Session 7
Mastering Complexity

» Development Strategies
* Incremental and Evolutionary
» Agile Development
» Extreme Programming

» Mastering Complexity through Tailoring
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Development Philosophy
and Strategy

Incremental

AR
P 4 -

Extreme Programming

Waterfall

Evolutionary

\/

Software Best Practices
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Three Depictions (Models) - Four Methods

Each model can be used to illustrate
the technical strategy including:

B Development method,
B Development strategy, and
B Delivery strategy.

Also known as the
System Development Cycle

Waterfall — Silent on risk

Spiral — With serial risk actions

v
P 4 "= ,Method

Extreme Programming

Vee - With serial or parallel risk actions
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New Technology Insertion

User Requirements
Statement

=

LT [T

|||ﬂ/7

New technology
may “create” user
requirements

'
a

N

Manage as Critical Issues

New technology
must be available by
Preliminary Design
Review (PDR)

i Hardware

|l .

|l Software

New Technology Development
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Proof of Concept Development

User Requirements
Statement

Proof of Concept Considerations
* Objectives (typical)

- Clarify user’s requirements

- Demonstrate technical feasibility

e POC may be

- Only partial system

- Fully functional system

* Need closure criteria —rigor needed to
be consistent with closure criteria.
Require only that which is needed to

Core of “Vee”

demonstrate that objectives are met.

/ / for Total Project

-

Proof of Concept‘\

Evaluation\

PDR :

{{ .‘_ ‘:‘ .
I: ﬂﬂ’!: : ) %
| 1 p ‘%

“Vee” chart for Advanced éﬁ —
Concept Develiopment & = =~
Evaluation 515

fo—
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Applications of the Vee Model

= The Vee models presented so far have explained the
“Grand Design”

—Single pass from requirements to delivered product, with
IN-process iterations

= To shorten time to market, most projects will use
—Incremental development, single delivery
—Incremental development, incremental delivery

—Evolutionary development
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Incremental Development - Single Delivery
— Example (Sequential Functional Build-Up)

Increment 1 — Chassis and Suspension

Increment 2 — Drive Train

i)

Increment 3 — Body, Seats, Instruments

Assembly

©2010 CSM 10-371 kjf
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Technical Aspect of an Incremental
Development - Single Delivery

System ....,
Acceptance !
(On-Site)

System
TRR

System PDR
Increment 1

Incr 1 Incrl1& 2 Incrl,2,&3
TRR TRR TRR,

Examples:

* Space Shuttle

— Main Engines Award 1970
— Orbiter Award 1972

— Integration 1980

— First Flight 1981

* HP Spectrum Computer
Incrgment 3 — HW Started ~ 1981
— System SW ~ 1983
— Integration ~ 1985
— Operational ~ 1989

Incréement 1 Incr¢gment 2

Note: For clarity,
only a few Decision
Gates are shown

What are the Risks?

Code, Fab, Assemble Units--- -

Ref: VPM p 358
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Incremental Development - Incremental
Delivery - Example
Increment 1 — Functioning Computer Increment 2 — Accelerator Chip Added

(=N == ]

———

Increment 3 — Graphics Card Added Increment 4 — DVD Added
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Technical Aspect of an Incremental
Development - Incremental Delivery

Phase 1l Phases1 & 2 Total System
Acclept Acclept lAccept

A A A

Phase 1/ Phases 1 &2 System
TRR TRR TRR

System PDR Examples:
Phase 1 * San Jose Light Rail
PDR Phase 2 Phase 3 — Phase 1 1990
' TRB TRR, 10 mi of track
: . — Phase 2 1993
18 mi of track
— Phase 3 19??
X mi of track to
adjacent cities

Phase 2 Phase 3
PDR PDR

Phase 1 Phase 2 Phase 3 ¢ Electric Car
— Auto Prototype 1992
— Auto Production 1996?
Phase 1 Phase 2 System — Service (refuel)
CDR CDR CDR - City 1996
' ' ' - County 19987

Note: For clarity,
only a few Decision
Gates are shown

90095A

What are the Risks?

Code, Fab, Assemble Units- - -

Ref: VPM p 358
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Evolutionary Development - Example
(Feature Add-Ons)

The Dragster

Initial Version — Dragster
Power: Tri-Valve V6

Version 2 — Added Power and Braking

Power: Penta-Valve, Supercharged V8

Racing Slicks
Anti-Lock Brakes /

Version 3 — Added Handling Version 4 — Refinement

Front Spoiler

Parachute Rear Spoiler
Lowered Engine

90176B

CSM
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Technical Aspect of an
Evolutionary Development -

If1 Could ...

