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IIII lGA IPPD In S&T

S&T Mission

To Ensure The Warfighters Today
and Tomorrow Have Superior &
Affordable Technology to Support
Their Missions, & To Give Them
Revolutionary War-Winning
Capabilities

Courtesy: ODUSD(S&T)OTT [Office of Technology Transition]




||I }GA S&T IPPD Goal
0

Meet customer needs by addressing
the balance of performance,
schedule, and life cycle cost during

technology development, thereby
achieving the best value among
available alternatives.




Why the Concern about

IPPD/Systems Engineering?

“We're
doing
fine!
Why
change
course?”
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Reason #1: The Impact of Early Decisions on Costs

Life Cycle Cost (LCC)
Determination

=100 7
o
o :
o 80 T Approximately
o 90% of LCC
= 60 7 Determined by S&T Design
‘_:5 —— Actual
e 40 7 Funds
S Spent
O 20 1 — Approximately P
| — 10% of LCC Spent
0
Concept A B System Dev & Production,
Refinement Demo Fielding/Deployment
& Operational Support
< S&T

6.1 Basic Research 6.2 Applied Research 6.3 Advanced Technology Development
- Advanced Concept Technology Demonstrations (ACTDs)

Courtesy: AFRL Materials Directorate
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Reason #2: Excellence Involves Improving Processes,
not Fighting Fires

“Putting out fires is not improvement...of the process. You
are in a hotel. You hear someone yell fire. He runs for the
fire extinguisher and pulls the alarm to call the fire

department. We all get out. Extinguishing the fire does not
iImprove the hotel.”

— W. Edwards Deming

“Sound management is not an art or a science.
It IS a practice.”

— Peter Drucker
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O

Q: What is the impact of IPPD Q: Is technology better, or
on S&T cost? worse, with IPPD?

3 <Costs Less <Better Tech
b b

3

=

e
i =
= 3 ol W
1% = 1 S 5 1
_ — ol L
i.0 1.8 2.6 3.4 4.2 i.0 1.8 2. 3.4 4.2
Distribution Curwve Distribution Curwve

Lesson from Japan - Quality Costs Less
Lesson from S&T - IPPD Costs Less

Data are from web survey conducted for AFRL, Dec 99 to Mar 00.




IPPD History

|II lGA Air Force Research Laboratory S&T
0

1994 - AF Wright Laboratory Industry Workshop
— Establish an IPPD-Driven Approach to S&T Affordability
— Develop a Process Incorporating Proven Best Practices
— 30 Companies, 8 AF Organizations

1995 & 1996 - Focused Development with Texas Instruments
— Application of Six Sigma Design Principles to S&T
— Tailoring of Proven Industry Practice to Unique S&T Environment

— Development of a 3.5-day In-Depth Course for S&T (Affordable Technology
through IPPD)

1997 & 1998 - Focused Application
— Trained over 300 people in DoD Programs
— AF Pilots Began Implementing the Process & Capturing Lessons Learned

— Development of a 2-day Overview Course for S&T (S&T Affordability: An
Introduction)

1999 to Present - Promulgation
— S&T IPPD Process Required on New S&T Programs
— Continuously Improve AFRL Processes and Evolve Training with Lessons Learned
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So how do we “do” IPPD?
OVERVIEW

IPPD
“from 30,000 feet”
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0

Integrated Product and Process Development (IPPD) involves

e Quality Function Deployment (QFD)

5%, « Total Quality Management (TQM)
QC};@; e Concurrent Engineering
O®~L

S
°

Systems Engineering

Statistics (SPC, Designed
Experiments, Taguchi)

> * Process Standards (1ISO, CMM)
e Lean Production
Lo * Six Sigma
e .
X e Metrics

1950 2000  Balanced Scorecard
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Tailoring for the S&T
Environment

IPPD Principles grew out of
iIndustry manufacturing
environments, not R&D...

Hence we must...

 Understand unique nature of
laboratory research domain

7

Science &
Technology

Environment

 Recognize S&T does not do
acquisition or production

« Adapt what does work

e Focus on real value-added for
S&T

Needed: A Tailorable Process...
Tuned to S&T...
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» Technology |
Needs (MAPs,
TPIPTs, etc.)

e Customer
Dialog

* AF Technology
Priorities

« Opportunity i |
Technologies Customer
Requirements

T L] e

DENEEED R

-

Transition-
Ready
Technology

[t

Value Analysis

Techology
Alternatives

7, Y

» Deficiencies

o+

i Deliver
Form IPT and QES;?]?ilflisehd Assess Perform D[;r?lvoerll(;?rgte Alternative
Document [ Delivery/ -3 Alternatives | Transition Alternative(s) > with
Customer . and Value Business
Requirements Transition Approaches Analysis or i
Criteria Technologies Case/Benefits
Analysis

Integrated Product
Teams (IPTs)
Execute Every
Activity

Transition Focused:

e Measurement-based methods
 Balanced tech trades/options
« Quantify desirability & risk
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0

“Every acquisition program shall establish program goals—
thresholds and objectives — for the minimum number of cost,
schedule, and performance parameters that describe the
program over its life cycle.”

