WO 2019/222185 PCT/US2019/032181

1/68

Conroller 1107

bl string

bif siring —
= Procassor Memory
¥ E; ¥
Oplical o PhOlonic Processor |t Oplical
Encoder ot 1403 mt RECENE!
A il " LA

Photonic Processing System 1100

FIG. 1-1

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

2/68

o3

S22 5

R
e &2 &
Q.&::M El
e £ ERen e

PCT/US2019/032181

&
g

To Controfler

&
¥

&
%

uw—-‘ [ —
= e o «}%
e b5 B N
o o
2 e O
EX mir e
® & 2 ® ®  0®
3 £ aqr e
[ o] Bl E 222
s 2R e
e S s T e 3
2= 82 o
s -
»  ® & & PR
Qg
&5
=23
5...-.-
T
o
£ &=
& O
- T e
«Xy LR g
=z 8 o=z o~
e B S s
s = e
P
[ 3 n
H
— g
<3
=
[+
o 3 &2 [
s B = SRR &3
I3 [~
<3

SUBSTITUTE SHEET (RULE 26)

FIG. 1-2



WO 2019/222185 PCT/US2019/032181
3/68
~
¥ V)
w5 N -
=]
=
- = -
= L2
<3
E—..—.
O
= =
e 3 & st g
&5 A =
L2l
L2
fead
L d
=2
i
&3
|
[y
k=] e s s & & o«
P i
&

SUBSTITUTE SHEET (RULE 26)

FlG. 1-3



WO 2019/222185 PCT/US2019/032181
4/68

= @ @
& s 0y [
f o ]
g PEEap DL s,
5B e 23 2] s
£x3 Fan) o
g ooy Ko ]
J— P R ) B
P S Ty T
X3 Xy i
E l 3 E ﬁ
g
R e o e = PR -
&3 o ) ot el
E l 5 E bl
ooy S 3 e D
=% £ L &3 8 <=
& o < ) R
il 5% i
o pod BT = = =B
&3 & o2 o) 2]
L £ Pt o o653
<
«:}:u‘sf_‘k@:
el Lo ¥ | (e ] s LX) L2
= = = =B = =
a7 o808 e [t [ £

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
5/68

3
4

&
¥

FIG. 1-5

<33 az
L2 3
<5 o
&= (=

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
6/68
® & @
RIS
<
L £ o = ESO
3~ e 5
ooz l
frionc]
§ ﬁ ® & @ s._;‘E
L = |
e o e
3 e
® & @

SUBSTITUTE SHEET (RULE 26)

FIG. 1-6



WO 2019/222185 PCT/US2019/032181
7/68

&
o3y
=
Forenn
£
B
P
§
"
Li.
TR
L2
&
o
=
&
[
f 2]
==
&2
£

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
8/68

oo} <4 Pagunnn IR
~r e - o
[ yeuns } s } [ ] [ J
= o =g =
= L] ~ @ = ® = »
LI Ll Ll LEN [
X o = ) X% Q2
B
X3
-
T
i
e}
e
o
R
< Lot
e
S T €r3 3 5]
agmres £E3 X3 %’
J—
KB
s
LD Pl )
-
g £33 m}
3
s

Power Trae 14203

.

From Light Source

SUBSTITUTE SHEET (RULE 26)

FIG. 1-8




WO 2019/222185 PCT/US2019/032181
9/68
-
RIS
P 5 =
R
& & & &
=]
=3 .
=P g D
3 =
<2
Em
& & 4 &
[ Xl
=
o %
o e .H
e = = b
£ e 03
&5 e
- - =
o
L]

SUBSTITUTE SHEET (RULE 26)

FIG. 1-9



WO 2019/222185

10/68

PCT/US2019/032181

Ta Controlier
f
%

Local
{scilator

B

igh
M

From
source

SUBSTITUTE SHEET (RULE 26)

FIG. 1-10



PCT/US2019/032181

WO 2019/222185

11/68

A e
mmw_‘ _‘ ss iﬂm.ass.vu.uss.w,, 3 wmgwuw @mmwwzwéf! .mgmmwmw
A mm T
100888
, ; 183p00U7
2 poL-L-" eyl
p m 0601,
,,,,,,, ] S}~ 80003
" g PO
i 1opeig
/ AR
N SUADOCH
n
4011 ﬁ@&
R SUADOLIG
L T S =
; G4l opsies A
S e
201
B0} b}~ 18pooL
S B0
| J00255 K080
uADOWO
BG4~ s

