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TRANSMITTING/RECEIVING BITSTREAM IN NETWORK AND METHOD THEREOF Technical
Field transmitting/receiving a bitstream in a network and a method thereof,
and more particularly, to an apparatus for transmitting/receiving a
bitstream, by which a video bitstream is stably transferred in a network
including a wireless network and an Internet network, and a method thereof.
5 The present invention relates to an apparatus for 0  In packet networks
such as Internet, typically, two logical ports exist when a channel is set
to achieve the communication between two spots. That is, a real time
protocol (RTP) packet, which has been packetized by 15 a request for
comments (RFC) protocol via the Internet network, is transmitted via the
hierarchical structure of a real time protocol/user datagram
protocol/lnternet protocol (RTP/UDP/IP) or a real time
protocol/transmission control protocol/lnternet protocol (RTP/TCPIIP) The
RTP/TCP/IP operates in the acknowledge mode and can ~o transmit data
stably, so that it usually transmits control information. The RTP/UDP/IP
operates in the unacknowledged mode) and transmits video data which usually
must be processed in real time. Referring to FIG. 1, in a transmitting
terminal, a video bit stream sequentially undergoes an application layer
(video source codec), an RTP 2s layer, an UDP/IP and TCP/IP layer, a radio
link layer protocol (RLP) layer, a layer 2 (L2) and a layer 1 (L1 ). In
each layer, header information is added to the video bit stream, and the
video bit stream having header information is transmitted to a network.
Here, the TCP transmits control information, and the UDP transmits an RTP
packet. In a receiving terminal, o the video bit stream undergoes an UDP/IP
and TCP/IP layer, an RTP layer and an application layer (video source
codec), and is decoded into video Background Art '    WO 01I63824
PCT/KR00/01351 ' . '~ 8 MAY 20(l3 data. FIG. 2 is a view illustrating an
embodiment of a typical communication method of transceiving data between a
server and a client. 



First, a server 200 reads a video bit stream produced by a video source s
codec to divide the read video bit stream into a high significant bitstream
210 and a low significant bitstream 220 before an RTP packet is produced.
Next, the server 200 transmits the high significant bitstream 210 to a
client 230 via an RTP/TCPIIP, as indicated by arrow O, and receives an
acknowledgment representing that transmission of the high significant o
bitstream 210 has been completed without error, as indicated by arrow .
Then, the server 200 transmits the low significant bitstream 220 to the
client 230 via an RTP/UDP/IP regardless of error as indicated by arrow O.
The client 230 reconstructs the high significant bitstream 210 and the low
significant bitstream 220 back into the original video bitstream syntax. ss
As described above, under a conventional Internet environment, a bitstream
produced by video source coding such as MPEG-4 or H.263 is transmitted to
the UDP/IP layer. The UDP/IP layer cannot ascertain the completion of
reception of all of the transmitted data since it operates in an
unacknowledged mode. If a bitstream packet is transmitted under a Zo
communication environment in which an Internet network communicates with a
wireless network, the packet data may have bit error under the ' wireless
environment. That is, the bitstream packet may have a loss on the Internet
while undergoing the Internet environment and the wireless environment, and
bit error may be generated even though the bitstream 25 packet has been
transmitted without loss. Here, the bitstream packet includes a packet
header and a payload header. If a bit error is included in these headers,
the receiving terminal cannot perform suitable decoding. When a video
bitstream is transmitted in real time, the transmitting terminal classifies
the video bitstream on the basis of the significance) and so transmits
significant portions first and then less significant portions. At this
time, the receiving terminal must delay data until significant portions are
2   . ' WO 01/638Z4 PCT/KR00/01351 ~ 8 NAY Q003 received first, so that
real time processing of data is difficult. That is, if significant portions
are consecutively transmitted in an Internet network and a wireless
network) the network must be continuously stable. Also, if a bitstream is
classified according to significance during video source coding, s it
cannot be reconstructed into a bitstream packet which confirms to a current
RFC protocol. Furthermore, the server 200 and the client 230 must always
pertorm a pre-process for classifying a bitstream according to the
significance to transmit and receive the bitstream, and a post-process for
reconstructing the received upper and lower significant bitstreams into the
original bitstream. Also) the process for classifying a bitstream on the
basis of the significance before packetizing can only be performed at a
video codec level which has already known the syntax of the video
bitstream. Therefore, data communication in an Internet network combined
with a wireless environment causes a packet loss and a bit error as
described ~s above, thus deteriorating the quality of an image. Detailed
Disclosure of the Invention An objective of the present invention is to
provide a method of transmitting a bitstream, by which a video bitstream is
stably transmitted by zo the effective use of two logic channels when
communication is established by the two logic channels during transmission
of the video bitstream. Another objective of the present invention is to
provide an apparatus 



for transceiving a bitstream, by which a video bitstream is stably
transceived by the effective use of two logic channels when communication
is is established by the two logic channels during transmission of the
video bitstream. To achieve the first objective, there is provided a method
of transmitting a bitstream in a communication network, according to an
embodiment of the present invention, the method including: (a) coding a so
source into a bitstream using a predetermined type of coding; (b) adding
the header of each communication protocol layer to a payload while 3   ,.
