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Summary
• Under the right conditions, agile methods 

scale up to teams of teams
– But very difficult to go above 100 people

• However, aspects and portions of large 
projects need agility
– Rapid change, emergent requirements

• Product and process architectures are 
emerging to integrate agile and plan-driven 
methods
– Scalable to ultra-large systems
– Also usable for medium-sized projects, product 

lines
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Outline

• Industry experience in scaling up 
agile methods

• Characteristics of ultra-large systems
• Product and process architectures for 

integrating agile and plan-driven 
methods

• Summary and references
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Industry Experience in Scaling up 
Agile Methods

• Case studies from USC Affiliates’

workshops

• Critical success factors

• Scalability strains
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Agile Experiences
• Generally successful up to mid-range on 5 critical 

dimensions (size, criticality, skills, volatility, 
culture)
– Most common agile approaches included selected 

application of XP and Scrum
– Some successes with teams of teams, up to 4 teams
– Common approach was applying XP practices in a Scrum 

management environment
• Need to reinterpret some XP practices

– Metaphor :: shared vision, common terminology
– On-site customer :: customer proxy
– Collective ownership :: Responsible ownership, 

refactoring; designated functional experts
– 40-hour work week :: Sustainable development
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Agile Experiences - 2
• Need to add further techniques

– Business process analysis
– Risk management
– Wall Gantts; story-based earned value
– Independent reviews
– Big-picture architecture

• Some situation-dependent differences of 
opinion
– Simple design vs. architecture
– Optional pair-programming vs. reviews
– Stories vs. formalized acceptance criteria
– Separate QA, CM
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Agile Experiences - 3
• Main Challenge: Coexisting with large 

organization culture
– Organizational processes

• Contracts
• Requirements
• Change control
• QA

– Closely-coupled non-agile or legacy systems
– Upper manmagement buy-in

• Business case
• Controls
• Risk

– Sarbanes-Oxley requirements
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Sarbanes-Oxley
• A new US Law

– Congress’ response to Enron, WorldCom, et al
– Internal Controls: evaluate and disclose effectiveness
– Disclose fraud
– Affects public companies and “significant” vendors

• Development process must include internal 
controls for
– Fraud
– Asset Management and Safeguarding
– Financial Reporting

• Why is this important to executive management?
– Executives can go to jail.
– IT management can be held grossly negligent and sued 

by a company or shareholders.
• In effect since 2004
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What an Auditor Looks for…
Processes and tools over individuals and interactions
Comprehensive documentation over working software

Contract negotiation over customer collaboration
Following a plan over responding to change

An Auditor Manifesto?
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Northrop Grumman Pilot
• Build a large system of analyst workstations 

working across different databases and 
networks in a rapid iterative environment using 
agile processes 
– Abandon traditional “shall” statement based 

requirements development
– Quickly develop a common understanding of how 

the analysts will utilize the system through a use 
case development 

– Developers to be responsible for implementing use 
cases not individual subsystem components.  
Everyone responsible for daily integration and 
integrity of the entire system.

– Schedule use case development through a series of 
priority setting meetings with the customer and 
users
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Northrop Grumman Results
• There are gains to be made in productivity and 

reduced delivered defects with use case based 
system specification and implementation
– Need to determine the detail required and configuration 

management required to successfully manage this process
– Need customer buy in at the beginning along with agreement 

on how the system will be sold off.
– The cost to refine the system specification from high level to 

implementation level is still present, but the result of doing 
this refinement with use cases is a better common 
understanding of how the system will function at the end 
state.  

