
;e3e8 B6xTonmrvmw  - 1  MULTT-CARRIER TRANSMISSION SYSTEM, TRANSMISSION
UNIT AND TRANSMISSION METHOD *tsst6s* BACKGROUND OF THE INVENTION Field of
the Invention The present invention relates generally to a multi carrier
transmission system, a transmission unit and a transmission method. More
particularly, the invention relates to a multi-carrier transmission system,
a transmission unit and a transmission method known as a Discrete
Multi-Tone (DMT) modulation system. Description of the Related Art As an
example of the conventional DMT type multi-carrier transmission system of
this kind, there is a technology disclosed in U. S. Patent No. 5,479,447.
Such multi-carrier transmission system measures a signal to noise ratio (
SNR) of respective carriers for bit distribution of a plurality of
carriers, and for deriving bit distribution according to the measured SNR.
A problem in such prior art resides in small transmission amount. The
reason is that when a periodically varying noise is generated and if
communication is to be established at a certain error rate, bit
distribution and power distribution is performed with reference to an
average value of SNR of each carrier. Thus, bit distribution and power
distribution are   17 July 2003 - 2  limited to only one kind of average
value of SNR to inherently make the data transmission amount small.
,SUMMARY OF THE INVENTION Therefore, the present invention has been worked
out for solving the drawback in the prior art. An object of the present 



invention to provide a multi-carrier transmission system, a transmission
unit and a transmission method, which can efficiently perform data
transmission in a condition where a noise is generated periodically.
According to one aspect of the present invention, a mufti-carrier
transmission system is characterized by performing data transmission by
deriving a bit distribution of each carrier of mufti-carrier depending upon
a periodically varying noise period. Then, the bit distribution of each of
the carrier is derived by using a clock synchronized with the periodically
varying noise and depending upon a period of the clock. A transmission
power distribution of each of the carrier is derived together with the bit
distribution of each of the carrier. Another mufti-carrier transmission
system according to the present invention, comprises: a first unit
performing quadrature amplitude modulation using each of the carrier and
multiplexing modulated carrier using inverse Fourier transformation; and a
second unit demodulating each of the carrier from the   17 July 2003 - 3
signal multiplexed in the first unit using Fourier transformation. On the
other hand, the first unit comprises a circuit for transmitting a tone
synchronized with the clock with varying level and a circuit for
transmitting a pseudo random signal having a11 components of respective
carriers, and the second unit comprises a circuit for detecting a period of
noise on the basis of the level of the tone from the first unit, a circuit
for deriving a signal to noise ratio of the pseudo random signal per
detected period and a circuit for deriving one of a transmission power
distribution and bit 



distribution, and bit distribution of the carrier on the basis of the
signal to noise ratio. Then, the second circuit comprises a circuit for
transmitting any one of derived transmission power distribution and the bit
distribution, and the bit distribution of each of the carrier to the first
unit, and the first unit comprises a cicuit for performing data
transmission to the second unit according to one of the transmission power
distribution and bit distribution, and the bit distribution per the noise
period from the second unit. The second unit comprises a circuit for
transmitting a pseudo random signal having a11 components of each of the
carriers, and the first unit comprises a circuit for deriving a signal to
noise ratio of the pseudo random signal from the first unit per each noise
period, and a circuit for deriving one of a   17 July 2003 - 4
transmission power distribution and bit distribution, and bit distribution
of the carrier on the basis of the signal to noise ratio. The first unit
comprises a circuit for transmitting the transmission power distribution
and the bit distribution of each of the carriers derived to the second
unit, the second unit comprises a circuit for performing data transmission
to the first unit according to one of the transmission power distribution
and bit distribution, and the bit distribution per the noise period from
the first unit. The first unit initiates transmission operation in response
to a transmission start command for own unit from the second unit. A data
transmission through a digital subscriber line is performed between the
first unit and the second unit. The bit distribution is effected to
distribute greater number of bits when the noise periodically varying
between large and small is small than that when the noise is large. The bit
distribution is effected to distribute greater number of bits 



when the noise periodically varying is far end crosstalk than that when the
noise is near end crosstalk. According to the second aspect of the present
invention, a mufti-carrier transmission unit performing transmission by
mufti-carrier, characterized by performing data transmission by deriving a
bit distribution of each carrier of mufti-carrier depending upon a period
of periodically varying noise. The bit distribution of each of the carrier
is derived by using   17 July 2003 - 5  a clock synchronized with the
periodically varying noise and depending upon a period of the clock. A
transmission power distribution of each of the carrier is derived together
with the bit distribution of each of the carrier . The multi-carrier
transmission unit performs quadrature amplitude modulation using the each
carrier and multiplies the modulated carrier using inverse Fourier
transformation. On the other hand, the mufti-carrier transmission unit
further comprises a circuit for transmitting a tone synchronized with the
clock with varying level and a circuit for transmitting a pseudo random
signal having a11 components of respective carriers. The mufti-carrier
transmission unit further comprises a circuit for detecting a period of
noise on the basis of the level of the tone from another unit, a circuit
for deriving a signal to noise ratio of the pseudo random signal per
detected period and a circuit for deriving one of a transmission power
distribution and bit distribution, and bit distribution of the carrier on
the basis of the signal to noise ratio. The mufti-carrier transmission unit
further comprises a circuit for transmitting any one of derived
transmission power distribution and the bit distribution, and the bit
distribution of each of the carrier to the another unit. The mufti-carrier 