Final System

Acceptance
Possible Possible and Deployment
Deployment Deployment
g =
' » Update ' " Update
System v System System . v System
y ‘s Requirements  Test ‘A Requirements
Example

e SW version 0.9

e SW version 1.0

e SW version 1.5

e SW version 2.0
etc.

Code, Fab,— —
Assemble Units

What are the Risks?
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SE%20-%20PM%20Exercise%20Solutions/If%20I%20Could%20Do%20That%20-%20001103%20r1.ppt

An Alternative Project Cycle View

The Spiral
Development Model
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Spiral Development

Determine Objectives,
Alternatives, Constraints

Cumulative Cost

Risk Analysis

Risk Analysis

1
1 Proto-

Progress Through Steps

Evaluate Alternatives; Spiral
Identify, Resolve Risks

Risk Analysis

Operational
Prototype

Reviey COmmitment | types
SVISW " Bariition DR
Regmts. Tees
Plan Concept of
Life Cycle | Cperation
Plan

Circled numbers are added to
the Spiral Model for direct
comparison to the Technical
Aspect of the Project Cycle

Plan Next Phases I

©2010 CSM 10-371 kjf

Integration
and Test

Develop-
ment Plan

Validation

Plan

Implemen-
tation

Reqguirements

Design Validation and
Verification

Software
Product
Design

Integration
and Test

Ref: VPM pp 246 - 247

Acceptance
Test From:

B.W. Boehm, “A Sprial Model of Software

Development,” in Tutioral: Software Project

Management, edited by R.H. Thayer and

M. Dorfman, |IEEE Press, 1988.

90474 A
QA

Develop, Verify
MNext-Level Product

Fig. 7 - 19
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Incremental and Evolutionary Spiral

Increment 1 Increment 2 Increment 3

Incremental Development using the Spiral

Version 1 Version 2 Version 3

Evolutionary Development using the Spiral
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An Alternative View

Extreme Programming
and Agile Development

©2010 CSM 10-371 kjf Fig. 7 - 23



XP: Simplicity, Teamwork, and Constant Testing

The planning game. Determine the features in the next release through a combination of
prioritized stories and technical estimates.

Small releases. Release the software often to the customer with small incremental versions.

Testing. The customer writes tests to test the stories. Programmers write tests to test anything
that can break in the code. You write tests before you write code.

Continuous integration. Build and integrate the system several times a day whenever any
implementation task is completed.

Refactoring. This is a simplifying technique to remove duplication and complexity from code.

Pair programming. Teams of two programmers at a single computer develop all of the code. One
writes the code, or drives, while the other reviews the code for correctness and understandability at
the same time.

Forty-hour week. Programmers cannot work at peak efficiency if they are tired. Overtime is never
allowed for two consecutive weeks.

On-site customer. A real customer works in the development environment full-time to help define
the system, write tests, and answer questions.

Coding standards. The programmers adopt a consistent coding standard.
Metaphor. The metaphor is a simple shared story or description of how the system works.

Simple design. Keep the design simple by keeping the code simple. Continually look for
complexity in the code and remove it at once. XP advises not to design for tomorrow, but to
implement for today. The belief is that tomorrow will take care of itself if you keep the design as
simple as possible.

Collective ownership. Everyone owns all of the code. This means everyone has the ability to
change any code at any time.

Ref: VPM p 352 - 354
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XP Method as Modeled by the Vee

The planning game. Determine the features in the next release through a combination of prioritized

stories and technical estimates.

Testing. The customer writes tests to test the stories. Programmers write tests to test anything that can

break in the code. You write tests before you write code.

Small releases. Release the software often to the customer with small incremental versions.

Continuous integration. Build and integrate the system several
times a day whenever any implementation task is completed.

Feature

User Approval

of performance
“Is the verified performance
acceptable?”

A

/|

Daily

integration

required

Validation

by story

Write

Unit

Being

Verification I Verified

©2010 CSM 10-371 kjf
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Conditions for Agility

= Lower level baselines can be selected before higher
level baselines without incurring undue risk.

= Non-hierarchical baseline approval is logical and makes
economic sense.

= Concurrent baseline development and approval will not
Incur undue risk.

= Non-hierarchical integration makes sense.

= |nside-out or top-down integration provides
advantages.

= Baseline control is systemic within the team.

