required capabili�es be completed by a deadline? 
How will the schedule and/or cost be affected by a reduced budget?  

An es�mate’s inability to meet the above criteria can lead to the government cu�ng a program’s 
budget, which will delay capability delivery or require descoping of capabili�es. Unfortunately, as 
demonstrated in this sec�on, none of the predominant, exis�ng so�ware cost es�ma�on methods meet 
all the above criteria. 

Source Lines of Code (SLOC) 

Most cost es�mators for government agencies s�ll rely on size-based es�ma�on, primarily using 
SLOC, due to its quan�fiability, high correla�on with effort (Albrecht & Gaffney, 1983; Kemerer, 1987), 
and large repository of historical data and cost es�ma�on models. But es�ma�ng SLOC requires 
understanding specific implementa�on details, leading to significant changes in SLOC es�mates 
throughout a program’s lifecycle (GAO, 2020). SLOC can only be accurately es�mated when a program is 



Acquisition Research Program 
department of Defense Management - 187 - 
Naval Postgraduate School 

near comple�on (Boehm, 1981). In summary, SLOC fails to meet criterion 1—being applicable to high-
level capabili�es early in the lifecycle.  

Story Points 

Story Points are o�en used in Agile environments by the development team to (based on their 
judgment or subjec�ve comparison to previous tasks) es�mate the level of difficulty and required effort 
to implement the requirements. Development teams use numbers, for example, from the Fibonacci 
sequence, to signify the difficulty and required effort to implement requirements expressed as user 
stories (Cohn, 2004). However, Story Points were not developed to es�mate effort or costs; they are part 
of an exercise used by the development team to determine which requirements they can tackle within 
the capacity of a development sprint. In several experiments, Jørgensen (2004) found that Story Points 
es�mates are subject to bias with respect to the order in which projects are es�mated. Jørgensen found 
that es�mators tend to es�mate larger tasks beter a�er es�ma�ng smaller tasks. A�er es�ma�ng larger 
tasks, es�mators are more likely to give op�mis�c (less effort) es�mates for smaller tasks. Addi�onally, 
es�mators may have the tendency to think that of two similarly sized projects, the second one (despite 
the order in which the projects are evaluated) will seem larger than the first one (Jørgensen, 2004). Since 
Story Points are es�mated by the development team, they would not be available un�l the developers 
received the requirements of the system, which is later in the acquisi�on lifecycle. Hence, Story Points 
fail to meet criteria 1, 2, and 3.  

Analogy-Based Estimation 

In analogy-based es�ma�on, program managers and subject mater experts (SMEs) typically use 
high-level characteris�cs, such as the type of program (e.g., informa�on management system) or 
development process, to select an analogous program or data and apply a complexity factor to account 
for differences between the current and past programs (Ozkaya et al., 2008). While analogy-based 
es�ma�on can be used early in the lifecycle, it s�ll faces the same expert-based biases that Jørgensen 
(2004) described in his study. Therefore, analogy-based es�ma�on fails to meet criterion 2 (i.e., being 
defensible and evidence-based). 

Case-Based Reasoning 
Academic research has studied case-based reasoning, but the studies focused on the variables 

available in the dataset (Idri et al., 2015; Shepperd & Schofield, 1997) rather than the func�ons of the 
program itself. Many studies found size “to be an influen�al factor” (Idri et al., 2015), while other studies 
focused on variables that would only be available or predictable at the �me es�mates are needed 
(Shepperd & Schofield, 1997). Some example variables used include programming language, number of 
input or output message types, and number of files changed as part of an enhancement task (Shepperd 
& Schofield, 1997). Given that an es�mator would not know the size of the program being es�mated and 
many of the example variables could not be used to iden�fy similar programs across organiza�ons, case-
based es�ma�on could not be applied early in the lifecycle (criterion 1) or be generalizable (criterion 3).  

Number of Applications  

The Air Force Cost Analysis Agency (AFCAA) led a study to develop cost models for DevSecOps 
programs that yielded cost es�ma�ng equa�ons that can es�mate a program’s fiscal year costs based on 
the number of applica�ons that would be in development in that year (Bradshaw, 2022). However, these 
cost models do not es�mate the total required effort and cost of the applica�ons to produce the needed 
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capabili�es. Therefore, this method is unable to perform cost analysis and answer ques�ons like how 
long it will take to develop a capability (criterion 4). 