transmission unit further comprises a circuit for deriving a signal to
noise ratio of the pseudo random signal from the   17 July 2003 - 6
another unit per each noise period, and a circuit for deriving one of a
transmission power distribution and bit distribution, and bit distribution
of the carrier on the basis of the signal to noise ratio. The multi-carrier
transmission unit further comprises a circuit for transmitting one of the
transmission power distribution and the bit distribution, and the bit
distribution of each of the carriers derived, to the another unit. The
multi-carrier transmission unit initiates transmission operation in
response to a transmission start command for own unit from the another
unit. A data transmission through a digital subscriber line is performed
between own unit and the another unit. The bit distribution is effected to
distribute greater number of bits when the noise periodically varying
between large and small is small than that when the noise is large. The bit
distribution is effected to distribute greater number of bits when the
noise periodically varying is far end crosstalk than that when the noise is
near end crosstalk. According to the third aspect of the present invention,
a multi-carrier transmission method characterized by performing data
transmission by deriving a bit distribution of each carrier of
multi-carrier depending upon a periodically varying noise period. The bit
distribution of each of the carrier is derived by using a clock
synchronized with the   17 July 2003  



periodically varying noise and depending upon a period of the clock. A
transmission power distribution of each of the carrier is derived together
with the bit distribution of each of the carrier. In the method set forth
above, quadrature amplitude modulation is performed by using each of the
carrier and the modulated carrier is multiplexed using inverse Fourier
transformation in a first unit, and each of the carrier is demodulated from
the signal multiplexed in the first unit using Fourier transformation in a
second unit. In the first unit, a tone is transmitted synchronized with the
clock with varying level and a pseudo random signal having a11 components
of respective carriers is transmitted, and in the second unit, a period of
noise is detected on the basis of the level of the tone from the first
unit, a signal to noise ratio of the pseudo random signal per detected
period is derived and one of a transmission power distribution and bit
distribution, and bit distribution of the carrier is derived on the basis
of the signal to noise ratio. Also, in the second circuit, any one of
derived transmission power distribution and the bit distribution, and the
bit distribution of each of the carrier is transmitted to the first unit,
and in the first unit, data transmission to the second unit is performed
according to one of the transmission power distribution and bit
distribution, and the   17 July 2003 _ g _ bit distribution per the noise
period from the second unit. Furthermore, in the second unit, a pseudo
random signal having all components of each of the carriers is transmitted,
and in the first unit, a signal to noise ratio of the pseudo random signal
from the first unit per each noise period is derived, and one of a
transmission power distribution and bit 



distribution, and bit distribution of the carrier on the basis of the
signal to noise ratio is derived. In the first unit, the transmission power
distribution and the bit distribution of each of the carriers derived to
the second unit is transmitted, and in the second unit, data transmission
to the first unit is performed according to one of the transmission power
distribution and bit distribution, and the bit distribution per the noise
period from the first unit. The transmission operation is initiated in
response to a transmission start command for own unit from the second unit.
A data transmission through a digital subscriber line is performed between
the first unit and the second unit. The bit distribution is effected to
distribute greater number of bits when the noise periodically varying
between large and small is small than that when the noise is large. The bit
distribution is effected to distribute greater number of bits when the
noise periodically varying is far end crosstalk than that when the noise is
near end crosstalk. In the operation of the present invention, a central
17 July 2003 _ 9 _ office and a terminal forming the transmission system
according to the invention, both have a transceiver function for performing
mutual transmission. In an initial operation started by connection of the
terminal to a transmission line, the power distribution and bit
distribution of each carrier is calculated depending upon the noise varying
a given period (assumed to be known) . Therefore, the period of the noise
has to be noticed from the center office side as higher level office to the
terminal as lower level office. Accordingly, the level of the tone is
transmitted from the center office to the terminal with varying the level
by the clock synchronized with noise period. In the terminal, the clock is
generated in synchronism with noise depending upon the level of tone. The
SNR of the pseudo random signal including a11 carriers transmitted from the
center office is measured to calculate the power distribution and bit
distribution of each carrier per noise period depending upon SNR. Then, the
power distribution and bit distribution of each carrier per noise period
are transmitted from the center office to the terminal. In the center
office, according to derived power distribution and bit distribution of
each carrier per noise period, transmission (down) to the terminal is
performed. Concerning up transmission, similar procedure is performed with
reverse functions of the center office and the terminal.   17 July 2003 -
10  Thus, by performing the power distribution and the bit distribution
according to the period of noise, bit distribution adapted to the noise
becomes possible to realize efficient 



