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INVENTION This application claims the priority of Korean Patent Application
No. 10 2002-27949 filed on 20 May 2002 in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein in its entirety by
reference. 1. Field of the Invention The present invention relates to a
high density optical disc and a method for 15 recording data on and/or
reproducing data from the high density optical disc, and more particularly,
to a high density optical disc in which, when data is continuously recorded
in an area including a defective area, information indicating an end of
recording is recorded in an area that precedes the defective area and
linking is performed in an area subsequent to the defective area, and a
method for recording data on and/or reproducing data from the high density
optical disc. 2. Description of the Related Art In general, optical discs
are widely used as information recording media for an 20 25 optical pickup
apparatus for recording and/or reproducing information in a non-contact
manner and are classified as compact discs (CDs), digital versatile discs
(DVDS), eTc., according to information recording capacity. There are 650 MB
CD-Rs, CD-RWs, 4.7 GB DVD+RWs, etc. as optical discs capable of being
recorded on, erased, and reproduced from. Furthermore, an HD-DVD having a
23 GB recording capacity has been developed. Here, in the case of a CD-RW
capable of repetitive recording, a basic 30 recording unit in which a
predetermined amount of data can be recorded is referred to as a packet and
the structure of the packet is shown in FIG. 1. A plurality of run-in
blocks 103 and run-out blocks 105 are arranged before and after a user data
block 105 where user data is recorded. Also, a link block 100 is provided
at the leading portion of the basic recording unit to enable continuous
recording. However, when the user data block 105 includes a defective area
where recording is not possible, since data cannot be recorded in the
defective area, recording must be terminated before the defective area.
However, when the defective area is found, 1   ,. ~y o 0 ( 00 there is no
definition made with respect to a recording and/or reproduction method or
the structure of an optical disc. Thus, it is likely that the defective
area is processed differently according to the manufacturer of the disc or
the recording and/or reproduction apparatus. Accordingly, a problem with
the compatibility of a disc s drive may occur. Korean Patent Publication
No. 2000-75374 filed by the present applicant discloses a defective area
processing method and a recording medium in which a linking scheme of a
predetermined rule is applied just behind a defective area with respect to
a DVD-RW. 



However, in the case of a high density optical disc having a capacity of 20
GB or more, to be introduced in the near future, when a defective area is
found, there is no definition of a method and the structure of a disc to
process the defective area at all. Thus, the above-described problem of the
compatibility of a disc drive arises and, accordingly, recording and/or
reproduction becomes unstable with respect to 15 the disc. Therefore, for
the case in which a defective area is found in the high density optical
disc, a definition of a recording and/or reproduction method and the
structure of a disc corresponding thereto is needed. SUMMARY OF THE
INVENTION 2o To solve the above and/or other problems, the present
invention provides an optical disc in which, when a defective area is found
during verification of the disc or recording and/or reproduction of data,
recording end data indicating that recording is terminated is recorded just
ahead of the defective area, and a method for recording data on and/or
reproducing data from the optical disc. Thus, since the compatibility 2s of
a disc drive is ensured, recording and/or reproduction performance of a
high density optical disc is improved. Also, the present invention provides
an optical disc and a method for recording data on and/or reproducing data
from the optical disc in which recording and/or reproduction are performed
smoothly and continuously by performing linking 3o subsequent to the
defective area. According to one aspect of the present invention, an
optical disc on which data is recorded and/or from which data is reproduced
comprising a recording area where data is recorded in at least one physical
cluster, a defective area where a defect that prevents recording and/or
reproduction of data is present in the recording 2    ,i area, and a
recording end area where information indicating an end of recording is
recorded before the defective area. The defective area is found during
verification of the disc before data is recorded or during recording and/or
reproduction of data. 5 A run-in and a run-out are provided before and
after a physical cluster, respectively, so that data can be accurately
recorded in the physical cluster. A guard 3 where data indicating an end of
recording is recorded is provided at an end portion of a basic recording
unit where a predetermined amount of data is recorded. The guard 3 has a
length of at least 300 channel bits and is formed of a continuous pattern
including at least 3T and 5T. Recording is performed with respect to the
defective area by lowering recording power of a light source to a power
that does not incur recording. The recoding power of the light source is
maintained as a reproduction power ~ 5 with respect to the defective area.