• Embedded Government representatives with the 
developers are a necessity for rapid development and 
acceptance
– They must have the authority to make cost/schedule/function 

trade-offs within the current iteration
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Lockheed Martin

• 5 programs that used Agile to some 
degree:
– Maritime Systems and Sensors
– Aeronautics
– Space Systems

• Organized as follows:
– Agile processes/practices used
– What went well
– What didn’t go quite so well
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Lockheed Martin: Agile Practices Used
• Project Planning

– Sprint Planning
– Backlog Lists
– Risk Management
– Manage scope, not cost/schedule/quality

• Design
– Use agile modeling techniques
– Keep it simple
– Document just enough to keep you going

• Implementation and Test
– Pair Programming 
– Refactoring 
– Test driven design 
– Continuous integration
– Development on the target system
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Lockheed Martin: What went well

• Team empowerment/group ownership
• Plan for and embrace change
• Short cycle times allowed for prompt 

and frequent feedback
• Continuous integration
• Customer involvement
• Pair Programming
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Lockheed Martin: Needed improvement

• Increased levels of stakeholder 
involvement

• Manage expectations
• Agile development processes require 

agile organizational processes
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Agile Tek and Agile+
• Agile+ is XP + …
 + Business Process Analyses (BPAs)
 + Story “Actors”
 + Delphi-STE Estimation
 + Risk-Based Situation Audits (RBSAs)
 + Componentized Architecture
 + Wall Gantts and Instrument Panels
 + Automated Contract and Regression Testing
 + Automatic Document Generation 
 Strict Pair Programming
 40-Hour Work Week Restriction
 + Flexibility to meet special needs
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Agile Tek: Solutions to ADM issues
• Scaling

– Componentized Architecture/Interface Definitions
– Automated Build and Test Processes 
– (Virtual) Team Rooms 

• Unpredictability at Macro Scale
– Delphi Estimation
– STE usage for larger projects

• Vulnerability to changes at system level
– Componentized Architecture

• Vague about system testing
– Automated Contract and Regression Testing

• Inflexible to special needs
– Treat the Special Need as a User Story and prioritize it accordingly

• Some ADM Practices Are Impractical
– Use practices that make sense and work in real-world situations
– Abandon or modify those that don’t

• Do not Manage Risks Explicitly
– Use Risk Based Situation Audits
– Establish a risk management philosophy
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Software Experience Center
• Founded in 1999
• Members include ABB, Boeing, 

DaimlerChrysler, Motorola, Nokia
• Goal is to improve members’ software 

competencies, practices 
• Actively share experiences
• Topics include Subcontracting, 

Requirements Engineering, Product Lines
• Facilitators, Experience Collectors

– Fraunhofer Virtual Institute for Empirical 
Software Engineering
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SEC Study Background
• Based on 4 SEC meetings and one 

eWorkshop on agile
– Experience was openly shared
– Decision to compile, report on this 

experience
• Complemented with internal reports, 

published papers
• Material from 15 XP-influenced pilots 

(various level of detail)
• Identified common experiences across 

organizations
• The final report is awaiting formal approval
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Summary of SEC Findings
• Positive improvements on productivity without 

compromising quality
• Few defects could be traced to XP practices
• Best for independent collocated projects involving few 

people
• Can be used for large, complex, safety-critical systems with 

long life cycles
• Always requires tailoring to fit the task at hand
• A broader implementation requires changes to culture and 

quality system
• Use of selected agile practices will become more and more 

common
• Agile methods will not be used much, but will influence other 

processes
• Hybrid processes will be the primary way to apply agile 

principles
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Critical-Success Factors for Scaling Up
Agile=
• Timeboxed Iterations + Close stakeholder 

involvement + Adaptive specs and plans
• Scrum of scrums: need more leaders
• “Spirals” (several months) + “Iterations”

(several weeks)
• Architecture essential, but lighter
• Set expectation early; keep setting them
• Hardest-first elements: demos not pretty
• Technical risk vs. keeping sold risk
• Re-culture integration and test towards test-

first
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Workshop Problems of Scale - I

• Configuration Management
• Earned Value Tools

– Agile: features (business value)
– Traditional: activities

• Stakeholder sign-off requirements
• Planning documentation
• Deployment, life cycle support (training)

– Long-term life cycle sustainment
– Decay rate of tacit knowledge (Mack truck risk)
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Workshop Problems of Scale - II

• Risk Management
• Contracted/planned (BDUF) inch-pebble 

milestones
• Process QA/standard processes
• Process Standards (IEEE, DoD, EIA)
• Designing for the battle vs. the war
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Outline

