PCT/SG2019/050440

WO 2021/045676

1/17

100

NPUs 102

()

CPRLY

120 —1

FIG. 1



WO 2021/045676 PCT/SG2019/050440

2117

200

{J
202

gxecuting, by the at least one central processing unit, /
one or more neural network applications

204
assigning, by the at least one central processing unit, a f

plurality of neural network tasks obtained from the one or
more neural network applications to the plurality of neural
processing units

FIG. 2
300
forming a plurality of neural processing units, including a 300

first neural processing unit and a second neural
procassing unit, wherein each neural processing unit /
comprises an array of neural processing core blocks,
gach neural processing core block comprising a neural
prOcCessing core

304
forming at least one central processing unil /
communicatively coupled to the plurality of neural
processing units and configurad to coordinate the
plurality of nsural processing units for performing neural
network computations

FIG. 3A



WO 2021/045676 PCT/SG2019/050440

3117
320
Neural Processing
System Architectural
Specifications
X ¥ *!‘
{ . . h o ' 326
Design Deasign Design
]L Neurocore A Neurocore 8 Neurocore £
, ] {
Bl Build Reild
Nash Muash fesh
................. k. S . A . 330

‘ A ) o times
( Build NPU{0} ] [ Build NPU{L) Jmmmw [ Bulld NPU(n) ] /

I

Global routers
intercomect

$ e ina Tadele Relets
Uitlize Beduin Deidige

3

integrate (PU Newral Provessing SoC
S{:&s&&t&mi's} Jesign phass vomplets

FIG. 3B



WO 2021/045676 PCT/SG2019/050440

417
5
=412
420 422 418
—
= 402
428 410

419
426 | 424

406 404

FIG. 4



PCT/SG2019/050440

WO 2021/045676

517

SO

o
s iy (1]%9 8¢CS
SRI030INAY zss o) soaonBE ,/ /
»mma asdeuls p70TXET0T /Kxfx : | asdeuls gozxacy /&uw P— Anv
¥ _ . /1 : \ RN
R — % .x Rl Wm
m ] P “ LEants N ol
g | et | b TR SR R U R
&M@c% o] hiowiaiy A..wv
: | | H | wapshs e
e "
i MX“ vm wo X soulgnay Aeagn
Hisis | uoseaddy Auv
7 vm - | & | " fid)
- san [ NN r
\1 01 90S TN 80S  $0S PlIgN 0zs
\ J
008 |
20$

¥

=

s

G
niey

bes
VS
oldn s
W
WARJS »
W s
®wn e
SO
UOTEINMUAGOS
1OIUeY
#44
zes/

- washsgng ndd



PCT/SG2019/050440

6/17

WO 2021/045676

9O

““‘!“““'.‘“““““!“!“““‘!"!““!“!J

“ m M mnwwumm\”mmm ”-usan-—-u-nun-u.-'-na-nhuunq-‘a-b-uo-‘-—nun-,-n—u'—-"M
| ~ 1 ¥ _ : '
i b Bie( 90 ; :
“ M “ i m ¥ m ; PhS uM
0 W '

L . PN sy || |

} : . _ o

m*,. ! “ ” I pwweidoy | ”, o M

“ i (| RSN N e [0 oLigey
| i i D 190 | et {06430 “ o i
I j m N “ ) RiEp 3 tagsng
{1 , '

| P uswedsuep .._ 43 " Nndd

! a1l et 0% x:zmmmﬁm oy |

i I Y I ngom sz m \ bﬁ\w aagmwa mm

| m “ s ooy pa 1

¥ ; " 7l oy | i)

ki N T ] Ml e W

_ T oo [ - —

“ L vtkk— j L m M —mnﬁ_w D&Z FAXRARSRIRAT IR AP SR X R ARSI IR P AR PGS RORIHAI SR RUREAD M

| i ; f

| I _ |

SN 388 SN HSC 36 SN 005 100 601 308 1 S0L X0 60 S0C 100 S0 N0 105 SN 35 186 S50 306 5 660 00 SN SL 106 S8 00U 106 S0C 306 5 S0C 108 SN 001 100 GNC 208 B8 S
L 3 2 2 2 2 3 2 2 ¢ 2 %+ 32 2. % 2 2 % % : $ 2 3 3 3

S N Z a3pugauiged NdN-Nd)

08



PCT/SG2019/050440

WO 2021/045676

7/19

VL IId

. punsin
HOWILOT) v

S
33003

3380 300

R s sn e

uads

>
000 3000 300t 200t Mwt 20w J0ar Jewr vw.
3 ~

o~

kﬁxwom

JoyRIBUeY
A300

m« o Mﬁ m.u Aporsrore
Vm Umm u \\.\\\\\\\\\

N 193

3

24030Q4NaN

T

-

-

&>
T U T s g

4 1oy J8mog “V..:.....;::.:....:;;...::.if...