The recording area comprises a recorded area in which data is already 



recorded and a blank area in which data is not recorded. According to
another aspect of the present invention, an optical disc on which data is
recorded and/or from which data is reproduced comprising a recording area
2o where data is recorded in at least one physical cluster, a defective
area where a defect that prevents recording and/or reproduction of data is
present in the recording area, and a recording end area where information
indicating an end of recording is recorded before the defective area,
wherein a linkage is set to occur subsequent to the defective area. 25 An
additional guard 1 and guard 2 to protect user data are provided in the
run-in and run-out, respectively. The guard 2 has the same length and
pattern as a guard 3 indicating that recording ends. According to yet
another aspect of the present invention, a method for recording data on
and/or reproducing data from a high density optical disc having a so
defective area, the method comprising recording data in a predetermined
recording area including the defective area, and recording data indicating
an end of recording before the defective area. The method further comprises
processing a linkage to occur subsequent to the defective area. 3   p~oo
goo The data is recorded in units of physical clusters. According to still
yet another aspect of the present invention, a method for recording data on
and/reproducing data from a high density optical disc having a defective
area, the method comprising recording data in a predetermined recording 5
area including the defective area, and processing a linkage to occur
subsequent to the defective area. BRIEF DESCRIPTION OF THE DRAWINGS The
above features of the present invention will become more apparent by
describing in detail preferred embodiments thereof with reference to the
attached drawings in which: FIG. 1 is a view showing the structure of a
basic recording unit applied to a conventional CD-RW; FIG. 2A is a view
showing a structure where data is recorded in a single 15 physical cluster;
FIG. 2B is a view showing a recording structure where data is continuously
recorded in a plurality of physical clusters; FIG. 3A is a view showing a
case in which a defective area is detected when data is continuously
recorded in a plurality of physical clusters in an optical disc 2o
according to a preferred embodiment of the present invention; 



FIG. 3B is a view showing an optical disc having a defective area, for
explaining a method for recording and/or reproducing data by processing the
defective area of the optical disc according to a preferred embodiment of
the present invention; 2s FIG. 3C is a view showing the power of a light
source when recording and/or reproduction are performed with respect to the
optical disc according to the present invention; FIGS. 4A and 4B are views
showing the structure of run-in and run-out of the optical disc according
to the present invention; so FIG. 5 is a view for explaining that a linkage
is generated subsequent to a defective area according to the method for
recording data on and/or reproducing data from an optical disc according to
the present invention; and FIGS. 6A and 6B are views for explaining an
optical disc having a defective area according to another preferred
embodiment of the present invention and a 4   ~~ r~~?~pC~ method for
recording and/or reproduction by processing the defective area of the
optical disc. DETAILED DESCRIPTION OF THE INVENTION s FIG. 2A shows a case
in which data is recorded in a single physical cluster 5 in a high density
optical disc capable of recording and/or reproducing data. FIG. 2B shows a
case in which data is continuously recorded in a plurality of physical
clusters 15. Run-ins 3 and 13 and run-outs 8 and 18 are disposed before and
after the physical clusters 5 and 15, respectively. The run-ins 3 and 13
and the run-outs 8 and 18 are for accurately recording data in the physical
clusters 5 and 15 during recording and/or reproducing data. That is, when
data is recorded in the run-ins 3 and 13 or the run-outs 8 and 18, which is
not the correct position for the data to be recorded, error correction is
processed so that data can be smoothly recorded andlor reproduced. ~5 Also,
guard 3, 10, and 20 where information indicating an end of recording is
stored are provided at in a portion where recording ends. The data
recording and/or reproduction of a basic recording unit where a
predetermined amount of data is recorded is completed by the guard 3. Here,
although a physical cluster is explained as a minimum recording unit where
user data is recorded, a sector, an 2o ECC block, or a frame may be a
minimum recording unit. Referring to FIG. 3A, in an optical disc according
to a preferred embodiment of the present invention, when recording and/or
reproduction is continuously performed with respect to a basic recording
unit having a predetermined capacity where user data is recorded, if a
defective area 16 where data cannot be recorded 2s and/or reproduced is
found, an address corresponding to the defective area 16 is stored in a
defect list area. The defective area 16 can also be found during
verification of a disc before data is recorded, in addition to during the
recording and/or reproduction of data. When the defective area 16 is found
during the verification of a disc, meaningless data that cannot be
reproduced is recorded and so the defective area is detected by this
recording. .. Next, as shown in FIG. 3B, when recording is performed with
respect to a predetermined recording area including the defective area 16,
since recording 



cannot be performed in the defective area 16, a recording end area 14 where
data indicating that recording is terminated is provided just before the
defective area 16. 5   ~~~oolo~ The recording end area 14 can be configured
identically to the guard 3 (20). That is, the recording end area 14 can be
configured to have the same length and pattern as the guard 3 (20). For
example, when the guard 3 (20) has a length of at least 300 channel bits
and a continuous pattern including at least 3T and 5T, the recording end s
area 14 is preferably configured to have the same length and pattern as the
