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Problem
• The Department of Defense and many other government agencies

have made investments in the Capability Maturity Model (CMMI).
– In many cases these investments have returned significant value
– There is also investment and interest from the private sector

• There’s a surge in interest in Agile Development (AD)
methodologies such as eXtreme Programming, Adaptive
Programming, SCRUM and Crystal.
– Many experience reports indicate impressive results

• AD is often described as being at odds with the goals and
approaches of the CMMI.

• Is there a role for AD in major government software development
activities?
– Especially those in which the CMMI plays a significant role
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Our Position
• AD is different in practice and philosophy than

the methods often deployed to achieve the goals
of the CMMI

• However, there is room for AD in a high-maturity
shop

• Nevertheless, introducing AD requires
overcoming obstacles and entails risk.

All Models Are Wrong, Some of Them Are Useful – George Box
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Agenda

• Background

• Introduction to AD and CMMI

• The Issues
– Is AD a mature development practice?

– Can AD fit into in a shop that uses CMMI?

– Is AD worth the trouble?

• Conclusions
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Metamodel for the software life cycle

Project Mgmt
Project initiation, Project Monitoring and Control, Quality Mgmt

Integrated processes
V&V, Configuration Management, Documentation, Training

Definition
Concept Exploration
Systems Allocation

Post Development
Installation
Operations & Support
Maintenance
Retirement

Development

Requirements Analysis
Design
Implementation

IEEE Std 1074

A standard to test the completeness of a software life cycle definition. Process
models should map to it, but it does not imply particular sequencing of activities

Background
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Risk-Driven Systems Development

A system that is used undergoes continuing change until it is judged to
be more cost effective to freeze and recreate it.” -Belady and Lehman

Background

Risk
Analy-
sis

Proto-
type 1

Proto-
type 2 Prototype 3 Operational Prototype

Risk
     Analysis

Risk Analysis

Risk Analysis

Evaluate alternatives,
identify, resolve risks

Cumulative cost

Progress
through
steps

Commitment

partition
Review

Plan next phase

Integration and test plan

Development plan

Requirements plan
life-cycle plan

Concept of
operation

Simulations, models, benchmarks

Develop, verify
next-level product

Implemen-
tation

Software
product
design

Detailed
design

Code

Unit
testIntegration

and testAcceptance
test

Requirements
validation

     Software
require-
ments

Design validation
and verification

Boehm's spiral model of the
software process
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A Diversity of Process Models
• Matching process to project based on risk profile

Background

What you do depends on what you’re trying to accomplish!

–Other process attributes
•Document Driven
•Architecture Driven
•Requirements Driven
•Quality Driven

–Many process models
•Waterfall Model
•Iterative Models
•Evolutionary Models

Requirements-driven development

R1 R2 R3 R4

Stand along, loosely
coupled features

refactoring

Architecture-driven development

New features

Shared platform

R1 R2
R3

R4
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Balance and Rhythm

Background

Platform Generality

Platform
Risk

Banyan
Not Enough Features 

Lead  to Many 
Point Solutions

Root Bound
Many Unwanted / Unused 
Features Lead to No Use

D
ikel, K

ane, W
ilson, Sofw

are A
rchitecture, Prentice-H

all, 2001.

D
ikel, K

ane, O
rnburn, L

oftus, W
ilson,

    “A
pplying Product-L

ine A
rchitecture,” IE

E
E

 C
om

puter, A
ugust, 1997.

AD can maintain a balance between
requirements and architecture-driven
approaches

For what risk
profile is AD  most
appropriate?
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Difference in the Nature of Complexity and Risk

• What are the risk-drivers for each type of environment?
– Safety critical with managed change in requirements and

schedule
• CMMI: Complicated, but stable environments
• Highsmith cites the space shuttle as typical of this domain

– Not safety critical, but subject to unpredictable change
• Agile Methods: Suitable for complex, chaotic environments
• Internet-centric application are cited as typical here
• Speed and changing environments

How do these differences affect documentation and change control for
process definitions, requirements, plans, and designs?