80¢ 08



WO 2021/045676

8/17

PCT/SG2019/050440

NPU 2Z-

Opcode Address

31:24

Spike Address or Payload

23:16

SHg-¢€

Neurocore Y-Address

15:8

Neurocore X-Address

7:0

8-bits

FIG.7B



WO 2021/045676 PCT/SG2019/050440

917

519

/

Neural Computing Unit (Neurocore) 560

£ O NN NN MO0 RN 00 0 RO REE R RN KRR GRRE RRN RR SR R <R RRC RAE 0 RRE KRN R RN GRRE RN NN G R NN SRR R MR R R R R R O S0 R

/362 Memory Synapse Array

gy

Clodldng Raset Logic

3

ck ——
ISt ==\ | Serial Prog || CREG Unit
BSYNE
SPEO mie!

Hiss. sisr 2E AR

e 215

i
R
K

i

LINNTY
EiOi W i)

570 §
LUT SRAM
1 * Qutgoing
Spike Address

FEEEl

5481900 NVHY M=

savpds yndug

2180
ASeN

566 \ Membrane

LI, I SIS AAE, LI FAPE: FIPE, HEEr FILE. “GILE, Se SIIS, AHr AIhs FILE, SHr. $APfs FAPE, HEle FOLE. “PIIE, Fs IALS. SIF s SIHS. PHIE. AAAE: FAEE, FOle PIPE: PILo,

O LI SEEE: AL HEL COE: SRS, FAES EELE, FALs, A SAEE. IR SALE: SEES, HEEe SIA: AL, YA HEE, UHr SSIE FALE TIE HLE O

Registers
@ Network 3 ROUNIY
3 = | 568 Newron || Add
?4\ interface fi’; " core || Sub
582 580 , \574

To NoC Router 564

FIG. 8



PCT/SG2019/050440

10/17

WO 2021/045676

016 6 "OIA
ﬂ““"“"*"’!“‘!""““‘!"!ii“""!!“"‘!""“m \.\N
! \ 816 P,
i P / M.ﬂm ﬁ«u M ‘C\w\ﬁ
“ gau 12 Y VNS ! " |
“ T v
§ ¥ “ W f . B
w A ' P16 ! “ i
*
g : N o i
NBAR : _ ! | _
{ v , A I
N i .m 04l _m sy eatday apds W m “
- v Wt £ 0012 Y | uopagasuosied « § g |
N i % AU mmmmﬁq | unngusig Uesney W “ !
¢ ndu ; by |
mﬁﬂew@w 4 “ Lol zoun o Jojeiausn aydg | | | !
0y sapds | & AU | $ |
i _ “ B .|
L2 AU e 13U e ydg 016 P |
i W |
w N o |
w ...... o @wgmw ww &vmmm W .\,‘"« “ : “
! AHU 13peaagnduy S , _
P
m T PHTFIFL P
5 t
L S |

S YIRIOININ @.@%@d @m& w0l ....U:....:.....:......,:%:
06

006 0} sy gyep Indu)



WO 2021/045676 PCT/SG2019/050440

11/17

562 Memory Synapse Array 5

sy vyy WxN

e *

1020

FIG. 10



WO 2021/045676 PCT/SG2019/050440

12/17

516

{/

To North
Router

To Neurocore
Network Interface

NoC Router

IO SO NI SN AR SRR N RN N R NN NN

SO0 SO0 NN 20 o .\§ NN R RN R RN N O N
N

interface | '\ ' Interface 550
Unk & N 18 Link -4 5o
A0 |\ O\ o |

\

srsr srsr tag
v

ps4

SN RN masterdy slaved
\\ \ RN \\., ‘/558
Nexvnakndsanrsvsnntssnnass )

Matrix Switch
Crossbar

7
s sssssd

st s B I H100 1112 HIE2.