transmission. On the other hand, when power distribution and bit
distribution of each carrier by measuring the SNR, crosstalk noise has to
be considered. In general, crosstalk includes far end crosstalk and near
end crosstalk. These will be discussed with reference to Fig. 6. In Fig. 6,
the crosstalk taking the signal flowing through the signal line 61 in the
same direction as the signal line 60 as an object of measurement, as
crosstalk source, is far end cross talk FEXT. Since the signal to be
transmitted is attenuated according to transmission distance, the amount of
far end crosstalk FEXT is also attenuated depending upon transmission
distance. Accordingly, when far end crosstalk FEXT is caused, the SNR
should show high value irrespective of transmission distance. On the other
hand, the crosstalk taking the signal line 62, in which the signal flows in
the opposite direction to the signal line 60 to be the object of
measurement, as crosstalk source, is near end crosstalk NEXT. In contrast
to attenuation of the signal to be transmitted according to increasing of
the transmission distance, the crosstalk amount of the near end crosstalk
NEXT is large in the transmission destination to show low SNR value.   17
July 2003 - 11  Accordingly, when far end crosstalk with high SNR is
caused, power distribution and bit distribution of each carrier is
increased, and when near end crosstalk with low SNR is caused, power
distribution and bit distribution of each carrier is made small. BRIEF
DESCRIPTION OF THE DRAWINGS The present invention will be understood more
fully from the detailed description given herebelow and from the
accompanying drawings of the preferred embodiment of the 



present invention, which, however, should not be taken to be limitative to
the invention, but are for explanation and understanding only. In the
drawings: Fig. 1 is a schematic block diagram showing a general
construction of a multi-carrier transmission system according to the
present invention; Fig. 2 is a block diagram showing a preferred embodiment
of a multi-carrier transmission system according to the present invention;
Fig. 3 is a diagrammatic illustration showing an example of kind and period
of noise; Fig. 4 is a flowchart showing operation of the preferred
embodiment of the multi-carrier transmission system according to the
present invention; Fig. 5 is a flowchart generally showing example of   17
July 2003 - 12  calculation of power distribution and bit distribution in
the preferred embodiment of the mufti-carrier transmissionsystem; and Fig.
6 is an illustration showing a far end crosstalk and a near end crosstalk.
DESCRIPTION OF THE PREFERRED EMBODIMENT The present invention will be
discussed hereinafter in detail in terms of the preferred embodiment of the
present invention with reference to the accompanying drawings. In the
following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be
obvious, however, to those skilled in the art that the present invention
may be practiced without these specific details. In other instance,
well-known structures are not shown in detail in order to avoid 



unnecessarily obscure the present invention. Fig. 1 is an illustration
showing general construction of a mufti-carrier transmission system
according to the present invention, in which XTU-C1 as a central office and
XTU-R2 as a terminal are provided, respectively. Transmission between the
central office XTU-C1 and the terminal XTU-R2 is performed through a
digital subscriber line. It should be noted that XTU-C is XDSL termination
unit-center side and XTU-R is XDSL termination unit-remote side. Here, XSDL
means X digital Subscriber line, wherein X generally represents A, V, H and
17 July 2003 - 13  so forth. Both of XTU-C1 and XTU-R2 have transmitting
portion 3 and 6 and receiving portions 5 and 4 as major functions, as shown
in Fig. 1. Detail of transmitting and receiving functions of these are
shown in the block diagram of Fig. 2. Referring to Fig. 2, a function
(transmitting portion 3) in down direction of XTU-C1includes a buffer 11
temporarily accumulating an input data, a mapping portion 12 performing
power distribution and bit distribution depending upon a period of noise
(detail will be discussed later), an Inverse First Fourier Transforming
(IFFT) portion 13 modulating and multiplexing a mufti-value Quadrature
Amplitude Modulation (QAM) signal as a mapping output, and a Digital to
Analog Converter (DAC) portion 14 transmitting a multiplexed output as a
down signal with analog conversion. On the other hand, a function
(receiving portion 5) includes an Analog to Digital Converter (ADC) portion
15 converting a transmitted signal into a digital signal, a Fast Fourier
Transforming (FFT) portion 16 demodulating the digital signal, a demapping
portion 17 receiving a transmitted signal with switching bit distribution
depending upon a period of 



