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(57) ABSTRACT

Described 1n detail herein 1s a nested blockchain system. The
nested blockchain system can include distributed nodes 1n a
network. A node 1s configured to generate a master crypto-
graphically verifiable distributed ledger represented by a
sequence of blocks. The node spawns a first sub crypto-
graphically verifiable ledger represented by a first genesis
block containing a hash value referencing the first block
generated 1n the master cryptographically verifiable ledger,
in response to a first event. The node purges the first sub
cryptographically verifiable ledger, 1n response to a second
event.

::':
F:
a E‘ .
¥ e ot o e P o R St £ P
A
3
A
L
a
I B I R R I I I I I e o e e o O e e I I I I I I I I e I e I I I I I I I I I I I I I e I I I I I I I I I I I I e I e I I I I I e I I o o I I o
a .
y
] e A P Al DAL P LTSS
. r ::‘-\.

.:ff:'-’;;‘ﬂ‘.ﬂ‘f.ﬂ'.-’;;}fﬁfﬁ;#}}”ﬂ;-’#ﬁﬁ?}ﬂ-}..
" -
k4 3
P nnrd
o {j'ﬂ g g:; r.r;- AWk e .
7 : i3
W e .
= . - SF I >
s Dhnkinrmry £
] -

. i

."j A ] ﬁ

s Griess 4

'n, -
" ] =
o e W p s
3 7

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
L}

: Chatngy §

E TR A e P .
i Ling Bem
E:'M s Wy e e T s ;
s R i Tekiie oy

“Fepurdny

pEtyps o :
 idertiticating

,

k. . . .
P sEiom
z

F
A L P L -
[

W
e LU L L L E i Ty
"\..".‘:c*
"

o«
-
E
§_+
-"'..:____
T
"
L4

: 5
L I i

e ) oy .
L : ; o " i K z . ] 1FFI
o W o )
: P h i atsrrimt s ; )
Al A ok P WA b + ' o T b S o T it ,.."'::"
] A
* 13k 544
J'r‘-,r sl et A A A bl A e A et 4 . e e N
-\.I"_. o
o
A
125
L N A Pt S ARy r - W R N o A L A iy -
4 :FZ — i et ’ x . f:: ;‘ b
x o e K

ra

- z
Ve e £ z . TELTE G Y L mon S pmger b
oL Une Barn | o iFalL A Vi
H . [ o .
4 , . L E e . . ra :ﬂ:
St byt st oy ed

i . x 4 ¥

:'l .-"".."F A - [ _- ' . . - *

| Block Cham D Blovk Thwn

:'. ;‘ A

R e Ll L L O

L A

3
¥
a
3
Bun

.................................

i :



vi Did

I i i i k I

wrvvvvvvwr.x.vvvvvvrvvvvwvvvvrvvwvvvvu. e e T .wvvr.___.._..,....vvv._..r....rvvvvvrvvvvrvrvvvvvrrvrw ”w._._.v?...w._..vvv._.,F...r._.,...__.vvvrrvvvvvrvvrrvrvvv“ wvvvvwrvvuvtvvrvvvvrrvvrvvvwvwvvvvvv“ ”w...,..._,v....v._.,rv.......,rvr........v........rrv»vrvvvvrvrrvvvh
g £ ”“.. 4 - ‘< A . F ¢ 'L *
2 * A a 2 a -.-.__ 4 “ s ..H. ..-_“
.ﬂ” “ ) W 1.-...._.. A ..\.M.ﬁl. Pl “ .._.“. W WTI.H._. “ Rt A, “...___..._. PR “ “ “ “ “ Iy -__.-. “ ....".
~ ..-..nmnw \m., / A Y )w . ' : £ . 4 , F & F -
z .....h.._*_}h_ PM)-.W \%n}. o, mﬂw 2 4 ;_____L__._-.._._. . Sy u..______.“_.. 3 £ « 4 v . . . g £ . A “ A ] e . s
¥ # 4 . - A i z. i 2 h_.._”m AR \Wm..w .n“ w ¢ % m._,.mvm * . F \Ww_..w A x -2 ._.,..m wﬂuu.ﬁﬂ W ._..._u.n...w_mﬁ > &
ﬁ. 4 - 1 % < g Autle Ky l__m. L_.n W M 4 P AT uﬁ W Y g __.“ L 4 & Parat . _..W ALY M_.-...._MM ¥
___-... ..1_}_ wl..- 1 .n._. o .”__.-w .w._ u-.._._.._..-__.q ._..“..__.._...1. ¥ ...‘__.. WK.......___.I.. . .-W‘\-.vw e K I o .n.__( - r 4. __-.. - oty aiy .._? - ] . * rd it e . ' A A,
. oA . o, ¥ & A .-\M | -.M .y w oA . w“u{_ ¥ ¥ . . m >
: 5 W“&h\-ﬁw M‘ M.\.W ...“_.._.._M,h.\..,.:___.wﬂ ’ e _.__u._‘_, u.‘.__.\.m -F ._{__...Mm. . Fu.w“‘._.\.\“ x - w.____,w.__. o J__‘{w. . mf.._.\.-_ Mu M._W m % m \m ; __.___.._. 2 %
. Y M : *. Sy - : A R L Wl LW S AL g Ly KA T : I ol " o B B L A

’ F : : oA < , . * i S o 4 Z . K *,
3 £ ...\.. 4 i S : 2 ot o f_“mn.w..ﬂm mh__ 3 ; S ik M..,.Pm“ AR ARY ’ 7 M..“ ﬁ.mwm“...wm s 3 ?Wﬁ.mﬂ... o
R B A iy VB e, B R Yk 7\l 4 . e A n A ey A et BTN S ¥ y .._. i ¢ Y ol 4 F - *
A LERY: wxeae 5§43 S 22 L s ¥ m.wm‘ £y z z % x T 2 £ ¥
. . P N vl A - i L A . 4 - : -
£ £ % o 2 3 % I 2 7 3 5 £ s
259 z L e 5 ;.” T ¢ ¥E L % ¢ et ¥ 2 ; ¢ £
v s Pt o o ol o b ol o ol o A i o o o mﬂu. T % LA PRSP S LS PR A AL AA LR LIS A.\Wv. _“_.._. At atol s ot o o o ot o i ot o o o o T Prod' ool et o o8 o o i ot o o o o o P of o ol o ol oo o et o o T o o o o P Ll A o S P S

s s el i o ;

e
-+1

US 2019/0363890 Al

e e T R o Ry Ty I N L s P 2T

m fFrd r + ru F d 4 d + rm /d Frd L ...

4
4

: *
.,
25 - rgta o A “_..I,...._.:.._....11Td_._.ﬁﬁﬁ\?ﬁﬁﬁ?ﬁﬁﬂ\ﬁ\\?ﬁﬁ??fﬂ . __uw um.
e R S A A A Y : Lo % . n . 2 L R R R R, /s LR B W R W o R R R A T s
* 3 : % % T , v w - A . 4k : 2 ¥
: 3 ., 4 1 LB 5K mw % E “ Y . . 2 5 % : 2 7
a, . . L ] T W - . W e E % ' A A ¥
N, § 2 R ’ %3 : R AN S N LY 3 i % : : ”“
U..._.. “ .v-__. Crry F “.!___.u__ v & ._-._ g :l_... ...-.‘_.1.._._.-_: ._.ﬂ 111.._ ni... o ..-.t. .“.nu__. .-.._-__.“r.-.“-.._u.i._..-_ﬂs.w e u.-_-__."-. i ﬂ .-_.- ”L-“. r ._—Uu__‘__..ﬂ- Ar ._H Mﬂw LT N W.W-i. ___l...- ._-.l_..”“ h...t.-. L “ .__.-.-.”“ w“ w“ ..__.\‘____ M_ ..‘_...l. .H.%‘w- ¥ ] .“ ...n“
o b BARESSERAINEY LK Gt w8 WRAIAR AU EARB 1L G MARE I URSNSEAE % : E 7 : £ IR S S B
..u_..__h. T * 4 b o w 2 _w # * wawmﬂmm{h%h#“w.ﬂw‘ﬁh{ 3 ST > "_..___.._.___-#“_-\cmﬁ..._ wnjh 4 g4 e - ¥
L o oy P s ““ “ﬁ.. o widts 4 o z “_ P oo ’ ¢ 4 w.i% n._h.t___.... L ___..._____w,.._“ ‘ o \-\M.Wf - \.ﬁw %% m : 2 " i A
. K= ; . ] Y _ e . . . ] - - F - . 4 - . - 1 x
;ALY B ER 7 AlpAdEs . @ BuALN : : ; : g Ry LR :
: : : T : . X . . Lo s Wl . . - 4 e b4
: : : m ; ; | BTy : : : W
e £ _.____q-. g g A A A # . Py s : ey ’ i i : "
£ ) : . e » £ ; " ___. E + 2
5 5 “% M‘ Ait3A) M..uxw;.ﬂ, w\w\ ._w g @ - o 5 & 5 & % ¥
P g L 5 2 e o e e st A A § ST TV RTRRRRENTCERFEVIFRRIIFERIIIN E SENFIRTRRROFRRERER S
- A z i .x
AR T - ﬁ_. - ¥ L L L r
e R bttt it b s O 0t Ed P PP E LIS IS AR R S 2y :

Y

<

. -
*
R .
. 4 . . % a

.ii“Ft:%-hlh%hl%hFlth-i.ﬁ?‘Ll%%hh?ﬁFL%%F-lh‘hhlh‘.-hl.h‘.h.r‘.n.l.-i.-i.ﬂt.Fhlhl.-hl‘.-.hhl‘.-.th‘.‘.-lh‘.hhlhn.hh‘.F-.lh‘.l.h.t.n.‘.-h.rh‘.hh‘.F.L.Ll‘..-.-.-tI‘.LLl%.%LI‘h-th%Flih%LtlH‘Lhl%-.tll‘n.‘%%hhl‘.‘Eh?li‘ﬁF

2 el ke o o kol E o ek B e kel i e ek BOE ok e B bk Ak kb ke ke Nk e 3

4
-

™y
x

I

-+

Lo T R N I T e N ]

._.\..-.ﬂ.

%

_.___._.......1..1.__.___.___._._.._..1..1.._._..____._.1_._..1.____._utu:.l;\u...‘lul.t\utul.}}\\.___r.iﬁutut.lhrh ”_“.-...__1._1.1._.\.__1._.1.1.1.....__1.1.1..1.__1.._1 P

.l.—_

x

334

rrerrErrrer

T R TR L P T R T T L T T R T R R T M R R TR R R R LR R KR R M A e R R R

. ;h'h'h-h-h-‘-'ﬁ'i'h_'ﬁ-

Nov. 28, 2019 Sheet 1 of 22

T R T R T I T T U e R T R R U e U R R R T T R R T U T R T U T U R e T e U T e U T R U R e T T e R T e U T T T T T R T R R R R R R R OB T R R R R R,

r
s
7
7
r
r
7
¥
£
2
: s i
z / (4547
2 i -
g p T e/ »
o Sy e 4 -
e bt A el P Ry S PR e o “
o 3 y - )
. r : I‘l.-. 1 g
% : :
N ? “
o £ i
4 ¢ "
' .-t- F a'
g A -
ﬂ * R
A 4 *
1 .J‘I . ‘.
; ¥ v
' l .._.‘. A r *
_ i R A AR AR AR OAAAE O ’ -
. . ‘.
L
]
na "
-
c - »
Ft N
& = 4 -
I ]
p— Y A .
F r £
u..w 7 "
el 2 !
b e i
: :
= :
£ e
r ¥
¢ v
I a'
P 7 u
r "
7 "
Fr a
¥ "
= :
s v
F _-“
= :
¥ :
o = T -
. £ i
' v
= . l.
a bbb B PP BPP S P LEPELFLP PP ESIFEEIT, -
¥
. : w
c T R N L P T T T R R
& . o .
| . E
j— Y’ .x
L -
o : i
. b e e b b * -
e X o R 0 o P P P £, e -
o4 4 L o -
4 ¢ ¥ ¥ '
i r ¢ Tyttt v
G # F . 1. ' a
Z e * -
= “ “ ?T - “- .—‘ 4 . -.
i 1 i K
2 z * Y’ “.....u. ..,.
”.H F ._-__..._.i. . n" . .?.. ' _-.
Y P A e - PR T - ! . £ e "
Y \M Fa X PP ISR I TS T A .m. w\ﬁ.w w3 4 a ¥ 'y *
Wl L.._. i3 ! oo n s __...r... F t £ . 3 -
. 4 ! e Pt £ e 5 B .
% 7 . ¥ T -
L : : s
3 ; t
. [
t - ’ ¥ s .
v ; A e Ty x g ‘
: o : . ¢
a L Ny T TN NNy SN TNV AN NN TY A M-w ”M. - M * .n._.__.".v. .
" R ¥ .
of W



................................................... mim uwmw

Ml...l...-_..l...l..l._..1._-_...-._..-._..l...-._.l._..l...-._..1_...-...-._..-._..I...-._.l...l_..-._..l.h.imlql-.-.lwh‘im.m_.l‘imlf-l-.lwh‘iml‘l-lm.l.\l-. .M..-... o A o g A A o A e .1 o

gavig Rt atitte 2y 5P PULpR.

o s

.

”“\t.am-..a{-ru__._...-111_-..1.1_1.._4_;..1%..1}_1-..1.1nmiatﬂqru;wﬁuwn__.ﬁtnmia‘ﬂ-r%l.-rﬁﬁﬁ.ﬂ

Ammm JELE O I A

B 5 E,_ B

Ul LA NI
S UDTIERUE 1

W3 DAY

”L—l\.__..._._..._._..._....__..l_.___..._._....._........__........._..._.__...._"..l...__._...“..-....____...._“..l..Hﬂﬂkﬂhﬁﬂﬂt&.&hﬂﬂkﬂlﬂ.ﬂlﬂ.ﬂk____....._...__..._.__._..w_

VR BB
BE ST ] 2330
L33 LEHRLER MO
BLas UniRERLB I

By s

mﬁ RACRI LI 4
wwmw D3} A5
L4 LHERLT B0
BLISr LICHIOR SR
HEBIIBY

- - - - - -

‘\I b TR I B B I
r r 1 1 ] 1

At

i Mg T e M e e e M e B e e e e ‘\"'\“\-."h"‘l

1
W
1
M
GPY -, W
M
1
4
1

L B R L
L] L] L] r r r

R L i e it i e

£

T "
L kh.__._______qm.._._a___11_1__1-11.1_11.11_}11111# Lot al ot o il ol ool ol ol i ol

h L
L
o, gyl
o
il
-h‘h."h
n"nr'ln'q-.-"n-
M
m
e P, P o P, g Pl P L, P, P, P, P P P P
"-l-.."l-n-ivl."l-pl-Jvl."l-n-i-l."l-ulvl.ivl."l-ul-Jvl."l-l;l-i-.."l-uIvl.ivl."l-ul-«."l-pl-J-l."l-lu-ﬂ."l-ul-ivl."l-n-l-l."l-n-i-"l-rl-i-"l-n.l.r
-
b
"
LY
AR
W '
My
I
L,

ATl Ty P T P U Ty P 1T P Py o P T T, P, oy PP o P Ty 1o Py T P P o P T Py 5y
b - Jil- LR LY 'l'n. LY -h"n. LR LR LR LY Jnl. LY 'l'n. L l- LR LR I- LR L% "l.

P e e g P e A g S e P P P R P P e e B gt 1 A o i i R e e o e e O P e

iy i g i e i i i i i g g g iy i e

US 2019/0363890 Al

R R R R R R R R R R R R A

a1 e e e T T T T i T i i i i T T i T i i i e T T e T e T
L R L R I A I

|
5
|
|
5.

o AT AT T A T T,

‘11‘11‘11‘11‘11‘11‘11‘11 ot gt gt o o

]
-
m
N
=¥
-
-’
5
(J
v

-

___.".._._...." 1 1 1 .n.._._ .._. .__F 1 1 .4 _._ .._. .._..._._ .._" P e o e

B T R s T o e A o O o e o T e R o A o R A A, e e e o P e A o

'I-
w.
{
1
'I-
>
X
.
.
¥ -
A
L
e
X
'I.
b
-
1:
!
¥ -
1-
0w
¥
N
1
-
3.
'l.
¥ -
N
1
-
.
e

- - -

L Y S A A
"."'."'.".".'.".".'.".".'.".".'."-..,;

m,wm”_mmu LA LTS

.Wu M.V .ﬁ et .

Ty, T P, g, Ty, Pl Ty, g, M M Mg Pl g Ty Ty, T M T T T

gy Ry by g B B T B, g Ty, B By B By BBy 3oy
iy " g " iy e iy e e e e e
3 *-1.'-l?-lfi'é?;?##?éﬁiﬁiﬁiﬁfit&iﬂi

M A o A

W
|
|
m

'-Ziﬂiﬁlﬂiﬁlﬂiﬁlﬂiﬁlﬂiﬂﬁﬂiﬁhﬁhﬂ
" T TR T T R T e

.”“ i,:w %, \..___, M e w m.n._ Yo £, e . - ....M £ .....-» A ¥ P2 1..,._.w .
At G Wi WA ’ rh w5 AR Ly LR Hor &
- E . T . LY
. : . z : 2
a. [ 1
i
a:
..n.
i
.
- L eV PR Py Ery L TP PP PRV PP PPEEPRr. R R Y R N S E Y il s 10 0 e o et st oL e R e b R A L R o e B P P R e
n
o Fras
) ....-.”..__L-r.._.”.. Lk 1|.._-..._.“._m...

- - - M

1y .

.ﬁ .

"y

Pl ™ e el e N 2y m m o
‘.H T ] ] 1 T ] .
L r T T VT g P U g T Pty E g g gF Y g g T it H._. FO TR N g T g T P e e N g P e N gt g g T Y e o 0 TVt gt g g o T gF P N I g g T e e g g i i g g g i Y g gV g yfF g T g T g T R P g g gy T gt g g e e g P P g g g T S BNty U P e g e T g e U M = g e N g g T e g e g e It g T g T T T T I T O T T e gt e ey PN T T Y T T g g g T i g gy T g gt gV g g g g T Y g T T g g T gt g T T Yy . L T U U T T g g g ST T ST gt g U T g g g PR g g o T T N TR g e e .._._..-....q.t_...__...___..-....__...q...__...!....q.h....__...q...__...-....q..-....__...q..._._..-....q..-...._....1.1_...1....1..._._...__...___.h..t.......__..t..:_.hwt..l...__..t......t...t

™
o
o

.1..!..1.-..\.
el et 0
-

AP AR AR RAR KA KA S AN EASNAASLASSAS AN Ay

00

e T e e T e e

R artaty

AR LA

5
HGLE B US 48T s
AL B2 IS AL wid !

AL BT O T

5 i REETT JORLIEA

A

Nov. 28, 2019 Sheet 2 of 22

R L N

e S W N N i I SCNE Yl S T S S T

we T

e T R e e e e e e e e e e e e e e e e e e e e e e ey

r
=
L
L)
=
[ 8
Y
-
[ ]
=
-
d
L
-
[ ]
~
-
[ ]
L
-
d
L
-
[ ]
~
-
[ ]
L
-
d
L
-
[
+
=
[
+J
o
[ 8
+*
[y
L
+
=
[ 8
+
=
[ 8
+
[y
L
+
=
[ 8
+
=
[ 8
+
=
L
+
=
[
+
-
[ ]
L
-
d
[ 3
=
[
r

of ..l-n..l.l-‘..l.l-‘..l.l--l- P N N I O g N e ]

=
[
L]

L] ..
CF W N R P N N N PR EE N A P b B R Pl g b W b g L P N b ) P U gF JEgF FURE I R g g g g iy L W N g N g N N

h\ﬂr‘-’.\
-y,
S
L]
* -
'p.
T
* -
e
L
T -
1..
L
*
'p.
*
‘Il
t
*
. -
1..
L
-
T -
»
'l:
*
-
'I-
T
T -
"ﬂ:
* -
'l:
*
-
'I-
T
* -
x'.
L
h
L

........................ ‘__. ﬂﬁiﬁtiﬁtiﬂliﬂ ersersers S ey

e e e e et e ety

;

a
LA R N A R AR LA S N AR AR N A R A R LR L N LR PR N L T L P PR L

. ____......._.._..._...t.._._..i..i..__._._n_.t..._._.-..tf..t.tqt.i..ﬂ.._.i.tq....i..tqt.i_. .t.t.._..._..__..ﬁtﬂﬁtﬂﬁﬂﬂﬂtﬂﬂtﬂﬁﬂﬂﬂtﬂﬂif

{ szt

S b S i R Ry _m F go yimm s p e
- . - _m e o oru - -5 . o .nm Euxm& .-,M_...% .
5 3 JIE SICRIT GRS Ty B B R R Ry
SUSEE A0S E S - FPAOdaY] [ S IeRn] | R 503G D]
x - " yon _m \\ . m,m:T __,._c“ *ﬂ_“ ._..W.. ” h.____.._
{5 IBILITY S ADBUS m%m% wm_,ﬂm Mmmm m,m P BUCBR Y T * AR

TN,

t.i};f{.iii:;%{.n.‘n

EW KA 430G
RSBt B BB

-....t};

CERLEEOERES wkm W
Bed 03 Emﬁw:imw

2z
g
e
2
-
I.Iﬁ.ln
~

#
¢
3

= A

B
LS
=
L
"‘
m
- nylm dn e,
B
o
L T8
L
L
& -
h‘“‘“‘“‘“‘“‘m&h‘“‘“‘&““‘“‘m“‘“h“‘“‘

g, Ay, g gy g,y g By g by g,

Pl el gl af ' ol ol ay al ol ol o Al oy ol o gl Pl g ol o ol oF 'l o g aF w pE aF o o

: \»\,
Eif
.
E:'i
"'l.
""-t

_ S

. 3

K
ol
£
Mt

W W R W R W TR

ETELEELIE LI
T Y Py iy, T g Py o, L e P 5y o, T g P P L i g B g P ey P T P T oy P, P R Py Py

"'..-..-.-.-..nﬁﬂﬂﬁuuﬁﬁﬁﬁ“ﬁuuﬁﬂﬂﬁunﬁun

N
Rt

e e e e B e 1 e 0 e e O 2 e m
A o g L A A R A A A e P ..-.___.___\.._-__.-.-_-.-..-.__.___-.....-.______\.._-..____._-...._-.._..__._-..-..1._-_.._-..____._-.._._-.._..__\.

-__.._-..__.___-.._..-.______\.._-..____._-.._._-.___.______...-.._____-.._..-.._____-__.._-.t___-.._..-.______.___...-.*ﬁﬁilﬂﬂﬁ\t‘ﬁilﬁ.ﬂﬁ\t‘.\i -

.;-.huh..h'uhﬂ-.nh-.hunm%%%%%%%%%hnnwumnmu
o
B~
;o N , _
S A
i
£y
0, e, e, e

A e h‘\:‘l‘{i‘n“h‘n‘-\l‘n‘:}i‘n“l‘-

(® 1 q 5 @

Patent Application Publication



JL DI

R
£}
N
o]
L

US 2019/0363890 Al

s

¥

VN
:.._;.Il

+

. IlIIIIIlIIIIIlIIIIIlIIIlIlIIIlIlIIIlIIIIIﬁlllllIIIIIlIlIIIlIlIIIlIlIIIlIlIIIlIlIIIIIlI .

A o o o O o

&7 synd g

£

S35

e e e
. b b b b b b b o

A
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\t_.t_.-__.t_.-__.t_.t_.t_.t_.t_.u__.t_...__.t_.-__.-__.t_.-__.t_.t_.-__.t_.t_.t_.t_.t_.t_.-__.t_.-__.-__.u__.-__.t_.t_.-__...__.t_.t_.t_.t_.t_.-__.u__.-__.-__.u__.-__.-__.t_.-__.t_.t_.t_.t_.t_.t_.-__.u__.-__.-__.u__.-__.-__.t_.-__.t_.t_.t_.t_.t_.t_.-__.u__.t_.-__.u__.-__.-__.t_.-__.t_.t_.t_.t_.t_.t_.-__.u__.t_.-__.u__.-__.-__.t_.-__.t_.t_.t_.t_.t_.t_.-__.u__.t_.-__.u__.-__.-__.n__.-__.t_.t_.t_.t_.t_.t_.t.u__.t_.-__.u__.-__.-__.t_.-__.t_.t_.t_.t_.t_.t_.t_.u__.t_.-__.u__.-__.-__.t_.-__.t_.t_.t_.t_.t_.t_.t_.u__.t_.-__.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\#\\\\\\\\\\\\\\\\\\\\

ALLLAAAAAL T T LA,

s

Nov. 28, 2019 Sheet 3 of 22

P

FLHLLLAL LA AAAALLLAAIA,

LIRS

S

"-.‘i-.‘i-.‘i-.*-.‘i-.‘i-.*-.‘i-.‘i-.‘i-.‘i-.‘i-.*-.‘i-.‘i-.*-.*-.‘i-.*-.*-.‘i-.*-.‘i-.‘i-.‘i-.‘i-.‘i-.*-.‘i-.‘i-.*-.‘i-.‘i-.hhhhhhhhhhhhhhhhhhhi

e e e e e e e

e o o A B B T T T o I B T o T o R T o T B A I B R T B T B I o I o A T B R T R R T o A I B A T o R T o R I o T o T B A T o A T o A T o A T o A T o R T B AT B A T o A T B R T B A T B A T B o T B AT B R T B A T B A T o A T B AT o A T o Rt B A I o AT B A T o A A o R T B A A B R T a R A o A A o AT R R I o oA o o A o A A o A I B R I B A I o A A o A A o A A o R A B A A o A A o A A o A A o AT o A A o A o A A oA o A o s e A o r R AR AR AR a R a s s

S . e, e, e B

o e e e e e e e i  d e P P P

!
4
s
!
F|

P g g e g g e o o e o e e o g G o S o g o o g o e o G e o e G o e e e o g o e o G S g o g S o g g g o g g o e o G g o e G o e g o g G o e o G e o g g o e g g o g o e o G S g o e o e g e o g g o g o G e o G o e g g o g g o o G g o e g o e g o g g o G o G S g o e g o e e o g o G o G S e o e e G o e g g g o g g o e o G e o g e g o e g o o g g o G G e G e o

Patent Application Publication



US 2019/0363890 Al

- o

Nov. 28, 2019 Sheet 4 of 22

Patent Application Publication

Vi Bid

LY
&3

i BUE

N
g
AN
{u*-.*-.@*-‘:.ﬁ.*-.g.ﬁ.‘:.w.a;- m
‘1

..........................................................................

“-.-n_...l._\t—.-1.-_..t-Etn.\.n_-l._\t-t-ﬂt-ﬁnnt-\.t-\t-t-\tnﬁtnt-\i-\tnﬂtn-

o e T

&.‘Et.E.E&t..&%.‘..h.ﬁtﬁt.1ww KO0 44 ey 13 SR T W,ﬂnwwt.Et.t.x.eﬁtﬁttﬁzi.ht.E.c

ﬁ,% RN ATYAH 5B BN mww‘.ﬁ A gprrssersrnses

LB RS
XL
- B )
AYEIBLY PABATS

LECH PR TR BELL BENEIAG BiA

#

3
£ B EALIBIAYY AT 14 BB
SIS IR ey

iy,
;:'.
L
L0
L
LB
L0
% -
W
L
L B
%
i
W
L
g
L3R
L
L
W
L
W
L
L
W -
L
% -
W
L
%
L
% -
W
LR
L0
L
LB
L3
L
L
L
g
L
-

B g g g g g B o o e 2 e g

iﬂ

iy

LIS 4B 1
wwﬁmM£wﬁm
Aratimpnas ey

pe g

S PBAB AT )

"I-'i"i-""l-"l.-"l-'i"l-'-i."'I.-‘l-*l"l-‘i."'l.-‘ﬁ-Hﬁh““ﬁ““ﬂ““ﬁ““m“ﬂ“““ﬁ““‘a

T e e

P e

:

'l““'i““‘i““‘l““‘l““‘lt‘

R V=B sy R EATI - TH bty wmm..n\ ssrstsrsrosintsssrsrsssy

WL R AR R R R, R NN R R T

,.'n‘h"'ﬁ-"i-"h‘h"'ﬁ-‘ﬁ-"h‘h‘h“h“h"-"h‘h"i-"hHhﬂﬂh‘hﬂﬁﬂhﬂﬂﬂﬂﬂﬂﬂ‘ﬁﬂﬂﬂﬂﬂ

: i
i
R
",
F3
L
¥
3
o T o o g T, i o g o e i P i e T e
.
+3
b
ke
L‘I‘I"
At

4
"'h-"'l-‘lr"I‘I|-"'h-"'h-‘h"'n-"lr"'I|-"'l|-H‘%ﬁ“ﬁ“\gﬁiﬁﬁiﬁﬁﬁﬁﬂiﬁ“ﬁ“ﬁ#

T e T v

i |

o

Lall ol o' o at o’ o " ol ol o o o ol o o ot o o o’ ' ol o o o T

N
A o B ol o 0 0 0 0 ol 0 0 o0l 0 8 I 1 o o -0 __.__ -.W .__. P4 M am“w \W\M W % lm. %w M\W\% \Mv Hn_ M\W W mw ‘ﬁh\\\\%ﬂ\\%\tﬂ\i\%\\ﬂ\%\\ih\\%\.\\i\.ﬁ\\%

o oot ot ..h_1i1.1._._L._..._iLn._._1.._i.1.11.111.1111.1.11.111.1111.1.1&\.“

g g g g g g g g g P i g T g g s g s g g g P g e g g Py g g g g P Mg g T g o g g g g P g P o P P g g g P o i P i i o P g g g Py g Iy g gy P iy ey g P gy g i, g S Py

R ah

t"
3
e T e T e e R T e e T T T T T e T e e T R e e e A R A R

Yy
A
it

’ £
Y. M . g "
Lre 4 o
; A iy
”u..nvun..._.,mu\f?vum\?f___._.\u..u...,__.Tu...u...?T??.Tf??????f?ff??ﬂnv?. : . __H.._...____.‘ “ - “_
N .... ) ..t‘..
- )
Mxm._.mv My nwmwﬁ,. 3 3
..,m e .im Fal “ ..xmum“ L TM_TTTTTTTTT?TTTTTTTHTT....TT_..TTTTTTTTTTT.. .uTTTTv.TTTTYTTT?TTTTTH&_.TTTTTTTTTH._.”._.T..._.TTTT

)

: _______;_..t_.______.\..____._..____..t._____....__._._____.....;..1....1..11;\._1.._1\.-11.___:.-...1#1..1__ .E..- m.!.m i ' -_.__.__..._.._..____...___.‘__.11:_.___1.1_._._1..1\.:1..1._11!1._11.__1.-4‘__..____..-___.____._.._.___.-___.____......._____.L-n__.

I 5 YR

= AT 7 1 MY 3t £E G
A A B A A B A B AR A AR A WA AR AU AR ..:.. » _n.\.ﬂ m .“, ‘% ._..__l.m .__...ﬁ-hn.?ﬂ.__. n__ M q.._.s-._..._..ﬁﬂ!ﬁtﬂiﬂiﬁiﬁ\iﬂ\ﬂﬁiﬂiﬁtﬁ._..s__.._..s-._..-

E*h"-"h“h'h"h“'-"h"l-'h‘h“'-"l-

%ﬁiﬁtﬁiﬂiﬂ

hhhhﬁhhﬁiﬂhﬁiihu“h

A d £y
Jﬁ\\}.\x\xxn\uf....\x....x\}f.m.u.1\1}...\M w m,ﬁm .\M \M m\: .IM m “w g m : Y w}w m‘.ﬂ.ﬁm-ﬁ}..3..\u.\m.\xxxntxxtxxx\xn\xxt}..., ,.m M.\m.x\w _u 0 a%ﬂ}wmw uﬁa_w

0 B L O 8 G O B 0 o L O K I M VT I 8 I I 0V 0 G Vo M B M N
B TS DAL R RITIOI
B PIUUET D SO U

;
i
g 5
;|
:
roe. 5 nmﬁmwmw m
|
£
:
:

RO RCORR AR

e

L

Ey

W, Ty Py g Py P o i T Py i T g Ty Py W o Py Ty Py, g T iy o P i T T T P i T iy T g i i T i o Py i oy M
(e pa gt
;.:"h."h
24
U
L ]
i‘h‘\
i,
e e e e e T e T e e e Y H“H‘h'n'h‘t'h-‘hﬁ'h‘t‘h‘hﬁ'h'b‘hh‘n‘h#

T 0 0 AP P S R P P P B Dt

o
- .
E “a,
____._._* _.__..11-_
. 73

v 118



US 2019/0363890 Al

Nov. 28, 2019 Sheet 5 of 22

Patent Application Publication

4 Did

L o N A I AV

i.__i.__._...__i.__i.__._...__i.__.._._.i.__i.__i.__._...__i.__\\\\\\\\\\\\\\\\\\\\\\\ﬁ

BEE 8 1)
%AV PIR BT
£33 BT

it ol o ot o ot g gt g g g o g g g g g g o g g g o o g )

LB A Y

~

5

Tl
2
i

,.:w vt 4443 m\wm..m

5uhhu555555&5&5&&5&&5&&&5&5&5

L
wipPuigly,

(RN RN NN TR

I T B B B e B B
e e e e e e e e e e e e e

T LA AL L AL L L L L ALLLLLLLALLL

._-..l.._-.._-..l.._-.._-..l.._-.._-..l.._-.._-..l.._-..\\\\m\\\\\\\\\\\\\\_\\\

m

OO Y

: oL

iAAﬂﬂﬂﬂﬂiﬂﬂiﬂﬁﬂﬂﬂiﬂiiiiﬁy$

1FFFFFFFFFFH

N
™

: g HTTTIIllllllllllll.111111111111111111 e
) 1.11. T \.—il -4
; ..”hr\. .fr.__ “ u” “ p “ “
..ﬂTﬁ. e -x My ”1 “ ”H F]
o “v'a -m. g -4 . - :
-.\-1 "a ..____.__..1 : “ “ - “ r ““ “
. “hp, 4 ¢ -4 r -# ;
R -4 ~, W@ r I ‘ 4 ¥ p 4 s
g W A g b, - 4 m # ;
R 1{& mamluvmmw w -ﬁ mmhnw auaa_mﬂt. i A A r -4 y
i § e, % c : 4 . ‘ L G e i _“
Mhuf..__. ._\\. \\i-\\i-\\i-\\i-\\i-\\i-\tﬁ” “ﬁt\\.\.\i—t\i—.\“ i-i-\\i-\i-i-\\i-\i-i-\i—i-\i—“ .hp.v'-m M N”U \\.rm “ '%&\.h. .H.Ip. &1 m “
- .‘....i N .._- . - I .‘- -.-t - . + . . - - y
- i.-_. v ..l{. .-{ . -..\. b - .l} 1 . , t_. -“ .1. r . I -.-t i
e Zr§ e I INE T 11 1 O | ; xﬁ 3 3_.n_ . -
7 ., .mﬁ M,ww._» ....m P P 4 4 A% o ¢ : % 7 <ok w.w. RE ‘ 3 m
T - -A - ' T -
cd ..u.t.._... -.-_._\.. ”“” “ ”“ _- ”“ “
r .l..l il.l.. - ..\ t. |1 r ..-‘ ]
4 s~ : 4 : 4 “
r ' -A - .
7 ., P Iy ) ‘ 2 ‘ g ;
1.- i...____“ K e g = g TP YEy | ._._.T.__...‘.r.\..__.....r.\..__.....r.\..__...‘.r.\..__..5555555555555&15&1&15&1&1&1&1&1\- ﬁr&r&r&v&rﬁh&rﬁh&rﬁh&rﬁh&r&r A e
oy ” o
i / 7ol %«
g : Pl :
m . o - ; -l\.q F
L 2 e z
A Lﬂ?tl s,
- .
r, o /
; ~ ;
: 577 m
) G\ o’ Yt Dot ’
ot : ;
P - {.. ‘.
.-.__. o __.{__-_._ “..1|.._._|..1|..1|.._._...1|..1|.._._...1|.._._|..1...1|..1|.._._...1|..1..._._...1|..1..._._...1|..1..._._|..1|..1...1|..1|..1..._._|..1|..1..._._|..1|.._._..._._|..1|..1..._._|..1|..1..._._...1|..1..._._...1|..1..._._...1|..1|.._._...1|..1|.._._...1|..1|.._._...1|..1|.._._...1|..1|.._._...1|..1|.._._...1|..1..._._...1|..1..._._...1|..1..._._|..1|..1|.._._|..1|..1|.._._|..1|.1|.._._|..1|.1|.._._. m.... ..w. m-;-ﬁ\% EF FEERXEFEFEEFFFEFEEEREEXEFEFEFFEEEEEEEENEFEFEEENFEEEXEEEEFENFFEEEEEEREENEFEEEFEEEENREEERFEKEF 4
R



Patent Application Publication

28{3

e

s

LY
3
*y
i §
:_ *‘t'
]
% 1:;--'
3 P
i -
5 >
LS
Y
.
’E
‘5._,:‘
-

q:h"n'hHﬂ%ﬂﬁhﬁ-ﬁ‘h‘hﬁhﬁ-ﬂ‘hﬁhﬁﬁ-ﬂ‘nﬁh‘lﬂ: )
X 3 {ond
X {
b,
: 3 A,
N 4 S !
VW - -
- .~ 3
Y % o)
5 R @ g kY
3 S 5,
3 A %
l;‘ 1
: -3 \
.
N et} A
: iy 1 k%
ey . .- % . %
a8 o9
o o -
. . . "obheh E
\ " o h
Y ¥
b, b
L b
N A
h‘&“ﬁ“ﬂ.’h’l‘!‘ﬂ'\ffhﬁ‘&"i\' H'H"H‘tt‘*t"ﬂ."li."«h.“ﬁ‘ﬁ“ﬁ“ﬂ."«h}'

B

by
¥
x
x
b
L

ey
et

Kl

'y
.-ur-«'.n-nr.--'.au--.anf.-«'.-«f..--_.'I".IIl "
£ %

.-:"'. bhh N}L "'.'ih' {‘?‘ “ z\-

ST Y
gy W W \
~ W B \

N -..-mn. :;.":II-_ }.f“: l';'l ’ m

e E‘L S
i‘_;i' *t:s ‘ _.;3" ‘

— }‘F,: “:m ‘%::} .:."