guard 3 (20). Here, 3T and 5T are units of a length of a mark recorded on a
disc. When data is recorded on an optical disc having the above structure,
as shown in FIG. 3C, recording is performed by maintaining the power of a
light source (not shown) as a recording power Pw. Starting from the rear
portion of the ~o recording end area 14, before the defective area 16
begins, the power of the light source is controlled to be lower than the
recording power Pw so that recording cannot be performed. Preferably, the
power of the light source can be reduced to a reproduction power Pr. Here,
the power of the light source is preferably lowered before the recording
end area 14 ends. As shown in FIG. 3B, the power is ~ s controlled to be
the reproduction power Pr from a position indicated by a dotted line in the
recording end area 14. In the meantime, as shown in FIG. 4A, the run-in 13
may include a guard 1 (13a) having a predetermined pattern to overcome
overwriting due to mismatch or change of a data recording start point, and
a preamble 13b to perform signal 2o processing such as locking or
synchronizing. Also, as shown in FIG. 4B, the run-out 18 may include a
post-amble 18a to perform signal processing and a guard 2 (18b) having a
predetermined pattern to remove overwriting due to a change of the data
recording start point. As a result, the guard 1 (13a) and guard 2 (18b)
serve as a buffer to protect user data. Here, the guard 2 (18b) and guard 3
(20) can be 2s configured to have the same lengths and patterns. For
example, the guard 2 (18b) and guard 3 (20) may have lengths of at least
300 channel bits and may be formed by continuous patterns including at
least 3T and 5T. Next, a linkage is generated subsequent to the defective
area 16 so that recording may resume from a physical cluster subsequent to
the defective area 16. so Thus, the power of the light source is raised
back to the recording power Pw from the rear portion of a run-out 18'
subsequent to the defective area 16 and data recording begins again.
Referring back to FIG. 3B, an arrow between the run-out 18' and the run-in
13" after the defective area 16 indicates that a linkage is generated. s
PIo o~f~ A method for recording data on and/or reproducing data from an
optical disc according to a preferred embodiment of the present invention
will now be described below. Referring to FIGS. 3A through 3C, when the
defective area 16 where no data s can be recorded is found during
verification of a disc or during recording of data on 



or reproduction of data from the disc, data indicating that recording ends
is recorded in an run-in area 13' disposed before the defective area 16.
Thus, recording is not performed in the defective area 16 due to the
recording end data. Here, the power of the light source in the defective
area 16 is controlled to be Power than the recording power Pw, preferably,
the reproduction power Pr, so as not to record data. Next, a linkage is
generated so that data can be recorded in the area subsequent to the
defective area 16. That is, the run-out 18' and the run-in-13" subsequent
to the defective area 16 are linked. FIG. 5 shows that the run-out 18' and
the run-in-13" subsequent to the 15 defective area 16 are linked. When
recording resumes after the defective area 16, data can be recorded
overlapping a part of the run-out 18' and a part of the run-in 13"
subsequent thereto, not in a desired position for recording. In this case,
the linking is performed by correcting an error corresponding to a portion
where recording overlaps. Here, the error correction is made in preparation
for a case in 2o which recording does not resume at an accurate recording
start point when recording ends before the defective area 16 and resumes
after the defective area 16. In the meantime, when the guard 2 (18b') and
the guard 3 (20) present in the run-out 18' have the same configuration,
that is, the same length and pattern, it is advantageous to use the same
linking scheme suggested for the guard 3 (20) as it is. 2s As a result,
recording and/or reproduction are smoothly performed after the defective
area 16. Recording and/or reproduction are continuously performed up to a
physical cluster 15" subsequent to the run-in 13". When another defective
area is found during recording and/or reproduction, a recording end area is
defined just before the defective area in the same manner as described
above and a linkage is 3o generated so that recording can resume in the
area subsequent to the defective area. The physical cluster 15" is formed
of, for example, 496 recording frames (Rec.Frame) (15"-1, 15"-2, ...). In
FIG. 5, these recording frames are illustrated after the run-in 13". Here,
cluster k denotes the kt" physical cluster. 7   ~,do Boa Next, recording is
performed as the power of the light source is maintained at the recording
power Pw in the run-in 13" subsequent to the defective area 16. The guard 3
(20) indicating the end of recording is recorded at the end of a basic
recording unit where a predetermined amount of data can be recorded. Here,
the s recording end data, that is, the guard 2, recorded before the
defective area 16, is configured to be the same as the guard 3 (20). For
example, the guard 3 (14 and 20) preferably have a length of at least 300
channel bits and are configured as a continuous pattern including at least
3T and 5T. An optical disc and a method for recording data on and/or
reproducing data ~o from the optical disc according to another preferred
embodiment of the present invention will now be described below. FIG. 6A
shows a state prior to recording is performed according to a method for
recording data on and/or reproducing data from an optical disc according to
another preferred embodiment of the present invention. Here, recording has
been 15 performed from an (n-2)tn physical cluster 22 to an nth block 28
and a blank area in which no data is recorded is present starting from an
(n+1)th block 31. The (n-2)tn through (n+1 )`n blocks 22, 25, 28, and 31
have run-ins 21, 24, and 27 and run-outs 23, 26, 29, and 32, respectively,
and a defective area is found in the nth block 28. Since recording is
terminated in the nth block 28, a guard 3 (30) indicating the end of 2o
recording is recorded in a run-in area disposed after the nth block 28.