sound and a buffer portion 18 for adjusting variation of data transmission
amount depending upon bit distribution. It should be noted that EC portion
19 is a block having an echo canceller function.   17 July 2003 - 14
Furthermore, in order to realize the present invention, the XTU-C1 has a
pseudo random signal generating portion 20, a tone generating portion 21,
an SNR measuring portion 22 and a power/bit distribution calculating
portion 23. The pseudo random signal generating portion 20 generates a
pseudo random signal including all carrier to output to the IFFT portion
13. The tone generating portion 21 generates a tone to output to the IFFT
portion 13. The SNR measuring portion 22 has a function for deriving SNR of
the pseudo random signal transmitted from XTU-R2. The power/bit
distribution calculating portion 23 derives power distribution and bit
distribution of each carrier per noise period according to the measured SNR
to output to the IFFT portion 13 and the demapping portion 17. On the other
hand, a function ( receiving portion 4 ) of down direction of XTU-R2 has an
ADC portion 24 converting the transmitted signal into a digital signal, an
FFT portion 25 demodulating the digital signal, a demapping portion 26
receiving the transmitted signal with switching bit distribution depending
upon a period of the noise, and a buffer 27 for adjusting variation of data
transmission amount depending upon bit distribution. A function
(transmitting portion 6) of up direction of XTU-R2 has a buffer 28
temporarily accumulating an input data, a mapping portion 29 performing
power distribution and bit   



17 July 2003 - 15  distribution of respective carrier depending upon period
of the noise (detail will be discussed later), an IFFT portion 30
modulating and multiplexing a multi-value QAM signal as mapping output with
respective carriers and a DAC portion 31 transmitting the multiplexed
output as analog converted up signal. Furthermore, in order to realize the
present invention, XTU-R2 has a pseudo random signal generating portion 36,
an SNR measuring portion 34 and a power/bit distribution calculating
portion 35. The pseudo random signal generating portion 36 generates a
pseudo random signal containing a11 carrier to output to the IFFT portion
30. The SNR measuring portion 34 has a function for deriving SNR of the
pseudo random signal transmitted from XTU-C1 per noise period. The
power/bit distribution calculating portion 35 calculates the power
distribution and the bit distribution of each carrier per each noise period
on the basis of the SNR measured by the SNR measuring portion 34 to output
to the IFFT portion 30 and the demapping portion 26. It should be noted
that a clock on the side of XTU-C1 is a clock synchronized with the noise
period. In this case, the noise period is assumed to be known. For example,
the noise is a crosstalk from a Time Compression Multiplexing (TCM) type
ISDN, near end crosstalk and far end crosstalk are alternately occur at
every 800 Hz as shown in Fig. 3, the SNR of respective   17 July 2003 - 16
carriers should be varied every 800 Hz. Therefore, in the transmitting
portion 3 of XTU-C1, it becomes necessary to receive a clock of 800 Hz and
transmit the received clock to the receiving portion 4 of XTU-R2. 



Namely, the receiving portion 4 is required to calculate a reception SNR of
respective carrier per the period. Accordingly, as means for knowing the
period, the tone from the tone generating portion 21 is transmitted to
XTU-R2 by controlling the level in synchronism with the clock in the
transmitting portion of XTU-C1. Clock period, namely noise period, can be
detected by a clock detector 33. The detection period is output to the
mapping portion 29 and the demapping portion 26. Then, the tone generating
portion 37 is provided even in the transmitting portion of XTU-R2. The tone
from the tone generating portion 37 is transmitted to XTU-C1 by controlling
the level in synchronism with the clock. The clock detector 38 is also
provided in XTU-C1 for enabling detection of the clock period. It should be
noted that these clock may be input externally from the device, and in the
alternative, may be generated internally from the device . A command to be
a trigger for initiating transmission may also be generated by the central
office per ~. The clock may also be generated by a terminal office as other
device.   17 July 2003 - 17  On the other hand, in the construction shown
in Fig. 1, dedicated tone generating portions 21 and 37 are provided in
XTU-C1 and XTU-R2  However, it is also possible to use a known pilot tone
employed in ISDN in place, without providing the dedicated tone generating
portion. Thus, it becomes unnecessary to provide the dedicated tone
generating portion to reduce hardware amount. Fig. 4 is a flowchart showing
operation of the embodiment of the mufti-carrier transmission system
according to the present invention. In Fig. 4, an arrow directed from up to



down represents flow of operation in the same system. An arrow toward left
or right shows flow of communication between devices. Referring to Fig. 4,
in order to detect a period of varying noise in the receiving portion 4 of
XTU-R2 in Fig. 1, the transmitting portion 3 of XTU-C1 transmits tone from
the tone generating portion 21 with varying the level depending upon (in
synchronism with) the clock synchronized with periodically varying noise
(step A1). The receiving portion 4 of XTU-R2 detects period of the noise on
the basis of variation of level of the tone by the clock detecting portion
33 (step B1). In order to derive the power distribution and bit
distribution of respective carrier of DMT in down direction, the pseudo
random signal from the pseudo random signal   17 July 2003 - 18  generating
portion 20 in the transmitting portion 3 of XTU-C1 is transmitted (step
A2). The pseudo random signal has components of all carriers of DMT.
According to American National Standards Institute (ANSI) standard, the
pseudo random signal contains two-hundreds and fifty-six carriers. The
pseudo random signal is received by the receiving portion 4 of XTU-R2.
Then, SNR of the pseudo random signal is measured by the SNR measuring
portion 34 per a period detected by step B1 ( step B2 ) . Number of bits of
each carrier and transmission power are derived by the power/bit
distribution calculating portion 35. The derived information is stored in
the demapping portion 26 and is transmitted to XTU-C1 via the IFFT portion
30 (step B3). In XTU-C1, the transmitted bit distribution and transmission
power distribution are stored in the mapping portion 12 as down carrier
information (step A3). 



