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UNIVERSITY OF CALIFORNIA, LOS ANGELES . UCLA
 
BERKELEY + DAVIS + IRVINE + LOS ANGELES * MERCED*+ RIVERSIDE » SAN DIEGO » SAN FRANCISCO SANTA BARBARA + SANTA CRUZ
  

OFFICE OF CONTRACT AND GRANT ADMINISTRATION
BOX 951406

11000 KINROSS, SUITE 102
LOS ANGELES, CALIFORNIA 90095-1406

PHONE:(310) 794-0102
FAX:(310) 794-0631

www.research.ucla edu/ocga

August 5, 2010

DARPA/TCTO
ATTN: DARPA-BAA-10-78

3701 N. Fairfax Drive

Arlington, VA 22203-1714

The Regents of the University of California, Los Angeles, is pleased to submit the following proposalin
responseto solicitation DARPA-BAA-10-78.

Title: “Energy-Efficient Butterfly FPGA Hardware and Programming Tools.”

Requested Period of Performance: September 15, 2010 — September 14, 2013

Amount Requested: $2,374,111

Principal Investigator: Dr. Dejan Markovic
Departmentof Electrical Engineering
dejan@ee.ucla.edu
310-825-8656

This application is being submitted in contemplation of an agreement containing mutually agreeable terms and
conditions applicable to educational institutions conducting unclassified fundamental research.

Since UCLAis a public/State institution, open dissemination of research results and information, commitment
to students, accessibility for research purposes,and legal integrity and consistency are part of the University’s
Principles/Policy. The University does not discriminate and impose restrictions on any individual as a result of
their nationalities.

Ifan award is made, please be advisedthat if it is funded by budget category 6.3(Advanced Research) and Is
considered Non-fundamental research, we will not be able to accept the award due to publicationrestrictions.

Your favorable consideration of this proposal would be appreciated. Technical questions should be directed to
Dr. Markovic. Administrative and contractual questions, should be directed to me at (310) 794-0155 or via
email at jzhu@research.ucla.edu.

Sincerely,

SulioShu
Julia Zhu

Senior Grant Analyst
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Executive Summary 

UCLA offers to perform research on a revolutionary new FPGA technology consisting of FPGA 

hardware and supporting mapping tools.  We will design, fabricate, and test hierarchical FPGA 

interconnect network to demonstrate FPGA technology that is 15x more energy-efficient than 

existing FPGAs.  The new interconnect architecture allows for significant reduction in the 

number of switch points, buffers, and wire length in comparison to standard 2D-mesh 

architecture used by existing FPGAs.  The proposed technology is a radical departure from 2D-

mesh design, which for N logic blocks has complexity O(N
2
), incomplete and heuristic routing.  

The proposed technology has only O(N·log2N) complexity, complete and fully deterministic 

routing. The proposed technology has significant benefits: 15x lower power, 3x lower area, 2x 

higher performance compared to existing FPGA technology.  The new FPGA technology will be 

used to demonstrate HPC benchmarks with a 15x higher power efficiency for DOD and 

commercial users. The PI has established interactions with industrial partners that will lead to the 

transition of ideas into the commercial space. 
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Section II - Technical Details 

2.1. PowerPoint Summary Chart 

 

 

  

•
P

ro
b

le
m

:P
re

se
n

tly, FP
G

A
 ch

ip
s u

se
 2

D
-m

e
sh

 arch
ite

ctu
re

, 
w

h
ich

 is ve
ry co

m
p

le
x (o

ve
r 7

5
%

 o
f ch

ip
 are

a is in
te

rco
n

n
e

ct). 
In

terco
n

n
ect resu

lts in
 en

ergy
-in

efficient co
m

pu
tation

s!

•
O

b
je

ctive
:sign

ifican
tly im

p
ro

ve
 e

n
e

rgy e
fficie

n
cy o

f FP
G

A
s.

Te
ch

n
ical C

h
alle

n
ge

 an
d

 O
b

je
ctive

•
O

u
r h

ie
rarch

ical b
u

tte
rfly in

te
rco

n
n

e
ct sch

e
m

e
 sign

ifican
tly 

re
d

u
ce

s in
te

rco
n

n
e

ct co
m

p
le

xity. 

•
Id

e
as ve

rifie
d

 o
n

 ch
ip

 (3
x re

d
u

ctio
n

 in
 in

te
rco

n
n

e
ct are

a
).

•
K

ey p
ro

p
o

sed
 in

n
o

vation
s:

•
In

terco
n

n
ect arch

itectu
re o

p
tim

izatio
n.