Function Points 

Func�on Points represent the size of so�ware based on its func�onal processes, which consist of 
inputs from users, reading from or wri�ng to memory, and outpu�ng results. Project stakeholders can 
define such func�onal processes early in the lifecycle and would provide objec�ve sizing that is 
applicable across contractors and programs. With data, cost es�ma�on models support cost analyses like 
SLOC-based cost es�ma�on models. Func�on Points seem to be the most promising solu�on because 
they meet all the above criteria for cost es�mates. However, building historical datasets and 
generalizable cost models applicable to the defense acquisi�on solu�on space would require years of 
data collec�on because sufficient data is not available at present.1 Though the Interna�onal So�ware 
Benchmarking Standards Group (ISBSG) provides so�ware development data with Func�on Points, the 
dataset primarily represents the commercial industry. Addi�onally, since Func�on Points is based on 
func�onal processes, they do not account for nonfunc�onal requirements (e.g., security and reliability) 
or algorithmic complexity (Hira, 2020)—both of which can have significant effects on so�ware 
development efforts.  

Estimation Methods Summary 

Table 1 summarizes the exis�ng so�ware cost es�ma�on methods reviewed in this sec�on and 
how they fail to meet the es�ma�on criteria required to sa�sfy and be compa�ble with the CBP 
framework, the government’s budge�ng process, and the SWP acquisi�on lifecycle. While Func�on 
Points meet all the criteria, sufficient data does not exist within the defense acquisi�on solu�on space to 
develop generalizable cost es�ma�on models. The current state of the art prevents defense programs 
from fully implemen�ng and benefi�ng from modern Agile and DevSecOps so�ware development 
prac�ces. 

Table 1. Summary of Predominant So�ware Cost Es�ma�on Methods Failing to Meet Es�ma�on Criteria for CBP and SWP 

Criteria SLOC Story 
Points 

Analogy-
Based 
Es�ma�on 

Case-Based 
Reasoning 

AFCAA 
DevSecOps 

Func�on 
Points 

Early Lifecycle No No  No   
Defensible  No No    
Generalizable  No  No   
Cost Analysis     No  
Data Availability      No 

 
1 Publica�on Pending: Hira, A., & Kwok, B. (2024). (in press). What is the U.S. DoD cost es�ma�on community 
saying about Agile? Journal of Cost Analysis and Parametrics, 12. When published, the journal will be accessible 
here: htps://www.iceaaonline.com/publica�ons/#journal  
 

https://www.iceaaonline.com/publications/#journal
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Proposed Solu�on: Capability-Based So�ware Cost Es�ma�on (CaBSCE) 
The CBP framework, the government’s budge�ng process, and the SWP acquisi�on lifecycle pose 

a difficult set of criteria for cost es�ma�on methods to fulfill. Of the exis�ng so�ware cost es�ma�on 
methods, analogy-based es�ma�on, case-based reasoning, and Func�on Points are closest to fulfilling all 
the cost-es�ma�on criteria. The SEI proposes taking aspects of each of these methods and developing a 
so�ware cost es�ma�on method that can meet all the es�ma�on criteria—a capability-based so�ware 
cost es�ma�on method (CaBSCE). To develop CaBSCE, the SEI will iden�fy clusters or groups (analogy-
based es�ma�on) of similar so�ware func�ons (Func�on Points) calibrated with historical data from 
comparable efforts (case-based reasoning). For example, GPS/naviga�on components, despite the device 
they are installed on, must generally perform three func�ons: (1) iden�fy the current loca�on, (2) 
iden�fy the des�na�on, and (3) determine how to get from the current loca�on to the des�na�on with 
the use of trigonometry and ar�ficial intelligence (AI) algorithms. Such func�ons would differ from 
compilers or text parsers, which peruse text either by comparing it to pre-specified paterns or 
iden�fying paterns in the text. This method would describe two different capability clusters, or groups, 
of similar so�ware func�ons. These capability clusters would be a level lower than capabili�es iden�fied 
in CNSs and SW-ICDs (in terms of detail), but stakeholders involved at program ini�a�on could iden�fy 
the so�ware func�ons required and consider alternate solu�ons at this level of so�ware func�ons. (See 
Figure 1 for an example of a capability need and how so�ware func�ons can be iden�fied to sa�sfy it.) 
The associated effort ranges for each capability cluster serve as evidence-based ROM es�mates. Figure 2 
summarizes the proposed research methodology, and Table 2 describes how CaBSCE would sa�sfy the 
cost es�ma�on method criteria iden�fied in the previous sec�on. 