Here, recording is performed from the (n-2)tn block 22 to the (n+1)th block
31, part of a recording area is already recorded on and the remaining part
is not recorded on. In this case, the method for recording and/or
reproducing data with respect to an optical disc according to the present
invention can be applied. 2s FIG. 6B shows a state in which recording has
been performed according to a 



method for recording data on and/or reproducing data from an optical disc
according to another preferred embodiment of the present invention.
Recording begins from the (n-2)tn block 22 and ends before the nth block
28, which is a defective area. Thus, a guard 3 (37') indicating the end of
recording is 3o recorded before the defective area 28. The run-out 29 and
the run-in 30' _ subsequent to the defective area 28 are linked. A guard 3
(33') indicating the end of recording is recorded in the run-in subsequent
to the (n+1)th block 31 where the recording ends. 8   f fOC~~Oc~ When
recording is performed in an area including a defective area found during
continuous data recording and/or reproduction with respect to a high
density optical disc or during verification of a blank disc, data
indicating the end of recording is recorded just before the defective area
and a linkage is defined to occur s subsequent to the defective area. Thus,
more stable and reliable data recording and/or reproduction is possible. In
the optical disc and the method for recording data on and/or reproducing
data from the optical disc according to the present invention, when a
defective area is present, since data indicating the end of recording is
recorded such that recording ends before the defective area, recording is
not performed in the defective area. Furthermore, since a linkage is
processed to occur in an area subsequent to the defective area, data is
stably recorded and/or reproduced. In the high density optical disc where
data is continuously recorded and/or reproduced, by proposing a standard to
process the defective area, the compatibility of a disc drive is ensured
and, accordingly, reliability in recording and/or reproduction with respect
to the high density optical disc is improved. 9   Sao ~ ~c~o What is
claimed is: 1. An optical disc on which data is recorded and/or from which
data is reproduced, comprising: a recording area where data is recorded in
at least one physical cluster; s a defective area where a defect that
prevents recording and/or reproduction of data is present in the recording
area; and a recording end area where information indicating an end of
recording is recorded before the defective area. ~ 0 2. The optical disc as
claimed in claim 1, wherein the defective area is found during verification
of the disc before data is recorded or during recording and/or reproduction
of data. 



3. The optical disc as claimed in either claim 1 or claim 2, wherein a 1 s
run-in and a run-out are provided before and after a physical cluster,
respectively, so that data can be accurately recorded in the physical
cluster. 4. The optical disc as claimed in either claim 1 or claim 2,
wherein a guard 3 where data indicating an end of recording is recorded is
provided at an end 2o portion of a basic recording unit where a
predetermined amount of data is recorded. 5. The optical disc as claimed in
claim 4, wherein the recording end area is configured to be the same as the
guard 3. 2s 6. The optical disc as claimed in claim 5, wherein the guard 3
has a length of at least 300 channel bits and is formed of a continuous
pattern including at least 3T and 5T. 7. The optical disc as claimed in
either claim 1, claim 2, claim 5, or claim so 6, wherein recording is
performed with respect to the defective area by lowering recording power of
a light source to a power that does not incur recording. 10   ~?1C~~ ( n~
8. The optical disc as claimed in claim 7, wherein the recoding power of
the light source is maintained as a reproduction power with respect to the
defective area. 5 9. The optical disc as claimed in either claim 1 or claim
2, wherein the recording area comprises a recorded area in which data is
already recorded and a blank area in which data is not recorded. 10. An
optical disc on which data is recorded and/or from which data is 1o
reproduced, comprising: a recording area where data is recorded in at least
one physical cluster; a defective area where a defect that prevents
recording and/or reproduction of data is present in the recording area; and
a recording end area where information indicating an end of recording is 15
recorded before the defective area, wherein a linkage is set to occur
subsequent to the defective area. 11. The optical disc as claimed in claim
10, wherein the defective area is found during verification of the disc
before data is recorded or during recording 2o and/or reproduction of data.