—5000.2, Part 1.1

“To make improvements as technology moves through
development and maturation, affordability must be
measurable...”

— Gen Paul D. Nielsen, 8 May 00

If you have no clearly defined destination,
any road will get you there.




all o/

Process Addresses Basic
Questions

Form IPT and
Document
Customer

Requirements

Establish
Quantified Delivery/
Transition Criteria

Assess Alternatives

and Approaches

Perform Transition
Value Analysis

Develop &
Demonstrate
Alternative(s) or
Technologies

Deliver Alternative
with Business
Case/Benefits

Analysis

For whom are we doing what?
How will we know when we’ve got it?
What are the alternatives for achieving it?

Can we get there from here, and if so,
what is the best alternative?

How will we back up our claims?

How do we get it implemented?




lIlI G Metrics: Measuring Best Value

customer rnresnola = 39u

omer Objective =93

Cust
&A
' \ Relates to...
<2)\\/ Performance

Producibility

Relates to...

Schedule\/ Other Criteria
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Comparing Technologies

Desirabilities & Risk for
Technology A (Customer #1)

[F]Radar Chart: 1

CM Tech SPO: Solid State

ot

ax e Zeta Scale: 0. 10-0-4  Minimum Value: |0.0 -

Desirabilities & Risk for
Technology B (Customer #1)

CM Tech SPO: Semi-Conductor

0t

Prod Perf

3z Zeta Scale: 0.. 10-%%  Minimum Value: (0.0 -




I GA Who Is Involved?
l

“Integrated Product Teams (IPTs) are composed of Form IPT and
i i i i inh Document
representatives from all appropriate functional disciplines ppeuliogls
working together to build successful programs and Requirements
enabling decision-makers to make the right decisions at
the right time.” -- DoD Acquisition Directive 5000.2-R
Customer Program Manager
Rep #1 Researcher and
Technical Expert Logistics Researcher &
Cost Accounting & IPPD Analyst Data Analyst
Finance; Provides Expert Software
Cost Modeling \ l / Engineer
Expertise Customer Rep #2

Manufacturing Engineering
Expert; Performs
producibility assessments




I GA For Whom?...
||| Who Are Your Customers?

Form IPT and

Document

 Who are your external Folks, this is GREAT Customer
Requirements

customers? Techn_ology! Now, what
did you want?
 Who are your internal
customers?

* Are “sponsors” the same as
‘customers™?

e Do you aim to transition your
technologies?
— To whom?

— How?

“If we build it, they will come...Or will they?...”
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al

: 5 Form IPT and
Define the Requirements o
Cust
e Are they measurable? Requirements

« What do they want to achieve for each
requirement?

— What will they accept?
— If these are the same, why?

— Do all customers have the same goals? Requirements Tree

Requirements Tree: 1

« Are some more important than others?
. P . _ Bl APF ="
— If not achieved on any single requirement, will a s et

9 & Cost

solution be rejected? 751 Non-RecuningCos

32 085 Cost
f 33 Unit Acquisition Cost {1000}

e |s there an organization to the requirements? | **7'...

/" 2 Reliability
/3 Band |- Tunability

_— CategorleS? o Eg‘r‘ol;looEloresight

f 21 Parts CountiLaser Subsystem
f 22 Estimated Future Production Yield

— Work Breakdown Structure? o [ Consincte

@ §8 Army Tac Cmd
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Focused Yet Flexible Requirements

Focused

Flexible

T T T

6 Requirements Performance / Performance Few
E§ expressed as Requirements Requirements requirements,
g specific Expressed as Expressed as “we’ll know
% technology Single Points Thresholds & what we
approach and Goals want when
detailed design we see it.”
Hl  Very limited Limited trade Well defined Unlimited or
c:/)) trade space space trade space undefined
IEIEJ trade space

Well defined, ample trade space enables search for best value
and minimizes false starts.




II JGA How Will We Know When We've
all

Got It?
Understanding what the Establish
customer wants! Quantified Delivery/

Transition Criteria

Are the customers flexible?
— which requirements?
— show stoppers?