WO 01I63824 PCTIKR00101351 ' . 2 8 MAY 2003 transmitting the bitstream
coded in the step (a) to each communication protocol layer; and (c)
transmitting the header separately from the bitstream received from the
step (b). To achieve the first objective, there is provided a method of s
transmitting a bitstream in a communication network, according to another
embodiment of the present invention, the method including: (a) coding a
source into a bitstream using a predetermined type of coding; and (b)
adding the header of each communication protocol layer to a payload while
transmitting the bitstream coded in the step (a) to each communication
protocol layer, and separately transmitting the payload and the header. To
achieve the second objective, there is provided an apparatus for
transmitting a bitstream in a communication network, according to an
embodiment of the present invention, the apparatus including: an encoder
for encoding source data into a bitstream using a predetermined type of ~s
coding; a protocol processing unit for adding the header of each
communication protocol layer to a payload while transmitting the bitstream
encoded by the encoder to each communication protocol layer; and a packet
processing unit for transmitting the bitstream processed by the protocol
processing unit in an unacknowledged mode protocol and Zo transmitting the
header information in an acknowledged mode protocol. To achieve the second
objective, there is provided an apparatus for 1 relaying and receiving a
bitstream in a communication network, according to another embodiment of
the present invention, the apparatus including: an extractor for separately
extracting payloads and header information 2s which corresponds to the
header of each layer while transmitting a bitstream received in a separate
transmission protocol in the communication network to each layer; an error
determination processing unit for determining whether the header
information extracted by the extractor has error, and, if it is determined
that the header information has so error, requesting re-transmission; a
bitstream re-organizing unit for re organizing a bitstream using the header
information extracted by the 4 



WO 0l/63824 PCT/KR00/01351 2 ~ MAY 2003 extractor) if it is determined that
the header information has no error; and a decoder for decoding a bitstream
re-organized by the bitstream re organizing unit. s ~ Brief Description of
the Drawings FIG. 1 is a view illustrating a method of transmitting a video
bit stream under an H.323 environment; FIG. 2 is a view illustrating a
method of transceiving a file between a server and a client in a
communication network; o FIG. 3 is a bock diagram of a video stream
transmitting apparatus according to the present invention; FIG. 4 is a
block diagram of an apparatus for relaying and receiving a video stream,
according to the present invention; and FIG. 5 is a view illustrating a
method of transmitting a video bitstream ~s in a situation where a wireless
network communicates with an Internet network. Best mode for carrving out
the Invention MPEG-4 or H.263, which are widely used as a video coding
method, o include various types of standardized headers. In case that data
is transmitted in a real time protocol (RTP) while undergoing each layer of
an ' Internet protocol or a wireless protocol, the transmission format is
used. Accordingly, when this video coding method is used, the header of
each layer is added to a payload header in each layer. Thus, only when the
Zs header of each layer and the payload header are safe from a bit error) a
receiving terminal can perform suitable decoding. Referring to FIG. 3, a
video codec unit 310 encodes data to a bitstream using an application
program such as H.323. A protocol processing unit 320 transfers the bit
stream encoded by the video codec o unit 310 to each layer of a
communication protocol, and simultaneously adds the header of each protocol