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
12/68

M%Dix
N Fholonie N
NFonlends  b—fomel  Prooesser  —%wl  NBackends
(N modas)
\ \ \
14203 2 14208
FIG. 1-12A
14203~ Frontend 1121 11213
/
: i
M Optical \
= Eﬁcgders e WO -
FIG. 1-128
Backend 1221 14203
205~ / /
i

FIG. 1-12C

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

13/68

el-l Ola

Ay
oD

SUADOLO

{

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

14/68

A lopaeg

S8R0

A mpaieg

vi-l Ol
g@ fm@&. 3@ z m@
;NMW Mw@ Snw 3@ Nn@ s ‘m& o mﬁw
m — e e
i A N ¥ g 11
m L O & & i L
o e |1 HR |
oo s m
1 R m
m Do g |11 T Do |1
“ A B N ¥ g
m e HEGt
T e e e
i E0pl-t P ‘R o ol o
\
+> Wbl m
00k

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

15/68

PCT/US2019/032181

p
= ¥ns ifs
Uncetiyn 9§E Es= xtp=|Esle
the pquadrature ¥ 1P e ¢
/L
0) | |
— .
(AX) Uncertainty n the
£ - Quadrature
FlG. 1-16

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
16/68

14703
/

FIG. 1-17

14700
~

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
17/68

LES
LoD
X
%
g
e
i
A
s ensncncen
P
.
-
T
D
-
o

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
18/68

1-1800

MBI~ FORM AN OPTICAL ENCODER

|

FORM A PHOTONIC PROCESSOR AND OPTICALLY
MBI~ CONNEGT TO THE OPTICAL ENCODER

i

FORM AN OPTICAL RECEIVER A
14808
T CONNECT TO THE PHOTONC

OPTICALLY

ND
PROCESSCR

FIG. 1419

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

1-2000

19/68

1200~

FORM A FIRST OPTICAL MATRIX
IMPLEMENTATION

FORM A SECOND OPTICAL MATRIX
IMPLEMENTATION AND CONNECT TO THE FIRST
OPTICAL MATRIXIMPLEMENTATION

12005~

FORM A THIRD OPTICAL MATRIX IMPLEMENTATION
AND CONNECT TO THE SECOND OPTICAL MATRIX
IMPLEMENTATION

FIG. 1-20

SUBSTITUTE SHEET (RULE 26)

PCT/US2019/032181




PCT/US2019/032181

WO 2019/222185

20/68

ENCODE BIT STRING W10

CONTROL PHOTONIC PROCESSOR TO IMPLEMENT

AFIRST MATRIX

12103~

PROPAGATE THE OPTICAL SIGNALS THROUGH THE
OPTICAL PROCESSOR

1208~

DETECT QUTPUT OPTICAL SIGNALS USING OPTICAL
E

2107~

FIG. 1-21

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
21/68

2-100mgy

REPRESENT WEIGHT MATRIX AS ANGULAR | 27104
REPRESENTATION

L

(/“‘240?.
PROCESS TRAINING DATATO
COMPUTE ERROR VECTOR

i

2-103
DETERMINE IN PARALLEL GRADIENTS OF //ﬂ
PARAMETERS OF THE ANGULAR REPRESENTATION

L

/‘2-104
UPDATE THE WEIGHT MATRIX BY UPDATING THE ANGULAR
REPRESENTATION USING THE DETERMINED GRADIENTS

FiG. 2-1

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
22/68

RECEIVE A WEIGHT MATRIX FOR A LAYER |/ 27201
OF THE NEURAL NETWORK

é

DEFINE A FIRST UNITARY MATRIX {V}, A SECOND ~3.3032
UNITARY MATRIX (U} AND A DIAGONAL MATRIX OF //
SINGULAR VALUES

i

i
!
{
{
{
{
!
!
!
!
!
!
!
!
!
{
REPRESENT THE TWO UNITARY MATRICES AS /\2-203 E
{
{
!
!
!
!
!
!
!
!
!
{
{
{
i

COMPOSITIONS OF UNITARY TRANSFER MATRICES

l

CONFIGURE THE PHOTONICS-BASED PROCESSOR /*\2-2@,{;
COMPONENTS TO IMPLEMENT THE UNITARY TRANSFER
MATRICES

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
23/68

/"“2—301
RECEIVE INPUT TRAINING VECTOR

$

CONVERT INPUT TRAINING VECTOR TO PHOTONIC |7 2302
SIGNALS

L

-
{

i

|

i

i

i

i

i

i

i

i

i

{

|

{

i
PROCESE% INPUT TRA?NENG VECTOF} USING /\2_303 i
PHOTONICS-BASED PROCESSOR TO GENERATE i
QUTPUT VECTOR i
i

i

|

i

i

{

{

{

i

i

i

i

i

i

i

|

i

i

i

:

DETERMINE LOSS FUNCTION FOR INPUT TRAINING VECTOR |/ 27394
BASED ON GUTPUT VECTOR

'

COMPUTE THE ERROR VECTCOR BY AGGREGATING LOSS |7 27305
FROM SET OF TRAINING VECTORS

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
24/68

FOR THE K-TH SET OF UNITARY TRANSFER MATRICES,

COMPUTE A BLOCK DIAGONAL DERIVATIVE MATRIX /’“2—401

CONTAINING THE DERIVATIVES WITH RESPECT TO EACH
PARAMETER IN THE K-TH SET

/"“2“492
PERFORM PARTIAL BACKWARD PASS USING ERRORVECTCR

|
! s
| ;
| i
5 i
; |
, s
; s
| ;
a i
| i
| s
| s
| ;
| z
| s
| ;
; L !
E |
E ;
; s
5 ;
; i
| |
| |
| ;
| ;
| i
| s
| ;
5 i
| |
s |
; ;
| ;
| i

//'\}403
PERFORM PARTIAL FORWARD PASS USING INPUT VECTOR

¥

COMPUTE INNER PRODUCTS BETWEEN SUCCESSIVE PAIRS /'\2_4@35
OF ELEMENTS FROM QUTPUT OF 2-402 AND 2-403 70
DETERMINE GRADIENTS FOR COLUMNK

SUBSTITUTE SHEET (RULE 26)



PSP U

WO 2019/222185

PCT/US2019/032181

25/68

DETERMINE GRADIENTS FOR ONE SET OF MULTIPLE SETS GF
UNITARY TRANSFER MATRICES

YES

2-503

Y MORE

YES
TRAINING

VECTORS?

/’“’2—5(}4

AVERAGE GRADIENTS AND
UPDATE THE PARAMETERS

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

26/68

Start

é

3102
Parform pre-processing of
the image andior the flter

Perfes'm pastnprocessin
tofthe matr

SUBSTITUTE SHEET (RULE 26)

PCT/US2019/032181



WO 2019/222185 PCT/US2019/032181
27/68

fol
P

e ?
L)

Star

34
Construct Gry
ima

<

2
from

o]

omagiven

==

& &
(.2":3

..A')

320
08 Gat m*a the photonic array

%

F@ gach fslter flaflen & jee
o acoiun“ﬁ yactor

;:‘

C}D

3208 -
ass F through the photonic array 185

Reshape “E U Jiﬁ noan =< Doany flers emain?

gopropriate dimensionaliy

FIG. 3-2

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
28/68

Reshape input fiter matix
or matrices into flter matrix F

¥

3-304
Buld circulant matrixH from
at least one Input matrix

:
08

336
Perommatrx
millipheation FxH=X

é

3308
Rotate andior shift rows of
malrix X {o form matri X'

:

3310
Pe'n“@rm] vector adciion @_f
oS of matrix X o form matrix Z

P

331
Reshape matrix Z info output

¥
End

SuU BSTIE&J@E S%ré/;% (RULE 26)




WO 2019/222185 PCT/US2019/032181
29/68

AL

No

< stebundaycondfoncioa? >

Yes
Y '

3316 3318
Replicate and rotate rows Repicate and shift rows of
of the Input malix to buld the input matr o buld

cireutant matrix H Toepliz matrix H
% v
End End

FIG. 3-3B

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181
30/68

WO 2019/222185
3402

-

£

FIG. 3-4A

3404
~

FIG. 3-4B
SUBSTITUTE SHEET (RULE 26)




WO 2019/222185 PCT/US2019/032181
31/68

(Tn.')
o

........................ \\ww

Ll
\ @\

T
N\ AN

/

FIG. 3-4C

SRS HNNRES %\\\\ R
T

FIG. 3-4D

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

32/68

FIG. 3-4E

FIG. 3-4F

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

33/68

FIG. 3-5

SUBSTITUTE SHEET (RULE 26)

PCT/US2019/032181



WO 2019/222185 PCT/US2019/032181

34/68
3600
Start
3607
Create the matik 3
corresponding lo & size N
one-dimensional input
Y
Tlle B dong the diagonal o
form & block-ciagonal matrix W
3006 3612
Fatien X Tow-wise info 8 et Flallen reshaped Xpartig 0
size Ne column veclor & column vector
¥ #
3608 3614
Perform the mulfipication Parform the multiplication
Koartial = Wi by propagating X=W-Xnartial by propagating
xthrough the array Xoartia) through the array
3610 F616
Reshape Xnartal nlo an Reshape A into an Nby-N
N-by-Nimage imege
End
FIG. 3-6

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

35/68

TN

Iow Droces s 350001

Fol
3600 for Relx) and Im{x|

¥

3706
Load Im{W) ino the
photonc array

.