— all customers same?

What is the trade space?

Can/should all customers be
satisfied?

Are some requirements more
Important than others? How
much?

How will your program be judged?
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Photos courtesy GE-Honeywell Engines and Systems, Phoenix, AZ

JGA What Are the Alternatives?

Assess Alternatives
3 and Approaches

What are the approaches?

How do they perform against
the requirements?

How much can an approach
be improved during the
program?
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Assess the Technologies 0
= ’ Va/ue Aﬂa/}/S/S éPerform Transition

Value Analysis

Which one is best value?
— For which customer?
— What about my management?

If we make changes in one area,
what is the effect in others?

Can we get a better balance cost
“Hmmm...What will the and performance?

customer think if we

If the customer can change some
of their requirements,

7 — which ones?

— how much?




I GA How Do We Back Up Our
||| Claims?

Develop & B
Demonstrate
Alternative(s) or
Technologies
=] T i -
E}Eﬁé:g':n’ ooooo E> = | I ) C> : [:> ﬁ . ,W ‘:> Technol
. . . . gfiﬁfiy:s Customer Technology ValuerA.niali);sris
(MNS, ORDs) R i t: Alt ti
Applied a disciplined process? T L
Form IPT and Estab_li_sh Assess Perfqr_m Develop &
— Throughout the program? el ol o Bl Rl el
. equirements Xit/Transition Analysis
— Customer involved?

Using customer metrics and models when possible?

Audit trail maintained?

— Can the program back up, and take a different path if
necessary?

— “What-if” analyses performed?

Do the demonstrations confirm expectations,
— How much do differences affect best value?




Space

Y Deliver Alternative
with Business
Case/Benefits

II JGA Technology Audit Trail & Trade
al
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S| Requirement Tree: 1 .

S Desirability Cul

) view Et F— Analysis
~ - e S
e Trade Space to Design Space |RA Pl | =P B
#8 Customer Requirement How Measured: Angular Degrees
ks Reqgyirements
@ & Cost
© g Maintenance Customer: CM Tech SPO
@ & Performance
/1 Power Curve Type: Target
/]2 Reliability Upper Threshold: 55
i Worksheet:1 77 G T Pl B /13 Band |- Tunability o oo
Risk Esti /7 4 Co Boresight Objective: 4.0
f 4 Beam Divergence Capahility 1 . 25
A Y e T e
Performance Worksheet for A el | | et
e: Perfurmam:e 22 9.8
o © 8 Schedule CM Tech SPO: Beam Divergence Capability
Customer : |CM TechSPO | TeC h n 0 I O X Curvilinear  Curvilingar
echnology: Snlmstate g y i’cu"f‘ a'C”";E‘
K yperbolic|  Hyperbolic
&) Performance " asymptotic | Asymptot
Reguirermnent Priarity | Huowe Objective | Lower Upper Expected | Standard D) Zeta Weight | Besirability | Comments (f 1 Power a9 symptolic - Asymptotic
] d Threshald | Threshold | Vall
Bazure resho reshol alue § i Eglgb”' : |, a0 ‘ 50
oBore| = | ¥ 1+— -
1 Powar Medium  watts 10 7 " 085 A 58eamD ,‘g o 05 0.5
2 Reliability High Hours (MTBF} 300 200 461,968 30,583 | 0.00000 2.0 g H Producibility 2 : / \
© §a Schedule 02
3: Band I- Tunahility Medium  nm 1,000 B an0 100 0.02272 20 028
i *0HE~ + + —-
4 CoBoresight High urad 50 1200 111313 4879 003754 1.0 ong
20 28 35 44 52 &0
& Beam Divergence Capability | Hish Angular Degrees 4 &5 3615 0.349  0.00070 1.0 0.4as =
Angular Degrees
Total o — . —
File: Laser_Demo_wd.2.xml Status: Exclusive write with Save
4 2 b

. = Performance\Scorecard .
An a|yS | S [ Pover (1) [ Reliabilfy 2) | Bandl-Tunatiiy G | Co Buresight (4) [ Beam Diver AffO rd a.b I | Ity SCO recard