• Industry experience in scaling up 
agile methods

• Characteristics of ultra-large systems
• Product and process architectures for 

integrating agile and plan-driven 
methods

• Summary and references
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What Does an SISOS Look Like: 
Future Combat Systems
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What does an SISOS look like?
Air Traffic Control
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The Need for Software-Intensive 
Systems of Systems (SISOS)

• Lack of integration among stove-piped 
systems causes
– Unacceptable delays in service
– Uncoordinated and conflicting plans
– Ineffective or dangerous decisions
– Inability to cope with fast-moving events

• Increasing SISOS benefits
– See first; understand first; act first
– Network-centric operations coordination
– Transformation of business/mission potential
– Interoperability via Integrated Enterprise 

Architectures
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Integrated Enterprise Architectures

DOD Architectural 
Framework (DODAF)

Federal Enterprise 
Architectural Framework (FEAF)

Zachman 
Framework



15

06/20/06 © USC-CSE 29

University of Southern California
Center for Software EngineeringC S E

USC

Complexity of NCSOS Solution Spaces
• Size: 10-100 MLOC
• Number of external interfaces: 30-300
• Number of “Coopetitive” suppliers: 20-200

– Even  more separate work locations
• Depth of supplier hierarchy: 6-12 levels
• Number of coordination groups: 20-200

– Reviews, changes, risks, requirements, architecture, 
standards, procedures, technologies, -ilities, 
integration, test, deployment, personnel, 
infrastructure, COTS,…

– Key personnel spend 60 hours/week in meetings
• Unprecedentedness
• Emergence
• Rapid change

Necessarily 
software-intensive…
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Complexity of Solution Spaces
- Breadth, Depth, and Length

Platform N 
•

•
•

Platform 1

Infra

C4ISR

Command and Control
Situation Assessment
Info Fusion
Sensor Data Management
Sensor Data Integration
Sensors
Sensor Components
:

2008          2010         2012        2014         2016

…1.0           2.0            3.0            4.0           5.0

Width

Length

Depth

DOTMLPF

Legend:
DOTMLPF Doctrine, Organization, 

Training, Materiel, Leadership, 
Personnel, Facilities

C4ISR Command, Control, 
Communications, Computers,
Intelligence, Surveillance, 
and Reconnaissance
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Need Simultaneous Agility and Discipline

• Discipline for planning and structure
– Foundations (architecture, organizations)

• Agility to handle the environment
– Rapid, continuous change
– Concurrency of development
– Many suppliers, coordination groups, 

external interfaces
• Use risk analysis to determine how 

much agility, discipline is enough
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SISOS-Relevant Agile Practices
• Short stabilized increments (+)

– Prioritized feature backlog
• Continuous customer-developer 

participation (+)
• Early test; continuous integration (+)
• Tacit interpersonal vs. explicit documented 

knowledge (+)
• Welcome changing requirements (+)
• Simple design (-)

– Just for current increment
– Refactor to accommodate later capabilities
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SISOS Agile/Plan-Driven Profile
Personnel 
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Outline

• Industry experience in scaling up 
agile methods

• Characteristics of ultra-large systems
• Product and process architectures for 

integrating agile and plan-driven 
methods

• Summary and references
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Using Risk to Balance 
Discipline and Agility - Overview

Step 5. 
Execute and Monitor

Step 4. 
Tailor Life Cycle

Step 3. 
Architecture 
Analysis

Step 1. 
Risk Analysis

Step 2. 
Risk 
Comparison

Rate the project’s 
environmental, agility-

oriented and plan-driven 
risks.

Uncertain 
about 

ratings?

Buy information via 
prototyping, data 

collection and analysis

Compare 
the agile 
and Plan-

driven risks

Go Risk-based 
Agile

Agility risks 
dominate

Plan-driven risks 
dominate

Architect application to 
encapsulate agile parts

Go Risk-based 
Agile in agile 

parts; Go Risk-
based Plan-

driven  elsewhere

Yes

No

Go Risk-based 
Plan-driven

Tailor life cycle process 
around risk patterns 

and anchor point 
commitment milestones

Monitor progress and 
risks/opportunities, 

readjust balance and 
process as appropriate

Neither dominate

Deliver incremental 
capabilities according to 

strategy
Note: Feedback 
loops present, 
but omitted for 

simplicity

Step 5. 
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Tailor Life Cycle

Step 3. 
Architecture 
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Comparison
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risks.