The foregoing is the process for deriving the bit distribution and
transmission power distribution of down carrier. The following is the
process for deriving the bit distribution and transmission power
distribution of up carrier. The pseudo random signal ( thirty-two carriers
in ANSI standard ) from pseudo random signal generator 36 in the
transmitting portion 6 of XTU-R2 is transmitted to XTU-C1 (step B4). In the
receiving portion 5 of XTU-C1, SNR is measured per clock period
synchronized with the noise on the basis of pseudo random   17 July 2003 -
19  signal transmitted by the SNR measuring device 22 ( step A4 ) . By the
measured SNR, bit number and transmission power of each carrier are
calculated by power/bit distribution calculating portion 23. The
information is stored in the demapping portion 17 and is transmitted to
XTU-R2 via the IFFT portion 13 (step A5). In XTU-R2, the transmitted bit
distribution and transmission power distribution are stored in the mapping
portion 29 as up carrier information ( step B5 ) . At the same time of
initiation of communication, in transmission in the down direction, the
transmitting portion 3 of XTU-C1 performs data transmission with switching
bit distribution and transmission power distribution of two kinds (in the
embodiment of Fig. 3 ) stored per varying noise period (step A6). Then, the
receiving portion 4 of XTU-R2 extracts transmitted DMT data on the basis of
the bit number stored in the demapping portion 26. It should be appreciated
that since the bit distribution is varied periodically, the transmission
amount is varied. The variation is adjusted by buffer 27. On the other
hand, in the transmission of up direction, the transmitting portion 6 of
XTU-R2 performs data transmission by two kinds of bit distribution and
transmission power distribution ( in the example of Fig . 3 ) stored
depending upon 



varying noise period (step B6). Then, the receiving portion 5 of XTU-C1
extracts the transmitted DMT data on the basis of bit number stored in the
demapping portion 17. By buffer 18,   17 July 2003 - 20  transmission
amount is adjusted variation caused due to periodic bit distribution. Next,
referring to Fig. 5, one example of calculating method of transmission
power and bit number of each carrier at steps A5 and B3 of Fig. 4 will be
discussed briefly. A normalized SNR( i ) is derived with taking the
transmission power of each carrier i as E(i) (step S1). Then, SNR(i)/r(i)
is calculated (step S2). Here, I~(i) is referred to as "SNRgap" expressed
as follow: 1 (pe/ne) ~2 + y margin y eff 4.77 (dB) wherein v margin is a
performance margin of the system and y ef is a code gain in an error
correction. Next, the value of SNR ( i ) / h ( i ) is sorted in descending
order (step S3). Here, correspondence a carrier number (i) of original and
the sorted carrier number ( i) is stored. Then, k = 1, bmaX = 0 and (bA j }
= 0 are assumed ( step S4 ) . Here, k is a counted value, {b1L j } is bit
number per each carrier, and bmaX is a total value of the transmission
amount. Then, btarget ( k ) is derived by the following equation ( step
S5):   17 July 2003 - 21  bcargat ( k ) - ~' bg wherein E is a sum of j = 1
to k, btarqet(k) is a total amount of the transmission amount in the case
where k in number carrier are used, and wherein bj takes smaller one of 



round [ logz { 1 f Etarget SNR( j ) /k) / I` ( i ) } ] and f loor [ logz {
1 + E~,x SNR ( j ) /k ) / h ( i ) } It should be noted that round
represents counting fraction over 1/2 as one and disregarding the rest and
floor represents omission of fractions. If btarget(k) > bmex~ borax -
btarqet(k) is established (steps S6 and S7 ) . Then, the bit distribution
bj of each carrier at this time is stored as bA j . If k is not equal N, k
= k + 1 is assumed (step S9). Then, process returns to step S5. If k = N (
step S8 ) , the process is advanced to step S 10 . At this time, borax
becomes a maximum transmission amount, and b A j becomes bit distribution
of each carrier at that time . Obtain b A i resorted from b A j, a
transmission power E A i of each carrier is derived (step S10).   17 July
2003 - 22  Then, as total power Etota~, Etotal  ~ E A 1 is derived ( step
S11 ) . It should be noted that, in this case, E is a sum of i = 0 to N -
1. Then, final E1 is derived as smaller one of: Etarget E ~ 1 ~Etotal Or
Emax, i ( step S12 ) . Here, Etarget is preliminarily provided as a maximum
value of total power. Emax is an allowable extreme value per carrier. In
the foregoing embodiment, there has been disclosed the case where the
period of noise is 200 Hz as shown in Fig. 3 and noises are two kinds .
This shows merely one example and three or more kinds of noises or various
values of periods may be taken as known in the art. Detail of calculation
method shown in Fig. 5 has been disclosed in U. S. Patent No. 5,479,447.
However, the calculation method is not limited to the disclosed 