®

Typ

il |l
CMTech SPO Waight-— a0 20 20 1
Excltatlon Pumplng
Solld State F P
T Lo i Technolaay Allermatives Exp.Value Desitability  Zeta Exp.Value Desiability — Zsta Exp.Value = Desiability 2 Exp. Value | Desitability — Zeta Exp. Value | [}
110451 - :
ﬂﬁ:ﬁ . i ,C,L:,j',‘j:j Wiaintenance | Perfo | Producibility | Schedule | Saisfaction l Risk I
it Acquishlsn Cast (1007 oooo0]  ooooon] o roes| 0w e 095 000000 461968 100 0.00000 800 018 002372 111313 DOB 00ITEE 3H15 10 10 10 1
T =T 00000] 9.18611
JEEDIT] 47514313
H Do000| 36425 GermiConductor 95 0.96  0.00000 800 1.00 0.00000 650 001 020228 100 016 0.05485 32 it Desiabilty | Zeta Desiabilly | Zets Desirabilty
1- 00000] 21 08173 - —————=
2 247] 192 0664 Gas 10 0.8 0.00000 500 1,00 0.00000 550 0,00 095998 115 006 0.34476 4 s =
g 051 045 058 0.06007 038 0.08813 038 0 -w-- - ﬁ' -
3 ] i 5 h =4 o _='ld

0.63 016200 0.26 025344 0.87 | 0.06687 063 003
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||I }GA The Balanced Scorecard*
"

Achieving Organizational Excellence

Requirements
e Customer Focus
* Quantitative
« Communication

Value Scorecard

 Balanced View

 Metrics-driven
Decision Support

Science & Technology t

Performance/Cost
(Do we deliver best
value technologies?)

Customer Internal
(How do we improve ||(How do we execute projects
tech transition?) of consistent quality?)

Learning & Growth
(How do we advance science &
Improve core competencies?)

IPPD Methodology
« Engenders
Credibility

Traceability &
Audit Trail

* “The Balanced Scorecard,” R. Kaplan and D. Norton, Harvard Business Review, HBR#92105,1992
* R. Kaplan & D. Norton, The Balanced Scorecard, Harvard Business School Press, 1996
t Measuring the Business Case, Brink, J.R. & Peisert, G.D, CALS Journal, Fall, 1992.
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0

1 2 3 4 5 6
Determine Establish Develop Perform Develop & Analyze &
Require- S&T Exit Technology Value Demonstrate Deliver
ments Criteria Alternatives Analysis Technology Project

Results

S/ Worksheet

Risk Estimation

o Strategic and Tactical
Assessment

* Full traceability

1 Technology Worksheets q

AlMA

\
|
ype: | Performance v
CMTechSP0

Customer :

Technology:

Solid State -

 Quantified Risk and
Customer Satisfaction

Total

Affordability «

Type:

ustomer:

&

CMTechSPO =

Reguirement Priarity Howy Ohjective| Lower Upper Expected | Standard | Zeta ‘Weight | Desirability Comments

Measured Thresholg Threshald| Value o I D CO St an d
P S— Medium  watts 10 7 9427 0138 0.00000 20 0.95 . .
2: Reliability High Haurs {MTEF) 300 200 461.968 30.583  0.00000 2.0 1.00 I d R I S k D r I V e r S
3: Band |- Tunability Medium  rm S| Scorecard: Va u e Scorecar -
4: Co Boresight High urad Charts Ear | y
5: Bearn Divergence Capabiliyy | High Angular De

e “What-if” and
Impact

| Cost Maintenance Perfarmance Producibility i Sthedule I Satisfactio | Risk A n al yS es
T — o 1.0 1.0 1.0 1.0 10
Technology Allematives [resirability Zeta Desirability Zeta Dezirability Zeta Dezirability  Zeta Desirability Zeta . B ett e r Te C h
Solid State 1.00 0.00020 042 015878 0.1 0.06007 088 0.06813 038 011159 0.640 034582
: 088 016200 063 016200 048 025344 087 0.06687 063 0.02410 0.696 052258 I n V eSt I I I e n t
Semi-Conductar . .
Gas 083 022164 100 002278 000 087378 070 0.02278 1,00 0.00000 0.000 0.58051 DeC I S I O n S




lIlI G Metrics: Measuring Best Value

customer rnresnola = 39u

omer Objective =93

Cust
&A
' \ Relates to...
<2)\\/ Performance

Producibility

Relates to...