: L} : : .. :} *:i"
i::"t' i:lu} L T .“:;‘

AR e

S * &

A VI

L
o A o .-_.-,_..r%(.:. :

Wl

t el B, i, e, bl e P e, P hﬂh““.‘h‘h‘h“ﬂ.‘t‘:

L3 %

L %

N, %

" 3

N 3

:f; S sl _ X

% 2] -, b

5 £ W ¥

s gl gﬁ' §. s g""::
" LY A, :t o el
n A g i 1 g, P i g, e Sy W !

D L2 A ::?b w-:;.a X
E - S N
N Ao 3

N o 3

a :

3 3

X 3

- 3

3 3

‘h’n‘m‘\‘m%‘m‘hh‘-gﬁﬁ‘-‘-“‘hhhﬁ‘m‘q

L3

-

b
b 2
¥
x
X
X
3
X
:ﬁ
.;:.-.-e.-,-.mmtmmmmmx&mxxmxnmmmmxnu{
"
. . 3
SO W
n e ! 3
% o
?‘. &j e %
b, KR - 3 |
[ _ - .
¥ v e } Ry
o ;-u T % b,
L B Y
5 .
3 “r E }
-:. Lt P :
t . L3 %
8 TR i
h.
¥
3
3
X
:.
13
X
¥
h
x
X
b 2
%
¥

g b e e e ey e b L gy ey e e T b by

iy f.-.. ,;i gaf:.
gl o gl Pl L gl o P gl gt ot O

ar

:

vyt

gl g g ot o gl g g g ot gl g g ¥

Pl P o ol P o ol Pl o o P o o o o 8 o o oF of o o o o o o
Ftd
5 3

%

g

%

;

;

)
{ﬁ--.-,-.v.-.-..-.-ﬁﬁ‘.-,-.-ﬁﬁ-.n..-.-.-ﬁ-.
by
‘I. -

g
. ey
. » P
" A
" 35-.-5 LS W
n m, L’l
o LA Zi% " iy
;f' T 'l-.
S I
h \ ' e
E : : 3 il W
% - 'i-"hq_‘_"

< )

E i i‘_ o -
% "ﬁtﬁé Yo
L Ly
‘I. .
3 h*;,i P
% -w.:i.‘
N
}'-l"ﬂ-'ﬂ L e e L T e R T e e T R T Y

;.-"'.I"' B R R .-"-J';

k
N

A

Ny N Y Y Y E L r Y YY)

YRR DRSS ARSI DRI DS AP E

b ﬁﬂﬂ*ﬁﬂ%ﬂﬂﬁﬁgﬁwﬁvﬁﬁvﬁw

R e e e

g s o ey g P, g g e, Ty g g My, i gy, T e e

VELISIPLISIIIIESE PRI ARSI SIS IIESSIELS

Nov. 28, 2019 Sheet 6 of 22

"‘fﬂﬂf#rﬁ‘ifd‘.l'i‘i‘rﬂr

s

&)
o

*
a

.,

v
7

- /
o i e ‘.
L,
n“ﬂ:
L]
a

"'.""."'*.""c.1-‘.%*-%‘*.‘-‘*-‘*-“&.*.‘-&*.*.‘*.%‘-‘.‘.*.‘-%

ﬁ
2

Suixced

r‘:_.'
TN

bun S

e

0

i)

4
a

e

12

RS

eh

L7 e
1.
=

Hin

4

e e

@

3
hab
&)

33
M

tad

T e T e

T T T M e R e

e L A

FEPRET Ry LYy LY .ﬂ"?f.-‘.-" e

e P e e 1 0 e

US 2019/0363890 Al

e o e M e T e e e e ety

+

T M T e T M e lh“-“-‘b."‘lﬁ

o

::.-".-l'.-l'.-l"'.-l"‘.-"f"‘l".-".-“.*"‘#-l*r-l'.l".?#Jf###.’f##f.*#frff!a‘!##

¥

‘hhﬂm‘hii\\*ﬁ.‘h‘hihhﬂ‘h‘h‘h‘h‘hﬁ.‘t?&h

3

£

oy "y Py P P Ty Py Py Pl ™0 i g Py Py P T Ty P N?-’l:h

L8

L

A AL M, sﬁeg.‘

TN

e

Wy Ty,

10

%1.

e

b )

S

" hh
o

EANES

W
o :
ks \
R
Ty g
A i.ﬂ:" M:\ ,
R ™
r(k\ . ﬁ Ty T T T T T e T T e e e e e T e T T T T T T e e e e T T T T T e e e
ir. e T " b by
OO by \
.. ! . - %
'.{" gk \ N A s
2 oy & X g i3 a
. 1 . ]
- Mad A \\. i, e 3
- P X -y @" 3
1 2 | T :LL ﬁl m e
g & @ N g B \
el : L0 by - m{“ m 3
31 03 Y. ¥ § .
X i e : . < v £ 0 m N
ﬂ&_ L} Ay “:'h.n-.-nn- m tﬂ"ﬁa‘ f,-.ll w k
RSO Y o X o T A » 3
. {‘N . ‘1-:: :::""h t }‘:‘: u ‘.'-.‘l'}*.'- ky
Orow 4, & : o - 3
g S N w2 & :
SO W i : . - :
s p R 1_{' :’1 ET{ {: 3
\'Shv- " ~ hy TR X A
5 ﬂ: hl\lh - E Wit ""
O 2 X Mot \
RS i.‘a h—.,""i. :tt.h.t.t.t. e o e, e e e, nﬁi,ﬂ.t.t.t.qt.i.i.t.t.qt.t.uﬁqt.t.q;
L

P,
3
oL
gt gt B R e ittt g L g i gl g O i gl R R e it g L e it g e gl

o ™

"l

+JJJJ,F'""‘*"*'J'*##"‘F‘-"’#

i

4

FiG. 20



US 2019/0363890 Al

Nov. 28, 2019 Sheet 7 of 22

Patent Application Publication

ve Did

..............................................................................................................

‘—.

4 '

YRR RO A AR AR, ‘ ’

lT ]

‘-

.1_-. “.__1.\.\.\.l...l.‘a....\\.\...\..\..\._.__._-.l_.“‘L&\‘.‘.\.\L‘\“j‘t:‘ﬁn .-...\.\.l-l...l..l.a__..____.-‘.\..\.\Lt.\\\.j‘.\:til\.\.\..\.\tﬁ\“‘.\L__..-_..l_..-_ “_,._. "

’ L T W L . 5 7 ! v :

pat ._.m % w " v r ’ ‘ ;

) . e ¥’ r . s = R '

: / : & B T A : e gy :

’ “H “ W . _.._m “ Fd ..__". ______.,qr “ .M ‘ﬂq. '

ﬂ“n.t L .IE. ﬁ..t..t m‘lﬂ- E ] ..-ll...t.‘ ‘. ltt A e B ‘u-. M *I.\ t,.h.l‘ 1‘ F [ a4 ]

A X . o LA f s e Y '

5 P M\ﬁf{_ " iy _._....__Fmﬁ 17 Ad s . : s ) , m wT e .".,._rw____ "

_ ; . : : LSHEE IR Yo, ﬂ % :

o . ey H % o] .____-m - .__n-. .‘_....-u_..‘. g ___-..___+._._.u_.._____..__..-__...-_'..._._._-._r . “ K " Lri:._-... i

o P r IR EIsAey 1t SR EIBOT (%G ; / e i, : tE “

A Ay T, f.“w%._.__-.._.c_.__ o PG R L Ar o T B YV . T4 2 Hhe et ; A - :
h__..“.-.___.... w ~F -_-mf._ ] ’ s s F “ ___ﬂ : 7 ._.n k- .‘1‘. , u.n ! P ...lr.. .‘-.___{. v e - "
: ‘ 7 53 3 ; : m, o 4 o S _

o . . ‘ z wr S ANS T P 3 bl K L ‘ K e _
n H ”__-..1 & - S b r ._...____ - ' ] o LIPS y
z “._“ . M.\ K Y 1 2 4 "
A ' ,. ol Ay Kb o ot it P b b g bbb (TP PRE R ey PV PEPRE RSy A '

: {rrg g : “

st mim et e rdad s snmeyeanrnesd o B T o : ‘ ;

E Fa F

* ‘_.r L]

i 2 ]

G L S e e L L
: Z ,

‘I n

E Lt R s A '

2 . A M......( :

K “ A m..(\ "

“ 4 I -_T “Wh“. . “M [ ]

¥ L Thy kT AN : ¢ : nagh "

._. ¥, T \m.n,._mnm . A ¢ r s ‘

“ i.._-.__ __.ﬂ. i - L7 A “ “_.1 M M._V..ﬁ '

: ; . L ; & o “

a ’ P A Al ¢ e ” '

._m_.. .____..J_._____.__m..%wi ‘m ?J%wmu@wﬂu\ P Mu_..“ %M)W “ .___.q.,_______.. &.{__}1 “ Aall’) L ._M_q&._w "

y CE e COAP Y Aot e AT ¥ A P : - 1\% st e ’

et - P - & W_«..\......____... “._. - il ] - !

SERNY v R ir VA R’ .“M..E. Eop g PR ¢ “._._T, ..u.&w T . '

z ¥ _.-M ».M : By GE m.._‘u m\maw 4 A ’ # A, ;

_ ; CASS S ALLED ﬁu“mvwswu {E“ﬂ r 4 R L7 v vy w.ﬂw o :

_ : . o . £ T L .

” ._ﬂ ey iy ol F A "y “ “_..._. ﬁ ._ﬂ. S "

; e - X Tk P d - » 2 - “aaral- '

LR AT DA R 7 _

. : VILAPAEIEN, tasaerT SRR ey : o _

J m 3 w L . - g ’ “_._. -, .

i y ’ . s e ’

._ ; : : it “

: Cr b bt P AR PR At BRI IR L DR PP BB EP DI R P PIIPELAP PP ISP AP ‘ s :

; s '
...................................................................................... T ST

d
i b
L

- h
:.uHH\HWH\WWﬁﬂﬁﬁ1Nﬁ%ﬁ\ﬁWﬁﬁﬂiﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁhx{..n___..n___....\....-..._.q._r.n___..ﬁ._\:\...-n...“___..n___..ﬁn.t..-n._...n._..“_..\._\..mqintWﬁal.k.\m-\n\%.\ql.?mvﬁ.ﬂ.ﬁ\.\..ﬂ!ntﬁ.ﬁ:ﬁt...1.1..—:11..“1%..%%._111\.1.nn.._._.a___.._tu..n.___.n___...n_..._._..m-.__._.i.n.__.Nﬁ.ﬂﬁ&ﬁ%ﬁﬁﬁﬁﬁﬁﬁ.ﬁﬁ-ﬁﬁﬁ\.‘ﬁi&%.ﬁ\.ﬁtﬁ..tﬁ.ﬁ.ﬂ.ﬂtﬁnt.n___..ﬁ.m-.ﬁn...“___.n_..._\.\aﬂ...nt.“.__..\ﬁ&iﬁﬁ.ﬂ.‘ﬁﬁﬁ.\ﬁ.ﬂ.‘ﬁﬁﬁ.ﬂ.ﬁﬁﬁHﬂﬁﬁﬁ\ﬁWHWEWHWﬁﬁﬂﬁﬁ%\ﬁﬁﬂﬁﬁ%\ﬁﬂﬁﬁ%ﬁ%

]

]

= ]

P Y Sl :

; m S '

# oy r . ) '

* AP A ..."..._M A Sy o ey 4 “n “1. d,.....i.___.. . "r. '

: LR SR TARAEIYD : AT M "

a ¢ L ' A \\\ ' ey e '

4 P . 5 m e .n.}“ ;

AR AT Y LN TY Arags gieesy g gk 5 o :

P RIS D A AIBRITEARE AR "

L | - [ ] - - ‘.‘ .1.r1 .\.-‘-. .t. '

, e - ;

A A a Py .n....nF &, XY ,\m.u..._w 2 SR u_. % gt S '

: VG RIB PG IR AR ALY : O _

: : MM ﬂ : % . “

: : _ 4 £y 4l :
” F ] vl.. r ..I.- L r .1- 3 ..‘.Hm.ﬂlu. L] _-___ .I-Wll..t_ e ) .m”.l..__- L) .T.l..__. “_._. i&l..\.._lu_.. . "
“ L DR LIRS BAST B3R / P _
: 4 + - - m L M '
m / % % m

D et d e e s dd d S L P R LS PP ._._._,._. art '

r

»,

M 0 B0 0 e L 0 B 08 3 o 0 0 O 0 0 L O 0 0 e 0 0 0 0 o L 0 e 0 R e O 0 O 0 0 (e O 0 0 R 0 00 0 M 0 0 0 1

SELLERY,

L o B B B B Ty B B I A S B R B S S B A

r
]
; ]
” . r
L f
E L L >4 “
r by
' [ 3 ]
]
: L4 - r
r . .
: ’ W '
£ i e oy Ko oy aife ek v .
; Mnﬂmu \.ﬂw.m : “.w w\E..M [ Y “
pt . " . “ n &.... r
- 1
i “. a * EE . r ' y __I._.a. r
R § 37 bLsiel 1 L pi “
............................................................................ A N N NN R NN N R RN S N A e, o ..J._-...:.'.._ “n..q.”ut.__ltt%. ".____t.”.-.._..._. .1-.-.._.. il '
2 x St ’ .u.-._.h...-. ) ) 4 1.1..‘- "
: P R .
’ -\w_i..__ w .u__,..w.\.-“____ p e, "ttt '
F ¥ ’ : '
f ~ ...:ﬂ-M ..\.\W E T A '
r kL : “ v _.\l_ . ......__1...“ "
. s ; .
m “ GL "
Ty N L e e s “
) r
* "
r
]
% _
P
]

R e R R R

:

]

L}

F

: =14 o :
. EETLEAAIEL IS AT O PP P FLLELTL IS LTS +..___i._u....1 '
: b ’ u...w A "
) ‘ “ o '
- ’ ¢ g, :
- ’ b 4 -
._ : : A “
: L " A o A , [ .
' - - ¢ ¥ gt LR Ly "

7 Ak % £ 3 _

- . '

i L r ~ra '

“ W ) w-.._-..t.___uh“ﬂwt. “ “ n '

L r

‘ o SR 3 M, “\M\M.‘ 5 "

s “ : pscd “

4 M\ I BRI RN e i ’ '

L T M ; m ﬁwa "

-.-.\-..-..-_-.-_..-..1.1...\..-.1\\“1.‘\\1‘1‘.—1\\.\.\.‘.&1\.\\‘1&. ...!ll_._.-. “

r

]

Rl o o s R e ot o at ot e o P e e ol it il il m il o il o il i i mt il s al g ol U P Tl R P e ol Ul P R g i it ittt ol ol e e R i e l a al ol e P T L il at bl i ot e al st i mt o at ol ol o ol P P P P U e o T ol ol o ol g o g P T P i O ot P e e o st i i al it il it o o il i il s il i e i i ol ._-.-._.-1..-_..__-.._.-.._1.-.-_..._-_..-...__-..‘-.-\-lh-lqt‘.il‘:-hl.\.lhl-\.\hqt‘.t-h\\hllq“

S o aaan

& e

LR A

oy T

H }L.

00§ %o
L __n.__...

Ve o e

.ﬂl.._n‘_.....h....u-___. ‘e add

T 0, 0, 0, B L 0, B B B 2

A
s

et W T A W e T e e e e e e T W e e e T W e e A e e e e e T W e e e A e e e W e T e e e e e e e e A e e e el e e e T W e e T W e o A e e e e W e e e e T W T e e e e e e e e e e e W e e e e e e W A e e T e e A e W e e e e e e A A e T e T e T R e A A T e T W e e T W e e e e



Patent Application Publication  Nov. 28, 2019 Sheet 8 of 22 US 2019/0363890 Al

i '{ ;wxwmnuwxm11ﬁuﬁww1.-1.--.--.-ﬂ-m1»1'-.1.1,1,11'5\-#-»-»-..--..--..-\-1»1-.'-.'-.,'-.,-rru\-1.-1.1‘6--..-'..--..-1-.1-.11.1.1'-q'uﬁ-uy-»-»\--..--..--..-1.-\-1'-.'-.1,1,-5-5'r-.-'l-.-'n--n-'..--..--..-1-.-1»1-.-.'-q'-.,'u'u-rn-\-'-,'l-.--.--.-'.-1»1»11.'-.1,1,1'5'51--»-»\--..--..--..-\-1»1'-.'-.1.,'-.,1-5-"n-'-,'l-.-'n--..-'.--.-xw-.-w-.-.-\,'-q'u'u'u-»-»'»'-,-.--.--.-m1»1'-.1.'-.,-.-1-'wﬁwwwwxxxmmwxxxwwﬁw 1
)] X ¥, &
y L) ¥, '-.
5 L ", 4
1 o) ¥, X
X 3 i :
i
e ] b 4
3 ) 1, 4
5 o ¥, 4
8 » ¥, K
% L 13 %,
b ) X, X
] ] ¥, a
~ : : \
! 3 : :
} ) ) Y
L N ¥, A
4 X 13 4,
y 2 : :
1 . 1: X
) L ,
:". x X, %,
:: ; :'- {a-ahihr-r""b'haah-hhahha-ihh'-rrrrr-h-a-ahaahaihhhbhhbha—h—hhhhhhihh'-r-rr-p'-p'-a-a-h.hhahhihhhbbhhhh—a—ahaahai-rh'-u-'-r-p'-p'r-a—a—ahahha-ihr-rrrrr-a—a—a=|-=r=+=rhhhhhhhbhha—h—hhhhahahhw-
* ) 1, .y
L T, »
b ) X, %
b
1 u E 1 E L L
] 3 : I W : 3
A x L R L R R L T P .
:'. li :ﬁ t 1Y : E : j Iy E{? Lo b
+ 3 ‘ X g c a4 N 4y 3
:: "h, "-. K, ;‘:} 1}" a :: h L - P~ *
3 3 : : & s 1y B Py I A 3
3 ey & - "- e
3 3 : Py & 3 Cowr MY Fr 3
1 :' :. t ﬂ::-f E‘-:.: .ﬁ% :_'--*—--- -..-'.-.-.-|||—-q----—..qq.q-.-‘-.-'.-.----—---..q.q.q.-'.-.-.-‘-.—-----—-..q.qq.-'.-'.-.-.-.--—-----..q.qq.-.-.-.-'.-.----—-qq;qqqp-‘-‘-"-—--hb‘ If'-rn' ‘i::; l'l-""l-':hl-'% }H—————.—iiﬂ-ﬂ-
» M v R Lh"} ~ : 3 : L % o o b3
1 . X v N T : e S
1 '£:3 :::_ ::. : {1 :.J.. {:j:‘ : l - ';l.A.A.s..a.a.a.-«.-«.-«.-«.h.l.t.t.t.;.;.A.A.s..a.a.a.u\.\.\.:».t.t.l.t.;.;.x.x.s..a.a.a.\.\.\.-q.:».t.t.t.t.;.;.A.A.s..a.a.a.\.\.\.\.h.l.t.t.t.;.;.x.a.s.a.a.a.\.uw E . : "", *3‘ m E
) N A ¥ : "y TR e t: 3 - T e w A
. LN LS . * L m! Fr N »
:t N +, K, Y 1 {n :‘ gﬂ’ b - & 1 L] :Eﬁ :.n."-"' *
: 3 : - 1y @ : = oay S & p 11 o2 Ay ;
: 9 3 : L . Y2 AR - S e ¢ I - i
::' ; 'I.: AR T A RAR AL AT L AL AN A A A AT RN AR 1 . :" ﬁ ;:I"l! 1:.!lii :&.__:' :1} {#I . 1 : 1
LY L] . - ", .i. o 1—1— el 4 e - L = T n J,- '\- " "y
: :: :: : : :.: ul :i _'?:E‘} alarg™ e Sy p;:.} ::_-r'\-'!-"q -"u-':-“ik sy h-: t"‘:.".. :: "‘-'\r'\r"i-‘r-‘ll-‘p‘p‘!'n‘r‘r‘!'d::?:\r'\r'hﬂ"p‘p‘r-‘r-‘ﬂ"!*.
3 i : ¥ I I Dowx e EBon & e wm & BT i h
1 } ;‘ : 1 'ﬂj {_."": E ﬁ o W "‘l- " {-:_l {_.-:.E w 3&-‘?— *ﬁ‘ “"‘::: % b "
X A X ¥ Y M s N S I el Ty R R el \ e
T LIE - u Enm’ Yew A . o 1
3 3 : i I PR W W BT g WK R 3 3=
' : " Yo _ -~ SO Sunduy =%
: A v e T ¥ en . TRy KEC SR o I s O TT s AN
: 3 : .- 3 i YRS S SO B G e
3 3 : o3 I ¥ & : R e W 53 3 R
A ¥ . e? 3 oL 3 3 - 3 it
3 ) ¥ 5 o Y 2
1 ;: : E o ." B by b ik Bk b e i ool i b e e o o ok orh orh M M e bk bk Nkl ol i ol e el ok by M by by g b e ek b b by i e etk Al e e ﬁtﬁ
} : : S Sl
1 % : }rr-h.-h-hhhhha._hhh-h-'-'-'-'-'-:-h.-a-h-:-h.h-a-:u-hhhhbhbhahh—a—a—h—hhhaq-'q-'-n-'-'-:-:p:-h.-h.-h-h-hhhhhuhhbbhhhha—h—h—h—hhhhh-h-'-'-'-:-h-:-hh-hh:u-a-hhhahhhhhbha—h—h—hhhhhnq-hhhhhhhhhhhhhaa-hh-'-'-'-'-'-h-h-h-hh m
L X *
1 E :: :'. :"i—‘ﬁ-"i—'\-#\""."l.".'\-'\-1111%%##"!—"—"-"-\11"1'\-'\-'\-%%%' ,,,,, e T e e e e T e e e T T e e e e e T e e e T T T T T T T T T e e e e e T R e e R T R T e e e T e T e e A T T T T T T T T e e e e e e e e
%+ + ., .
1’ i "‘I t‘ s LY LA A A S N I BE B R TR R N U RN A Ry W W .
3 3 : \ % . X f"f 'a
: ! : S S : :
! LY = EX LNy
: ) : S Y} oae X
i X x A Y 55 3 oy . "
E_ X, L] " % ot - )
1 ) : A 1 K A A .
y LY W, k, kg ) e o 5
T x ¥ x by b A L - 5 LW SN
:L" Y * : t - t‘r-“ :: e - 21‘1‘1‘1‘1‘\‘1.‘\1‘1'1"!.“' !'_'l."‘:l
i 3 : : Yok M } By 3 v fumboos
3 3 : ! ! ; i } ™ 3
a L) 5 Y !
3 N X . by E e 5 . | £ h
i ::'. :: :_ b Lo % Lt % rprmr— a
3 - =-. - - N : - > e Th b
L » X, X by : 5 w 3 "
i 3 : N !o@ o3 < i o3 B3
by 3 X by h t j, T i"l"\'} - b T vl !
i ?'] N v : Y Al A 3
:I.-L .:_’ '{ :. : t m 3 . u 'l.ﬂn..-.ﬁ..mmmmmmmmm;:mmnh.ﬂummmmmxmﬁ.
3 IR 3 : : P OAS B % v
a LS | s LY 1 y . A5 L} o it
:: W ¢ - o) 1, y . o . ::
Yoo 3 e ; N 3 : . L5 >
P & = : : R ST e :
3‘ }ﬂ-‘m — 'y, ; :I t e T A A R R N e e R A e S ‘.'1-.'-1-'-&'-&'-&'-&'1'1h‘n':-’!.i.i-"l-'i-%‘h‘w—"!—‘w—‘!—‘n‘n‘n"h‘ﬁh'mi-’\-i-"m"n-"h"!—"!—"!—"q—"l"n"n'1-'1-'1.':.:1.’l-"l-"\-"l-"m"h"!-"!—"!—"n"n"n"h%‘h':.-i.’u-i-"h‘h‘h‘!—‘w—"w—‘!—‘n‘n‘n‘h"h‘h'm:-
y [ W ! "l-i ) +, a L)
m w {-:.c. ::q"‘- ?'ﬂ. :‘ : ﬂﬂﬂ...:‘ll‘!ﬁ'***ﬂﬂﬂﬂ...-l‘H!'H**%ﬂﬂﬂﬂ...-lnnHﬂ-ﬂ-ﬂ-*ﬂ'ﬂ.ﬂ.'......“‘!'aHﬂ-ﬂ-ﬂ-ﬂ--ﬂ-ﬂ.ﬂkﬂ-*ilﬁ“ﬁﬁ****ﬂﬂ.ﬂﬂﬂﬂil-lnHﬂﬂ*ﬂ-**ﬂ-ﬂ.ﬂﬁﬁ*llﬁ‘ﬂnﬁ*****ﬂﬂﬂﬂ.l‘l"ﬂﬁ*****ﬂﬂﬂ
:‘E L. L EE.F * ;'-.: ;:: :: : :
v R [ *
I 3 : R,
-+, "lu, 1, B 0 e .
P e : : o : :
1 {It’l" :: o o -':: :' : : -ﬂm.‘} :I.. 1::1 :
Iowmodm 2 : M el g Cf :
L] Y, . P L) ¥ : : ":‘;‘.}" -i'.' . * -.:-rm :
¥ o o e 3 ¥ y & M by E} x
t wm {i-{. A A '1-: L] : LT .o :
e - i : i3 e :
o i t n} + iy ] "' g g oy gy gy g g gy ey g ey gy ey e e gy ey ey ey ey ey ey g ey iy i gy
TN £ & x : o3 2 :'::%t %
- o ! ) X
, Sy 3 oy - » H by b, :
iz Wy Sl ) : y 5 sl x
5 - » x o 1 3 1 T
;oA M om 3 : P 3 3SR
) - Ahnt . ) b 4 5 e A
:: e b {ﬁ ey, :.':: :' : : Q L:.{xi :
PR D W i : _ Pod PS O
:.I_ 3 :'} *&. -*un.*i 3 :: .{T} : : l:l"'n"Il""Il""l-"“l-"'l-"'"l-_'l"h"h"":"":""I""I"I"‘"I" E:}
F"I-" - " O
1 +nn ma P t + .E"l.'} : : - ., }
RS B~ S 3 : o P R 1 b s 4
t "“"‘ {1} }‘3 l':: :: h. ":"._- \ 1. t '..‘\""-'F \t'_ "".".".-.-.“"l‘."‘"."."."'l."'l.l'l.".l".-.-.“"“.‘"‘."."."'l.'\'l.'.‘.l'l."l."l.-.-.-l"‘"""."."."."l‘l‘l‘l".‘“-""""‘."."."."""."“'
T T ) : . 13 o 7 o 3
:: 'y :I}_'_!. {?j } :‘ ’ ":~, . : E i Y ::_“""'""“" mmm "'-: i":L En'"""*"* i "-.""*."‘.“.i ¢'.‘. e Lt L Th &
bl e L ¥, v - - W - LI LYy
1 w} fa™ - ) T l\.".“ ~ . : ! ": :_ 'a ¥ E : '5 raph v
o ome -om B g 3 ¥ P A —— A % ¥ X : 23 o 7w
] 7 > X y ) X, v rox 3 a K Y . b A L T Y
{ 3 S o x Ty Bt ol 2 L W ;
1 —, S, ﬂ} b E 4 h Iy i+ "y . w a L " " AN {1‘3 " ""'"P}
I~ SR N SV oo ¥ : ¢ o S : A : R e : R RN
M - A %] L e L *, i, L s 3 A ) q 'y Py el . il . - s .
o :t...-...-u‘- m L) * K, 3 = I’ ' o 2 X L T, } T i L g - " ¥
?. ety h‘;‘ 51,_ " {- L8 % . 3 i w, " ity - y k » o
T };3" he 22 3 : : 35 vl : e POXLE e oAy omy o3& v S
A ~har - :"'-'-'- - . I“- "': h - = i -.'r Ll i L el :! b -- ..: " f- . L) ¥ :"lu: b o
q J‘.‘- b ‘ N Hﬁ""'ﬁ}ﬁ-ﬁ-ﬂ-""-"m‘h‘h““"{:“ﬁ'ﬁ'ﬁ‘"ﬁﬂm . *iﬁ ? t t h': E 1 f E: "‘\.:“\."u- ': h ‘3‘-‘ ,'!:a_:. E ; H1 ‘:T:‘!. -'i-"l""\-‘ ﬁ.{ :: .*"'
X _‘. . "“I hy hy h- b :'_ . I, . " = :’_ "" - - 'r : Trmaan ] o *- -i' . 4- A LY
3 ¥ : : e - g ¥ XN ; YOER & IR TN g
3 s ¥ ) A A T . oy 3 =Y. S T Ak N = R -
x Y :: . - S 1 b s . o :: T imm . A o) & S
t " } Y Py J::"'} b b t‘_.z - { ' i) 'y :’r 3;_,_-1‘ . 2 oo o ¥ "
: R i 3 ~ T S ¢ : ~ 3 : : 3 32 e e .
:LI- : % :- e L LE LR E R R L Y : : g :‘: ::' ;: : 2 E‘ ﬁt:. Lﬂ"} :
b Il' 'l-I ‘-I L 'rtnl-n- "-' 'ﬁ u cx" a iy
o ) . o, %
A (SR ———— * .E * {-\.:i-"'a b
1 =‘| E :: J‘-h : n ':“H-'l-'l-'l-'l.-'lﬂ..rl.rl.'!.'l.'n.jj-‘-n-;: m :\L"'_rr_r"_l".i".-".'rr.'rr.'rr.*h.-l-_ﬂ.-r-.ﬂ_-n_rr_r_ 3 .y - r :
1 # % E‘: . Ai N } Q:-Hn.? 3“"“““1“‘.-“..‘I‘I‘I‘I‘I!‘!““l*“""‘. t'ﬂ'ﬂl’ﬂ-"l‘l
i s '{ :: ﬂ““'ﬂ-“"‘-"."H‘II“E.““‘H‘EH"‘-‘-‘." : ' ..IH'H. é‘-‘.} z
! LY 4 , NS [
{ : ;:: : E ‘_a‘l"’ }_ : a {Iﬂﬂﬂﬂﬂﬂﬂﬂ'ﬂl‘:‘h““:ﬁq rﬂmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ*ﬁmz liuﬂﬂuuuﬂﬂmmmuduﬂﬂﬂﬂ‘{ .:ﬂ“ﬂﬁﬂ*hﬂﬂﬂﬂﬂﬂ'l*ﬁ*ﬁ‘: t
H X ¥ 3 — — T L * % 1 VT A > - y a X *
A X ¥oox ; 3 ~ Yowwe” % 2 w8 ¥ N : wu 3 a o ¥ P " : x
LN 'Y :‘l. 4 3 """'"::"' -ﬁ I - ’ﬁ- - -yl N + a » 2 y T 'k Ny ¥ b Y
A 5 . ; et Vi . A 3 y v 2 : ¥ X X, 5 X
N - 'Y lﬁ + 3 {.“."‘ _jr__ﬁ' —— &'ﬁ ) a - b n -‘r by L {ﬂ:ﬂq ‘g ¥ LY
x ¥ I : SR . S-SR S iﬁ pat - : = 3 x g 3 A v :
. " y, ' 4 = ) * e ' " 3 L . . e . -
5 . . Tttt . . . - 2y a LB p 4 L » . z A Ty » by
:: :'l- :" %. : T t WP "‘{f ‘--1-" "-}-':‘ 1 I:': “'ﬁ *EQ:E ‘?E_“"'t* "* : {;} :;.st..r.-.q- A, ‘m \.i-i.v.%i:.t Pyt ;.:._.. }haht.t.i.-.-.i.i.u-ﬁ.-ﬁ.p.e.}
b ';f o :"'q. :‘: 4 ;"'-1- il \._w,-l' % bR L ﬁ“ i T, » :: . t - x ’l_{l'*_ i -r‘lv'\-: *
i & Y3 ¥ R R - H 3 3 E o : 5 } 3 Loy } T 3
N ". ! k] - n.‘ H.' :" 1 ' { - " K"‘" i ‘ ‘ e M :.. :: I :h - L]
b ] £ . b ) m % 'K Py . w0 n 1, gt . 1 )
X ks ] N : L I o LRy % L by % Tk s Lo r
:: dtu.*q_u*u*mummmiu‘utuuuiuuuuumq‘ ‘:E :-. :l E F*"* 1 ::.: LT 2. .::: : {t} E t 1_..:'::' E :: -?:-.. :
1 { """'t"".} E : % : By gy e e ﬁ*-*-ﬁﬁﬁ-:-u.-umﬁﬁﬁ:uﬁ.*:' ::-: E * ,E Ny : - y :: - k ': -l :
:t % &} ': : ;1". :. %— % :: : g '."..*..t*..*..'nh.'u.'-.\.\.\_i_ﬁ.i.ti.-} LE TR T T ﬁ.'L'L'b.."..'L'L'L} "'l..“..'i..'L'ﬁ.'ﬁ.'h'LT,‘l_'i.‘\.‘i.'i.‘i.‘L} IL‘!.‘L‘L‘L‘L‘L"L:{.:“..'L'LN.'L'L'LE
! x : ) *, .y 'y Twim . w P
5 * b T K A ) % a \- ig A - A : - " sy
: . A ay ) A Y x % - 4 i . o . -
3 ] o me > P : : X a3 3 ) 2 ¥ 4 =3
: W v """i.: :;_ é o } ‘L:‘- iy '{: '-1'\-bvhhb{-I-n-h-hhhnhhhhnp~|n|-~|-lpl-\ﬂ-hhhhh'-r-r-'-phhbbhhh\rhhhhhhh{_hhhhvbhﬁI-lrh—\ﬂuﬂ-'-phnhhb:‘_‘rI-I-\rﬁ-hhhh-\rht:hh'-'-'-h-'q-hh1-hhhhnh'-u-'-'-p‘}"h~|-hupt-h-rﬁ-hhh'-r-n-bhvbbhbvhhhhhhhhhhhbv
- - J-
: E "):;- il 5, :: HHHHHHH Mo -{ “““““““““ “:h‘; ““““““““““““““““““““““““ & {. : 'l;" .}'..' ) ::': '.-'h L-L-l.'\..'\..'h."\..‘h.‘h.‘h‘h‘hm-u.-u-h-h111'u1.'n‘h‘h‘h‘h‘h.1.1.
™ . :\ .‘_: e M "k_ :, “ *
i S ol e : 3 : 3 i i : . -
x X Y 3 3 : 3, A X ¥ oy 3
z 18 ] ) . et , 3 ¥ ok o
1 } e :: { :- {-T..-t : " - - . .
x ¥ =5, ¥ z ! et X N LY e g
3 3 : : 2 PN £5
gy
1 H-‘-"t"'I.'i."'h‘l.‘l.‘l.'h."l.'l-'l-"-'l-"’h"’h"’l—"'h‘l.‘l.‘l.‘I.‘I.‘l.h.‘h.‘h.'h.'l-‘."-‘-‘-"'h"i- ........ ';.: L -tm E.: :: .'E:.-‘::;\.' .“'?ﬁ
1 : .h“.“ h.""-.‘“*****\"'* {.‘r:: ;: E ‘Il?:EI"-
S SR - B>+ B i3 S 3 ELX
O S TL I R 1 A 3 X
T e & &3 i : :
Yoo yogo rcvn > ¥ i
t ':- }}} i u‘- Ib':‘ 1[‘.““““‘*‘“H.H.H.H.H.l.‘.'.:".:'l‘.‘.‘.‘““E‘ll‘!i“‘.“‘“‘H“ﬂﬂﬂﬂlﬂﬂ.ﬂﬂ.“.““‘hlﬂ.ﬂ.ﬂ.ﬂ.ﬂ.‘“ LA E S X REEE SRR EERERER SRR R R RS EERERRRRRERERE SRR RS ERRERRSEE Rl R RSN R R R R RERESER RS R ERERERERERERR R R RERS SRR RER RS SRR AR RERR RS ES SR ERNERENT®NSHS m
1 1' anl 1"'.{ {"H -";"?"'I" ﬁ T
b 4 -u,.\.-u,.\:’I . -\“L’ ; ‘. L2 ] " .
PR oW om0 : % g
b i [ % - kY d A EFAAALAEE &R kR RAE AR
2o 23 % oy R} ¥ 1- ¢ 3 A
50 3¢ AL S T - dam 3 3 : : Tt : :
by X e N k) w ® 3 0 a y
1 T N - 1 A
t 1'-!-!!-!--|--|--|--|--l|l-lll--ql-'!l-'-'--!-|--|--|--|--|--|--|--|---l|l-d|l-++'||l-1|l-|l-} ; '|-I h‘ M E hl
4 ) X £ L3 1 A
L A ¥ L i1 L)
n ¥, K, el x x P
* 2 SR, - i R SRR 1 o
by N =y " v 3 LI S
3 w . Jeay : N oy
:' g i e il el e b e e T iy e e e e :: :: Ej} : :
S : ; ~. & : ~
b, * e T 5 A . i"‘" 3 A by
i t :l"!j _:..h.' g, g g e e ,f'"'\-.,i :.._ —ey : :.
" ) E-‘: S * N ,:?‘lf"‘l?, N, - - - A b
\ .E ﬁ.; o~ Y ;.l. . mMETTFERERERRERERTY LR LR E K R ] Iy
. '{ -l.T.“-r — \.-..} i ' it b,
t % N, =y i b, g I,:E""""" i h ¥ :
1 1 :ﬁ-:“‘ ‘:}:: Mkh-? by e e ut et et LT T T R N o R R N T R AP R SRR I‘._“Il'u-\.“.,“._.._.._..__..,.._._.“.u.“.“ L e T T T T e R et T e T T et ettt T T et Tt ettt T e et ettt T e Ty, R S P T L, L S S Sy P P P Py S, P T W L S L S By Sy PP P P P T
b - - - e, » ' b
3 - U S < B N * .
A e ! h y
} 3 £, AL . :
1 AR —_ é i 'Y
L E - K } ,
i :: RNy :E }. E
t 11‘\‘\‘1-1111111.1. 111‘\.‘1.-1.11-&1‘-11"': ::: t"
X R A :
b
e s . A e e w .
b o T x
by e . S %
3 g e r X n
1 s, {;‘} *_,i. y » *
b -ty . .~ Yy }. :
1 . ":.:. n:‘-_ll-'E' ﬁﬁ .“i - & h, "' n
" "t . e A A y
n - i e L3 T . X b
i L T R - —n S o L [
y Ll K s A e y
Y -y L Bt W Y oy l‘| el . Iy
1 5,.1.‘.. - 'lh_- j . 2, - dr
: E B WP ay S Y y
e " .
A L ) M \
> T o {V-.:“. E E ‘e H
by ; S - W . % N, b
- e ) *._ &
“hl-l-l-l-.l-.l-.'i-.i-."-."-.'\-.--l-.l-.l-.l-.l-.l-.l-.l-.l-.l-.-.l-."-.'\-."-."--.-.l-l-.l-.-.l-.l-.l-.l-.l-.l-.-r' L L}
‘
) ] 1
LY 3
;’ ] X
.y sy g \ b
3 RIS 2 3
) - “'\"I' ~t ﬂ'b' - b I oy - L] a 'H L] r ™ P:* L] H'-:l'..i 4 - L L] h EY
3 N L x R EL% P AL R E XL S §‘4:s*"'3' e RO DN S 1w s B L O K@
% PR AN E i
1 ) :
% ) "y

