
;FGHIe3eL:86nT  POSITION ON DISK BACKGROUND OF THE INVENTION 5 The present
invention relates to a disk drive that uses a head to read and write data
from and to a disk, and in particular, to a disk drive that sets an offset
between a track position specified by a command from a host and a target
position at which 10 the head is to be actually positioned, as well as a
head positioning method used for this disk drive. A hard disk drive is well
known as a disk drive that uses disks (disk media) as recording media. In
general, a plurality of concentric servo tracks are 15 arranged on a
recording surface of a disk. The pitch of the servo tracks on the disk is
fixed. Servo information is pre-written in each servo track discretely at
equal intervals in the circumferential direction of the disk. The servo
information 20 pre-written in the disk is called embedded servo. The servo
information is a kind of positional information, also called a servo
pattern, and contains address code and burst signals. The address code
contains a cylinder code (cylinder number). The cylinder code 25 indicates
a cylinder position on the disk at which the corresponding servo
information is written. The burst signal is also called a position error
signal, and it   - 2  indicates information (position error) on the
position of the head relative to the cylinder (servo track) in which the
corresponding servo information is written. The cylinder code in the servo
information is a value 5 that varies with the consecutive servo tracks (in
general, the respective servo tracks have different values ) . If a host
utilizing the hard disk drive provides a read/write command to the drive,
the position of a 10 target track on the disk specified by this command is
calculated. Then, head positioning control is carried out on the basis of
the servo information read by the head. This control allows the head to be
positioned at the target position (in the radial direction of the 15 disk).
In this state, the head reads or writes data from or to the disk. In this
case, the tracks in which the head writes data coincide with the servo
tracks. The pitch of the tracks (track pitch) is fixed. 20 The heads of
recent hard disk drives are mainly of a composite type. The composite head
is composed of a read head (read element) and a write head (write element)
separately formed on the same slider. With a hard disk drive comprising
such a composite head, the 25 signal to noise ratio of a read signal
(reproduction signal) is degraded if the head has a large azimuth angle.
This is because crosstalk may occur, in which  



- 3  data recorded in a track on the disk is deleted by writing data in
adjacent tracks. Thus, techniques have hitherto been proposed which
suppress the adverse effects of crosstalk. 5 For example, Jpn. Pat. Appln.
KOKAI Publication No. 10-255201 describes a technique of dividing the
recording surface on the disk into areas with a large azimuth angle and
areas with a small azimuth angle. The technique (hereinafter referred to as
the prior 10 art) described in this publication arranges servo tracks in
each area, the tracks having a track pitch unique to that area.
Specifically, in the prior art, servo information is written using
different track pitches for the areas with the large azimuth angle and 15
for the areas with the small azimuth angle. Thus, in the prior art, in
order to suppress the adverse effects of crosstalk resulting from the large
azimuth angle of the head, it is necessary to write servo information using
different track pitches for 20 the respective areas into which the
recording surface has been divided on the basis of a difference in azimuth
angle. However, the length (known as the head width) of the head in the
radial direction of the disk varies with the head. Crosstalk may also occur
if 25 the width (write width) over which data is actually written varies
owing to the variation in head width. In this case, different track pitches
must be used to   - 4  write servo information in the respective areas on
the disk into which the recording surface is divided, also taking the
variation in head width into account. BRIEF SUMMARY OF THE INVENTION 5
According to an embodiment of the present invention, there is provided a
disk drive comprising a disk having a recording surface on which a
plurality of concentric tracks are arranged at a fixed pitch, wherein data
is read from and written to the disk by 10 a head arranged in association
with the recording surface of the disk. The disk drive comprises
calculating means, determining means, and executing means. The calculating
means calculates a first offset value on the basis of the position of a
first 15 target track specified by a command from a host, the first offset
value reflecting a track pitch which enables adverse effects of crosstalk
to be suppressed. The first offset value indicates an offset of a target
position at which the head is to be actually 20 positioned from a
predetermined position on the first target track in a radial direction of
the disk. The determining means determines a second target track, to which
the target position belongs, and a second offset value on the basis of the
position of the first target 25 track and the first offset value calculated
by the calculating means. The second offset value indicates an offset of
the target position from a predetermined   - 5  position on the second
target track in the radial direction of the disk. The executing means
executes control to position the head at the target position on the second
target track on the basis of the second 5 target track position and second
offset value each determined by the determining means. BRIEF DESCRIPTION OF
THE SEVERAL VIEWS OF THE DRAWING The accompanying drawings, which are
incorporated in and constitute a part of the specification, 



10 illustrate embodiments of the invention, and together with the general
description given above and the detailed description of the embodiments
given below, serve to explain the principles of the invention. FIG. 1 is a
diagram showing the configuration of 15 a hard disk drive according to an
embodiment of the present invention; FIG. 2A is a view showing the format
of a recording surface Hi (i=0, 1) of a disk 11; FIG. 2B is a diagram
showing that cylinder codes 20 with different values are written in
consecutive servo tracks on the disk 11 at a fixed pitch; FIGS. 3A and 3B
are views showing the relation ship between a set of areas A1 to An on
recording surfaces HO and H1 of the disk 11 and a set of offset 25 values
(err)O1 to (err)On for the respective areas A1 to An; FIG. 4 is a diagram
showing an example of the structure of data in an offset table 222;   - 6
FIG. 5 is a diagram showing an example of the positional relationship
between a first target track TT1 and a second target track TT2 if the first
target track TT1 is each of the consecutive servo tracks Tjk 5 on the disk
11; FIG. 6 is a flow chart showing an operational procedure used when a
command is executed; FIG. 7 is a diagram showing an example of the
relationship between both the first target track TT1 10 (=Tjk) and offsets
0j and ~ 0j and both the second target track TT2 and an offset ~ 0j; FIGS.
8A and 8B are diagrams showing that unique offset values are stored in
FROMs 22 provided in respective HDDs having different data track pitches 15
(track density); FIGS. 9A and 9B are flow charts showing the procedure of a
process for determining the offsets 0j and ~ 0j for each area Aj; 



FIG. 10A is a diagram showing that a head 12_i 20 is positioned at a
predetermined position on the track Tjk; FIG. 10B is a diagram showing that
the head 12_i is offset from the predetermined position on the track Tjk in
a radially outside direction of the disk; and 25 FIG. 10C is a diagram
showing that the head 12_i is offset from the predetermined position on the
track Tjk in a radially inward direction of the disk.   _ ~ _ DETAILED
DESCRIPTION OF THE INVENTION With reference to the drawings, description
will be given of an embodiment in which the present invention is applied to
a hard disk drive. FIG. 1 is 5 a block diagram showing the configuration of
a hard disk drive (hereinafter referred to as an HDD) according to an
embodiment of the present invention. In FIG. 1, a disk (magnetic disk
medium) 11 has two disk surfaces including a top and bottom surfaces. 10 At
least one of the two disk surfaces of the disk 11, e.g. both disk surfaces
constitute recording surfaces HO and H1 on which data is magnetically
recorded. Heads (magnetic heads) 12_p and 12_1 are arranged in association
with the recording surfaces HO and H1, 15 respectively. The head 12_i (i=0,
1) is caused to float over the disk 11 by rotation of the disk 11 while the
HDD is in operation. The head 12_i is used to read data from the recording
surface Hi of the disk 11 (data recording) and to write data to the
recording 20 surface Hi of the disk 11 (data reproduction). The head 12_i
is of a composite type in which a read . head 121 and a write head 122 are
separately formed on the same slider. The read head 121 is, for example, a
magneto resistive head (MR head) composed of a magneto 25 resistive (MR)
element. The write head 122 is, for example, an inductive head composed of
an inductive thin-film element. In the arrangement shown in   _ g _ FIG. 1,
the HDD is assumed to comprise a single disk 11. However, the HDD may
comprise a plurality of disks 11 stacked. FIG. 2A shows the format of the
recording surface 5 Hi (i=0, 1) of the disk 11. As shown in this figure, a
plurality of servo areas 110 are arranged on the recording surface Hi of
the disk 11 discretely at equal intervals in the circumferential direction
of the disk 11 and radially in the radial direction of 10 the disk 11. The
area between the adjacent servo areas 110 on the recording surface Hi is
used for user data. A plurality of data sectors are arranged in the user
data area. A plurality of concentric servo tracks 111 are arranged on the
recording surface Hi 15 of the disk 11. The pitch (servo track pitch) of
the servo tracks 111 is fixed. Servo information is 



