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ỲaŜILTDMDC
iX[ FGHIJKIL
MZN
MOOf [IH\T\G]T
̂G
_̀ aŜILT
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ỲaŜILT
̂G
aUU
̀\g̀
TSIIUDhDC cSL\e
hEN
hCCC [IH\T\G]T
mGL
̀\g̀bTSIIU
JGUID��������	
�����	
�
�
�������������r��4��s��
t
����u
r�v��w
r�v�
���
r����������u3�x	���yz��{��|
r�v���4u
}���	
r����������u
~
����
������	�s���
}��u���������
r����������u
��r
r����������u
�����{	��{�
z��	���
�	���������
�����		
��s���
�������|�}���~~�r���~
z��z����
�}�r~�}����3}�
�z�r}�}r��}��
}�
z���}���
��
���
���
}��
�}�3
��
�������}��
�3��������u}�r~��}��
���
��������
��
���r3�����}~}��u
���y}���}�������u
��
�}�����
������
z���}r�~��
z��z����

�3�
���3���
��
�3}�
�z�r}�}r��}��
�}�r~�}�
�~~
~}��}~}��u}�r~��}��
~}��}~}��
���
}���}�������
��
���
z��z�}�����
�}�3��u
��~��}��
��
�����
}�z~�������}��
��
}�������}��
}�
�3}�
�z�r}�}r��}���

�3�
z���}�}��
��
�3}��z�r}�}r��}��
��
���
����
���
z���}��
���
�}�3
���
~}r����u
��z����
��
}�z~}��u��
����zz�~
��
��3���}��u
��
���
}���~~�r���~
z��z����
�}�3����00
&�")*'%
#(.�!
(��
%�()�.(��!�
��+ !%���)
%�()�.(��!�
"�
!��� '�.(��!
"$
%�� �
��!&�'% ��
"2#��!�������
����
��������
���
����� ����
����
��
���¡�¢£¤¢�¥¦� §�̈ 
���¢�� ©
��ª� ������«
 �ª� 
��
�¡�
¬­®
̄�£������� �
̈� ¢�
°�¥
£�§�
��
¡��£±²²°°°¦¢�¥¦� §
LGE-1010 / Page 2 of 650



��������	
�����	
�
�
�������������
��������
���

���

��������� �!��"
�#
$%&
'()
*��+�,�-�
.��"/,01",��234
567389:
8;
73<:
:=4><;<>57<8?
@86AB
A<C4
78
94>8D?<E4
734
;8AA8@<?D
=48=A4
@38
=597<><=574B
<?
734
FGHIJK
L98M8749
N986=
74>3?<>5A
@89C<?D
D986=:J

O4
@86AB
5A:8
A<C4
78
735?C
87349:
<?
734
FGH
IJKL98M8749
>8M=5?<4:
5?B
73986D3867
734
<?B6:79P
@38
>8?79<Q674B
78
734
B4R4A8=M4?7
8;
73<:
:=4><;<>57<8?JS10
T�/�,� 
U/�1VWXYZ
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lŶ]p\Z ue|]X�Xna
cX]dX]\aeXZu\]}
tebbe\p� ue|]X�Xna
cX]dX]\aeXZvXomX
�m]m_\ vhc
cX]dX]\aeXZ�X�Yepe
l\}m]\e vhc
cX]dX]\aeXZuXaX
l\aX vhc
cX]dX]\aeXZk\a�m_\
lm�m}e vhc
cX]dX]\aeXZ����"/,�-�
T�/�,� 
U/�1VWXZ
�m̂}̂] Z̀âb
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tXXâZ cXpd\q
cXpdmâ]
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Byte

Capabilities

Characteristics

Client

Configuring
Software

Control Endpoint

Control Pipe

Control Transfer

CRC

CTI

Cyclic Redundancy
Check (CRC)

Default Address

Default Pipe

Device

Device Address

Universal Serial Bus Specification Revision 2.0

A data elementthat is eight bits in size.

Thoseattributes of a USB device that are administrated by the host.

Those qualities of a USB device that are unchangeable; for example, the device
class is a device characteristic.

Software resident on the host that interacts with the USB System Software to
arrange data transfer between a function and the host. Theclient is often the
data provider and consumerfor transferred data.

Software resident on the host software that is responsible for configuring a
USBdevice. This may be a system configurator or software specific to the
device.

A pair of device endpoints with the same endpoint numberthat are used by a
control pipe. Control endpoints transfer data in both directions and, therefore,
use both endpoint directions of a device address and endpoint number
combination. Thus, each control endpoint consumes two endpoint addresses.

Sameas a messagepipe.

Oneof the four USB transfer types. Control transfers support
configuration/command/status type communications between client and
function. See also transfer type.

See Cyclic Redundancy Check.

Computer Telephony Integration.

A check performed on data to see if an error has occurred in transmitting,
reading, or writing the data. The result of a CRCis typically stored or
transmitted with the checked data. The stored or transmitted result is

compared to a CRC calculated for the data to determine if an error has
occurred.

An address defined by the USB Specification and used by a USB device when
it is first powered or reset. The default address is OOH.

The message pipe created by the USB System Software to pass control and
status information between the host and a USB device’s endpoint zero.

A logical or physical entity that performs a function. The actual entity
described depends on the context of the reference. At the lowest level, device
may refer to a single hardware component, as in a memory device. At a higher
level, it may refer to a collection of hardware components that perform a
particular function, such as a USB interface device. At an even higherlevel,
device may refer to the function performed by an entity attached to the USB;
for example, a data/FAX modem device. Devices maybe physical, electrical,
addressable, and logical.

When used as a non-specific reference, a USB deviceis either a hub or a
function.

A seven-bit value representing the address of a device on the USB. The device
address is the default address (00H) when the USB deviceis first powered or
the device is reset. Devices are assigned a unique device address by the USB
System Software.
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Device Endpoint

Device Resources

Device Software

Downstream

Driver

DWORD

Dynamic Insertion
and Removal

E’PROM

EEPROM

Electrically
Erasable

Programmable
Read Only Memory
(EEPROM)

End User

Endpoint

Endpoint Address

Endpoint Direction

Endpoint Number

Envelope detector

EOF

EOP

External Port

Eye pattern

False EOP

Universal Serial Bus Specification Revision 2.0

A uniquely addressable portion of a USB device that is the source or sink of
information in a communication flow between the host and device. See also

endpoint address.

Resources provided by USB devices, such as buffer space and endpoints. See
also Host Resources and Universal Serial Bus Resources.

Software that is responsible for using a USB device. This software may or
may not also be responsible for configuring the device for use.

The direction of data flow from the host or away from the host. A downstream
port is the port on a hub electrically farthest from the host that generates
downstream data traffic from the hub. Downstream ports receive upstream
datatraffic.

Whenreferring to hardware, an I/O pad that drives an external load. When
referring to software, a program responsible for interfacing to a hardware
device, that is, a device driver.

Double word. A data element that is two words(i.e., four bytes or 32 bits) in
size.

Theability to attach and remove devices while the host is in operation.

See Electrically Erasable Programmable Read Only Memory.

See Electrically Erasable Programmable Read Only Memory.

Non-volatile rewritable memory storage technology.

The user ofa host.

See device endpoint.

The combination of an endpoint numberand an endpointdirection on a USB
device. Each endpoint address supports data transfer in one direction.

Thedirection of data transfer on the USB. The direction can be either IN or

OUT.IN refers to transfers to the host; OUT refers to transfers from the host.

A four-bit value between 0H and FH,inclusive, associated with an endpoint on
a USBdevice.

An electronic circuit inside a USB device that monitors the USB data lines and

detects certain voltage related signal characteristics.

End-of-(micro)Frame.

End-of-Packet.

Seeport.

A representation of USB signaling that provides minimum and maximum
voltage levels as well as signaljitter.

A spurious, usually noise-induced event that is interpreted by a packet receiver
as an EOP.
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Timeout

Token Packet

Transaction

Transaction

translator

Transfer

Transfer Type

Turn-around Time

Universal Serial

Bus Driver (USBD)

UniversalSerial

Bus Resources

Upstream

USBD

USB-IF

Virtual Device

Word

Universal Serial Bus Specification Revision 2.0

The detection of a lack ofbus activity for some predetermined interval.

A type ofpacketthat identifies what transaction is to be performed on the bus.

The delivery of service to an endpoint; consists of a token packet, optional data
packet, and optional handshake packet. Specific packets are allowed/required
based on the transaction type.

A functional component of a USB hub. The Transaction Translator responds to
special high-speed transactions andtranslates them to full/low-speed
transactions with full/low-speed devices attached on downstream facing ports.

Oneor more bustransactions to move information between a software client

andits function.

Determinesthe characteristics of the data flow between a software client and

its function. Four standard transfer types are defined: control, interrupt, bulk,
and isochronous.

The time a device needs to wait to begin transmitting a packet after a packet
has been received to prevent collisions on the USB. This time is based on the
length and propagation delay characteristics of the cable and the location of the
transmitting device in relation to other devices on the USB.

The host resident software entity responsible for providing commonservices to
clients that are manipulating one or more functions on one or more Host
Controllers.

Resources provided by the USB,such as bandwidth and power. See also
Device Resources and Host Resources.

The direction of data flow towards the host. An upstream port is the port on a
device electrically closest to the host that generates upstream data traffic from
the hub. Upstream ports receive downstream datatraffic.

See Universal Serial Bus Driver.

USBImplementers Forum,Inc. is a nonprofit corporation formedto facilitate
the development ofUSB compliant products and promote the technology.

A device that is represented by a software interface layer. An example of a
virtual device is a hard disk with its associated device driver and client

software that makesit able to reproduce an audio .WAVfile.

A data elementthat is two bytes (16 bits) in size.
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14

Universal Serial Bus Specification Revision 2.0

Low-cost implementation

Low-cost subchannel at 1.5 Mb/s

Optimized for integration in peripheral and host hardware

Suitable for development of low-cost peripherals

Low-cost cables and connectors

Uses commodity technologies

Upgrade path

Architecture upgradeable to support multiple USB Host Controllers in a system
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 Ĝ?
>RRI??
lTCTFIOICNj

]IRNDAC
JZhh
UI?RHDXI?
@AB
XG?
TRRI??
D?
OTCTFIU
BDN@DC
N@I
@A?N
NA
?GPPAHNT
XHATU
HTCFI
AS
RAOOGCDRTNDAC
SQAB?
XY
\]̂
UIVDRI?Zk
 ]PIRDTQ
cAC?DUIHTNDAC
SAH
_?AR@HACAG?
[HTC?SIH?j

]IRNDAC
JZhL
PHI?ICN?
SITNGHI?
AS
N@I
\]̂
?PIRDSDR
NAUIVDRI?
HIWGDHDCF
D?AR@HACAG?
UTNT
NHTC?SIH?Z

bIVDRI
DOPQIOICNIH?
SAH
CACKD?AR@HACAG?
UIVDRI?
UA
CANCIIU
NA
HITU
]IRNDAC
JZhLZ
LGE-1010 / Page 54 of 650



��������	
�����	
�
�
�������������
��������
���

��

���
���
�� �!�"#$%&'&
('&
)*+'
,(-.
/('01
0*
234
0*/*5*6789
 :*10
(.;
<&=->&18

$%&
/'-,('7
>*,/*.&.01
*)
(
234
1710&,9
 ?%71->(5
$*/*5*678

:*@
234
&5&,&.01
('&
>*..&>0&;9
 A*6->(5
$*/*5*678

$%&
'*5&1
(.;
'&1/*.1-B-5-0-&1
*)
0%&
=('-*+1
234
&5&,&.01
(.;
%*@
0%&
234(//&('1
)'*,
0%&
/&'1/&>0-=&
*)
0%&
%*10
(.;
(
;&=->&9
 C5-&.0
3*)0@('&D0*D)+.>0-*.
E&5(0-*.1%-/18

:*@
>5-&.0
1*)0@('&
(.;
-01
'&5(0&;
)+.>0-*.
-.0&')(>&1
*.
(234
;&=->&
=-&@
&(>%
*0%&'����F
GH�
I��J$%&
%*10K1
5*6->(5
>*,/*1-0-*.
-1
1%*@.
-.
L-6+'&
MDN
(.;
-.>5+;&1
0%&
)*55*@-.689
 234
:*10
C*.0'*55&'9
 O66'&6(0&
234
3710&,
3*)0@('&
P234
<'-=&'Q
:*10
C*.0'*55&'
<'-=&'Q
(.;
%*10
1*)0@('&R9
 C5-&.0 S!TUVJ
HW
GH�
I��JS�VJX�!!UX
I��J

GH�
H#�JUY
HW
Z[J�\!
[�YY�VT[\JT�V�
]!�̂_�"T[\!
[�YY�VT[\JT�V�
]!�̂�̀a
��
bcd�

e���
f�g��������$%&
234
%*10
*>>+/-&1
(
+.-h+&
/*1-0-*.
(1
0%&
>**';-.(0-.6
&.0-07
)*'
0%&
234i

j.
(;;-0-*.
0*
-01
1/&>-(5/%71->(5
/*1-0-*.Q
0%&
%*10
%(1
1/&>-)->
'&1/*.1-B-5-0-&1
@-0%
'&6(';
0*
0%&
234
(.;
-01
(00(>%&;
;&=->&1i

$%&%*10
>*.0'*51
(55
(>>&11
0*
0%&
234i

O
234
;&=->&
6(-.1
(>>&11
0*
0%&
B+1
*.57
B7
B&-.6
6'(.0&;
(>>&11
B70%&
%*10i

$%&
%*10
-1
(51*
'&1/*.1-B5&
)*'
,*.-0*'-.6
0%&
0*/*5*67
*)
0%&
234iL*'
(
>*,/5&0&
;-1>+11-*.
*)
0%&
%*10
(.;
-01
;+0-&1Q
'&)&'
0*
C%(/0&'
kli