L |
-

" S S ST T AT AAYFYFASFRFRRFRSAAAT AT FYFYFSESESSETEE '""‘***‘ﬂ*“““"“‘“‘H“——'l“‘““‘“‘1““——""‘4**““%‘““""-‘-‘-“‘-4*'"-"-'"‘———'"“-‘-‘*‘ﬂ'ﬂ-“"H“"""‘44"-"“‘““'"""*“"‘“‘“““""""*““‘““H""'“‘4““‘“““'"""*“““H““"""‘***“



Patent Application Publication  Nov. 28, 2019 Sheet 9 of 22 US 2019/0363890 Al

370

-I|_ '\il '
a1
1 \: ?ﬁ‘h‘h‘h"h-"h‘-'\l'h‘h'h‘h'h‘i‘b‘b‘\-‘\-‘\-‘bh‘n‘pﬂ‘hﬁ\"h
L1 n, 5 .
A b h i
x o H -
3 b N '
{ :. E '
3, ", '
Q v E a !
: :' "!. [l H ] 1
N b E ngh, .
:: 2; by whet: :
3 A . 2 ;“J )
E i T e oy i g gy B, g g T, 0, By 0 B R B S hhhhhhhhhhh«ﬁﬁﬁﬁﬁﬁumhhmhhhhhhhhhhhhhhﬁﬁﬁﬁﬁﬁﬁmﬁ1&15551554&5\5i@ﬁ{ ”““:

Ey

.
Cal Pog
5

P

'l
N

g

T T e e T T e e T T e e e e e e e ey

F

O e a w w raa,

Pt Tt gt g g g g g g ¥ g g S

.
R

x

g i ey g e

¢}

-

T o 2 R O R 0 0 0 B 8 8 R 8 A G G O

‘-p-‘-:a-'u’g’u".r‘.-"p’-’.r‘.-‘.-’u-'u’-’—’-’.r’r‘u’;’fﬂﬁfﬂ’a‘g’:‘g’ﬂ’fﬂ’u’fﬂ‘ig’-’-’u’-’.r’u-‘u-

43

g O

P L g e e L e e e A b e e e O

E E ! e e e e, e e e, iy e, ", o e e e, e e e, ", 0, e e e e e

L)
gﬂ#h"#-’-’-’-"ﬂfﬂﬂﬂﬂﬂﬂ.

g A 2 o AT 2 g o o o g A

]

3

} o
: <L
4 ' :
by x

y Wt

-

-

b

)
T, o,

A o o o o o o o A

ity
ey iy

R T g R I R g e e e

]
A%

FlG. 30

P e 2 o e 0 B L A e e e e e 3 O 3 B e e i e e A e

e I e e ek Tt e e a;:::n E. T B B e T e B e B T B N, T BB B PP P e B B A R T R R
A o, ' ¥
% ) et W
. ",
3 Do :
, T, :
:: i+ ';- R R R R R R R R
N "y "I: : W
L ]
: 3 L o ]
t rh‘ a: ‘. . .-. }.
4 } h ; : E
Ry : 3 rwﬁ
& "y L] by X
t :: :' L A t
, E ) N S ., ¥
\ : : N s TR A
N ; -
o »
. ¥ 3 ¥ 3 ﬁ" St
"h"-r"v"«n"\.'\.H‘H‘H‘H“i‘r‘;‘m‘t\"h'\‘h"h"b"h"h"h"h"h"-"-r"«r"'l-‘k‘b‘l}*}ﬂ‘i“‘m‘t\'\'\‘h"'l"h"b"h"l."h'h'v'f‘\‘b‘}ﬂﬁﬁ“ﬁ‘i‘t‘r‘ﬂh"h"h"h"h"h"h"h"h"h"h"h'l. % :: ¥ " {'ﬁ 1}'\“.‘. :..
. 3 ' ! ‘-: -
: Pl ML 3
: - A x
:H“ﬂ"h‘h"}h"Iu"n"n"'u"n-"u"n"q-"m"n"'n"r‘h‘h"q-‘h"h"h‘h‘h‘h'h"h"h"Iu-"Iu-"u"n"n"u"'-.-"u"1-"q-"n"n"'r"r"n-‘h‘h"h‘h‘h"'h-‘h‘h‘h"h‘Iu-‘Iu"n"h"n"u"'u"1-‘h"q-"n"’n-Hmﬁ‘n‘n‘uﬁ“‘u‘u‘u‘u‘;‘u‘u‘;ﬁhﬁhﬁhﬁ‘h"r"v"q-"h-‘h"h"h"h‘h'h"h":h‘h"q-"Iu"n"u"'u"'u"-.-"u"1-HH%H‘hﬁhﬁ‘h‘h‘h‘h‘h‘u‘u'h\HHH‘hﬁhh'h"-.“‘h‘h‘h‘n‘h‘h‘h‘h‘h‘h‘h‘u‘u‘h‘h‘lﬁhﬁhﬁ% " g 3 }:ﬁ E
L1 [ - b ™
;:nhﬂmt“'\mmmw ;": Ny :;: . :'. “'q\:‘ : . w :‘E
3 § 3 3 3 i YOy W MW
X o » 1 "\ y ﬁ.\t’ _ lﬁ X
y 4 N . s : 3 3 s N
3 {f' a o 3 i3 *5;;' X Ml ut n igmgn Y
Y “ %% 3 3 - YR, 22"
N =011 e £ | : W%
X X
b ol 't ) ] "y W
:: H‘t . .M 2 }' :: :: t\ . . : . .iﬁf- :j:
.‘: ::S::‘ Tty ! ¥ : :E :: x,.t :t bl E
> N by Py 3 LA | i : e &
T Wl S S : % o et
% g :: Y .'; "":;H ‘b.*n*u*u*u*u"-."-."-."-."-."u'!-.'hEmhhhhh%hv;‘
b X . .t
't » . Y.
o N3 3 3 X 3
- T S 3 3 X :
» . N ; ' ' W
R JRE i 3 R : %
S L . 1
3 ol : 2. ‘-‘\w“ﬁiu;i.;;&._. . w ] A A
> tﬁhﬂr h ) :\H‘"“"‘*"Hm L e "y 1"’:'{ ) [
E :: { L ¥ ' } 2"-.'-."..*.txxxmmuuuﬂﬂnﬂﬂﬂﬂtﬂﬂﬂﬂﬂt 3 t‘.‘}%
b * n " i » -
h‘q‘q‘p‘w‘n‘n‘n‘m‘:’;’ﬁ-‘-’;‘q'ﬂ‘q‘:" 3 : ) % "
) o ‘y K
z * : & - 9
. “ .
¥ 3 3 3 ~ V3
" & 3 " Moy '
4 N 2 % o
g gy gl L,y o o o, g, g g g g g Sy % 1 _ '
} : 3 b
e T Ty T T g R T T g T, Ty S M g B g T T T T T T o, T g g B By T T T T B B e T T i T T T T M Y B B R Ty T R Ty B Hﬂhhhwﬁﬂuh'%ﬁ &?‘i
W,

-

¥y

B it T o Kl et

;-I"‘ o gt gt ot g g B gl

T R T e

A i o i o o o R N a0 o

-

m E g iy g g g Ty T i T T, T T, T T, T . Mg M T T 0 0 g g g P, Ty g, T T, iy T, iy T, g T Mg M T T T Ty T 0y 0 g 0 0 T, T o, i o i T iy T Mgy, M T T iy 0 S 0 0y g T T T T i T T, T T, o iy P My P Ty T i i g 0y 0 0 0 o o T i T i, T o, i T, T My Py My T Ty, Ty 0, g gy ﬂﬂﬁﬁﬂﬂﬂﬁﬁﬁﬁﬂ“ﬁmﬂ%ﬂﬁﬁ'{

L o gt T St ol gt el gl gl o ot g g

i e o e e e e e e e % E‘t“n“n“m“n“u’“ﬁ.“u‘h‘h‘h‘h‘h‘t‘h‘t‘hﬁ

WA S o ol o o T o T A g ) o o A

3

L} .

{:

X - .

o e ,

] :‘ =

]{: - ' M- ;1{

y £ N

W ' B ‘ﬂ&ﬂi :

__________________________________________________________________________________________________________________________________________ LA YA

ﬁ T T T e T e e T T e T T T e e T e T e e o e T T T e e e e !

arers
¥

2 B

73

Pade g

P ol o

F

r-'.-".-"
4%#

»
’#flflfﬁﬁfﬁ*flfi{#iﬁ{*f{-fg.

k] "kﬁ“’ﬁ'ﬁ%ﬂhﬂhﬂﬂﬂhﬂwﬂ'ﬁﬂ'ﬂhﬂﬁﬂﬂm

AN LT LS,

B g g e i e g I R o g g e g N g e e g Ry S e g g g e g e e g U

I T T T A A N N N B T, T T T T T T T B T B B B B T T B T T T, T T T B T A, T B T T T T T T T T T T, T B B B B B B T T T T T T T T T T, T 2 B B B B, B B T B T T T T T T A, 2 B T B T T R B T, L T T T T T T A, B, B B T T T T L e, T T T T A, T B 2 T, T, T T e T, 2 A G L A I B T T B L T T T i U B 3, T

RSN S TN o 8
IEBHa
PR B BTN

1
- n

.ﬂ-{- Tt o T ol i ol T il T T ol il g ool itk Tl T S A AT A A o o P U A Pt il o ol T S o A o o s T o i gl it el il ST T ) oo et el ol il i A T S b ) e P A 0 T ol ol ol ol ol ol ol T T A ol o T o Pl i i ol ™ i T Pl T A b A oo ol T o il P T A b T A o T ¥ o A o ol ol i il il Sl ol g ol o A L o il il it L il Pl i T A o A o ol gl il Pl il a3 S P ol A o Ao P i Tl il Pl T Al ol i T g AP 8 0 el o i ol o o Al Sl P ulF i PP o i ol o Pt i

Orehing)
L Y

f-r'#"-’ﬂ’-’-r‘-’ql’-l’-l’r’rr’v’-r’r’d’r’-’a’u’i‘-ﬂ’-:a’-"';’f-’-’—’-’—’-’-’-r'v’—-’r’-r’u’u’u’u’u‘r‘#’i’i’-’f-r'ﬁ"-’-’-’-‘ql’-’-’-’-’-’p’v’#’d’u‘ﬂ’a’u’i’u‘ﬂ'ﬂ"fﬂ'ﬂ’f—"—’-’r-’-’-r’-r'-’-’u-’ur'

R e g

B R R BB I B B BB R R R R B B T I I e R B TR B L BN R R B I B R R R I T T B BRI R R R R R L A N o N T A R R N A E E E L L L L L o I o o O R o A O O N N  E E E E E L L R L L L T O o o oy o A o o O A O A A A R ey oy Sy Ty S

A ol ol ol i i ol ol Al S i g



US 2019/0363890 Al

Nov. 28, 2019 Sheet 10 of 22

Patent Application Publication

e Did

R e e
:
5 AR A A A AL A ST AA AL WA A A A,
w s s
: 3 ?
‘ R e e o e L L ““ ““

. - i Ll [ ) [l .
4 ’ : 4 ; 2 i o R v
: : __. ; : o / ? (s S :

- o o AT P s L LA F, Y . . ”
: £ MIRTR N AR A S IR RACE T P T B 7 %
£ o e A Lol ek g ¥ Ty Y ) wp T, v 4 A
2 v S 4 # re. 't ¢ 2 Ll Sy L G Y,
Fy i ’ v ‘ - i o M.M ! %\ “n?; 4
; / 3 N . : : %o AT ¥ :
‘ " mm.‘w_mﬂwmw. M_Mm\xma. % e ,..,E_,..”.&_mxw“ SIS HEL 4 7 _ “ £
3 et s e by EIR LS % LA 5 A A A o 5 2 .m.m v 2o, 4 Bt ppiiny
Z e # S 7 y' . c ¢ e 4 o~ AL g e YT
; i v ; ¥ ¢ e, - p .ﬂv A s S
; . ¢ 7 % ; Yy, B S B A 4 S i,
¢ ;- ¥ ¢ % ‘ __, e 7 R ¥ - oy
‘ ﬁ..... £ 4" / 3, m,. : % ﬂ i PRI e g ‘ Y, 5 % ¥ g
s T 4 : 2 g 4 AR} e 4 Yipy ¥ 2 L 2
FO A i i T 7 Yy ! ML P - ¢ e N D - ; . o . ey
: . X . 4 2 PR g . w..v i p hvlu.a. w o S I o _.w.w 0 . 2
._m w. “ ﬁ m ﬁ... A & “ M\\ %..._ t-‘\\._“ & ._f.__".. . . vt..”__.“n\.n».ﬁ._. “
Fy FERLLPLPIILPLLIELPPPLELPLIPILLLPPIL PP IPT BPLPOLELIPLIEPPEPIIRLPPIELPPEIEL PP PPV - & o T .
m rp o A
: s 2 ?
Z % R A e R A ATy
: : %

.‘_ 1

%__..._.___._‘.__.__-_._g_q\_..___...___..._._.-___nu.____.______..._._._.__.i,.__.............ﬂkﬂ\ﬂ:..ﬂli\ﬂﬂﬂiihﬂﬁ\ﬂiiiﬂﬂﬂihiﬁﬂlﬂhﬂﬂﬂﬂtiilﬁi_..___..._....._______f___..____..__._________._\..__.___.___..___...__._______fu.____.__‘.___._i&ﬂlikﬂﬂm{kiilﬂlﬂiiﬂﬂ& o Ll S g et el o D o g PR o Pl L Ll o P e
# r .

L [ | Lanm

Lo

LTI L A T L NI B LI LI LI LT L T L T T T T S L S Y S L S
e e R e R R R P A R e e e P P R R

’
‘-.
‘-.
o«
P
v
H
‘-.
‘-.
H
£
v
‘-.
‘-.
‘-.
£
“
H
‘-.
‘-.
o«
v
‘<
A
A
o
‘o
s
‘r
‘-.
H
‘-.
i
v
‘!
‘-.
‘-.
‘-.
i
s
"4
‘-.
‘-.
H
<
¥
¢
‘-.
‘-.
‘-.
‘-.
“

A A A A LA A AL A A AL A A A A A A A A A A LA LS LA A LA A A A A A A A A A A A S

by

(S L T T TEL T T T T T T VR YT S L SV ST S LI LI "L LT T T L T L T T L T L SV T L S L Y L “ L L LI LI <
i i i i i i e i i i i i i i i i i i e A S

A A A A KA A A A A A AL A S AT A A A A A E A A A A A AL LA LA AL A A A A A A A A A AL A A A A S A A A WA A A A A A KA A A LS AL A A A A A A A A A KA A A LA A A A A A

Lo Lo [ | L [ |

[ |

Lo Lo [ L T |

Lo

o
‘
‘-.
£
¥
H
‘-.
‘-.
£
¥
‘-.
‘-.
‘-.
o
¥
‘-.
‘-.
‘-.
o
A
‘!
‘-.
‘-.
H
¢
4
‘-.
‘-.
H
o
i
)
t.
‘-.
‘-.
<
i
s
‘-.
‘-.
‘-.
o
‘.
“
o
LA
o
KA
¥
H
‘-.
‘-.
o
¢
‘-.
H
‘-.
o
A
‘!
‘-.
‘-.
t.
o
o
A
‘-.
‘-.
‘-.
“
L
‘-.
‘-.
‘-.
o
i
s
‘-.
‘-.
‘-.
<
o
v
H
‘-.
‘-.
£
v
‘-.
‘-.
‘-.
¥
ﬂ

vhhRnhh bbb b bR R b R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S R R R R R TR R R e R R



Patent Application Publication Nov. 28, 2019 Sheet 11 of 22  US 2019/0363890 Al

H‘\.‘-“‘l.“h.lh.l\."a.““‘lh.*h.l\.‘lh.‘i“‘lh.“lh.l\. e B Nk ey e B e b N B e Ry
3 ¥
x o)
. My
".1*; e SR s
% LE;::F-ﬁ: |H*‘E-M-%-IIH .H-. :x-
¥ooogm 3R s %
r - iyt L "'.,":.":"'- M-
huwwnwmmwﬁwwmﬁﬁmwmﬁ.m‘: .}H :':l. ) e e - e
! '.'l,‘_ .‘1'1.‘5‘1‘1- v -{'. - 4-‘!."0- - ﬁ.'
{'l-., L P P Hy e L L e o ::
% s et ~
3 ey -
> e e
W &N
:‘l"‘l"h"\l"‘hﬁ"'ﬁ"‘lW‘HHWHW:&_&}‘H‘E‘#HH‘HH“—WH"'\"'\-"'ir""i!"'l‘H':‘
T
T
' l""rﬂ'{" n™ lt-i'
r

PN

Q
::“: g B by e by e by ke gy ke By b b ke Ik b ok ke Ik b Bk ke T ke Ik ke o ke Bk bk L LLH
b Y
"y
Y o
X 2
> 2
o ;
e rh
.
o L
¥ 3 TR
o ., e
* LQ ~, '*r‘-{l
3 ¥
iQ i H‘h'ﬁ‘#‘ﬁ‘h‘h'ﬁ‘#‘ﬁ'ﬁ‘h‘h‘h‘#‘ﬁ‘hh‘;‘\-"h"\-‘\-‘\-‘t'ﬁ"\-"\-"\-"p‘#‘ﬁ‘\-‘h"_{1:
¥ ¥ R ¥
3 0 X NI e X

o) X L N et >

S N 3 ~

¥ 3 N o T £ 5 i
‘% 3 % E:\J . % 7 '-.*h:ﬁ:-\:'; '.{"'-. -----------------------------
h - a AN iy o N
% " .y - x;..,‘:’:‘- e e a
X 3 Ty e 3
"'I.‘_ ':""- % L% t
"":‘_ r‘! L LN '\ .
oy \, s
X 3
3 3 e
% '& .‘:. -:":h ‘%1"-'\!‘1 .."1 -
:t‘k :2 o ™ VR e
% Es' t‘l"t"h"‘h"‘h "'-."'h."'h""h""h"'-H‘t‘h‘h"hh‘t::‘h“i‘h‘h'h‘h‘t‘hh*h "h."i.'\‘h"h'h"h."i.‘h"h"h"h."i."::‘.‘:

I . iy
3 & 3 Y 3
% * 3 BT e M R
X § YR .. W T8
E: :}'Ill“llt“ll'lm..‘t :‘::: I‘#".‘.ﬁﬁ r:t.._-:.‘ :.‘1...:::':\- :k
3 3 3 Wy Nt o 8y 3
3 A PO SR LN R
X > b - "

* b N A i
%’ % .}"%'I‘-.‘I.‘I-‘J'.-:I.;-.;'\-;'h‘I“I‘-“I-‘J‘I“—"-.‘i-"\.‘\.‘I'I‘L“l.‘l.‘l'l‘-“ﬁ.‘l.‘d'—'l‘h‘%‘l‘h'l‘-‘\‘d‘ﬂﬂ-;}

N N

1 ‘I Y Y EPRTWYYYENYREYNFTANNTYTYR AT TER AR TN TR
Y3 ; 3
3 3 3 3
.'q: ] b i-l:.\- e ""q:ﬁ-l.._ ' . . i'ﬂh

¥ 3 YA g My MY ¥
% x 3 e - B . CE
% r%ln..n._-l._l_n_l..n._'l._a_nl . :%-t !-'ﬁ-“ by \-"T':". .11:.#* _.:I: ‘_'H._ﬂ‘ ‘\.' .

R x Ay ML TweWh MR L
™ - S, -, oyt 'y -
i a e i ol . I, Wt o e
'\'_ T b ‘"‘q.‘:-,::: w l"Il,. R L A ‘h‘*“t“u 1':u.,.ll A
% % "{‘ iy + 44'-:"' =S % AW, v“l,.-':

* e
3 3 3 Y £ 5}
% h fh-"m-'l"‘,--l»-n.-n.‘-.'h,--h--n.-n.'n.'h--lu-h--n.'n.m'l-,--h--n.-n.m'l,--h--n.-uhwmwmu—mmmxn-«.m!,ﬂhﬁﬂ:’ﬁ TN

"

% % i::"r"-"h‘“i‘h"-"-"’-"'-‘h"-"-"-"h"i"h1'-"-"'1"“-‘!-1'-"-"'11"'11‘-1'-"-"-"'1"‘*-'!-"-"1:‘-|
Y : A M
X T 0 ~
3 3 3 N uw 3 “
= N N g o )
H‘- :‘\" ‘ﬂfil'%ﬁiﬁ‘-%ﬁ'ilﬂ%‘k‘ ‘-‘}.‘ le}:::.. Q
3 3 Rl R 3
% % % '-m%:' }Tr - oooonT
= R kY PN i 2
::: h % -'l‘l"ﬁ-:.i-" }.
H ) Eﬂni.m
:%‘ % %ﬁ.tﬁlb iiiii n\f,i:_n.hthlinthlinhtﬁlqn.ll-‘ll
H :‘. 'I.“'.‘.". -

"'i, i '

w ot =

q,.". ﬁ _|-|._'-"'

- o

J"l._ J“! _'{-"'n- 'hlq,..

» - "

S 3 AT

:"E r:: T

3 X

5 i

N R

2 N,

oy ot

~ Y e

= X Nt

% 3 wola

"'t‘ “" .c..':.' » ‘H:-' .

= » N

:'-:: = ""N;-'.'. _

¥ ¥ .

'.'tq. % ‘T'i."l-“'l-'\"l"\-'i"-"'-"'-‘l.‘l-‘ﬁ":‘lﬂ"il"ﬁ'ﬁ‘h‘t‘l-“‘i"-‘l“.“‘i"-‘h‘l‘l-“
% % ¥ :
R 3 3 -.
= N N A ¥
'.‘:'I- :t ::: i PR [ - My
¥ 3 ¥ v e R
*‘b.- J‘F '\b ‘l - R .—Hr._..'.j. » "h
qt!- ‘E“‘“I"!“I“‘““"“r % “‘-" “*q‘i r“&"‘ N
® 2 b o S 3
%‘: I:!lp.ﬂ "I.._ P W] L :-';'- e o :
3 3 ¥ R
% > = o 3
i‘* r" "||_‘ My
% % :::""u"'."- ""k.-""\-\.-"'.-"'."‘."".""\-\.-"".-"'."."".""\-\.-"'.-"'r"."a""\-\.-"'\v".-"."‘.‘.N‘;"r"."."\v‘;"r";
‘*i- :‘. e ey e e e e e, ey b o ek, ey ek b by b ey,
3 X X B>
3 x % e @ X
¥ X % -y ox
- *n * s gl MM NI
'{‘ :‘\h&unxhhﬁu*_huuuuxh%‘h‘ e, - e '*"'..hn.ﬁ_q.,_..; e
A X T ..""t: N S R - """-.:;};-.‘-
& T ‘“\*¢ ¥ e
= & e R 5
I 5 B ieying N, N
% % i ?Eﬁ-‘ :E:
% :ﬁh\"l-\-"r'\-"'r"'r"l-"r‘\-"'r-‘h-‘\-"\- "l"'q‘_"r'\l‘%‘\"\-‘\-‘\-‘q‘r‘\"h‘r'\!‘h'ﬁ::::
o

I

e

5

-~

I

)

e

)

A

~

b

>

5

~

o

x

=

x

o

-

>

iy

N

x

>

iy

N

3

o

5

x

n

>

"

e

"

5

-

o

5

5

=

R A B i W

T
.bﬁﬂut.b-.ﬁﬁuﬁhﬁHhhuwhhuauhhhuuuhhiﬁ.h.t.a: . ':': ,::::‘
::"‘ P My ‘::‘%ﬁ:h
- - . L5 ane W]
H"\l 1 -~
s W - e e
o W
1"'I.. 'h“"\.' - e b ""'-' B u"'-"'""h
11"- “‘;‘.'n " By B ,:1 " Pl '."'r"‘n' wht
N o R TR 2-of .S
* b o % i ::,"-u I R e N Y I N R N W O T T e e R R R i"'||.~-|. ‘u‘uﬁi‘q‘u‘u‘uﬁ":‘:‘u AL L L T TN e T T TN L N R T W I T T R T T W T N W T T Y T T
T g T Tt - '
N e e T * 3
NOTTRIN M R 5% N N
}OE OB ¥
o Sohaighy 5 1 >,
T ¥ ) ¥ ¥ 3
................................... ¥ X
R A A, Y & N
% o, . h‘ . % p&
R . SSE 3 X 3
- R o Nar W > X
x * t ~ - R -""Ir1 . i.,‘* iy
"'... a."h'“l."“.‘ [y H‘ o gl " -'.‘ . F‘!
PN bW T L o
! O S 0% 3 X 3
:..:: {hil*'! -"'-- :3"‘;‘: :h1;‘“:‘t"‘l"“l‘"“l"“‘"“‘l"‘l“‘"‘“““l“‘l“‘;{“l"I'l.'.“l'I“‘E“'."‘.1l'l'.‘:.l".'."‘.".'.‘1.lt'.‘"‘"."‘.‘l"“l"“““"l“M‘“‘t
- - iy~ R, M. N -".'- -
:'::' “:u._hl:_u .-‘,.""'I""|I J-'_'.,:"i"-q‘ -'." - '.'.b- ‘i
s 1 x
:,:: 1-_1-.‘-}- H" '\ht::" "-‘ﬁ-"lr'_ &1 ‘h,‘_ % 5
% h.i'.":;:i":‘ R, m :&: : "':q:':":'ﬂ- % "::
% ‘1-"\-’&;_ ” ;h-"::::il a;qiq:nlqil_nlliqnlqill-rh::&si‘ll‘;tl % %
3 ' Nooas 3 W 3 3
B e e i o e e o e o e P e e e e % A,
qh.i.#-ﬁ.i.hi#ﬁhhil#iﬂhi#h‘hllil#ﬂ-‘hﬁlll#hhhi##ﬂhlt.#.ﬂ.i.h.ﬁf % ‘%
R . bt
3 e e EmRn R 3 3 3
3 BN et A N X X 3
S Sl B Y3
= o ey 'v:"m\ K - et W N X
3 W N gty e ~ = b
a s n iwmn 1::1':.. Mo - %'u-ﬂ-..-,-\.-u.'u.m-\,-\.-u.'u.'u.-..-\,-\.mm-u-,-.n.n.mn.-.-.m-uﬂ.-,mm‘.nn.-."-.xﬂ.-..-\.--."-.-.ﬁ,-\.-\.ﬂo.w-. iky‘-'ﬁﬂ‘h%%‘-%ﬁﬂ.‘-'ﬁ“‘rhﬂ-“.“‘h"i-'\-.-'\-"'."\."i-.-'ﬁ..'\-'i‘"h‘\."i-.-'\-"-."'.‘\."i-.-'\v'\-"'.h‘v‘h‘-".‘h‘h"i’%'\-'\r‘w'ﬁ.ﬂﬂhﬂv‘uﬂﬂ-ﬂ R g B Py Ry e D Py T Ry R B P P R R
X o A P e ) e b 2
- Tl v - . ﬁ;
E ;&;:-\} 13;5&: ‘ H:fg&,? ":-‘:':E';‘ % % ;i .,q'k\ﬂ\.‘hﬁ.ﬂ\'h.‘hhﬂ\ﬂ\.‘q. L R L R T, -v:E
5 WAL Ny RBTR e > gy > ~ = e >
" T g g e ¥ “‘:'\I\ﬂ-q‘*‘--Hi.-‘.hh‘llthﬂﬂltﬁhuﬂ.tthﬂﬂﬂ.tiﬂ -"r\ 'II.-""""I.,\. "'g‘_ "\ t“n- :“‘ 'x.
:t-"'h P e e M T T e e e e e e e e e e e e e e e T P e e e e P e e 'IM "t\.. :" ‘I‘* - . - ‘u
BN X 3 N N X
i":: o & .‘;.*; _" >
ot Y . iy b
% .MH%&H&H%&HHWHHHHH%HM mY m e
) N L g -
% :::: L] ll-"'«l-‘:uﬁr t
T R T e R R R ::: o A0 A
- N ¥ 3
..... 3 X R . 3
- Jre -y - . . Lo R A
v:?-:i:{. 3::?:1’* - Exxmaxuxm‘-mxuxumxuxuxm~..'~..'~..=. wr ::: hﬂﬁﬁ"—-wwwwu'nw*\ﬁwnw T e e
A . L] Fl -
e oo s X ot R

L L LR :l-'r'l-‘l L L '"l:
EhiatySe N Yemn

i, Mgl .
AN ER e

L]

K n,”

R o o o e,
¥
r
Fa
Fa
_ it a
1 £’
£
" A r},
F]
LA A AT LALALLLLALT IS,
P
')
'y
&
£
Py
£
r
2
Fy
y
')
s
s
-
£
)
')
r
o
F
P
[y
'y
x
£
y,
. o sl
oL
I
a0 oA
')
r
o
y
i
r
Ly
F
y
i
r
F
y
i
r
-
Fy
Fy
P
o
Fy
y
)
r
I
y
&
r
s
Fy
Fy
ry
')
r
Fy
y
g 4
L
y
A
F
4%
f‘ 4
‘ %
" &
"‘ >
P
')
')
s
::
]
')
r
ﬁ
]
')
L
AR L
o~ L {
b At
::
rFy
')
r
ry
F
i
'S
Fa
::
¢
'S
Fa
Fy
::
)
r
I
::
)
r
F
::
‘

e E T E R R Y R R e "-i"ll-'n'll'll'\ii'i"!‘l'h\"ﬁ"l-"k-"'h-! !
.y .
Bk 4 LA ERLTALNEGCRLALE R LA R ARERAARERLALAA NER AL LR l.