Schedule\/ Other Criteria
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Best Value Assessment

Customer
e Constructed
-
@
@
o
-
(qv]
<
E Army
qv]
c
O
O
-
1% CM SPO
=

Solid State TeChnOIOgy 1

Semi-Cond TeChnC)IOgy 2

Gas

Technology 3

Solid State
Cost

Semi-Conductor
Cost

Gas

Cost

Solid State
Cost

Semi-Conductor
Cost

Gas

Cost




IPPD/Systems Engineering In
llI S&T

» Technology
Needs (MAPs,
TPIPTSs, etc.) Transition-
. giuaslézmer Ready
 AF Technology Technology
Priorities
. Opphortlfnity — ' el
Technologies .
« Deficiencies Customer Technology Value Analysis
(MNS, ORDs) Requirements Alternatives
Form IPT and Establish Assess Perform Develop & . Dr?“Vf‘r
Document Quantified Technology Transition Demonstrate echinolegy
Customer [ S&T > Alternatives [2]  Value > Technology > with
Requirements Exit/Transition Analysis Business
Criteria Case/Benefits
: Analysis
Integrated — v
Product Initial Technology

Transition Plan
(TTP)

Customer
Requirements

Teams (IPTs)
Execute Every
Activity
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Discussion/Questions




Measuring Customer
Satisfaction

2. Read its
Desirability

Desirahility

Desirability Curve: 1

CM Tech SPO: Band | - Tunabhility

10 /’d z075
08 /

nE

04

Desirability

nz

&Dll_f’ I

T T T
540 E40 720 220

nm




l||| JGA Estimating Risk (c & &)

“Hmmm...Looks like the
Co Boresight is going to
hit about 47.5 urad for the
solid state technology

CM Tech S5PO: Co Boresight

alternative ... but worst Expected Value Threshold!

case might be as much as A// |

86.3 d... . .
It Goal \\ Measuring risk:

 The percentage of the
area under the curve
that is outside the
threshold (red area).

* It is denoted “ ¢
(Greek letter Zeta).

HKI

2ET 21.61 24 .88 474 B0 .4 T2.39 BE.33

-360 -26 -lo +lc +26 3o

urad




|||I }GA Generating the Worksheet

Desirability Curve: 1 :: i

 The expected values (u), weights and
desirabilities (d) are presented on an
IPPD Worksheet.

* Use one worksheet per customer per N
requirement type per technology N 4
alternative /

CM Tech SPO: Pow

(9, 0.92)

D hility

watts

Risk Estimation

Type: |Perf -
Customer: [CMTechSP0O
echnology: | Solid State -

Requirement Priarity How Cbjective | Lower Upper Expected | Weight | Desirabili amments

Measured Threshold | Threshald | Value .
Solid State Laser
| Medium  watts 1000 7.0 5.0 30 0.2
1 Power Technology
2: Reliability High Hours (MTEF) cluli] 200 1, - - —
3: Band |- Tunability | Medium | nm 1,000 i} aao 20 0.4z
4; Co Boresight High urad 5000 120 475 1.0 n.es

g.0 077
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Where do wegeta“p” or “c”?

Functional
Relationships

Simulations &
Simulators

Prototypes

Raw Data

An equation relating variables the technologist can
control (e.g., distance is a function of initial force and gravity).

A series of spreadsheets that calculate a response
based on user input and assumptions.

A computer model that simulates the effect of real-

world conditions on a technology. (Possibly streamlined
using Multivariable Optimization, Design of Experiments, Regression,
Monte Carlo, etc.)

A prototype or demonstration model of the technology.
(Possibly expanded using Multivariable Optimization, Design of
Experiments, Regression, Monte Carlo, etc.)

A statistical prediction (e.g., averages, regression, Monte Carlo).
Expert estimates

Historical data, perhaps adjusted via expert judgment.




I GA Rolling Up Desirability For Each
.II Requirement Type

Al requirements of a given type.

Note: Desirabilities
are SPECIFIC to

eeeeeeeeeee iority How Measured Ohjective | Lower Threshold | Upper Threshald
each customer!
eeeeeeeeeee iority How Measured Ohjective | Lower Threshold | Upper Threshald
W
8 T B e [ ! W W, W (}(’\11+W2+W3)
Diype = (dl) 1(d 2) (d 3)
0 1000 1080 W2
e =]
0e d = h Y
% @ d ! ( l) 4000 4030 W3
i.1d, 47( (e

480 5-5/0 5‘40 7‘30 I 0 9‘10 4000 4030 “ (“3 ) 1
EEm " _
I D _ H W 12W,
type [ izl(di I)] |

1 S
()
Expected Values for Tech X




I GA Rolling Up Risk For Each
.II Requirement Type

Al requirements of a given type.

Note: Risks are
SPECIFIC to each
customer!

DDDDDDDD

Cype=1-[(1-C1)(1-C,)(1-C5)]

| -

et
ll.f'. \ -
i o '
AR .| . 3
..." 1! > -
L " (H3,03)
:j

e’ T A —

=] o
- H

(11,67)
Expected Values &

_Standard Deviations for Tech X

& = 1-[11(1-8)]