LGE-1010 / Page 55 of 650



��������	
�����	
�
�
�������������
��������
���

��

�����
���
�� !"�#$
%&'
()*+,-./
012,-13+
/45,-./
-46(4+,7,48
,+
+)498
,8
:,5;<1
=>?
.80
,8-/;01+
7)1
@4//49,85AB
 %&'
C;+
,871<@.-1B
 %&'
/45,-./
012,-1B
 :;8-7,48%&'
()*+,-./
012,-1+
(<42,01
.00,7,48./
@;8-7,48./,7*
74
7)1
)4+7D

E)1
7*(1+
4@
@;8-7,48./,7*
(<42,010
C*%&'
012,-1+
2.<*
9,01/*D

F49121<G
.//
%&'
/45,-./
012,-1+
(<1+187
7)1
+.61
C.+,-
,871<@.-1
74
7)1
)4+7DE),+
.//49+
7)1
)4+7
74
6.8.51
7)1
%&'><1/12.87
.+(1-7+
4@
0,@@1<187
%&'
012,-1+
,8
7)1
+.61
6.881<DE4
.++,+7
7)1
)4+7
,8
,0187,@*,85
.80
-48@,5;<,85
%&'
012,-1+G
1.-)
012,-1
-.<<,1+
.80
<1(4<7+
-48@,5;<.7,48><1/.710
,8@4<6.7,48D

&461
4@
7)1
,8@4<6.7,48
<1(4<710
,+
-46648
.6485
.//
/45,-./
012,-1+D

H7)1<,8@4<6.7,48
,+
+(1-,@,-
74
7)1
@;8-7,48./,7*
(<42,010
C*
7)1
012,-1D

E)1
017.,/10
@4<6.7
4@
7),+
,8@4<6.7,482.<,1+G
01(180,85
48
7)1
012,-1
-/.++
4@
7)1
012,-1D:4<
.
-46(/171
0,+-;++,48
4@
%&'
012,-1+G
<1@1<
74
I).(71<
JD
���
KLM!"NO�� !"�PQR"S!LRTUV#!"NO
�� !"�
���
�Q#WRS�XYN"�Z"SQNO
"L[[QR!"NS!LR#
YOL\KLM!"NO
"L[[QR!"NS!LR#
YOL\]�̂
��
_̀a�

bcd����	
e�����
f�g��������

LGE-1010 / Page 56 of 650



��������	
�����	
�
�
�������������
��������
���

��

�����
���� !"#
$%�
&'('#')�*+,-.+/
01
23+
456
78+
93:/-.7;;:
.011+.2+<
20
23+
30/2
,-7
7
2-+8+<
/278
2090;0=:>
7/
-;;?/2872+<
-1@-=?8+
ABAC

456
7227.3D+12
90-12/
78+
980,-<+<
E:
7
/9+.-7;
.;7//
0F
456
<+,-.+
G10H1
7/
7
3?EC

I3+7<<-2-017;
7227.3D+12
90-12/
980,-<+<
E:
7
3?E
78+
.7;;+<
9082/C

J
30/2
-1.;?<+/
71
+DE+<<+<
3?E
.7;;+<23+
8002
3?EC

I3+
30/2
980,-<+/
01+
08
D08+
7227.3D+12
90-12/
,-7
23+
8002
3?EC

456
<+,-.+/
2372
980,-<+7<<-2-017;
F?1.2-017;-2:
20
23+
30/2
78+
G10H1
7/
F?1.2-01/C

I0
98+,+12
.-8.?;78
7227.3D+12/>
7
2-+8+<08<+8-1=
-/
-D90/+<
01
23+
/278
2090;0=:
0F
23+
456C

I3-/
8+/?;2/
-1
23+
28++B;-G+
.01F-=?872-01
-;;?/2872+<
-1@-=?8+
ABAC K''L
M%N M%NM%N
OPQ !PRSTUSVWX
YZ[\]Z M'�L OPQ !POPQ !P

OPQ !POPQ !POPQ !POPQ !P�̂_
��
̀à�
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TJ[ÙJY
]TU[
ZIJIUQZ�Q
̀SJ_
U]
ZIJ
NUWSRON
ZUMUNUWP\

�
[UTJ
RU[MNJZJ
YSQRKQQSUV
U]
IKLQ
ROV
LJ
]UKVY
SV
hIOMZJT
gg\�UQZ�UWSRON�J̀SRJ�UWSRON�J̀SRJ�UWSRON�J̀SRJ �UWSRON�J̀SRJ�UWSRON�J̀SRJ�UWSRON�J̀SRJ�UWSRON�J̀SRJ=�>
��
?@��

���
��>���	
�
�
����	�>F

LGE-1010 / Page 58 of 650



��������	
�����	
�
�
�������������
��������
���

��

�����
���� !
"#$!%&'�(!#($) *!�# 
+��&!�# ,-�./012
345674
341
849:;<=>
=2?
>57;<=>
3585>579
5@
341
ABC
D1@>1<3:
341
:4=D1?
2=36D1
5@
341
E6:F
<>;123:5@3G=D1
HIBGJ
K=2;86>=3;27
=
ABC
@62<3;52
;231D@=<1
;:
8D1:1231?
G;34
341
0;1G
34=3
;3
?1=>:
52>9
G;34
;3:;231D@=<1H:J
5@
;231D1:3L

I>;123
:5@3G=D1
@5D
ABC
@62<3;52:
K6:3
6:1
ABC
:5@3G=D1
8D57D=KK;27
;231D@=<1:35
K=2;86>=31
341;D
@62<3;52:
=:
5885:1?
35
?;D1<3>9
K=2;86>=3;27
341;D
@62<3;52:
0;=
K1K5D9
5D
MNO
=<<1::1:=:
G;34
5341D
E6:1:
H1L7LF
PIMF
/MBQF
PIRIMQF
13<LJL

S6D;27
581D=3;52F
<>;123
:5@3G=D1
:456>?
E1;2?1812?123
5@
5341D
?10;<1:
34=3
K=9
E1
<5221<31?
35
341
ABCL

T4;:
=>>5G:
341
?1:;721D
5@
341
?10;<1
=2?<>;123
:5@3G=D1
35
@5<6:
52
341
4=D?G=D1N:5@3G=D1
;231D=<3;52
?1:;72
?13=;>:L

U;76D1
VWX
;>>6:3D=31:
=
?10;<1?1:;721DY:
81D:81<3;01
5@
341
D1>=3;52:4;8:
5@
<>;123
:5@3G=D1
=2?
ABC
@62<3;52:
G;34
D1:81<3
35
341
ABC>57;<=>
3585>579
5@
U;76D1
VWZL


I>;123B5@3G=D1U62< U62< U62<U62<U62< U62< U62< IBGIBGIBGIBG IBGIBG[�\
��
]̂_�

̀	����
����a���̂��̂�
������
��	������b�����c
d"e
�#ff) �*&!�# 
g�#%T41
ABC
8D50;?1:
=
<5KK62;<=3;52
:1D0;<1
E13G112
:5@3G=D1
52
341
45:3
=2?
;3:
ABC
@62<3;52L

U62<3;52:<=2
4=01
?;@@1D123
<5KK62;<=3;52
@>5G
D1h6;D1K123:
@5D
?;@@1D123
<>;123W35W@62<3;52
;231D=<3;52:L

T41
ABC8D50;?1:
E1331D
501D=>>
E6:
63;>;i=3;52
E9
=>>5G;27
341
:18=D=3;52
5@
341
?;@@1D123
<5KK62;<=3;52
@>5G:
35
=ABC
@62<3;52L

/=<4
<5KK62;<=3;52
@>5G
K=j1:
6:1
5@
:5K1
E6:
=<<1::
35
=<<5K8>;:4
<5KK62;<=3;52E13G112
<>;123
=2?
@62<3;52L

/=<4
<5KK62;<=3;52
@>5G
;:
31DK;2=31?
=3
=2
12?85;23
52
=
?10;<1L

S10;<112?85;23:
=D1
6:1?
35
;?123;@9
=:81<3:
5@
1=<4
<5KK62;<=3;52
@>5GLU;76D1
VWk
:45G:
=
K5D1
?13=;>1?
0;1G
5@
U;76D1
VWlL

T41
<5K8>131
?1@;2;3;52
5@
341
=<36=>
<5KK62;<=3;52@>5G:
5@
U;76D1
VWl
:6885D3:
341
>57;<=>
?10;<1
=2?
@62<3;52
>=91D
<5KK62;<=3;52
@>5G:L

T41:1
=<36=><5KK62;<=3;52
@>5G:
<D5::
:101D=>
;231D@=<1
E562?=D;1:L

I4=831D:
m
34D5674
X
?1:<D;E1
341
K1<4=2;<=>F1>1<3D;<=>F
=2?
8D535<5>
;231D@=<1
?1@;2;3;52:
5@
341
ABC
nG;D1Lo

I4=831D
k
?1:<D;E1:
341
ABC
?10;<18D57D=KK;27
;231D@=<1
34=3
=>>5G:
=
ABC
?10;<1
35
E1
K=2;86>=31?
@D5K
341
45:3
:;?1
5@
341
G;D1LI4=831D
pq
?1:<D;E1:
3G5
45:3
:;?1
:5@3G=D1
;231D@=<1:rs
 t5:3
I523D5>>1D
SD;01D
HtISJr

T41
:5@3G=D1
;231D@=<1
E13G112
341
ABC
t5:3
I523D5>>1D
=2?
ABCB9:31K
B5@3G=D1L

T4;:
;231D@=<1
=>>5G:
=
D=271
5@
t5:3
I523D5>>1D
;K8>1K123=3;52:
G;34563
D1h6;D;27=>>
45:3
:5@3G=D1
35
E1
?1812?123
52
=29
8=D3;<6>=D
;K8>1K123=3;52L

O21
ABC
SD;01D
<=2
:6885D3?;@@1D123
t5:3
I523D5>>1D:
G;34563
D1h6;D;27
:81<;@;<
j25G>1?71
5@
=
t5:3
I523D5>>1D
;K8>1K123=3;52LQ
t5:3
I523D5>>1D
;K8>1K1231D
8D50;?1:
=2
tIS
;K8>1K123=3;52
34=3
:6885D3:
341
t5:3
I523D5>>1DLs
 ABC
SD;01D
HABCSJr

T41
;231D@=<1
E13G112
341
ABC
B9:31K
B5@3G=D1
=2?
341
<>;123
:5@3G=D1L

T4;:;231D@=<1
8D50;?1:
<>;123:
G;34
<52012;123
@62<3;52:
@5D
K=2;86>=3;27
ABC
?10;<1:L

LGE-1010 / Page 59 of 650



��������	
�����	
�
�
�������������
��������
���

��

������������ �!�""#! $�%
%&�� �#!'()# $�%
%&�� �#!'()#
$�%
�*��#+
�,+( (-#�
.#/0)#� $�%
1�-0)("2#/0)#(
)�""#)�0� 
�'# .3�0 ��

� �#!)�  #)� 45*�0)("
2#/0)#����

$�%
,0!#
%&''#!�

6!( �'#!�
6!( �()�0� �

2(�(
4#!� .3�0 �
� �#!'()#7�3#)0'0)

8& )�0� (
)�""#)�0� 
�'0 �#!'()#�
2#'(&"�
403#��
� .3�0 �
9#!�

403#
%& ."#��
( 
0 �#!'()#

403#:

!#3!#�# ��
)�  #)�0� 
(;��!()�0� ;#�<## 
�<�
5�!0=� �("
# �0�0#�2(�(
�!( �3�!�
+#)5( 0�+$�%7!#"#/( �
'�!+(�
�'
�!( �3�!�#.
.(�(

>�
$�%8�!+(�
$�%8!(+#.2(�($�%
8!(+#.2(�( $�%8!(+#.2(�(

>�
$�%8�!+(�
� �#!'()#
?
� .3�0 �9#!�

�"0# �
�,+( (-#�
( 
0 �#!'()#

@ABCDEFBDGHIGABJKFBDGHLKMJMBMG
NOCDPJAK
QH
RH
ST
UVW
XAYFBA
NOCDPJAK
ZT
UVW
[M\J
NOCDPJAK
]̂T

_�̀
��
abc�

���
d���ef�����
f����	�g
h��ij
UVW
GMkFBDG
lAYFBA
DPPADK\
JM
JCA
UVW
\m\JAn
D\
D
BMGGABJFME
Mo
AElPMFEJ\p

IElPMFEJ\
DKA
kKMqPAl
FEJMAElPMFEJ
\AJ\
JCDJ
FnPGAnAEJ
DE
FEJAKoDBAp

rEJAKoDBA\
DKA
YFAs\
JM
JCA
oqEBJFMEp

tCA
UVW
Vm\JAn
VMoJsDKAnDEDkA\
JCA
lAYFBA
q\FEk
JCA
XAoDqGJ
OMEJKMG
LFPAp

OGFAEJ
\MoJsDKA
nDEDkA\
DE
FEJAKoDBA
q\FEk
PFPAuqElGA\
ND\\MBFDJAl
sFJC
DE
AElPMFEJ
\AJTp

OGFAEJ
\MoJsDKA
KAvqA\J\
JCDJ
lDJD
uA
nMYAl
DBKM\\
JCA
UVWuAJsAAE
D
uqooAK
ME
JCA
CM\J
DEl
DE
AElPMFEJ
ME
JCA
UVW
lAYFBAp

tCA
[M\J
OMEJKMGGAK
NMK
UVW
lAYFBAHlAPAElFEk
ME
JKDE\oAK
lFKABJFMET
PDBwAJFxA\
JCA
lDJD
JM
nMYA
FJ
MYAK
JCA
UVWp

tCA
[M\J
OMEJKMGGAK
DG\MBMMKlFEDJA\
sCAE
uq\
DBBA\\
F\
q\Al
JM
nMYA
JCA
PDBwAJ
Mo
lDJD
MYAK
JCA
UVWp

LGE-1010 / Page 60 of 650



��������	
�����	
�
�
�������������
��������
���

��

������
�� !
�""�#$�%$�#
&'(
)'**�+�)%$�'+
,"'(#
%��
)%����-
'.��
/�/�#
0�$(��+
�+-/'�+$#
%+-
&'#$
#�-�*�*'�1
0�,,��#2