2 ¥

3 N

JN 3

- i — . ‘::

I EF & s 8

fea o S S

RS D3 S
N '::""': WA, :‘:‘E‘: ) 't::_; R A S S i, AN
::_ “u"::':"k R %"*"ﬁ' e Y i Sl
N Suhelt o LA h, Vg ::: -
iy it "'m.ﬁ AR o g

) T Ay A W

" ‘:"ﬂ-"-‘h 'lr"h.q.:! .a'h.:u.-q - "“

] {\.-.mh- . W o

o : N e A Y
‘.'\I-l'\l-r"'u-"\-l-'-i-'\l-l"a-'q-'q-'-.-'«'\I-r'\lr"'\-l-'q-'-r'-i'd-'u"ﬂ-'+'q'=-'d-l"~+'+'q'd—'\h-'u'v'«'ﬁ'\lr'u"\-l-'-l-'dh'h'«-"\-l-'«-'ﬁ'ﬂ-'\u-"hﬁ'

T T T T T T T T T T T T T T T T T T e T T e e T T T e T e T T e e e Ty T e T T e e T e e T T T e T e T T T T T T T e e T e e T T T T e e T e T T e T T e e T T T T T e e T e T T T e T T T e e T T e T T e e T T e T T e T e e e e

R e R A S LR IR SR

o o e e o A B o 0 o B o 0 0 P

A A PR AN

............................................................................................................................................................................................



US 2019/0363890 Al

Nov. 28, 2019 Sheet 12 of 22

Patent Application Publication

4t D4

A i g g A A A o A A o A A A A g o A A A A A A A A A A A A A A A A A A g A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AT A A A A A A A A A A A T A A A A A A A A A A A A A g A A A g A A A A A A A A A A A A A A A A A A A A A A A A T A A

o ¢’
WAL LLLLLLLLRS LIS LI “ ) __,“
o+ 4 4 g % A ¢
__-_.. = Frr a4 FrFrFrarrrrn r r 3 R .\1 ﬂt— I
1. _._.W TAFFRAFFrorAR, mERFS S “‘._..I#J v A .-ﬁ .
Fa ) -Hl__n.k..m_.-..-_. r ] 4 r r
; MSLEE L pagiei
* PR 2 ! o .na...“.u.up n“ f "
. ” ¢ ,
,__:__.}_{mx RS .“._H_.m vM s g . H,___..}__.._.:__. W.W.u__‘.am»
4 ’ . ; Aptet
* o r s : ! “._______L.\u..___,._ g
D AABTEG I : ;
Py A s W A g q
: s Ry A
.Eh;fﬂthk%kkh.%kkk#%%h.w L N e A K
A ’
4 ¢

\‘IIH

Nw.ﬁt\uquvt.t.\qhtt\uqti%k_

b

Pt ol il ot ol ol o i at  atal a at ol a tal et il  a ata l t  E  atat ia at at ata at at all  aa aF  C  aat a at at aal ah at  a l a  a a at al a aatl  aa af E a  E atat  at at al a  al laaa  a a  m at  a at el bl i ikt ot ot g gt o F ki aat aaaa  a at a  aa al a a  a at E at aat a aal p aa ph aa a  ata a E  aaaat al aat  alat a af  atatal oat ataal  al at a aP aal aat  n at at  aat l aal a a

P N P S L

Ty L g T T ey g B e e T T e L L e T L L LT,

4
n
o
[ ]
L]
F
L
-
’ n
: : : " CLv
. . =
u__ ._m.u...“...m W“._“ HEMMW.M M._.M. m“..u_ “ . m - eaLE b ol ot ot ol el el ™)
<+ Frd a F F] L] . .._.” “
¥ ’ - . N R i i i i sl i B o P T k
£ .-i.u R - . .-i.._. / u k ¥ F 1 7 .. o ,
£ Bl Iu...-‘..-‘-_. + . L] ¥ +# r 2 [ ] l...*. L -._-11 x
5 u.\u..._..“ LB deers : " : . b ’ P ALY Ty LA
;- F : . : : ; : P ;
a4 - N i a ' ' £ o+ a £
: Yozl ; : : MR X RO 1 y o : PG YA
SR E . F 'a v R | a ) & " F o r & T ' .
b T ’ . . " S PIPRRPRE R 1/ F r A u_,\* I v PErr T . 4
a4 - ' F) 'y a ._-ﬂ-...-l__ s ._..-m .-_-. o = A
. - 4 LY LB [ - El ) . * . r
I R R R I / " " .H L ._u._—. o h.t. L A ' £ & oA FAETE A
. . I A ) x < ety ¥ !
: : P A PR 7 ’ : BN
| ] -
: “ 2 : r ¢ z : . :
uuu...wﬂ . : 5 ; x 7 : . VA
. ¥ F x . Lol
L -5 ” “ .f\ﬂﬁﬁﬂh.—pﬁﬂﬂh\ﬂ\.\\ﬂ n\\.—.\ﬂﬂﬁm\\ihﬁ\.‘.\ w u = ..“
o ' . > Fa I
- : ’ h i a&ihtﬂﬂi\%ﬂ&ﬁkﬂﬂhl
" L[] . - =
]
. : v . ; 7
L] ! [ ] . ’ r
1
\ﬁﬂﬂﬂﬁﬁﬂﬂ\ﬂ\ﬂhﬁﬂﬂtﬂﬁ\E\ﬁﬂﬂ\ﬁﬂﬂtﬁﬁ%ﬁkﬂﬁ\tﬂﬁ\ﬂﬂﬁﬁ\\ﬂﬁﬂﬂﬁ\ﬁﬂH\ﬁ\Exﬁﬁﬂﬁﬂ\ﬂt\ﬁﬂﬂﬁﬁﬂﬂﬂ\ﬁﬂﬂﬂﬁ\ﬂ\\ﬁﬂﬁﬁﬁﬂhﬂﬁ\ﬂﬂxﬁ.\ﬂt{.ﬂﬂ.t....__...._..._..__.11.........._11..___..._..1.....1_.___..____..._.1_..._.____.___11....._...___.___1.....1._.___..._._._ﬂﬁ\ﬂﬁ\ﬂﬂtﬂﬂﬂhﬂﬁ\ﬂ.ﬁ.}#\.&\.\___..___.._....._-"1_.___..____......1...._..__.....1...____..___..__._ﬁﬁﬂhﬂﬁ\ﬂﬂﬁ\ﬂﬂ\.ﬂﬂﬂﬂﬁ\.ﬁhiﬂﬂ._.........1....___.._..._..1...-...___.__.......1..____.._....\1.1._1..111\11..1....._..11\1.1_.1_..11._11“1\ﬂthﬁ\ﬂﬂﬁﬂﬂﬂ\ﬁﬂt\ﬁ\ﬂhﬁﬂﬂﬂﬁﬂﬂhﬂﬁ\ﬂﬂ\ﬁ\iﬁﬁﬂﬂﬂﬁﬂﬂﬂ\ﬁﬂE\ﬁﬂﬂ1\111hﬂ\ﬂﬂﬁﬂﬂt\ﬁﬂt\ﬁ\ﬁhh‘%ﬂhﬂﬁ\ﬂﬂ\ﬁ\ﬂﬂﬂﬂﬂﬂﬂﬂﬂtﬂﬂ\ﬂﬂﬁﬂhtﬂ\ﬂt.
L] Ll ,
b ] E - F Fy
. d ¥ - - Il
L] ]
¢
. : ; . a ?
] " - F F
“ I “ - » Fy
" L] n El - _.‘
- ' £ A » n__
. [] M a r “...
[ ] ! ' - ,
. L} n L] - “__‘
. 1 " 1 r
[] . a r i
“ " F A e e e e e e e e e e e e e ..1.‘1\1111.1111111‘11%11.11111‘%1111\.___..___.......1...___.__..__...1...___..._...__....._ H “
L] [ ] A ] _.‘
a N [ " 1 -
" " £ “ .n.-..._.u___._.._._.ﬂﬂ.u\t-\ﬂ.\uﬁx-ﬂ-\t-ﬂﬂ.\.hﬂﬂﬂ... “ ‘ “ “
L] i F r r . - 1 » iy
L] [ 4 F o ] -.._
o b ] - .-__n._- - s 1 s = [ *
: “ : 7 : AL A : : : ; 7
[ ] ] r - L | R + L} n_.
- d n .1 r [ r i - ‘ P
[ ] ! [ ] + Fa = L] . __.,.
A : . g
" L] " »> s Y r .t_ ' + - i =
i " liq.m.\\\iqnq\ﬁ\\\«wﬂtq\aﬁﬂtq\\1.__.‘..__"...."_.____.__.".....1%\1.\‘_u..‘_u..._._...q...q‘_u..._..._._.u.....u..‘_q‘_u..._..._h...u..‘_w.__..._.q..\___q.__._.ﬁ\\\aﬁﬂ\\ﬁ.iﬂ\ﬂqﬁ\%\lﬁﬂ\ﬁ.tﬁ_.-Mq%_..q...qNiﬁ\%i«w\.ﬂq\\ﬂ\\tsﬂ\\\tﬂﬂ\ u._..____.n.ﬁ“_.ﬁu___w.nn —‘._____m___.n._.“_n 'y “ ‘ ’ “.._.
L] . r : 7 H t E H. - “ H r
L] L] F . 1.._.
u " ] [ . * LT - - N - ,
] ¥ L oy s 4 l".!.- - * r
: . " . 7 * hum\ AR L T .,...._wm.. = . : : £
" L] r v ka s ’ .1. ] ! - 1.._
L] . 1] E A .- ..-. .-_u - " » n__
. . " p w. e PR R e : ' ; “_.
L] . L ! r a -+ ' - K
L] '3 [ ] A " ] _.‘
a ' » ] e . - F] -
: ; " : ; Y v : : ; 7
L] R r F r I1h.l-_.-1 - 1 H )
£ i
“ “ " M ..“__. .“.-_..._..___...1.1.._.1.1.1.1.._..1.«11.1.1\\1.1..1.1.1.1.-. “ ' n “
. . . ; ___“._ p v FEF PP Py ey, i : “..
d r . L] *
. L} F e .1 r \. ._._. .\.._. t.-. FIL Y - -u ! - 1.._
& L re L i
“ " _-___ " 4 ar i T e T o' “.” u.._“\_vb"w .‘:-..-..._..- .._." lﬁ_n.d._.“ ~ ] ’ “
. . " Pl o Al i ah il ol i dlal at o o i) .1...1._-..__.___.“..1._-._-..._...\__“.. LRl L o F A £ Tl 4 s i - [ X A 1 ’
[ = * . P ' r s ] El Fs
- ¥ rFy L N ) ’ i
. u{1._...__:...._...._...__{.,_._._....,u._..1.1..__..___.xxttﬁﬂttﬁﬂxxtxt&xﬂxitvxﬂ..{1.\}.{1._}_......,.{_.{..{}..- “ . A + - - F ) SES T o 4 ‘ * £
. " * _ . ¥ - . : ..,,._,.xs....+u‘ ' ¢
o r 1 A s i "] 7 &+ ¥ ..-i.-‘..\..q A_-W a F o p A F r
. o . n n 1 E r . X ry ¥ a4 A ' r “...
v “.. “ " x ....1.1_..-.n.l.ti.t-.i...n.t....ti.n.l.v.ti.n..._tl.n.n. FEw S wy £ r - R el e “x ._“ i .H =
” ¥ " Hﬁhhuﬁ:ﬁ&khuﬁh&%-ﬁ%.\%h#h“ H W___ " s “ “ e . “.." “__w .n.w.\u.__.)\ w‘.ﬂn._ ] “ " “
§ [ 4 r i . _n P ; - e g MR a . r
: : : : : Z 2 "H ¥ : ] % ;i AR : . :
L] r ] - . - - F
. g p 4 T A ' . * b o P L . & - i . ]
- “ . £ .—1 " ) ¥ S, g “ [ r ’ X “ i .-.u__-..l .-l__-ﬂ.__..ul! < ] > Fy
" p i H. uw.\__“u_. ' -_-. £ ~ _.u. " 7 ¥ r ¥ ’, ) F 1%\1":. ..-.-....._. o T i . ﬁ.-.._.-._ru ¥ x F
. i’ F S s X & 'y r p z ¥ o i ¢ i TP LD ST AT ___,.-_u - * g
“ " . M Pl “ ..“ W ‘.' s ” W x e - . u v P P Y “ - .._1___.__“.____. - “
. u. ! “. __..__ SLm R g E 2 # o “” “. "..._..__...___..._..._...._.h\%hu.ﬂk.&t\\kt\\\hh\%%ﬁ\“ ...-.“-:“--Hn “._..hwﬂ.._q ....Hn."u.”w u. “ ‘ : r
. : ‘ L e > 4 e z . > : v roe ‘ : !
] ¥ ¥ [ A .-.: L] n__
- ) N 4 “._‘_ ¥ _._.m.___ 4 F K 7 .nr x 'S ' r
£ . . '
L] £ . ) I r # ._. ' [ 7 . ._.__..-. * , r L] l rl
L] a_ ! ¥ -. E.. ] 7 - .T!.!.I.l.-.I.-I.II.I.I.II.!.I.I.II.I_I.IIIl. ' [ ] ,
L] N ! + s ..“ 2 . - ] 2 'y i o o
L] l. ' T o B B ‘...'.‘..‘..tt.'.‘.-.“ |.‘. “H. ‘- t._ | 4 -_- L] r M - " E. n [ 5 L] L 1‘
. D ooy > ;3 ! : : : st “ L Y : :
. L M X & ¥ ¥ r L N TR A ;AT g
. Lo “ r » * "h. “_._. . F e e L R “,_. A A B P A un... p &
o -” “. L“.r"{. .-_.1.1 r I ._... ‘p _._..___—_ “1 £ I “ “ x s w 1“ [ ..“ “
: AR V! A v A : A : ; : | SL L wmaaEer L 2 ;
L] N 1_ f TW ¥ nu. ¥ Fa E A + h.__.n_ - ) .-____ 4 .-.- Fa i 1» 4 - 'y & .ﬂ. A ' ] ’ n__
. " “_ ek oo d W“. nw ¥ - “. + n..__..._..l..l._..-.._..-..l-l‘lmlhl..-.lmltltl‘l.hm\-l._lml.tml-l..l.h-.i-l..ﬁ .._-ﬁ.\;x\.-v.i.“.\_“ .ﬁ.-_“.-iu_‘ ._:u...-_._-.n “r“. .“. - .ﬂ.__-.-..__.__-“.n 1ﬁ.-....-....._.-..._-.n_..-_...-._..-_._.._...-._.._._...-.....-._..-_..-._.._._...--..-_..-_....-._..--.._-..-...-._..-.._..1...-...-._..._._..-.._.._-..-._.-._..-._.._._..-...-._..-.._..-...-_..-.....__._..-._..-_..-....-... ..“ I
[ ] 1, " n“.q._h_. A “‘.v“nﬂ‘“. “ .__H L.-_ —.m. o “. [ 7 r r .‘“..-__ . A, g .1. v “© - - > , 1u L} “ > r
L] 3 H P ) [ ] - 7 .+ ] 7 . . . L8 P U EE ‘u '.trn.-....-. r ] i a F
L] i P Ha 4 r > .+ Fa [ A " .4. 'y ¥ _...-__Qﬂt._ _._I-. *p ._-ﬁ_...n n.-nl_ ._.“ i ’ - 2
a . 1_ " ...t _..__ .. Fa E r E L.. 'y n.n 1 . [ ] ____
" < - . “ # o -_.._.__-.._..T - “. £ F) R H r “..u s ..__._“u_. .!.q__..._.-..___ o “ ..“ ¥
’ O K .__.-“ F] ___ - & 't _._.:.-__ " r * r \.\ A o o g o g gt g gt Ak ot v A g g A T e P __...__.-.___ * - !
: o AR . ¢ P 5 5 a " Ky : i : ¢ L g g ; A A
- - " i w .HT. @ _._.._..—_ pr Y F i ] 7 .n-l_. ...-_lt_.u 'y . “’“ﬂ Fo 7 - “
[ ] -_“ “. ..1-_1-. - . 1.-__ P - ! __- H“\n\-ﬁ.lu H.-. —_l. “. .1. [ r hvt_.Hl_.lLr... - [l .n‘. .-lw-_‘.l. _ﬂ ..” F
“ u 1"1-“1-.“.‘ m}ﬁ » .-\r.u.nﬁ‘h‘ “" - “ “ -ﬁ..-.\. -" Wl. “ “ -_-.l‘“‘i1 rl.l..r.lrr.r.l*l..r.r.l..r‘.l.ll.'.r.ll.l..ﬂl.. w Mﬂl.l.[.l.il.‘.l.l'l..r.r.ll.l..r.lr..._ “ » - u_._.
. P T L T ore Ty e ¥ - -5 " & . r - N 2 ' ! =
. i : ’ . - ¥ ‘. - p ¥ A : : _ 2 ‘ # z 5
' e ’ ' r . ¢ AL AN o £
[ ] t_ 4 r __' . ._._- ¥ ut [ ] r ¥ L ' “-_.. - + i s x
n ¥ rapadssmrnrprraprraf LEar AR R, “ q__w FXNEXENFEEY FAr s s ranpraprrny F e ] H . . P .. i’ H. ._".___._ - ...-4..n.ﬂu. . ._nu— 4 i . - u__..
a b ¥ T # ¥ -~ ’ ¥ Fl E o v i e e - .l.__. e e e -..u.\L___.-_-..__:,. “__.____.\..- _t_“._..u-__-n...-.:-'l.:._.____.-s_.-.-._. o+ -_.H .-n.n F TR . e ! s .
. ._u___ " . .._ B + ! . y “ LI NN e N .ﬂ.......1..l.ﬂ.........ﬂ a .mh_...“.‘ o~ .1_. P gy 1___-._“ n . ¥, ..h__ b e e e e e,y “ n A
- : £ ra v o . r L L} + g WA A e A r L] Fy ¢
. ‘ Ffres 3 ¢ ¥ : M e A G ‘ : ? x
. ‘ .n...pmm_. " i . . / . % S _.u._n.,.t 4 * 2 ...n - ‘ A AT .u . : , : A
- £ £ 1% - ) ¥ e . t.-. iy a 7 “ﬂ“ ‘l.‘-\ r 2 Lo x e LA ] ¥ i+
-+ r - . i r - . -,
. “ ' : .__T..._m.__u-.ﬂu_ “ ......._ % . “ u..____. -.__n._“..___n.__t..._.. _..,\.em ._t.aﬁu. ..“ .._____n 7 s .:.._.__....,.q O P R S U R SRR L U 4 {....L“._..___ Pl A : “ 4 __.___“.
[l . o L &
: : : : . 2 :x 2 % A 4 N : / ; ;
“ ) " I B L I ) ¥ " e R AL LY o L i SN & re- 1 - + ? »
: ; : PRSI ;3 1@ RS A R R (A : “ ; : : :
u d 1 £ » ’ ’ ~ ' a ! ~
" .‘._"_ " “__. “ T# ”w H “ “ W .-_...1.-_1._..1.:.1__4._..1.1.1.1.:.1._._..1.1.:1.1.1.1u.. P e O N F “ ¥ % ..“ “
v ! - & o r r . ¥ PR g bl g
¢ . + « ¥ ) W o dF 0 i ¢ *
“ “ “ .-l.' _.l.lul.ﬂl. ...‘r‘l.‘l. _.‘l‘l-I.Il. l.‘l..lhl.‘“ .-.-“ —.n“ M-‘I.I. l.‘l‘l.‘l. ..l-.‘l‘l.‘l. _Hl‘l.I.I -.l.l‘l..l.l- IHl‘l..l. _l..I‘l.l.“ “ -.“- H & “.n-. “.l lﬂ.u..h-.#“ “.‘.-r.‘r“l..-.-. Iﬂ [ ] “ “ H “‘._.
- ' - o Ey 1 - 3 ! e iy ! * i
L] L" .1. r ~ A ¥ 1 # 2 Fk.ur .1._._.: - + L] R 4 ! .
v “ u ......-.-. “ “. F h““.—..“—-...—.\.‘\..ﬁ\..lﬂ qﬁ_..“ .“l..h.“_\-..‘. .I.-__.“ﬂ.-__._ﬁ-l._.-—. _._.” “.,. FF ._".l. + “ . ._.-._.h.____.__. ._._-.“_..n..- 1__. Rr “_.__._.. r “. H “
“ ry L] T 4 F A ..-.-‘ LN 4 » L . "‘. 1&.-\ H nm lltl.. _mvx \“.“‘ “\.—1\1."..-. ' ..1...-.1‘ "a" 4 ’ - F
: .ﬂ . 23 iy o b 4 : : I R ch ok AR : : ‘ !
P i ' r ' M ., ﬁ“N “1 % I, w P i ¥ pe A . : : 2 ol .__.
m. d -iu-. L - \-.1 Y u_. r i . i v. E
“ “ “ ..“ W - * .-_ﬂ - “ ..H_.. __.-..-..-h P R R R g e R ....-_. Hu... “._...“L-W&_-_h.._-. v l...x.-.-ﬂ.” .._1.._.. ”.m.__. 1 “ _.“ .H “.._“.
. ; “ 1. "y ; ; oY > : :
. £ A £ty 4 1 . . # »
r W T 7 ¢ -’ v
. “ : £ .__.._.” - M.MM....WM h..._w_m_.u-.w “___. ._ﬂ L L R T ; “ 2 “_.
- ) b Y e Fa r [ * f - r
L] . r -
. “ . A mr FE T L * ' ] g g A “. 7 u : “ -, ’
: : . ARty 2SR LRI Rt A . Y : / “ :
a ’ : - . ' ¥ W - A e - i A ) m‘_.".hphtﬂ‘_.\ .Wnﬁ“”ulM-J. y W e 2 v .»1__ ' fﬂ-“\\.___...... ....Htﬂn“.m... :uq.._. W v v.\“.u..M ao a ! ..n “
: / . , | o | N p s ; RS ALTRER T b P e A SO QN LI B Y S : ! : :
yl F AT S Mﬂ.\MMMQMM“wH A ﬁqnut.:}unh-“f R o A e Y e v & i - . p ¥ r ! ] O 4 r
: : : AL 3 g SR, Srnralthe GRS ¢ : PARRL: Jb s .ﬁﬁ r 4 : ‘ ’ : ; 1
. r " . " . - k- ' L T s .\n-.. r - - ....._-...a ra T a0 T T e o g g T i e n 3 ’ - e
L .q. . " —.m. .1.. > i ’
£ [] i & 4 F] Fd
“ P n._H.n..u..._-._.ﬂ.;._ﬁ.tgn‘l.ﬁ.uxn.ﬁ.h.uxﬁ.n.ﬂ.\i\..ﬂ.ﬁu..n.n.l._ﬁ.n.-..-f._\.ﬁ.....l.q._%.t..n.!.u.r..n..u b A n A R A8k A e A R “ 4 - A



Patent Application Publication

g T T iy T g T T gy i T e e B g T e

‘-‘-*ﬂ“--ﬂ-H-ﬂi--ﬂ.-ﬂ-H'h‘-ﬂ-H'“-ﬂ--ﬂ-HL*H“-ﬂﬂﬂ*ﬂﬂ““-*ﬂﬂ‘-ﬂﬂﬂ‘ﬂtl
L ]

A 0 O 0 L 0 0 0 00 i 0 T N 0 0 0 0 0 e 0 0 L T o 0 ) 0 0 0 0 0 0 R 0 0 00 00 0 B 0 0l 0 B L 0 I A 0 R 0 Gl ol 0 0 0 0 0 ol 0 0 0 0 T N I N A e A G 0 I 0 00 g 0 g 0 R O 0 A 0 A e 0 A O 0 0 I 0 0 R L R R R L S O T 0 0 N R T 0 I I 0 Rl N 00 0 O N L 0l P N e

L‘H;; :.
o X pomne ¥
jr‘:? if v 1-':,*{ ¥
R S Ty = ]
N 1.::-1: £, } A oy Tk %
A R+ - L
LA N i A
{: - iy il Frarn - ¥,
By e o deoa, 3
.
x

T U U U VU L Oy S i Y IR S SV VL S L LA P S L L A

Nov. 28, 2019 Sheet 13 of 22

A 5l S e R o b Sl b i S Sl b G s bl b bk S S S S R 5 e S Sk o i e e el o ik e Rl 5 G Sl b e G AL b m

Il

o E R e S R e T e Y e e e

2 LN '
-t I Y B

- '

xS LD
g ¥ Chme me = R ommmTm=mraes
- s S S
'1. . -~ * .

s, 2 - Tnmrmny ‘: "‘b:_
-'}' A, 1' l z- : .",x_;r L
k) }"1-1-""2 »

0 P

;) e %

3 Ve X
S L E L L e e

N o b e D D A Rt Bk D D A D Al A o A ) ot A A AR Bt A A A AN At LD 2

1,

B, 1 »

3 Lo b X2

3 ay 5 ¥ oy

3 2 T :
h‘r‘n‘n‘m‘-‘n‘m‘r%:: -i{; #ﬂ:"-"'w :

i L3

' i I‘- *

3 SxO }

3 }-{-'z s >

:E im-h.-t.q- t

3 !

::“"‘-“'ﬂ““‘-““"“-"‘-"

T o P TP T P, Ly TP P, PPy e P, Ly P, TP S T P, T TP P P T Tl P S P

{:::"' iy By ‘{
5o S TR

H‘II-T
w
Mot

-ty

228

AR AEESIERA RIS FEBIAF I I I A BIAE S

¥ i’ [
TR
g Y “ITF"._J’ . N,
03 ) i S n
t # {:} -"-t"‘l?} "E: "F‘ :-. ey
P8 X o BOIES
LY . 1’ e 1,1 !
o e, B L
- R oy
b i S
\
X
g 2 y
\
-

ArereeeeTe &

TEY FTITTFIT S FINSTFIYIT FFFIAISIETTFIEIY FFANASTE TR

aaaaaaaaaaaaaaaaaaa

L5 e W2

Wl o o b o o N o o o ) .i‘;_:_ R e e
¢
r
r

EERLE LR

Al
£l
e
474
Lt

¥
PP P O PO PO

AER PN BB A BB A A IS S A ESA DI DI BE T A BI A BAAFF DD BB A BB IAE DA S B A E PRI A GBI ST BAN DS IE DA E SRS B PEDBE S FA B A G BIRL F A E S P EIA DA EBA DA S I TSP ER I E SIS ABAP I I IS A I IP ISP I I G R DA A E AP A D AT A S E ST F SIS AP S E RS A II P I FSA P EI AP G I IS AII PP I IS ARSI TSP R A A S DA ISR
FIFF R R e e

N e e e m e e e e et o -y
.,:.:.:.r.r.t.t.r.l.:.:.:.l.:.:.:.r.:.:.:.:.l.:.:.:.l.:.:.:.:.l.:.:.:.:.:.:.-t
TS ¥ &3
:t ﬁj L - ol Lo
k i . L B -n‘r"-" t I:-"' li'
e ; : L L
3 U 34 v M4
* o et T
1.‘::':. ‘m i WP L8 m’*“ oy
f'-'h"\-'v'\m Tk I X
X R - S TR w0 S L
:. % o M t
¥ X e oo 3
oy = ey
W by P 5“"""‘{ >
_ 3 Yom % {
'J"‘""u‘l‘_‘: : I At ety Pt e et et e e e e e,
b .
"Q‘ﬁ" :: ‘:.-u“u-un.ﬂ.n.u-u“u-un.ﬂ.uuu“um“nnmauum“nmt
: 1{ = h
n'- \_ 'L [raprey T ‘-
3 S S R S S S
3 { Yow 2 N oW oy
3 1 ST % L SUE S - S R R S
Y ¥ X A, Ak =z »
3 :’-"""""""‘m Hm pa e i N
2 : } Foa &g
{'""‘ e o gy o g, L g g, g h—h—“‘{ '.: "{. m _"‘L‘__._ {;E ‘.:l:.: N
N '}.ﬂ' T % -k g i 1 ; .,
I ' 3 : ¥ RIS, e LR N
s y ) : Xy 3
. il : _w o
‘: .FW :'.n-'u- } E hh-ﬂ-ﬂ.uh-h.-H.-H.H.'i-H-H.i.hHﬂﬂuu&ﬂuu&ﬂﬂﬂ.-ﬁ-ﬁ.ﬂﬂh-H-H.H."."u
T k] 5y .
' L]
3 2SR :’E}' 3 )
"y 2 h‘_ ey X n, ;
,;": “nchalty ...._:l.' o E t )
2 . - . i " k E ::
. Ey Y .
N ' il A { t :
3 E o b x X
.?.hi'h.rh‘q‘l-.‘h\:.‘i.rl-h"-.ﬂ-. u-1-.r|-.r|-.r|-1-."-.r|-.r|-1-.1-.r|-.r|-.~|$ t L
%. " i)
] LY n
N, :
u..u--u.uu.-hﬂ.uuu..-u.-u,-uuuquuluunuuuuuguuuuquuui }: :
- " .
: T R 8 X Y
* S SR b L 25X ) b ¥
™ mmme p R s % X
} . a 1-.:_‘..:,-‘- : u.:. o :: 1 ":
x .i_._‘ ‘ -_-,‘h :||..1. - 1:;! a E :
% ‘»‘ 4 5 ‘N ’ pTETT b n, L)
LY w P ': ..!"l"'q.'.|l ™ y -
s. }i_; R .‘..::‘ E“h"h‘h "h-'h-hﬂ‘ﬁ%ﬁ-"h"ﬁ‘hﬂ"ﬁ%H‘h‘hﬂ.ﬁ{nﬂﬁ:ﬂ‘ﬁ‘hh'ﬁhh‘hﬂ‘dﬂh "-.-‘h-‘-lu'lu-"q-"h-'l.‘llu"q"h-%H%H‘h‘-:‘:ﬁ‘h%‘.‘h‘hﬂ‘ﬁ‘l“b‘hﬂ‘ﬁ‘h By by iy M T iy iy T
+m -n-'r .'i:‘ X £y 'y
} T WY o Rl 2 X ) P
3 e LY Py . . o 3 %‘
t w Al L E l‘} E 5 :: AR ﬁ-'q--t-tr-l.-'q-t.uh-'q--n.tw:
% - ‘-{n"ﬂf - .- - 4 P %
r v - U i SR :: x 3 Ty 3
\ gt Sw % Py 1 y ¥
LYY i..iuz..:.. - ﬂ.“ By L) 2, m 4
i-“.ﬂ.ﬁﬂ“.ﬁﬁﬂ.‘.lﬁﬂ‘.ﬂ‘ﬁ‘.ﬁﬂﬁﬂ‘.ﬂ.‘iiiﬂ.“i“} I-' ‘ "' l:" M h
-*i.* ) ~ 1] y R E) ]
T % i) A Sk ¥
S X 1 e b "
5 \ .:t T ogpm k iﬁ"L}
.\.‘:"‘t\" .'-"I-.H-.u.li.li.u.u..u.u.u. %u: 1'41" & :u..'l..'n..-h'u.' ":""uu%
w0 K} s %
Y oy 4 S * o
b ] i e ] X bl it 4
ﬂrﬁ.mﬁ“m&mn“ﬂ.mnmnw‘uﬁﬁ t “\? -: m »
:: " :: ::: W ) :
L L W . . o
" . % " L}
* o xS 3 b 3 Li ¥
3 R S 3 )
e T 3 Y . A,
:.': = e = g hﬁ.ﬁ-l .\'_*":‘,-" % }.- -:
q -::h..‘. %:: u-r }‘il“iﬂﬂl'i'I.H.‘E'I.'I.’.L'H'i.l.'I."i.".H."H'H.I.E'H'H.'H."F'H".H.'I.'H'H.'I.‘ﬂ'I.".H.'ﬁ"‘.h"ﬂh‘.x"‘.ﬂl'ﬂ‘ll““l““lhﬂi‘ll‘i
k) P ainiatial ‘o ey b *
DR - T % 5 8| 3 o
“h ~ ..1' b "
3 L ¥ 4 ) Y
+ LR ;:'.'."J‘* % } L
g. '-'n...._::_:ﬂ- ::ﬂn"i-'uHﬂrﬂ-ﬂmmnrﬂ-'u"thwﬂmﬂtﬁ'ﬂ-mmm' ﬁq
i 3 -~y