 

Figure 1. Example of a Capability Need and the So�ware Func�ons Required to Meet It 
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Figure 2. High-Level Research Methodology Used to Develop CaBSCE 

Table 2. Descrip�on of How CaBSCE Meets the Cost Es�ma�on Criteria 

Criteria How CaBSCE Meets the Criterion 
Early Lifecycle Though the exact solu�on or architectural and developmental requirements 

are not set yet, CaBSCE will be based on high-level so�ware func�ons that can 
be iden�fied within the CBP framework. 

Evidence-Based Using the clusters/groups of so�ware func�ons, the effort ranges for each 
cluster/group will come from similar func�ons. The data points may represent 
different solu�ons, therefore providing an evidence-based yet capability-based 
es�mate. 

Generalizable The datasets consist of so�ware developed across many applica�on types and 
organiza�ons. Therefore, the resul�ng cost model would be generalizable 
across applica�on types and organiza�ons. 

Cost Analysis The goal is to get the required effort for completed so�ware func�ons, which 
would allow cost es�mators and program leadership to perform cost analysis.  

Data Availability The study will use exis�ng so�ware development datasets (ISBSG and other 
datasets), which provide total effort and descrip�ve variables for analysis. 

The SEI will u�lize exis�ng so�ware development datasets: the ISBSG and other datasets. The 
ISBSG dataset consists of thousands of projects that span several industries and business types and more 
than 32 countries. The dataset provides a few variables describing the organiza�on type, industry, and 
applica�on type. The SEI will analyze the descrip�ve informa�on in the datasets to iden�fy data points 
with similar so�ware func�ons. (More details are provided in the next subsec�on.) 

Classifying Software Functions 

The So�ware Cost Es�ma�on Methodologies sec�on men�ons several atempts to categorize data 
points to improve the ability to es�mate in the so�ware development lifecycle and improve es�ma�on 
accuracy. Applica�on types and domains are used to categorize so�ware by the architecture/design 
typically followed (for example, client-server or database management). Many studies used applica�on 
types and domains for clustering analysis (Van Hai et al., 2022) or as a categorical variable in cost 
es�ma�on equa�ons (Rosa et al., 2021). Coonce and Alleman (2017) hypothesize a standardized way of 
grouping the historical data on features and atributes that would support CBP and early lifecycle 
es�ma�on for so�ware. A drawback of using the applica�on domains and types as similar and analogous 
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data or projects is the inability to take advantage of new technology applied in another applica�on 
domain or type. As an example, to es�mate the first applica�on of AI or machine learning (ML) in the 
satellite domain using analogy, es�mators would use the most similar satellite program and add a 
complexity factor to account for the AI and ML applica�on. While developing so�ware for a satellite is 
evidence-based, the complexity factor or atempt to account for AI and ML would be subjec�ve. 
Typically, es�mators do not look outside their domain for historical data.  

The SEI proposes iden�fying fundamental so�ware func�ons that can span applica�on domains and 
types. This way, expanding on the example of including AI and ML in a satellite program, es�mators can 
pull from experience in other domains/types. This methodology can be simplified as doing a botom-up, 
analogy-based es�ma�on: Es�mators and stakeholders would break down the fundamental so�ware 
func�ons of capabili�es and use analogous data for all iden�fied func�ons to build up the total cost 
es�mate. Boehm et al. (2000) developed a comprehensive defini�on for so�ware product complexity 
that consists of five types of opera�ons: control, computa�on, device-dependent, data management, 
and user interface management (replicated in Table 3), which the SEI will use to iden�fy clusters or 
groups of applica�on types by so�ware func�ons using the following steps:  

1. Extract unique applica�on types from the datasets.  
2. Classify the unique applica�on types, using descrip�ve variables as guidance, across the five 

so�ware opera�on types and levels of complexity.  
3. Iden�fy applica�on types with similar combina�ons of complexi�es through clustering analysis.  
4. Name the clusters/groups to describe the major func�ons and iden�fy common words 

associated with each func�on, using the text in the descrip�ve variables. Essen�ally, the SEI will 
develop a dic�onary to define so�ware func�ons.  