method. As set forth above, according to the present invention, by
controlling bit distribution and power distribution depending upon noise
period, transmission amount can be   17 July 2003 - 23  increased even in
the case where noise is relatively small. Thus, improvement transmission
efficiency can be achieved. Although the present invention has been
illustrated and described with respect to exemplary embodiment thereof, it
should be understood by those skilled in the art that the foregoing and
various other changes, omissions and additions may be made therein and
thereto, without departing from the spirit and scope of the present
invention. Therefore, the present invention should not be understood as
limited to the specific embodiment set out above but to include a11
possible embodiments which can be embodied within a scope encompassed and
equivalents thereof with respect to the feature set out in the appended
claims.   17 July 2003 - 24  WHAT IS CLAIMED IS: 1. A multi-carrier
transmission system characterized by performing data transmission by
periodically deriving a bit distribution of each carrier of multi-carrier
depending upon a periodically varying noise period. 2 . A multi-carrier
transmission system as set forth in claim 1, wherein said bit distribution
of each of said carrier is derived by using a clock synchronized with said
periodically varying noise and depending upon a period of said clock. 3. A
multi-carrier transmission system as set forth in claim 1, wherein a
transmission power distribution of each of said carrier is periodically
derived together with the bit distribution of each of said carrier. 4 . A
multi-carrier transmission system as set forth in claim 2, which comprise: 



a first unit performing quadrature amplitude modulation using each of said
carrier and multiplexing modulated carrier using inverse Fourier
transformation; and a second unit demodulating each of said carrier from
the signal multiplexed in said first unit using Fourier transformation.
17 July 2003 - 25  5 . A multi-carrier transmission system as set forth in
claim 4, wherein said first unit comprises a circuit for transmitting a
tone synchronized with said clock with varying level and a circuit for
transmitting a pseudo random signal having a11 components of respective
carriers, and said second unit comprises a circuit for detecting a period
of noise on the basis of the level of said tone from said first unit, a
circuit for deriving a signal to noise ratio of said pseudo random signal
per detected period and a circuit for deriving one of a transmission power
distribution and bit distribution, and bit distribution of said carrier on
the basis of said signal to noise ratio. 6 . A multi-carrier transmission
system as set forth in claim 5, wherein said second circuit comprises a
circuit for transmitting any one of derived transmission power distribution
and said bit distribution, and said bit distribution of each of said
carrier to said first unit, and said first unit comprises a circuit for
performing data transmission to said second unit according to one of said
transmission power distribution and bit distribution, and said bit
distribution per said noise period from said second unit. 7 . A
mufti-carrier transmission system as set forth in claim 5, wherein said
second unit comprises a circuit for   17 July 2003 - 26  transmitting a
pseudo random signal having a11 components of 



each of said carriers, and said first unit comprises a circuit for deriving
a signal to noise ratio of said pseudo random signal from said first unit
per each noise period, and a circuit for deriving one of a transmission
power distribution and bit distribution, and bit distribution of said
carrier on the basis of said signal to noise ratio. 8 . A mufti-carrier
transmission system as set forth in claim 7, wherein said first unit
comprises a circuit for transmitting the transmission power distribution
and the bit distribution of each of said carriers derived to said second
unit, said second unit comprises a circuit for performing data transmission
to said first unit according to one of said transmission power distribution
and bit distribution, and said bit distribution per said noise period from
said first unit. 9 . A mufti-carrier transmission system as set forth in
claim 4, wherein said first unit initiates transmission operation in
response to a transmission start command for own unit from said second
unit. 10 . A mufti-carrier transmission system as set forth in claim 1,
wherein a data transmission through a digital subscriber   17 July 2003 -
27  line is performed between said first unit and said second unit. 11. A
multi-carrier transmission system as set forth in claim 1, wherein said bit
distribution is effected to distribute greater number of bits when said
noise periodically varying between large and small is small than that when
said noise is large. 12 . A multi-carrier transmission system as set forth
in claim 1, wherein said bit distribution is effected to distribute greater
number of bits when said noise periodically varying is far end crosstalk
than that when said noise is near end 



crosstalk. 13. A multi-carrier transmission unit performing transmission by
multi-carrier, characterized by performing data transmission by
periodically deriving a bit distribution of each carrier of multi-carrier
depending upon a period of periodically varying noise. 14. A multi-carrier
transmission unit as set forth in claim 13, wherein said bit distribution
of each of said carrier is derived by using a clock synchronized with said
periodically varying noise and depending upon a period of said clock.   17
July 2003 - 28  15. A mufti-carrier transmission unit as set forth in claim
13, wherein a transmission power distribution of each of said carrier is
periodically derived together with the bit distribution of each of said
carrier. 16. A mufti-carrier transmission unit as set forth in claim 14,
which performs quadrature amplitude modulation using said each carrier and
multiplies the modulated carrier using inverse Fourier transformation. 17.
A mufti-carrier transmission unit as set forth in claim 14, which further
comprises a circuit for transmitting a tone synchronized with said clock
with varying level and a circuit for transmitting a pseudo random signal
having a11 components of respective carriers. 18. A mufti-carrier
transmission unit as set forth in claim 17, which further comprises a
circuit for detecting a period of noise on the basis of the level of said
tone from another unit, a circuit for deriving a signal to noise ratio of
said pseudo random signal per detected period and a circuit for deriving
one of a transmission power distribution and bit distribution, and bit
distribution of said carrier on the basis ..' of said signal to noise
ratio.   