A
" .‘

s,

JLI..-'.‘
wy
-
"
e
-
F]

s

s

P,

e e e e e e e e e e e e A e e e e e e e A e e e e e A e e e e e e A e e e e e e e

ST TSN W SRR YR

F o o F ol B0 o B E 8

[ SIS S S SIS S SIS S S S S SIS I SIN Sy S S Sy S S S S S SRy S S S S S Sy S S S S S Sy S Sy I S S S SR Ty MU S S Sy Sy S S Sy S

US 2019/0363890 Al

FiG. 4A



Patent Application Publication Nov. 28, 2019 Sheet 14 of 22  US 2019/0363890 Al

i E: E_ﬁ_ﬂ_ ‘._ ‘_‘._‘_"._t_ ‘._ ‘T’q—_.—_‘._i._ﬁ._ ‘._ ‘_‘._‘_"_: :.E
: b
: P — Y3
E . E \ _"‘ - '.. n
v : RSN S
t : . - b T - L o
5, T " _ﬁs' v > h,
L . L3 - 2T r
Py ¥ I . Y s by 2
" ¥ 3 A e N .
" ¥ 5 haw 'ﬂ 0 I >
t il - ] :: % - » n
u, | I | "'l - .‘l._u + k] Ty
LY '|-: i Yy {..._;.' i'-!-;h }. ::
. L ﬁ" ] [ 1,.
s X . : by
k : "q.uuum'uwuuu%ﬁmﬁ.hmxuhw-hu"' .:
. Y :: N
"‘-c *, .:‘- "
n, X 'y ™
n * ) u
1 ¥, n P
n * LN '
", +, 2 X
. T EX -
b + a ™
* X Ca hy
t :: ﬂ'@hhh‘ﬁ‘w‘h‘uh'ﬁ'ﬁ.E'hh'ﬁ'ﬁhhh-ﬁ-h‘w :':
. ¥ ) b i
X 3 N g , bt X =
. " - .
1, Y N AR s b u
> : IoR O & 3 A
n v a. b g . b
My *_. 1\ - . "1‘1' L, LY :..
nunatnutnntnunu\atnn-.lun.tnl.n--.:.t.ql.l-.lun.qunnnatnl.-.u\.q.tnnuu:.tnl.-l-.lnn.:.t.nl.tuat.ul.-.n\.:.q.nl.tn--.t.i.nnu\.:.tnl.tlun.ﬁ.nnun:-.q.-l.-.n-n.nnnn--.:n.al.-l-.lu.t.i.unn\atnl.-.uutnnnn--.aa::.l.-.unatununatnl.-.nuatnl.l.-n.:q.i.ntunatnutnntn;t%ua;tuq ‘:":'l: w -ty iw:" :: x:
L8 'I.: LY "n LW *tn " I.H.JH-J- ‘"ﬁ "
; R S S
u b 5 e "h" -I.h"'lr ...? q,. “
:“: * a u;:h‘ -.:"E:I :T.'l:" by a
x X oo MR N 3 2
LN 1-: » ih “u
x b )
t l: -'.q':"'ll"'h"'h " “-n."l-":“'i"'h_'—‘q.:h e e e e _"-
h ] y - L
t * LI y
* x, L n
n, * A A
1 *, LI :'v.
n ¥, - -
4 ™
::: T ‘:Jq‘_-. 3 n
., +, P +::'. :
A, x i h
. * 'y ™
1 *, o P
n ¥, - ‘n
_':,.\_L'l-...'-.,'n,'\,'L\_h,.'l..':..'q,'ﬁ.\.ﬂ,.h'-,'q.'ﬁ.'ﬁ.ﬂ.i,t'q,'n,'ﬁ.\.\,hh'n.'ﬁ.'ﬁ.Lﬁ,t':,'n,'L\_\,.'b.,k'n.‘;.'h.i.‘i,k':,'q,'ﬁ.‘\.\,hk'q.'t.'ﬁ.\.ﬁ,h':,'n,\,'L\_’l-.,kkhﬁ.tﬁ,hk,h\,ﬁ.ﬂ.hk'q,'t.'ﬁ.\.ﬁ,hhh\,'ﬁ.\.’ﬁ,kh'&.'ﬁ.\.\,hhh\,'ﬁ.\.ﬁ,khh'ﬁ_‘\_\,{, :q: : .:
- o T "y
v oy ": :: x "
L Y - X n * n
::. - b :" :: Ly *, ::
.y *, -
Voo -~ ® Y v o
B m A e N N R T e R e ! " 'y o T N e e ."
::. "‘;‘*ﬁ . . o v, t - A, ¥ '.E .ﬁ{:‘l‘_ .
. : it L wh X 1 E o b
‘h_ y L 3 -, - I’l K *, 'i WA E ‘n
o Mol G =% : > X by A B . N
1.. Yoy ..":.?h__:.. :lq't‘:d. :: s " T : “;\: -i‘.j-“_ e L]
b " PR W . hy x EN 4 . " Wi [y N
:- -y LY oy -1' L 'I-.h Yy A "‘: E " wh Dl T o kui? b :_:
M T T R TR X x R SRR . S S
"'|""|"lr"u"q'"ﬁ-"i,b""i-"‘l."'ﬁl'i-"'ll:i'ﬁ'ﬁ"u'u"r"u'ﬁ'ﬁ‘\-'u'ﬁ-"r‘h\'ﬂ"u'ﬁl"r"i'ﬁ‘i"\ o Ty o N o e T Y N iy .ﬁ: - "..:l. :'\.: h“'il'. "y }‘u'ﬁl'ﬁ-"ﬁ'ﬁ\'ﬂ"ﬂ"t"b"ﬁ"l‘i“\ "u'i-"'i'll"i‘l.-"u"r"h-"h'il'ﬁ'\"'u'ﬁ-"l-"l\"‘u"u"u"'r"n"l\"'-r:'«l-:"k"'ll"'ll"'l"lr"u"u"b‘h"l'ﬁ'\"ﬂ'\-"r‘i‘l'ﬂ-‘\"ﬂ‘it\‘l'ﬂ"ﬂ'\"r‘h‘i‘q-‘\"'u'i-"'u'll""|"‘lu"'u'r"r"q\\‘\'“"ﬁ‘h\'ﬂ"u't"ﬁ‘h‘l‘i"\"ﬂ"p"ﬁHH‘?}M ‘;‘ﬁ.:-g :":I‘- '1-"'-: .""I-:q:q; t ::
) Ty, " N ' u i - ‘it %. - :
:. h - ::_ i i N :";_ :h?:. . L :.. Ew .:a t : . 1:::: H X 1"‘:; 1:.“. ; -:: _“:
L 0 4, N S 4.32 o 3 ] y A S oS LN A g
. : . PP - x LE : i
t' """. qh&#tkhhﬁ###k\ﬁﬂ#ﬁtnqb‘: "'":E 1‘1..}1.., t-‘\qqnnﬂ.anqu#mﬂ.nqqnuﬂ.aq{ ‘q: :: *, E Jﬁ o, :: :"l
- N .y ) X o x r ., hy
b > - b x K b N by '\
¥ ot oy N b N oM x SN iy N . ey T
3 Yy b > - i, g " ] 5 C% T ™
"' - ‘I‘I L ‘_' h. l_..l.ﬂ..l_'l._“_I...ﬂ..l.l.l_l_:. l..l-l_'l._“_:.l. l-‘..l_‘_l_l l‘ -.-._“ ‘Ih ‘:ﬁ‘ﬂ' ':'I "C : ‘_..l.‘..l_l_"_I_..ﬂ..ﬂ..l.‘l_I_E..n.l-l_i_l_._l-l.‘._‘l_‘l_ﬂ..-" r‘
e 3:;‘ L L vy Y W ) h e Tttty e o s iy . ‘-
L 3 L 5 3 o~ 3 o~ X : ¥ 3 p
. ' ) (RS L om0 T - A ) L *, I'I_ -
™ \'; ':i. :': - " At e . N why, b N 4 . 1 n
W “h.- Y " "’; 4 V. ! ' e
'S {I{l{ 1 P 'h“ﬁ ':'l:i‘_ :: x Ek ;:l TR N :‘: : o
b e h Thia wud v ~ a3 Py y », A, ’ ! >
¥omn 3y . Ny : 3 o Yoo X : ’ A 2
- \ J&\l{ w ‘_x ‘i ] ‘*‘L N “ -‘ :.-: *- . H d‘
g B, * —h, iy ‘:u-Nl? . E ) :l-*.__ 'y . o Y v "y n
" .ﬁl r}m W L3 ‘-' ~L :‘: _'lﬂ.'n..'-q'% L LB -."-I *‘r g n
Yo R PN : 3 &3 P 3 \ : :
. D . By . - iy ¥
L . i u ‘u
. . R A T A, R R R Ty . J.";1I g v 'y
1‘: ", T e o :: :‘ by : ::
E.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘._‘.l.‘.l.‘.‘.‘_.ﬂ.‘.u.‘.‘._..h.._.._.‘;t‘;'-‘.u.._.‘.‘.‘._‘._‘.‘.‘.u_.l._..‘.._.‘.‘.l.‘.‘.‘.u.u.‘.‘.‘._...._.._.._.‘.‘.‘._‘.‘.‘.‘.‘.‘.‘.ﬁ.‘.‘.l.‘.h.h._‘.._.‘.‘.h._....u.‘.‘.u‘.‘.h.‘.‘.‘.‘.‘.‘.‘.‘.._.‘::.‘.‘.u.u.l.‘.‘.‘.u.u.u.‘.bq :: 'I': ;_:
+ +
-|. "-c :: + "
.\I\.'l..III ., n ¥ ‘w
- hy L * ‘y
o % N ¥ 3
ot y ", r. iy
-n;;- u :: + -
., : "
g N T v x
*,
" :: * L
L8 ", L3 :""
y 1 X, ™
. T : 3
LN . .
*, ¥ .
fllll:l‘lll:lllt':llllll:llll".l.l‘.‘ijI.i-iii'|i.l'iiii'i'I.i'iiiiil.ll‘li‘.l‘ltl.lllt‘:.l.‘.l.l.l.-.-.‘.'l.i‘ll‘.ltl:lllt':.llt*:lllli:.lllll“ t ..: ::
4 H.l. h ]
%\ " Bnc .
i R L T T B e T B L ':* E : :
% " i + ™
:: :: L L :: ::"‘_ '5.: :: 'I': :"l
. » * .
Y @ Xy 3 : : : :
%\ gy, ! Y =, - - b= " b a . 'y Ty
4 N n b S o, iy oy o o * A
y ad 4 S > o £ Py v *-.
by e . ‘l‘b\ s . LN e n x ™
LI he dan TR 5 - 0 v X >
e ) e > 5 by * o X ke
vt “ W wx < h Y, ", b by
% iy M Mo &“‘. T - Dy T x a8 'y L
Y b h L e M 1 P Oy . x e x "n
i ,;:‘-} r M LY Y By e 1, i v T "u
h {’& ‘h\'\_ ‘l" ‘ ‘... E'-‘-iIill-l-iiulII."--I-IHll"-ﬂi..liii“.l"ﬂilx H_‘. -*-I H_. 1‘ a‘
P Rl S S S 3 : B : : :
- ..
% oy . " . 5\ N oy N x . - - ¥ Ny
y R 7 - <-'q,_ by 1‘\ oy 4 by X L - * x
: . - L] :J: ]': ]
"' R efn AR » \"" ey iy o, T ) 2 . o
I S TS YR WA : W% & R : X h ' 5
PO Ay ey 2 * o B x < " oy N -.
W wyw. N e iy W T "y . b 5 "o . T Ty
A “-“h- Tt -9 Y F Tl 1.}-2‘ Ly ) 1 x " x n
% A o i ‘nﬁ L N - - iy N, L x . + “u
Vo s AW e g * i Y . Ky ¥ ¥ =
;: }- N m -‘."!-"!*"ﬁ g .:‘h"a 'ﬂ-'ﬂ-'ﬂ-'-l-"\-r'h"a-"-'t-:-l-"'u-'du w MR T Y k ., :-1 t : ‘-: ¥
L] n ™ L ’ ’ N
kﬂl"iﬂﬂﬂ“"lﬂﬂ““‘1‘“"tiﬂl“'ﬂ'ﬂ.ﬂ.ﬂ“"."‘.ﬂﬂ:l-'l."‘.'i.H.H.H.H."i.ﬂ.ﬂ...l".‘ﬂﬂ...'l.'l."ﬁ.ﬂ...'l.H.H.'i'i.ﬂ.H.H.H.'l.'i.'i.H.H.H.'l.'i'ﬁ.ﬂ...'l.“‘ﬂtﬂ.““‘iﬂﬂ“t‘iﬂﬂ%‘iill‘ﬂ‘tlu“':i :: : }h . .
T - 3
x X by :
K t ., g v ::
L ) * g X y
. :: t t b N
* ]
v . n, o : " A
ny 3 v N ¥ -
- LB
oL X p iy ¥ 5,
N hy hy n ¥ R
X, " :: » n
A 1, . T n
b s N ¥ N
"i- , n 1-' ‘m
N \ : ! :
N
:‘h‘i‘h‘h‘?‘h'ﬁ'ﬁ‘i‘b‘h‘h‘h“ﬁ‘i%‘\r‘h‘h“ﬁ‘#‘i‘h“\-‘h‘h“\l‘t“p“ﬁ‘h‘h‘h‘h‘i‘b‘h‘h“ﬁﬁ"-"i‘h‘h"\!"\l"b"'l"h‘h“‘h‘h'h‘i‘h‘h“\-‘h‘h'\!"’l“‘h‘h‘h‘h‘h"tﬁ‘h‘h‘h‘hﬁﬁ‘h‘h“ﬁ‘h‘ﬁ‘#ﬁ%“ﬁ‘h‘hﬁﬁ“ﬁ‘h‘h—}- M M e e e e M M e e e e ‘i:ﬁ:‘b“ﬁ‘h‘h“ﬂ"ﬂ-“ﬁr‘h‘h‘h‘t‘i‘b‘h‘h‘hﬁ* } : Ty
. . T &)
: by - " > P .. by
1 . o u A * " ‘w
: e L ) » ., , iy b . . ;
i ::\-' 1-'::."'[ oy » ‘H iy :: 1\' . -‘.-q‘ : : a:
: L s - Y - ) x x AR e 3 ¥ 0
?c = o Ny } : g : S S : 3
. - 1 'h"'"": % ¥,
k % :: :: ..':i-"u"l"\-‘l-"i'-l‘t‘!‘q‘l‘\‘u“ﬂ‘qﬁ‘!‘r‘u'ﬁ‘\‘l‘qﬁ‘l‘u‘t‘u‘l‘»‘l ‘:"\"l"l"l‘f‘u‘t‘u"l"y‘l‘l'ﬁ"ﬁ"m"\.‘q"_‘::‘\"-H"'u"-"-"n.‘h"\'\‘I‘!H‘n‘u'ﬂ‘t‘l'ﬁ-‘l‘h‘t‘t"u‘utﬂ \'I"'"I"' ., ‘l"‘ :: : ::
t t :: ..:-.*'h"n.*h.*q'h-\h'h"h‘h*qﬂ%\h‘-.%ﬂ "'q.-'\h"\-."h"-.“h*ﬁh!:‘-.ﬂ‘h‘h'h-ﬂ-"-.‘\‘\.“h“h."«n-"'\-u."-.‘\\‘;:h“h-*i-"-.“iﬂ‘hM*h-hh*ﬁ*h*\%‘\\':::ﬁ‘hﬁﬂﬂ-'h‘-n“h“\l"q“h-“h"-."'l.“h“h*i‘_':'ﬂ-.""h"-.“\-u"q-"h-"-."-.%%H%ﬁ#t%thﬂ-‘hﬂﬂﬂi_ - t, W ._l':';;;- t I ::
i b . "'h. e & W ] ) .
\ A L e e e N e e e e e Ty Y " : . " ko S > x -
e N I . v 3 R AL & v by wn N ¥ »
t ::..'} . E .*} :: t ‘.'. ‘:.':".' ,}{ ':.: k -'q_':::u- *hh-qﬁi*i-t-h-h-q-*i.i--t'l-*ﬂﬁbﬁtiﬂﬁthiﬁﬁh::t-ﬁiﬂi|. :: ;, : ‘.:
: ' ] "TaaT - W = ' . iy i -
t oy I : i ':::,-: ..::n :: k :,:: % e o ':‘ E "‘“ﬁ" :: - :: :‘: ::r".-".-".-'u'u'\-‘\-\."'-\.“.-'u'a.'.-w-"-..“.- v m : :
\ t,.'.b . T i, oL - .S " ey Y f? " -5, -5 ¥ "n
* . ] E ' "'-t"'q. L " e e ' N . *, e 'y .
t LY ‘gﬂ: M -_‘:{;‘ £ al ¥ :‘k Ty iy L t -nq :._ k'_l t{ .‘; 1_.,‘;__‘ :.‘ t —— -r.""l-.*-.‘n.t.m ,‘_.1,. o b e N b ': n ‘.'F."v‘uﬂﬂ‘.hh‘v‘r'ﬁ-hh-"_lt: I :_:
i A At e . T s T . S, . ¥ * iy . g . ¥ -
- A x b e Teme e e e hy . hy x e L v hy
v .* o LI RS - . T . 8L . TN hy - Y x - -..
Y aw & L] W B \“- L. *m ™ 1, R "\-‘b w W g LY Y "'I-_i ' -\.'l.‘ b m, * 1 w
by N * Hae E n - AT e - 'lﬂh-. LI W " P N o 1-:2'-""1 A o ey Y s " wtwtr % LY - x ™
Lo T Ploge B My oar byl oS o v L 8 D MO B 3 " o, v 5
Pt x : o R WSR3 oW N A e YR Yo 2wk N : ¥ : 5
o - L 4 [ ] k r . - e -+ -E L = Lot B . LR L .
y e o H R e U@ s Sy R E % 2 ; 3 4 3
L] ¥ i 01 E n w ) . e, o b W, . Loh ) .
v .y Ry I A S e s - s L by by o S e N u A * by
e A S S M S RS Pl oM oad BTy S S > v 3
L] L X n . T e XN vox St - a A\ » A e 5 B n ) h
3 -‘;‘ = e e "+ v by ~ }ﬁ,‘ n, 1_..-1'.- Dl » v Koy J..:,‘ i, - g m Y M -
g + 1 R R T uo I S I N o s 3 »
\ " . e w3 oo G el s hEE - T o o . x h
y . Y o ol RO wN 4 - x x ¥ .
t Eﬁ*ﬁ ':—u—-..—um'\.'\.'\q'\..-u'\.'\.'\.'\.h B o L M i e My e l‘h‘hﬂ..ﬂp'\.'\.'\.'h'\..ﬁpwu‘\.'\..'\..'\...1..'1...‘\...‘\-.‘\."\..."1.:."1 Q \uum‘-,.‘u‘h.‘h'\mm‘u'u‘h‘h'\qﬂpummm'\qk '::' t I ::
1. ) ‘l a3 . J‘
PR ‘5 3 : : 3
iy L - - :l. E : "‘:
t a‘. ) T "\.'l.'l.“l.“\.-'l-'_-\.'nﬂl.“l.-'l-'l-"; t""n."-\."u-\'u " n e es T nnn e e Tk ."'l.'l.“a L T T W W T Tt B P T M Ty T S -I-'i.l.'c 1'-."-."‘-."%'"-'-"‘- :."l.'"a'"l"'l-l-' " L T e T B i e e T T T '|'~ -E "r '.': t
hy ‘h“. ) wE . y - Yy » Yy & Ty n A N N U *. .
IR ¥ Pl B Y : 1 : X ; ; :
L] L ] 4 Yk P ‘- Ly My ™ L -m L *» Yy 'y R
Yy il . * L .t L L e .J:u":i.' = L hanl 3"-‘ N K L v ] L o . x n
v e A .\ R o L . (S A S ¢ O R SRS T S L .- x . - » R 3
:Iu 4 -~ ; ?:;h"_ ""': 1!-.‘ N r i{;‘! ._-v:- '1.1"- L ¥ "l.:h} . 5 lFlnl!"'l o, 1 L 4 " \ * *‘l. "l.h 1|- % L 1! .‘ﬂ:‘.‘ LY T ‘u
L] g . "‘:{ 3"‘- ":ﬁl- X W - N [ — " i‘:‘! . ' :'— -"n u ""I‘:':N ':"ﬂ-" » 1, . Y i, . n * L] . LY * ‘n
: - N e tat Ao Wopoww t‘ ; o' g B Lo t:'* W ""'"Q W S i, % * gm0 - . A v W) 5 + u
L P e - o S T i . o W e gt W TRy o 4, e o T Ny * " . " il ' " ) B
'{ z‘ﬁ 4 _:":" "\Q" :l- _:::: ":."',H: -;r .:12\- ﬂl“%:b"ﬁ ..-; -“:5: wm;—h} — '.‘q ::T%.‘. _h.ri;u‘{’.‘ ﬁ :.l-r-r----p-r-r__:.---pq-r-q-----p-p-r-r---p-*k-r----,-,q-‘h' .‘:‘:L"'} by ‘: E
v UMW ompoaad W e A v R 4y ey u NN ‘“Ty‘: Y3 ";$ ‘“;Q b k. x by oy X ¥ ;~_
‘et L LT . " wt N r- - T P L") gy oy 'y * [ i e % LB .
v N o g R RN h ML e A . R : - g 4 o~ . H "
% . ! "*h.. -"'-.J. .  IE tll,ﬁ N Y ) . : iy 3 i SRS b 3 . L L L\,‘_-t 3 A i I ] Ly e . -
N B8 o e N Ca L x 3"\" 2 b x y o3 . * o ny N ¥ >
s ey A "'k v A N 3 ky Y, L " . by . "
' -Ih‘# LY 1!-.‘ ¥ 'Y N “u, 1 b L Y n’ -i.l.l.l.'l'l.'l'l.l.l.'l._‘._l.'l.il.l.'I'I.'I'I.I.'I- ¥ N
- e :‘-mwﬁwwmmw-‘tnwmwmmﬁ A L e RE ) ‘-mwawwwwwﬁutwﬁwwﬁnwmﬁ.‘: 1‘.-*-.1*-.-1-1'1-'-*-55-111::: hmmmum-—;-‘}*\.mmﬁww‘. : g _: by B
Ena X k\. X, o ) % - n - ¥ n
] . A K
Tt , Y . - b 4 ry 4, v iy
ﬂ‘a'h'h‘-ﬂﬁ'ﬁ'h'lh\.‘h'h'h‘h'h‘.‘hh'hﬂﬂ Hﬂhﬂﬂﬂl"-mﬂqﬂ'ﬁ'ﬁxih“ﬂ'ﬁ‘u}' ¥ " X, - t E :: "‘f".-* x n
Ty e Ty Ty T ey R T R -u:-xﬁ*x'-qhwmhhhﬂh-«,-xhh-q-a-»-h-.h-q-h-\mﬁh'x:imh.m-xhh HQ&MHHHHH‘.QHHM-\-«.-u-u-q'h.h'-«.m-l-ﬂ-u'-qhﬁﬂxhﬁhh%ﬁ}:ﬁhhﬁxﬂhﬁﬁnﬁtﬁhhhhhﬂﬁhhﬂxmmvﬁ :.: " ;: :: 2
r - - - " = - i. ‘ﬁ
* 3 ; . ei\ L' . ot by u
N T e G £ ¥ ; 1
) ) e Wy N . 2
SR KNE ~ . . 1 .
A ; *
+ e I X ¥ b,
= il . T By
o x i
. x. h,
" * u
iy ' 3
Y ¥ u
*, E, o
", x n
n, *, T
: : 3
n .
* Y
m HHWHH%HHMWHHHMHHHHHHHH’EHHH‘:H‘P‘-‘E‘-HHH““‘-’EH'\HH‘&“‘-W'&'&H‘i‘h‘i'ﬁh"-“&‘h“-’ih\'ﬁ“ﬂh‘-"ﬁ"ﬁ":""-l-"\-"'-"'n"-"':."“-"'-""-"'-"-H":H‘\-“-’HH‘:H“-‘M‘-HH":\"i-"'-"'-"'-"-"h"‘l.\".n"\"l"'-"h"b‘b‘\l"ﬁ‘h"i‘h‘i"'ﬂ\l“n‘hh‘i"ﬂ\:‘h‘."ﬁ‘h‘i""-l-"'u""l"l'h"i"‘.:-"‘k"‘\i"uHHHHW%HHHWWHHHHHWHHHHHHWHM; * “n
- + L
t - x ™
- r ¥ ::
1 Tk *, a
n, - X "
., n ¥ a
. = v *:
- +
:: o x ™
o K b E
1, “n ' .
n . X "
", " L ™
- 1 u
B 5 . 2
N u
e " ¥ -
:: L : 'y
" 1‘{ * n
:“: ;:‘\:"-"'q"q"q‘h"q-‘h"'-"-u"u"q‘h"l: "’-u"q"u"q"\r‘\:"'-"'i"-u"'q‘h‘\:"q‘_ : .:
., A > ¥ h
LN L ~ L "l- *, “u
n, 2 L] - :: ¥ b
:: :: g e : o N % By
:: :‘\: r'-'. + pawn™ _E‘_,Etl ?E.':':‘l :: : ::
. i .
B T e T T A A A L E R T T R A e R e P R R A T e R A A P R T e R P e L LN E N '-'-.E'u'-.'-. ‘- :: "_;"'*. ' :::: ::: =k t : :
........................................ " - ] : X :
X N R ¥ A
s, b~ e A I N ¥ :
A, L wad. ol . I y
" Y by e b;u _‘:_ 'd-':' E *, }"
L -y
y y S Hn s N X u
1, 1, . ¥, oy
t et i i b i b e A o ¥ -
. v T M
- ! n
:: -:- x H
1 ‘ T E
:.: R : ‘.
'y i:"_ﬁl- Y )
*, * .
., - v >
L
:t o : s
X ¥ -
. ¥ -
b 3 : X
1, +, n
N v ¥ :_':
LE
. ¥ a
L X : 3
n, T r‘h
x L]
k T b
u T, ‘u
: { :
. .
"'“'1‘"“'1‘?"“'1“'““‘@"'“11‘*"“1“"“1“"F'ﬂ"“"'ﬂ""‘,"I"F'H"""'I"F'H"":,"'F'-"""'F'H""""'I"F'H"""I"'F""-,"'F'H"""I"l"-'-"""F“"-""1-,T'“"‘t'F“1‘"F““‘r'“““"'““'?'“"‘"F“““"“ h""‘"'ﬂ'ﬂ""""""‘""ﬂ"""‘"'ﬂ"""'“""'%
- | - - T
- L T e " - . . "n
YRR IR Ak *.._{;tg-c}égm}{‘} : “ - " 3
n ] V - - RSN FJ{‘....-'
, "o, * ot MR L g By
Bl i B I T Pt T O B B eI T *, et b e T ¥ r e )
PRSNGSR SN S04 R L N 2 A > T TR by
. . . T a0 - T
:i CORERD LT gy YRR o3 2
:': h! "ié ‘\.-!I I|‘l:l.; . Ii__;h".u.'l " ‘r-.l--'fb."k o :\‘
. * ]

)

L T T T T T T T T T T T T T T T T T T T T T T T T T T T VY S S S T S S



Patent Application Publication

¥
L
~

-

B Ty B e T R

LW
o
¥
Mo A R MR R MW R WL 'r_“-_.-_-_“_‘-_‘_“_“_‘-_'-_'—_:? --: ______ M A R MW R W R W R R R R L E R L)
0y
ppete i
N ok 2
L , . " R :
" 'Q;Q: L ¥ %z :;3:: »
R 22 S A S RS ) £
e :ﬂ; _.1...:_ _?:;,::: 'Tf':lﬂ- < .3_‘_“_‘
RN o R R < A 0
e 3 o '3)1;\ i g £
PRESSIES -0 SR 4 4 T 23
Ih-'-.- i
'}1-1:-'\-1-

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

raxr

{rh"h‘-"-"\-"u‘-"‘i"h"-"'n"r"-"-\.n"-"-"-\."“-‘l-‘u"-"i"u"-"-"‘h"‘-ﬁ"h""‘-"i"u"‘-"'n"-"{t .
t _u'\-rﬂe"r""u-.;__ " 'u_‘
T - LY
Yoo o TR O 8
by P TR Ry = -
* Wty gy e e 4 -
By N T R e " ::
3 e A
b = l‘r"ﬁﬂb "E"" }- e i
LY ‘: :" . ‘ ":' ul:} o, ?.."'a-'#"ﬁ iy Ty et
. g s : ) . -
g "*1“"' u '{\\r‘;{ Tu Ty’ i
t ..:'"‘\"'"‘ N ot e X
Y ."‘h P} ==t gt "'\i '-':':
n ol o . SN ¢ Xk X
s SIS0 S i T RO -
y -mam L X T ] M ";;_- ] . '}‘q‘_-—.:h;.

Sl "

LE LA RS LR LR ERELELRLLRELLRLLERSLLELRELLELLELLERNY. |

14
%
4

;:"'-"Hﬂﬂ"-r"h“—‘rﬂ“—‘-‘&ﬂﬁ‘vﬂﬂﬁﬂﬂ-‘rﬂﬁ-ﬁ‘\ﬂh‘vﬂl“
5 P~
3 e SR %
Wl g L
; Sl S
L .x$q1.r;: \-1} et :: "‘HE
» -k i“' oal &
\. Ttk B iy Y _
a e : i 'y ..::u'p-"q-'-'r'h"-'vﬂ"-"h'-ﬂ--r-r
A axﬁ\\:—. i -
N U - S
e, —, o
by T W N
3 N afm b
3 P
% Rt t
z T T T T -F-E E R *
a
¥ oy 3
1 _‘."l _ﬂ." *'.‘..“ “ ) -\.."
by L WG o . .'E e s
1 TR urdku ;h- - | H k
L %’I L N ] L -'.".
T g AR PR 03 E L
bt \c Fy m"‘b ‘-'.#'*' "‘.q,'-'-l;ﬂ-ﬁ*‘w
t Lo ity g b bt 2y -
> N poe o Lo
! M "‘h"‘ﬂ"\ . ,‘_'l-"h R N
.l N e " tlﬁ-.g x
;Ir i"ﬂ.-. . -y =+ o -':.:
t T k™7 "u_.
A R 1 R e

R B R e e e L A A A A N e L B R A L T T B

R &
FEIARA LI T

RV

]

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Nov. 28, 2019 Sheet 15 of 22

%
n
L
o
]
a
o
]
n
n
[ ]
n
L
[ ]
n
a
o
[ ]
a
o
H
n
n
[ ]
n
L
[ ]
n
a

o

t L Ly i e T :::
i"., ' 1
t .I. 1..: ql-
5 s 3
L - 3
: o S . ¥
“ A a1 -y "
Yowe B ax i
t ‘Eﬁ. . b 'P_ﬁ.‘rh'll.-.'\- :::'Iﬂ.t-'\-l*-ﬂ'*t"r*
~ ,,"""‘"';:' o - ."ﬁ 5
PR R &3
.‘. N """‘., LT T L 1,.
. A gt _'..
A LA X
\ o e '
: camw -:::
11\_\-_ LI ] 1:1_ LA R RS TR R L R :-‘:
™
* .
:? .
* AR
2%
t&. .

P

LPPEPFELFLLPESPEPPPIPPESPEPPEFIPLPPEPEEPFEPPLLIERFFLPPLLPELPIIPELEPLIFLIPELPLELPFLIEPPLEPFLIPLPIPIPPLIIELTELPLELIELIFPPFEPPES

‘I""l:‘l-‘l"‘lu‘l-"l'\"":-‘l"'l‘l.““

ey "y iy Ty iy T Tl )

LA

a ok

- .

:: .

.

“x -
‘1: Bk A e 4.q..h|¢_q..a-.4.i..t.¢.u_:_
b v
3 A ¥
‘ ' ) . ""
v et O )
. My '
3 woTER
Ly e ﬁ r ¥
t'r"r"-"a"rt\-"a"r"r“t: t 1:_ ﬁ_“‘; ::F
L PPy '![E 1.:
t {E’:; :f'a._.,,_? ::'
™ = - .
t ﬂt} :"“'": :,:r
1 L]
t L :::
b N

-

L)

Ak A AR R R EAER AR R RS R R AR R R A

.{‘;':‘

PLPILIPERIELPLEPEDIPLELISPPE

bl
£y )
S »
s el . -
I o B o 82 183
Z& ' . L e i f-?-gl ::: *E':&:
- . rd ,". ...., . y
:E m .-':“:.r"--'-u.""'.I| ':i;' " :}1.}.'?:"
SR E iE Mo, Sl AR E 5
N ﬂ, . Lo . =
. . *HW PN " . -t X
N N 5 "y ""l-"l-"-'l-. ot ?.:
0y - ﬁ *rak & u,
0y - e e ¥ S ,
£ g3 o Q> X
h :: WL e N
3; ¥ Fus )
- LEREBELERLLERLLLERLELLELRELLELESERLELSEELLLESLLELLEDNR.]
My
'E .:“'\-"—' e e e e B Bt T T B e e B T e B R e e T i el T T T e T T T ey T "."\:
. . Tl BT -
:: t -htl iﬁ ‘*':'H.';
. - a ey '
:: :: Iﬁﬂﬁ :‘L"dl"'u '}1'\1:’. .-k ..:: -
o LY - ey e, N, g b OB A Wi, |
3 CIE - I TR B N
: : - » : ! 6
) 3 Y oaw G pn e
o Y, T ' oy Haens i i\“.
o gt b v LY . - -y P i SuP :.‘
It t ! 3""’-'*" L e b N
LY . % f:._‘:.._}_' ey i {
3 3 s R S S v
3 SR R R S
) - APy Ry, L% Tt B
g ¥ s VAR A 2
- & i N {
W N . :
t ':.l"\-lll'-r\hll'-l-'-lll1-'\4'-!ll'-||ir'l'id'ﬂliiﬂinﬁ!!n!!nﬂ:-wn-"nuii;"%
A
2 Ly hhﬁﬂ“‘“ﬂ"““'ﬂﬂ"‘\"’ﬁh‘uhh‘uhhhhh‘uﬂhh‘uhhhh‘ihh*ﬂhh::
A iy i ] )
g £ A VU w3 o X
i A " g i LN
X - T 2:%, e » at
. ~ o . rofe o AN
i Y -, e S e
% 1 ‘:11 - ﬁ-\.'l..."b..- [ - -
'|_,'_ i \_ ﬁ_—\_f—# } K _ 3 e ek .-..-..q
:}'«-*-."-.-.*-. _'"' M .#E_ *:.-*-.-‘ - ,-na,‘,_: :k. -
t T R RS ML Ees a
'{ ’ s ql-.:r -h
x b Dhoe e X
}. ﬂ' }'*"’H{ :‘.n.-'* :-.k
N e NN ot 3
h . L PR, t.|-.l-.__\.-.. :\
- "'t-e-'-mi Ly
. 2

T e T L M i T B T T T M P, T L B T T e T e T T R e U e U,

EREE R LR L e L T TS TN
:t e a "t
iy ek -
- . "l.,
- "y N S v
& e e D XONER
N ) - el w o
3 oS e SV S <. S SRSt
t L M ol "‘E..'.'.__ ::: ‘-‘\
e e % a 2ale] ""*'l-,q._.“__ {h-::-_ . ."l:"'
u iy % 1';:-_- gy rh :\'
£y ~ BNy o Ry ™
-\ # t'-- . .-..\.
. - Aot ot o £
" "‘ ' M '}‘.ll-,m-'i §I - - 'k
"{ R e -u._u.'lh. % 'ht ’ _;"t"* I"-.
t ﬂ'::l.,-.. i T, . :}
: X,
'}t.-n.un.xi.-..\.muw.muw.-a.n1..1..1‘1..1.1..1.1.-1..1.1..1.1. 1.--.1‘1..»1.1.1.1.1;:.."