3&�
,'""'(�+�
#�)$�'+#
-�#)��0�
�+-/'�+$#4
/�/�#4
%+-
)'**�+�)%$�'+
,"'(#
�+
*'��-�$%�"2 5"��+$6',$(%��
7+$��,%)� 8+-/'�+$#5'**�+�)%$�'+�"'(#9�,,��#:69
;'��)%"
<�.�)�

='#$ >�/�#?�@
��
ABC��

���
D�EE
��������
?	�F6',$(%��
'+
$&�
&'#$
)'**�+�)%$�#
(�$&
%
"'��)%"
-�.�)�
.�%
%
#�$
',
)'**�+�)%$�'+
,"'(#2

3&�
#�$
',)'**�+�)%$�'+
,"'(#
%��
#�"�)$�-
01
$&�
-�.�)�
#',$(%��G&%�-(%��
-�#��+��H#I
$'
�,,�)��+$"1
*%$)&
$&�)'**�+�)%$�'+
��J����*�+$#
',
$&�
-�.�)�
$'
$&�
$�%+#,��
)&%�%)$���#$�)#
/�'.�-�-
01
$&�
:692KLMLN
OPQRSP
TUVWXRUYZ[+
�+-/'�+$
�#
%
�+�J��"1
�-�+$�,�%0"�
/'�$�'+
',
%
:69
-�.�)�
$&%$
�#
$&�
$��*�+�#
',
%
)'**�+�)%$�'+
,"'(0�$(��+
$&�
&'#$
%+-
-�.�)�2

8%)&
:69
"'��)%"
-�.�)�
�#
)'*/'#�-
',
%
)'""�)$�'+
',
�+-�/�+-�+$�+-/'�+$#2

8%)&
"'��)%"
-�.�)�
&%#
%
�+�J��
%--��##
%##��+�-
01
$&�
#1#$�*
%$
-�.�)�
%$$%)&*�+$
$�*�28%)&
�+-/'�+$
'+
%
-�.�)�
�#
��.�+
%$
-�#��+
$�*�
%
�+�J��
-�.�)��-�$��*�+�-
�-�+$�,���
)%""�-
$&�
�+-/'�+$+�*0��2

8%)&
�+-/'�+$
&%#
%
-�.�)��-�$��*�+�-
-���)$�'+
',
-%$%
,"'(2

3&�
)'*0�+%$�'+
',
$&�
-�.�)�%--��##4
�+-/'�+$
+�*0��4
%+-
-���)$�'+
%""'(#
�%)&
�+-/'�+$
$'
0�
�+�J��"1
��,���+)�-2

8%)&
�+-/'�+$
�#
%#�*/"�\
)'++�)$�'+
$&%$
#�//'�$#
-%$%
,"'(
�+
'+�
-���)$�'+]

��$&��
�+/�$
H,�'*
-�.�)�
$'
&'#$I
'�
'�$/�$H,�'*
&'#$
$'
-�.�)�I2[+
�+-/'�+$
&%#
)&%�%)$���#$�)#
$&%$
-�$��*�+�
$&�
$1/�
',
$�%+#,��
#��.�)�
��J����-
0�$(��+
$&�
�+-/'�+$%+-
$&�
)"��+$
#',$(%��2

[+
�+-/'�+$
-�#)��0�#
�$#�",
01]
̂ 9�#
%))�##
,��J��+)1G"%$�+)1
��J����*�+$
̂ 9%+-(�-$&
��J����*�+$
̂ 8+-/'�+$
+�*0��
̂ 8��'�
&%+-"�+�
0�&%.�'�
��J����*�+$#
̂ _%\�*�*
/%)̀�$
#�a�
$&%$
$&�
�+-/'�+$
�#
)%/%0"�
',
#�+-�+�
'�
��)��.�+�
̂ 3&�
$�%+#,��
$1/�
,'�
$&�
�+-/'�+$
H��,��
$'
6�)$�'+
�2b
,'�
-�$%�"#I
̂ 3&�
-���)$�'+
�+
(&�)&
-%$%
�#
$�%+#,����-
0�$(��+
$&�
�+-/'�+$
%+-
$&�
&'#$8+-/'�+$#
'$&��
$&%+
$&'#�
(�$&
�+-/'�+$
+�*0��
a��'
%��
�+
%+
�+̀+'(+
#$%$�
0�,'��
0��+�
)'+,�����-
%+-*%1
+'$
0�
%))�##�-
01
$&�
&'#$
0�,'��
0��+�
)'+,�����-2
LGE-1010 / Page 61 of 650



��������	
�����	
�
�
�������������
��������
���

��

�������
��� !"�#
$%&!
'%()"&%*%�#+,--
./0
1234526
782
829:4821
;<
4=>-2=2?;
7
12@7:-;
5<?;8<-
=2;A<1
;A7;
:626
B<;A
;A2
4?>:;
7?1
<:;>:;2?1><4?;6
C4;A
2?1><4?;
?:=B28
D28<E

FA2
./0
/G6;2=
/<@;C782
:626
;A46
12@7:-;
5<?;8<-
=2;A<1
;<4?4;47-4D2
7?1
H2?28457--G
=7?4>:-7;2
;A2
-<H457-
123452
I2EHEJ
;<
5<?@4H:82
;A2
-<H457-
123452K
76
;A2
L2@7:-;M<?;8<-
N4>2
I622
/25;4<?
OEPEQKE

FA2
L2@7:-;
M<?;8<-
N4>2
>8<34126
755266
;<
;A2
123452R6
5<?@4H:87;4<?4?@<8=7;4<?
7?1
7--<C6
H2?2845
./0
6;7;:6
7?1
5<?;8<-
755266E

FA2
L2@7:-;
M<?;8<-
N4>2
6:>><8;6
5<?;8<-;87?6@286
76
12@4?21
4?
/25;4<?
OEOE

FA2
2?1><4?;6
C4;A
2?1><4?;
?:=B28
D28<
782
7-C7G6
7552664B-2
<?52
7123452
46
7;;75A21J
><C2821J
7?1
A76
82524321
7
B:6
8262;E,
./0
123452
;A7;
46
57>7B-2
<@
<>287;4?H
7;
A4HAS6>221
=:6;
A732
7
=4?4=:=
-232-
<@
6:>><8;
@<8<>287;4?H
7;
@:--S6>221E

TA2?
;A2
123452
46
7;;75A21
;<
7
A:B
<>287;4?H
4?
@:--S6>221J
;A2
123452
=:6;UV
 02
7B-2
;<
8262;
6:55266@:--G
7;
@:--S6>221V
 W26><?1
6:55266@:--G
;<
6;7?1781
829:26;6U
62;X7118266J
62;X5<?@4H:87;4<?J
H2;X126584>;<8
@<8
123452
7?15<?@4H:87;4<?
126584>;<86J
7?1
82;:8?
7>>8<>847;2
4?@<8=7;4<?FA2
A4HAS6>221
123452
=7G
<8
=7G
?<;
B2
7B-2
;<
6:>><8;
4;6
4?;2?121
@:?5;4<?7-4;G
CA2?
<>287;4?H
7;
@:--S6>221E������Y
Z!�[%�� !"�#
$%&!
'%()"&%*%�#+\:?5;4<?6
57?
A732
7114;4<?7-
2?1><4?;6
76
829:4821
@<8
;A248
4=>-2=2?;7;4<?E

]<CS6>221
@:?5;4<?6
782-4=4;21
;<
;C<
<>;4<?7-
2?1><4?;6
B2G<?1
;A2
;C<
829:4821
;<
4=>-2=2?;
;A2
L2@7:-;
M<?;8<-
N4>2E

\:--S6>221
1234526
57?
A732
7114;4<?7-
2?1><4?;6
<?-G
-4=4;21
BG
;A2
>8<;<5<-
12@4?4;4<?
I4E2EJ
7
=7̂4=:=
<@
_O7114;4<?7-
4?>:;
2?1><4?;6
7?1
_O
7114;4<?7-
<:;>:;
2?1><4?;6KE?̀1><4?;6
<;A28
;A7?
;A<62
@<8
;A2
L2@7:-;
M<?;8<-
N4>2
57??<;
B2
:621
:?;4-
;A2
123452
46
5<?@4H:821
76
7?<8=7-
>78;
<@
;A2
123452
5<?@4H:87;4<?
>8<5266
I82@28
;<
MA7>;28
aKE����Y
b" %+,
./0
>4>2
46
7?
766<547;4<?
B2;C22?
7?
2?1><4?;
<?
7
123452
7?1
6<@;C782
<?
;A2
A<6;E

N4>26
82>8262?;
;A27B4-4;G
;<
=<32
17;7
B2;C22?
6<@;C782
<?
;A2
A<6;
347
7
=2=<8G
B:@@28
7?1
7?
2?1><4?;
<?
7
123452E

FA282782
;C<
=:;:7--G
2̂5-:6432
>4>2
5<==:?457;4<?
=<126UV
 /;827=U

L7;7
=<34?H
;A8<:HA
7
>4>2
A76
?<
./0S12@4?21
6;8:5;:82V
 c2667H2U

L7;7
=<34?H
;A8<:HA
7
>4>2
A76
6<=2
./0S12@4?21
6;8:5;:82FA2
./0
1<26
?<;
4?;28>82;
;A2
5<?;2?;
<@
17;7
4;
12-43286
;A8<:HA
7
>4>2E

̀32?
;A<:HA
7
=2667H2
>4>2829:4826
;A7;
17;7
B2
6;8:5;:821
755<814?H
;<
./0
12@4?4;4<?6J
;A2
5<?;2?;
<@
;A2
17;7
46
?<;
4?;28>82;21
BG
;A2./0E,114;4<?7--GJ
>4>26
A732
;A2
@<--<C4?H
766<547;21
C4;A
;A2=UV
 ,
5-74=
<?
./0
B:6
755266
7?1
B7?1C41;A
:67H2EV
 ,
;87?6@28
;G>2EV
 FA2
766<547;21
2?1><4?;R6
5A7875;2846;456J
6:5A
76
14825;4<?7-4;G
7?1
=7̂4=:=
17;7
>7G-<71
64D26E

FA217;7
>7G-<71
46
;A2
17;7
;A7;
46
5788421
4?
;A2
17;7
@42-1
<@
7
17;7
>75d2;
C4;A4?
7
B:6
;87?675;4<?
I7612@4?21
4?
MA7>;28
eKEFA2
>4>2
;A7;
5<?646;6
<@
;A2
;C<
2?1><4?;6
C4;A
2?1><4?;
?:=B28
D28<
46
57--21
;A2
L2@7:-;
M<?;8<-
N4>2EFA46
>4>2
46
7-C7G6
7374-7B-2
<?52
7
123452
46
><C2821
7?1
A76
82524321
7
B:6
8262;E

f;A28
>4>26
5<=2
4?;<2̂46;2?52
CA2?
7
./0
123452
46
5<?@4H:821E

FA2
L2@7:-;
M<?;8<-
N4>2
46
:621
BG
;A2
./0
/G6;2=
/<@;C782;<
12;28=4?2
123452
412?;4@457;4<?
7?1
5<?@4H:87;4<?
829:482=2?;6
7?1
;<
5<?@4H:82
;A2
123452E

FA2
L2@7:-;M<?;8<-
N4>2
57?
7-6<
B2
:621
BG
123452S6>254@45
6<@;C782
7@;28
;A2
123452
46
5<?@4H:821E

FA2
./0
/G6;2=
LGE-1010 / Page 62 of 650



��������	
�����	
�
�
�������������
��������
���

��

������� 
� ��!"#
$��" �#%!&'
��
�% 
( ��)*�
+�"���*
,!& 
�"-
. -!�� #
)# 
��
�% 
&!& 
/0
��% �
1*! "�#������ 23
#������ 
1*! "�
"��.�**0
� 4) #�#
-���
���"#� �#
5!�
678
9 4) #�
,�1: �#
;69,#<
��
�
&!& 
�"-
�% "
 !�% ���!�#
��
!#
"��!�! -
�% "
�% 0
�� 
1�.&* � -2

( ��!*#
�/�)�
69,#
�� 
- �!" -
!"
�"
�& ���!"=
#0#� .>#& 1!�!1
.�"" �2

?%!#
#& 1!�!1��!�"
)# #
�% 
� �.
��
#!.&*0
� � �
��
�"
!- "�!�!�/* 
� 4) #�
/0
�
#������ 1*! "�
��
.�5 
-���
/ ��  "
!�# *�
;�"
�% 
%�#�<
�"-
�"
 "-&�!"�
��
�
- 5!1 
!"
�"
�&&��&�!�� 
-!� 1�!�"2

3#������ 
1*! "�
1�"
1�)# 
�
&!& 
��
� �)�"
�**
�)�#��"-!"=
69,#
!�
!�
- #!� #2

?% 
#������ 
1*! "�
!#
"��!�! -�%��
�"
69,
%�#
1�.&* � -
�% "
�% 
/)#
���"#�1�!�"#
�##�1!�� -
�!�%
!�
%�5 
1�.&* � -
 !�% �
#)11 ##�)**0��
-) 
��
 ����#26�
�% � 
�� 
"�
69,#
& "-!"=
��
!"
&��=� ##
���
�
&!& @
�% 
&!& 
!#
!-* 
�"-
�% 
A�#�
+�"���** �
�!**
��: 
"��1�!�"
�!�%
� =��-
��
�% 
&!& B
!2 2@
�% 
 "-&�!"�
���
#)1%
�
&!& 
�!**
"��
#  
�"0
/)#
���"#�1�!�"#
-!� 1� -
��!�2

