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The FPGA Mission
Assurance Center

e A consortium of:
— Air Force Research Lab
— University of New Mexico
— Sandia National Lab
— Los Alamos National Lab
— Xilinx, Inc.
— SES

 Funded by a combination of Air Force Research Lab, Congress
and Sandia National Lab

* Intended to provide assistance to the military/aerospace
community for successful use of FPGAs

« We are at your service
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To Quote Tim Gallagher

“We shouldn’t just BILL GATES!




Why Should We Care?

 Because FPGAs offer one of our best
hopes to revitalize the space industry
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Our Entire Society and Economy are
Linked to Success Iin Space

Package Tracking

Science Remote
Sensing

Communications
pa
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What we do In Space?

« Weather | |

« Communications 10
20

* Intelligence o T Now
go

e Science about space
e Science about earth

 Navigation

e Limited missile defense
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Key Government Findings

Many Studies

e 1999 Rumsfeld Commission
2003 Young Panel

e« 2004 Young Panel

e 2006 NSPD 49

« 2006 China Space NIE MH
e 2007 Allard Panel

e 2007 POTUS Memo

« 2008 Congressional
Direction on MFP

« 2008 PDM Il Study
« 2008 Space NIE
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Similar Results

Space Is vulnerable
and insecure

Ambiguous
leadership

Limited advocacy

Insufficient space
communications

Too much duplication
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Some Well Known Opinions/Factoids
“Better, Faster, Cheaper” (?)

1992

Anrl inAdiictrns miict alen Aaliviar wwihat thavr nramica: Indiietns e~ranc tha fadaral hiidnat

« BETTER, FASTER, CHEAPER

————p e~

2001

«NOT ALWAYS SUCCESSFUL...

http://spaceflightnow.com/news/n0104/05goldin/

Re~~-*

« AND KEEPS GETTING ~ smno  SEES 8
*SLOWER & COSTLIER! .-

= ..-._ = o i
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H‘&:_- e~ e
http://www.avtec.com/layout/set/print/content/view/full/306
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Where do we stand?

 Relevant? Certainly

 Improving?  Certainly

o Costly? Certainly
But are we:

* “New” enough to excite high interest?

» Cost effective enough relative to our rate of
Improvement?

* Finding new things to do that are also relevant?
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One Way to be More Relevant

Talk like those slick

-

guys from Marketing! ;ﬁ’ W T
A\
e Lean  Machine-to-  Value stream
@alue added machine . Core
Outside-the-  Six-sigma competency
box « 1SO 9000 « Architecture
* Focused certified Portal
e Accelerated .« Networked Workilo VD
 Empowered /<v\
e B-t0o-B Motion
e Customer- -
. Web—based Excellence
& &N g Lebames Eell




How Do We “Break the
Mold” and Foster Growth?

e Find something ideally
relevant

e Cut cost and improve the
cost/benefit ratio

o Keep trying new things

All are aided by reducing barriers
 Cost/ Resource Access

e Decision inertia

* Regulation
E AUNM  EIXILNX ieadiames
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Google’s Approach To
Fostering Innovation

« Teams not larger than 4-5
 Employees encouraged (required) to
“steal” 20% of their time
— Work on ideas of their own
— Free from management decision-making

* Acceptance of high failure rates on new
iIdeas

Source: Charles Beames NWC Thesis, 2008
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Productivity, Individual Contribution and
Living Outside the Box

e Soviet Days:

Approved Solution:
Collective Farms
95% of arable land

< 50% of gross agricultural output

http://dailylife.greenwood.com/teache
r/lesson.asp?id=DLO_E_TE_L03

http:/ffilebox.vt.edu/use
rs/efalwell/sovietprop/st
alin3.html

Out-of-theBox Solution:

Private Garden Plots

5% of arable land

> 50% of gross agricultural output

E«:_ 2 GER Consultants, Inc.
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Out-of-the-box at Home

Approved Solution: Out-of-the-Box Solution:
Newest/cheapest type-certified jet Homebuilt (amateur) 4-place
Seats: 6 Seats: 4

Cost: ~1.3 - 2.1M Cost: ~200-400K

Speed: ~400 mph Speed: ~380 mph
Efficiency: ~8 mpg Efficiency: ~25 mpg

http://gulfstreamresale.com/p2index.php?id=77

http://www.lancair.com/Main/secondary_page_images/ivp_Irg.jpg
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Big contributions can come from
seemingly laughable beginnings

Cheap airplanes
Built in garages
Led to ...