PP PTPFLEELPEREFLPELLPELPELPEEPELPELIEELPEPT

-

e R TR R T R Y e T T e T T Y T R T Y e T e T T Y T T e e e S e e T e e e Y e e T e M e e T e e e

S

APPERPELPFERPELP LIPS

¥

=,
T Ty Ty Ty ey e T ey e Ty T gy T Tl Tl Ty Ty Ty "a-"r'-u"- Tt Ty g Ty T ey iy ey ey ey ey g T - m

>

‘.‘:El--‘l“.-l-"ll-“ \I

F

'
)
L)
f
)
L]
[ ]
)
]
L]
1
L)
L]

'.‘I'
‘.I'

3
N
&5

Rt

ol ol th

T T T T

B
PR u*}.t;"‘}

PEPPERPLEPERRE LS

LR R L] ﬁ-ﬂiﬁ%a

'fffffff#fﬂ*f’f:‘ffi‘f!ffﬂ‘f
.

el al o ot

-':.'i,mm%mu%mmmxmts‘-m%tmxmmm T,

3

TR TR T TR R T TR T TR T TR T T T R T T TR S TR S S R T TR R T T T S R e T T R T TR R e T TR S TR R M TR R T R R e Th TR e T T

ALY ALttt T LR AL A AT A ATl A T LA AL LA G LU AT LA TR LAA LA ATLAT LR RS LA SR AR R R CLE LA

L T I T T T T T T T T T T T iy N T iy T T T S T T S S

US 2019/0363890 Al

FiG. 40



Patent Application Publication Nov. 28, 2019 Sheet 16 of 22  US 2019/0363890 Al

E t "H\_H_H_'_ [ e F.k'_ﬂ.\_q_ﬂ_'_ Pq_‘q_"-_"-_-ql":
" "y . %
3 L A AT N
] S S .
) Y n i Wt %
:';" t N ey Mr v ::
N < TR gy
5 Y N e e b &
. . I e
3 L I . 1, ) 5
Y | ) nx : B XY N,
Y 1 oAy R 5
X . ol ot Wl g
1 " A "y ‘t\-ﬂ 5
N Y " . Xy &
N ] F‘“'l b Py . N
: o TS
X . % TR 5
X LUTH RAAAAAREERELLLLLLLLES
X L .
% ) K
. o n
x by "
by 5 4
L W i
. .Y N
L3 W .
L L .
L b L
X, 1 "Q'
;- ::- R LR
% ] 1 5
3 h . b
Iy I L lll,.. A
:I- :: ." :."nﬂf"l ‘.'q::\, M .1.1.4. ::
% 4 Lo me o Tas ey
% L I =
. " s G- ,
L Ly , . n *‘w, 5
LB L R L B R B B B B il b e R b R b R R R R L L BRI R B R B R R R R R R B B R B R R AL R A e B R b R B B O Bl R L B B R B R R R L R B Bk B B R AL L AL R B B R R I R R b L R B B R B R R R L L B B R B B B R L R R B B B B B B R B L b B R R B I TR R R B B R B R R R R AL L R B R B R R R B L L L R B B R B B B R TRL B RL b B B R R R A t.!.""! R R AR R R R "v"!-"!-"!"!"ll"!'-'l|l'l|l'l|-"||-"||-'1-'1'1-'1-'1-'-'1-'l!'l-"!-"!-.""l-."w-"!"ll'-'lr"!-: -l-" * I‘:q‘:..: . E
Iy " - %t s gy 5
: I
Y “ R TR S b N ¢
" " % . A by
5 -\ N, y = &
by 1 & . ‘h" '\"‘ * 5
% ) £ .Y
b ] A 5
:: :-: "\.‘L‘I"L‘h"-"‘h'\"\.‘ht‘h‘hﬁ‘h‘h‘\.‘h'ﬁ‘h‘.
b 5 n,
3 N *
. b T wny
: : 32
X 5 g
[
. Y o
X M
¥ S
‘:ﬂ‘H‘“IIthi‘HHﬁﬁll‘l“ﬂ“ttﬁ\IL‘[EEHH'E“I‘.II.L".'HH'H'E'h'l.‘.‘.l.l.'i.'“'ﬂ"l.'l.'I.'I.LI.".'I.'H'H"I.'I.‘.‘.l.l.'I.'H'E'H'h'h'I.‘.‘.l.".".'“'H"'I.'I.I.‘.I.I.'I'H'H'H'h'h".‘.‘.[li‘Etﬁﬁltllﬂﬂutﬁllm‘ E t
I K, 5 .
- - X X hy
) e x x .
oo : 3 3
x A oy . ] h
o }'}} LR T -l_l.!!.'a.\\111‘!!!\.\.‘\111!1!!‘\{ lix 'q._ 1,. 1:-!.\1111'\'-'-'-\.\hiilnhhhhhhiiﬁt
-:- . :l-}:ﬂl +'-"n'=-'=-'=-'=-:u' oy -4 E E ::- L) -r"-g_‘h,i- ]
T s wvm- LD Py Y 5 PO . .
A - . i : - 5 5 Y -z . :
T . o y ;: 1 5o N N '
w ] y e o . ‘l: = b " . €
RS ro w3} : { oo e B o b
w0 Ay v ¥t St oty whes . " N v X AL =4 o t
o, e A e P AN . 5 DT RE -, ¢ S :
Sty gt e g e ey e e e e e N e e e e e e e S S ey e e e "«-l-‘-l-"-l-"ﬂ-l-"'u"'u"i#\q' T ‘\H&h Mty et t"‘u‘k‘ﬁ'v'u'v St ettt e e e e e e e ety e e T e e e e e e e e e e e T S e e e T e e e e S e e ey e e e e e N e e e e e "'I-"‘.'. Tttt e e e e e e e e e e e e e e S N S e e e e "'I-"j.-l-“-!l"\-l-"#"i Bt e e e T et et e e e e e e N e e e e e e e e e "-i‘\u'\:»(t S :‘r' Fhata -'+;l-|."r|- :
- , . . " . na K o ! T T :
M ] 2R S b 3 A T Y e,
v pind I oW AT , y . . S Va an .
) ey % S e w2 % Py by y 1.. 1‘.#%-“‘ cw Rl wF LA :
> “N .................... ., A r{ kR v L L g }E} .
L} -_’:‘.- [ EEREELERERLEEEESEERELERN qﬂ. ‘l ‘rﬂ!lﬂ-ﬂ##ﬁi#l!!!ﬂﬂ###i_ LY L3 W *, e . 1
_':h_ L] e N . * 1 K, AT " 0y N :" w :_
3 ! . a R *h . Sl N ., y i .
:':_ :- \ :I-l ‘:\,"\' Lo o tt - J._ll'clu N T TH TH *: ll""l._ 'l,‘ 'q._ l,|_ t ‘:'l._'ll x
w g 5 e L e i W o :' "‘ﬁ: :‘:_ E t ‘.H‘\"\:ﬂh*«.ﬂtm&ﬁ.ﬁ}hﬂﬂﬁ.ﬁ.hﬂhﬁ.ﬂhh"
SR v B x byt ¥ x e r v g 4 b
Tooar - RS o : < sy ; . x % .
- A yr- ‘1.. e . s " S . m, 3 . ¥
o WY e 0 N Ew a: ol ;" ' : 2 x X .
13 ':'i} U , . :‘i N L * Ll B T P P T B B T e B S e e e B :: E :: -y
v . Py Tx.  wm 3 R > FAh K, 2 ., 1 '-.. -
S o Sl N o o . * “ oy . - - ) - -
g by e N : by W p " : X by 2o
oy B P : N & : X : -ﬁ : N
LA S 1 % i A " SR N o v x . P
S » i ; o , ; " n : > oy
S S, 3 : . o k. ", Y 3 "
N h n w “n E *, " LY s
- Lty i 5 a Y S e
w %ﬁ- 1\ :ll-_ ok ke e B B i ke b d ch ch e e o - T B ke by b b Byl e e B By kR LY :': :.. ‘{
X el - ., " '-.
-I.““I‘HHi*““‘iuuuﬂH“'ﬁi’#"."'l'lH"'ﬁ'ﬁ"li’i""‘"'lH'I'i'i'll'll'l.'l'l'I'Ii'i'i'i"l-'l.'l.'l'lHH"‘“lliuuﬂiiiii’lﬁtiHHH‘i'ﬁ'ﬁ'ﬁluuui'ﬁ'ﬁ“‘iluuHi““‘luuuﬂi“““ HHH"‘""""-IHHHHH“:" :: t
g 5 4
n 4 W
iy 3 4
w L3 W
“ L L
- % .
Y 5 ]
. ) -
X i ot
. 5 '1.
o 4 .
- . y
~ k) hy
Y b LY
" LY L
", L LY
by ¥ \
B A A e A A A A e A A A A e A e S e e e T e e e e e et *.um«.xxmxﬂ.mmu'm.«.mxxx*-..*-.-*-.-u-.«.*m.vw..a.h.'-.'-.u-.*..*..*..*..*,ﬁ.muu«.«.mx*-.u*,ﬁ.uummmxx*..*.*-.-*-.-hh.«.«.m*..v«.-*..-.uuu«.tmxmm*_muu«.«.mxxxmmw\" ;"' '{:
5 ) N N
1 T 3 3 ! :
- '\l‘ -
:ow 3 e X x : : g 3
, > L B ) Lo t %, y '-..
:: Iy - H;:L‘: :-'-.*-‘u‘-‘a‘:-'-‘-r*-r‘-r‘-' e Ny :.' q t
DR 3 ST A e 3 ¢ 3 3
$oma R YR ¥ 1 | 3 ! : 3
5 %.. " by o i al n % 5 .
Y ﬁ iy ay " - . g " " L N
y 'u e iy " I 3 a) My ) 5 ~
Doy WOW 3 - 3 3 3 2 ; 3
o Ak by y e ¥ ! iy . ) »
» A -\? e RS oy vh et x by . . : g
5 - «. e g v : b - 3 »
O ey SO r % v : : : : 3
) i A "-l..:‘ L) Ny e \.Q\ x : Iy = 3 x
. . .
vooE A e - 5 o &N . . « x * hy
. T o . . " . b ki -
A L y Y Lt ™ by Y by n ) 5
P S g : : 3 } 3
E " m x"“:: ‘;-_Hﬂh‘ - H‘ll"-‘-“'ﬂ'ﬁ'ﬁ'ﬂﬂ-ll"‘.".'ﬂ“ 3 :':' E; s E
h"-*-.-'--..ﬁ.w.xﬁ-t-.'u'u'-.mﬁ.txwmﬂ.-mw-..«.v\.xﬂt-x'-mﬂ.'-.'-.\.xxtmxhﬂ-nﬂ.ﬁwﬁtmmmv--..ﬁ.w.w\."u."-"-'-.-*pﬂ.ﬁ:ﬁ.‘mtt-"-*-.--..ﬁ.w.‘n1.'-"-."-'-*u\.ﬁ.‘..xxttmmmwnxx\.xx'um-*-.-ﬂ.*-..‘..xw.vttmmﬁamﬂxxwmtt-i&txx\.wttmmmﬂ-t\.‘.ﬂm-d' ) =R T T e T T "
'1. L = v om r . L
< o . . ;N g . . w
- o % - - . b "N N LY
- "y 1 n e I-.'l,: 1 w ..
4 x b b . N A o
t : t - :
& - . . 4 WL * 5
{TT"-‘-l""'-"'F'F'TTT.'."""'-'F'T'T"-H-l'I"""'F'F'TTTF.""""F'TTH’.'.“""'FTT“_‘:'-"'-"'F'FTT"-'.'-'-""'F'F'T"-‘ll 1""'??‘.‘1"‘"1’1‘.l""""""‘""ﬂ-.l""""""'"l.."""'FTT‘;‘.."‘"M ﬂr\“ L‘:i-' }. t
3 % ) h " :"-l: - N PRINNINN
3 A o X " s W . n
i 2 poy X n, L * 4 .
3 2 < by > o Ry b
3 . by 1 ~ b o “
: X ) \ YOow R g 3
3 b g y " Wi by 4
y Y * K AT TR R W R T T e <
_}Ekiﬁ%hhttl‘.'n.‘l.‘hﬂ.ﬂ.h\.ﬁ.’\_\_'\.ﬂ.ﬂ.‘h‘\uﬂ.\.ﬁ.‘\.’\.’\.tﬂ.ﬁ.‘hﬂ.h\.‘iﬂ;\_‘.\.‘_ﬂ.‘hﬂ.H.\.-.\.ﬁ.'\_'\.ﬁ.‘._'n.‘h‘\.‘h.\.ﬁ.'\.'\.'\.‘..'n.‘l.H.‘h.\...\_ﬂ_'\_'\.ﬁ.‘._'n.‘l.‘\.H.\.-\_L'\_'\.ﬁ.‘._ﬂ.‘h‘hﬂ.l_ﬂ_'\_\_\.‘_?ﬂ.‘hH.h\.ﬁ.‘.‘.ﬁ.tﬂ.&%%hhtllit%h “H.\.i_'\_'\_'\.‘._ﬂ.ﬂ.‘h‘h\,‘l_i_\_'\.ﬁ.‘_t ::. E t
x 3 5 N " 5 ~ "
> 3 . o ., % g L
,_:. B - oy 5 % & b
o) 5 u! y 1 1 a %
: : 3 } \ 3
X vk X 1, = ) ¥ g N
. . -
: S : : 3 : : B 1:
X N % a e h x X - n
e -- ; 3 g 3 3 } :
Toowd v % 5 RE N > - \ '-.
k) - X » oy v % 1 3 .
:I: {.ﬂﬂﬂhﬁ}lﬁh*ﬂﬂ‘ {ﬂ.‘-hiﬁ}hﬁiﬂ.ﬂ.ﬂ.* "hﬁﬁhh'ﬁ ‘ﬂthhﬁ‘: {_'.-ﬁ,'h-ﬁﬂ.ﬂ.ﬁ.i hﬁﬁﬁ*ﬂﬂﬂ-‘ﬂ{ ::' % t
3 AR x 3 3 v > 3 v by : : 2
ey 3 3 -. e . by 3 3 v 4 . . b
R ¥ hy e 5 hy & - A ot : ] i by %, A .
e - & - 4 at E " Nk 3 ‘ﬁ} 1 5 b3
v Iy e p by b4 - 3 > : Y ey e W 1 3 .
= S S S Yoonr s - Y& 8 i : : 3
Ao A - L) - e v hy o 4 L A . ¥ N N g
W Wi A Ao b, A . T ¥ Ay ~ 5 L A A . . y
B et by g N by ; X 4 ™Y o A 3 A o L R . Y s
o 4 ol N ~ T TR Y R, LT o 3 e T y N e
"'ll: Tty L] % "ﬁ. L3 = - " y Y L} I:l"l. LY .:\. 1 - 4 n X oy
.-Ip_ n;lq o . "p-‘l'-l e % .!i.t; " -:‘:SH ‘hq_-]. 1 o 4 4 “ih amT % b3 n . "
K - ) o - . o . by o W v o PO by o . g
O T4 . s , L, he's u by % 4 . e - el % . & b,
AN 3 e a « e E ™ w3 H yooms et oL . x 5
::- e ‘{ S A : e & '-,, ':.: }. t . B 0 LHIRLY :: " by by
LY b . "} 3 B - ® . e, 3 TS ) . . Y
[ ] - ‘ ) 1. b '\.‘:J.,F.h K 'bh } \ 1" 1‘ '-_ .n "l
L h) » hy . x a e a : b ., . v
» ) ‘ 4'Il & - K LN % \ ""l- LY L} LY
Wy % . . 4 % x
g { T T T T T T T, Ty Ty T, o T T T T T T L e, e, T T T T T T TR TR T =y Ty T T, T My Ty T T T T T T T Ty T Ty T T T ::. ;: ::.
b o Y L o
TR R L L e e A L L L LT :_? 2: t
S % . . N 5 4
.:. .:'q."q. T T T T e e e e Ty W R R e -y T, g g T, Tt T T, W, W A T e T N ¥ i
. iy ) * et + K L . L
u - L 5 " . - by N v by X Wi S g
= I S h = » 4 g . ’, X " 4, L
x by h) iy . > s . . ’, x o g '-.
L hy o i y - b A X - IR Y %, 3 ", % N
WL e WL o W ] Yo W3 3 t : e 3 3
:.: T N 'llp:i.:"l'_ i Y " bt ﬁt. iy .- » ™ 4 " ‘\.l,{ ‘\.*..: 5 . Y ", why, iy Y
) L2 L by o * iy ."*‘:E * T aAm > A v n . L 4 4
Ll .:\..;I-\' ) '\-"hi T *'q }_&:‘: %\ . . ."t :lrf L * at t 5 :: }"I; .::q I e L A L E L e E N L L L L E L E L e L L L e !ki_ﬁ_ﬁ_t_h'\. L T A R L L L L L E R R L L L] :i\.lﬁ iy 'h?h!‘ 4y e t 1:
-h i H Ihhq x ‘.'- h h.. ‘ & .5 ﬂ,‘ ﬂ' k‘;.‘b. I‘I. IL- P P e e e m o w i ‘1 ...... . .o ....". ‘.‘.I. "'J* I'._ 1‘
N - o men - s b » .. r = e - N .‘3 ' " - . - “mi Iy o
¥ U N o % s oy 3 x ) 3 3 X * g » >
i A N o - by - K . o . “a” 4 ——
(- R PP S A T T T W T v N 3 ) 3 3 5
o) .«;-:u_ X . P : 3 x iy . 3 . 3 o
: P :: E b : '; :.5'; t -:t :"_'- :i'- “'l-.'l'- e e 1.!{.».#331111 " ::
2: }‘l-"q- AL bR hEE Wbk b b B R YRR 'i_"h‘t'\-'\-"\-'\%:"!‘!"!"!"l R R L e Ak Ly by Y iy
- 4 LN ] T £ L * L
'Hhiiﬁﬁﬁﬁ#hhhhiii##t{khhhlii####hhhiﬁﬁat"-‘.hhh!i\i###hht::.hi"-:\:‘:_h'r\.hhh‘\‘\‘\#ﬁr'-'rh-hhi‘\ii#'-'rhh\::‘\‘\‘ii#ﬁh.h.hhhiii###hhhhkii##ﬁhh\\hiii##ﬁhhhhhiii###hhhhh\ E :: ::
. oy x w Ny X 1 * '-.
*» L 1 Ty’ . r 1 ™ "
. -u..\.*n.'-..-ﬁ.-ﬁ.-h.ﬁ.*.*:.'\.1.*-..-&.-&..-*-.-*-.'1.*.~.-.1.1.'-n.*~.."\.-~|.-~|.~|.'-.1.1.1.1.&.&..-*-.-'1.&.m*.\.\.'.r_..&.-’h-ﬁ.-h.h.'-.naq.1.&.*...-'1.-*..*-..::.33.\.1.'-.' By _;q. N 4 t
: b} . 3 < § N .
" W X e - M o hy
L' "1:1 gt h] L " LY
*ﬁ . & "‘\.. _: '\\ :"‘ '-:" { q?_'l.::' :,:
3 o & ¥ .L N
¥ L) H'h - =l N \
Wy a5 A y 8
: "y St 3 »
L3 L
L L
% b
L L
L )
: 3
¥ 3
¥ :
m xmhmﬂﬂxﬂxvn.'u'-.i.-m*..‘..xw.-q*-.*-.'u'..n*..\-\-xﬁ.-qmmmm‘uﬂnﬁ-ﬁ.umhmh*ﬁ-ﬁhﬂtﬂmm'-..\.'-..*..‘..1.'~.w.%*-.'-n.u'-..*.-‘.."-..‘."»"-m.x‘uiu-..t‘..xxw."-ﬁ.xhﬂ.*.-‘uﬂnn%%*.‘-.mn#ﬁnﬂ.%%%'u'-ﬂ..*..‘-..‘.-v\*-.*-.*.'u'..'-..*.-‘..‘..v\.xx'-.‘-.*.-'-.*.-ﬁ-ﬁn.ﬁ.ﬁ.*»‘nh‘.-*.-‘..‘..'u.%%mhmtﬂﬁ-‘n'qxvn'-..‘.-*..‘..‘A"'.'qx*-.'u‘un*.-‘.-‘..xt'\ummhﬁnﬁﬂttummhnﬁnﬁt ::
L3 . L
L3 by ]
X 5 Y
1 ) 4
: { :
A ) .
L3 s L
b3 * WY
L . L
L "'. )
1 . LY
; 3 3
% A 5"
t : :
5 '% 4
% ‘:‘Hi‘.".l‘.‘.ﬂ‘hﬂﬁ 4.1.‘.1.‘.‘.‘?1&&1“ ::'
X > Py L
x by - ot . '-..
n 4 ad Ly ]
d a 1 L
E ., o :p-.ﬂ.\ A :'f:. . t
el B W R E
hhhﬁuuhkhhhh@hhhhkkuhkﬂﬂhhhhﬁu“khhhhhkuuhhﬂﬂhhh‘hq‘_“_“_“qllll'.‘il.ll.ll.l.-l.i.'l.'-‘iill.l.l.l.-l.'l.i'-iill.lI.lI.I.-I.-I.'I.'II'.iil.l.l.l.-l.i.il'.l'.‘ilI.lI.I.-I.-I.'I.'-'Iiil.l.l.l.-l.-l.i.il'.iilI.iiliiii‘iiiiliiiiiiiitiliiii“‘iiiliiiz‘iiiil%i‘:tli‘m ‘ .:'-:t 1:.‘ .‘- -*-l: ;I- ::
3 ‘% A A .
S * - »
3 I < - 5
X . Y T W e by Y
X R S ¥ sl by .
. " gt T v ::
N - " 4
:- i"‘._ ‘_.l_qq_'h_'h_lq_lq_l_l._ I._l._'lt:l_qq_'h_'h_l._l._l._ l._ l._ l._ l_.l_ﬂ_'ﬁ t
5 3 .
L3 & L
i3 % Y
L Y LY
3 X ¥
b 4
% - :
: T <
y
5 " y
L ﬂ:f" LY
% : L
1 ]
: 3
) 4
a :
5 4L
L3 L
L "y
L L
3 ¥
Ly : :
¥ xnnﬁt_nfL_L,n_q_xhxntrt_nfLrn_h_ttnxxht_-fnrn_q_tﬁ_nnt‘t_nfl-_l-__l._ﬁ__ﬂ_'b_ﬁ_!\_t_ﬁ-_i_l-__l.._Iu_ﬁ_#_ﬁ_!\_!-.__t_n__l-_l-_h_hlh__t__t_n__!-_u_'\_l-_Iu_h_hﬂ_ﬁ__ﬂ_ht_n_t_n__l-_l-_h_h_n._td_ﬁ_h__'l-‘t_u__l-_l-_h_h__i.__ﬂ_ht_n_n_n__l-_l-_h_lu_hd_t__ﬁ_ﬁ-_u_u_n__l-_l-_h_hli.__i.__ﬁ_-r_n_n_\_l-_l-_lu_hd_td_t__t__u_u_n__l-_l-_h_h_h__t__ﬁ_:n._'l-;h_u__l-_l-_h_hﬁ__ﬂ__ﬁ_n__ﬁt_n__l-_l-_h_h__td_td_#_rp_t_u__l-_l-_lu_lu_h__i.__t__:n.__n_n_n-__l-_l-__lu_u%_#_kntrtﬁ_n{u_n_txﬁ_axtrtﬁ_trtr%txnnn_n_l_l_n_»_n,xxkxtrt_t_ b I A A R R L
4 Yy bp’o L
M rma - . m . .
PoUAE R INRN ST YR ESY § .
¥ PLATRR SEANERAY b ey
p oy LI
X, T 5 W SR B WAL )
oy a iy R W B I F " P
RIS WINET T AR WY X P2 XS S :; . e e
:'L- — T \ t :ﬁ‘-. A ;\'."-::,
TOFRNERSNIEEIDNS sy 8
& ‘hh%‘nif\_‘ﬂ-. " \"';, et iy s
L L

- OE AT W E R RN NN N NS R E R R EE N N NS TR CE R RN NN N NS TR CE E RN N NN N R LN E NSNS TR R E RS E S E NS TR L E RSN SN FAETEEESEEE S FETEEEE SR FRF FLEEEEENE NS N FA R R R SRS NN ETE R R RS NS SN FSEEE R RS EEE NS EEEERSESEEETEEEELEESESSTLEAEREEREE S SR rFTE T LR RS E S rFTLEE RS S S S EEAEEEE A AE EE FTE SRR RS RS e r re sl ar s s s rAT T L AR S S S e e FT LT TR AR RS S N T T



US 2019/0363890 Al

Nov. 28, 2019 Sheet 17 of 22

Patent Application Publication

D 1 ARG B3 B4 WRIT RSN B rhuuis ue 4o sunsed a8y 0y Ao
,.m.wmmﬁwm_mw S35 ABATIISE E.ﬂ ﬂmﬂu,w A B SR UMRDLREIEHS

B

03 ,:.,Tis 51 Y M,_H..,,:ﬁ REA L
10 BAORS [IDG JRIN £ ST ABAHT) RFG seeer FRAETY LR
I - L & g g g Ay g ik
FHALIG 2 BBERL G o w SIB AT Z PBAE
m Bl wm« B~ BE m R et e
W0 AL LB DL DBIREEU v+ 23210 459088553500 3355 3300 88505058500 5353000855

L1381y M___,Ha WETE L 3 UB

"

P 8 gl A B 8l g o gt g A

m A3 PIBALE

da, e, P da, e, P du dn, P da e,

LA LTSI AR LA LR LY E L LEL L

iy g g g g g, gy gy gy By g g g
[
HH
o,
b
-:S
oy
T
O
ahm
ey iy
TN,
h"«- Pyl iy MH'-"'.“-’-"\-:"_H'-NH‘- Pty Ty P Py iy
by
-\l
b
‘l
b
‘l
b
-\l
‘I
L
e
-
33

e P e B e

LR R L
RS

{'14
inhw
Sf:
N
s
L
i3

-I-____- A b g e 2 e W iy e .T.i.‘.i..!.l-!.l.l.!.b..i-i.l..l-l.l..ihr

] % m.. :
PloUBRIY DBy | H_&ﬁ..%mﬁﬂw C {haspanni]l
A0y BAGEE JLINOD Y de SHMTY AU Rt T ) B R Yt Ewﬁ ﬁmawmw m%
I TG  BOPS Y e § ANUBANYY T T BAFT B A -7 2 4

\\__M__.. m“w.wm.“wﬁmu u“...-..-..-w w\wm.“n_“ M\MM&.\ﬂﬁw ﬁlm Hmmw.;ﬂm@.a .M. W\umﬂmw\ ) 1.1.1.._..w..u..._..l..u.__...u...u..tﬂMﬁ.ﬁﬂ\.ﬁﬂiﬂﬂu_{-ﬂtﬂ -_..%..__..1.4..._.._ﬂxﬁlﬁ\iﬂﬁﬂi&.i.}_{ﬂa\tﬂtt ”u
(530019000 JBUET S ; 215
|

i'i
5
R
-
R

gt gt g g g g L g et e
-

SAR SRS UTE SN LR Mﬁ:ﬂm ,mm ,.m, xm»m&?
cﬂ:m...m WA r RIS I @.mw.,m; oY c.mmﬁm S0 1Hm ;.w M.mu. R umw m W ﬂw.h_ R .w«... me“ww w e SR
mﬁxmmﬁw LA g Augeey Ly dulpoeg SRS SRS TRRD Aupey
FROWRAU 540 € GhBATG WET ] g

A g gl g gl g e A o g el g A g g g g gl 1-«1-1&..\.‘1\.11:1\«1.-1\..\.:1\&

LA Sl

A g b it 2l e i g E\\t\i\.\i\\iﬂ.‘i\l Ll o gl 0 ol 0 I 0l g e b gl 1 8l g e i 2

~

......

‘u\-h‘n‘h‘rﬁ-‘bm'ﬁ-‘b\'ﬂ:\
e E LR LR |

£
el
T8

3

%

3

i

63 SRS "I SR

E

k"
~
>

£
"
N

I mrEE Ry EE y ayy Emy E T e e Ty ww"
R N n L T

:"h'h.*.-'*--h bt ey,

L
-
]
"'5‘:?
b

..h::'

Y
A
RN

rTERFSFAFEAYTTM “‘M“‘i‘.‘** FERANFFA THEATYEFANFARSTA ‘.’.I-.. FEANFTANFTTANFSTSTT

A
_u.
r
_H.._-..l.l....__...l.._...._.....-..._...1..-...-.._._.._-..l..__.i.._...i..l.._...._...1...-.l._-.l.i.._-___..l.l.._.u.___.l.._...l.i.l..l.h.._...{.l.._...i.h.._...i.._-.l.i.i..l.._..i..._... -

b L R L N
-

.
]

:
3

3

}

}

;

:
%

§
o
e
b
~

&

%

}

3

%
§
|
§

:
4
:
E

b ] ¢ . !

¥ - 4 n 4 o -, 3 u .ﬂ m. “ m
S M 0 SBG NG LIRS Bu sy m :
. ] P/ H + z
: . £ e . . b : i ; ¢
: + . ¢ L 2 o e ' . y o _.n ’ n,
Vg AInGTy 458,88 f.ﬁw DRI L0 {54 A3 pAniy : P i AL
i i ' e T r
: : YIAREs 03383 MBI “ : Ty 1o ¢ ;
AR TR ﬁ g {13 4 M_Tr?.? i |
: : * ; t I,

3
A
18

A AT AT A AT T AA T A AT E LA %#ﬂ Hw & ﬁ w ﬁ.,.. R T N T AT ETT LT T A LT LA LA
. ..u,. T B o rotr th %« ﬁ“
- 4 : L}

: A .
‘ s .

m k. ¢ . -..1
R g g g g e g g g g g g g g e e g g R g g g g g g SN g R g g S g g R R e g R gy [ .__..._.u_u._i...__ R R I g | i .._\

A
7

IR B B B A T A B A A B A e o a E A A W W e o WA A B W o e e e W e W e W e W e WA W e W W T W A KA WA W WA N e e A e g a  al gt l b g ar e gt gt gt gttt L gt o Pt gl gt g gt h l..._..i_...._-.._..__...__.__. Lo .____..-_....__.1w

T P T P Py

ey A

S g P i e e e

P e g gy e e

[ ]

e e g ek e ok gl ke mm np ke e mh ke e ke o ke e ke ko ke e ey ek dy nh ok e ke nh kol ek ke ook e my ak e ke ph ke ok dy ok ak oy kol e ok ko e ok e o dp o h ke ok e ke ok mm n ok ey ok ke kg ke ke o e ke e e ke ko mh ph ke my ok e nh ok oy mh m h m ak e b ke ke e ke ko e e ook ok my ok ok o ko nh e ke o ke nh ke Jp ny ke ey ok ko koo mp ok e nk e e o e ke ke e ke o ek ek ph ey ek dy nh nk e e e oy ko nh ok o md e mhw h nh gl ke my



US 2019/0363890 Al

Nov. 28, 2019 Sheet 18 of 22

Patent Application Publication

909
SUIBU T
UGISI80

(9
LIBISAS SUINCWoD
2AIU3D

309
SUISUT

U513
0%

LISISAS Bunnduwon
jedilan

909
SUIBUJ
U0I5103(}

_
AN I
BIFISAS BUIncuwios :
eLuan |

9 Dl

5%
HIOMIDN

(99
WISISAS Alded paiul

SEY

0eY

019
IBALSS

5133100
[201SAY

SILUDAT

018
LIBISAS

JUSUIBERURA]
Qv
UIBLUIOG
pa1iad ApUuspUSUapUl




38 Dl

A3Y 31BALId A3y 31BALLg

T 1uaidioay

ccg ~ ST87| 1 iusidey

US 2019/0363890 Al

mthmcmmm
T JUSIdioay

2iNIBUBIg
7 1214109y

SATIRUBIC
G 1usidicey

Ay iand
¢ JUSidioay

A 3Hgnd
7 1usiaoay

As DHgNd
T 1Usi1dioay

Nov. 28, 2019 Sheet 19 of 22

Y UOQUOBSURET o UOLIRSURA] Y UOLSESURL ]

0s8” ors” 018"

£l

¢ AU T %2018
wused | le—————— $0 YSEH 40 YSEH

0 %508
JO YSeH

L-N 90

N O

¢ AIUY
UbL Utd GLL QL4 (0L

PR U 22014

Patent Application Publication



6 Did

US 2019/0363890 Al

U6 016 /

Nov. 28, 2019 Sheet 20 of 22

HIOMIBN

ULLL

Patent Application Publication

- Elb

LU0

Fi6

AJOWISIN

HTDHD) [OJU0T)

SIELISIU HAOMISN

IPON



US 2019/0363890 Al

Nov. 28, 2019 Sheet 21 of 22

Patent Application Publication

FOUL

;CO0T

101

O101

8CGO1

SOUL

vO01

s

00T

WBISAS [BNIAA |

LUB1SAS
guieiadp

328U
NIOMIDN

AJOWIBIA

1055892014

3A3 sunndwon

OL "Bid

018
LISISAS
IUSISTeURIA

909
SUIBUT UBISINaN

suonedddy

LWISISAS 381015

BHAB( NIOMISN

PUUIIUY

GJelic iUl

L{ONOT OO 1TINHAS

IDAS(] BUIIUIOY

IOIASQ Aridsiq ienliA

0e01

AV

901

7{01

LCUt

Sy

8107

G101

yiol



US 2019/0363890 Al

Nov. 28, 2019 Sheet 22 of 22

Patent Application Publication

193P3| 30RIILIBA
AjjediydesdoidAld gns 1St 8yl 88ing

OLEL
UIAS PUDIBS 343 AJLI9A

SO0 IINODIXS

8017
IU3AB PUODDS £ 10
J2dpa] 3igeilIBA AjjesiydeisoldAls gns
1541 U U000 PUDISS B 31BI3UD0

S0t 1
13303 3jqLIILISA
ANESIYARISO10ALID NS 1541} B SUMBOS

L1 Dl

vOLL
IUSAS 15414 94l 18UL ALiIRA 0]
U2 302 31noax3

01T
JUSAS
1841 B 404 13303 ajgelilan AjjediydessoidAln
J9ISEUU B4 UL D0{g 15414 € 21BI3U3D

GOLL
13803] POINQLIISIP SIGRILIISA
Allesiydels01dAID Jo15RIU 2 31BI3USD)




US 2019/0363890 Al

NESTED BLOCKCHAIN SYSTEM

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit
of U.S. Provisional Application No. 62/676,077, filed on
May 24, 2018, the content of which 1s incorporated by
reference herein 1n 1ts entirety.