Background
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Agile Methods and Organizational Boundaries

• Another difference in risk driver

• Risky intergroup communications: low bandwidth, error prone
– For large systems, the key participants reside in different organizations

• Reliable intergroup communication: streamline, eliminate
redundancy
– The rapid change of Agile techniques is not well-suited for crossing

organizational boundaries
• E.g. It is one thing to refactor an interface that you control, it is another to alter

an interface shared with another organization

How do these differences affect documentation and communication of
processes, requirements, plans, designs and subsequent changes?

Background
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Agile Development Summarized
• Agile Development (AD) refers to a collection of development

approaches inspired by the Agile Manifesto
– Key Manifesto points

• Individuals and interactions over processes and tools
• Working software over comprehensive documentation
• Customer collaboration over contract negotiation
• Responding to change over following a plan

• Many different published techniques
– eXtreme Programming (XP)
– Scrum
– Adaptive Software Development
– Crystal

• We’ll tend to focus on XP because it is the approach with the most
published, but we’ll draw on the others over the course of the
presentation as well

Introduction
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CMMI Models
Source Models

¶ Capability Maturity
Model for Software V2,
draft C (SW-CMM V2C)

¶ EIA 731, System
Engineering Capability
Model (SECM)

¶ Integrated Product
Development Capability
Maturity Model, draft
V0.98 (IPD-CMM)

CMMI-SW

Staged

Representation

CMMI-SW

Continuous

Representation

CMMI

– Meets the needs of software
organizations

– Is an upgrade of SW-CMM

– Benefits from best practices
contributed from all three
source models

Introduction
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One Model, Two Representations

• Maturity Level 5
    OID, CAR

Maturity Level 4
    OPP, QPM

Maturity Level 3
    REQD, TS, PI, VER,
    VAL, OPF, OPD, OT,
    IPM, RSKM, DAR

Overview
    Introduction
    Structure of the Model
    Model Terminology
    Maturity Levels, Common Features, and Generic Practices
    Understanding the Model
    Using the Model

Maturity Level 2
    REQM, PP, PMC,
    SAM, MA, PPQA, CM

Appendixes

CMMI-SE/SW
Staged

Engineering
    REQM, REQD, TS,
    PI, VER, VAL

Project Management
    PP, PMC, SAM
    IPM, RSKM, QPM

Process Management
    OPF, OPD, OT,
    OPP, OID

Process Management
    PAs
    -  Goals
    -  Practices

Support
    CM, PPQA, MA, 
    CAR, DAR

Appendixes

Overview
    Introduction
    Structure of the Model
    Model Terminology
    Capability Levels and Generic Model Components
    Understanding the Model
    Using the Model

CMMI-SE/SW
Continuous

Introduction



WOAD: June 19th, 2003
Steve Ornburn • David Kane

http://www.gbc-group.com • http://www.vraps.com 14

ConclusionsBackground Introduction Issues

The Staged Representation of the CMMI

Introduction

Requirements Management
Project Planning
Project Monitoring & Control
Supplier Agreement Management
Measurement & Analysis
Process & Product QA
Configuration Management

Level 2: Managed Requirements Development
Technical Solution, Product Integration
Verification, Validation
Organizational Process Focus,
Process Definition, & Training
Integrated Project Management
Risk Management
Decision Analysis and Resolution

Level 3: Defined

Organizational Innovation and Deployment
Quantitative Project Management

Level 4: Quantitatively Managed
Organizational innovation & deployment
Causal Analysis and Resolution

Level 5: Optimizing

   
Level 1: Initial
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Reference Model

Project
Needs

CMMI
Tailoring Tailoring

Actual
Practice

Actual
Practice

Recommended
Practice

Tailoring

Published Agile
Methods

Tailoring

Introduction
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The Issues
• Is AD a mature development practice?

– Coverage
– Process
– Work Products

• Can AD fit into in a shop that uses CMMI?
– Additional Practices
– Tailoring
– Change Management

• Is AD worth the trouble?
– Evidence
– Context

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Is AD a mature development practice?

• Coverage: How do AD approaches map to the
CMMI’s Key Process Areas?

• Process: Can AD practices satisfy the CMMI’s
requirements for a process?

• Work Products: Will there be enough
documentation for an assessment?