pre-written in each servo area 110 for each servo track 111. Each servo
information item contains cylinder code (cylinder number) and burst
signals. 20 The cylinder code and the burst signals are positional
information required to position the head 12_i at a target position on a
target track. In this case, the cylinder code in the respective servo
information items written in the servo area 110 for the respective 25 servo
tracks 111 are different values CYL (in general, different values).
Referring back to FIG. 1, the disk 11 is rotated   - 9  at a high speed by
a spindle motor (hereinafter referred to as an "SPM") 13. The head 12_i is
attached to the tip of an actuator (carriage) 14. The head 12-i moves in
the radial direction of the 5 disk 11 as the actuator 14 moves rotatively.
Thus, the head 12_i is positioned on a target track. The actuator 14
includes a voice coil motor (hereinafter referred to as a VCM) 15 serving
as a driving source for the actuator 14. The SPM 13 and the VCM 15 are 10
driven by driving currents independently supplied by a driver IC 16. The
driver IC 16 is a motor driver composed of one chip. A CPU 21 determines
the amount of control required to determine the driving currents supplied
by the driver IC 16 to the SPM 13 and the VCM 15 15, respectively. The head
12_i is connected to a head IC (head amplifier circuit) 17. The head IC 17
includes a read amplifier (not shown) that amplifies a read signal read by
the head 12_i and a write amplifier (not 20 shown) that converts write data
into a write current. A head IC 23 is connected to a read/write IC
(read/write channel) 18. The read/write IC 18 is a signal processing device
that executes various signal processes. These signal processes include a
process 25 of subjecting a read signal to an analog-to-digital (A/D)
conversion, a process of encoding write data, and a process of decoding
digitalized read data.   - 10  The read/write IC 18 also has a function of
pulsing (binarizing) a read signal into a read pulse signal and a function
of extracting burst signals (in this case, burst signals A, B, C, and D)
from servo 5 information in accordance with a timing signal (burst timing
signal) from a gate array 19. The burst signals are transmitted to the CPU
21, which uses them for positioning control (track following control) to
settle the head 12_i at a target position on a target 10 track. The gate
array 19 has a function of generating various timing signals including a
burst timing signal, from a read pulse signal outputted by the read/write
IC 18 and a function of extracting cylinder 15 code from servo information.
The cylinder code is used for seek control to move the head 12_i to the
target track. A disk controller (hereinafter referred 



to as an "HDC") 20 is connected to a host (host system) utilizing the HDD.
The host is digital 20 electronic equipment represented by a personal
computer. The HDC 20 processes read data decoded by the read/write IC 21 in
accordance with a control signal from the gate array 19 to generate data to
be transmitted to the host. The HDC 20 also transfers 25 write data
transferred by the host, to the read/write IC 18 in accordance with a
control signal from the gate array 19.   - 11  The CPU 21 is a main
controller for the HDD. The CPU 21 contains an FROM (Flash Read Only
Memory) 22 and a RAM (Random Access Memory) 23. The FROM 22 is a rewritable
nonvolatile memory. The FROM 22 5 pre-stores a control program 221 to be
executed by the CPU 17. The control program 221 contains a process routine
for determining a target position at which the head 12-i is to be actually
positioned, on the basis of positional information on a target track
specified 10 by a command from the host. The target position is determined
taking the azimuth angle of the head 12_i or the like into account. The
FROM 22 also pre-stores an offset table 222, described later. A part of the
entire area of the RAM 23 is used by the CPU 21 as 15 a work area. The
offset table 222 indicates the relationship between concentric areas Aj (j=
1 to n) (see FIGS. 3A and 3B) on the recording surfaces HO and H1 of the
disk 11 and both offset values Oj and 0 Oj. 20 The recording surfaces HO
and H1 are divided into the areas Aj on the basis of the azimuth angle of
each position of the head 12_i in the radial direction of the disk. A
plurality of servo tracks 111 are arranged in each area Aj. Here, the
offset value 25 (fourth offset value) Oj will be described. First, it is
assumed that a leading track Tj0 in the area Aj is a target track TT1. The
target track TT1 (hereinafter   - 12  5 10 15 20 25 



referred to as a first target track TT1) is specified by a read/write
command from the host. In the present embodiment, a target position (the
position in the radial direction of the disk 11) TP at which the head 12_i
is to be actually positioned does not always coincide with a predetermined
position on the target track TT1. If a track Tj0 is assumed to be the track
TT1, the offset value 0j indicates the offset (for example, in the radially
inward direction of the disk 11) of the target position TP from the
predetermined position on the target track TT1 (= track Tj0). A track on
the disk 11 to which a target position (TP) belongs is called a second
target track TT2. The predetermined position varies between a data read and
a data write because the head 12_i is of the composite type. However, for
simplification of description, the predetermined position is assumed to be
on a center line in the target track TT1. The offset value (third offset
value) ~ 0j indicates the difference (pitch difference) between a servo
track pitch STP and a data track pitch DTP. The data track pitch DTP
enables the adverse effects of crosstalk to be suppressed. The DTP and the
STP have the relationship expressed by the following equation: DTP = STP +
0 0j (1) In the prior art, the data track pitch DTP is   - 13  equal to the
servo track pitch STP. That is, 0 0j=0. In this case, the target position
TP coincides with the predetermined position on the target track TT1.
However, when the data track pitch DTP is equal to the 5 servo track pitch
STP, with some HDDs, the adverse effects of crosstalk become more
significant. Such HDDs are classified into two types. A first type includes
HDDs in which the head 12_i has an azimuth angle varying markedly depending
on the position on 10 the disk in its radial direction. With the first type
of HDD, owing to the varying azimuth angle of the head 12_i, the width
(write width) over which data is actually written by the head 12_i also
varies depending on the position on the disk in its radial 15 direction.
This is equivalent to the head width of the head 12_i varying depending on
the position on the disk in its radial direction. A second type includes
HDDs in which the heads 12_p and 12_1, corresponding to the recording
surfaces HO and H1, respectively, of 20 the disk 11, have greatly different
head widths (which depend on the physical shapes of the heads). Thus, in
the present embodiment, for each area Aj, a unique data track pitch DTP
(DTP>STP) is set which enables the adverse effects of crosstalk to be
suppressed. 25 Specifically, a unique offset value 0 0j is set for each
area Aj. The numbers of servo tracks 111 arranged in areas   - 14  A1 to
Aj_1 are assumed to be N1 to Nj_1, respectively. The offset value Oj can be
calculated in accordance with the following equation: Oj - 0j_1 + (err)Oj_1
(Nj_1 - 1/2) + DOj/2 (2) 5 Specifically, the offset value Oj can be
calculated from Oj_1, ~ Oj_1, and 0 Oj, as well as the number of tracks N1
to Nj_1. In this case, O1= ~ 0l/2. Alternatively, the offset value Oj can
be calculated using the following equation: 10 Oj - Oj_1 + D0~-1 (Nj_1 -
1/2) + ~Oj/2 - ~O1*N1 + L\02*N2 + ... + ~0~_1*Nj_1 + ~Oj - E ~Op*Np + 00j
(3) Here, E 0 Op*Np represents the sum of D Op*Np for p=1 to j-1. As is
apparent from Equation (3), the 15 offset value Oj can also be calculated
from the offset values 0 O1 to ~ Oj and the number of tracks N1 to Nj_1.
Accordingly, if the time required to calculate the offset value Oj does not
matter, information on the offset value Oj need not 20 necessarily be
stored in an entry Ej in the offset table 222. It is assumed that the
k+1-th track Tjk in the area Aj is the first target track TT1. In this
case, the offset of the target position TP at which the head 



25 12_i is to be actually positioned, from the predeter mined position on
the target track TT1 (=track Tjk) is expressed by Oj+k ( STP+ 0 0~ )
=Oj+k*DTP .   - 15  FIGS. 3A and 3B show the relationship between a set of
the areas A1 to An on the recording surfaces H0 and H1 of the disk 11 and a
set of the offset values ~ O1 to 0 On for the respective areas A1 to An. 5
The offset values 4 O1 to 0 On are determined taking into account a
difference in head width between the head 12_p and the head 12_1
corresponding to the recording surfaces H0 and H1, respectively. FIG. 4
shows an example of the structure of data 10 in the offset table 222. As
shown in this figure, each entry Ej (j=1 to n) in the offset table 222
stores track position information indicative of a leading track Tj0 of the
servo tracks 111 contained in the area Aj, as well as the offset values Oj
and 15 0 Oj. Here, it is assumed that the first target track TT1 is the
track Tjk, Tj0<-TT1<T (~+1) 0, and the track TT1 is contained in the area
Aj. In this case, with reference to the entry Ej in the offset table 222,
it is possible to obtain the offset values Oj and 0 Oj 20 required to
determine the offset of the target position TP at which the head 12_i is to
be actually positioned, from the (predetermined position on the) first
target track TT1. FIG. 5 shows an example of the positional 25 relationship
between the first target track TT1 (=Tjk) and a second target track TT2 if
the first target track TT1 is each of the consecutive servo tracks Tjk   -
16  on the disk 11. In the example in FIG. 5, for the convenience of
drawing, it is assumed that four tracks are contained in each of the areas
A1, A2, and A3. The CPU 21 in FIG. 1 controls each section of the 5 HDD in
accordance with the control program 221 stored in the FROM 22. For example,
CPU 21 executes seek 



control to move the head 12_i to the second target track TT2 on the disk
11. The second target track TT2 is determined on the basis of the first
target track 10 TT1 and the offset values 0j and ~ 0j. Specifically, the
second target track TT2 is obtained by correcting the first target track
TT1 on the basis of the offset values 0j and 0 0j; the head 12_i is to be
actually moved to the second target track TT2. The CPU 21 also 15 executes
positioning control to the position the head 12_i moved to the second
target track TT2, at the target position TP on the target track TT2. The
value 0 0j' for the offset of the target position TP from the predetermined
position on the second target track 20 TT2 is determined on the basis of
the first target track TT1 and the offset values 0j and D 0j. The CPU 21
also uses the HDC 20 to execute read/write control in accordance with a
read/write command from the host. Now, with reference to the flow chart in
FIG. 6, 25 description will be given of execution of a read/write command
in the HDD shown in FIG. 1, taking by way of example the case in which a
write command from   _ 1~ _ the host is executed. It is assumed that the
host provides a write command to the HDD shown in FIG. 1. The write command
is received by the HDC 20, which then passes the command to the CPU 21. If
a read 5 command or a write command has been delivered by the HDC 20, the
CPU 21 calculates the position of the first target track TT1 specified by
this command (step S1). Normally, a read/write command from the host
specifies a disk address using a logic address (logic 10 block address).
Thus, to access the disk 11, it is necessary in step S1 to execute a
calculation process to convert the logic address into a physical address
representative of the first target track TT1. Here, it is assumed that the
first target track TT1 is the 15 track Tjk. Once the CPU 21 identifies the
position of the first target track TT1 (step S2), it identifies the area Aj
on the disk 11 to which the target track TT1 (=Tjk) belongs (step S2). The
area Aj is one of the 20 areas A1 to An (see FIGS. 3A and 3B) into which
the recording surface HO and H1 are divided. Then, the CPU 21 references
the entry Ej in the offset table 222 which corresponds to the area Aj
identified in step S2 (step S3). Then, the CPU 21 reads the offset values
25 0j and 0 0j stored in the referenced entry Ej (step S4). On the basis of
the first target track TT1 (=Tj k) and the offset values Oj and ~ 0j read
in step   - 18  S4, the CPU 21 calculates the value of the offset (first
offset value) {Oj+k(STP+ ~ 0j) of the target position on the second target
track TT2 from a predetermined position on the first target track TT1 