5. Apply the dic�onary on the datasets and extract the effort ranges for each so�ware func�ons 
cluster, which provides comparable efforts for similar func�ons, serving as the evidence-based 
ROM es�mates. 

 Table 3. So�ware Product Complexity Descrip�on from So�ware Cost Es�ma�on Model COCOMO® II  
(Boehm et al., 2000) 

  Control 
Operations  

Computation 
Operations  

Device-Dependent 
Operations  

Data 
Management 
Operations  

User Interface 
Management 
Operations  

Very Low Straight-line code 
with few non-
nested structured 
programming 
operations 

Evaluation of 
simple 
expressions; 
example: A = B + 
C*(D-E) 

Simple read, write 
statements with 
simple formats 

Simple arrays in 
main memory 

Simple input 
forms; report 
generators 

Low Straightforward 
nesting of 
structured 
programming 
operators; mostly 
simple predicates 

Evaluation of 
moderate-level 
expressions; 
example: D = 
SQRT(B*2-4*A*C) 

No cognizance 
needed of 
particular 
processor or I/O 
device 
characteristics 

Single file 
subsetting with no 
data structure 
changes, no edits, 
and no 
intermediate files 

Use of simple GUI 
builders 
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  Control 
Operations  

Computation 
Operations  

Device-Dependent 
Operations  

Data 
Management 
Operations  

User Interface 
Management 
Operations  

Nominal Mostly simple 
nesting; some 
inter-module 
controls; decision 
tables, simple 
callbacks, or 
message passing 

Use of standard 
math and 
statistical routines; 
matrix/vector 
operations 

I/O processing that 
includes device 
selection, status 
checking, and 
error processing 

Multi-file input 
and single-file 
output; simple 
structural changes, 
simple edits 

Simple use of 
widgets 

High Highly nested 
structured 
programming 
operators with 
many compound 
predicates; queue 
and stack control 

Basic numerical 
analysis 

Operations at the 
physical I/O level; 
optimized I/O 
overlap 

Simple triggers 
activated by data 
stream contents 

Widget 
development and 
extension; voice 
I/O; multimedia 

Very 
High 

Reentrant and 
recursive coding; 
fixed-priority 
interrupt handling; 
task sync, complex 
callbacks 

Difficult but 
structured 
numerical analysis 

Routines for 
interrupt 
diagnosis, 
servicing, and 
masking; 
communication 
line handling 

Distributed 
database 
coordination; 
complex triggers; 
search 
optimization 

Moderately 
complex 2D/3D, 
dynamic graphics, 
multimedia 

Extra 
High 

Multiple resource 
scheduling 

Difficult and 
unstructured 
numerical analysis 

Device timing-
dependent coding; 
micro-
programmed 
operations 

Highly coupled, 
dynamic relational 
and object 
structures 

Complex 
multimedia, 
virtual reality, 
natural language 

Figure 3 demonstrates examples of step 2 (classify the unique applica�on types, using 
descrip�ve variables as guidance, across the five so�ware opera�on types and levels of complexity) for 
GPS/naviga�on and compiler/text parser. As men�oned earlier, GPS/naviga�on components, despite the 
device they are installed on, must generally perform three func�ons: (1) iden�fy the current loca�on, (2) 
iden�fy the des�na�on, and (3) determine how to get from the current loca�on to the des�na�on with 
the use of trigonometry and AI algorithms. This understanding translates to the COCOMO® II product 
complexity descrip�on like this:  

• Control Opera�ons – High: AI algorithms to determine the best path to reach des�na�on from 
current loca�on will require nested programming, compound predicates, and queue and stack 
control.  

• Computa�on Opera�ons – High: calcula�ng current and des�na�on loca�ons and paths 
between them requires numerical approxima�ons and trigonometry. 

• Device-Dependent Opera�ons – Nominal: data to iden�fy current loca�on requires reading data 
from hardware (e.g., sensors).  
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• Data Management Opera�ons – Nominal: data expressing current loca�on, des�na�on, and 
calcula�ons for possible paths will require data structures. 

• User Interface Management Opera�ons – Very High: 2D/3D map displays for human-friendly 
opera�on.  

On the other hand, compilers or text parsers peruse text either by comparing it to pre-specified 
paterns or iden�fying paterns in the text. This defini�on translates to the COCOMO® II product 
complexity descrip�ons as follows:  

• Control Opera�ons – High: comparing text to rules or iden�fying paterns in text requires nested 
programming, compound predicates, and queue and stack control. 