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Mapping of the SW- CMM KPAs

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
Practices

-––Process change management5

-––Technology change management5

+–+Defect prevention5

+––Software quality management4

-++–Quantitative process management4

++–++Peer reviews3

++++++Intergroup coordination3

+++++Software product engineering3

–––Integrated software management3

+++Training program3

+++Organization process definition3

+++Organization process focus3

––+Software configuration management2

++–+Software quality assurance2

–––Software subcontract management2

++++++Software project tracking and oversight2

++++++Software project planning2

++++++Requirements management2

ASDScrumXPKPALevel

Coverage
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Can AD practices satisfy the CMMI’s
requirements for a process

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage

Pattern

Learner

Expected Results

Expected Inputs

Influence Assessment

Emergent Results

Unexpected Inputs

Mental Models
 Assumptions

Values
Beliefs

An Agile
View of 
“Process”

Expected
Inputs

Process

Controller

Expected
Results

Action MeasurementTraditional
View of 
Process

Jam
es H

ighsm
ith, A

daptive Softw
are D

evelopm
ent, D

orset H
ouse 2000.
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Can this outline be used to analyze Agile methods and
construct acceptable process descriptions?

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage

Possible process
outline for iteration

within XP

Verification steps: running tests, informal peer reviews of design, 
  conformance to coding standards

Exit criteria: all test cases successfully implemented

Outputs: working code

Measures: Completed test cases, actual verses estimated effort

Roles: program in pairs, reviews, everyone familiar with all parts of system

Entry criteria: previous iteration completed

Inputs:  code, test cases

Purpose: to iteratively enhance system

Activities: nanoincrements of (code, review, test)

• At maturity level 3, the required characteristics of a process
definition are clearly outlined:
– Purpose:
– Inputs:
– Entry criteria:
– Activities:
– Roles:
– Measures:
– Outputs:
– Exit criteria:
– Verification steps:
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Resolving the Process Issue
• Published descriptions of AD approaches often omit explicit ordering of

processes, careful documentation of inputs and outputs. But, these omissions can
be fixed.

• For AD
– Process engineer can diagram the flow of activity
– work products being code, and lists of action items, sketches and other working

materials
– Team members have means of defining and assigning tasks, identifying and

communicating issues and agreements, and judging whether work has been
completed satisfactorily—the core of good process.

• For such an approach to make sense, capture the parts of the AD practice that fit
the model
– There may be valuable pieces of the AD practice that are not a good match for formal

process descriptions
– Avoid over specifying the work instructions

• E.g. Do not try to document the interaction of pair programmers in such a process model

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage



WOAD: June 19th, 2003
Steve Ornburn • David Kane

http://www.gbc-group.com • http://www.vraps.com 22

ConclusionsBackground Introduction Issues

Will there be enough documentation
to satisfy an assessor?

• AD is not without artifacts
– But there is no effort to create artifacts just to verify the process

– E.g. XP uses “working code” in lieu of documentation

• Agile techniques often do not generate many formal
artifacts, though a number generate informal work
products
– E.g. Several focus on whiteboard use, which is an ephemeral

medium

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Considerations for the Assessment Approach

• Assessment team’s findings address whether the  goals of the CMMI are met by
the process being observed

• Assessment team base their findings on observations that, in turn, are based on
data gathered from one or more data sources.  Data sources include
– Appraisal Questionnaires and Surveys

– Interviews with project leaders, managers, practitioners

– Review s of work products, plans, process documents, and policies

• Observations must be corroborated  from multiple data sources
– the data collected must be sufficient to understand

– the extent of the implementation of practices

– whether they are representative of the life-cycle phase and the organization

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage

Assessment of AD would rest more heavily on questionnaires,
surveys, and interviews and informal work products
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Can AD fit into in a high-process-maturity shop?

• Additional practices: augmenting the Agile methods

• Tailoring: adapting the CMMI to work with AD

• Change management: AD for the Mature and the Bold

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Augmenting AD
• There are several KPA’s that address areas typically out of scope for AD

– Software Subcontract Management
– Integrated Software Management
– Quantitative Process Management
– Software quality management
– Technology change management
– Process change management

• For example, XP has 12 practices.
– There are no provisions for systematically identifying and incorporating new

practices with in an organization
• Ironically, for many in the AD movement, introducing change is viewed an industry, rather

than an organizational perspective

– We are already seeing changes to the processes
• E.g. Xbreed, a Scrum/XP variant

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Guidance for Augmenting

• The CMMI addresses a broader scope than AD
– Particularly in the areas of

• Change Management

• Executive Support

• Organizations still need to address these areas,
even if specific practices are not identified in AD

• Additional practices can be put in place to
augment AD, and satisfy the CMMI

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Can the CMMI be appropriately tailored to work with AD?