to a payload. A packet processing unit 5   WO 01I63824 ' PCTIIflt00/01351 Z
8 MAY 2003 330 packetizes a bitstream processed by the protocol processing
unit 320 and transmits the bitstream packet in a user datagram protocol
(UDP), which is an unacknowledged mode transmission protocol, and transmits
only header information in a transmission control protocol (TCP), which is
s an acknowledged mode transmission protocol. In another embodiment, the
packet processing unit 330 transmits a payload, among a bitstream processed
by the protocol processing unit 320, in an unacknowledged mode transmission
protocol, and transmits only the added header 



information in an acknowledged mode transmission protocol. o FIG. 4 is a
block diagram of an apparatus for relaying and receiving a video stream,
according to the present invention. Referring to FIG. 4, a packet extractor
410 transfers to each layer a bitstream packet received in an
unacknowledged or acknowledged mode transmission protocol, while separately
extracting a payload and the header of each layer from the ,s bitstream
packet. An error determination processing unit 412 determines existence or
non-existence of an error in the header information extracted by the packet
extractor 410. If it is determined that an error exists in the header
information, the error determination processing unit 412 requests
re-transmission. On the other hand, if it is determined that there are no
zo errors in the header, a bit stream re-organizing unit 420 re-organizes a
video bitstream using the header of each layer extracted by the packet
extractor 41 Q. A video codec unit 430 decodes the bitstream re-organized
by the bitstream re-organizing unit 420. FIG. 5 is a view illustrating a
method of transmitting a video bitstream Zs in a situation where a wireless
network is interlocked with an Internet network. Referring to FIG. 5,
reference numeral 510 indicates a wireless terminal on a transmitting side
including several layers, reference numeral 560 indicates a base station
including several layers, reference numeral 570 indicates an inter working
function (IWF) including several layers, and o reference numeral 580
indicates an Internet terminal on a receiving side including several
layers. 6   WO 01I63824 PGT/IQt00/01351 2 8 MAY 2_0O3 First, the wireless
terminal 510 includes a video source codec layer 512, which corresponds to
an application layer, at the top, and sequentially includes an RTP layer
514) an TCP/IP layer 516, a radio link layer protocol (RLP) layer 522, a
MAC layer 524, a layer 1 (L1 ) 526. Here, a multimedia s codec other than
the video source codec can be used as the application layer. A video stream
forms a packet made up for a header and a payload while passing through
each layer. The video source codec layer 512 encodes a video source into a
video bitstream using a video source coding method such as MPEG-4 or ~o
H.263 to form a payload header 532 and a video payload 534 as shown in (a).
Here, the payload header 532 and the video payload 534 can be replaced by
multimedia data. Then, the RTP layer 514 forms a packet by adding a video
payload 545 filled with video data, a payload header 544, and an RTP header
543, and the UDP/IP or TCP/IP layer 516 adds an IP ~s header 541 and an UDP
or TCP header 542 to the formed packet, as shown in (b). The RTP layer 522
and the L2 layer 524 add an L2 header 551 and an RLP header 552 to the
packet (b) as shown in (c}. Next, a video bitstream to which the header of
each layer is added is transmitted to the base station 560 including
identical layers, through an ~o UDP or TCP. The video bitstream (c)
including headers can be divided into a portion which is transmitted
through the UDP, which is an UNACK transmission protocol, and a portion
which is transmitted through the TCP, which is an ACK transmission
protocol. As described above, the wireless terminal 510 can transmit a
video bitstream using the following methods. 