5 (Step S5). This offset value {0j+k(STP+ 0 0j) reflects a data track pitch
that enables the adverse effects of crosstalk to be suppressed. Then, on
the basis of the target track TT1 (=Tjk) and the offset value {Oj+k(STP+0
0j), CPU 21 10 determines the position of the second target track TT2 and
the offset value (second offset value) ~ Oj' (step S6). As described
previously, the offset value 0j can also be calculated in accordance with
Equation (3) on the basis of the offset value 0 01 to 0 0j. Therefore, 15
the position of the second target track TT2 and the offset value 0 0j' can
be determined from the first target track TT1 (Tjk) and the offset values D
01 to ~ 0j . As described previously, the head 12_i is to 20 be actually
moved to the second target track TT2. Specifically, the target position TP
(at which the head 12_j is positioned) that is offset from the
predetermined position on the leading track Tj0 in the area Aj by the
offset value {0j+k(STP+~ 0j) belongs 25 to the second target track TT2
(servo track 111). On the other hand, the offset value 0 Oj' indicates the
offset of the target position TP on the second   - 19  target track TT2
from predetermined position on the target track TT2. FIG. 7 shows an
example of the relationship between both the first track TT1 (=Tjk) and
offsets 0j and ~ 0j and both the second target 5 track TT2 and an offset ~
0j'. Then, the CPU 21 executes seek control to move the head 12_i to the
target track TT2 determined in step S6 (step S7). This seek control is
executed on the basis of a cylinder code extracted from the gate 10 array
19. When the head 12_j is moved to the second target track TT2, the CPU 21
executes positioning control (tracking control) to position (settle) the
head 12_i at the target position TP on the target track TT2 (step S8). This
positioning control is 15 based on burst signals extracted by the
read/write IC 18. The target position TP at which the head 12_i is to be
positioned in this positioning control is offset from the predetermined
position on the second target track TT2 in the radial direction of the disk
11 by 20 the offset value ~ Oj'. When the head 12_i is positioned within a
predetermined error range from the target position TP (in this case, the
target position for a write) on the second target track TT2, the CPU 21
proceeds to step 59. In step S9, the CPU 21 causes 25 the head 12_i to
execute a read/write (in this case, a write) . Thus, in the present
embodiment, the target   



- 20  position TP at which the head 12_i is to be positioned is determined
to be a position on the target track TT2 instead of the predetermined
position on the first target track TT1 specified by a command from the
host. 5 The position on the second target track TT2 is offset from the
predetermined position on the first target track TT1 in the radial
direction of the disk 11 by the offset value (first offset value)
{0j+k(STP+0 0j}. This offset value reflects a track pitch that enables 10
the adverse effects of crosstalk to be suppressed. Accordingly, by
positioning the head 12_i at the determined target position TP and
executing a read/write, it is possible to achieve a data track pitch DTP
that enables the use of the disk 11 in which 15 the servo tracks 111 are
arranged at a fixed pitch (servo track pitch) STP, with the adverse effects
of crosstalk suppressed. In the above embodiment, the areas A1 to An on the
recording surfaces HO and H1 of the disk 11 and 20 the offset values 01 to
On and ~ 01 to ~ On for the respective areas A1 to An are determined taking
into account a difference in the azimuth angle of the heads 12_p and 12_1
at each position on the disk in the radial direction, as well as a
difference in head 25 width between the heads 12_p and 12_1. However, only
one of these two differences may be taken into account. For example, if
only the difference in   - 21  azimuth angle is taken into account, each of
the recording surfaces Hp and H1 of the disk 11 may be similarly divided
into a plurality of concentric areas. In this case, the adverse effects of
the 5 difference in head width between the heads 12_p and 12_1 may remain.
These adverse effects are eliminated by determining the offset values 01 to
On and ~ O1 to 0 On on the basis of the upper limit value in the
appropriate standard for the head widths of the heads 10 12_p and 12_l. If
only the difference in head width between the heads 12_p and 12_1 is taken
into account, the entire recording surfaces Hp and H1 of the disk 11 may
correspond to the areas A0 and Al, respectively. 15 Here, the offset values
Oi and ~ Oi (or ~ Oi) may be set for each recording surface Hi (i=0, 1).
The offset values Oi and 0 Oi can be determined (calculated) from the head
width of the head 12_i by measuring the head width during the manufacture
of the 20 HDD (or the head 12_i). The offset values Oi and ~ Oi (or 0 Oi)
determined may be stored in the FROM 22, for example, in a format similar
to that for the offset table 222, shown in FIG. 4. Here, information
indicative of the recording surface Hi (head 12_i) 25 can be used in place
of information (track position information indicative of the leading track)
on the 



area Ai paired with the offset values Oi and ~ Oi (or   - 22  ~ Oi). In
this example, the number of entries in the offset table 222 can be sharply
reduced. However, the adverse effects of the difference in the azimuth
angle at each position on the disk in its radial direction 5 between the
heads 12_i may remain. These adverse effects are eliminated by determining
the offset values 01 to On and D 01 to ~ On on the basis of the upper limit
value in the appropriate standard for the head widths of the heads 12_p and
12_1. 10 Furthermore, if only the difference in head width is taken into
account, the heads are classified into, for example, first heads having a
head width meeting a first standard and second heads having a head width
which is outside the first standard but which meets 15 a second standard.
This classification serves to provide HDDs such as those described below.
First, the upper limit value of the head width in the first standard is
defined as HWUL1. The upper limit value of the head width in the second
standard is defined as 20 HWUL2 (HWUL2>HWUL1). Then, the heads are
classified into the first heads having a head width meeting the first
standard, the second heads having a head width which is outside the first
standard but which meets the second standard, and third heads having a head
25 width that is also outside the second standard. The third heads are
treated as defectives that cannot be mounted in HDDs. On the other hand,
the first heads   - 23  are mounted in a first HDD that realizes a first
data track pitch DTP (first track density). The second heads are mounted in
a second HDD that realizes a second data track pitch DTP (second track
density) 5 larger than the first data track pitch DTP (first track
density). The offset value 01 (_ ~ 01/2) determined from the head width
HwUL1 is stored in a predetermined position in the FROM 22 in the first
HDD, as shown in FIG. 8A. The offset value O1 is 10 stared in the FROM 22
in the first HDD while this HDD is being manufactured. On the other hand,
the offset value 02 (_ ~ 02/2) determined from the head width HWUL2 is
stored in a predetermined position in the FROM 22 in the second HDD, as
shown in FIG. 8B. 15 The offset value 02 is stored in the FROM 22 in the
second HDD while this HDD is being manufactured. The relationship between
the offset values O1 and 02 is 01<02. Consequently, the use of the second
head enables the second HDD to be manufactured in spite of 20 a decrease in
track density compared to the first HDD manufactured using the first head.
That is, it is possible to effectively utilize the second head, having a
head width which is outside the first standard but which meets the second
standard. 25 Now, a process of determining the offset values and ~ 0j for
each area Aj will be described with reference to the flow charts in FIGS.
9A and 9B and   



- 24  FIGS. 10A, 10B, and 10C showing the head position. Here, for
simplification of description, it is assumed that the entire recording
surfaces HO and H1 of the disk 11 are divided into a number n of areas Aj,
i.e. 5 A1 to An for management. First, the CPU 21 sets a pointer j
specifying the area Aj, at an initial value of 1 and sets a variable h for
determining the offset value, at an initial value of 1 (step S11). Then,
the CPU 21 selects the track (servo track) Tjk from 10 the area Aj on the
disk 11 (step S12). Here, it is assumed that the track Tjk is one of the
servo tracks 111 in the area Aj which lies at an intermediate position in
the radial direction of the disk. However, the track Tjk may be located at
another 15 position in the area Aj. Then, the CPU 21 executes control to
position the head 12_i corresponding to the recording surface Hi on which
the area Aj exists, at a predetermined position on the track Tjk (step
S13). In step S13, the CPU 21 20 executes seek control to move the head
12_i to the track Tjk. The CPU 21 also executes positioning control to
position the head 12_i moved to the track Tjk, at a predetermined position
on the track Tjk. FIG. 10A shows that the head 12_i is positioned at the 25
predetermined position on the track Tjk. In the state shown in FIG. 10A,
the CPU 21 causes the head 12_i to write one track (for example, 512
sectors) of first   - 25  test data to the disk 11 (step S14). Then, the
CPU 21 causes the head 12_i to read data from the track Tjk and measures an
error rate ER1 indicative of the rate of a read error (step S15). The
measured error rate 5 ER1 is stored in a first area in the RAM 23. Then,
the CPU 21 executes control to shift the position of the head 12_i from the
track Tjk (the predetermined position on the track Tjk) in a radially
outward direction of the disk 11 by the 10 amount STP+(h-1)*~ 0 (step S16).
FIG. 11B shows that the position of the head 12_i has been shifted from the
track Tjk in the radially outward direction of the disk 11 by the amount
STP+(h-1)*~ 0. For h=1, the value of the offset of the head 12_1 from the
track 