• The burden of proof is on the organization to satisfy an SEP, SQA,
or assessment group that their agile approach satisfies the CMMI
– "When you use a CMMI model as a guide, you plan and implement

processes that conform to the required and expected components of process
areas. Conformance with a process area means that in the planned and
implemented processes there is an associated process (or processes) that
carries out either the specific and generic practices of the process area, or
ALTERNATIVES THAT CLEARLY AND UNEQUIVOCALLY
ACCOMPLISH A RESULT THAT MEETS THE GOAL associated
with that specific or generic practice.”

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage

CMMI SE/SW v1.02, Staged Representation, Page 24.
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Approaches to Tailoring

• Conduct pilots and collect data to satisfy the
burden-of-proof

• Publication of successful AD tailorings could
reduce the effort required for others to tailor in a
similar fashion

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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The Mature (Level 5) shops
• Improvements are selected based on a quantitative

understanding of their expected contribution to achieving
the organization’s process improvement objectives versus
the cost and impact to the organization.

• Optimizing processes that are agile and innovative
depend on the participation of an empowered workforce
aligned with the business values and objectives of the
organization.

• The organization’s ability to rapidly respond to changes
and opportunities is enhanced by finding ways to
accelerate and share learning.

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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In Less Mature Shops

• Be prepared for resistance to change
– SEPG and QA groups may feel threatened by the grass

roots approach that may accompany the introduction
of AD

• There is no direct role for QA in many AD approaches

– AD teams may feel threatened by the SEPG

• Failure to resolve the tension can create a lose-
lose scenario

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Is AD worth the trouble?

• Evidence:In what circumstances are Agile
Methods appropriate?

• Context: Are AD and CMMI suitable in any of
the same environments?

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Are the extraordinary results claimed for AD
compelling?

• Compelling testimonials are generating considerable interest and
activity

• But, how much of the extraordinary gains reported by Agile
developers are a result of natural differences in programmer
productivity?
– Fred Brooks has observed an order of magnitude difference in performance

between average programmers and the best programmers

• The answer to this should be clearer as more groups put Agile
methods into practice.
– In our own experience, not every team is suited to Agile Methods, but

empowering those who are generates significant value for the company
– We also find that care must be exercised to spot and manage potential

runaways among projects applying Agile methods.

Issues

ContextEvidenceChange
ManagementTailoringWork

ProductsProcess Additional
PracticesCoverage
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Are AD and CMMI suitable in any of the same
environments?

• Agile methods
– Focused on small and medium-sized projects

• Some experience reports of larger-projects are beginning to
surface

– Assume a fairly simple model of customer validation
• Lacks processes for reconciling complex diverse user and

customer communities

– Assume a high-level of customer trust

– Note: These assumption tend to break down when software
and interfaces cross organizational boundaries.

• CMMI
– Frequently applied to large, complicated projects

• Although it has been adapted for smaller projects

– Compliant processes often require detailed conceptual models
before cutting code

– Often used as part of a formal acquisition process

Issues
Change

ManagementTailoringWork
ProductsProcess Additional

PracticesCoverage ContextEvidence
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Our Prediction
• Agile development represents a paradigm shift for software

development
• Agile development is unlikely to go away

– Grass roots support
– Availability of inexpensive (or free) tools

• Agile techniques will get shaped by current practices as the
technology is diffused
– By analogy, the introduction of the OO paradigm did not invalidate earlier

lessons about data structures

Conclusions
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Our Recommendations
• Be aware of the Agile Software Development movement

– It may gain a a foothold in your organization, if not through
your SEPG, then though your developer underground

• Look for opportunities to pilot the methods
– Be aware of the context of your selected pilots

• Engage your SEPG
– If you have CMMI requirements to meet, and if you want to

promote Agile methods across your organization, their
participation is essential.

Conclusions
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