is In a first embodiment of the first method, a video bitstream, to which
header information is added, is transmitted in the UDP, and the header
information is separately transmitted in the TCP. When a bitstream is
transmitted only in the UDP, if header information included in the
bitstream is damaged, it is difficult for a receiving side to process the
bitstream. $o Hence, in order to prevent the packet loss, the wireless
terminal 510 individually packetizes the header of each layer, that is, the
L2 header 551, 7   WO 01/63824 PCT/IQt00/01351 ~ 1 ' 2 $ MAY 2g03 the RLP
header 552, the IP header 553, the UDP or TCP header 554, the RTP header
555 and the payload header 556, which are added to a video bitstream after
the video bitstream passes through each layer. At the same time or when
re-transmission is requested, the wireless terminal 510 stably s transmits
the packetized headers in a TCP. Here, the transmission in the TCP at the
request of re-transmission is performed in units of IP packets or RLPs. In
a second embodiment, in order to solve delay that may occur in real time
environment, a video bitstream to which header information is added is
transmitted in a UDP, and the header information is separately packetized
and transmitted in a UDP simultaneously or when re transmission is
requested. In the second method according to an embodiment, a video
bitstream is separated into a payload portion and a header portion, and
these ~s portions are separately packetized. The payload portion is
transmitted in a UDP) and simultaneously, the header portion is separately
transmitted in a TCP. In another embodiment) the payload portion is
transmitted in a UDP, and simultaneously, the header portion is separately
transmitted in a UDP. fn still another embodiment, in order to reduce a
transmission time, 2o a bitstream packet except for a portion from which a
bit error is removed by the TCP layer can be transmitted to a UDP layer. In
the third method, when a bitstream transmitted via the TCP layer is
re-transmitted a small number of times, the channel of transmission is
determined to be stable to some extent. Accordingly, a small bitstream Zs
transmitted via the UDP can be transmitted via the TCP. The base station
560 relays the layers of a wireless protocol, that is, an RLP layer, an L2
and an L1, to the layers of an Internet protocol, an UDP layer, an IP layer
and an L1 (or ATM), in order to tunnel a bitstream received from the
wireless terminal 510. At this time, when re-transmission so is requested,
data transmitted in a TCP is re-transmitted in units of IP packets or RLPs.
8   



WO 01/63824 PGTIKR00/01351 M~~~ ~~n~ The IWF 570 relays a bitstream, which
has passed through the layers of the base station 560, that is, a UDP, an
IP, and an L1, to an UDP or TCP, an IP and an L1, in order to interface
with the Internet terminal 580. The Internet terminal 580, which is a final
receiving side, decodes a s bitstream received from the IWF 570 through an
L1 576, an IP layer 572, a UDP or TCP layer 566, an RTP layer 564, and a
video source codec layer 562. The Internet terminal 580 can properly decode
a video bitstream which probably has a bit error, using an error resilient
tool of video coding, referring to a payload and separately-received header
information, when a ,o packet received via the UDP layer has a bit error.
The present invention is not limited to the aforementioned embodiment, and
it is apparent that modifications to this particular embodiment may be
effected by those skilled in the art without departing from the spirit of
the present invention. That is, the present invention can ~s be used in a
case where a bitstream is bidirectionally communicated in real time or
streamed in a one-way system in a packet network such as an Internet. The
present invention can also be applied to a case where an audio source codec
other than a video source codec, or a source codec having the same function
as the audio source codec has an error resilient zo tool with respect to a
payload or a function which conforms to the error resilient tool, that is,
in cases of an adaptive multirate (AMR) for an MPEG 4 audio mobile, an AMR
for an UMTS, a speech codec, and the like. Also, the above-described
embodiment of the present invention can be written in a program that can be
executed in computers, and can be Zs realized in general-use digital
computers which operate the program from a medium which is used in
computers. The medium includes a magnetic storage medium (for example, a
ROM, a floppy disc, a hard disc, and the like), an optical read-out medium
(for example, a CD-ROM, a DVD and the like), and a storage medium such as a
carrier wave (for example, so transmission via the Internet). 9   WO
01/638Z4 pG'T/KR00/01351 2 8 MAY 2003 Industrial Ahplicability According to
the present invention as described above, header information or the like is
stably transmitted separately from a payload when a wireless network and an
Internet network are linked, so that it can correct s and check a bit error
of a packet which has been passed through each layer. Also, in contrast
with an existing method of transmitting data according to significance, a
packet to which the present invention is applied can be processed
independently of a video syntax. Furthermore, under an application
environment where communication is achieved using a UDP, a bitstream
including a bit error can be appropriately decoded by separatelyreceived
header information using an error resilient tool. 10   What is claimed is:
2 8 ~1AY ?!?~3 1. A method of transmitting a bitstream in a communication
network) the method 



comprising: (a) coding a source into the bitstream using a predetermined
type of coding; (b) adding a header of each communication protocol layer to
a payload of the bitstream while transmitting the bitstream coded in the
step (a) to each communication protocol layer; and (c) transmitting the
header and the bitstream received from the step (b) and, therefore)
comprising both the header and the payload, separately from each other, 2.