15 Tjk equals the STP (Servo Track Pitch). In the state shown in FIG. 11B,
the CPU 21 causes the head 12_i to write one track of second test data to
the disk 11 (step S17). Then, the CPU 21 executes control to shift the
position of the head 12_i from the track Tjk 20 (the predetermined position
on the track Tjk) in a radially inward direction of the disk 11 by the
amount STP+(h-1)*~ 0 (step S18). FIG. 11C shows that the position of the
head 12_i has been shifted from the track Tjk in the radially inward
direction of the 25 disk 11 by the amount STP+(h-1)*~ O. This position of
the head 12_i is offset from the position shown in FIG. 11B by the amount
2{STP+(h-1)*~ 0}.   - 26  In the state shown in FIG. 11C, the CPU 21 causes
the head 12_i to write one track of second test data to the disk (step
S19). Then, the CPU 21 executes control to return the head 12_i to the
position of the 5 track Tjk (step S20). The CPU 21 causes the head 12_i to
read data from the track Tjk and measures an error rate ER2 indicative of
the rate of a read error (step S21). The measured error rate ER2 is stored
in a second area in the RAM 23. Then, on the basis of the 10 error rates
ER1 and ER2 stored in the first and second areas, respectively, in the RAM
23, the CPU 21 makes determinations described below. The CPU determines
whether or not the value ER2-ER1 is smaller than a threshold TH (step S22).
15 Here, it is assumed that ER2-ER1>TH. In this case, the CPU 21 determines
that the writes of the second test data in steps S17 and S19 adversely
affects the first test data written in the track Tjk. That is, the CPU 21
determines that the adverse 20 . effects of crosstalk cannot be eliminated
even by writing data while shifting the head 12-i from the track Tjk in the
radially outward or inward direction of the disk 11 by the amount
STP+(h-1)*~ 0. Then, the CPU 21 executes step S23, described later, in
order 25 to suppress the adverse effects of crosstalk. Specifically, the
CPU 21 increments a variable h by 1 in order to increase the value of the
offset of the   - 27  



head 12_i from the track Tjk (step S23). Then, the CPU 21 uses the
incremented variable h to execute steps S14 to S22, described later. That
is, the CPU 21 repeats steps S14 to S22 while incrementing the 5 variable h
by 1 until ER2-ER1<TH (step S23). It is assumed that ER2-ERl<TH. In this
case, the CPU 21 determines that the current value of the offset of the
head 12_i from the track Tjk is the minimum offset value required to
eliminate the adverse effects 10 of crosstalk. Then, the CPU 21 determines
whether or not the pointer j is 1 (initial value) (step S24). If the
pointer j is l, the CPU 21 determines the offset values 0 0j and 0j unique
to the area Aj in accordance with the following equation (step 525): 15 ~0~
- 2(h-1)*~0 O~ - D0/2 (4) On the other hand, if the pointer j is not 1, the
CPU 21 determines the offset values 0 Oj and 0j unique to the area Aj in
accordance with the following 20 equation (step S26): C10 - 2(h-1)*00 0j -
0j_1 + ~0j_1 (Nj_1 - 1/2) + D0/2 (5) Then, the CPU 21 stores information
indicative of the leading track Tj0 in the area Aj and information 25
indicative of the offset values 0j and D 0j determined, in the entry Ej in
the offset table 222, retained in the FROM 22 (step S27). Then, the CPU 21
- 28  determines whether or not the pointer j is n, indicating the final
area An (step S24). If the pointer j is not n, the CPU 21 increments the
pointer j by one and sets the variable h at 1 (initial value) 5 (step S29).
Then, the CPU 21 executes the process starting with step S12 in order to
determine the values 0 0j and 0j unique to the area Aj indicated by the
incremented pointer j. That is, the CPU 21 repeats the process starting
with step S12 until the 10 pointer j becomes n and the values 0 0j and 0j
unique to the area An are determined. Then, if it is determined at step S28
that the pointer j is n, the CPU 21 ends the process of determining the
offsets 0j and ~ 0j . 15 In the above described process of determining the
0j and ~ 0j, for simplification of description, the process from steps S13
to S21 is executed only once for a certain h. However, for measurement
accuracy, the process from steps S13 to S21 may be repeated 20 a
predetermined number of times r. In this case, it may be determined whether
or not the value ( { E (ER2 ) - E (ER1 ) } /r) is smaller than the
threshold TH. The value ( { E (ER2 ) - E (ER1 ) } /r) is obtained by
subtracting the average of error rates ER1 (E (ER1)/r) 25 from the average
of error rates ER2 (E(ER2)/r). In the above embodiment, the heads 12-0 and
12-1 are each of a composite type. However, the heads 12_p   - 29  



and 12_1 may each be of an inductive type that uses a common element to
execute read/write. In this case, the head width of the heads 12_p and 12_1
has only to be taken into account. The recording surfaces HO and 5 H1 of
the disk 11 may be managed as areas AO and A1, respectively. In the
description of the above embodiment, the present invention is applied to
the HDD (Hard Disk Drive). However, the present invention is applicable 10
to disk drives other than HDDs, such as magnetooptical disk drives provided
that their heads read and write data from and to a disk. Additional
advantages and modifications will readily occur to those skilled in the
art. Therefore, 15 the invention in its broader aspects is not limited. to
the specific details and representative embodiments shown and described
herein. Accordingly, various modifications may be made without departing
from the spirit or scope of the general inventive concept as 20 defined by
the appended claims and their equivalents.   - 30  WHAT IS CLAIMED IS: 1. A
disk drive comprising: a disk having a recording surface on which a
plurality of concentric tracks are arranged at a fixed 5 pitch; a head
arranged in association with the recording surface of the disk and used to
read and write data from and to the disk; means for calculating a first
offset value on 10 the basis of the position of a first target track
specified by a command from a host, the first offset value reflecting a
track pitch which enables adverse effects of crosstalk to be suppressed,
the first offset value indicating an offset of a target position 15 at
which the head is to be actually positioned from a predetermined position
on the first target track in a radial direction of the disk; means for
determining a second target track, to which the target position belongs,
and a second offset 20 value on the basis of the position of the first
target track and the first offset value calculated by the calculating
means, the second offset value indicating an offset of the target position
from a predetermined position on the second target track in the radial 25
direction of the disk; and means for executing control to position the head
at the target position on the second target track on   - 31  the basis of
the second target track position and second offset value each determined by
the determining means. 2. The disk drive according to claim 1, wherein: 5
the head is a composite head; the recording surface of the disk is divided
into a plurality of concentric areas in accordance with 



an azimuth angle of the head; and the calculating means calculates the
first offset 10 values in accordance with one of the plurality of areas on
the recording surface of the disk and the relative position of the first
target track in the one area, the first target track belonging to the one
area. 15 3. The disk drive according to claim 2, further comprising means
for identifying the one area; and wherein the calculating means calculates
the first offset value in accordance with the area identified by the
identifying means and the relative position of the 20 first target track in
the identified area. 4. The disk drive according to claim 3, further
comprising: a nonvolatile memory which pre-stores a third and fourth offset
values unique to each of the areas on 25 the recording surface of the disk,
the third offset value indicating a pitch difference between a first track
pitch representative of the pitch of the tracks   - 32  on the recording
surface and a second track pitch the enables the adverse effects of
crosstalk to be suppressed, the fourth offset value indicating, if a
predetermined track at a predetermined relative 5 position within the
corresponding area is the first target track, an offset of the target
position at which the head is to be actually positioned from the
predetermined position on the first target track in the radial direction of
the disk; and 10 means for reading the third and fourth offset values
corresponding to the area identified by the identifying means, from the
nonvolatile memory; and wherein the calculating means calculates the first
offset value on the basis of the third and 15 fourth offset values read by
the reading means, the first track pitch, and an offset of the first target
track, the offset of the first target track being offset from the relative
position of the predetermined track in the area to which the first target
track 20 belongs. 5. The disk drive according to claim 3, further
comprising: a nonvolatile memory which pre-stores a third offset value
unique to each of the areas on the 25 recording surface of the disk, the
third offset value indicating a pitch difference between a first track
pitch representative of the pitch of the tracks on the   - 33  recording
surface and a second track pitch the enables the adverse effects of
crosstalk to be suppressed; and means for reading, from the nonvolatile
memory, the third offset value corresponding to each of areas, 5 the areas
ranging from an area to which a leading 