BACKGROUND

[0002] Large distributed systems can encounter multiple
different types of data values. Storing the data without
converting the data values can cause errors.

BRIEF DESCRIPTION OF THE FIGURES

[0003] Illustrative embodiments are shown by way of
example in the accompanying figures and should not be
considered as a limitation of the present disclosure. The
accompanying figures, which are incorporated 1 and con-
stitute a part of this specification, illustrate one or more
embodiments of the invention and, together with the
description, help to explain the invention. In the figures:
[0004] FIGS. 1A-1C are a block diagram 1llustrating com-
ponents and multiple blockchains in accordance with an
exemplary embodiment;

[0005] FIG. 2A1s a block diagram 1llustrating components
of a multi-variant tracking system in accordance with an
exemplary embodiment;

[0006] FIG. 2B 1s a block diagram 1llustrating components
of an exception handling system in accordance with an
exemplary embodiment;

[0007] FIG. 2C 1s a block diagram illustrating components
of a multi-vaniant tracking system in accordance with an
exemplary embodiment;

[0008] FIGS. 3A-F 1s a block diagram illustrating com-
ponents of an iventory blockchain in accordance with an
exemplary embodiment;

[0009] FIGS. 4A-D 1s a block diagram illustrating com-
ponents ol a treasury blockchain in accordance with an
exemplary embodiment;

[0010] FIG. 5 1s a block diagram illustrating components
of a multiple blockchain system in accordance with an
exemplary embodiment;

[0011] FIG. 6 illustrates an exemplary network diagram of
the exception handling system 1n accordance with an exem-
plary embodiment;

[0012] FIG. 7 depicts an 1llustration of blocks as config-
ured 1n accordance with an exemplary embodiment;
[0013] FIG. 8 depicts an illustration of transactions con-
figured 1n accordance with an exemplary embodiment;
[0014] FIG. 9 depicts a system diagram configured in
accordance with an exemplary embodiment;

[0015] FIG. 10 depicts a block diagram of an exemplary
computing device 1 accordance with an exemplary embodi-
ment; and

[0016] FIG. 11 1s a flowchart 1llustrating the process of an
exception handling system using blockchain controls.

DETAILED DESCRIPTION

[0017] Described in detail herein 1s a nested blockchain
system. The nested blockchain system can include distrib-
uted nodes 1n a network. A node 1s configured to generate a
master cryptographically verifiable distributed ledger repre-
sented by a sequence of blocks. Each block contains one or
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more transactions records and each subsequent block con-
taining a hash value associated with the previous block. The
node generates a first block 1n the master cryptographically
verifliable ledger for a first event 1n response to receipt of the
first event from a third party system. The node executes code
included 1n an associated block of the master cryptographi-
cally vernifiable ledger to verily that the first event corre-
sponds with a first set of one or more conditions. In response
to verification of the first event, the node spawns a first sub
cryptographically verifiable ledger represented by a first
genesis block containing a hash value referencing the first
block generated 1n the master cryptographically verifiable
ledger. The node generates a second block in the first sub
cryptographically verifiable ledger for a second event 1n
response to receipt of a second event from the third party
system. The node executes code included in the first genesis
block to verity that the second event corresponds with a
second set of one or more conditions. In response to the
verification of the second event, the node purges the first sub
cryptographically verifiable ledger.

[0018] The one or more of the nodes are programmed to
receive a third event. The one or more of the nodes are
programmed to generate a third block in the master crypto-
graphically verifiable ledger containing transaction records
of the third event, execute code included 1n the third block
to verily the third event corresponds with a third set of one
or more conditions, and in response to verification of the
third event, spawn a second sub cryptographically verifiable
ledger represented by a second genesis block containing a
hash value associated with the third block generated 1n the
master cryptographically verifiable ledger, associated with
the third event. The one or more of the nodes 1s programmed
to rece1ve a fourth event. The one or more of the nodes are
programmed to generate a fourth block in the second sub
cryptographically verifiable ledger containing transaction
records associated with the fourth event. The one or more of
the nodes are programmed to purge the second sub crypto-
graphically verifiable ledger after a specified amount of time
alter receiving the fourth event.

[0019] The first event 1s associated with the request of a
delivery of a physical object, and the second event 1is
associated with the completion of the delivery of the physi-
cal object. The one or more transaction records include one
or more of a quantity of the at least one physical object, a
name of the at least one physical object, a type of the at least
one physical object and a size of the at least one physical
object. The third party system 1s one or more of a: mobile
device, a terminal or a computing device. The terminal 1s
disposed 1n a facility.

[0020] FIGS. 1A-1C are block diagrams illustrating a
datatflow while using multiple blockchains 1n accordance
with an exemplary embodiment. With reference to FIG. 1A
a blockchain system 100 can include multiple blockchains.
The blockchains can store data for different types of data
associated with a single event. In operation 101, an event can
occur at a facility or 1n a remote location. In operation 102,
the blockchain system 100 can decompose the event mnto the
different component parts. In operation 106, the blockchain
system 100 can determine how each domain 1s aflected by
the component parts of the event, 1n response to operation
104, 1n which the blockchain system 100 can import com-
ponent dictionary/business rules to determine how each
component 1s aflected by the event.
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[0021] As a non-limiting example, the blockchain system
100 can include a cash-on-hand domain, mventory domain,
customer 1dentification domain, N type information domain,
customer/vendor identification domain (the customer/ven-
dor 1dentification domain can be external to the blockchain
system 100), and a profit & loss (P&L) domain. In opera-
tions 108-110, the blockchain system 100 can transmit
particular data associated with each domain affected by the
event to the cash-on-hand domain, inventory domain, cus-
tomer identification domain, N type information domain,
customer/vendor identification domain, and/or the profit &
loss (P&L) domain, respectively. Each domain can be asso-
ciated to a respective blockchain. Fach domain can instruct
the respective blockchain to generate a new block 1n the
cryptographically verifiable ledger including the data
allected by the event for the respective domain. As an
example, the cash-on-hand domain can be associated with a
cash-on-hand blockchain; the inventory domain can be
associated with an mventory blockchain; customer identifi-
cation domain can be associated with a customer block-
chain, N type information domain can be associated with an
N blockchain, customer/vendor 1dentification domain can be
associated with a P&L blockchain specific for customers and
vendors, and the profit & loss (P&L) domain can be asso-
ciated with a P&L blockchain. In operations 120-130, the
particular data associated with each domain affected by the
event transmitted to each respective domain can be respec-
tively stored 1n the corresponding blockchain; data particular
to the cash-on-hand domain can be stored in the cash-on-
hand blockchain, data particular to the mnventory domain can
be stored 1n the mventory blockchain, data particular to the
customer 1dentification domain can be stored 1n the customer
blockchain, data particular to the N type information domain
can be stored 1n the N type blockchain, data particular to the
customer/vendor 1dentification domain can be stored 1n the
individual blockchains specific for customers and/or ven-
dors, and data particular to the P&L domain can be stored 1n

the P&I. blockchain.

[0022] With reference to FIG. 1B, 1n operations 132-140,
the blockchain system 100 can distribute the respective
blockchain ledgers to peers computing devices 1n a distrib-
uted network. For example, peers can include one or more
of: different facilities, regional data centers, and corporate
data centers. The blockchain ledgers can include the par-
ticular data associated with each domain affected by the
cvent. In operation 142, third party systems such as vendors
can use Application Program Interfaces (APIs) to mine the
received blockchain ledger. In operation 144, systems inter-
nal to the blockchain system 100 can mine the respective
blockchain ledgers. In operation 146, the particular data
associated with each domain aflected by the event, mined by
systems 1nternal to the blockchain system 100 can be
committed to a relational database associated with the
respective domain.

[0023] With reference to FIG. 1C, a blockchain system

100 can include a master blockchain and sub-blockchains
(1.e., blockchains associated with the individual domains). In
operation 152, a data associated with the event can be stored
in a master blockchain. In operation 154, the master block-
chain can be polled for new data. In operation 156, the data

from the event can be from master blockchain and dissemi-
nated to the sub-blockchains.

[0024] FIG. 2A1s a block diagram 1llustrating components
of a multi-variant tracking system 200 1n accordance with an
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exemplary embodiment. The multi-variant tracking system
200 can include multiple independently operated domains.
Each independently operated domain can be associated with
a cryptographically venfiable ledger represented by a
sequence of blocks. Each block can contain one or more
transactions records and each subsequent block can contain
a hash value associated with the previous block. The multi-
variant tracking system 200 can also include a master (or
daily) cryptographically verifiable ledger. In operation 202,
the multi-vaniant tracking system 200 can receive an event.
The event can include transaction records including first data
values of a first type. The multi-vanant tracking system 200
can determine data stored 1n the blocks of the cryptographi-
cally verifiable ledgers of the independently operated
domains that are aflected by the event. The multi-varnant
tracking system 200 can determine a type of data values
associated with other transaction records in each crypto-
graphically verifiable ledger for the independently operated
domains that are affected by the event. In operation 203, the
multi-variant tracking system 200 can convert the first data
value of the first type to a corresponding change 1n a data
value of a different type of data value associated with
transaction records 1n each cryptographically verifiable led-
ger for each of the independently operated domains that are
allected by the event. In operation 204, additional new
blocks containing transaction records associated with the
change of the diflerent type of data value can be generated
in each cryptographically verifiable ledger associated 1nde-
pendently operated domains that are aflected by the event. In
operation 206, a new block including data of the original
type of data values 1included 1n the event can be generated in
the master cryptographically verifiable ledger.

[0025] In one embodiment, 1n operation 208, the multi-
variant tracking system 200 can receive an event. The event
can include first data values of a first type. The multi-variant
tracking system can determine data stored in the crypto-
graphically verifiable ledgers of the independently operated
domains that are affected by the event. The multi-variant
tracking system 200 can determine a type of data value
associated with other transaction records in each crypto-
graphically verifiable ledger for the independently operated
domains that are affected by the event. In operation 209, the
multi-varant tracking system 200 can convert the first data
value of the first type to a corresponding change in a data
value of a diflerent type of data value associated with
transaction records 1n each cryptographically verifiable led-
ger for each of the independently operated domains that are
aflected by the event. The multi-variant tracking system 200
can determine 1f a specific data value 1s dependent on a
change 1n data values 1n one or more diflerent cryptographi-
cally verifiable ledgers. The multi-variant tracking system
200 can derive the change 1n the specific data value from the
change 1n data values in the one or more different crypto-
graphically verifiable ledgers. In operation 210, additional
new blocks containing transaction records associated with
the change of the different type of data value can be
generated in each cryptographically verifiable ledger asso-
ciated independently operated domains, aflected by the
event. In operation 212, a new block including data of the
original type of data values included 1n the event can be
generated 1n the master cryptographically verifiable ledger.

[0026] FIG. 2B is a block diagram 1illustrating components
of an exception handling system 220 in accordance with an
exemplary embodiment. The exception handling system can
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include multiple independently operated domains. Each
independently operated domain can be associated with a
distinct cryptographically verifiable ledger represented by a
sequence of blocks. Each block can contain one or more
transactions records and each subsequent block contain a
hash value associated with the previous block. In operation
222, the exception handling system 220 can receive an event
including transaction records. In operation 224, a first inde-
pendently operated domain can generate a new block in the
cryptographically verifiable ledger associated with the inde-
pendently operated domain. The new block can store the
transaction records associated with the event. In operation
226, the exception handling system 220 can receive an alert
of the creation of the new block storing the transaction
records of the event in the cryptographically verifiable
ledger of the first independently operated domain. The
exception handling system 220 can 1nitiate a smart contract
based on the transaction records stored 1n the cryptographi-
cally vernifiable ledger of the first independently operated
domain. As an example, the smart contract can include a
triggering event based on the transaction records of the
event. The triggering event can be a specified threshold.

[0027] In operation 228, the exception handling system
220 can determine whether the threshold (i.e., triggering
event) has been satisfied. If not, the process waits for the
next event. In response the determining the threshold has
been satisfied, the exception handling system 220 can 1den-
tify an error 1n one or more of the independently operated
domains that are different than the first independently oper-
ated domain. In operation 230, a message indicating the
error can be transmitted to the one or more independently
operated domains. In operation 232, the exception handling
system 220 can store the error 1n a relational database. In
operation 234, the exception handling system 220 can trig-
ger creation of additional new blocks 1n each cryptographi-
cally verifiable ledger associated with the one or more of the
plurality of independently operated domains. The additional
new blocks can contain information associated with the
error. The exception handling system can trigger an action to
resolve the error for each of the one or more independently
operated domains.

[0028] FIG. 2C 1s a block diagram 1llustrating components
of a nested blockchain system 250 in accordance with an
exemplary embodiment. The exception handling system can
include multiple distributed nodes 1n a network. In operation
252, an event can be transmitted to the nested blockchain
system 250 from third party system. In operation 254, the
nested handling system 250 can generate a first block 1n the
master cryptographically verifiable ledger for a first event in
response to receipt of the first event from a third party
system. In operation 256, the nested blockchain system 250
can 1nitiate a smart contract by executing code included 1n
an associated block of the master cryptographically verifi-
able ledger to verily that the first event corresponds with a
first set of one or more conditions. In operation 258, the
nested blockchain system 250 can determine whether a sub
cryptographically verifiable ledger associated with the first
event currently exists. In operation 260, in response to
determining the sub cryptographically verifiable ledger
already exists, the nested blockchain system 2350 can gen-
crate a genesis block containing a hash value referencing the
new block generated in the master cryptographically veri-
fiable ledger. In operation 262, 1n response to determining
the sub cryptographically verifiable ledger does not exist,
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the nested blockchain system 250 can spawn a sub crypto-
graphically verifiable ledger represented generate genesis
block containing a hash value referencing the new block
generated 1n the master cryptographically verifiable ledger.

[0029] In operation 270, an event can be transmitted to the
nested blockchain system 250 from third party system. In
operation 272, the nested handling system 250 can generate
a first block 1n the master cryptographically verifiable ledger
for a first event in response to receipt of the first event from
a third party system. In operation 274, the nested blockchain
system 250 can initiate a smart contract by executing code
included 1n an associated block of the master cryptographi-
cally venfiable ledger to verily that the event corresponds
with one or more conditions. In operation 276, the nested
blockchain system 250 can determine whether a sub cryp-
tographically verifiable ledger 1s no longer needed based on
the event corresponding to one or more conditions. In
operation 278, 1n response to determining the sub crypto-
graphically verifiable ledger 1s no longer needed, the sub
cryptographically verifiable ledger 1s purged, otherwise 1t 1s
maintained.

[0030] FIGS. 3A-F 1s a block diagram illustrating com-
ponents mventory blockchain 300 in accordance with an
exemplary embodiment. With reference to FIG. 3A, the
inventory blockchain 300 can include a master blockchain,
an n area blockchain, facility level mventory blockchain,
detail level blockchain and external output. The inventory
blockchain 300 can include multiple sub-blockchains. Each
sub-blockchain can be associated with a parent blockchain.
A sub-blockchain may be associated with a further sub-
blockchain. The master blockchain and each sub-blockchain
can include cryptographically verifiable ledgers that are
represented by a sequence of blocks. Each block can contain
one or more transactions records and each subsequent block
can contain a hash value associated with the previous block.
The first block 1n the cryptographically verifiable ledger of
a sub-blockchain can include a hash value associated with a
block 1n cryptographically verifiable ledger of 1ts parent

blockchain.

[0031] In operation 302, the master blockchain can receive
an event including transaction records. The master block-
chain can trigger multiple transactions based on the received
event. In operation 304, the transactions can be transmitted
to children (i.e., sub-blockchains). Alternatively, or in addi-
tion, 1n operation 306, the master blockchain can transmit
the transactions to the facility level blockchain. The facility
level blockchain can include multiple sub-blockchains. The
sub-blockchains can have parent/child and/or sibling rela-
tionships. In operation 308, the transactions can be trans-
mitted to the detail level blockchain. The detail level block-
chamn can be a sub-blockchain which can reside
independently and interact with parent blockchains. As a
non-limiting example, the inventory blockchain 300 can be
implemented 1n a retail store environment.

[0032] With reference to FIGS. 3B-3D concurrently, the
facility of the facility level blockchain 320 can be retail
store. The facility level blockchain can include a crypto-
graphically vernifiable ledger represented by a sequence of
blocks. Each block can contain one or more transactions
records and each subsequent block can contain a hash value
associated with the previous block. In operation 322, the
tacility level blockchain 320 can receive an event based on
a Pomnt Of Sale (POS) transaction in the retail store. In
operation 324, a new sub-blockchain can be spawned based
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on the event. The first block of the sub-blockchain can be
generated and can include the POS transaction records. In
operation 362, the sub-blockchain can retrieve 1its parent
blockchain hash value and store the hash value 1n the first
block. In operation 330, the status of the new sub-blockchain
can be updated. In operation 326, the facility level block-
chain 320 can receive a request to purge the new sub-
blockchain. In operation 362, the hash value of the parent
blockchain of the new sub-blockchain can be retrieved and
the new sub-blockchain can be purged. In operation 330, the
chain status 1s updated to reflect the purged new sub-

blockchain.

[0033] In operation 328, the facility level blockchain 320
can receive a new event corresponding to a truck arriving
with item inventory. The facility level blockchain 320 can
generate new block in the cryptographically verifiable ledger
including the transaction records of a truck arriving with
item 1inventory. In operation 332, the status of the truck can
be updated. In operation 334, the purchase order details
associated with the item inventory in the truck can be
updated. In response to updating the truck status, smart
contract functions 336 can be triggered to execute. In
particular, 1n operation 340, the received truck smart con-
tract can be triggered to execute based on the truck arriving,
at the retail store with item 1nventory. The received truck
smart contract can update the status of the truck which was
anticipated to arrive. A new block 1n the facility level
blockchain 320 can be generated. The new block can include
the status of the arrived truck. In operation 342, 1n response
to the received truck smart contract being triggered to
execute, a validate purchase order smart contract can be
triggered. The validate purchase order smart contract can
validate the purchase orders of the items delivered in the
truck. A new block in the facility level blockchain 320 can
be generated. The new block can include the validation of
the purchase orders. In operation 344, i1n response to the
validate purchase order smart contract being triggered to
execute, the modily item 1nventory smart contract can be
triggered to execute. The modily item inventory smart
contract can modily the item inventory based on the new
item nventory delivered. A new block 1n the facility level
blockchain 320 can be generated. The new block can include
the new item 1nventory. In response to the modily inventory
item smart contract being triggered to execute, 1n operation
364, the transaction can be logged in a relational database.
In response to the modily inventory item smart contract
being triggered to execute, 1 operation 370, a peer/sibling

blockchain associated with the item inventory can be
updated.

[0034] Additional smart contracts can include validating
the forecast smart contract 338, backhaul/return 1item smart
contract 346, close mysell smart contract 348, charge labor
smart contract 350, create child (1.e., sub-blockchain) smart
contract 352, and request a child to close smart contract 354.
In response to triggering the create child and/or request a
chuld to close smart contract, 1n operation 366, the triggered
action can be logged 1n a relational database. In response to
triggering the backhaul/return 1tem smart contract, in opera-
tion 368, a backhaul/transportation of the returned 1tem can
be requested. In response to the charge labor smart contract
being triggered, in operation 370, a peer/sibling blockchain
associated with the labor information 1s updated.

[0035] In response to the truck status being updated, 1n
operation 356, time-based smart contracts can be triggered
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to execute. A validation of the balance against a threshold
smart contract can be triggered to execute. In operation 320,
n Operational Business Rules can trigger time-based smart
contracts, such as a wvalidation of business rules smart
contract, to execute. An additional time-based smart con-
tract, an operational audit smart contract, can also be trig-
gered to execute. In response to the validation of business
rules smart contract being triggered to execute, 1n operation
372, the sub-blockchain business rules can be validated. In
operation 374, real-time attributes associated with the vari-
ous blockchains can be queried. In operation 376, a tradi-
tional relational database can store all the information 1n the
various blockchains.

[0036] With reference to FIG. 3E-3F concurrently, the

detail level blockchain 377 can include master and sub-
blockchains, each blockchain including a cryptographically
verifiable ledger represented by a sequence of blocks. Each
block can contain one or more transactions records and each
subsequent block can contain a hash value associated with
the previous block. In operation 378, the detail level block-
chain 377 can receive an event based on a transaction. In
operation 379, a new sub-blockchain can be spawned based
on the event. The first block of the sub-blockchain can be
generated and can include the transaction records. In opera-
tion 413, the sub-blockchain can retrieve its parent block-
chain hash value and store the hash value 1n the first block.
In operation 483, the status of the new sub-blockchain can
be updated. In operation 380, the detail level blockchain 377
can receive a request to purge the new sub-blockchain. In
operation 413, the hash value of the parent blockchain of the
new sub-blockchain can be retrieved. The hash value of the
parent blockchain can be used for authorization to purge the
new sub-blockchain. In operation 383, the chain status 1s
updated to retlect the purged new sub-blockchain.

[0037] In operation 381, the detail level blockchain 377

can receive a request from a peer such as a transportation
blockchain. For example, a truck can arrive at the retail store
with new 1tem mventory. In response to recerving a request
from the transportation blockchain, the smart contracts 391
can be triggered to execute. In operation 394, the inventory
added smart contract can be triggered to execute. The
inventory added smart contract can be executed to add the
inventory added by the new i1tems being delivered to the
retail store. In operation 382, the detail level blockchain 377
can receive a request from a peer such as a POS blockchain
indicating sold items at the retail store. In operation 393, the
inventory subtract smart contract can be triggered to
execute. The inventory subtract contract can be executed to
subtract the items sold from the inventory. In response to
executing the mventory add and inventory subtract smart
contracts, 1n operation 395, the adjust balance smart contract
can be triggered to execute. The adjust balance smart
contract can be executed to adjust the items from the
backroom to the shelving units on the sales tloor of the retail
store. In response to executing the adjust balance smart
contract, in operation 408, the transaction can be logged 1n
a relational database.

[0038] Additional smart contracts can be triggered to
execute, such as validating a forecast smart contract 392, a
close mysell smart contract 396, a request restock smart
contract 397, a charge labor smart contract 399, and a create
order smart contract 398. In response to executing the charge




US 2019/0363890 Al

labor smart contract and the create smart order contract 396,
the detail level blockchain 377 can request transactions from
peer/sibling blockchains.

[0039] In operation 403, a time-based smart contract, such
as a validate balance against threshold smart contract, can be
triggered to execute. In response to executing the validate
balance against threshold smart contract, in operation 400,
the check in-stock smart contract can be triggered to
execute. The check instock smart contract can be executed
to verily products are 1n stock. In operation 406, a time-
based smart contract, such as an inventory close smart
contract, can be triggered to execute. In response to execut-
ing the mventory close smart contract, in operation 401, the
accounting functions smart contract can be triggered to
execute. The check m-stock smart contract can be executed
to verity products are in stock. In operation 405, the time-
based smart contract, operations audit, can be triggered to
execute.

[0040] In operation 390, n Operational Business Rules can
call the time-based smart contracts, such as a validation of
business rules smart contract. In operation 407, the valida-
tion ol business rules smart contract can be triggered to
execute. In operation 410, 1n response to the validation of
business rules smart contract being triggered to execute, the
sub-blockchain business rules can be validated.

[0041] In operation 411, the blockchains can be queried to
retrieve attributes associated with the blockchains. The
blockchains can include one or more of, item inventory
(shell) 384, item inventory (backroom) 385, item mnventory
(riser) 386, modular locations 387, modular capacity 388,
and presentation quantity 389. In operation 412, a relational

database can be generated to store the information in the
detail level blockchain 377.

[0042] FIGS. 4A-D 1s a block diagram illustrating com-
ponents treasury blockchain in accordance with an exem-
plary embodiment. The treasury blockchain can include
multiple sub-blockchains. Each sub-blockchain can be asso-
ciated with a parent blockchain. A sub-blockchain may be
associated to a further sub-blockchain. A master blockchain
and each sub-blockchain include cryptographically verifi-
able ledgers that are represented by a sequence of blocks.
Each block can contain one or more transactions records and
cach subsequent block can contain a hash value associated
with the previous block. The first block 1n the cryptographi-
cally verifiable ledger of a sub-blockchain can include a
hash value associated with a block 1n cryptographically
verifiable ledger of its parent blockchain. As a non-limiting,
example, the treasury blockchain can be implemented 1n a
retail store.

[0043] With reference to FIGS. 4A-4B concurrently, the
treasury blockchain can include a facility level blockchain
420. The facility associated with the facility level blockchain
420 can be retail store. The facility level blockchain can
include a cryptographically vernifiable ledger represented by
a sequence of blocks. Each block can contain one or more
transactions records and each subsequent block can contain
a hash value associated with the previous block. In operation
422, the facility level blockchain 420 can receive an event
based on a POS ftransaction. In operation 423, a new
sub-blockchain can be spawned based on the event. The first
block of the sub-blockchain can be generated and can
include the transaction records. In operation 448, the sub-
blockchain can retrieve 1ts parent blockchain hash value and
store the hash value 1n the first block. In operation 426, the
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status of the new sub-blockchain can be updated. In opera-
tion 424, the facility level blockchain 420 can receive a
request to purge the new sub-blockchain. In operation 448,
the hash value of the parent blockchain of the new sub-
blockchain can be retrieved and the new sub-blockchain can
be purged. In operation 426, the chain status 1s updated to
reflect the purged new sub-blockchain.

[0044] In operation 425, the facility level blockchain 420
can receive a request for a transaction for a carrier visit. In
response 1o receiving a request for a transaction for a carrier
visit, the smart contracts 433 can be triggered to execute. In
operation 433, the execute transfer between accounts smart
contract can be triggered to execute. The execute transier
between accounts smart contract can be executed to transier
currency between accounts. In response to executing the
execute transfer between accounts smart contract, 1n opera-
tion 442, validate transfer between accounts smart contract
can be triggered to execute. In response to executing, the
validate transfer between accounts smart contract, 1n opera-
tion 436 the adjust balance smart contract can be triggered
to execute. In response to executing the adjust balance smart
contract, in operation 449, the transaction can be logged 1n
a relational database.

[0045] Additional smart contracts can be triggered to
execute, such as validating a forecast smart contract 434,
close mysell smart contract 438, create child smart contract
439 and request child to close smart contract 440. In
response to executing the create child smart contract and
request child to close smart contract, 1n operation 450, the
chuld action 1s logged 1 a relational database.

[0046] In operation 443, a time-based smart contract,
validate balance against threshold smart contract, can be
triggered to execute. In response to executing the validate
balance against threshold smart contract, in operation 436,
the check balance smart contract can be triggered to execute.
In operation 447, a time-based smart contract, close books
smart contract, can be triggered to execute. In response to
executing the mventory close smart contract, in operation
441, the accounting functions smart contract can be trig-
gered to execute. In operation 445, the time-based smart
contract, operations audit, can be triggered to execute.

[0047] Inoperation 432, n Operational Business Rules can
call the time-based smart contracts, such as a validation of
business rules smart contract. In operation 446, the valida-
tion ol business rules smart contract can be triggered to
execute. In operation 451, 1n response to the validation of
business rules smart contract being triggered to execute, the
sub-blockchain business rules can be validated.

[0048] In operation 452, the blockchains can be queried to
retrieve attributes associated with the blockchains. The
blockchains can mnclude one or more of a register note/coin
balance by denomination 427, a vault note/coin balance by
denomination 428, a recycler note/coin balance by denomi-
nation 429, an in-transit note/coin balance by denomination
430, and a balance thresholds 431. In operation 4353, a
traditional relational database can be generated to store the
information stored in the facility level blockchain 420.

[0049] With reference to FIGS. 4C-4D concurrently, the

treasury blockchain can include a detail level blockchain
454. The detail level blockchain 454 can include master and

sub-blockchains, and each blockchain can include a cryp-

tographically verifiable ledger represented by a sequence of
blocks. Each block can contain one or more transactions

records and each subsequent block can contain a hash value
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associated with the previous block. In operation 435, the
detail level blockchain 454 can receive an event based on a
transaction. In operation 456, a new sub-blockchain can be
spawned based on the event. The first block of the sub-
blockchain can be generated and can 1nclude the transaction
records. In operation 482, the sub-blockchain can retrieve its
parent blockchain hash value and store the hash value 1n the
first block. In operation 459, the status of the new sub-
blockchain can be updated. In operation 437, the detail level
blockchain 454 can receive a request to purge the new
sub-blockchain. In operation 482, the hash value of the
parent blockchain of the new sub-blockchain can be
retrieved and the new sub-blockchain can be purged. In
operation 426, the chain status 1s updated to reflect the
purged new sub-blockchain.

[0050] In operation 458, the detail level blockchain 454

can receive a request for adding/subtracting from the bal-
ance from a parent blockchain. In response to receiving a
request adding/subtracting from the balance, the smart con-
tracts 466 can be triggered to execute. In operation 468, the
in-cash smart contract can be triggered to execute. In opera-
tion 469, the out-cash contract can be triggered to execute.
In response to executing the 1n or out cash smart contracts,
in operation 470, the adjust balance smart contract can be
triggered to execute. In response to executing the adjust
balance smart contract, in operation 482, the transaction can
be logged 1n a relational database.

[0051] Additional smart contracts can be triggered to
execute such as validating a forecast smart contract 467, a
close myself smart contract 471, and a request funds smart
contract 472. In response to executing the request funds
smart contract smart contract, in operation 484, a request for
the transaction can be made to the parent blockchain.

[0052] In operation 477, a time-based smart contract, a
validate balance against threshold smart contract, can be
triggered to execute. In response to executing the validate
balance against threshold smart contract, in operation 474,
the check balance smart contract can be triggered to execute.
In operation 481, a time-based smart contract, close books
smart contract can be triggered to execute. In response to
executing the inventory close smart contract, 1n operation
475, the accounting functions smart contract can be trig-
gered to execute. In operation 479, the time-based smart
contract, operations audit, can be triggered to execute.

[0053] In operation 463, n Operational Business Rules can
call the time-based smart contracts, such as a validation of
business rules smart contract. In operation 480, the valida-
tion of business rules smart contract can be triggered to
execute. In operation 485, 1n response to the validation of
business rules smart contract being triggered to execute, the
sub-blockchain business rules can be validated.

[0054] In operation 486, the blockchains can be queried to
retrieve attributes associated with the blockchains. The
blockchains can include one or more of a register note/coin
balance by denomination 460, a vault note/coin balance by
denomination 461, a recycler note/coin balance by denomi-
nation 462, an in-transit note/coin balance by denomination
463, and a balance thresholds 464. In operation 487, a
traditional relational database can be generated to store the
information 1n the detail level blockchain 454.

[0055] FIG. 5 1s a block diagram illustrating components
of a multiple blockchain system in accordance with an
exemplary embodiment. The multiple blockchain system
500 can include multiple layers of blockchains. Each block-
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chain can include a cryptographically verifiable ledger rep-
resented by a sequence of blocks. Each block can contain
one or more transactions records and each subsequent block
can contain a hash value associated with the previous block.
Each blockchain can have a parent/child and/or sibling
relationship with another blockchain. The first block 1n the
child blockchain can include a hash value to a block 1n the
parent blockchain. The parent blockchains can spawn and
purge children blockchains.

[0056] The multiple blockchain system 500 can include a
master blockchain 502 and sub-blockchains 504-524. The
master blockchain 502 can be 1included 1n a central comput-
ing system (not shown in FIG. 5) and the sub-blockchains
504-524 can be included in sub-computing systems (not
shown 1 FIG. 5). The central computing system and the
sub-computing systems can include one or more servers, one
or more computing devices, one or more processing device,
and/or one or more nodes 1n a distributed network, to control
the operations of the master and sub-blockchains. The
master blockchain 502 may not have an associated parent
blockchain. The multiple blockchain system 500 can further
include sub-blockchains 504-508. The master blockchain
and sub-blockchains 504-508 can have a direct parent-child
relationship. The master blockchain 504-508 can spawn the
sub-blockchains 504-508 1n response to receiving an event.
The multiple blockchain system 500 can have further sub-
blockchains 510-512 with a direct parent-chuld relationship
with sub-blockchain 504. The multiple blockchain system
500 can have further sub-blockchains 314-516 with a direct
parent-child relationship with sub-blockchain 512. The mul-
tiple blockchain system 300 can have further sub-block-
chains 518-520 with a direct parent-child relationship with
sub-blockchain 516. The multiple blockchain system 300
can have further sub-blockchains 522-524 with a direct
parent-chuld relationship with sub-blockchain 518.

[0057] As described above, the master blockchain can
receive an event including transaction records. The central
computing system can identily one or more of the sub-
blockchains 504-508 afiected by the event. The central
computing system can transmit the event including the
transaction records to one or more ol the sub-computing
systems including the sub-blockchains 504-508 afiected by
the event. In one embodiment, the central computing system
can spawn the one of the sub-blockchains 504-508 1n the
sub-computing systems, prior to transmitting the event and
the transaction records. As an example, the central comput-
ing system can transmit the event and transaction records to
the sub-computing system and trigger a new block to be
generated 1n the cryptographically verifiable ledger associ-
ated with the sub-blockchain 3504. The new block can

include the transaction records from the event.