12. The optical disc as claimed in either claim 10 or claim 11, wherein a
run-in and a run-out are provided before and after a physical cluster,
respectively, so that data can be accurately recorded in the physical
cluster. 25 



13. The optical disc as claimed in either claim 10 or claim 11, wherein a
guard 3 where data indicating an end of recording is recorded is provided
at an end portion of a basic recording unit where a predetermined amount of
data is recorded. 30 14. The optical disc as claimed in claim 13, wherein
the recording end area is configured to be the same as the guard. 11
~~C,~ (OCR 15. The optical disc as claimed in claim 14, wherein the guard 3
has a length of at least 300 channel bits and is formed of a continuous
pattern including at least 3T and 5T. 5 16. The optical disc as claimed in
either claim 10, claim 11, claim 14, or claim 15, wherein recording is
performed with respect to the defective area by lowering recording power of
a light source to a power that does not incur recording. 17. The optical
disc as claimed in claim 16, wherein the recording power of 1o the light
source is maintained as a reproduction power with respect to the defective
area. 18. The optical disc as claimed in claim 12, wherein an additional
guard 1 and guard 2 to protect user data are provided in the run-in and
run-out, respectively. 15 19. The optical disc as claimed in claim 18,
wherein the guard 2 has the same length and pattern as a guard 3 indicating
that recording ends. 20. The optical disc as claimed in claim 19, wherein
the guard 2 has a 20 length of at least 300 channel bits and is formed of a
continuous pattern including at least 3T and 5T. 21. The optical disc as
claimed in either claim 10, claim 11, claim 14, or claim 15, wherein the
recording area comprises a recorded area in which data is 25 already
recorded and a blank area in which data is not recorded. 22. A method for
recording data on and/or reproducing data from a high density optical disc
having a defective area, the method comprising: recording data in a
predetermined recording area including the defective area; 3o and recording
data indicating an end of recording before the defective area. 23. The
method as claimed in claim 22, further comprising processing a linkage to
occur subsequent to the defective area. 12   



~~c~aW 24. The method as claimed in either claim 22 or claim 23, wherein
the defective area is found during verification of the disc before the data
is recorded or during recording and/or reproduction of the data. 5 25. The
method as claimed in either claim 22 or claim 23, wherein the data is
recorded in units of physical clusters. 26. The method as claimed in claim
24, wherein the data is recorded in 1o units of physical clusters. 27. The
method as claimed in claim 24, wherein a recording power of a light source
is lowered to a power that does not incur recording with respect to the
defective area. 15 28. The method as claimed in claim 27, wherein the
recording power of the light source is maintained as a reproduction power
with respect to the defective area. 29. The method as claimed in either
claim 22 or claim 23, wherein a run-in 2o and a run-out are provided before
and after a physical cluster to accurately record data in the physical
cluster. 30. The method as claimed in either claim 22, claim 23, claim 26,
claim 27, or claim 28, wherein a guard 3 to record data indicating an end
of recording is 25 provided at an end portion of a basic recording unit
where a predetermined amount of data is recorded. 31. The method as claimed
in claim 30, wherein the data indicating the end of recording recorded
before the defective area has the same length and pattern as 3o the guard
3. 32. The method as claimed in claim 31, wherein a guard 1 and a guard 2
to protect user data are additionally provided at the run-in and run-out.
13    33. The method as claimed in claim 32, wherein the guard 2 and the
guard 3 have the same length and pattern. 34. The method as claimed in
either claim 31, claim 32, or claim 33, wherein the guard 3 has a length of
at least 300 channel bits and is formed of a continuous pattern including
at least 3T and 5T. 35. The method as claimed in either claim 22, claim 23,
claim 26, claim 27, or claim 28, wherein the recording area comprises a
recorded area in which data is 1o already recorded and a blank area in
which data is not recorded. 