•
H

ard
w

are d
em

o
n

stratio
ns o

f area, p
o

w
er, an

d
 p

erfo
rm

an
ce.

•
M

ap
p

in
g to

o
ls fo

r th
e n

ew
 FP

G
A

 arch
itectu

re.
•

D
e

m
o

n
stratio

n
s o

f H
P

C
 b

e
n

ch
m

arks.

K
e

y In
n

o
vatio

n
s

P
I: D

e
jan

 M
a

rko
vic (U

C
LA

)

•
N

ew
 FP

G
A

 h
ard

w
are an

d
 m

ap
p

in
g to

o
ls.

•
W

ith
 sign

ifican
t im

p
ro

ve
m

e
n

ts:
•

P
o

w
e

r (1
5

x)

•
A

rea (3x)
•

P
erfo

rm
an

ce (2x)

•
To

 d
e

m
o

n
strate

 H
P

C
 b

e
n

ch
m

arks 
w

ith
 1

5
x h

igh
e

r p
o

w
e

r e
fficie

n
cy.

•
Fo

r D
O

D
 an

d
 co

m
m

ercial ap
p

s.

Exp
e

cte
d

 Im
p

act

S
lice

S
lice

K
o

n
d

a
 N

etw
o

rk

C
L

B

C
L

B

C
L

B

C
L

B

C
o
n

n
ectio

n
: IN
: O

U
T

C
L

B
C

L
B

C
L

B
C

L
B

 

S
w

itch
C

o
n

n
ectio

n

2
-D

 M
esh

 N
etw

o
rk

B
u

tterfly
 N

etw
o
rk

2
D

-M
esh

 N
etw

o
rk

E
v
en

 w
ith

 ju
st 

4
 p

ro
cessin

g
 

u
n
its, th

ere is a 

3
x
 red

u
ctio

n
 in

 

th
e n

u
m

b
er o

f 

co
n
n
ectio

n
s 

(2
4
) 

(8
)

N
u

m
b

er o
f LU

Ts
2D

-M
esh

H
ierarch

ical
Savin

gs facto
r

N
 = 1

 k
1

 M
9

,9
7

 k
1

0
0

x

N
 = 1

0
0

 k
1

0
 B

1
.66

 M
6

,2
0

0
x

N
u

m
b

er o
f co

n
n

ectio
n

s in
 2D

-M
esh

 an
d

 H
ierarch

ical n
etw

orks

En
ergy-Efficien

t B
u

tterfly FP
G

A
 H

ard
w

are an
d

 P
ro

gram
m

in
g To

o
ls

M
icro

p
ro

ce
sso

rs
G

en
eral 

P
u

rp
o

se D
SP

s

~3
 o

rd
ers o

f 
m

agn
itu

d
e!

D
ed

icated

1
2

3
4

5
6

7
8

9
1

0
1

1
1

2
1

3
1

4
1

5
1

6
1

7
1

8
1

9
2

0
C

h
ip

 N
u

m
b

e
r

0
.0

1

0.1 1

1
0

1
0

0

1
0

0
0

Energy Efficiency 
(MOPS/mW)

G
e

n
e

ral 
P

u
rp

o
se

 D
SP

s
an

d
 FP

G
A

s

30-50x

2D
-M

e
sh

 FP
G

A

O
u

r FP
G

A

>
2x o

ve
rall ch

ip
 are

a re
d

u
ctio

n
>

2x p
e

rfo
rm

an
ce

 im
p

ro
ve

m
e

n
t

>
10x lo

w
e

r p
o

w
e

r

w
w

w
.b

e
e

cu
b

e
.co

m DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

4
 V

irte
x-6

FP
G

A
s in

sid
e

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

U
C

L
A

4

w
w

w
.b

e
e

cu
b

e
.co

m DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

4
 V

irte
x-6

FP
G

A
s in

sid
e

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

U
C

L
A

3

w
w

w
.b

e
e

cu
b

e
.co

m DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

4
 V

irte
x-6

FP
G

A
s in

sid
e

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

U
C

L
A

2

FM
C

 in
te

rface (1
60

 p
in

s/ch
ip

)

w
w

w
.b

e
e

cu
b

e
.co

m DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

4
 V

irte
x-6

FP
G

A
s in

sid
e

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

DSP SM_9_1

DSP SM_9

DSP SM_9

DSPSM_9_1

O
u

r FP
G

A
 ch

ip
s

U
C

L
A

1

Page 5 of 43    IPR2020-00262 VENKAT KONDA EXHIBIT 2003

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