[0058] The sub-computing system of the sub-blockchain
504 can identity sub-computing systems of the sub-block-
chains 510-512 are aflected by the event. The sub-comput-
ing system of the sub-blockchain 504 can transmit the event
and transaction records to the sub-computing systems of the
sub-blockchain 510 and sub-blockchain 512 and trigger a
new block to be generated in the cryptographically verifiable

ledger associated with the sub-blockchain 510 and sub-
blockchain 512. The new block can include the transaction

records from the event.

[0059] The sub-computing system of the sub-blockchain
512 can i1dentify sub-computing systems of the sub-block-
chains 514-516 are aflected by the event. The sub-comput-
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ing system of the sub-blockchain 512 can transmit the event
and transaction records to the sub-computing systems of the
sub-blockchain 514 and sub-blockchain 516 and trigger a
new block to be generated in the cryptographically verifiable
ledger associated with the sub-blockchain 514 and sub-
blockchain 516. The new block can include the transaction
records from the event.

[0060] The sub-computing system of the sub-blockchain
516 can identily sub-computing systems of the sub-block-
chains 518-520 are aflected by the event. The sub-comput-
ing system of the sub-blockchain 516 can transmit the event
and transaction records to the sub-computing systems of the
sub-blockchain 518 and sub-blockchain 520 and trigger a
new block to be generated in the cryptographically verifiable
ledger associated with the sub-blockchain 518 and sub-
blockchain 520. The new block can include the transaction
records from the event.

[0061] The sub-computing system of the sub-blockchain
518 can i1dentify sub-computing systems of the sub-block-
chains 522-524 are aflected by the event. The sub-comput-
ing system of the sub-blockchain 518 can transmit the event
and transaction records to the sub-computing systems of the
sub-blockchain 522 and sub-blockchain 524 and trigger a
new block to be generated 1n the cryptographically verifiable
ledger associated with the sub-blockchain 522 and sub-
blockchain 524. The new block can include the transaction
records from the event.

[0062] Each blockchain can store different types of data
values. The parent blockchains can 1dentity the type of data
values stored in the child blockchains. The parent block-
chains can convert the type of data value stored 1n the parent
blockchain to a type of data value stored in the child
blockchain for the transaction records associated with the
event. The types of data values can be one or more of,
monetary currency, labor costs, inventory costs, and/or tem-
poral costs.

[0063] As described above, the parent blockchain can
purge a child blockchain based on an event satisiying
threshold requirements (i.e., as set forth 1n a smart contract).
As an example, the sub-blockchain 512 can purge and/or
archive sub-blockchain 514 based on a received event.

[0064] FIG. 6 1llustrates an exemplary network diagram of
an embodiment of the nested blockchain system 250 1n
accordance with an exemplary embodiment. In the present
example embodiment, the nested blockchain system 250 can
include one or more data storage devices 603, one or more
central computing systems 602, one or more sub nodes 642,
and one or more third party systems 660. The central
computing system 602 can be in communication with the
data storage devices 605, the independently operated
domains 640 and third party systems 660, via a communi-
cations network 615. The central computing system 602 can
execute at least one instance of a decision engine 606. The
decision engine 606 can be an application configured to
implement the nested blockchain system 230, described
herein. The central computing system can include a node
640. The node 640 can store a copy of a master blockchain
record and/or a shared ledger storing data associated events
of data. The master blockchain can be embodied as a master
cryptographically verifiable ledger represented by a
sequence ol blocks, each block containing one or more
transactions records and each subsequent block containing a
hash value associated with the previous block.
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[0065] The sub node 642 can store a copy of a sub
blockchain record and/or a shared ledger storing data asso-
ciated events of data. The blockchain can be embodied as
sub cryptographically verifiable ledger represented by a
sequence ol blocks, each block containing one or more
transactions records and each subsequent block containing a
hash value associated with the previous block.

[0066] The master cryptographically verifiable ledger and
the sub cryptographically verifiable ledgers can have a
parent-child relationship. The master cryptographically veri-
fiable ledgers can control the addition and subtraction of
blocks 1n the sub cryptographically verifiable ledgers. Addi-
tionally, the master cryptographically verifiable ledger can
purge and/or spawn multiple sub cryptographically verifi-
able ledgers. It also can be appreciated that sub crypto-
graphically verifiable ledgers can spawn further sub cryp-
tographically verifiable ledgers. The sub cryptographically
verifiable ledgers can have parent-child relationships with
the further sub cryptographically verifiable ledgers. The sub
cryptographically verifiable ledgers can control the addition
and subtraction of blocks in the further sub cryptographi-
cally verifiable ledgers. Additionally the sub cryptographi-
cally verifiable ledgers can purge the further sub crypto-
graphically verifiable ledgers.

[0067] In an example embodiment, one or more portions
of the commumnications network 615 can be an ad hoc

network, an intranet, an extranet, a virtual private network
(VPN), a local area network (LAN), a wireless LAN
(WLAN), a wide area network (WAN), a wireless wide area
network (WWAN), a metropolitan area network (MAN), a
portion of the Internet, a portion of the Public Switched
Telephone Network (PSTN), a cellular telephone network, a
wireless network, a WiF1 network, a WiMax network,
another type of network, or a combination of two or more
such networks.

[0068] The central computing system 602 includes one or
more computers or processors configured to communicate
with the data storage devices 605, and the sub nodes 642.
The data storage devices 605 can store information/data, as
described herein. For example, the data storage devices 605
can include an events database 630, and a physical objects
database 635. The events database 630 can be embodied
relational database configured to store information associ-
ated with event. As a non-limiting example, the event
database 630 can store transaction records associated with
physical objects such as invoices, purchase orders, inventory
records, sales/returns records, vendor orders, claims, ship-
ping orders, and/or receiving orders. The physical objects
database 635 can store information associated with physical
objects disposed at a facility. The data storage devices 605
and the central computing system 602 can be located at one
or more geographically distributed locations from each
other. Alternatively, the data storage devices 605 can be
included within the central computing system 602.

[0069] In an exemplary embodiment, the central comput-
ing system 602 can receive a first event including transaction
records associated with a physical object, from a third party
system 660. The central computing system 602 can execute
the decision engine 606 1n response to receiving the first
event. The decision engine 606 can query the physical
objects database 635 to verily the first event. The decision
engine 606 can instruct the node 640 to generate a block 1n
the master cryptographically verifiable ledger for a first
event 1n response to receipt of the first event from the third
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party system. The node 640 can generate the block including
records associated with the first event 1n the master crypto-
graphically verifiable ledger.

[0070] The decision engine 606 can instruct the node 640
to execute code stored in the master cryptographically
verifiable ledger to verity that the first event corresponds
with a first set of one or more conditions. As an example, the
conditions can be associated with the date and/or time of the
event, the location the event occurred, the type of event
and/or other details related to the event. The code can be
associated with the initiation of a smart contract. In response
to verification of the first event, the decision engine 606 can
istruct the node 606 to spawn a first sub cryptographically
verifiable ledger represented by a first genesis block con-
taining a hash value referencing the block generated 1n the
master cryptographically verifiable ledger. The node 640 can
generate the first sub cryptographically verifiable ledger
including a block including a hash value of the block created
in the master cryptographically verifiable ledger, including
the transaction records of the first event. The block gener-
ated 1 the first sub cryptographically verifiable ledger can
also 1nclude the transaction records of the event. The first
sub cryptographically verifiable ledger can be represented

by the sub node 642.

[0071] The central computing system 602 can receive a
second event from the third party system 660. The decision
engine 606 can query the physical objects database 6335 to
verily the second event 1s associated to the first event. The
decision engine 606 can trigger the generation of the new
block 1 the first sub cryptographically verifiable ledger
associated with the second event. The node 640 can generate
a new block i the first sub cryptographically verifiable
ledger including transaction records associated with the
second event. The decision engine 606 can execute code
included 1n the block of the first sub cryptographically
verifiable ledger containing transaction records associated
with the first event, to verily the second event corresponds
with one or more conditions. The code can be associated
with the completion of the smart contract. In response to the
verification of the second event the decision engine 606 can
purge the first sub cryptographically verifiable ledger. In one
embodiment, the decision engine 606 can archive the first
sub cryptographically verifiable ledger.

[0072] The central computing system 602 can receive a
third event. The decision engine 606 can query the physical
objects database 630 to verity the third event. The decision
engine 606 can trigger the generation a new block to be
generated in the master cryptographically verifiable ledger
containing transaction records of the third event. The node
640 can generate the new block 1n the master cryptographi-
cally verifiable ledger including the transaction records of
the third event. The decision engine 606 can execute code
included in the newly generated block to verily the third
event corresponds with a third set of one or more conditions.
In response to verification of the third event, the decision
engine 606 can spawn a second sub cryptographically veri-
fiable ledger represented by a genesis block containing a
hash value associated with the newly generated block gen-
crated 1n the master cryptographically verifiable ledger,
associated with the third event. The sub node 642 can
represent the second sub cryptographically verifiable ledger.

[0073] The central computing system 602 can receive a
fourth event. The decision engine 606 can query the physical
objects database 630 to verily the fourth event. The decision
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engine 606 can trigger the generation a new block to be
generated 1in the second sub cryptographically verifiable
ledger containing transaction records of the fourth event.
The sub node 642 can generate the new block in the second
sub cryptographically verifiable ledger including the trans-
action records of the fourth event. The decision engine 606
can trigger the node 640 to purge the second sub crypto-
graphically verifiable ledger after a specified amount of time
alter receiving the fourth event.

[0074] As an example, the first event can be associated
with the request of a delivery of a physical object and the
second event can be associated with the completion of the
delivery of the physical object. The transaction records of
the first, second, third, or fourth include one or more of a
quantity of the at least one physical object, a name of the at
least one physical object, a type of the at least one physical
object and a size of the at least one physical object.

[0075] In one embodiment, the third party system 660 1s
one or more of a: mobile device, a terminal or a computing
device. The terminal can be a system disposed in a facility.
Additionally, the decision engine 606 can archive each
received event in the events database 630. As described
above, the events database 630 can be a relational database.

[0076] As a non-limiting example, nested blockchain sys-
tem 250 can be implemented as in a retail store and/or
c-commerce website. For example, the sub cryptographi-
cally verifiable ledgers can be storing and processing inven-
tory, sales, purchase orders, or retail store stock rooms. The
physical objects can be embodied as products sold at the
retail store and/or e-commerce website. The third party
system 660 can be a mobile/computing device executing an

application associated with the retail store/e-commerce web-
site, or a Point of Sale (POS) terminal.

[0077] In one example, the first event can be associated
with a purchase of a product. The decision engine 606 can
query the physical objects database 635 to verily the pur-
chase. The node 640 can generate the block including
transaction records associated with the purchase in the
master cryptographically verifiable ledger. The decision
engine 606 can instruct the node 640 to execute code stored
in the master cryptographically verifiable ledger to verity
that the purchase requires a delivery of the purchased
products. In response to verification of the first event, the
decision engine 606 can instruct the node 640 to spawn a
first sub cryptographically verifiable ledger represented by a
genesis block containing a hash value referencing the block
generated 1n the master cryptographically verifiable ledger.
The node 640 can generate the first sub cryptographically
verifiable ledger including a block including a hash value of
the block created 1n the master cryptographically verifiable
ledger, including the transaction records of the purchase of
the product and the mitiation of the delivery of the product.

[0078] The central computing system 602 can receive a
second event from the third party system 660. As an
example, the second event can be the completion of the
delivery of the product. The decision engine 606 can query
the physical objects database 635 to verily the second event
1s associated to the first event. The decision engine 606 can
trigger the generation of the new block in the first sub
cryptographically verifiable ledger associated with the sec-
ond event. The node 640 can generate a new block in the first
sub cryptographically verifiable ledger including transaction
records associated with the completion of the delivery. The
decision engine 606 can execute code mncluded 1n the block
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of the first sub cryptographically verifiable ledger containing
transaction records associated with the first event, to verily
the second event corresponds with one or more conditions.
The conditions can be associated with the completion time,
date, and location of the delivery of the product.

[0079] Descriptions of some embodiments of blockchain
technology are provided with reference to FIGS. 7-9 herein.
In some embodiments, blockchain technology may be uti-
lized for exception handling in a distributed system as
described herein. One or more of the independently operated
domains as described herein may comprise a node 1n a
distributed blockchain system storing a copy of the block-
chain record. Updates to the blockchain may comprise
information associated with events associated with physical
objects recerved by the independently operated domains,
and one or more nodes on the system may be configured to
incorporate one or more events mto blocks to add to the
distributed database.

[0080] Daistributed database and shared ledger database
generally refer to methods of peer-to-peer record keeping
and authentication in which records are kept at multiple
nodes 1n the peer-to-peer network instead of being kept at a
trusted party. However, exemplary embodiments of the
present disclosure can also utilize a private (trusted) system
to maintain the blockchains. A blockchain may generally
refer to a distributed database that maintains a growing and
ordered list or chain of records 1n which each block contains
a hash of some or all previous records in the chain to secure
the record from tampering and unauthorized revision. A hash
generally refers to a denivation of original data. In some
embodiments, the hash in a block of a blockchain may
comprise a cryptographic hash that 1s difficult to reverse
and/or a hash table. Blocks 1n a blockchain may further be
secured by a system involving one or more of a distributed
timestamp server, cryptography, public/private key authen-
tication and encryption, proof standard (e.g. proof-of-work,
proof-of-stake, proof-of-space), and/or other security, con-
sensus, and incentive features. In some embodiments, a
block 1n a blockchain may comprise one or more of a data
hash of the previous block, a timestamp, a cryptographic
nonce, a proof standard, and a data descriptor to support the
security and/or mncentive features of the system.

[0081] In some embodiments, the exception handling sys-
tem comprises a distributed timestamp server comprising a
plurality of nodes configured to generate computational
prool of record integrity and the chronological order of its
use for content, trade, and/or as a currency of exchange
through a peer-to-peer network. In some embodiments,
when a blockchain 1s updated, a node 1n the distributed
timestamp server system takes a hash of a block of items to
be timestamped and broadcasts the hash to other nodes on
the peer-to-peer network. The timestamp 1n the block serves
to prove that the data existed at the time 1n order to get into
the hash. In some embodiments, each block includes the
previous timestamp in 1ts hash, forming a chain, with each
additional block reinforcing the ones before 1t. In some
embodiments, the network of timestamp server nodes per-
torms the following steps to add a block to a chain: 1) new
activities are broadcasted to all nodes, e.g., resulting from
in-field authentication of autonomous electronic devices, 2)
cach node collects new activities 1into a block, 3) each node
works on finding a diflicult proof-of-work for 1ts block, 4)
when a node finds a proof-of-work, 1t broadcasts the block
to all nodes, 5) nodes accept the block only 1f activities are
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authorized, and 6) nodes express their acceptance of the
block by working on creating the next block in the chain,
using the hash of the accepted block as the previous hash. In
some embodiments, nodes may be configured to consider
the longest chain to be the correct one and work on extend-
ing it.

[0082] Now referring to FIG. 7, an 1llustration of a block-
chain according to embodiments of the present disclosure 1s
shown. As mentioned 1n above, with reference to FIG. 6, a
blockchain comprises a hash chain or a hash tree in which
cach block added 1n the chain contains a hash of the previous
block. In FIG. 7, block 0 700 represents a genesis block of
the chain and can be generated in response to an event
received associated with one or more physical objects. The
block 0 700 can include information associated with the
event associated with the physical objects and a hash key
and a timestamp. The mnformation associated with the event
received associated with one or more physical objects can
include information associated with the physical objects and
information associated with the event, such as the delivery
of the physical object, a quantity of the at least one physical
object, name of the at least one physical object, type of the
at least one physical object and size of the at least one
physical object, and/or transier of the ownership of physical
objects. Block 1 710 can be generated in response to a
verification of the event. The block 1 710 can contain a hash
of block 0 700. The block 1 710 can include the information
associated with the event and the physical objects. Other-
wise, the block 1 710 can include information that an event
was not verified. Additional blocks can be generated as
additional requests are received and each block that 1is
generated can include a hash of a previous block. For
example, block 2 720 can be generated in response to a
subsequent request and can contain a hash of block 1 710,
block 3 730 can be generated 1n response to a yet another
subsequent request and can contain a hash of block 2 720,
and so forth. Continuing down the chain, block N contains
a hash of block N-1. In some embodiments, the hash may
comprise the header of each block. Once a chain 1s formed,
moditying or tampering with a block 1in the chain would
cause detectable disparities between the blocks. For
example, 1f block 1 1s modified after being formed, block 1
would no longer match the hash of block 1 in block 2. If the
hash of block 1 1n block 2 1s also modified 1n an attempt to
cover up the change i block 1, block 2 would not then
match with the hash of block 2 1 block 3. In some
embodiments, a proof standard (e.g. proof-of-work, proot-
of-stake, proof-of-space, etc.) may be required by the system
when a block 1s formed to increase the cost of generating or
changing a block that could be authenticated by the con-
sensus rules of the distributed system, making the tampering,
of records stored 1n a blockchain computationally costly and
essentially impractical. In some embodiments, a blockchain
may comprise a hash chain stored on multiple nodes as a
distributed database and/or a shared ledger, such that modi-
fications to any one copy of the chain would be detectable
when the system attempts to achieve consensus prior to
adding a new block to the chain. In some embodiments, a
block may generally contain any type of data and record. In
some embodiments, each block may comprise a plurality of
transaction and/or activity records.

[0083] In some embodiments, the blocks generated by a
computing system can contain rules and data for authorizing
different types of actions and/or parties who can take action
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as described herein. In some embodiments, transaction and
block forming rules may be part of the software algorithm on
cach node. When a new block 1s being formed, any node on
the system can use the prior records in the blockchain to
verily whether the requested action 1s authorized. For
example, a block may contain a public key associated with
the user of a user device that purchased/acquired the physi-
cal object, this design that allows the user to show posses-
sion and/or transier the digital license using a private key.
Nodes may verily that the user 1s 1n possession of the one or
more physical objects and/or 1s authorized to transfer the one
or more physical objects based on prior events when a block
containing the transaction 1s being formed and/or verified. In
some embodiments, rules themselves may be stored in the
blockchain such that the rules are also resistant to tampering,
once created and hashed into a block. In some embodiments,
the blockchain system may further include incentive features
for nodes that provide resources to form blocks for the chain.
Nodes can compete to provide proof-of-work to form a new
block, and the first successful node of a new block earns a
reward.

[0084] Now referring to FIG. 8, an 1llustration of block-
chain-based transactions according to some embodiments 1s
shown. In some embodiments, the blockchain 1llustrated 1n
FIG. 8 comprises a hash chain protected by prlvate/pubhc
key encryption. Transaction A 810 represents an event 1n a
block of a blockchain showing that recipient 1 (e.g., a node
creating a new block with transaction records associated
with physical objects, based on a recerved event). Transac-
tion A 810 contains recipient’s 1 public key and recipient 0’s
signature for the transaction and a hash of a previous block.
When recipient 1, central computing system transmits an
alert including the public key and private key, to an 1nde-
pendently operated domain, of the newly generated block
storing the transaction records, 1n a different independently
operated domain, and the independently operated domain
accesses the transaction record, a block containing transac-
tion B 820 1s formed. The record of transaction B 820
comprises the public key of recipient 2, a hash of the
previous block, and recipient 1’s signature for the transac-
tion that 1s signed with the recipient 1’s private key 825 and
verified using recipient 1’s public key in transaction A 810.
If recipient 2 (e.g., the node) transmits an alert including the
public key and private key, to an independently operated
domain, of the newly generated block storing the transaction
records to recipient 3 (e.g., a different node), a block
contaiming transaction C 830 1s formed. The record of
transaction C 830 comprises the public key of recipient 3, a
hash of the previous block, and recipient 2’s signature for
the transaction that 1s signed by recipient 2’s private key 835

and verified using recipient 2’s public key from transaction
B 820.

[0085] In some embodiments, when each event 1s created,
the system may check previous events and the current
recipient’s private and public key signature to determine
whether the transaction 1s valid. In some embodiments,
transactions are broadcasted 1n the peer-to-peer network and
cach node on the system may verily that the transaction 1s
valid prior to adding the block containing the transaction to
their copy of the blockchain. In some embodiments, nodes
in the system may look for the longest chain in the system
to determine the most up-to-date event to prevent the current
recipient from double spending the asset. The transactions in
FIG. 8 are shown as an example only. In some embodiments,
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a blockchain record and/or the software algorithm may
comprise any type of rules that regulate who and how the
chain may be extended. In some embodiments, the rules 1n
a blockchain may comprise clauses of a smart contract that
1s enforced by the peer-to-peer network.

[0086] Now referring to FIG. 9, a system according to
some embodiments 1s shown. The exception handling sys-
tem comprises a plurality of nodes 910 communicating over
a network 920. In some embodiments, the nodes 910 may
comprise a distributed blockchain server and/or a distributed
timestamp server. Each node 910 1n the system comprises a
network interface 911, a control circuit 912, and a memory

913.

[0087] The control circuit 912 may comprise a processor,
a microprocessor, and the like and may be configured to
execute computer-readable instructions stored on a com-
puter-readable storage memory 913. The computer-readable
storage memory may comprise volatile and/or non-volatile
memory and have stored upon it a set of computer-readable
instructions which, when executed by the control circuit
912, causes the node 910 update the blockchain 914 stored
in the memory 913 based on communications with other
nodes 910 over the network 920. In some embodiments, the
control circuit 912 may further be configured to extend the
blockchain 914 by processing updates to form new blocks
for the blockchain 914. Generally, each node may store a
version of the blockchain 914, and together, may form a
distributed database. In some embodiments, each node 910
may be configured to perform one or more steps described
with reference to FIGS. 7-9 herein.

[0088] The network interface 911 may comprise one or
more network devices configured to allow the control circuit
to recerve and transmit information via the network 920. In
some embodiments, the network interface 911 may comprise
one or more of a network adapter, a modem, a router, a data
port, a transceiver, and the like. The network 920 may
comprise a communication network configured to allow one
or more nodes 910 to exchange data. In some embodiments,
the network 920 may comprise one or more of the Internet,
a local area network, a private network, a virtual private
network, a home network, a wired network, a wireless
network, and the like. In some embodiments, the system
does not include a central server and/or a trusted third party
system. Each node 1n the system may enter and leave the
network at any time.

[0089] With the system and processes shown, once a block
1s formed, the block cannot be changed without redoing the
work to satisty census rules thereby securing the block from
tampering. A malicious attacker would need to provide proof
standard for each block subsequent to the one he/she seeks
to modily, race all other nodes and overtake the majority of

the system to affect change to an earlier record in the
blockchain.

[0090] FIG. 10 1s a block diagram of an example comput-
ing device for implementing exemplary embodiments of the
present disclosure. Embodiments of the computing device
1000 can implement embodiments of the system for resolv-
ing data discrepancies. For example, the computing device
can be embodied as a portion of the central computing
system, and/or a third party system. The computing device
1000 includes one or more non-transitory computer-readable
media for storing one or more computer-executable mnstruc-
tions or software for implementing exemplary embodiments.
The non-transitory computer-readable media may include,
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but are not limited to, one or more types ol hardware
memory, non-transitory tangible media (for example, one or
more magnetic storage disks, one or more optical disks, one
or more flash drives, one or more solid state disks), and the
like. For example, memory 1006 included in the computing
device 1000 may store computer-readable and computer-
executable instructions or software (e.g., applications 1030
such as the decision engine 606) for implementing exem-
plary operations of the computing device 1000. The com-
puting device 1000 also includes configurable and/or pro-
grammable processor 1002 and associated core(s) 1004, and
optionally, one or more additional configurable and/or pro-
grammable processor(s) 1002' and associated core(s) 1004’
(for example, 1n the case ol computer systems having
multiple processors/cores), for executing computer-readable
and computer-executable instructions or software stored 1n
the memory 1006 and other programs for implementing
exemplary embodiments of the present disclosure. Processor
1002 and processor(s) 1002' may each be a single core
processor or multiple core (1004 and 1004') processor.
Either or both of processor 1002 and processor(s) 1002' may
be configured to execute one or more of the instructions
described 1n connection with computing device 1000.

[0091] Virtualization may be employed 1n the computing
device 1000 so that infrastructure and resources in the
computing device 1000 may be shared dynamically. A
virtual machine 1012 may be provided to handle a process
running on multiple processors so that the process appears to
be using only one computing resource rather than multiple
computing resources. Multiple virtual machines may also be
used with one processor.

[0092] Memory 1006 may include a computer system
memory or random access memory, such as DRAM, SRAM,
EDO RAM, and the like. Memory 1006 may include other
types of memory as well, or combinations thereof. A user
may 1interact with the computing device 1000 through a
visual display device 1014, such as a computer monitor,
which may display one or more graphical user interfaces
1016, mult1 touch interface 1020 and a pointing device 1018.

[0093] The computing device 1000 may also include one
or more storage devices 1026, such as a hard-drive, CD-
ROM, or other computer-readable media, for storing data
and computer-readable instructions and/or soiftware that
implement exemplary embodiments of the present disclo-
sure (e.g., applications such as the decision engine 606). For
example, exemplary storage device 1026 can include one or
more databases 1028 for storing information associated with
physical objects and events associated with the physical
objects. The databases 1028 may be updated manually or
automatically at any suitable time to add, delete, and/or
update one or more data items in the databases.

[0094] The computing device 1000 can include a network
interface 1008 configured to interface via one or more
network devices 1024 with one or more networks, for
example, Local Area Network (LAN), Wide Area Network
(WAN) or the Internet through a variety of connections
including, but not limited to, standard telephone lines, LAN
or WAN links (for example, 802.11, T1, T3, 56 kb, X.25),
broadband connections (for example, ISDN, Frame Relay,
ATM), wireless connections, controller area network
(CAN), or some combination of any or all of the above. In
exemplary embodiments, the central computing system can
include one or more antennas 1022 to facilitate wireless
communication (e.g., via the network interface) between the
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computing device 1000 and a network and/or between the
computing device 1000 and other computing devices. The
network interface 1008 may include a built-in network
adapter, network interface card, PCMCIA network card,
card bus network adapter, wireless network adapter, USB
network adapter, modem or any other device suitable for
interfacing the computing device 1000 to any type of
network capable of communication and performing the
operations described herein.

[0095] The computing device 1000 may run any operating
system 1010, such as any of the versions of the Microsoft®
Windows® operating systems, the diflerent releases of the
Unix and Linux operating systems, any version of the
MacOS® for Macintosh computers, any embedded operat-
ing system, any real-time operating system, any open source
operating system, any proprietary operating system, or any
other operating system capable of running on the computing
device 1000 and performing the operations described herein.
In exemplary embodiments, the operating system 1010 may
be run in native mode or emulated mode. In an exemplary
embodiment, the operating system 1010 may be run on one
or more cloud machine instances.

[0096] FIG. 11 1s a flowchart illustrating an exemplary
process of an embodiment of a nested blockchain system in
accordance with the present disclosure. The nested block-
chain system can include distributed nodes 1n a network. In
operation 1100, a node 1s configured to generate a master
cryptographically verifiable distributed ledger represented
by a sequence of blocks. Each block contains one or more
transactions records and each subsequent block containing a
hash value associated with the previous block. In operation
1102, the node generates a first block 1n the master crypto-
graphically verifiable ledger for a first event 1n response to
receipt of the first event from a third party system. In
operation 1104, the node executes code included 1n an
associated block of the master cryptographically verifiable
ledger to verity that the first event corresponds with a first
set ol one or more conditions. In operation 1106, in response
to verification of the first event, the node spawns a first sub
cryptographically verifiable ledger represented by a first
genesis block containing a hash value referencing the first
block generated i1n the master cryptographically verifiable
ledger. In operation 1108 the node generates a second block
in the first sub cryptographically venfiable ledger for a
second event 1n response to receipt of a second event from
the third party system. In operation 1110, the node executes
code included i the first genesis block to verily that the
second event corresponds with a second set of one or more
conditions. In operation 1112, 1n response to the verification
of the second event, the node purges the first sub crypto-
graphically verifiable ledger.

[0097] In describing exemplary embodiments, specific ter-
minology 1s used for the sake of clarity. For purposes of
description, each specific term 1s imtended to at least include
all technical and functional equivalents that operate in a
similar manner to accomplish a similar purpose. Addition-
ally, 1n some 1nstances where a particular exemplary
embodiment includes a multiple system elements, device
components or method steps, those elements, components or
steps may be replaced with a single element, component or
step. Likewise, a single element, component or step may be
replaced with multiple elements, components or steps that
serve the same purpose. Moreover, while exemplary
embodiments have been shown and described with refer-
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ences to particular embodiments thereot, those of ordinary
skill 1n the art will understand that various substitutions and
alterations 1n form and detail may be made therein without
departing from the scope of the present disclosure. Further
still, other aspects, functions and advantages are also within
the scope of the present disclosure.
[0098] Exemplary flowcharts are provided herein for 1llus-
trative purposes and are non-limiting examples of methods.
One of ordinary skill 1n the art will recognize that exemplary
methods may include more or fewer steps than those 1llus-
trated 1n the exemplary flowcharts, and that the steps in the
exemplary flowcharts may be performed 1n a different order
than the order shown in the illustrative flowcharts.
1. A distributed database management system, the system
comprising:
a plurality of distributed nodes 1n a network;
one or more of the plurality of nodes configured to:
generate a master cryptographically verifiable distributed
ledger represented by a sequence of blocks, each block
containing one or more transactions records and each
subsequent block containing a hash value associated
with the previous block;
generate a first block in the master cryptographically
verifiable ledger for a first event 1n response to receipt
of the first event from a third party system;
execute code included 1n an associated block of the master
cryptographically verifiable ledger to verity that the
first event corresponds with a first set of one or more
conditions;
in response to verification of the first event, spawn a first
sub cryptographically verifiable ledger represented by a
first genesis block containing a hash value referencing
the first block generated 1n the master cryptographically
verifiable ledger;
generate a second block 1n the first sub cryptographically
verifiable ledger for a second event in response to
receipt of a second event from the third party system;
execute code included 1n the first genesis block to verity
that the second event corresponds with a second set of
one or more conditions; and
in response to the verification of the second event, purge
the first sub cryptographically verifiable ledger.
2. The system of claim 1, wherein the one or more of the
plurality of nodes 1s programmed to receive a third event.
3. The system of claim 2, wherein the one or more of the
plurality of nodes 1s programmed to:
generate a third block 1n the master cryptographically
veriflable ledger containing transaction records of the
third event;
execute code included 1n the third block to verity the third
event corresponds with a third set of one or more
conditions;
in response to verification of the third event, spawn a
second sub cryptographically verifiable ledger repre-
sented by a second genesis block containing a hash
value associated with the third block generated in the
master cryptographically verifiable ledger, associated
with the third event.
4. The system of claim 3, wherein the one or more of the
plurality of nodes 1s programmed to receive a fourth event.
5. The system of claim 4, wherein the one or more of the
plurality of nodes 1s programmed to generate a fourth block
in the second sub cryptographically verifiable ledger con-
taining transaction records associated with the fourth event.
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6. The system of claim 35, wherein the one or more of the
plurality of nodes 1s programmed to purge the second sub
cryptographically verifiable ledger after a specified amount
of time after receiving the fourth event.

7. The system of claim 1, wherein the first event 1s
associated with the request of a delivery of a physical object,
the second event 1s associated with the completion of the
delivery of the physical object.

8. The system of claiam 1, wherein the one or more
transaction records include one or more of a quantity of the
at least one physical object, a name of the at least one
physical object, a type of the at least one physical object and
a si1ze of the at least one physical object.

9. The system of claim 1, wherein the third party system
1s one or more of a: mobile device, a terminal or a computing
device.

10. The system of claim 9, wheremn the terminal 1s
disposed 1n a facility.

11. A distributed database management method, the
method comprising:

generating, via one or more ol a plurality of distributed

nodes 1n a network, a master cryptographically verifi-
able distributed ledger represented by a sequence of
blocks, each block containing one or more transactions
records and each subsequent block containing a hash
value associated with the previous block;

generating, via the one or more of the plurality of nodes,

a first block 1n the master cryptographically verifiable
ledger for a first event 1n response to receipt of the first
event from a third party system;
executing, via the one or more of the plurality of nodes,
code included 1n an associated block of the master
cryptographically verifiable ledger to verity that the
first event corresponds with a first set of one or more
conditions;
in response to verification of the first event, spawning, via
the one or more of the plurality of nodes, a first sub
cryptographically verifiable ledger represented by a
first genesis block containing a hash value referencing
the first block generated 1n the master cryptographically
verifiable ledger;
generating, via the one or more of the plurality of nodes,
a second block 1n the first sub cryptographically veri-
fiable ledger for a second event in response to receipt
of a second event from the third party system:;

executing, via the one or more of the plurality of nodes,
code included 1n the first genesis block to verity that the
second event corresponds with a second set of one or
more conditions; and

in response to the verification of the second event, purg-

ing, via the one or more of the plurality of nodes, the
first sub cryptographically verifiable ledger.

12. The method of claim 11, further comprising receiving,
via the one or more of the plurality of nodes, a third event.

13. The method of claim 12, further comprising:

generating, via the one or more of the plurality of nodes,
a third block 1n the master cryptographically verifiable
ledger containing transaction records of the third event;
executing, via the one or more of the plurality of nodes,
code included 1n the third block to verify the third event
corresponds with a third set of one or more conditions;
in response to verification of the third event, spawning,
via the one or more of the plurality of nodes, a second
sub cryptographically verifiable ledger represented by a
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second genesis block containing a hash value associ-
ated with the third block generated in the master
cryptographically verifiable ledger, associated with the
third event.

14. The method of claim 13, further comprising receiving,
via the one or more of the plurality of nodes, a fourth event.

15. The method of claim 14, further comprising generat-
ing, via the one or more of the plurality of nodes, a fourth
block 1n the second sub cryptographically verifiable ledger
containing transaction records associated with the fourth
event.

16. The method of claim 15, purging, via the one or more
of the plurality of nodes, the second sub cryptographically
verifiable ledger after a specified amount of time after
receiving the fourth event.

17. The method of claim 11, wherein the first event 1is
associated with the request of a delivery of a physical object,
the second event 1s associated with the completion of the
delivery of the physical object.

18. The method of claim 11, wherein the one or more
transaction records include one or more of a quantity of the
at least one physical object, a name of the at least one
physical object, a type of the at least one physical object and
a si1ze of the at least one physical object.

19. The method of claim 11, wheremn the third party
system 1s one or more ol a: mobile device, a terminal or a
computing device.

20. The method of claim 9, wherein the terminal 1is
disposed 1n a facility.
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