Follow pracass 3600 or
34600 for Refx) and Imix)

%
-

10

LAY

(_ﬂ:,

Subtract “\S( WRe(x) and
Im{Wim{x) to produce
e{«'x

71')

3712
Add Re(Wiim(xj and
Im{WiReix} to pmcﬁuaﬁ

Im{Wx)

.

!
End

SuU BSTITEE@I-%TEZ (RULE 26)

PCT/US2019/032181



WO 2019/222185

L)
¥

CX>

s

3804
Pact fiter Fwilh zees o
maich the size of G

36/68

'

~

3806
Transform padded fiter F

!

408
Load the ransformed F info
the photonic array

Calz

PCT/US2019/032181

Propagate G through the
priotonic array

v

¥

512
Perform an inverse
fransform on the result

Ty

;

14
Reshape the tesult and erop
to produce the convoluted
image

e

FIG. 3-8

kg

SUBSTITUTE SHEET (RULE 26)




WO 2019/222185 PCT/US2019/032181

37/68

FiG. 4-1

Modulator 4-10

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

38/68

PIT-v48p0asg

[4% %4
HIBD50
e

k

31t-¥
JBAIS03S JUDIBYOD

Vv Ol

{ov+g 90} "™

8OT-¥ Hun
VOIIRLLICISURIS
{eande

(672} s

S07-p jeudis Sunempow

501T-v

Jo3enRpou (2340

%

701 Jopoou3

0T
B2N0S
feondo

001-v

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

39/68

{eudss 1nding ou3oae
ue tielgo 03 jeudis
z3do s3usiad

2 yum jgudis

jeondo palejnpow
‘LRAULIOSURE

B4 BUKIA

47 "5id

&

jeudis
jesndo pIIRInNpoWw
Y1 D SUR

¥

ieudis Indino 348
3Y1 UC PISEY JaquIny
fESS PUOISS B §0
aneuasaidas anjea
PuUo3ITs B SUIEIGO

5
S,

//

091y

-3

j2uBdic funempow
131133919 aidus

2 SUISH J018jNpow

e Sualip Susudwos
Supeinpow

ays jeuss jeondo s
10 Ausuziul ue pue
aseyd e Buienpow

F:N

\
vel-y

JBOUIIY (B2 1SH
2 J0 sageasasda
snijen B BUiplatig

051y

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

40/68

Nm&w. "

VE-¥ Ol

Py,

%

YO1-1 d8puous

\

3G

/

uidy

T (RULE 26)

SUBSTITUTE SHE



e TOI4 47 "ol

PCT/US2019/032181

41/68

[ e
Hiyspay
o i
+ e » [\l

WO 2019/222185

s

SN

NS
3

c?ﬁ

Hiyspay

Thepy

/ /

PR .

o,
s D e
ARSI AR 14 \\eS\s.vx\\swss«\\k@r LA IATR

O=A

W

%,
%,
i
s N

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
42/68

Fi. 4-3D

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
43/68

Real Axis

.
S

FIG. 4-3E

Imaginary Axis 4

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
44/68

Real Axis

.
S

FIG. 4-4A

Imaginary Axis 4

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
45/68

Real Axis

.
S

FIGG. 4-4B

Imaginary Axis 4

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185
46/68

Real Axis
FIG. 4-4C

.
S

Imaginary Axis 4

N e ®

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

47/68

- "D

Sy jEoy

YIS

%

U0iIR{0ld = YO

GO%-v

¥ sixy Asewifew)

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
48/68

0.2

FIG. 4-6

R

/6

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

49/68

Y- 48p028Q

OTT-v

£7% "9

FaAlalal JURABLOD

Coi-p Jeniaday

Wiy
& S0t-¥ B83IN0S
% JoEnpoul [ea13dQ Oy jesndo

3

SOT-i7 |ruSiS josuen

PO1-¥ JepoaU3

10/~ JontUsues)

N

004y

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

PCT/US2019/032181
50/68
e
&
b
&
©
5
£§
P
o
S
o
<t
\\ (K?
o <r
% .
3 <
\ o

A
*,

2

Power spectral

density

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

51/68

JBARDS JUBIBYOD
U} pUe J0IBINPOW
U3 U3IMIBG
paidnos Ajjeondo
HUB BOeLIsSUER]
1201340 ue Bueougey