A method of transmitting a bitstream in a communication network, the method
comprising: (a) coding a source into the bitstream using a predetermined
type of coding; (b) adding a header of each communication protocol layer to
a payload of the bitstream while transmitting the bitstream coded in the
step (a) to each communication protocol layer, and separately transmitting
the payload and the header, 3 The method of claim 1, wherein a bitstream,
to which headers have been added by undergoing each communication protocol
layer, is transmitted in an unacknowledged mode protocol) and only the
header information in the bitstream is separately transmitted in an
acknowledged or unacknowledged mode protocol. 4. The method of claim 2,
wherein a payload in a bitstream, which has passed through each
communication protocol layer, is transmitted in an unacknowledged mode
protocol, and the added header is separately transmitted in an
ackno4vledged mode protocol 11   WO 01I63824 PCT/IQZ00101351 ' . ~ 8 1~AY
2Q03 5. The method of claim 3 or 4, wherein, when the number of times of
re-transmission of a bitstream transmitted to an acknowledged mode protocol
is equal to or less than a predetermined number of times, the bitstream)
which has been transmitted in an unacknowledged mode s protocol, is
transmitted in an acknowledged mode protocol. 6. The method of claim 3)
wherein a bitstream, to which headers have been added by undergoing each
communication protocol layer, is transmitted in an unacknowledged mode
protocol, and simultaneously the header information in the bitstream is
transmitted in an acknowledged mode protocol. (r 7. The method of claim 4,
wherein a payload in a bitstream, which has passed through each
communication protocol layer, is ~s transmitted in an unacknowledged mode
protocol, and simultaneously the header information in the bitstream is
transmitted in an acknowledged mode protocol. 8. The method of claim 3,
wherein a bitstream, to which headers 2o have been added by undergoing each
communication protocol layer, is transmitted in an unacknowledged mode
protocol, and simultaneously the l header information in the bitstream is
also transmitted in the unacknowledged mode protocol. 25 9. The method of
claim 3, wherein a bitstream, to which headers have been added by
undergoing each communication protocol layer, is transmitted in an
unacknowledged mode protocol, and, when a transmission failure occurs, the
bitstream is re-transmitted in an acknowledged or unacknowledged mode
protocol. 30 10. The method of any of claims 3 through 7, wherein the 12 



J f 2 8 MAY ?_.~n~ acknowledged mode protocol is a transmission control
protocol (TCP), and the unacknowledged mode protocol is a user datagram
protocol (UDP). 11. The mathod of any of claims 3 through 9, wherein the s
acknowledged mode protocol re-transmits data of individual Internet
protocol (IP) packets or individual radio link layer protocols (RLP). 12.
The method of claim 1 or 2, wherein the headers are a payload header) a
real time protocol (RTP) header, a user diagram protocol (UDP) or
transmission control protocol (TCP) header, an Internet protocol (IP)
header, a radio link layer protocol (RLP) header, and a layer 2 (L2) header
which are added after a bitstrearn is passed through each layer 13. The
method of claim 1 or 2, wherein the payload includes multimedia data. 14.