Interface
Link
FIFO

§
y
§
§
§
¥

To West
Router

| To East
Router

rarsxsxana

%

Gs hb At EA

Sy t nt e {.f ace

3 MMRATFFXXRFERXTIERRRIE XX RS 3
& \ Link

HEQ

~n

(]

PR

3

Y
orvossnsioniiy;
3

e Ats S0 HEI1 P12 P L.« 7

ez

clic | Arbitration

x Interface
: Logic
apos——* 8 Link

U 556 FIED

T NN AN AN AN AN ANV AN N SN NN MM NN SNN NN NNN N AN

s st st

¢ NN NN NN NN NN NNAT NAN NNN NN ANV AN AN NN

To Séuth
Router

FIG. 11



WO 2021/045676

1200

N

q\\“\“\‘\“\\
AR

R
Py s SRR
~ IR

JURRPREE

SN

RS

ey

7
7
174

Nogwo

N

SN
R

AR

N

s

A
AERRE

JURNEE

|

&""“—\“\\“\,\
TR

SRR
e

NN

s
l\\v\\w

S

IR
W
A

PCT/SG2019/050440

FIG. 12



PCT/SG2019/050440

WO 2021/045676

14/17

]
K
¥
¥
¥
]
¥
K
]
L]
3
3
[
¥
3
]
K
K
]
¥
K
¥
¥
K
L

el “OId

BRXSSRNESHAASFAATHNASU NN EEXASIRASS AN NN ST A P RAR I XA SR NN PRSP RN A AR AN RN RAR ARSI RASD AN AN AN AN OB AN RN ANAII NS Yy
R e "

o T :

- 5P ViV, f o3 .

‘ Q W.,::; .A ,,,,, ’A ..... ‘ .A 13 _.,

py | P i —

pagduy ey daang) R H

0I€1 00

]
u;nw:m::.::..n:::ww::u:m:::::m:::::um:::::;:u::::mm:\n\::.:.::::s::::wum::m::. 132114

\

00¢l

J0JRIBURY 00D

0el
Y0el



WO 2021/045676

1404

1408

\ Library Routines

~| Problem Specific Application

15/17

(C/C++/Python)

Embedded Operating
System

Device
Controllers
{LUSB, ETH,

DDR)

NPU{s) CPUs)

FIG. 14

PCT/SG2019/050440

Application
Layers

............... Operating
System Layer

1410

Hardware
Layer

1412



PCT/SG2019/050440

WO 2021/045676

16/17

0

VSI *OId

e,

/

7 s,
e H
% H
W
% \
\\\.\\\\\ \.\.\\
Wy " $C s & (YT o AN 4
gv T o~ YL X Mdn;q
o e =3 pes.
2 v 3 s
s 2. > %
2 3 7 8
VARTY A AR 4
Y £5%
7z T
¥ 7%%

21030NaN

-

w3

Ol
padden

PPy,

/
<

gyt

‘,\.\“\i\\\\

/

IOty

/ g

7

7 %
7 :
: ;
i 7
% 7
%, 7

A

“strrpp

ottt

S

.\3\\\\\\\

e,

Y
1Bbgy

ﬁmﬁwm&&w
Ay

&




WO 2021/045676 PCT/SG2019/050440

17/17

deuroctre

D O
. o . de ade . b B R ne $

m i [ P
NOIR R OLR
S D - ol o
* hd Ad
ws ™ N RN o3
& Ny B
N Ry s
ee ey o NS RS
Ak b D "N oW o~ o~ o~y

-§ B
b
g - £
N N X S PN o
o ENd <Y =< & s
o > & > P ¥
RS R S S TR S
e hsd &R R
R ~2 By <F Rt WD
N W W% 3 Y A Wy
) o8 ¥ 1'% N S i
R N o < N3 ¥ -2
5 W Ry % ¥ TN Y
] v~ v S < - - v~ Py
o2 oy o~ o~y
R gk ¥ D3
N o o ™~ o
5 N b 2%
. [ ol v
o~ ey "
S A8 SN DI
s N v o

oy &y
. o X
W ot
N
N S v

FIG. 15B