• Computa�on Opera�ons – Very Low: addi�on and subtrac�on may be needed to track paterns.  
• Device-Dependent Opera�ons – Very Low: simple reading and wri�ng of inputs and outputs. 
• Data Management Opera�ons – Nominal: input and output data require data structures. 
• User Interface Management Opera�ons – Low: simple user interface is sufficient. 

Step 3 then iden�fies applica�on types with similar combina�ons of complexi�es through clustering 
analysis. For example, the so�ware underlying scien�fic calculators may have similar complexity 
combina�ons as GPS/naviga�on. With this methodology, the SEI will define so�ware func�ons with 
similar complexity that spans applica�on domains.  

 

Figure 3. GPS/Naviga�on (Le�) and Compiler/Text Parser (Right) Applica�on Types Mapped to COCOMO® II’s So�ware 
Product Complexity Descrip�on 

Conclusion 
So�ware’s dynamic nature has led to significant technology improvements in an ever-evolving 

environment, which contributes to changing requirements throughout the so�ware development 
lifecycle. Agile so�ware development welcomes changing requirements to improve customer sa�sfac�on 
and project success. While tradi�onal government defense acquisi�on processes required early 
comprehension of the requirements for es�mates and budgets, the release of the SWP brought 
significantly more flexibility. The SWP shortens the so�ware acquisi�on lifecycle and is compa�ble with 
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both Agile’s and DevSecOps’ incremental learning and progress. High-level capabili�es replace detailed 
requirements before star�ng development. In CBP, it is important to avoid defining specific 
implementa�on solu�ons for capabili�es so that there is space for innova�on and the most cost-
effec�ve solu�on can be determined. Unfortunately, this change presents unique and challenging 
constraints on so�ware cost es�ma�on needs. Exis�ng so�ware cost es�ma�on methods depend on 
detailed requirements or do not fully u�lize exis�ng historical data.  

The SEI proposes implemen�ng CaBSCE, a so�ware cost es�ma�on method based on high-level 
descrip�ons of so�ware func�ons and using comparable historical data for evidence-based ROM 
es�mates. CaBSCE eliminates the weaknesses of exis�ng so�ware cost es�ma�on methods while 
mee�ng the government’s need for evidence-based, flexible, and defensible es�mates. With CaBSCE, 
es�mators will be able to iden�fy analogous func�ons that map to the CNS or SW-ICD and use 
comparable efforts from historical data for defensible es�mates that account for uncertain�es. Programs 
will likely get less pushback from the government for budget requests, enabling efficient alloca�on of 
resources. The SEI will use exis�ng so�ware development datasets (e.g., ISBSG) and the so�ware 
product complexity defini�on from the COCOMO® II so�ware cost es�ma�on model (Boehm et al., 
2000) to define analogous so�ware func�ons and the corresponding effort ranges. Basing the effort on 
so�ware func�ons allows stakeholders to consider alterna�ve solu�ons by adding or removing func�ons 
and pull comparable effort from various applica�on types and domains.  

 

Figure 4. The Cone of Uncertainty  

CaBSCE will not replace other so�ware cost es�ma�on methods. It will support early lifecycle 
es�mates, when required capabili�es are s�ll being defined, and there is a substan�al amount of 
architecture and implementa�on uncertainty. In 1981, Boehm developed the “Cone of Uncertainty” to 
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demonstrate how uncertainty reduces over a project’s lifecycle and leads to more accurate cost 
es�mates. (See Figure 4 for a depic�on of the Cone of Uncertainty, which was adapted from a graphic in 
Boehm’s 1981 book.) CaBSCE provides an appropriate es�ma�on method at the beginning of the 
lifecycle, while other es�ma�on methods can be used as more informa�on is learned and defined to 
refine the es�mates. Addi�onally, other so�ware cost es�ma�on methods, (e.g., Func�on Points) can 
use the so�ware func�ons grouping for more accurate es�mates. Hira (2020) found that the rela�onship 
between Func�on Points and effort had significantly different trends based on the underlying so�ware 
func�ons of the projects. Hence, CaBSCE will not only fill a gap in the current so�ware cost es�ma�on 
methods but will also provide so�ware func�ons grouping to improve the accuracy of exis�ng methods.  
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