An apparatus far transmitting a b~tstream in a communication network, the
apparatus comprising an encoder for encoding source data into a bitstream
using a zc predetermined type of coding; a protocol processing unit for
adding the header ef each communication protocol layer to a payload while
transmitting the bitstream encoded by the encoder to each communication
protocol layer; and a packet processing unit for transmitting the bitstream
processed by z= the protocol processing unit in an unacknowledged mode
protocol and transmitting the header information in an unacknowledged or
acknowledged mode protocol. 13   ~ 8 MAY 2003 15. An apparatus for relaying
and receiving a bitstream in a communication network, the apparatus
comprising: an extractor for separately extracting payloads and header
information, which corresponds to the header of each layer, while
transmitting a bitstream received in a separate transmission protocol in
the communication network to each layer; an error determination processing
unit for determining whether the header information extracted by the
extractor has error) and requesting re-transmission if it is determined
that the header information has error; a bitstream re-organizing unit for
re-organizing a bitstream using the header information extracted by the
extractor; and a decoder for decoding a bitstream re-organized by the
bitstream re-organizing r unit. 14
.A_.An.ASe.A`Y.A.A`.A.Ae.A3,.A[l.A.A.A2.A hx\3s@D I X ^ 



y }
~ytoid^Y]caU]ca]c<a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca]ca]c^aU]ca]ca]c&aU]ca }    \ 9}'F
n2?r5}|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]c&aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a!P9U5zQVYtx6t'kA{vqlgb]X]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]ca!
r!!"H"`####$$l$$$$$+%N%%%='F'o''B((()h))*a*zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c&aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!a****+++#++,,Q--.j...?/j00p112.3y333334T44435{upkfa\W]ca]ca]ca]ca]ca]c
&aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&aU]ca]caU
]ca]ca]ca]ca!35{555!6k677 8J888(9F::;
;L<Q<m<s<<==A>>>R?m???A@@@|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a
]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!@gAAA,BvBBB@C
CCDkD|DDDDD/E~EEF5GkGGG4HHHI7JJKOK|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!OKKLLL
LMMMNOOOP[PgPXQlQ
R\RRRKSSS$ThTTUNUUUUUzupkfa\VU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]c&a]c^a]ca]ca]ca]ca]c^a]c&aU]ca]ca]ca]ca]ca!UUV>VNWqXYZZ[[(
\.\0\2\A\\]^^0_A____``aaaaccc}xsnid_ZU]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]ca
]ca]caV]ca]ca]ca]ca]c&aU]c aU]c
a]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]c&a]ca!cBdddqXYZZ[[(\.\0\2\A\\]^^0_A____`
`aaaaccc}xsnid_ZU]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]c
&aU]c aU]c a]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca @hx{\=3Y
`10%G&'()-10%G&'()-y10%G&'()-!pt'10%&'()- !6Mt'10%}}&'()-  ,t'10%ss&'()-
\dEl10%G&'()-10%G&'()-`10%G&'()-10%G&'()-3 :10%G&'()-y
'10%G&'()-\3sdEf$10%G&'()-"10%G&'()-L!10%G&'()-10%G&'()-
M!10%G&'()-310%G&'()-
@DdE.L!10%G&'()--10%G&'()-yY+10%G&'()-)10%G&'()-'m10%G&'()-S&`!10%G&'()- I
X [ \ ] ^ dYNC 10G 10G 10G&@;@10%G&'()-&,10%G&'()-810%G&'()- 6s!10%G&'()-
L010%G&'()-^ }  



\dEYNC @m10%5&'()-Z10%5&'()-10%5&'()- 910%5&'()- %10%5&'()-G'10%&'()- \
9}dEYNC l10%5&'()-M!10%5&'()- y#10%=&'()-sL:!10%5&'()- 10%5&'()-F 10%5&'()-
'FaBYNC&0m10%5&'()-.`!10%5&'()-,m10%5&'()-!Ssy)!10%@5@5&'()-'m10%5&'()-&M!1
0%5&'()- ndE:/ 105 1059@;s10%5&'()-f810%5&'()-
6`!10%5&'()-510%5&'()-s310%5&'()-1m10%5&'()-2?r5xY7/ 10!`!10%hh&'()-f10%
h&'()-l !10% h&'()-f10% h&'()-l%10% h&'()-F,S%10% h&'()- 1055}PaB7/
10!S!10% h&'()- &10% h&'()- fm10% h&'()-,10% h&'()-f 10%
h&'()-!S%10%hh&'()- 9UaB7/ 10!S9-10% h&'()-S+10%
h&'()-!>:F(%10%^^&'()-s&`!10% h&'()-S$10% h&'()-,@#10% h&'()-5zdE7/
10!s37s!10% h&'()-f510% h&'()-S310% h&'()- ,@210% h&'()-f0 10%
h&'()-s.`!10% h&'()-QSTUVx~_@ 10!9m10%&'()- #10%&'()-Y!`$`Y&10%))&'()-Z 10
h 10 h 10 h;t10% h&'()-S810% h&'()- 6t'dB~_@ 10!!L@ 10%qq&'()-
m10%&'()-,G%10%A&'()-3@10%&'()-#10%`&'()- m10%&'()-'kA dE~_@
10!!l10%&'()-:!10%&'()-10%&'()- fm10%&'()-m10%&'()- 10%&&'()-m
'!r!!"H"}^?~_@ 10!.M!10%&'()-,m10%&'()-+m10%&'()- !!' "10%&'()-!'