track on the recording surface of the disk belongs, to the area identified
by the identifying means; and wherein the calculating means calculates the
first offset value on the basis of the third offset 10 value read by the
reading means, the first track pitch, and an offset of the first target
track, the offset of the first target track being offset from the relative
position of the predetermined track in the area to which the first target
track belongs. 15 6. The disk drive according to claim 1, further
comprising another head paired with the head; and wherein: the disk has
another recording surface constituting a surface opposite to the recording
20 surface relative to the disk and corresponding to the another head; and
the calculating means calculates the first offset value on the basis of the
recording surface of the disk, to which the first target track belongs, and
the 25 relative position of the first target track on the recording
surface. 7. The disk drive according to claim 6, further   - 34  comprising
means for identifying the recording surface of the disk to which the first
target track belongs; and wherein the calculating means calculates the
first offset value in accordance with the recording surface 5 identified by
the identifying means and the relative position of the first target track
on the recording surface. 8. The disk drive according to claim 7, further
comprising: 10 a nonvolatile memory which pre-stores.a third and fourth
offset values unique to the recording surface of the disk, the third offset
value indicating a pitch difference between a first track pitch
representative of the pitch of the tracks on the recording surface 15 and a
second track pitch the enables the adverse effects of crosstalk to be
suppressed, the fourth offset value indicating, if a predetermined track at
a predetermined relative position on the recording surface is the first
target track, an offset of the 20 target position at which the head is to
be actually positioned from the predetermined position on the first target
track in the radial direction of the disk; and means for reading the third
and fourth offset 25 values corresponding to the area identified by the
identifying means, from the nonvolatile memory; and wherein the calculating
means calculates the   - 35  first offset value on the basis of the third
and 



fourth offset values read by the reading means, the first track pitch, and
an offset of the first target track from the relative position of the
predetermined 5 track on the recording surface to which the first target
track belongs. 9. The disk drive according to claim 7, further comprising:
a nonvolatile memory which pre-stores a third 10 offset value unique to
each of the recording surfaces of the disk, the third offset value
indicating a pitch difference between a first track pitch representative of
the pitch of the tracks on each of the recording surfaces and a second
track pitch the enables the 15 adverse effects of crosstalk to be
suppressed; and. means for reading, from the nonvolatile memory, the third
offset value corresponding to each of the recording surfaces of the disk
from a leading recording surface to the recording surface identified 20 by
the identifying means; and wherein the calculating means calculates the
first offset value on the basis of the third offset value corresponding to
each of the recording surfaces of the disk from a leading recording surface
to the 25 recording surface identified by the identifying means, the first
track pitch, and an offset of the first target track from the relative
position of the   - 36  predetermined track on the recording surface to
which the first target track belongs. 10. A disk drive comprising: a disk
having a recording surface on which a 5 plurality of concentric tracks are
arranged at a fixed pitch; a head arranged in association with the
recording surface of the disk and used to read and write data from and to
the disk; 10 means for calculating a first offset value on the basis of a
pitch difference corresponding to the head width of the head and the
position of a first target track specified by a command from a host, the
pitch difference being a difference between a first track 15 pitch
representative of the pitch of the tracks and a second track pitch which
enables adverse effects of crosstalk to be suppressed, the first offset
value indicating an offset of a target position at which the head is to be
actually positioned from a predetermined 20 track on the first target track
in a radial direction of the disk; 



means for determining a second target track, to which the target position
belongs, and a second offset value on the basis of the position of the
first target 25 track and the first offset value calculated by the
calculating means, the second offset value indicating an offset of the
target position from a predetermined   - 37  position on the second target
track in the radial direction of the disk; and means for executing control
to position the head at the target position on the second target track on 5
the basis of the second target track position and second offset value each
determined by the determining means. 11. The disk drive according to claim
10, further comprising a nonvolatile memory which pre-stores a 10 third
offset value indicating the pitch difference corresponding to the head
width of the head and wherein the calculating means calculates the first
offset value on the basis of the third offset value stored in the
nonvolatile memory and the position of 15 the first target track. 12. A
disk drive comprising: a disk having a recording surface on which a
plurality of concentric servo tracks are arranged at a first track pitch,
servo information including 20 positional information being written
discretely at equal intervals in a circumferential direction of the disk
for each of the servo tracks; a head arranged in association with the
recording surface of the disk and used to read and write data 25 from and
to the disk; and means for controlling a data write to the disk executed by
the head, the controlling means   - 38  controlling the data write so that
the track pitch of data tracks formed on the recording surface of the disk
as a result of data writes is a second track pitch which enables the
adverse effects of crosstalk 5 to be suppressed. 13. The disk drive
according to claim 12, wherein: 



the head is a composite head; the recording surface of the disk is divided
into 10 a plurality of concentric areas in accordance with an azimuth angle
of the head; and the second track pitch is set for each of the areas on the
recording surface of the disk to have a value reflecting a data write width
of the head 15 associated with the azimuth angle of the head, the second
track pitch being equal to or larger than the first track pitch. 14. A
method of positioning a head at a target position on a disk in a disk
drive, the disk having 20 a recording surface on which a plurality of
concentric tracks are arranged at a fixed pitch, the head being used to
read and write data from and to the disk, the method comprising:
calculating a first offset value on the basis of 25 the position of a first
target track specified by a command from a host, the first offset value
reflecting a track pitch which enables adverse effects of   - 39  crosstalk
to be suppressed, the first offset value indicating an offset of a target
position at which the head is to be actually positioned from a
predetermined position on the first target track in a radial 5 direction of
the disk; determining a second target track, to which the target position
belongs, and a second offset value on the basis of the position of the
first target track and the calculated first offset, the second offset 10
value indicating an offset of the target position from a predetermined
position on the second target track in the radial direction of the disk;
and positioning the head at the target position on the determined second
target track on the basis of the 15 determined second target track position
and second offset value. 15. The method according to claim 14, wherein: the
head is a composite head; the recording surface of the disk is divided into
20 a plurality of concentric areas in accordance with an azimuth angle of
the head; and the first offset values is calculated in accordance with one
of the plurality of areas on 



the recording surface of the disk and the relative 25 position of the first
target track in the area, the first target track belonging to the one of
the plurality of areas.   - 40  16. The method according to claim 15,
further comprising reading third and fourth offset values corresponding to
an area on the recording surface of the disk to which the first target
track belongs, from 5 a nonvolatile memory which pre-stores the third and
fourth offset values unique to each of the areas on the recording surface
of the disk, the third offset value indicating a pitch difference between a
first track pitch representative of the pitch of the tracks 10 on the
recording surface and a second track pitch the enables the adverse effects
of crosstalk to be suppressed, the fourth offset value indicating, if a
predetermined track at a predetermined relative position within the
corresponding area is the first 15 target track, an offset of the target
position at which the head is to be actually positioned from the
predetermined position on the first target track in the radial direction of
the disk; and wherein the first offset value is calculated on 20 the basis
of the third and fourth offset values read from the nonvolatile memory, the
first track pitch, and an offset of the first target track, the offset of
the first target track being offset from the relative position of the
predetermined track in the area to 25 which the first target track belongs.
17. The method according to claim 16, further comprising:   - 41  measuring
the third and fourth offset values for each of the areas during a
manufacturing stage for the disk drive; and storing the measured third and
fourth offset 5 values for each of the areas in the nonvolatile memory. 18.
The method according to claim 17, wherein the measuring includes: selecting
a track from each of the areas; 10 allowing the head to write data at a
position offset from the selected track in the radial direction of the disk
by an amount "the first track pitch+(h-1)* 0 0" (where h denotes a variable
with an initial value of 1 and ~ 0 denotes a predetermined fifth offset 15
value); determining whether a data write executed by the head causes the
selected track to be adversely 



affected by crosstalk; repeatedly writing the data while incrementing 20
the variable h by one until it is determined that the data write executed
by the head will not cause the selected track to be adversely affected by
crosstalk; when it is determined that the data write executed by the head
will not cause the selected track 25 to be adversely affected by crosstalk,
determining twice the value "(h-1)*D 0" to be the third offset value unique
to the corresponding area; and   - 42  determining the fourth offset value
unique to the corresponding area, on the basis of the determined third
offset value. 19. The method according to claim 15, further 5 comprising
reading a third offset value corresponding to each of areas from an area to
which a leading track on the recording surface of the disk belongs to the
area to which the first target track belongs, from a nonvolatile memory
which pre-stores a third offset 10 value unique to each of the areas on the
recording surface of the disk, the third offset value indicating a pitch
difference between a first track pitch representative of the pitch of the
tracks on the recording surface and a second track pitch the enables 15 the
adverse effects of crosstalk to be suppressed; and wherein the first offset
value is calculated on the basis of the third offset value read from the
nonvolatile memory, the first track pitch, and an offset of the first
target track, the offset being 20 offset from the relative position of the
predetermined track in the area to which the first target track belongs.
20. The method according to claim 19, further comprising: 25 measuring the
third offset value for each of the areas during a manufacturing stage for
the disk drive and   - 43  storing the measured third offset value for each
of the areas in the nonvolatile memory. 21. The method according to claim
20, wherein the 