http://en.wikipedia.org/wiki/Pietenpol_Air_Camper

* Even private “spacecraft”!

http://www.eaa.org/news/2008/2008-08-29_ab3.asp

Ballistic recovery systems
Winglets

Affordable aircraft
composite manufacture
Much lighter weight
aircraft engines
Aviation-safe electronic =~ ereeremeesectanas
ignition

e
e

T .
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news.ne pwggeﬁg\ﬁcfnwgamaé‘&imi%7 111111111
4057-adbd-12e8elad4168&Dynamic=1

http://www.youngeagles.org/photos/gallery.asp?action=viewimage&ca



Improving Space Value

“Accelerated,
B-to-B
value stream!”

Cut Launch Cost Make Better Use of Launch Capacity

Standardize Miniaturize
& Optimize

http:/www.space-
travel.com/reports/Air_Force_Approves_SpaceX_To_O
perate_On_Cape_Canaveral_Launch_Site_999.html

http://www.responsive:

] http://www.dodsb
pace.com/Papers/RS3%5CSESSION%2 http://www.broadreachengi ir.net/SuccessSto
OPAPERS%5CSESSION%205%5C5001- neering.com/casi.html
LYKE%208%20FRONTERHOUSE%5C5001P . pdf.

ries/SEAKR.htm
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http://www.responsivespace.com/Papers/RS3%5CSESSION PAPERS%5CSESSION 5%5C5001-LYKE & FRONTERHOUSE%5C5001P.pdf
http://www.responsivespace.com/Papers/RS3%5CSESSION PAPERS%5CSESSION 5%5C5001-LYKE & FRONTERHOUSE%5C5001P.pdf
http://www.responsivespace.com/Papers/RS3%5CSESSION PAPERS%5CSESSION 5%5C5001-LYKE & FRONTERHOUSE%5C5001P.pdf
http://www.responsivespace.com/Papers/RS3%5CSESSION PAPERS%5CSESSION 5%5C5001-LYKE & FRONTERHOUSE%5C5001P.pdf

wWhy FPGAs Are Highly Appealing

 Hardware easier (quicker, cheaper) to
design/test for space qualification

 They are reconfigurable
— Reuse

 They are reconfigurable
— Don’t require repeated hardware qualification

/N
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We Are Not Alone In
Recognizing This
2008 FPGA Survey <+

e
. EE Times LA EETIMES
- and -
e FPGA Mission Assurance Center

e Survey conducted by Wilson
Research

W
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Survey Specifics

* Follow-on to Prior Survey (2006)

e Sought input from the EDA
community across application
areas/industries

 Primarily U.S.
e So far, over 400 responses

T @& uNM o gounx tessemes



Key Finding: Talent is Available but Not
Easy to Find and Prepare

e Over 70% reported some difficulty recruiting
 We're not doing much to prepare new hires

B1. Does your organization have any difficulty re couiting professionals with an adequate skill set B3. How much of your time for your designer’s thme) k& spent in continuing education {leaming
1o work with FPGAs? how to use tools, etc) - including seminars, courses, and selfstudy?
TOTAL 242 TOTAL 442
Mo answer 8 Mo answer 7]
Count Percent Coumt Percent
B Total 58 100%
Base: Total answenng 354 100% ek Tl ansaEnng
Mo time s spend. All desigrers have all required
Na trouble recruiting x2 I akillz =t gl iAmae: 39 1
Some difficulty recruiting 197 I 1- 11 s por yeor sl E—
A great deal of dificully recruiting 161 1 day a marih 140
We cannat recruit people with an adeguate skil e | % 2 days & month 123 IR
set ) 3 days a month 59 B
| . I . | 4 days 3 manth RN |
[ B, o & or maore days a manth &7 W
1 | i |
B5. How long does it typically take for a new designer 1o be fully productive in your =3 = 0
emvironment? Bd. What do you do the most to proparg your designers to produce in your ervitonment?
TOTAL 4432 TOTAL 442
Mo answar B5 Mo i v Bl
Count Percent Courd Percer
Base: Total answering W 100% Base: Total answering ¥OO100%
nenlice them under an existing desigreer or
They are immediately fully capable a0 m‘:.,, of desigeers S s I
Less than & months ks I Prowidie organized design guidance fom &
B - 11 months %2 T company-defined best practices (designicading 22 1
12 - 17 months 126 IR slyle guides, test procedures, elc) i%
18 - 23 months 22 1 [% Mathirey, they lasen on the job 2
Mothing, we mecryit 1hem with suficier on-the-job
24 months or mone 34 1 eapenence 2 .
Statistics Base 355 Mathing, they come properly peepared fiom 0l
Maan: 7.8 vrdsrgraduatelgraduste educalion programs
) L I | Oither (please speciy) 17 0
[ [ 108 1 1 1
L.} Lo Lo
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Write-in Awards!

