'DEEPHi now €7 XILINX

iscovering the philosophy behind ST o

EEP LEARNING COMPUTING

AEFIBRESRGHIRE

ya e
AEAFHETR

yu-wang@tsinghua.edu.cn

[21']

www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



L . v
PEFER A 20 XILINX.

Part

I Discover the Philosophy behind Deep Learning Computing

L | ATAZEMEREEFS]

Page 2 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



[ . v
B hHNiE DEEPH; 1ov £ X|LINX.

-

RRTEL
R4

Page 3 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



DEEPHi v 27 XILINX.

CPU

fix oy

Page 4 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



DEEPHi v 27 XILINX.

TE BKSelsmA
VF RS s s
RS AR
HEAFBEFRTER NS
ERARBFEE RE RGE
ACM FPGARAZE A& b AME—pl R
IEEE/ACM Senior Member

BR BEALIRALCTO
BEAFBRFRELT

s EIE TS %

IBM PhD Fellowship

A EEDLE ST E 8 Ea A

Biltth LB 8 A FPGAR A TR A

A BKERImA
SHREINIREZIRRSER SR
MIT EECSEIRH %

HiiBIE A S, JRABII Dally#3%
Deep Compressionds A42 i &

ICLR 2016 it

wk B & 8U4H A&CEO
BHERFETREL
BRI FR T RIGAFE
ANHER PR T RERNER

MIT Tech Review 35 % {354 6 #f35
a7 47 F 30 Under 30

R

RET
ERYE NERY&E NA¥E

>SS

b4 C- P 5 3

é@‘? A [ ,19'\6'

2012 2013 2014 2015 2016 2017 2018 2019

Page 5 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



BEMTESCFNARTER DEEPHi 1o 57 XL INX.

12
R e
TR B

””/://’
eate: FE—&,
RT 45 BTIHE., XiHE
o2 e MO SRR ERRERTR

£

BRI AR /

T ZREE R R IREI R

>
ABESTERTEES & A ]

BEThFEFI T &1 (5] R Girh ESRIBERER

www.deephi.com 2018 DeePhi Tech. All Rights Reserved.



CPURYH AL IR DEEPHi v 27 XILINX.

CORE 17

X-series

.
s
e
e
s
.

Page 7 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



PEFERE A 20 XILINX.

® FPGA Simulation _10TOPs/W - 1TOPs W,
FPGA Test -7 -7
FPGA Product

A ASIC Simulation
ASIC Test
ASIC Product
GPU Product

4 RRAM Simulation
RRAM Test

10GOPs /W

1GOPs/W

W
o
l'-Ll
S’
[y
U
=
W
-LI
-LI
[w]
o
)
w
=
[=)]
o

1

log(Power) (W)

STICKER-serial

DG E MRS

BIERT X|EE
ISSCC19 TCASII117 VLSI18

AT EREMED
FEE FH—
ISLPED17 &i+3E 3R
VLS12018 VLS12018 VLS12019

www.deephi.col © 2018 DeePhi Tech. All Rights Reserved.




FestE+FiEEL A Rt DeEPHi o 57 XILINX.

FHE— BT p R

Processing Optical
- In-Memory Quantum Computing
Computing
ES S 04
bl 4L | BT

d Origin Quantum

IRMESE | FHép.
E—iing -

MYTHIC

ref:Lin, Xing, et al. "All-optical machine learning
using diffractive deep neural networks." Science
361.6406 (2018): 1004-1008.

F|5h
I\ Optalysys

rigEtti ]Bit ? LIGHTMATTER

© 2018 DeePhi Tech. All Rights Reserved.

-||I|

D::\LWaVle

The Quantum Computing Company™

SYNTIANT

Page 9 www.deephi.com



L . v
PEFER A 20 XILINX.

Part 02

Discover the Philosophy behind Deep Learning Computing

1 ERENELGESE

Page 10 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



- BREX/RGE -
Google

B Microsoft

aws TEf

s —

€ 7

W2 piae

HUAWEI

Alibaba Group

PP EH
o)
FUJITSU NOKIA
TOSHIBA
—
Hewlett Pack
Enterprise

ShHITE

Al Chip Landscape

IP/BTARSS — —

SAMSUNG
2’ NVIDIA.

QUALCO/ww

AMDAN

& XILINX.

© BROADCOM’

arm
SYNoPsys
On

imagination

cadence

Source: E#+Z, “Al Chip List”,

https://basicmi.github.io/Al-Chip/

FREl# el

Cambricon
£ R £ ® B

I -

Horizon Robotics

BITMAIN

intell/ dusion

mREE

A3 E#]f ik
€

Graphcore’

Q@ thinci

LIGHTELI

I:' KALRAY

- 5 Preferred
brainchip P NEWos

PEZY Computin
& EE!]E p g GREEN_EUNOLNE:
SPESCH & % Bt A\MOTIVE —
A fE kW BME W Q Tachyumw
P Rokid|
@ FARADAY F SEMERF
NextVPU gyrfalcon AP
) technology "j':;' F Esperanto
((Enflame
Compiler : Benchmarks
T T - o — NVIDIA
ensorFlow orc
g TensorRT MLP(erf AI - Benchmark Al Matrix. /\\\{\

.~ \ nGraph Compiler stack (Beta) eploidML




DEEPHi v 27 XILINX.