?% 
�"*0
�!. 
/)#
�1�!5!�0
!#
&� # "�
���
�
&!& 
!#
�% "
69,#
�� 
& "-!"=
���
�%��
&!& 26�
�
"�">!#�1%��"�)#
&!& 
 "1�)"� �#
�
1�"-!�!�"
�%��
1�)# #
!�
��
# "-
�
�?3CC
��
�% 
%�#�
;� � �
��+%�&� �
D<
��
�%�  
/)#
 ����#
�� 
 "1�)"� � -
�"
�"0
&�1: �
��
�"
69,@
�% 
69,
!#
�/��� -7� �!� -@
�**�)�#��"-!"=
69,#
�� 
�*#�
� �!� -@
�"-
"�
�)��% �
69,#
�� 
�11 &� -
)"�!*
�% 
#������ 
1*! "�
� 1�5 �#
���.�% 
1�"-!�!�"
;!"
�"
!.&* . "���!�">- & "- "�
��0<
�"-
�1:"��* -= #
�% 
%�*�
��
 ����
1�"-!�!�"
5!�
�E�F(
1�**2

3"
�&&��&�!�� 
#���)#
!"���.#
�% 
#������ 
1*! "�
��
�% 
#& 1!�!1
69,
� #)*�
���
 ����
5 �#)#
%�*�;� � �
��
+%�&� �
GH<2

6#�1%��"�)#
&!& 
/ %�5!��
!#
- #1�!/ -
!"
� 1�!�"
I2J23"
69,
.�0
� 4)!� 
.)*�!&* 
-���
&�0*��-#
��
.�5 
�% 
1*! "�
-���
�5 �
�% 
/)#2

?% 
-���
&�0*��-#
���
#)1%�
.)*�!&* 
-���
&�0*��-
69,
�� 
 K& 1� -
��
/ 
��
�% 
.�K!.).
&�1: �
#!L 
)"�!*
�% 
*�#�
-���
&�0*��-
�%��1�"��!"#
�% 
� .�!"- �
��
�% 
�5 ��**
69,2

�  
�% 
- #1�!&�!�"
��
 �1%
���"#� �
�0& 
���
.�� 
- ��!*#2

M��#)1%
�"
69,@
#%���
&�1: �#
;!2 2@
* ##
�%�"
.�K!.).>#!L -
-���
&�0*��-#<
�"
!"&)�
�%��
-�
"��
1�.&* � *0
�!**�"
69,
-���
/)�� �
1�"
%�5 
�" 
��
���
&�##!/* 
. �"!"=#@
- & "-!"=
)&�"
�% 
 K& 1���!�"#
��
�
1*! "�NO
 3
1*! "�
1�"
 K& 1�
�
5��!�/* >#!L -
�.�)"�
��
-���
!"
�"
69,2

6"
�%!#
1�# @
�
#%���
&�1: �
�%��
-� #
"���!**
�"
69,
-���
/)�� �
1�"
/ 
)# -
#!.&*0
�#
�"
!">/�"-
- *!.!� �
��
!"-!1�� 
$ "-
��
)"!�
��
-���2'

?% 69,
#%�)*-
/ 
� �!� -
�!�%�)�
 ����
�"-
�% 
A�#�
+�"���** �
#%�)*-
�-5�"1 
��
�% 
" K�
69,2O
 3
1*! "�
1�"
 K& 1�
�
#& 1!�!1>#!L -
�.�)"�
��
-���2

6"
�%!#
1�# @
�
#%���
&�1: �
�%��
-� #
"��
�!**
�"
69,-���
/)�� �
!#
�"
!"-!1��!�"
��
�"
 ����2

?% 
69,
#%�)*-
/ 
� �!� -@
�% 
&!& 
#%�)*-
/ 
#��** -@
�"-
�"0& "-!"=
69,#
�##�1!�� -
�!�%
�% 
&!& 
#%�)*-
�*#�
/ 
� �!� -2F 1�)# 
�% 
A�#�
+�"���** �
.)#�
/ %�5 
-!�� � "�*0
!"
�% 
���
1�# #
�"-
1�""��
:"��
�"
!�#
��"
�%!1%��0
��
/ %�5 
���
�
=!5 "
69,B
!�
!#
&�##!/* 
��
!"-!1�� 
& �
69,
�%!1%
/ %�5!��
�% 
1*! "�
- #!� #23"
 "-&�!"�
1�"
!"���.
�% 
%�#�
�%��
!�
!#
/)#0
/0
� #&�"-!"=
�!�%
P3Q2

P3Q#
�� 
"��
)# -
�#
�
� �!� 1�"-!�!�"
���
� �)�"!"=
�"
69,
��
�
#������ 
1*! "�2

3"0
")./ �
��
P3Q#
1�"
/ 
 "1�)"� � -
-)�!"=
�% &��1 ##!"=
��
�
=!5 "
69,2

3
P3Q
� #&�"# 
��
�
���"#�1�!�"
-� #
"��
1�"#�!�)� 
�"
 ����
�"-
!#
"��
1�)"� -�#
�" 
��
�% 
�%�  
 ����#
- #1�!/ -
�/�5 2RSTSUSV
WXYZ[\
]̂_Z̀��� �.
&!& #
- *!5 �
-���
!"
�% 
-���
&�1: �
&���!�"
��
/)#
���"#�1�!�"#
�!�%
"�
E�F>� 4)!� -
#��)1�)� 
�"�% 
-���
1�"� "�2

(���
�*��#
!"
��
�" 
 "-
��
�
#�� �.
&!& 
�"-
�)�
�% 
��% �
 "-
!"
�% 
#�. 
��- �2

��� �.&!& #
�� 
�*��0#
)"!>-!� 1�!�"�*
!"
�% !�
1�..)"!1��!�"
�*��2(���
�*��!"=
�%��)=%
�
#�� �.
&!& 
!#
 K& 1� -
��
!"� ��1�
�!�%
�%��
�% 
E�F
/ *! 5 #
!#
�
#!"=* 
1*! "�2?% 
E�F
�0#� .
������� 
!#
"��
� 4)!� -
��
&��5!- 
#0"1%��"!L��!�"
/ ��  "
.)*�!&* 
1*! "�#
�%��
.�0
/ )#!"=
�% 
#�. 
#�� �.
&!& 2

(���
&� # "� -
��
�
#�� �.
&!& 
!#
.�5 -
�%��)=%
�% 
&!& 
!"
# 4) "�!�*
��- �N�!�#�>!"@
�!�#�>�)�23
#�� �.
&!& 
��
�
- 5!1 
!#
/�)"-
��
�
#!"=* 
- 5!1 
 "-&�!"�
")./ �
!"
�% 
�&&��&�!�� 
-!� 1�!�"
;!2 2@1��� #&�"-!"=
��
�"
6P
��
8E?
��: "
�#
- �!" -
/0
�% 
&����1�*
*�0 �<2

?% 
- 5!1 
 "-&�!"�
")./ �
���
�% �&&�#!� 
-!� 1�!�"
1�"
/ 
)# -
���
#�. 
��% �
#�� �.
&!& 
��
�% 
- 5!1 2
LGE-1010 / Page 63 of 650



��������	
�����	
�
�
�������������
��������
���

��

������
� ��!
!"��#��
$"%&'
 !#()�#*#"!'
�*+
 *����"��
���*!,��
�-��!'
.) ()
���
�/�%� *�+
 *
%����
!�(� #*!01232424
5677896
:;<67=�!!�>�
� ��!
 *����(�
. �)
�)�
�*+�# *�
 *
�
+ ,,���*�
��**��
�)�*
!�����
� ��!0

? �!�'
�
��@"�!�
 !
!�*�
�#�)�
A�B
+�C (�
,�#�
�)�
)#!�0

D) !
��@"�!�
 !
,#%%#.�+
$-
+���
���*!,��E!F
 *
�)�
����#�� ���
+ ��(� #*0? *�%%-'
�
����"!
!��>�
,#%%#.!
��
!#��
%����
� ��0

G*
#�+��
�#
�((#��#+���
�)�
��@"�!�H+���H!���"!����+ >�'
��!!�>�
� ��!
 ��#!�
�
!��"(�"��
#*
�)�
(#��"* (�� #*
,%#.
�)��
�%%#.!
(#���*+!
�#
$���% �$%-
 +�*� , �+
�*+
(#��"* (���+0

=�!!�>�
� ��!
�%%#.
(#��"* (�� #*
,%#.
 *
$#�)
+ ��(� #*!'�%�)#">)
�)�
(#��"* (�� #*
,%#.
��-
$�
���+#� *���%-
#*�
.�-0

D)�
I�,�"%�
J#*��#%
K ��
 !
�%.�-!
���!!�>�
� ��0D)�
A�B
�-!���
�#,�.���
�*!"��!
�)��
�"%� �%�
��@"�!�!
���
*#�
!�*�
�#
�
��!!�>�
� ��
(#*("���*�%-0

L+�C (�
 !
��@" ��+
�#
!��C (�
#*%-
�
! *>%�
��!!�>�
��@"�!�
��
�
� ��
���
��!!�>�
� ��0

="%� �%�
!#,�.���(% �*�!
#*
�)�
)#!�
(�*
��&�
��@"�!�!
C �
�)�
I�,�"%�
J#*��#%
K ��'
$"�
�)�-
���
!�*�
�#
�)�
+�C (�
 *
�
, �!�M *'
, �!�M#"�
#�+��0

L
+�C (�
(�*
(#*��#%
�)�
,%#.
#,
 *,#���� #*
+"� *>
�)�
I���
�*+
����"!
!��>�!
$�!�+
#* �!
�$ % �-
�#
��!�#*+
�#
�)�
)#!�
���*!�(� #*!
E��,��
�#
J)�����
N
,#�
�#��
+��� %!F0L
��!!�>�
� ��
. %%
*#�
*#���%%-
$�
!�*�
�)�
*�/�
��!!�>�
,�#�
�)�
)#!�
"*� %
�)�
("���*�
��!!�>�O!��#(�!! *>
��
�)�
+�C (�
)�!
$��*
(#��%���+0

P#.�C��'
�)���
���
���#�
(#*+ � #*!
.)���$-
�
��!!�>����*!,��
(�*
$�
�$#���+
$-
�)�
)#!�
�*+
�)�
��!!�>�
� ��
(�*
$�
!�*�
�
*�.
��!!�>�
���*!,��
������"��%-E,�#�
�)�
+�C (�O!
���!��(� C�F0

?�#�
�)�
���!��(� C�
#,
�)�
!#,�.���
��* �"%�� *>
�
��!!�>�
� ��'
�*
���#�#*
!#��
����
#,
�*
GQK
��� ��!
�)�
("���*�
GQK
�*+
�%%
@"�"�+
GQK!0

D)�
!#,�.���
(% �*�
�)��
��@"�!��+
�)�GQK
 !
*#� , �+
#,
�)�
GQK
(#��%�� #*
. �)
�*
����#�� ���
���#�
 *+ (�� #*0L
��!!�>�
� ��
�#
�
+�C (�
��@" ��!
�
! *>%�
+�C (�
�*+�# *�
*"�$��
 *
$#�)
+ ��(� #*!
EGR
�*+
SAD�#&�*!F0

D)�
A�B
+#�!
*#�
�%%#.
�
��!!�>�
� ��
�#
$�
�!!#( ���+
. �)
+ ,,���*�
�*+�# *�
*"�$��!
,#�
��()+ ��(� #*0=�!!�>�
� ��!
!"��#��
�)�
(#*��#%
���*!,��
�-��'
.) ()
 !
�/�%� *�+
 *
��(� #*
T0T012323
UV8W67
8XY
5;ZV[\V8W67A�B
�!��$% !)�!
�
]
� %% !�(#*+
� ��
$�!�
(�%%�+
�
,����
#*
�
,"%%MH%#.M!���+
$"!
�*+
�
]̂T
_!
� ��
$�!�(�%%�+
�
� (�#,����
#*
�
) >)M!���+
$"!0

L
E� (�#F,����
(�*
(#*�� *
!�C���%
���*!�(� #*!0

̀�()
���*!,���-��
+�, *�!
.)��
���*!�(� #*!
���
�%%#.�+
. �) *
�
E� (�#F,����
,#�
�*
�*+�# *�0

G!#()�#*#"!
�*+
 *����"���*+�# *�!
���
> C�*
#��#��"* � �!
�#
�)�
$"!
�C��-
R
E� (�#F,����!0

D)�
C�%"�!
#,
R
�*+
#�)��
+��� %!
�$#"� !#()�#*#"!
�*+
 *����"��
���*!,��!
���
+�!(� $�+
 *
��(� #*!
T0a
�*+
T0b012c
dV8X7\6V
de<67D)�
A�B
���*!�#��!
+���
�)�#">)
�
� ��
$��.��*
�
���#�-
$",,��
�!!#( ���+
. �)
�
!#,�.���
(% �*�
#*
�)�)#!�
�*+
�*
�*+�# *�
#*
�)�
A�B
+�C (�0

I���
���*!�#���+
$-
��!!�>�
� ��!
 !
(��� �+
 *
�
A�BM+�, *�+!��"(�"��'
$"�
�)�
A�B
�%%#.!
+�C (�M!��( , (
!��"(�"��+
+���
�#
$�
���*!�#���+
. �) *
�)�
A�BM+�, *�+��!!�>�
+���
��-%#�+0

D)�
A�B
�%!#
+�, *�!
�)��
+���
�#C�+
#C��
�)�
$"!
 !
��(&�� f�+
,#�
�*-
� ��E!�����
#�
��!!�>�F'
$"�
"%� ����%-
�)�
,#����� *>
�*+
 *��������� #*
#,
�)�
+���
���*!�#���+
 *
�)�
+�����-%#�+
#,
�
$"!
���*!�(� #*
 !
�)�
��!�#*! $ % �-
#,
�)�
(% �*�
!#,�.���
�*+
,"*(� #*
"! *>
�)�
� ��0P#.�C��'
�)�
A�B
��#C +�!
+ ,,���*�
���*!,��
�-��!
�)��
���
#�� � f�+
�#
�#��
(%#!�%-
���()
�)�
!��C (���@" ����*�!
#,
�)�
(% �*�
!#,�.���
�*+
,"*(� #*
"! *>
�)�
� ��0