 Wish Upon A Star Award

How do you get good designers? m
“By wishing rilly rilly hard!” P

R

BT Upin s G Emorodry Oosa

 Preparation H Award

What do you do to prepare your

designers?
“Nothing, they come ill prepared i ERERE
and stay that way” S
ot —  ETma——




Schedules

e Quick starts
e “Fair’ schedule adherence ... but ...
e Serious impacts when schedules falil

BE. H"T Iﬂ'gg does it take your company to assemble a competent desion team for a new B10. Ower the past year, approximately what percent of your designs been completed on time?
projec
TOTAL 442
TOTAL 442 Mo answer 84
Mo answer 85

Count Percent
Count Percent

Base: Total answering %57 100% Base: Total answering 358 100%
Frojects start immediately %1 I ﬁ% ‘1IC1I; =
Less than 1 month 311 I BO% 190
1.3 months 255 I 0% 145
4 - B mornths 06 Il B0% 54 W
More than B manths 64 W E[I£ 154 N
Statistics Base: Q T 0% 39 1
Mean: 165 0% 53 R
Iu-; ' 5||r'. : wur-I 2% 31l
' 10% 31 L
Mone 6.7
B10a. If less than 100%, what was the impact? Sialistics Base 358
Mlean: B2.29

TOTAL 442 1 L 1 . J
Mo answer L - - -
Note: Multiple response Count Percent
Base: Total answering E;W 100%
Pragram delays 735
kinor inconvenience 343 _
Costly effort to fix 153 Il
Pragram cancellation 67 W
Mo impact 655 W

A
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Management Issues

* Very few managers with relevant background
« Challenges with complexity, skilled designers

B8, Are the managers in your arganization alse skilled FPGA designers? B11. What liave been your greatest impediments to creating designs on fime?
TOTAL 442 TOTAL 442
Mo anzwer 85 Mo answer h 87
Count Percant Note: Multiphe response Count Percent
Base: Total answarnng *"T O 100% Base: Total answering 385 100%
s, Most are 134 N Crverall project complexity 575 I
Yes, about half are [% o W Awailability of skilled designers x2 I
Yes, somea ana, but fewer than half s I Maturity of design toals 27 I
Mo, norne of almost none 40 I Interface design 217 N
L i I ) | Building a proper board salution 145 N
[ 0% 190% Finding an FPGA that suits our needs 99 1N
Finding a proper board solution a0
Other (please specifil 1.0 1R
Dont have a problem completing projects on fime i |
| i 1 i J
= = o
ya

& @ " : .. 9 .
) _'/ “I...I xl INX NATI&IAL L.AaBE').R'.;!T?g |aboratori = LU L




Write-in Awards!

e Wannabe Author Award

Why do your projects not finish
on time?

“| could write a book, but
I'd get in trouble for doing
that.”

% @NUNM  EIXILNX  -hesflames



Impression of Industry Is
Generally Favorable

B22b. As you reflect on your total experience with FPGA vendors, what is your opinion or

B2Za. Az you reflect an your total experience with FPGA vendors, what is your opinion ar
impression of the fellowing? - Favorabile

TOTAL 442

Mo answer o

Note: Mulipls responss Count Percent
Base: Total answaring 349 100%
Technology 940
Ease of use 6.8
Sales reps 774
Support 705
Training 1
Quality of software

Prrigiing =1y
Licensing 536
Interoperability 587

Bi12. Do FPGAs meet your performance needs in terms of speed?

TOTAL 442
M argwir 85
Count Percent
Basge: Total answaring 36 100%
Yes g% 55 I
Mo 135 1R
1 " A i ]
[ [0 0N

& &N gxunx

-
> Los Alamos

impiession of he following? . Unfavoiable

TOTAL 442

Mo answar 183

Note: Multiple response Count Percent

Base: Total answering 233 100%

Licensing 498

Pacing 488

Interaperability 454 I
Cluality of softwars 4311 I
Suppor B0 I
Training 325 q
Sales reps s 1IN

Ease of use 177 IR
Technology 74 B

#
FL

Bi1Za, If not. what percentage jnciease in performance is needed?