measuring includes: 5 selecting a track from each of the areas; allowing
the head to write data at a position offset from the selected track in the
radial direction of the disk by an amount "the first track pitch+(h-1)*~ 0"
(where h denotes a variable with 10 an initial value of 1 and 0 0 denotes a
predetermined fifth offset value); determining whether a data write
executed by the head causes the selected track to be adversely affected by
crosstalk; 15 repeatedly writing the data while incrementing the variable h
by one until it is determined that the data write executed by the head will
not cause the selected track to be adversely affected by crosstalk; and 20
determining twice the value "(h-1)*~ 0" to be the third offset value unique
to the corresponding area, when it is determined that the data write
executed by the head will not cause the selected track to be adversely
affected by crosstalk.
.A.A.A&s.As.As.A9r.As.A.As.As.A.A9.A.A_.Asr.A.A9sr.A.A.A.A&.As.A.A&s.A.A(.A
9`.A.A.A.A.A.A.A.As.A.As.A.As.A.A&.As.A&s9/_.f'jL +\  tG!
}xsnid_Z]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]ca]ca]ca]ca]c:a!! ' Z
N7V>t?t!Iw}xsnid_Z]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]ca]ca]ca]ca]ca! :=Cq$R}89;
l}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! E F G N O _ `
!8!9!:!m!!!!!""#1#$<$%&''}xsnid_Z]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]ca]ca]ca]ca]ca!''(9(()q))B**+,K,
,,,,0---./p/
0S00001S11&2-22}xsnid_Z]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]ca]ca]ca]ca]ca!2445q5566h667<7N7U7777T8889
91:A:;
;<<<<<<<=>}xsnid_Z]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]ca]ca]ca]ca]ca!>>K>L>g>>>@@AAAAABBBCCD'E^F_FFFF
FGGGKGRGGG}xsnid_Z]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]ca]ca]ca]ca]ca!G4HHHH`IIJKKL2L9LgLLLM<MpMMMM3Nd
NN?PtPPPP%QWQQQ}xsnid_Z]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]ca]ca]ca]ca]ca!QQR3ReRRRSSSSSTTT"T#TET{TTU
UUUUUUU'V^VVVV0W}xsnid_Z]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]ca]ca]ca]ca]ca!0W7WiWWWX9X
Y@YZZZQZZZZZZZZu[v[[[[[\\)\*\d\e\\\}xsnid_Z]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]ca!\\\\\\\
\\\]]]]]]&^'^*^A^B^L^M^W^^^^^^^4_]_^_k_}xsnid_Z]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]ca]ca]ca]ca]ca!k__
___``t`````aaaa-a.a8a9aCaxaaaaabNbbbbbbb}xsnid_Z]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]ca]ca]ca]ca]ca!bb
bc:cccccddeeeefff,g3ghChwhhhhhhiNijMjjj}xsnid_Z]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]ca]ca]ca]ca]ca!jj2
kl5l:l;
lilllhm<nrnnnno4o5oLooLppppqqqqqgrr5tt}xsnid_Z]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]ca]ca!ttuu
uuuuuuGvvwOwwwwxxyy{||||||-}d}}}}
~}xsnid_Z]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]ca]ca]ca]ca]ca! ~~!~"~n~~~~~~
"#@QRqUef}xsnid_Z]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]ca]ca]ca]ca]ca!&[\]4krGv6n?CD}xsnid_Z]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]c
a]ca]ca]ca]ca!EFHuv|"#SGy}xsnid_Z]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]ca]ca]ca]ca]ca!yz}U\vw(W)aqr}xsn
id_Z]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!+Lno
!"i|}}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!:Aghz{34:;
}xsnid_Z]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]ca]ca]ca]ca]ca!%&Kr;
v$Vb[bU}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!U{L$V.55@G~P}xsnid_Z]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]ca]ca
]ca]ca]ca!NN,^DKNU%Yo}xsnid_Z]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]ca]ca]ca]ca]ca!L2f
<nuU<-pw*^7}xsnid_Z]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]ca!7;
f:]>ES\2a}xsnid_Z]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]ca]ca]ca]ca]ca!!W/U.L~0c")Z}xsnid_Z]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]ca]
ca]ca]ca]ca!:NxN1j4j8L!R}xsnid_Z]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]ca]ca]ca]ca]ca!%-9m
<Pvw!R}xsnid_Z]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]ca]ca]ca]ca]ca/_aBS10%O&'()-10%O&'()-10%O&'()-L910%
O&'()-l 10%O&'()-!"z)10%!O!O&'()-&b.f}^?&#!10%O&'()-  !`10%O&'()-
10%O&'()-!0`!10%00&'()-`!`!10%OO&'()-` z10%O&'()-f'j}^?4 10OF F:10%O&'()-3
f810%O&'()-!94m"10%&'()-3 



0 10%&'()-!&&-m"10%OO&'()- %g10%O&'()-ML mN/10%H&'()-, 10%H&'()-Y
10%H&'()-y10%H&'()-s10%H&'()-@10%H&'()- 10O 10O +\
taBmN/10%%G10%H&'()-M#`!10%H&'()-l10%H&'()-t!!10%&'()-10%H&'()-Z10%H&'()-tG
! ' }rg\=@s10%"&'()- 10v 10v 10v  y810%v&'()-!4!10%HH&'()-
210%H&'()-!9-!10%HH&'()-' Z {
z[9g\=!9Fm"10%&'()-S&!10%k&'()-S!&!10%""&'()-S!Qf10%""&'()-s![f10%55&'()-s%
10%"&'()-N^<.= 10vv!L0"10%vv&'()-8 !L0"10%""&'()-8 <
.10%"&'()-9%!10%"&'()-S!9%!10%""&'()-S9Fm"10%&'()-S7VWdB=
10vv!!l"10%HH&'()-F !l"10%&'()-F 910%H&'()-s10%H&'()-@s10%H&'()- 10vv
10vvWSXj}^<B=
10vv!&.m"10%HH&'()-&l%m"10%&'()-!l%m"10%HH&'()-FL!10%H&'()-f!FL!10%&'()-fl"
10%!&'()-F j >uV7 10v10%5&'()-10%5&'()-10%5&'()-sSs10%5&'()- 10 10
10!&.m"10%&'()-&>t?tdEuV7 



10v 10%5&'()-310%5&'()-S!10%5&'()- 10%5&'()-10%5&'()-Y 10%5&'()-t!IwdEuV7
10v  S)310%5&'()- s'10%5&'()- %10%5&'()-&# 10%5&'()- !10%5&'()-
t10%5&'()-w :dEuV7 10v9`6!10%5&'()-3 210%u&'()-  0f10%5&'()-
.10%5&'()-&-m"10%5&'()- 3+10%5&'()-:;<=CqbC 10v yT10%&'()-
410%&'()-f10%&'()- 105 105 1053 3:10%5&'()-  S8Y10%5&'()-$R}dEbC 10v
310%&'()- 10%&'()- G10%&'()-10%&'()-  &10%&'()-   Y 10%&'()-;laBbC
10vL#10%&'()-3 !10%&'()-3  10%&'()-  910%&'()-!9f10%&'()-3 -10%&'()- G b
aBbC 10vF 



/10%&'()-L&-10%&'()-!F S)10%&'()-F S)10%&'()-3 '10%&'()- 3 %&10%&'()-
!8!m!!!""aB7C 10v 10Y F:S10%&'()- Y f8s10%&'()-`6!10%&'()-Y 4S10%&'()- Y
2s10%&'()-!F /10%&'()-" """c"#1##gEC 10v
10!!10%&'()-e10%H&'()-!`M!10%HH&'()-f!>M!10%>>&'()-f,s10%H&'()- 10
10#$<$$%%&^?EC 10v 10%"10%&'()-f!%"10%HH&'()-f9!10%&'()-!9!10%HH&'()-
F10%H&'()-!10%H&'()-e&&'''''''rS4 10`10%5&'()-`10%3&'()-S10%5&'()- 10 10
10!&/"10%&'()-!&/"10%HH&'()-'(9(()q))^?rS4 10  Y`10%5&'()-! 10%55&'()-
10%q&'()-!x!10%e5e5&'()-910%5&'()-Y `10%5&'()-)B**+?++,}[9rS4
10!&F+m"10%&'()-f!&F+m"10%55&'()-f!&F+m"10%&'()-f  '10%5&'()-!&#:!10%&'()-
9T10%5&'()-,K,,,,,,,,xmbC 10!,s10%H&'()- 105 105 105  



F:&10%5&'()-3 f810%5&'()-96G"10%5&'()-F 4`10%5&'()-,0---./p/aBmbC
10!&10%H&'()-!y`!10%HH&'()-f10%H&'()-`s 10%H&'()-F 310%H&'()-s10%H&'()-p//
0S0000}^?mbC 10! .10%H&'()-&-!10%H&'()- 3+'10%H&'()-
f)410%H&'()-!!"10%HH&'()-s!!"10%HH&'()-s01S111#2$2%2&2}^SH= 10! 10H 10H
10H3 3:10%H&'()-!A&4`!10%AA&'()-!&4`!10%HH&'()-  210%H&'()-Y
010%H&'()-&2-222445^?SH= 10! &# 10%5&'()-!
Ft10%&'()-&m"10%5&'()-!&m"10%&'()-s10%5&'()-sZ10%5&'()-5q55666h66}^?SH= 10!
3 2S10%5&'()-3 010%5&'()-!&F+`!10%55&'()-!&F+`!10%!!&'()-  S)10%5&'()-
%10%&'()-67<7K7L7M7N7U77bC 10! 10%H&'()-Y10%H&'()- 105 105 105F
F:10%5&'()-F S8310%5&'()-9s6!10%5&'()-7778T888aBbC 10!
M10%H&'()-10%H&'()-s9!10%H&'()-!|s9!10%||&'()-Y
10%H&'()-f10%H&'()-8)9991:A::}^<bC 10!!%!10%HH&'()-'# 10%H&'()-!
10%H&'()-9`10%H&'()-!!10%&'()-!!10%HH&'()-:;;;<<<<zXJ<C 