17 July 2003 - 29  19. A multi-carrier transmission unit as set forth in
claim 18, which further comprises a circuit for transmitting any one of
derived transmission power distribution and said bit distribution, and said
bit distribution of each of said carrier to said another unit. 20. A
multi-carrier transmission unit as set forth in claim 18, which further
comprises a circuit for deriving a signal to noise ratio of said pseudo
random signal from said another unit per each noise period, and a circuit
for deriving one of a transmission power distribution and bit distribution,
and bit distribution of said carrier on the basis of said signal to noise
ratio. 21. A multi-carrier transmission unit as set forth in claim 18,
which further comprises a circuit for transmitting one of the transmission
power distribution and the bit distribution, and said bit distribution of
each of said carriers derived, to said another unit. 22. A multi-carrier
transmission unit as set forth in claim 18, which initiates transmission
operation in response to a transmission start command for own unit from
said another unit. 23. A mufti-carrier transmission unit as set forth in
claim   17 July 2003 - 30  1, wherein a data transmission through a digital
subscriber line is performed between own unit and said another unit. 24. A
multi-carrier transmission unit as set forth in claim 13, wherein said bit
distribution is effected to distribute greater number of bits when said
noise periodically varying between large and small is small than that when
said noise is large. 25. A multi-carrier transmission unit as set forth in
claim 



13, wherein said bit distribution is effected to distribute greater number
of bits when said noise periodically varying is far end crosstalk than that
when said noise is near end crosstalk. 26. A multi-carrier transmission
method characterized by performing data transmission by periodically
deriving a bit distribution of each carrier of multi-carrier depending upon
a periodically varying noise period. 27 . A multi-carrier transmission
method as set forth in claim 26, wherein said bit distribution of each of
said carrier is derived by using a clock synchronized with said
periodically varying noise and depending upon a period of said clock.   17
July 2003 - 31  28. A multi-carrier transmission method as set forth in
claim 26, wherein a transmission power distribution of each of said carrier
is periodically derived together with the bit distribution of each of said
carrier. 29. A multi-carrier transmission method as set forth in claim 27,
wherein quadrature amplitude modulation is performed by using each of said
carrier and the modulated carrier is multiplexed using inverse Fourier
transformation in a first unit, and each of said carrier is demodulated
from the signal multiplexed in said first unit using Fourier transformation
vJ in a seconds unit. 30. A multi-carrier transmission method as set forth
in claim 27, wherein in said first unit, a tone is transmitted synchronized
with said clock with varying level and a pseudo random signal having a11
components of respective carriers is transmitted, and in said second unit,
a period of noise is detected on the basis of the level of said tone from
said first unit, a signal to noise ratio of said pseudo random signal per
detected period is derived and one of a transmission power distribution and
bit distribution, and bit distribution of said carrier is derived on the
basis of said signal to noise ratio. 