» Theteam is an intact team where the cracks that things
fall into don’t exist.
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©2010 CSM 10-371 kif Fig. 7-27 = 77 AV ssonsnscssnsee



Exercise: Does XP Apply to You?

sAs ateam, discuss the relevance the
following:

= Have you heard of XP principals?

= Have you applied XP principals?

= What are the strengths of the XP process?

= What are the weaknesses of the XP process?

= Are the XP principals in conflict with traditional
approaches?

= Can XP principals be applied at all levels of a
system?
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A Day in the Life of an XP Product Development

Possible Possible
Delivery Delivery

Possible Possible
Delivery Delivery
Incremental Strategy Incremental Strategy

Evolutionary Requirements Environment
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Development Strategy Limiting Cases

Stable ar De\,e\opment
\

technical
development
strategies

Requirements
Stability

Volatile

Time and Baseline Maturation

The technical development strategy must be sufficiently agile
to respond to both the change activity and the schedule.
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Suggestions for Tailoring the Project Cycle

» Retain the basic phases, decision points, activities and
documents — adjust to fit risk and complexity

= Set finite periods to conduct needed activities and
deliverables

* Do not eliminate the measuring and controlling
procedures, but scale them to project size and
complexity

Tailoring is concerned with scaling (i.e., level of detail)
activities and documents rather than eliminating
them.
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A Final Topic

Thoughts on
Mastering Complexity

Fig. 7 - 33




Project Size/Complexity - Example

*Project: Prepare breakfast, to include:
= Coffee, tea, milk, orange juice (fresh squeezed)
= Cold cereal
= Eggs, cooked to order
= Toast
= Waffles
= Bacon, ham, sausage
= Potatoes

*To be served individually as each person
arrives during a two hour span
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Project Size/Complexity - Example

High
Prepare Breakfast for:
~. |* 10 people
= * On a back-pack trip
@
o
=
8 Prepare Breakfast for: PalicleEch ==k L o]
« 10 people 1,000 people
* In your home * |[n a rented hall
Low
Small _ Large
Size
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Management Formality Increases with
Project Size, Risk, or Complexity

High « Small Project e Compl ex |Pr
Igh Risk * High Risk
Py
E x Increasing
a Meg;
t(l,_:) S L du’"’?is/r
O R
@) Sk
e Trivial Prope&arge|Pra
Low [* Low Risk  Medium Risk |
Small Large

Size

CSM I 11 con

e

©2010 CSM 10-371 kjf Fig. 7 - 36

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



Documentation Increases with
Project Size, Risk, or Complexity

High Small Project Large Complex Project
Risk Mgt Sys Design
Plan
conops _ | [ Risk Mgt
User | | System ||| — S)és/Seg C Plan
- ec .
Needs | ST Spec I [EL_=PeC Interface |[
- — Trades F— Needs Concept | Spec
o = — I — Selection
o X I — __ — —
x 2 — — — P | =—
n L - — - _
[ g = ||
O Task Management Large Simple Project
Menu Concept
- Eggs Guest List
» Waffle |+ Mary sys/seg [[F——
*Orange jul « Jim Spec I
including ||E=—
I 'D £ Interface
ate of visit SpeC
Low
Small Size Large

Ref: VPM p 385
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Summary

System Engineering and
Project Management

—together —

as a Strategic Differentiator
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Summary

An effective development philosophy must be
built on system management — the integration
of project management and system
engineering

System management provides atool to
Improve success rate of new innovations,
reduce time to market, and increase customer
satisfaction

System management is usable for all projects —
but thoughtful tailoring is essential

The benefits are best realized through use by
all management levels
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Success

NWe tend t o sfacerexplmtonspf S
success. For most important things, though,

success actually requires avoiding many
separate possi bl e causes

Guns, Germs, and Steel,

The Fates of Human Societies
- Jared Diamond

Norton Press 1999
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Project Critical Success Factors
in Your Environment
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“ INCOSE |
INé COSE Certification of (@
Systems Engineers

Key thoughts —
Certification is more than preparing an acceptable application -

Certification is more than studying for and passing a test -

It is about building our profession
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Systems Management

=
S
X

.

Options

s
5
S

Project
fanagement

Systems
Engineering

'mplementaﬁon
; Project
Period Planning

Technical
Aspect

Process
Management

anizational commitment

Org

o
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Center for Systems Management, Inc.
1951 Kidwell Drive, Suite 750
Vienna, Virginia 22182
(800) 486-8090
WWwWWw.csSm.com
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End of Session

Previous _ EXit
Session Slide Show
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