L*
GQK
"!�!
#*�
#�
�#��
$"!
���*!�(� #*!�#
�#C�
 *,#���� #*
$��.��*
�
!#,�.���
(% �*�
�*+
 �!
,"*(� #*0�̀()
���*!,��
�-��
+����� *�!
C�� #"!
()���(��� !� (!
#,
�)�
(#��"* (�� #*
,%#.
 *(%"+ *>
�)�
,#%%#. *>gh
 I���
,#����
 ��#!�+
$-
�)�
A�Bh
 I ��(� #*
#,
(#��"* (�� #*
,%#.h
 K�(&��
! f�
(#*!��� *�!
LGE-1010 / Page 64 of 650



��������	
�����	
�
�
�������������
��������
���

��

�
 ���
������
� !�"#�$!"��
 %�"�!�&
� !�"#�$!"��
 '�(�$#�)
)�"�
��(��!����
 *## #
+�!),$!-.+�
)��$-!�#�
 /
�
01�
)�2$��
�+  ��
"+�
��3�4$,$"$��
/ #
"+�
)�2$��5�
�!)3 $!"�6

7+�!
�
3$3�
$���"�4,$�+�)
/ #
�!
�!)3 $!"8
9 �"
 /
"+�
3$3�5�
"#�!�/�#
�+�#��"�#$�"$��
�#�
)�"�#9$!�)
�!)
#�9�$!
/$:�)
/ #"+�
,$/�"$9�
 /
"+�
3$3�6

.#�!�/�#
�+�#��"�#$�"$��
"+�"
��!
4�
9 )$/$�)
�#�
)���#$4�)
/ #
���+
"#�!�/�#
"&3�6.+�
01�
)�/$!��
/ �#
"#�!�/�#
"&3��;�
 < !"# ,
.#�!�/�#�;

��#�"&8
! !=3�#$ )$�8
+ �"
� /">�#�=$!$"$�"�)
#�(���"?#��3 !��
� 99�!$��"$ !8"&3$��,,&
���)
/ #
� 99�!)?�"�"��
 3�#�"$ !�6�
 @� �+# ! ��
.#�!�/�#�;

A�#$ )$�8
� !"$!� ��
� 99�!$��"$ !
4�">��!
+ �"
�!)
)�2$��8
"&3$��,,&
���)/ #
"$9�=#�,�2�!"
$!/ #9�"$ !6

.+$�
"#�!�/�#
"&3�
�,� 
3#���#2��
"+�
� !��3"
 /
"$9�
�!��3��,�"�)
$!
"+�)�"�6

.+$�
) ��
! "
$93,&8
+ >�2�#8
"+�"
"+�
)�,$2�#&
!��)�
 /
���+
)�"�
$�
�,>�&�
"$9�=�#$"$��,6�
 @!"�##�3"
.#�!�/�#�;

% >=/#�(��!�&8
4 �!)�)=,�"�!�&
� 99�!$��"$ !6�
 ��,B
.#�!�/�#�;

C !=3�#$ )$�8
,�#-�=3��B�"
4�#�"&
� 99�!$��"$ !8
"&3$��,,&
���)
/ #
)�"�
"+�"
��!
����!&
�2�$,�4,�
4�!)>$)"+
�!)
��!
�,� 
4�
)�,�&�)
�!"$,
4�!)>$)"+
$�
�2�$,�4,�6*��+
"#�!�/�#
"&3�
$�
)���#$4�)
$!
)�"�$,
$!
"+�
/ ,, >$!-
/ �#
9�D #
���"$ !�6

.+�
)�"�
/ #
�!&
@'A
$���##$�)
4&
"+�
)�"�
/$�,)
 /
"+�
)�"�
3��B�"
��
)���#$4�)
$!
1��"$ !
E6F6G6

<+�3"�#
E
�,� 
)���#$4��
)�"�$,�
 /"+�
3# " � ,
"+�"
�#�
�//��"�)
4&
���
 /
���+
3�#"$��,�#
"#�!�/�#
"&3�6HIJIK
LMNOP
QMORSOMTUVW
XYMZ[OP\.+�
/ ,, >$!-
���"$ !�
)���#$4�
���+
 /
"+�
01�
"#�!�/�#
"&3��6

@!
"+���
���"$ !�8
"+�#�
�#�
"�4,��
"+�"$,,��"#�"�
"+�
9�:$9�9
!�94�#
 /
"#�!���"$ !�
"+�"
��!
4�
�:3��"�)
" 
4�
� !"�$!�)
$!
�
]9$�# ̂/#�9�6.+���
"�4,��
��!
4�
���)
" 
)�"�#9$!�
"+�
9�:$9�9
3�#/ #9�!��
4�+�2$ #
3 ��$4,�
/ #
�
�3��$/$�
"#�!�/�#"&3�6

_�"��,
3�#/ #9�!��
9�&
2�#&
>$"+
�3��$/$�
�&�"�9
$93,�9�!"�"$ !
)�"�$,�6*��+
"�4,�
�+ >�;�
 .+�
3# " � ,
 2�#+��)
#�(�$#�)
/ #
"+�
�3��$/$�
"#�!�/�#
"&3�
]�!)
�3��)̂�
  ̀#
� 9�
��93,�
)�"�
3�&, �)
�$a��;b
.+�
9�:$9�9
���"�$!�)
4�!)>$)"+
3 ��$4,�
/ #
"+$�
����b
.+�
3�#��!"�-�
 /
�
]9$�# ̂/#�9�
"+�"
���+
"#�!���"$ !
#�(�$#��b
.+�
9�:$9�9
!�94�#
 /
"#�!���"$ !�
$!
�
]9$�# ̂/#�9�
/ #
"+�
�3��$/$�
����b
.+�
#�9�$!$!-
4&"��
$!
�
]9$�# ̂/#�9�
"+�"
> �,)
! "
4�
#�(�$#�)
/ #
"+�
�3��$/$�
����b
.+�
" "�,
!�94�#
 /
)�"�
4&"��
"#�!�3 #"�)
$!
�
�$!-,�
]9$�# ̂/#�9�
/ #
"+�
�3��$/$�
����_
"#�!���"$ !
 /
�
3�#"$��,�#
"#�!�/�#
"&3�
"&3$��,,&
#�(�$#��
9�,"$3,�
3��B�"�6
.+�
3# " � ,
 2�#+��)
/ #���+
"#�!���"$ !
$!�,�)��;�
 _
1cC<
/$�,)
/ #
���+
3��B�";

�$"+�#
E
4$"�
]/�,,=?, >=�3��)̂
 #
Fd
4$"�
]+$-+=�3��)̂�
 _
A@e
4&"�
/ #
���+
3��B�";

$!�,�)��
A@e
�!)
A@e
$!2�#"
]�+��B̂
4$"��
 _!
*fA
/ #
���+
3��B�";

F
4$"�
]/�,,=?, >=�3��)̂
 #
E
4$"�
]+$-+=�3��)̂�
 @!
�
" B�!
3��B�"8
"+�
�!)3 $!"
!�94�#8
)�2$��
�))#���8
�!)
<'<g
/$�,)�
]hi
4$"�
" "�,̂
LGE-1010 / Page 65 of 650



��������	
�����	
�
�
�������������
��������
���

��

�
 ��
�
����
�� !"�#
$%$&'
()"*�+
,&'
-)�+
�.��*/�
 ��
�
����
�� !"�#
��0
����
()"*�
,1
-)�+
�"2
-0�"/�
 3.2
�2��+� �).�
4)�5
67*�)�*"
�� !"�+#
�5"
)��"2
�� !"�
8��
.2
-7+
�72��2.7��
�)6"
2"97)2"�:3.2
�5"+"
 �* 7*��).�+#
�5"2"
)+
�++76"�
�.
-"
�.
-)�;+�7(()�8
2"97)2"�:<+)�8
�5"
*.4
+�""�
)��"227��
=<>
�+
��
"?�6�*"#
�5"2"
�2"
@
�� !"�+
)�
�5"
�2��+� �).�A�
 B
C%D
+�" )�*
�� !"��
 B
�.!"�
�� !"��
 B
C%D
+�" )�*
�� !"��
 B
����
�� !"��
 B
5���+5�!"
�� !"�>5"2"
)+
.�"
-7+
�72��2.7��
-"�4""�
�5"
����
���
5���+5�!"
�� !"�+:
>5"
�2.�. .*
.E"25"��
)+
�5"2"(.2"A@
FGH$#
@
C�I#
D���.)��
J
$%$@#
$%$&'#
@
D=C+
���
)��"2�� !"�
�"*�0
,.�"
-7+
�72��2.7��#
&
�"*�0-"�4""�
�� !"�+#
���
K
57-
+"�7�
�)6"+/:LML
NOPQROS
TRUPVWXRV$.��2.*
�2��+("2+
�**.4
�  "++
�.
�)(("2"��
��2�+
.(
�
�"E) ":

$.��2.*
�2��+("2+
�2"
)��"��"�
�.
+7��.2� .�()872��).�Y .66���Y+���7+
�0�"
 .667�) ��).�
(*.4+
-"�4""�
 *)"��
+.(�4�2"
���
)�+
(7� �).�:

B .��2.*
�2��+("2
)+
 .6�.+"�
.(
�
F"�7�
-7+
�2��+� �).�
6.E)�8
2"97"+�
)�(.26��).�
(2.6
5.+�
�.
(7� �).�#Z"2.
.2
6.2"
I���
�2��+� �).�+
+"��)�8
����
)�
�5"
�)2" �).�
)��) ��"�
-0
�5"
F"�7�
�2��+� �).�#
���
�
F���7+�2��+� �).�
2"�72�)�8
+���7+
)�(.26��).�
(2.6
(7� �).�
�.
5.+�:

>5"
F���7+
�2��+� �).�
2"�72�+
[+7  "++\45"�
�5"
"���.)��
5�+
+7  "++(7**0
 .6�*"�"�
�2. "++)�8
�5"
2"97"+�"�
.�"2��).�:

F" �).�
1:@:]
�"+ 2)-"+�5"
�"��)*+
.(
45��
�� !"�+#
-7+
�2��+� �).�+#
���
�2��+� �).�
+"97"� "+
�2"
7+"�
�.
�  .6�*)+5
�
 .��2.*�2��+("2:

$5���"2
̂
�"+ 2)-"+
�5"
�"��)*+
.(
�5"
�"()�"�
<F_
 .66���
 .�"+:D� 5
<F_
�"E) "
)+
2"97)2"�
�.
)6�*"6"��
�5"
I"(�7*�
$.��2.*
C)�"
�+
�
6"++�8"
�)�":

>5)+
�)�"
)+
7+"�
-0�5"
<F_
F0+�"6
F.(�4�2":

>5"
I"(�7*�
$.��2.*
C)�"
�2.E)�"+
�  "++
�.
�5"
<F_
�"E) "̀+
 .�()872��).�#+���7+#
���
 .��2.*
)�(.26��).�:

B
(7� �).�
 ��#
-7�
)+
�.�
2"97)2"�
�.#
�2.E)�"
"���.)��+
(.2
���)�).��* .��2.*
�)�"+
(.2
)�+
.4�
)6�*"6"����).�
�""�+:>5"
<F_
�"E) "
(2�6"4.2!
,2"("2
�.
$5���"2
̂/
�"()�"+
+�����2�#
�"E) "
 *�++#
.2
E"��.2;+�" )() 
2"97"+�+�5��
 ��
-"
7+"�
�.
6��)�7*��"
�
�"E) "̀+
+���":

I"+ 2)��.2+
�2"
�*+.
�"()�"�
�5��
 ��
-"
7+"�
�.
 .���)��)(("2"��
)�(.26��).�
.�
�5"
�"E) ":

$.��2.*
�2��+("2+
�2.E)�"
�5"
�2��+�.2�
6" 5��)+6
�.
�  "++
�"E) "�"+ 2)��.2+
���
6�!"
2"97"+�+
.(
�
�"E) "
�.
6��)�7*��"
)�+
-"5�E).2:$.��2.*
�2��+("2+
�2"
 �22)"�
.�*0
�52.785
6"++�8"
�)�"+:

$.�+"97"��*0#
����
(*.4+
7+)�8
 .��2.*
�2��+("2+67+�
��5"2"
�.
<F_
����
+�27 �72"
�"()�)�).�+
�+
�"+ 2)-"�
)�
F" �).�
@:@:&:>5"
<F_
+0+�"6
4)**
6�!"
�
[-"+�
"((.2�\
�.
+7��.2�
�"*)E"20
.(
 .��2.*
�2��+("2+
-"�4""�
�5"
5.+�
����"E) "+:

B
(7� �).�
���
)�+
 *)"��
+.(�4�2"
 ���.�
2"97"+�
+�" )() 
-7+
�  "++
(2"97"� 0
.2
-���4)��5
(.2 .��2.*
�2��+("2+:

>5"
<F_
F0+�"6
F.(�4�2"
6�0
2"+�2) �
�5"
-7+
�  "++
���
-���4)��5
�5��
�
�"E) "
6�0�"+)2"
(.2
 .��2.*
�2��+("2+:

>5"+"
2"+�2) �).�+
�2"
�"()�"�
)�
F" �).�
@:@:]
���
F" �).�
@:@:a:LMLMb
NOPQROS
TRUPVWXR
cUQU
dOReUQ>5"
F"�7�
�� !"�
5�+
�
<F_;�"()�"�
+�27 �72"
�5��
�  .66.���"+
�5"
6)�)676
+"�
.(
 .66���+
2"97)2"��.
"��-*"
 .667�) ��).�
-"�4""�
�5"
5.+�
���
�
�"E) ":

>5"
+�27 �72"
�"()�)�).�
�**.4+
E"��.2;+�" )() "?�"�+).�+
(.2
�"E) "
+�" )() 
 .66���+:

>5"
I���
�2��+� �).�+
(.**.4)�8
F"�7�
5�E"
�
<F_;�"()�"�+�27 �72"
"? "��
45"�
 �220)�8
E"��.2;+�" )() 
)�(.26��).�:

>5"
F���7+
�2��+� �).�
�*+.
5�+
�
<F_;�"()�"�+�27 �72":

F�" )() 
 .��2.*
�2��+("2
F"�7�YI���
�"()�)�).�+
�2"
�"+ 2)-"�
)�
F" �).�
1:@:]
���
$5���"2
̂:
LGE-1010 / Page 66 of 650



��������	
�����	
�
�
�������������
��������
���

��

�����
���� �!
" #�$%& 
'( &)�(��*+,-.+/
-.0,123.1
0.3
1455+.-36
780
98:68.3;-8+,0/
;+<<4,8;0-8+,
2/+=
+73.
<3110>3
58531?