36. A method for recording data on and/reproducing data from a high density
optical disc having a defective area, the method comprising: recording data
in a predetermined recording area including the defective area; 1s and
processing a linkage to occur subsequent to the defective area. 37. The
method as claimed in claim 36, wherein the defective area is found during
verification of the disc before data is recorded or during recording andlor
2o reproduction of the data. 38. The method as claimed in either claim 36
or claim 37, wherein the data is recorded in units of physical clusters. 2s
39. The method as claimed in either claim 36 or claim 37, wherein the
recording area comprises a recorded area in which data is already recorded
and a blank area in which data is not recorded. 40. The method as claimed
in claim 38, wherein the recording area 3o comprises a recorded area in
which data is already recorded and a blank area in which data is not
recorded. 41. The method as claimed in claim 40, wherein a run-out having a
guard 2 to protect data is provided subsequent to the physical cluster, and
the guard 2 has 14   the same length and pattern as a guard 3 in which data
indicating an end of recording is recorded. 42. The method as claimed in
claim 41, wherein the guard 3 has a length s of at least 300 channel bits
and is formed of a continuous pattern including at least 3T and 5T. 15
.An.AY%.A[9.A%.A!9.An3.A5%.A3%.A%.A %.AF%.A%.A%.AL.A`[_6\m"k(+.!t j  $
}xsnid_ZU]ca]ca]ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]cTa]cT^a]caU]caU]ca]ca]cTaU]caU]ca!$ l
$sndr4/4584n|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!nx8?xn!I9H8}xsnid_Y]ca]c^a
]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca! ^ q
!1!|!!!K"""#u###$$/$|$$$L%%%(&-&9&&&&c''}xsnic^Y]ca]ca]ca]c^a]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!'(Z(()*E+++,j,,-P.../p////&1|112b223?4445Q55}xsnid_Z]ca]]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!5@66677778Z89Z9999:U:::R;
<<:===W>??A@@@8AAB'C}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]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]ca!'CpCDDDDEXEEEPFFF
GEGGGI/JfKKLBLLL/MMMMM@NNN;
O}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c&a]ca]ca]ca!;
OOOOOPPP?RRRRRR$S<SSSTKToTTU+UrUUVSVVVHWuWWX%X|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c$a]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!%XrXXYY$YmYYYZdZZZZ;
[[[[%\i\\]&]p]]^^S^^^J_u_{__}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!__$`5```&a
raaabrbubbcJcccdPddd
eoeveef9f?fFfffgg}xsnid_Z]ca]]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!gbgggg9hhhhhBiiijNjj
jkSkkklGlMlNlllmQmmm!nenn}xsnid_Z]ca]]ca]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]ca]ca]ca]ca]ca]ca]ca]ca!nn=oDooo"p?pp
ppOqyqqr*rtrrrrs1syssssnn}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca6\dEl10%m&'()