10! 10HH 10HH!4"10%HH&'()-!4"10%00&'()-
210%H&'()-!%!10%HH&'()-'!%!10%&'()-'<<<<<<<<uV7C 10`610%&'()-LL- 10%&'()-9$
10%&'()-9 10%&'()-@s10%&'()-,m10%&'()- 10HH<=g>?f?_@AdB7C 10`!&  &10%&'()-
&10%&'()-  &10%u&'()-  &10%&'()-3 10%&'()- 10%&'()-G AAAAAABBC~_@ 10
10%5&'()-!10%u&'()-z!s!10%`%`%&'()-zZ10%5&'()- 10 10 10F
y8m10%&'()-CCCDD'EE}^<~_@ 10!&'"10%&'()-$
%W10%5&'()-l!10%U&'()-T!l!10%55&'()-T 10%c&'()-H!
10%55&'()-HEFGHGIGJGKGRGG{\= 10!`10%H&'()-m10%H&'()- 105 105 105
Y:10%5&'()-! &'"10%  &'()-!&'"10%55&'()-GG4HHHHI}^?{\=
10!y"10%&'()-gm10%H&'()--10%H&'()- '10%H&'()-!VY 10%HH&'()-!`Y
10%`L`L&'()-I`IIJJKKwU6{\= 10&6!10%H&'()-!  010%  &'()-!#f 10%HH&'()-!#f
10%HH&'()-!y"10%HH&'()-g!y"10%ll&'()-gKL/L0L1L2L9LgLLbC 



10&6f10%5&'()-Y10%5&'()-sm10%5&'()- 10H 10H 10H3 3:10%H&'()-3  f810%H&'()-
LLM<MpMMMdEbC 10&6 10%5&'()-10%5&'()-10%5&'()-f 10%5&'()- 10%5&'()- F
10%5&'()-MM3NdNNNOa?bC 10!& F"10%55&'()- !& F"10%55&'()-  &z10%5&'()-
F10%5&'()- f10%5&'()-10%5&'()-O?PtPPPP%QaBbC 10!9s6G"10%5&'()-
410%5&'()-F 210%5&'()-  0@10%5&'()-  .y10%5&'()-!& F"10%55&'()-
%QWQQQQQQQRbC 10!y`10%H&'()- 10%H&'()-m10%H&'()- 105 105 105F 3:10%5&'()- F
S810%5&'()-R3ReRRRmSSa?bC 10!Y"10%AA&'()-g!Y"10%HH&'()-g
10%H&'()-s`!10%H&'()-&10%H&'()-Y 10%H&'()-STET{TTUUdEbC 10!&-- 10%H&'()-
%`10%H&'()-#!10%H&'()-!s10%H&'()- 10%H&'()-3910%H&'()-U'V^VVVV-W.W/WdE:/
10H 10H  F:10%H&'()-3 f810%H&'()-&6m"10%H&'()-410%H&'()-  



2L10%H&'()-  .10%H&'()-/W0W7WiWWWX9XxY:/  10H 10%&'()-  &10%&'()-  F
310%&'()- f@10%&'()-  310%&'()-s10%&'()- 10H9X Y@YZ"ZQZZaB:/  10HY
'10%&'()-!L# 10%&'()-L# 10%&'()-3 F10%&'()-9y 10%&'()-
10%&'()-ZZ[+\\\\\\zm`S4
10m10%5&'()-101010!A`f)"10%&'()-`f)"10%&'()-!`f)"10%&'()-!)`f)"10%__&'()-\\
l]]]*^W^}^?`S4  1010%5&'()-3s10%5&'()-
10%5&'()-!xS!10%e5e5&'()-y!`S!10%MM&'()-y10%5&'()-W^^^4_k_``a@`S4  10
&#Z"10%y&'()-) !&#Z"10%&'()-)  !j10%5&'()-% 9t10%5&'()-
3:10%5&'()-3yY"10%5&'()-`t```CaxaaaaB74  10 1053 S810%5&'()-9610%5&'()-
210%5&'()-  010%5&'()- 3 /310%5&'()-!&#Z"10%&'()-) aaaabNbbbjK4  



10 105Ll z 10%'&'()-!sLl z 10%oo&'()-10%'o&'()-10%'o&'()- m10%'o&'()- 105
105bc:cccddaBK4  10
105#!10%'o&'()-l10%'o&'()-`!10%'o&'()-S10%'o&'()-10%'o&'()- !dLl z
10%oo&'()-deefff)g*g+gdE:/  10'o 10'o l:M10%'o&'()-
810%'o&'()-69!10%'o&'()-
,/10%'o&'()-9-10%'o&'()-3%s10%'o&'()-+g,g3ghChwhhixY:/
10'o10%H&'()-10%H&'()-10%H&'()-s,9!10%H&'()-10%H&'()-m10%H&'()-
10'oiNijMjjjjdE:/  10'oy)10%H&'()-'10%H&'()-3 %10%H&'()-#,
10%H&'()-l10%&'()-t10%H&'()-j2kl5lilllllaVK@  10'o 10H 10H 10H  Y:10%H&'()-
y810%H&'()-610%H&'()- /t10%H&'()-s!Y+ 10%HH&'()-llhm n<nrnn}^?VK@
10'o&10%"&'()- 10%"&'()-!!10%::&'()-!n!10%H"H"&'()-
10%"&'()-sm10%"&'()-nnnoLooLpdEVK@  



10'o  %10%K&'()-s9#310%"&'()-   "10%"&'()-   y10%"&'()- 910%"&'()-
Y10%"&'()-LppppqqqaBVK@  10'oY y810%"&'()-!L4 10%&'()-F 210%"&'()-F
010%"&'()-l /10%"&'()-9&-3"10%"&'()-qqqqqqgrrsb@  10'o!&"10%&'()- F
`10%\&'()-ss10%\&'()-sm10%\&'()- 10" 10" 10"Y F:10%"&'()-ss5tttuu}^?b@
10'o%10%&'()-M#10%\&'()-!10%\&'()-&10%&'()-!&"10% \ \&'()- !&"10%&'()-
uGvvwOwwwww}^SH=  10'o 10\ 10\ 10\  3:f10%\&'()-3
S8S10%\&'()-!&4M!10%rr&'()- 0g10%\&'()-!-`!10%%\%\&'()-wwwZxxxxa?SH=  10'o
!!10%&'()-Vh10%H&'()-s9!10%&'()-!ds9!10%dd&'()-10%H&'()-l10%H&'()-xUyyyYzz_
{}^<SH=  



10'o!L!10%&'()-L!10%&'()-!L!10%,,&'()-l10%H&'()-!10%H&'()-V!!10%&'()-V_{{X|
|||||-}rS4  10  10%"&'()-sm10%"&'()- 10HH 10HH
10HH!&/`!10%HH&'()-!&/`!10%&'()-L!10%H&'()--}d}}~n~~~}^<rS4  10!&
10%NN&'()- 10%"&'()-!n&M!10%H"H"&'()-!d&M!10%""&'()- F 10%"&'()-f10%"&'()-~
@qdErS4  10!9#S10%"&'()-   !&10%"&'()-    F10%"&'()-3 &10%"&'()-
Y10%"&'()- & 10%"&'()-U&dErS4  10!F /&10%"&'()- 9&-@ 10%"&'()-3 F+10%"&'()-
3 f)10%"&'()- 3 '10%"&'()-  %10%"&'()-&[4hijkr}rg\=  10!Y10%5&'()- 10" 10"
10"F F:10%"&'()-!L2"10%""&'()-!L2"10%&'()-F 



0f10%"&'()-rGvdEg\=  10!10%5&'()- 10%5&'()-9S10%5&'()-Y
10%5&'()-yS10%5&'()- `10%5&'()-6n?aBg\=  10!Y
y)M10%5&'()-!#!10%55&'()-Y:10%5&'()-f!10%5&'()-310%5&'()-310%m&'()-H|dBg\=
10!!&4F"10%55&'()-3 210%5&'()-  010%5&'()-  /10%5&'()-&&- 10%5&'()-
F+s10%5&'()- SbC  10!!f@10%\&'()-s10%\&'()-m10%\&'()- 105 105 1053
3:310%5&'()-3 f8310%5&'()-SaBbC
10!Y@10%\&'()-sfm"10%\&'()-10%\&'()-!ns!10%\\&'()-&`10%\&'()-Y
10%\&'()-G}dEbC  10! Y+g10%\&'()-f)10%\&'()- '10%\&'()-%310%\&'()-#,
10%\&'()-Y@10%'&'()-sdEbC  10!  f810%\&'()-6@10%\&'()- 410%\&'()-
0M10%\&'()-/G10%\&'()-&-10%\&'()-RSTU\(bC  10! 410%&'()- F 



g10%&'()-s10%&'()-`m10%&'()- 10\ 10\ 10\  F:10%\&'()-(W)adEbC
10!9f!10%&'()-  s10%&'()-  F10%&'()-   s10%&'()- 10%&'()- 10%&'()-a+>L^?bC
10!L#"10% &'()-3 !L#"10%&'()-3 !L#"10%""&'()-3 L#"10%&'()-3 3 & 10%&'()-
310%&'()- i789:A}oaS4  10l10%H&'()- 10 10 10!`4!10%&'()-s!`4!10%&'()-sF
.10%&'()-F .10%&'()-ACzX9aS4  10"10%H&'()-!"10%  &'()-!"10%&'()-!xsF
9!10%xx&'()-Z !dsF 9!10%dHdH&'()-Z 10%,&'()-K,z[9+4
10HH!&/m"10%HH&'()-&&/m"10%&'()-&!&/m"10%HH&'()-&!&/m"10%yy&'()-&!F+10%HH&'
()-%-10%H&'()-rgH4 