"10%&'()-&T 10%&'()-H"`#######$xmb@ 10!!-&10%BB&'()- 10 



10 10@;10%&'()-f810%&'()- 6M!10%&'()-&010%&'()-$$l$$$$+%dEmb@
10!!y10%B&'()- 10%B&'()-10%B&'()-10%B&'()- 910%B&'()-
"10%B&'()-F+%N%%%.&&='^<mb@
10!!``!10%BB&'()-9!``!10%BB&'()-9!{``!10%BB&'()-9910%B&'()-f10%B&'()-F10%B&
'()-='F'o''B(((aBmb@ 10!!+10%B&'()-
`y)!10%B&'()-'10%B&'()-!$`!10%BB&'()-"@10%B&'()-`10%B&'()-()h))*a**aBmb@
10!!6t!10%B&'()-510%B&'()- !110%BB&'()-&010%B&'()-
.`!10%B&'()-,l10%B&'()-******+#++~_@
10!!L$10%1&'()-m"10%&'()-Z!A`&10%pp&'()-3 10B 10B 10B@;
t10%B&'()-f810%B&'()- +,,Q--.j.^?~_@ 10!!10%&'()-!{`
%10%{{&'()--10%&'()-Y10%&'()-10%&'()- !YS!10%&'()-j...?/j00p1dE~_@
10!!'-#10%&'()-F,&`!10%&'()- 10%&'()-M!10%&'()-  10%&'()-y10%&'()-
p112.3y33333dE:/ 10 10`S;s10%&'()-8m
10%&'()-6`!10%&'()-9010%&'()-.`!10%&'()-,10%&'()-33334T444uV7/
10&f10%G&'()- &m10%G&'()-&10%G&'()- s10%G&'()- "10%G&'()-l!v#10%&'()-
10435{555!6k6dE7/ 10&fF`!10%G&'()-10%G&'()-&10%G&'()-y10%G&'()-&10%G&'()-
!10%G&'()-k677 8J888dE7/
10&f&$10%G&'()-"10%G&'()-9!10%G&'()-10%G&'()-FM!10%G&'()-,10%G&'()-8(9F::;
;L<dE7/ 10&f&810%G&'()- F6s!10%G&'()-
L010%G&'()-F.`!10%G&'()-'10%G&'()-F@&`!10%G&'()-L<N<O<P<Q<s<<==bC 



10&fl  10%z&'()- $10%zm&'()-'#10%z&'()-Z`z&10%z&'()- 10G 10G 10Gf;
10%G&'()-=A>>>R?m??aBbC
10&sm10%z&'()-s3f10%z&'()-!&$10%ZZ&'()-Z10%z&'()-sZ10%z&'()-
m10%z&'()-y??A@@@gAAdEbC
10&&M!10%z&'()-s@#m10%z&'()-s!m10%z&'()-sm10%z&'()-9:!10%z&'()-Z10%z&'()-AA
,BvBBB@CaBbC 10&L010%z&'()-.10%z&'()-sL-m10%z&'()-+Z10%z&'()-!)Z"10%]]&'()-
sF(10%z&'()-@CCCDkD|D~DDDdE:/ 10z 10z;10%z&'()-s8Y10%z&'()-
F7M!10%z&'()-s5m10%z&'()-s3m10%z&'()-sS2m10%z&'()-DDDDD/E~EErS4/
1010%&'()-Z10%&'()-@F10%&'()-10%&'()- !"10%&'()-G!3,&10%&'()-
10zEF5GkGGG4HaB4/ 10Z10%&'()- m10%&'()-!@&10%&'()-10%&'()- 10%&'()-lF