@1
0;+,13A43,;3B
=C3,
0
;+,-.+/
5853
81
;+,28>4.36B
8-
4131
9+-C
-C3
8,54-
0,6
+4-54-
3,65+8,-
=8-C
-C3
153;828363,65+8,-
,4<93.?����D
���� �!
" #�$%& 
E#)F&�
G(H&
���$� #(��$@,
3,65+8,-
2+.
;+,-.+/
-.0,123.1
153;82831
-C3
<0I8<4<
60-0
50J/+06
18K3
-C0-
-C3
3,65+8,-
;0,
0;;35-
2.+<+.
-.0,1<8-
-+
-C3
941?
LC3
0//+=09/3
<0I8<4<
;+,-.+/
-.0,123.
60-0
50J/+06
18K31
2+.
24//:15336
6378;31
81MB
NOB
PQB
+.
OR
9J-31S
2+.
C8>C:15336
6378;31B
8-
81
OR
9J-31
0,6
2+.
/+=:15336
6378;31B
8-
81
M
9J-31?

LC81<0I8<4<
055/831
-+
-C3
60-0
50J/+061
+2
-C3
T0-0
50;U3-1
2+//+=8,>
0
V3-45S
8?3?B
-C3
18K3
153;82836
81
2+.-C3
60-0
283/6
+2
-C3
50;U3-
01
6328,36
8,
*C05-3.
MB
,+-
8,;/468,>
+-C3.
8,2+.<0-8+,
-C0-
81
.3A48.36
9J
-C35.+-+;+/?

@
V3-45
50;U3-
81
0/=0J1
38>C-
9J-31?

@
;+,-.+/
5853
W8,;/468,>
-C3
T3204/-
*+,-.+/
X853Y
0/=0J14131
8-1
Z[\]̂\_̀abcdea
70/43
2+.
60-0
50J/+061?@,
3,65+8,-
.35+.-1
8,
8-1
;+,28>4.0-8+,
8,2+.<0-8+,
-C3
70/43
2+.
8-1
<0I8<4<
60-0
50J/+06
18K3?

LC3
fVg6+31
,+-
.3A48.3
-C0-
60-0
50J/+061
-.0,1<8--36
93
3I0;-/J
-C3
<0I8<4<
18K3S
8?3?B
82
0
60-0
50J/+06
81
/311-C0,
-C3
<0I8<4<B
8-
6+31
,+-
,336
-+
93
506636
-+
-C3
<0I8<4<
18K3?@//
h+1-
*+,-.+//3.1
0.3
.3A48.36
-+
C073
1455+.-
2+.
M:B
NO:B
PQ:B
0,6
OR:9J-3
<0I8<4<
60-0
50J/+06
18K312+.
24//:15336
;+,-.+/
3,65+8,-1B
+,/J
M:9J-3
<0I8<4<
60-0
50J/+06
18K31
2+.
/+=:15336
;+,-.+/
3,65+8,-1B0,6
+,/J
OR:9J-3
<0I8<4<
60-0
50J/+06
18K3
2+.
C8>C:15336
;+,-.+/
3,65+8,-1?

i+
h+1-
*+,-.+//3.
81.3A48.36
-+
1455+.-
/0.>3.
+.
1<0//3.
<0I8<4<
60-0
50J/+06
18K31?j,
+.63.
-+
63-3.<8,3
-C3
<0I8<4<
50;U3-
18K3
2+.
-C3
T3204/-
*+,-.+/
X853B
-C3
fVg
VJ1-3<
V+2-=0.3.3061
-C3
6378;3
631;.85-+.?

LC3
C+1-
=8//
.306
-C3
28.1-
38>C-
9J-31
+2
-C3
6378;3
631;.85-+.?

LC3
6378;30/=0J1
.315+,61
=8-C
0-
/301-
-C313
8,8-80/
9J-31
8,
0
18,>/3
50;U3-?

@2-3.
-C3
C+1-
.3061
-C3
8,8-80/
50.-
+2
-C36378;3
631;.85-+.B
8-
81
>40.0,-336
-+
C073
.306
-C81
63204/-
5853k1
Z[\]̂\_̀abcdea
283/6
W9J-3
l
+2
-C36378;3
631;.85-+.Y?

j-
=8//
-C3,
0//+=
-C3
;+..3;-
18K3
2+.
0//
14913A43,-
-.0,10;-8+,1?

m+.
0//
+-C3.
;+,-.+/3,65+8,-1B
-C3
<0I8<4<
60-0
50J/+06
18K3
81
U,+=,
02-3.
;+,28>4.0-8+,
1+
-C0-
-C3
fVg
VJ1-3<
V+2-=0.3;0,
3,14.3
-C0-
,+
60-0
50J/+06
=8//
93
13,-
-+
-C3
3,65+8,-
-C0-
81
/0.>3.
-C0,
-C3
1455+.-36
18K3?@,
3,65+8,-
<41-
0/=0J1
-.0,1<8-
60-0
50J/+061
=8-C
0
60-0
283/6
/311
-C0,
+.
3A40/
-+
-C3
3,65+8,-k1Z[\]̂\_̀abcdea
W.323.
-+
*C05-3.
nY?

oC3,
0
;+,-.+/
-.0,123.
8,7+/731
<+.3
60-0
-C0,
;0,
28-
8,
+,3
60-050J/+06
+2
-C3
;4..3,-/J
31-09/81C36
<0I8<4<
18K3B
0//
60-0
50J/+061
0.3
.3A48.36
-+
93
<0I8<4<:18K363I;35-
2+.
-C3
/01-
60-0
50J/+06B
=C8;C
=8//
;+,-08,
-C3
.3<08,8,>
60-0?LC3
T0-0
1-0>3
+2
0
;+,-.+/
-.0,123.
2.+<
0,
3,65+8,-
-+
-C3
C+1-
81
;+<5/3-3
=C3,
-C3
3,65+8,-
6+31
+,3
+2-C3
2+//+=8,>pq
 h01
-.0,123..36
3I0;-/J
-C3
0<+4,-
+2
60-0
153;82836
64.8,>
-C3
V3-45
1-0>3q
 L.0,123.1
0
50;U3-
=8-C
0
50J/+06
18K3
/311
-C0,
Z[\]̂\_̀abcdea
+.
-.0,123.1
0
K3.+:/3,>-C
50;U3-oC3,
0
T0-0
1-0>3
81
;+<5/3-3B
-C3
h+1-
*+,-.+//3.
0670,;31
-+
-C3
V-0-41
1-0>3
8,1-306
+2
;+,-8,48,>
+,=8-C
0,+-C3.
60-0
-.0,10;-8+,?

j2
-C3
h+1-
*+,-.+//3.
6+31
,+-
0670,;3
-+
-C3
V-0-41
1-0>3
=C3,
-C3
T0-01-0>3
81
;+<5/3-3B
-C3
3,65+8,-
C0/-1
-C3
5853
01
=01
+4-/8,36
8,
V3;-8+,
r?P?Q?

j2
0
/0.>3.:-C0,:3I53;-36
60-050J/+06
81
.3;38736
2.+<
-C3
3,65+8,-B
-C3
jsX
2+.
-C3
;+,-.+/
-.0,123.
=8//
93
09+.-36t.3-8.36?LC3
T0-0
1-0>3
+2
0
;+,-.+/
-.0,123.
2.+<
-C3
C+1-
-+
0,
3,65+8,-
81
;+<5/3-3
=C3,
0//
+2
-C3
60-0
C01
933,-.0,123..36?

j2
-C3
3,65+8,-
.3;38731
0
/0.>3.:-C0,:3I53;-36
60-0
50J/+06
2.+<
-C3
C+1-B
8-
C0/-1
-C3
5853?
LGE-1010 / Page 67 of 650



��������	
�����	
�
�
�������������
��������
���

��

�����
������ 
!�"�#$%�
&'#
())%##
���#��"*��#+,-./,0
./1-234/2
51-
64
7248
69
:;<:=2>448?
3700=2>448?
1-8
0,@=2>448
ABC
84D;542EF-
4-8>,;-.
:12
-,
@19
.,
;-8;51.4
1
842;/48
672
155422
3/4G74-59
3,/
1
5,-./,0
>;>4E

H:4
ABC
6101-542.:4
672
155422
/4G7;/4I4-.2
,3
100
5,-./,0
>;>42
1-8
.:4
2>45;3;5
JKL2
.:1.
1/4
>4-8;-<
.,
>/,D;84
M642.433,/.N
840;D4/9
,3
81.1
64.@44-
50;4-.
2,3.@1/4
1-8
37-5.;,-2EH:4
ABC
/4G7;/42
.:1.
>1/.
,3
415:
OI;5/,P3/1I4
64
/424/D48
.,
64
1D1;01604
3,/
724
69
5,-./,0
./1-234/2
123,00,@2QR
 J3
.:4
5,-./,0
./1-234/2
.:1.
1/4
1..4I>.48
O;-
1-
;I>04I4-.1.;,-=84>4-84-.
312:;,-P
5,-27I4
0422
.:1-STU
,3
.:4
3/1I4
.;I4
3,/
3700=V0,@=2>448
4-8>,;-.2
,/
0422
.:1-
WTU
,3
1
I;5/,3/1I4
3,/
:;<:=2>4484-8>,;-.2?
.:4
/4I1;-;-<
.;I4
51-
64
7248
.,
27>>,/.
670X
./1-234/2
O/434/
.,
B45.;,-
YEZPER
 F
5,-./,0
./1-234/
.:1.
:12
644-
1..4I>.48
1-8
-4482
.,
64
/4./;48
51-
64
/4./;48
;-
.:4
57//4-.
,/
137.7/4
OI;5/,P3/1I4[
;E4E?
;.
;2
-,.
/4G7;/48
.,
64
/4./;48
;-
.:4
21I4
OI;5/,P3/1I4ER
 J3
.:4/4
1/4
I,/4
5,-./,0
./1-234/2
.:1-
/424/D48
.;I4?
67.
.:4/4
;2
188;.;,-10
OI;5/,P3/1I4
.;I4
.:1.
;2-,.
64;-<
7248
3,/
;2,5:/,-,72
,/
;-.4//7>.
./1-234/2?
1
\,2.
+,-./,004/
I19
I,D4
188;.;,-10
5,-./,0./1-234/2
12
.:49
1/4
1D1;01604ER
 J3
.:4/4
1/4
.,,
I1-9
>4-8;-<
5,-./,0
./1-234/2
3,/
.:4
1D1;01604
OI;5/,P3/1I4
.;I4?
5,-./,0
./1-234/2
1/424045.48
.,
64
I,D48
,D4/
.:4
672
12
1>>/,>/;1.4ER
 J3
.:4/4
1/4
5,-./,0
./1-234/2
>4-8;-<
3,/
I70.;>04
4-8>,;-.2?
5,-./,0
./1-234/2
3,/
.:4
8;334/4-.
4-8>,;-.21/4
24045.48
155,/8;-<
.,
1
31;/
155422
>,0;59
.:1.
;2
\,2.
+,-./,004/
;I>04I4-.1.;,-=84>4-84-.ER
 F
./1-215.;,-
,3
1
5,-./,0
./1-234/
.:1.
;2
3/4G74-.09
64;-<
/4./;48
2:,708
-,.
64
4]>45.48
.,
5,-27I4
1-7-31;/
2:1/4
,3
.:4
672
.;I4E\;<:=2>448
5,-./,0
4-8>,;-.2
I72.
27>>,/.
.:4
LĴ_
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 Mixer Device
Driver  
 

 
  

 

 

  
    

T speaker DD
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Master Clock    

 

   
 

 

      
 

  
   

20msservice Microphone Transfer Speaker 20msservice
period Device Drive! anste Transfer Device Driver periodComplete Complete

Interrupt Interrupt

——-—|  2x160Byte Buffer +}-——/ DMA ———|  2x3528 Byte Buffer |—-————Software_. : Hardware
(2 Services, controller _ (2 Services,

160 samples perservice) 882 samples perservice)   
 

 
 

Traditional Bus

  

       

(e.g./PCI, ISA,...)
Single sarnple

transfer:

1 sample at a time 8MHz Bus Clock 1 sample at a time

Mono | \ D Stereo
, ‘ Speakers Microphone 
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Figure 5-16. Non-USB Isochronous Example
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A master clock (which can be provided by software driven from the real time clock) in the PC is used to
awaken the mixer to ask the input source for input data and to provide output data to the output sink. In this
example, assume it awakens every 20 ms. The microphoneand speakers each have their own sample clocks
that are unsynchronized with respect to each other or the master mixer clock. The microphone produces
dataat its natural rate (one-byte samples, 8,000 times a second) and the speakers consumedata at their
natural rate (four-byte samples, 44,100 times a second). The three clocks in the system can drift and jitter
with respect to each other. Each rate matcher may also be runningat a different natural rate than either the
mixerdriver, the input source/driver, or output sink/driver.