10HH!&/m"1 10%H&'()-s 10%H&'()-M10%H&'()-M10%&'()-l10%H&'()- 10HH 10HHO;
v}^?H4 10HH!#"10%H&'()-"M10%H&'()-
10%H&'()-910%H&'()-!"10%&'()-S!"10%&'()-SvD}~~_@0HH! 10%H&'()-l10%H&'()-
10H 10H 10H'!10%H&'()-!'!10%HH&'()-
%10%H&'()-$VzX6~_@0HH!Ym"10%&'()-!l"10%&'()-!l"10%&'()-10%H&'()-!Lf!10%HH&'
()-!Qf!10%Q[Q[&'()-bXYz[9+@ 10HH!3 f810%HH&'()-&f)m"10% &'()-
!&f)m"10%HH&'()- !&f)m"10%vv&'()- !Ym"10%&'()-Ym"10%&'()-YZ[b#UdB@
10HH!!ds&!10%x\x\&'()-!`s&!10%\\&'()- 910%\&'()-`10%,&'()-Y10%\&'()- 10HH
10HHU{aBB@ 10HH!  "10%\&'()-
10%\&'()-!fm"10%**&'()-s10%\&'()-10%\&'()-310%\&'()-L$aBB@ 10HH!
010%\&'()- /10%\&'()-!F+Y"10%\\&'()-
f)t10%\&'()-%G10%\&'()-#!10%\&'()-$V+,-.dYNC0HH! 10\ 10\ 10\3 F:10%\&'()-
f810%\&'()-&6 10%\&'()-3 410%\&'()- 210%\&'()-.55}[9YNC0HH! "10%99&'()-
!9!10%PP&'()-!9!10%HH&'()- 10%H&'()-f!d 10%dd&'()-fl10%H&'()-;=>?zXJ<C0HH!
10 10!&/"10%&'()-&!&/"10%&'()-&!&/"10%&'()-& "10%&'()- ! "10%HH&'()-
?@G~PuV7C0HH, 



10%H&'()-9'10%H&'()-Y S10%H&'()-ys10%H&'()-`10%H&'()-m10%H&'()-
10PNdE7C0HH, ls10%H&'()-t10%H&'()-
10%H&'()-10%H&'()-S10%H&'()-10%H&'()-NdE7C0HH, 9-!10%H&'()-
Y+10%H&'()-y)`10%H&'()- 'Z10%H&'()- %10%H&'()-#!10%H&'()-,^dE7C0HH, 3
f810%H&'()-&6- 10%H&'()-  4s10%H&'()-  2310%H&'()- 010%H&'()-
/10%H&'()-ABCDK$_=0HH!sst!10%svsv&'()-% !xst!10%xHxH&'()-%
[10%H&'()-l10%H&'()- 10H 10H 10H  Y:10%H&'()-zX9_=0HH
4m10%H&'()-!%M!10%HH&'()- !%M!10%HH&'()- "10%&'()- !"10%HH&'()- !"10%&'()-
KLMNU~_@0HHf10%5&'()-s10%5&'()-sY10%5&'()- 10H 10H 10H F:10%H&'()-!&6
10%&'()-%YodE~_@0HH10%5&'()-10%5&'()-10%5&'()-10%5&'()-&10%5&'()-F
@10%5&'()-LdE~_@0HH  '10%5&'()-%f10%5&'()-# 10%5&'()-
Ft10%5&'()-sf!10%5&'()-Z10%5&'()-2fdE~_@0HH3 210%5&'()-3 010%5&'()-
.10%5&'()-&-S10%5&'()-  



3+10%5&'()-  S)Y10%5&'()- <klmnuxmbC0HHm10%\&'()- 105 105 105F 3:10%5&'()-3
S810%5&'()-9s6G"10%5&'()-3
410%5&'()-uUwU6mbC0HHm"10%\&'()-s!m"10%\\&'()-s!x`!10%\\&'()-Z
!i`!10%}5}5&'()-Z !`!10%xx&'()-Z !x`!10%  &'()-Z <-}[9mbC0HH!0m"10%\\&'()-F
!%"10%**&'()- !%"10% \ \&'()- H!10%&'()-d!H!10%
&'()-dY10%\&'()-mnopwuV70HHF &10%H&'()-f10%H&'()-s10%H&'()-sY10%H&'()-
10/\/\ 10/\/\ 10/\/\!0m"10%/\/\&'()-F *^dEuV70HHF &310%H&'()-L
10%H&'()-:10%H&'()-s10%H&'()- 10%H&'()-&S10%H&'()-7;fdEuV70HHF &
S)`10%H&'()-s'10%H&'()-`%10%H&'()-#10%H&'()-Fg10%&'()-f,
10%H&'()-:]dEuV70HHF &3 410%H&'()- 210%H&'()-  010%H&'()-  .10%H&'()--@
10%H&'()-  3+10%H&'()-;<=>EbC0HHF10%H&'()-l10%H&'()- 10H 10H 



10H3 3:910%H&'()-
S810%H&'()-&s6&10%H&'()-)S\z}^?bC0HH10%H&'()-10%&'()-Z10%H&'()-!9
10%&'()-!V9 10%HH&'()-Y 10%H&'()-2x^<bC0HH!]&y)m"10%&'()-@! M!10%HH&'()-g!
M!10%&'()-g9G10%H&'()-Y10%H&'()-y, 10%H&'()-x0a}^?4C0H 10HF F:10%H&'()-F
f8s10%H&'()-96 10%H&'()-!  210%HH&'()-  210%a&'()-!&y)m"10%HH&'()-@!WmN/
10%5&'()-10%5&'()-z10%5&'()-10%5&'()-s10%5&'()-sm10%5&'()- 10H 10H/UdEmN/
10%5  !`10%5&'()-10%5&'()- &10%5&'()- 3t10%5&'()-S"10%5&'()-
410%5&'()-.L~dEmN/ 10%5&-S 10%5&'()-  3+10%5&'()- S)410%5&'()-ss'S10%5&'()-
% 10%5&'()-#@ 10%5&'()-0cdEmN/ 10%5F S8310%5&'()-9s6`10%5&'()-F
4310%5&'()-3 2&10%5&'()-  010%5&'()-3 .10%5&'()-~_=
!!10%{{&'()-Ss!10%&'()-f!sNs!10%ss&'()-fl10%H&'()- 105 105 1053 3:
10%5&'()-}[<~_= &-"10%&'()-F !&-"10%HH&'()-F F+10%H&'()-!YM!10%HH&'()-
!YM!10%&'()- 



!10%&'()-S !")ZuV7Y z10%"&'()-ys10%"&'()-10%"&'()-m10%"&'()- 10HH 10HH
10HH!X3 f8310%HH&'()-:NxdEuV7Y z 10%"&'()- 10%"&'()-`
10%"&'()-310%"&'()-,10%"&'()-L10%"&'()-xNdEuV7Y z9#10%"&'()-  !`10%"&'()-F
10%"&'()-   L`10%"&'()- l10%"&'()-&y- 10%"&'()-1jdEuV7Y z3
/310%"&'()-99-!10%"&'()-3 Y+10%"&'()-3 y)910%"&'()-  '10%"&'()-
%10%"&'()-4jdE:/ 10" 10"F F:M10%"&'()-Y f810%"&'()-L6- 10%"&'()-F
410%"&'()-  210%"&'()-F 010%"&'()-8LzxV4/ 10!xs&!10%xx&'()-!s&!10%&'()-F
10%H&'()-SF10%H&'()-10%H&'()-sl10%H&'()- 10"!R%}[<4/
10!xs'10%H&'()-!-#"10%HH&'()-!s10%H&'()- 10%H&'()-!l"10%HH&'()-3
!l"10%&'()-3 %-9m~_@4/ 10!x  S8L10%H&'()-`6 



"10%H&'()-  410%H&'()- S 0G10%SHS&'()-!-"10%HH&'()-S)G10%&'()- <bC 10!xLF
10%"&'()-f10%"&'()-10%"&'()-sm10%"&'()- 10H 10H 10H  3:10%H&'()-<P=vz[<bC
10!x  Y310%E&'()-&!10%"&'()-!&!10%**&'()-!i10%CC&'()-m!V10%00&'()-m9
10%"&'()-w{\:bC 10!x!9-Z"10%""&'()-F F+10%"&'()-F f)10%"&'()-!9!!10%""&'()-
9!!10%&'()-)!  Y310%""&'()-w{\:bC 10!x!9-Z"10%""&'()-F F+10%"&'()-F
f)10%"&'()-!9!!10%"10"F 410%"&'()-F 210%"&'()- 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   <
$)%/M49>JD1IN/TY^+dintyjT9Z-?CMmo=!  "$&(*,.024! '2>GQ0W\k_bjt ~yU7f t'
Wj>tw
"#&'),,p/0&25678:<<ACEGIKLMO%QRSU/W9XZ\W^`abd+gijlnLpqsuwx_{-}~&rS(aAvYU$.?
Puxx%<w   !"#$%&'()*+,-./0123456789:;<=>?@6Times New RomanArialCourier
New"h Root EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDE 