&v "Bl

-

ABAIBIEA JUSIBYOD

L3

e Funesuge;

jeudis

Funenpou {23109
TS 2 AG UBALID

Bf) 03 PAUNBLUU0T
jolenpnuw

e Buzestigey

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181

52/68

o 3
T -
& =
== =

@ $

;;;;;

~ g

= =

L Lz"}

I LR
£ EB"? o o E&”X |
52 NN = \ ey o g I
i & o
..... o <

SUBSTITUTE SHEET (RULE 26)

FIG. 51



WO 2019/222185 PCT/US2019/032181

53/68
ot [t <~ o
<> &5 s &S
= <= == ==
e ' R ne's

\ g \ oL
aganne e
L] T
[ R [ Ramd

FIG. 5-2

g
[
i
3
= =
o >
L2 [25)
s e
33 ]
b L]
<F3 Lot

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

ey ~
<2 [l
3 7
D> (X

o)
<>
s
JRRSSORUUIN QU %
: =
§ <
=y 4 NS
NI SN, S — !owey
5
>
[
______ P
P
o
t
mmmmm -
e
fm
P
TR
- !
<2 "
= i
= !
S P -
[P
o U777
&5 H
VS S
e, 3
o e <
<D
g
[N
TR
- i
<o i
o<
c::\:“‘j mmmmm M
[N

54/68

FIG. 5-3B

FIG. 5-3A

PCT/US2019/032181
CNg
&=
e’y
24
i -
§
T
= B
ety oo
LL
J S
&
) _‘/w
Pt B N
=
s
""""" ]
=
S s

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

1

j

”n
U

A

5
v

PCT/US2019/032181

55/68
a4
= %
Y e S D
£ E S &
e = O wm = e
<2 T G £ o
= S8 g
[N == E &3
a3 o c()j
£ o= &
T S
TE
&2 e
T
5o o
< — g
S s sE
T,
5 (S
[ D TEy o
=8
< S
[,
P
£ gy @B
&8 o«
=Y Tem
P« R
L] o @
& e
= EEE
[P £ ==
B OERL o
S5
[ S R e
i W3

first

ax

P
peeer

and
substrate to the

se00nd sy

slrate

A
W

SUBSTITUTE SHEET (RULE 26)

FIG. 5-4



WO 2019/222185 PCT/US2019/032181
56/68

%% 5418
o

FIG, 5-4C

lon implantation

[ J
=
]

I
e e

Vet D]

5414

FIG. 5-4A

NN NN I DN

T e e LK

SUBSTITUTE SHEET (RULE 26)

FIG. 5-4D

FIG. 5-4B



WO 2019/222185

57/68

PCT/US2019/032181

H 5428

lon implantation

FIG. 5-4E

SUBSTITUTE SHEET (RULE 26)

FIG. 5-4F



PCT/US2019/032181

WO 2019/222185

58/68

GG 9Ol

mcm%o
wa

SaLNg eiualayp o Jed
sonpoid o) jojosepojoud yunoj

& Uy pUB Jojoaianojoud pig
& g UGS JRondo puooss g.
1818p pue opslapoioyd puoss
E_imﬁﬁgmm;&ém
i jpuBis feando 181 8L} 088

<
o

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

59/68

V-9 9l4

L]
>
-
L

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

PCT/US2019/032181

Pieien

e
8

D
&3

——

s

SUBSTITUTE SHEET (RULE 26)

X.ﬂ

FIG. 6-1B



WO 2019/222185 PCT/US2019/032181

61/68
e o
&
-
—
i
O
)
L.
-

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/032181

WO 2019/222185

62/68

adi-9 9l

D
g

-

<>

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185 PCT/US2019/032181
63/68

—L 44

LLl
“n
O
©
Li.

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

==
=4

LD

f -y

64/68

it s s i i i

614"

3

i

SUBSTITUTE SHEET (RULE 26)

6-202

6-204

PCT/US2019/032181

o
b
O
™



WO 2019/222185 PCT/US2019/032181

65/68
! 1 §
3 3 §
3 ! 1
3 3 t
} 3 :
i H i
i 1 §
i i £
i | £
[T
<o
oM o~
(=) b
(N
e
pe
o
<592
ST
P
§
- e
= o =
=2 PN
3 C_{:’J
pS =g ea0accoos
g
o
e
.
[
<2
&
oy
o
<
N
[ o)

SUBSTITUTE SHEET (RULE 26)



WO 2019/222185

66/68

FIG. 6-4A
FIG. 6-4B
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FIG. 6-4C
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FIG. 6-5
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