-G10%m&'()-ss10%m&'()-910%m&'()-lM10%m&'()-ty`10%m&'()-\m"kaB910%m&'()-9sS#
10%m&'()-&y10%m&'()-  10%m&'()-!  g10%MM&'()-`'10%m&'()-k(dE"y
10%m&'()-9"10%m&'()- 9"10%m&'()-
&10%m&'()-10%m&'()-Lf10%m&'()-(+.!tdE9/"10%m&'()-410%m&'()-.10%m&'()-&s$f#1
0%m&'()-,10%m&'()-$10%m&'()-t 



j dYNC 10m 10m
10m>M10%m&'()-&6#10%m&'()-9l4!10%m&'()-92"10%m&'()-&31:!10%m&'()-  $ l
dEYNC s"10%&'()- `10%&'()-L910%&'()-#10%&'()-(310%&'()-Ys10%&'()-
$snaBYNC"10%&'()-F$10%&'()-
-#10%&'()-!@T&10%&'()-910%&'()-Y"10%&'()-nddEYNC-4
10%&'()-f,$10%&'()-%T#10%&'()-`$%10%&'()-"10%&'()-10%&'()-r4dEYNC7"10%&'()-
510%&'()-Y410%&'()-2"10%&'()-314"10%&'()-/10%&'()-/123458b@![(m10%&'()-`10%
&'()- 10 10 10f=s10%&'()-:T#10%&'()-&9s!10%&'()-84dEb@! 10%&'()-9&"10%&'()-
10%&'()-10%&'()-Y10%&'()-Z"10%&'()- nx8}^?b@f10%&'()-
10%&'()-!@#10%hh&'()-10%&'()-!10%&'()-!`L!10%aa&'()-8?xdEb@!S
10%&'()-z10%&'()-10%&'()-F@10%&'()-S
10%&'()-10%&'()-ndEb@S,$10%&'()-)"10%&'()-g'G"10%&'()-%-#10%&'()-L$s$10%&'(
)-""10%&'()- !I9^?b@7 10%&'()-!!5%10%&'()-!+2%10%&'()- 1@10%&'()-y/
10%&'()- -#10%&'()- HbCg10%'o&'()-F(m10%'o&'()- 10 10
10@=s10%&'()-:10%&'()-9F10%&'()-H8dEbCS10%'o&'()- 10%'o&'()-`93%10%'o&'()-
"10%'o&'()-!10%'o&'()-Y10%'o&'()- ^ q
!aBbC10%'o&'()-10%'o&'()-y310%'o&'()-10%'o&'()-!@$10%5o5o&'()-310%'o&'()-
!1!|!!!K""dEbC`$10%'o&'()-"&!10%'o&'()-&!10%'o&'()-y10%'o&'()-310%'o&'()-F1
0%'o&'()-""#u###$$dEbC-"10%'o&'()- S,%10%'o&'()-*10%'o&'()-)f#10%'o&'()- '
10%'o&'()-%10%'o&'()-$$/$|$$$L%%dEbC710%'o&'()-5!10%'o&'()-Y4$10%'o&'()-2F1
0%'o&'()- 1 10%'o&'()-/10%'o&'()-%%(&*&+&,&-&9&&bC!10%`&'()-l(10%`&'()-
10'o 10'o 10'of=10%'o&'()-:&!10%'o&'()- 9m10%'o&'()- 



&&&c''(Z(aBbC& "10%`&'()-&!10%`&'()-`f#10%`&'()-!C`&%10%&<&<&'()-
10%`&'()-l10%`&'()-Z(()*E+++aBbC%10%`&'()-L$10%`&'()-#10%`&'()-F%10%`&'()-f
#10%`&'()-!@`$10%||&'()-+,j,,-P..dEbCF410%`&'()--Y"10%`1&'()-S,
%10%`&'()-*Y"10%`&'()-)!10%`&'()-'10%`&'()-../p//////dYNC 10` 10`
10`=t10%`&'()-:"10%`&'()- 9F"10%`&'()-7f
10%`&'()-5$10%`&'()-//&1|112b2dEYNC #10%\&'()-s'10%\&'()-
10%\&'()-sL%10%\&'()-#10%\&'()-Y(310%\&'()-b223?4445dEYNC
10%\&'()-10%\&'()-Y%10%\&'()-S#10%\&'()-S%10%\&'()-10%\&'()-
5Q55@66677aBYNC*!10%\&'()-,)y#10%\&'()-'"10%\&'()-!&`$&10%::&'()-"10%\&'()-
&!3"10%\&'()-
77778Z89Z9aBYNC6"10%\&'()-!+2&10%88&'()-31'10%\&'()-/10%\&'()--"10%\&'()-
f,-&10%\&'()-Z9999999:U:bC10%'o&'()-)F10%'o&'()-m 10\ 10\
10\y>s10%\&'()-9910%\&'()-7#10%\&'()- U:::R;
<<:=aBbC10%'o&'()-!+@,&10%RoRo&'()-& #10%'o&'()-s9 %10%'o&'()-
10%'o&'()-&l"10%'o&'()-g:===>W>??aBbC`$z&10%'o&'()-m"10%'o&'()-`%10%'o&'()-
z!%10%''&'()-z&
10%'o&'()-&y!10%'o&'()-?A@@@8AABdEbC-"10%'o&'()-S,z&10%'o&'()-*#10%'o&'()-,
)!10%'o&'()-' 10%'o&'()-%F10%'o&'()-B'CpCD DDDDDuj_@)310%M&'()- 10'o 10'o
10'o=t10%'o&'()-7!10%'o&'()-!45`!10%[o[o&'()-Y4&10%'o&'()-DDEXEEEPFaBj_@`!1
0%M&'()- m"10%M&'()- `&s$10%M&'()-
"10%M&'()-10%M&'()-!#10%MM&'()-PFFFGEGGGdEj_@
10%M&'()-f10%M&'()-10%M&'()-@$10%M&'()-10%M&'()-10%M&'()-GHI/JfKKL}^?j_@--#