—R i SR X RAZEY
| A N/ A \
1R WEEES REES] BRI A2 PR 4%
(OpenCV+DL) (X ETEETE)
gl 5% B4 R R R A BENABRAR
BEAY eeasssssees) PR

BN ASEMBCESHSOCHE: Pk FAT

HliE+IP+ TR+&EmMEAR

Page 12 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.




DEEPHi v 27 XILINX.

FR4 MLU100
20184%5H

https://www.1caifu.com/school/news/detail/84/38667

Google TPU 3.0
2018%5H

http://www.sohu.com/a/243238471_99970711

Page 13

HE R®
2018%E7H

Amazon
Inferentia
20184118

https://news.mydrivers.com/1/605/605344.htm https://www.ithome.com/html/digi/361281.htm

www.deephi.com

£Hh R
2018%F10H

HHFEEIL0

http://www.eetop.cn/view-6904631.html

Intel
SpringCrest
2018%5H

me

. SPRNGCREST

EEE PN RO ES
20184E10H

| SOPHON | i
: BM1EB2

. EAOD18AR4-ES

http://mwww.elecfans.com/d/847284.html

Xilinx ACAP
Versal
20184108

http://www.fmups.com/html/1498025114.html

© 2018 DeePhi Tech. All Rights Reserved.



=I-

mtil+n DG LBH?

DEEPHi v 27 XILINX.

ﬂwho?

O <%HE"£¥E> (((A))) <?9‘é1’ﬁ|ﬁ|ﬁ>

1A%

e 4

Z Uiy
FEA ST

PPPPPP

Bui, FW,

R
BERINGAIBEES

EE

—
"

-~

RN+ H

© 2018 DeePhi Tech. All Rights Reserved.



L . v
PEFER A 20 XILINX.

Part 03

I Discover the Philosophy behind Deep Learning Computing

L | &XHEH+RGHRE

Page 15 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



‘ [ERI&ITE

‘ HiliE ‘

|

‘ ARG ‘

‘ R B ‘

gt

Page 16

www.deephi.com

DEEPH: nev 27 XILINX.
Intelfl|3Z 8080 286 386 =B EBI EFI EEEIS E&i9
1968 1974 1982 1985 1993 1997 2005 2009 2017
CPU: EF®X 2002 2007 2014
THE—8 =S  BEHE10T
20064 INF Y g5 . Nvidia TX1  TPU by Google
Movidius Bl 37 |' AV m Bt 20164E38 2016458
"J“ >
20154 7H 2016E3H  201643H
th I %61 31 AER O BERXLRIEEIN
‘ MYTHICEI3Z SYNTIANTE!Z
hest: [El—iEigk 20164 20174
201745

MFERHL

© 2018 DeePhi Tech. All Rights Reserved.



FPGA/GPU%RIFE

[ . v
PEFERE A 20 XILINX.

CPU

Page 17

GPU

NFRFESR

N XM

FPGA

ASIC

<
&
op

www.deephi.com

CPU

FPGA ASIC

© 2018 DeePhi Tech. All Rights Reserved.




L . v
PEFER A 20 XILINX.

Part 04

I Discover the Philosophy behind Deep Learning Computing

L | REEVEE~FMEE

Page 18 www.deephi.com © 2018 DeePhi Tech. All Rights Reserved.



o .+ XILNX

Broadband Personal Internet Cloud Enterprise Entertainment  Robotics & Assistive
& Mobile Microprocessors Computing & Web Computing Systems & Design Technol ogies

| ' | » fEE B R A
1\ BfEHC: — P EE S EKIBEE10EA
48 WNIBSE I 012 2 4 T A4S
2. HH T IR R S S S A
3, ERER: E—HEMFER R, SEE
T FISERE S %R

4. RG—MRELBK (BEF) , I AEETEH
—uaE () FER, XTAEI’J%Z‘ZEJ

Continue Innovation in Information
Technology, NAP, 2012

Digital Computer Software Networking Parallel & Databases Computer Graphics Al & Robotics
Communications Architecture Technologies Distributed Systems

Areas of Fundamental Research in IT

o wm [ndustry REI = n s Products p— | t ]

FIGURE 1 Examples of the contributions of federally supported fundamental research to the creation of IT sectors, firms, and products wit
economic impact. Tracks added since the 2003 update of the figure are described in Appendix B. See also Box 1 and Appendix C.
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