The rate matchers also monitor the long-term data rate of their device compared to the master mixer clock
and interpolate an additional sample or merge two samplesto adjust the data rate of their device to the data
rate of the mixer. This adjustment may be required every couple of seconds, but typically occurs
infrequently. The rate matchers provide someadditional buffering to carry through a rate match.

Note: Someother application might not be able to tolerate sample adjustment and would need someother
means of accommodating master clock-to-device clock drift or else would require some meansof
synchronizing the clocks to ensure that no drift could occur.

The mixer always expects to receive exactly a service period of data (20 msservice period) from its input
device and produce exactly a service period of data for its output device. The mixer can be delayed up to
less than a service period if data or space is not available from its input/output device. The mixer assumes
that such delays do not accumulate.

The input and output devices and their drivers expect to be able to put/get data in response to a hardware
interrupt from the DMA controller when their transducer has processed one service period of data. They
expect to get/put exactly one service period of data. The input device produces 160 bytes (ten samples)
every service period of 20 ms. The output device consumes3,528 bytes (882 samples) every 20 ms service
period. The DMA controller can move a single sample between the device and the host buffer at a rate
muchfaster than the sample rate of either device.

The input and output device drivers provide two service periods of system buffering. One buffer is always
being processed by the DMA controller. The other buffer is guaranteed to be ready before the current
buffer is exhausted. Whenthe current buffer is emptied, the hardware interrupt awakens the device driver
andit calls the rate matcherto give it the buffer. The device driver requests a new IRP with the buffer
before the current buffer is exhausted.

The devices can provide two samples of data buffering to ensure that they always have a sample to process
for the next sample period while the system is reacting to the previous/next sample.

The service periods of the drivers are chosen to survive interrupt latency variabilities that may be present in
the operating system environment. Different operating system environments will require different service
periods for reliable operation. The service periods are also selected to place a minimum interrupt load on
the system, because there may be other software in the system that requires processing time.
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This specification provides the necessary framework to implement synchronization as described above (see

Chapter 9). However, exactly how the desired data rate F, is derived from the data rate of the implied
feedback endpoint is implementation-dependent.

5.12.4.4 Connectivity
In order to fully describe the source-to-sink connectivity process, an interconnect modelis presented. The
model indicates the different components involved and how they interact to establish the connection.

The model provides for multi-source/multi-sink situations. Figure 5-18 illustrates a typical situation (highly
condensed and incomplete). A physical device is connected to the host application software through
different hardware and software layers as described in this specification. At the client interface level, a
virtual device is presented to the application. From the application standpoint, only virtual devices exist. It
is up to the device driver and client software to decide what the exact relation is between physical and
virtual device.
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Host Environment

D-ROM

\ ; Device
'Physical Sources! Driver

Client

Isoc. Pipe Device

Driver
Source Client

Isoc. Pipe Device
Driver

Source Client

Virtual Sources!

USB Environment Application

Isoc. Pipe i

Driver

Isoc. Pipe Device
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Clientw)w)a.a<<gg

Hard Disk

Figure 5-18. Example Source/Sink Connectivity

Device manufacturers (or operating system vendors) must provide the necessary device driver software and
client interface software to convert their device from the physical implementation to a USB-compliant
software implementation (the virtual device). As stated before, depending on the capabilities built into this
software, the virtual device can exhibit different synchronization behavior from the physical device.
However, the synchronization classification applies equally to both physical and virtual devices. All
physical devices belong to one of the three possible synchronization types. Therefore, the capabilities that
have to be built into the device driver and/or client software are the same as the capabilities of a physical
device. The word “application” must be replaced by “device driver/client software.” In the case of a
physical source to virtual source connection, “virtual source device” must be replaced by “physical source
device” and “virtual sink device” must be replaced by “virtual source device.” In the case of a virtual sink
to physical sink connection,“virtual source device” must be replaced by “virtual sink device” and “virtual
sink device” must be replaced by “physical sink device.”
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̂@DO@8
DO>
U;9A@8P
=K8P>
;]
DO>
KMKTD@b>
6@8A\
K
]>>MDO=;<PO
9;88>9D@;8
9K8
N>
>6DKNU@6O>MFH6;

̀
H6@
K8M
N;DO
K=>
M>D>=[@8>M
N7
DO>
6;<=9>
K8M
U;9A>M
D;
:GHF_]
H6@
]KUU6
;<D6@M>
DO>
U;9A@8P
=K8P>
;]
DO>
KMKTD@b>
6@8A\
6789O=;8;<6
B5
@6
M;8>
@8
DO>
O;6D
D;
T=;b@M>K8
H6;
DOKD
@6
̂@DO@8
DO>
U;9A@8P
=K8P>
;]
DO>
KMKTD@b>
6@8AFYF
dO>
KTTU@9KD@;8
̂@UU
<6>
]>>MNK9A
9;8D=;U
D;
6>D
H6;
;]
DO>
KMKTD@b>
6;<=9>
̂O>8
DO>
9;88>9D@;8
@6
6>D<TF

dO>
KMKTD@b>
6;<=9>
;T>=KD>6
K6
K8
K6789O=;8;<6
6;<=9>
@8
DO>
KN6>89>
;]
;8P;@8P
]>>MNK9A@8];=[KD@;8
K8M
C;D>
W
KTTU@>6F
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2m_ecdẁcu{_auc
Gmc̀f_de
jw?Gk
|btxê
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:;<=>?@?ABQBQ@?VX
_?AM
=
X=;XN
?S
?VANVUNUOV@B
AO
T<OU;QN
WNQM=V?Q=@
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Uê fYeYc̀b̀Ugc
hiU_i
fbXVYfj
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XYaUàbc_Y
rXge
Yb_i
hUXY
̀g
VXgWc]o

ziY
pbfWY
gr
̀iUa
XYaUàbc_Y
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U]fY
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��
gX
�[
fUcYao

ziUa
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Universal Serial Bus Specification Revision 2.0

The magnitude of the current source and the value of the termination resistors are controlled to specified
tolerances, and together they determine the actual voltage drive levels. The DC resistance from D+ or D- to the
device groundis required to be 45 Q +10% when measured without a load, and the differential output voltage
measured acrossthelines (in either the J or K state) must be +400 mV +10% when D+ andD-are terminated
with precision 45 Q resistors to ground.

The differential voltage developed across the lines is used for three purposes:

e A differential receiver at the receiving end of the cable receives the differential data signal.

e A differential envelope detector at the receiving end of the cable determines whenthe link is in the Squelch
state. A receiver uses squelch detection as indication that the signal at its connectoris not valid.

e Inthe case of a downstream facing hub transceiver, a differential envelope detector monitors whether the
signal at its connectoris in the high-speed state. A downstream facing transceiver operating in high-speed
modeis required to test for this state at a particular point in time whenit is transmitting a SOF packet, as
described in Section 7.1.7.3. This is used to detect device disconnection. In the absence of the far end

terminations, the differential voltage will nominally double (as compared to when a high-speed device is
present) when a high-speed J or K are continuously driven for a period exceeding the round-trip delay for
the cable and board-traces between the two transceivers.

USB2.0 requires that a downstream facing transceiver must be able to operate in low-speed, full-speed, and
high-speed signaling modes. An upstream facing high-speed capable transceiver must not operate in low-speed
signaling mode, but must be able to operate in full-speed signaling mode. Therefore, a 1.5 kQ pull-up on the D-
line is not allowed for a high-speed capable device, since a high-speed capable transceiver must never signal
low-speed operation to the hub port to which it is attached.

Table 7-1 describes the required functional elements of a high-speed capable transceiver, using the diagram
shown in Figure 7-1 as an example.
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Universal Serial Bus Specification Revision 2.0

Buffer Output Imped.(Zur)

Rs 
 
 

D+ (28Q to 44Q Equiv.Imped.)

Identical

CMOS

a Buffers

 

  D- (28Q to 44Q Equiv. Imped.)

Figure 7-3. Example Full-speed CMOSDriver Circuit (non High-speed capable)

Full-speed Buffers in Transceivers Which are Not High-speed Capable

The buffer impedance must be measured for driving high as well as driving low. Figure 7-4 showsthe
composite V/I characteristics for the full-speed drivers with included series dampingresistor (RS). The
characteristics are normalized to the steady-state, unloaded output swing of the driver. The normalized driver
characteristics are found by dividing the measured voltages and currents by the actual swing of the driver under
test. The normalized V/I curve for the driver mustfall entirely inside the shaded region. The V/I regionis
bounded by the minimum driver impedance above and the maximum driver impedance below. The minimum
drive regionis intersected by a constant current region of |6.1 VOH| mA whendriving low and -|6.1 VOH| mA
when driving high. In the special case ofa full-speed driver which is driving low, and whichis part ofa high-
speed capable transceiver, the low drive region is intersected by a constant current region of 22.0 mA. This is
the minimum current drive level necessary to ensure that the waveform at the receiver crosses the opposite
single-ended switching level on thefirst reflection.

Whentesting, the current into or out of the device need not exceed +10.71*VOH mAandthe voltage applied to
D+/D- need not exceed 0.3*VOHfor the drive low case and need not drop below 0.7*VOHforthe drive high
case.

Full-speed Buffers in High-speed Capable Transceivers

Figure 7-5 showsthe V/I characteristics for a Full-speed buffer whichis part of a high-speed capable
transceiver. The output impedance, Zusprv (including the contribution of Rs), is required to be between 40.5 O
and 49.5 Q. Additionally, the output voltage must be within 10mV of ground when nocurrentis flowing in or
out of the pin (VHSTERM).
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Universal Serial Bus Specification Revision 2.0

drive low

lout
(mA)

Slope = 1/28Q
“a

10.71 * [Vou Test Limit

6.1 * [Vou 
2.32

0 _!
080.3V 0.27°VonH=:0.3*Von Vout (Volts) Vou

0

drive high SI 4/440
ope = he

-6.1*|Vou|

-10.71 * [Voul Test Limit Slope - 1/28Q

lout
(mA) 

0 Vout (Volts) 0.7*Von 0.73*Von Vou

Figure 7-4. Full-speed Buffer V/I Characteristics
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RŜR
_[abŜ
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UŜR�e�RjZS
̂VQ\b
eb
�edjZS
�]��k

�b
SeRVSZ
iâSy
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ûv̀ BB@kCNDC
Q̀aB̂CA@DO
b̀ACP fg YQE@
?̀A
rW
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\]̂_Z̀]_̂� $
"#.&#
')
.
%./a$#
��KL�
!"
"!=1.5$(
,;
# $
'&!=!1.#!1=
%'&#
,;
(&!-!1=
# $
�C
.1(
�@
5!1$"
)&'*
# $
T(5$
"#.#$#'
# $
'%%'"!#$
5'=!/
5$-$5
�l
"#.#$�0

� !"
"<!#/ 
!1
5$-$5"
&$%&$"$1#"
# $
)!&"#
,!#
')
# $
�8m7
)!$5(0

?+,"
*+"#5!*!#
# $
/ .1=$
!1
# $
<!(# 
')
# $
)!&"#
,!#
')
�KL
< $1
!#
!"
&$#&.1"*!##$(
#'
5$""
# .1
n
4
1"0

�!"#'&#!'1
/.1
,$*!1!*!o$(
,;
*.#/ !1=
# $
1'*!1.5
(.#.
($5.;
# &'+= 
# $
 +,
<!# 
# $
'+#%+#
$1.,5$
($5.;
')
# $
 +,0� $
�D>
"#.#$
!"
+"$(
#'
"!=1.5
.1
$1(@')@%./a$#
�DKL�0

DKL
<!55
,$
"!=1.5$(
,;
(&!-!1=
�C
.1(
�@
#'
# $
�D>"#.#$
)'&
#<'
,!#
#!*$"
)'55'<$(
,;
(&!-!1=
# $
5!1$"
#'
# $
p
"#.#$
)'&
'1$
,!#
#!*$0

� $
#&.1"!#!'1
)&'*
# $
�D>
#'# $
p
"#.#$
($)!1$"
# $
$1(
')
# $
%./a$#
.#
# $
&$/$!-$&0

� $
p
"#.#$
!"
.""$&#$(
)'&
'1$
,!#
#!*$
.1(
# $1
,'# 
# $�C
.1(
�@
'+#%+#
(&!-$&"
.&$
%5./$(
!1
# $!&
 != @!*%$(.1/$
"#.#$0

� $
,+"
#$&*!1.#!'1
&$"!"#'&"
 '5(
# $
,+"
!1# $
T(5$
"#.#$0

M!=+&$
2@O>
" '<"
# $
"!=1.5!1=
)'&
"#.&#
.1(
$1(
')
.
%./a$#0
LGE-1010 / Page 179 of 650



��������	
�����	
�
�
�������������
��������
���

���

������� �!"��#$ ��"��#$ �%%�!����� &'(
!)*+ ,�-(.
&�./0
1#23+.%�1
������� �!"��#$ ��"��#$ �%%�!����� "#(.
&�./0
1#23+. &'(
4-�5+�
./6
%.#.+
#.
+�)/0
7�1 &'(
!)*+&'(,*/#.(%789/-.�/�/0
7�1

:�;
��
<=>��

?�@=A�
		=����B
C��D��
E�	��;�
?���	�FGHGFGIGJ��KLM(9++)
%�K�#*��KNOP
OQROSTUPPV
WVXP
TYZYP
QT
[OP\
]̂YO
XQ\PT
Z_P
\̂ Q̀\ZXXa
ZY
bcdeNOP
T̂f_gP
̂h
YOP
UZgiPY
TQR\ZXT
YOP
jYZ_Y
̂h
kZgiPY
ljmkn
Q\
OQROSTUPPV
̀ V̂P
]a
V_QoQ\R
YOP
dp
Z\V
dS
XQ\PTh_̂̀ 
YOP
OQROSTUPPV
WVXP
TYZYP
Ŷ
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8F>?7
56
bKc
>59
95H76
H7F6E=7<
F9
947
R7=576
d
=787B9F8?7K

QD
947<7[587
4F6
F
8FB95[7
8F>?7C
947
5;97=ABF8I79
<7?FJ
]3̀RWQŴ e_
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bà
az[̀ng]̀̀[\d
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Yd\dYdY \ \j 7Sh8SF78
h8E;D8:L
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q
̀anr̂sat
auvẁo
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ò�ùpt
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gO]VÔR[YTO
]MU
SQZ[YLOL̂R[YTO
OQ_LM
[]S_LOR
]VL
WQOK
u
WvOLR
YQM\̀

ghijJ
OV]MR]SOTQMR
ZbROQMYv
QVT\TM]OL
XVQZ
OKL
KQRÒ
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LGE-1010 / Page 230 of 650



��������	
�����	
�
�
�������������
��������
���

���


�����
 �����
�� !