10%M&'()-S,&10%M&'()-%y#10%M&'()-$"10%M&'()-3!T&10%eheh&'()-!!T&10%MM&'()-L
BLLL/MMMaBj_@&9`10%M&'()-!V5%10%&'()-Y4!10%M&'()-2F"10%M&'()-
010%M&'()-3/&10%M&'()-MMMMMM@NNNbC&"10%H&'()-&l"10%H&'()-
:10%H&'()-)A10%H&'()- 10M 10M 10My=s10%M&'()-N;
OOOOOPPdEbC&"10%H&'()-&"10%H&'()-310%H&'()-&   10%H&'()-sL$10%H&'()-&
10%H&'()-PP?RRRRRRR}^SH= 10H 10H 10H=t10%H&'()-F 



10%H&'()-!&Y%10%&H&H&'()-"10%H&'()-!+Ss$10%+H+H&'()-RRR$S<SSSdESH=
109-&10%H&'()- 10%H&'()- 910%H&'()-l10%H&'()-&10%H&'()-)
.10%H&'()-STKToTTU+UdESH= 10&y10%H&'()-& 10%H&'()-
&@$10%H&'()-910%H&'()-s&10%H&'()-9 10%H&'()- +UrUUVSVVVdESH= 10L$&10%H&'()-
&""10%H&'()-&!10%H&'()-&10%H&'()-Yf&10%H&'()-10%H&'()-VHWuWWX%XrXdESH= 102
10%H&'()-&/10%H&'()-&-#10%H&'()-S,#10%H&'()-&)`10%H&'()-'
10%H&'()-rXXYYYYY$YmYbC 1010%`&'()-f)F310%`&'()- 10H 10H
10Hf=10%H&'()-&510%H&'()-F4`$10%H&'()- mYYYZdZZZdEbC 1010%`&'()-s10%`&'()-
"10%`&'()-99:$10%`&'()-910%`&'()-l"10%`&'()-ZZ;[[[[%\dEbC
10F10%`&'()-10%`&'()- @10%`&'()-y 10%`&'()-10%`&'()-S3
10%`&'()-%\i\\]&]p]]dEbC 10,)@#10%`&'()-'10%`&'()-`$10%`&'()-"
10%`&'()-&!Z10%`&'()-10%`&'()-]^^S^^^J_dEbC 1003&'10%`h&'()-
1"10%`&'()-/"10%`&'()--10%`&'()-y,10%`&'()-*10%`&'()-J_u_x_y_z_{___$`~_@
1&l#10%\&'()-`10%\&'()-(10%\&'()- 10` 10`
10`,=10%`&'()-!C510%&'()-$`5```&araadE~_@ 1S%10%\&'()-y 10%\&'()-
&"10%\&'()-& z 10%\&'()-sL$10%\&'()-&10%\&'()-aabrbubbcdE~_@
110%\&'()-310%\&'()-10%\&'()-#10%\&'()-310%\&'()-& 10%\&'()-cJcccdPdddE~_@
1f,10%\&'()-*!10%\&'()-,)310%\&'()-&10%\&'()-`$@&10%\&'()-"10%\&'()-dd
eoeveefdE~_@ 1&9G10%\&'()-610%\&'()-l410%\&'()-2
10%\&'()-31F10%\&'()-/310%\&'()-f9f<f=f>f?fFfffbC
1&m"10%\&'()-l910%\&'()-0)10%\&'()-@ 10\ 10\
10\S>10%\&'()-:10%\&'()-fggbggggdEbC 1@ 10%\&'()-10%\&'()-9s310%\&'()- S
10%\&'()-s`s10%\&'()-& 



10%\&'()-g9hhhhhBidEbC 1&@#10%\&'()-z 10%\&'()-l10%\&'()-&10%\&'()-&
"10%\&'()-y10%\&'()-BiiijNjjjdEbC 1f,%10%\&'()-*S 10%\&'()-,)T
10%\&'()-%S10%\&'()-`$4%10%\&'()-"- 10%\&'()-jkSkkklGldEbC 1&9 10%\&'()-7
10%\&'()-Y410%\&'()-2"10%\&'()- 31z 10%\&'()--10%\&'()-GlJlKlLlMlNlllmbC 1
10%\&'()-&Y10%\&'()-z 10%\&'()-)10%\&'()- 10\ 10\
10\S=10%\&'()-mQmmm!nennaBbC 1f'10%\&'()-,10%\&'()-&"10%\&'()-z 10%\&'()-&
10%\&'()-!s#10%\\&'()- nn=oDooo"pdEbC 1"9!10%\&'()-! 10%\&'()-10%\&'()-
310%\&'()- 10%\&'()-Y10%\&'()-"p?ppppOqyqdEbC
1&y/10%\&'()--Y"10%\&'()-@,t$10%\&'()-&)Z10%\&'()-s'z 10%\&'()-9$m
10%\&'()-yqqr*rtrrrrrdE:/ 10\ 10\f=10%\&'()-:m"10%\&'()-9
10%\&'()-5@10%\&'()-34$10%\&'()- 2@10%\&'()-rrs1syssssxY:/ 10\S=10%&'()-
10%&'()-`%10%&'()-l 10%&'()-F10%&'()-10%&'()-  10\ Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font3
,#,6AJOVz\>cLioptvxz|~$ n'5'C;O%X_gnsIJKLMNOPQRST\k(t
n88H!"$$%&Z(+./b2577Z9U::=?BDPFGLMNPRS+UVrXmYZ%\]J_$`acdffgBijGlmn"pyqrsUVW
XYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New RomanArialCourier New"h
Root EntryWordDocument4   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