10%&'()- 4HHHI7JJKdB4/ 10!I5`)!10%YY&'()-
(m10%&'()-y&M!10%&'()-m10%&'()-:!10%&'()-lm10%&'()-KOKKLLLLLLdYNC 10! 10 10
10`;s10%&'()- 710%&'()-s010%&'()-.M!10%&'()-&-m10%&'()-LLMMMNO}[9YNC
10!`$10%  &'()-!v
10%&'()-!ss10%TT&'()-ss10%T&'()-!{`lz&10%&'()-0lz&10%T&'()-OOOOOOP[PgPbC
10!ly10%m&'()-!10%m&'()-#10%m&'()-Y10%m&'()- 10T 10T 10Ty;10%T&'()-gPQXQlQ
R\RR}^=bC 10! FF$10%&'()-`9"10%m&'()-!(YlG"10%mm&'()-l10%m&'()- l
z#10%m&'()-4!(l z#10%00&'()-4RRKSSS$ThTdEbC 



10! FL&10%m&'()-`F%10%m&'()-9#10%m&'()-F, #10%m&'()-F10%m&'()- 10%m&'()-
hTTUNUUUUUUdE:/ 10m 10mF810%m&'()-L2T10%m&'()-L0 10%m&'()- L,/10%m&'()-
&-10%m&'()-L(10%m&'()-UUUV>VWNWqXrS1/
!Y$10%B:B:&'()-,|%10%gK&'()-!,|%10%BB&'()-L10%g&'()-!`%10%  &'()-%10%g&'()-
10mqXXYZYZZZwU41/ ! $%10%z;
z&'()-!F"$%10%uu&'()-!$%10%pp&'()-!3$%10%&'()-!.yM!10%BB&'()-!yM!10%33&'()-
Z[[(\+\,\-\.\0\}rg\= ! 910%m&'()-` 10g 10g 10gS;10%g&'()-!.M!10%//&'()-
.M!10%gS&'()- !*.M!10%==&'()- 0\2\A\\M]]^^<g\= !
!LF!10%[[&'()-!9!10%&'()-!9!10%mm&'()-y10%m&'()-#10%m&'()-m910%m&'()-^0_A__
__`aBg\= !
!$10%m&'()-"10%m&'()-L!10%m&'()-10%m&'()-!9310%VV&'()-,y10%m&'()-
```aaaaaaz[PE: !  10m 10m
10mf910%m&'()-L0`10%m&'()-!y)!10%mm&'()-'!y)!10%i%i%&'()-'!@&10%mm&'()-aa/b
cccBd}^?PE: !  103310%&'()-S@10%&'()-,#10%&'()-!#&"10%&'()-m!;
&"10%&'()-m$10%&'()-lBdndddd}}^?PE: !  103310%&'()-S@10%&'()-@810%&'()-
y&10%&'()- m!y&10%&'()-  y&10%&'()-  Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph Font]U
'0P9AILR-Y^afhjlnprtvxz|~} a*35@OKUcdABCDEFGHIJ\^ \5'
H"$+%='(*+j.p134k68L<=?A@CDE4HKLOgPRhTUqXZ0\^`aBddKLMNOPQRSTUVWXYZ[\]^_`abc
defghijklmnopqrstuvwxyz{|}~6Times New RomanArialCourier New"h Root
EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