TOTAL 442
No answear 27

Ciount Percent

Base: Total answining [% 15 100%

100% 87 H

0% 09 |

a0% 35 11

T0% 35 1

B0% 09 |

50% 26 I

0% 52

30% &7 A

20% 1.7 |

10% 43 1

Mong 40 I

Statistics Base 115

Mean 32.00 | | |

[ o, 3o,

A .

NATICNAL LABORATORY
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Key Finding: Complex System-on-a-
Chip Design is Now Very Common

e “Most” use soft cores

B16. Do your projects require software wiitten for embedded processors?

TOTAL 442
Mo angwer 86

Count Percent

Base: Total answening /e 100%
Yos 730 I
Mo 270 _ C10a. Which of the following embedded processor cores do you currently use and do you plan to

. i i use in your designs in the next 12 months? - Currently use

[T [ 100%

2? TOTAL 442
B16a. If yes, what languages and tools do you use? Nar anewer 10
TOTAL 442 Note: Multiple response Count Percent
Ma answer 179 Base: Total answering 232 100%
PowerPC 47 5

Note: Multiple reaponse Count Percent ARM 323 I

Microblaze soft core

Base: Total i 263 100% 272 [
B ’ Mios soft core 241 1N
EDk CAC+H (gee) 714 & Other 20.3

Embeddad Linux 266 [ #‘1”:'5_'_ N 1§g .-

Linux 179 ensilica .

Other (please speciiy) 194 N B o, =
L : 1 : I
0% 0% 100%

Pa
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Write-in Awards!

e Einstein Award

What best describes your
organization’s use of FPGASs?

“Have no clue”

Or as Einstein said:

“If we knew what it was we were
doing, it wouldn’t be research.”

/N
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Key Finding: Mil/Aero is a Large Portion of
FPGA Community

General Trend: ~25% or more of Reconfigurable EDA engineers surveyed seek:
— Aerospace applications
— High-rel or rad-hard/tolerant components

- S EU or Other rad |at|0n effeCt mltlgatlon B4, What types of applications best describe your primary development projects?
TOTAL 424
Mo answer 9
A1, What is yeur arganization’s piimany business acthvity?
Note: Muliple response Count Percent
TOTAL 424 Base: Total em*s'.».nerll'ﬂ.E 415 100%
Mo answer 7
Asrospace »7 I
Courl Percen Diata communications, networking ol |
Base: Total answising 47 100% Electionic instmments 21.0 1R
Applications sofbware develaprent 22 1 Computers and peripherals 02 -
Commumnicatons campr telecomm, datacarmm, T8 | |Hl.:|_!15'|lli| contral & sutomation 19.3 -
cahle, internstionline senice paovder) “ Military 176 R
Compuler ranufaciurer (handware, < oftwate, 1.3 . Telecommunications 152 R
paripherals) Consumer elactronics 145 1R
Computer-related retailer, distibutor, wholesaler 0.2 Wideo & imaning 123 IR
Salutions provaden’ VAR e-business integrator 0.0 Medical 16 HH
i computer-relstedcommunications - s
53 0 Automotive g0 N
business (specify)
Aerogpace 151 Gavernment & municipal 58 B
Agncultursmirangiailigas 0.5 ,ﬂ,uﬂuj. 53 .
Banking 0 Security 51 N
Business senices 0.0 Power generation and utilities 25 11
Conginschonfarchiteciure 0.0 0 I 1
Consulting (ron communications/computer) 1.7 1 = ' o : o,
Educationfraiming a7
Enginsenng/scimncefresearch x4 TN .
F,,i'nc,a': sfm{:em,m,;unlmg 0.2 E1. Which of the following hest describes your organization’s use of FPGAsT
Governeent: federal (including it aey) 34 1
Governrant, local 0.2
Govemment: slale 05 TOTAL 424
Healthe arefphamacauticalsbiotec hbiomedical 50 B Mo answer 303
Insurance 0.0
Manufacturing and process [other than computer 101 Il |§g Count Percent
related) . .
Midhafmarkitma/sdvedismg 0.0 Base: Total answernng 121 100%
M h
Hg:}";ﬂ:ﬁﬂ:;ﬂ;{m“ AsgCatan Eg Space-bome applications 132 N
Transparialinlogistics 07 A'_'"':' nics applll:_a‘hl:uns 285 IR
Travelhospitalityrecreationfentertainment 0.2 Signal processing 3.4 1
.,U.,tr:mfs el sttt 'i'; I High performance computing 74 R
dlegaletradi'diinbilsd it '
Other general business (pease speciid a6 Il Dlh gn cunxltanl ?;}SEMCES ?E | 4 [:3
E l s — osﬂfﬁmg?s Y ' !' 2 EEE Conceltants. Inc.
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SEU Immunity / Scrubbing are Important
to a Considerable Industry Segment