"
�� !


#
�� !
$
�� !


%
�� !


&
�� !


'
�� !


(
 )�*
��
+,--�

.���
)��	/012
3
4352267
892:6
;52<9892;
=12
;5226
8>?
=19;
9@=2??A5=
>?
<>@=?>:
=?B@;B<=9>@
B;
8>::>C;DE
 F
G
HA::
;5226E
 I
G
J>C
;5226H>?
KA:L
MNOPQ0
B@6
9;><1?>@>A;
MN
;=B?=R;5:9=;S
=12
3
892:6
TA;=
K2
;2=
=>
U2?>V

H>?
KA:LO<>@=?>:
MNOPQ0S9@=2??A5=
MNOPQ0S
B@6
9;><1?>@>A;
MN
;=B?=R;5:9=;S
=12
W
892:6
TA;=
K2
;2=
=>
U2?>VH>?
8A::R;5226
9;><1?>@>A;
PQ0
;=B?=R;5:9=;S
=12
3I
43=B?=7
B@6
W
4W@67
892:6;
;52<98X
1>C
=12
19Y1R;52266B=B
5BX:>B6
<>??2;5>@6;
=>
6B=B
8>?
B
8A::R;5226
6B=B
5B<L2=
B;
;1>C@
9@
0BK:2
ZR[V\�]	�
+,��

̂���_����
�
̀�\
.�a	��/
b�����
�����
c���/��*d e fghijklmmn
!�
opqqjklmmn
rs!s
tmqs!g�uv v wxyz{|}~~�
����
x|
�z~
�x���~
��
�z~
����{|}~~�
����
}������v � wxyz{|}~~�
����
x|
�z~
~��
��
�z~
����{|}~~�����
}������� v wxyz{|}~~�
����
x|
�z~
�~yx��x�y
��
�z~
����{|}~~�
����
}������� � wxyz{|}~~�
����
x|
���
��
�z~
����{|}~~�
����}�������M;><1?>@>A;
PQ0
;=B?=R;5:9=
=?B@;B<=9>@;
A;2
=12;2
2@<>69@Y;
=>
B::>C
=12
1AK
=>
62=2<=
�B?9>A;
2??>?
<B;2;6A2
=>
:B<L
>8
?2<29�9@Y
;=B?=R;5:9=
=?B@;B<=9>@;
8>?
B@
2@65>9@=
C9=1
B
6B=B
5BX:>B6
=1B=
?2�A9?2;
TA:=95:2;=B?=R;5:9=;V

H>?
2�BT5:2S
B
:B?Y2
8A::R;5226
6B=B
5BX:>B6
TBX
?2�A9?2
=1?22
;=B?=R;5:9=
=?B@;B<=9>@;D
B
;=B?=R;5:9=OK2Y9@@9@YS
B
;=B?=R;5:9=OT966:2
B@6
B
;=B?=R;5:9=O2@6V

M8
B@X
>8
=12;2
=?B@;B<=9>@;
9;
@>=
?2<29�26
KX
=121AKS
9=
C9::
29=12?
9Y@>?2
=12
8A::R;5226
=?B@;B<=9>@
498
=12
;=B?=R;5:9=OK2Y9@@9@Y
9;
@>=
?2<29�267S
>?
9=
C9::8>?<2
B@
2??>?
8>?
=12
<>??2;5>@69@Y
8A::R;5226
=?B@;B<=9>@
498
>@2
>8
=12
>=12?
=C>
=?B@;B<=9>@;
B?2
@>=?2<29�267V

P=12?
2??>?
<>@69=9>@;
<B@
K2
62=2<=26
KX
@>=
?2<29�9@Y
B
;=B?=R;5:9=
6A?9@Y
B
T9<?>8?BT2V012
W0
4W@65>9@=
0X527
892:6
;52<9892;
=12
2@65>9@=
=X52
>8
=12
8A::RO:>CR;5226
=?B@;B<=9>@
B;
;1>C@
9@0BK:2
ZR�V


























































I
012
3
K9=
<B@
K2
?2A;26
8>?
=12;2
2@<>69@Y;
;9@<2
9;><1?>@>A;
=?B@;B<=9>@;
TA;=
@>=
K2
:>C
;5226V

LGE-1010 / Page 231 of 650



��������	
�����	
�
�
�������������
��������
���

���

���	�
����

��������
����
 �	
��
��
��	��
������	
��!��"#
$%&'()*+,-&+,. "/0123/4#51(66 789:;8<6= >?8@A;898B?=6 CB<D== >9:E;;BF:GHIJ
KILMN
OLMMJ
OHL
HPQ
RHISH
JTMIO
OUVWJVSOIXW
JOVOL
YVSHIWL
OX
PJL
KXU
OHIJ
KPMMZ[MXRZJTLLN
OUVWJVSOIXW\GHL
KPMMZ[MXRZJTLLN
NL]ISL
VNNULJJ
VWN
LWNTXIWO
WPYQLU
IWKXUYVOIXW
IJ
SXWOVIWLN
IW
OHL
WXUYVM
OX̂LWTVŜLO
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]YzgY\̀[\o
dZ_̂ p̀Yb]
s[be[\
̂
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Universal Serial Bus Specification Revision 2.0

commonto endpoint types are presented first. The lowest level endpoint type specific state machines are
presented in each following endpoint type section. 

HC_Do_nonsplit

HC_HS_BCO

HC_DoBCINTO

HC_Do_BCINTI

HC_Do_IsochO

HC_DoIsochl

 

  

  

  

    
  
 

Figure 8-20. Host Controller Non-split Transaction State Machine Hierarchy Overview

DeviceProcesstrans
 

Dev_doOUT

Dev_doIN
Dev_Do_IsochI

Dev_DoBCINTI

Dev_HSping

Figure 8-21. Device Transaction State Machine Hierarchy Overview
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Universal Serial Bus Specification Revision 2.0

 
 

 device.ep(token.endpt).ep_type = isochronous 

  
 

device.ep(token.endpt).ep_type = bulk or
device.ep(token.endpt).ep_type = control or
device.ep(token.endpt).ep_type = interrupt

 

  Device_Do_IN 

Figure 8-25. Dev_do_IN State Machine
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òvwbmqyîmk�g
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b|bmk�nimû_̀apk̂im
b|bmkg
pab
b�yvp̂mbq
̂m
�bnk̂img
�x�x�xf
pmq
�x�xf�x

tpkp
ki__vb
im
pm
bmqyîmk
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hXYâcYkjYgfY
nahc
clgfX̂_gamYb
dh
hXY
chd̂h
_r
d
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barrŶYgh
bdhdclgfX̂_gamdha_g
hYfXgakjY
fdppYb
bdhd
xyt
cYkjYgfagiq

WXdh
hYfXgakjY
ac
jcYb
agchYdb
_r
bdhd
h_iipYclgfX̂_gamdha_gq

[Yfha_g
�q�qw
bYragYc
bdhd
xyt
cYkjYgfagiq

LGE-1010 / Page 260 of 650



��������	
�����	
�
�
�������������
��������
���

���

�����
����� !�" ��#�
$� 
%&'()
'#*+�
',-�. 

/,-012�.',-�. /,-�.

/,-0.%&'()34'45467488+9�: � 
;#<� 3+$�8+
',-01�.

=�>
��
?@AA�

�BC�D
E�����	�F�����GHIJKHL
JKMINOPKN
QNP
JRP
STUVW
JHXPI
OHK
YIYJYMLYZYI[
RHNJ
MI\
OQI]JYHI
NP̂QPI]P
_YJǸ
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Universal Serial Bus Specification Revision 2.0
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Figure 9-1. Device State Diagram
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è��]��̂b�f_̂X̀�]� \]̂_
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�aWX
ajWY\VZ_Y]
WXZW
XZ�Y
k[W[Ẑ̂n
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WXY
X̀]W
Ẁ
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IJQYSZT [Q\K]GÎ QNQWS_T UQEIDQ
̀FaQMGSbcccdT UQRQNVQW
XNQRQD
DI
eQNIYS7
CR
NQRQNVQW
FJW
EMRD
fQ
RQD
DI
IJQ
KINPCRDINCOF\
NQFRIJRcg
WQVCOQ
OIJKCLMNFDCIJ
DPFD
MRQR
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GÎ QN
RIMNOQc�����
#'�&3�,4&&+��56$)�03/')56���
�������������������������
����������
�����
��
�����
����
���������
�
�������������
��
�
����������
�������
������
��
��
����
���������
��
���
�����
��������
������

���
���������
��
����������������������������
��
���������
��
�
�������������
�����������
LGE-1010 / Page 294 of 650



��������	
�����	
�
�
�������������
��������
���

���

���	�
�����

����� ����! "����#
������
$���������%&&'() *+(,- .+/( 01,2( 3('45+6)+789 :;<=>?@ A BCDEFG HIJF
KL
MFNOGIPQKGA :R<STUVW?XUYZW< A [K\NQ]\Q Q̂_FG̀NPFFM̀[K\LIaCG]QIK\
bcPFd eYX?fg;<=>?@ d BCDEFG bKQ]h
hF\aQ_
KL
M]Q]
GFQCG\FMi :jklm=?<UnfT<S A BCDEFG BCDEFG
KL
I\QFGL]OFN
NCPPKGQFM
Ec
Q_IN
NPFFMOK\LIaCG]QIK\o :pX=nV>kUf?VX=qfgk< A BCDEFG r]hCF
QK
CNF
QK
NFhFOQ
OK\LIaCG]QIK\s VpX=nV>kUf?VX= A t\MFu t\MFu
KL
NQGI\a
MFNOGIPQKGv :lw??UV:k?<S A xIQD]P H]DF
]N
[K\LIaCG]QIK\
MFNOGIPQKGy :zf{|Xe<U A D} H]DF
]N
[K\LIaCG]QIK\
MFNOGIPQKG~��
����
��������
����
����������
�����
���
���������������
��������

~��
����������
����
��
������������������
�������
��
���
��
�������������������������
����
~����
����������
�8)(5&14(~��
���������
����������
���������
�
��������
���������
 �����
�
��������������

¡
�������������
���¢����
�����
£���
����������¤
����
 ���
¥���
��
£���
��������
�����������
����������
�
������
���
��
���������
 ��������
��������������

¦���
�
�������������
��������
£���
����
���
���������¤
���
��������
�����������
���
�����������
���������
����� 
���
���������
����������
��
���
����
��������
��
���
���§��������������
��������¡�
���������
����������
��
�� ���
��������
��
����
��
�
�������������
�����������

̈��������
�����������
��������
��������
��������
 ���
�
���������������
��
©��������������
��������¡�
���������
£��
�������
���������
��������
����
���� 
���
���������
���ª��
�����
���������������
��
��
¢����������
���
��¢���
���
����
�����������

~��
�������
�������
���
��
���������
��
�� ���
���������
�������
¥����~��
©��̈����������
�������
��
����
��
������
��
���������
�������
��
��
������
��
���
�������
��������

~�����̈����������
�������
�������
���
��������
���������
��������¡��������
��������
���� 
�
�������
��
���
��¢���
�������������
��
��
¢�����
 ����
�����
����������
��£���
������������

̈�
�
�������������
���
���������
��������
���
���
��
£���
��
���
����������¤
�
��������
�������������������
���
���
����������
���������
���
��������
���
����
���������̈
�
��¢���
�������������
���������
�
������
���������
 ���
� �
���������
��������¤
���
�����������������������
 ����
��
����� ��
��
��
���������
����������
 ���
���
«¬­®̄°±²³̄ µ́¶«̄°
���
«·̧®̄°­²®̄¹̄®®º­»������
���
��
¥���
���
����
���
��������
�����������
���
����
�������¤
����� ��
��
�������
���������
�������������
���
����������
��������
������������

~��
������
���������
����������¼�
«¬­®̄°±²³̄ µ́¶«̄°
�����
 ��������
��
���
��
¥���¤
���
���
«·̧®̄°­²®̄¹̄®®º­»
�����
��
���
������
���������
����������
 ����
��
���
��
�����̈
��
���������
����
����
��������
¥���¤
��
��������
�����������
����� 
���
���������
�����������

̈�
����
����¤���
«́µ¶½­¾¿Àº­®Á
�����
£���
��
���
��
¥����¡�
���������
����������
��¢��
��������
��������
¥���
��
���
��£���
��
����������

~����
��ÂÃ
��� �
�����������
���������
�����������
LGE-1010 / Page 295 of 650



��������	
�����	
�
�
�������������
��������
���

���

���	�
�����

��������
���������
 ���������!""#$% &'$() *'+$ ,-(.$ /$#01'2%'345 6789:;< = >?@ABC DEFB
GH
IJEK
LBKMCENIGC
EO
APIBK= 6Q8RSTUV;WTXYV8 = ZGOKI[OI \>]̂ _̀ aẐ 
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[̂Ŵ _SSOTT V̀aOP
XVYWPVZ]bT
̂Yc
[OQRSO d̂ŶeOfOYWR̀gO
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