Uncertain 
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Architect application to 
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parts; Go Risk-
based Plan-

driven  elsewhere

Yes

No

Go Risk-based 
Plan-driven

Tailor life cycle process 
around risk patterns 

and anchor point 
commitment milestones

Monitor progress and 
risks/opportunities, 

readjust balance and 
process as appropriate

Neither dominate

Deliver incremental 
capabilities according to 

strategy
Note: Feedback 
loops present, 
but omitted for 

simplicity
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SISOS Agile/Plan-Driven Strategy
– CRACK: collaborative, representative, authorized, committed, knowledgeable

LCALCO
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Furnish CRACK 
representatives 
and alternates

•Staff and 
organize to 
cover major risk 
areas

•Develop shared 
vision

•Negotiate top-level 
system objectives, 
architecture, plans, 
feasibility 
rationales.

•Prepare for/select 
developers

•Formulate/negotiate 
definitive requirements, 
architecture, plans, 
feasibility rationales.

•Ensure representative 
exercise of incremental 
capabilities

•Monitor, adapt to new 
developments

•Monitor and manage 
project progress, risk 
resolution, and new 
technology developments

•Continuously integrate/test 
growing software 
infrastructure and 
components

•Develop compatible 
architectures, plans, 
feasibility rationales •Develop system 

components

Encapsulate agile 
portions 

•
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Service-Oriented Architecture Overview

SERVICE 
DIRECTORY

SERVICESERVICE 
CONSUMER INVOKES

FINDS REGISTERS
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Service-Oriented 
Architecture 

– Maturity Model
*A New Service-Oriented Architecture (SOA) Maturity 
model -- Sonic Software Corporation, AmberPoint Inc.,

BearingPoint, Inc., Systinet Corporation.
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Service-Oriented Architecture – Maturity Model
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Risk-Driven Scalable Spiral Model:
Increment View

 

Increment N Baseline 

Rapid  
Change 

High  
Assurance 

Short, Stabilized 
Development 
of Increment N

Increment N Transition/O&M  

Short  
Development
Increments

Stable Development 
Increments

Foreseeable  
Change (Plan)

Increment N Baseline 

Rapid  
Change 

High  
Assurance 

Short, Stabilized 
Development 
of Increment N

Increment N Transition/O&M  

Short  
Development
Increments

Stable Development 
Increments

Foreseeable  
Change (Plan)



21

06/20/06 © USC-CSE 41

University of Southern California
Center for Software EngineeringC S E

USC

Risk-Driven Scalable Spiral Model:
Increment View

 

Increment N Baseline 

Future Increment BaselinesRapid  
Change 

High  
Assurance 

Agile 
Rebaselining for 
Future Increments

Short, Stabilized 
Development 
of Increment N

V&V
of Increment N

Increment N Transition/O&M 

Current V&V

Short  
Development
Increments

Future V&V

Stable Development 
Increments 

Continuous V&V

ConcernsArtifacts

Deferrals

Foreseeable  
Change (Plan) 

ResourcesResources

Increment N Baseline 

Future Increment BaselinesRapid  
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High  
Assurance 

Agile 
Rebaselining for 

Short, Stabilized 
Development 
of Increment N

V&V
of Increment N

Increment N Transition/O&M 

Current V&V

Short  
Development
Increments

Future V&V

Stable Development 
Increments 

Continuous V&V

ConcernsArtifacts

Deferrals

Foreseeable  
Change (Plan) 

ResourcesResources

Unforseeable Change 
(Adapt)  
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Summary
• Under the right conditions, agile methods 

scale up to teams of teams
– But very difficult to go above 100 people

• However, aspects and portions of large 
projects need agility
– Rapid change, emergent requirements

• Product and process architectures are 
emerging to integrate agile and plan-driven 
methods
– Scalable to ultra-large systems
– Also usable for medium-sized projects, product 

lines
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