EZ. Does your organization attempt to mitigate the effects of Single Event envitonments? E10. If & scrubber were provided to your organization, hew muach NRE would this save?
TOTAL a2 TOTAL -
Mo answer 320 Mo answer 340

Count Percent
Count Percent p

Base: Tolal 94 100%
Baze: Total answering 122 100% 958 QR angwering
Under $100 000 745 I
Yes a2 I $100,000 - $459,399 151 .
Ma 18 ﬂ $500)000- $999 959 64 W
0 ) | . | $1 million or maore 1.1 |
= o o Statistics Bage 94
Mean 148 1 | | ,
[ 2 Y * SO0,

ES. I a rad-hard universal scrubber (method for correcting configuration faulisj could be bought E11. ¥What would ba the lime sivings impact if available?

off-theshelf, would your arganization be interested in using this?

TOTAL a4z
TOTAL 442 Mo answer 42
No angwer ix Count Percent
El!?ﬁt Percant Base: Total answearing 100 100%
Biase: Total answenng 116 100% Ciitical 1.0 I [%
vos 505 I important e
No 05 I Mot irnportant 3.0 I
L i i = * : -
. . [ T =

e Lo L
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Write-in Awards!

e “Customer-Oriented Six-Sigma
Center of Excellence” Award

What Could FMAC do to best
help you?

“Quit sending out 12-minute
surveys that take 1-1/2 T
hours”

® Los Alamos
E r Xl @M\UNM  $IXILINX e
N



FMAC'’s Highest Priority — Education To
Ensure Qualified Designers!

» University-Level Programs
AUNM g v e o

« Community College Outreach

CNm>

 Industrial Outreach
* Professor Workshops
 High School Outreach

Pa

)
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EST.1943 ————


http://www.lsu.edu/
http://www.cnm.edu/
http://www.centralaz.edu/x15.xml

Efforts to Merge FPGAs on Small Satellites

« Working to develop
CubeSat constellation for
space weather research
utilizing Virtex-5 SIRF
FPGA

e Collaboration between
UNM, NM Tech, AFRL,
Los Alamos

Pa

Los Alamos
E ,1 UNM &7 XILINX ‘LoaNamos
.H-'- — E5T.1943 ———
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http://images.google.com/imgres?imgurl=http://www.basicx.com/custapps/cubesat.jpg&imgrefurl=http://www.basicx.com/custapps/custapps.htm&h=216&w=244&sz=16&hl=en&start=17&um=1&tbnid=YXumlRlhGXjG9M:&tbnh=97&tbnw=110&prev=/images%3Fq%3Dcubesat%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.czcube.cz/docs/Image/050910c.jpg&imgrefurl=http://www.czcube.cz/&h=600&w=800&sz=49&hl=en&start=1&um=1&tbnid=B0e_tO4zeeYuJM:&tbnh=107&tbnw=143&prev=/images%3Fq%3Dcubesat%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://cubesat.atl.calpoly.edu/media/Developer%2520Content/Pumpkin/cubesat_kit_family_3U2U1U.jpg&imgrefurl=http://cubesat.atl.calpoly.edu/pages/suppliers/pumpkin-inc..php&h=540&w=800&sz=220&hl=en&start=9&um=1&tbnid=W8cz5KbopPFrOM:&tbnh=97&tbnw=143&prev=/images%3Fq%3Dcubesat%26um%3D1%26hl%3Den%26sa%3DN

Test & Validation Processes for Aerospace
and Defense Applications of FPGAs

e Los Alamos efforts in
characterization of single
event sensitivity, MBU, SEFI
analyses.

T
i ¥ B .
b e
- ’ WL -
. f*l ' s
i .+ v
-3 L - -
e
- o

T 32 i

e Sandia/UNM collaboration on
the Materials on the
International Space Station
Experiment (MISSE) Project.

/N
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FMAC Is At Your Service

Visit us at:

e Wwww.fpgamac.com

Or join us at:

FPGA Mission Assurance Center

2350 Alamo Ave., SE

Albugquerque, NM 87106-3202

505-242-0339
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