.As.As.A.A.A.A,.As.A.Ae.AF.A&.An.Ay.A.A&e.A.Ae.Ay.A.AL.R.A9.A.A`.A,.AL.A.A&
Y.Ay.A%.A2.A&lGd8KLw&^zupkfa\W]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]c^a]c^a]c^a]c^a]ca]ca]ca]ca]ca]cRaV]c(a UV]c(a QZ\_NF`L P
G|wrmhc^Y]]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!&CD^    C D F V
;o+eQ}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!@|4sB6p$\
Fz!Z}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!OV
!3j1g"`I}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!BOU,-N    5 p
*!h!!!!","-"X"["\"c"""}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!"""#K#####$F$$$$$$
%7%8%<%w%%%%%2&l&&&''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!'!(_((()O)\)b)
))*Q***+E++++3,h,,,-O---.;
.y....}xsnid_Z]]]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!../'/-/1@2A2K2333444
5M55555661626A6M6N6c6d6y66647}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!47:7;
7o7777788898T8889?9@9F99999:@:R:_:f:::::;];d;
}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]ca]ca]ca!d;
;;;;;;;.<k<p<q<<<<<====W====>1>j>>>>>>??J?zupkfa\W]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]c^a]c
^a!J?v?w?????????@;
@v@@@/AkAAAB?BvBBBBBBB/CnCCCC|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]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!CCCCCCCD
DD^DkDrD|D~DDDDDDD$EaEEEFRFFFFFFFF}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!F9GvGG
GHJHHHI@IxIIIIIIIJUJJJJJ
KLKKKKLL+LeLL}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!LLL)MgMMMMMNONNNNO[OhOoOOOP
P"P_PPPPQQQ8Q:QLQQ}xsnid_Z]]]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]ca]ca]ca!QQQ?RtRwRxRRR+SiSpSqSS
SS6TuTTTUUEUdUeUUUUUUVNVVV}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!VVVW;
WyWWWW6XtXXXX+YfYYYYYZ?ZLZSZZZ[C[w[[[\C\~\|wrmhc^Y]]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]ca]ca]ca]c
a!~\\\\3]q]]]!^]^^^^_P_____`L````aa2akaaaaab1b}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!1b2bYbbbccQcccdGdddd>eKeReeef;fzfff-gaggghUhhh
i}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! iKiiii5jvjjj0k=kDk|kkklCllllmmm
m)m+m9mAmCmJmtmvmymmzuoje_ZU]ca]caV]ca]ca]caV]ca]caU]ca]caU]ca]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!mmnZnnnoOoWodokoo
oo/pfpjpppq/q?qEqnqqq%rhrrr"sDsQsXs|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Xsu
ssstt3twtttt1upuuu,vlvtvvw+w2wnwwwxVxxxyFyyyy}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]ca!yz%z,z@zxz{T{{{|||}-}e}}~:~M~Z~a~~~W~/I|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]ca]ca]ca]ca]ca]ca]c^a]c
a]ca]ca!%]R/k"2p#\OY}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]ca!Yfm&b!][%[;
S}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]ca]ca]ca]ca!IaT
/<C6L@|CK}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]ca!TFM<G
'e=y+gj}}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]ca!.l}/nG
'e=y+gj}}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]ca G}^?SY@10%&'()-S@910%&'()-!8
10%--&'()-310%&'()-L10%&'()-!F Ssf&10%&'()-'8wdEf10%&'()-@10%&'()-z
10%&'()- 10%&'()- 10%&'()- 10%&'()-&^QdE@f,y 10%&'()-,L*z 10%&'()-,3(z
10%&'()-,,&z 10%&'()-,$ 10%&'()-f!@10%&'()-Q_NdES9y 10%&'()-S6y 10%&'()-S4f
10%&'()-@2y 10%&'()-y0@10%&'()-@.10%&'()-FbC  10%&'()-z
10%&'()-&10%&'()-"10%&'()- 10 10 10S@;y 10%&'()-F`LaBbCfz 10%&'()-Lz
10%&'()-3g 10%&'()-!s&10%&'()-  



@10%&'()-lZ 10%&'()- P   dEbC#g 10%&'()-!z 10%&'()-g 10%&'()-z 10%&'()-3
-10%&'()-10%&'()- GdEbCY `0-10%&'()- F.10%&'()-,,g 10%&'()-*g 10%&'()-(g
10%&'()-%g 10%&'()-&^ dYNC 10 10 10 :10%&'()-3810%&'()-36f 10%&'()-l
4-10%&'()- 2&10%&'()-    F V   dBYNC! &3(10%&'()-@10%@&'()- -10%@&'()-g
10%@&'()-`10%@&'()-"10%@&'()- ;o+aBYNCg 10%@&'()-S 10%@&'()-g
10%@&'()-&s-10%@&'()-Y10%@&'()-!@(10%^^&'()-+eQdEYNCF(S 10%@&'()-,&f
10%@&'()-$f 10%@&'()-!f 10%@&'()-g 10%@&'()-z 10%@&'()-@|dEYNC&4@
10%@&'()-2y 10%@&'()-0@ 10%@&'()-.f 10%@&'()-f,f 10%@&'()-L*f
10%@&'()-4sbC10%:&'()-Y"10%:&'()- 10@ 10@ 10@9,;g 10%@&'()-99g 10%@&'()-&6f
10%@&'()-B6dEbC 10%:&'()- 10%:&'()- 10%:&'()- 10%:&'()-  10%:&'()-f
10%:&'()-6p$\dEbC 10%:&'()-y 10%:&'()-` 10%:&'()-F 10%:&'()-@ 10%:&'()-&
10%:&'()- FzdEbC, 10%:&'()-* 10%:&'()-' 10%:&'()-% 10%:&'()-# 10%:&'()-!
10%:&'()-!ZOdEbC&8 10%:&'()-&6 10%:&'()-4 10%:&'()-f2
10%:&'()-`L010%:&'()-3.@10%:&'()-ObC  10%M&'()-f
10%M&'()-10%M&'()-"10%M&'()- 10: 10: 10:&: 10%:&'()-V
3jdEbC@f10%M&'()-&z10%M&'()- 10%M&'()- 10%M&'()- 10%M&'()-
10%M&'()-j1gdEbC# 10%M&'()-9!@10%M&'()-10%M&'()-z 10%M&'()-s 10%M&'()-Y
10%M&'()-"`dEbCL0 10%M&'()-3. 10%M&'()-, 10%M&'()-* 10%M&'()-' 10%M&'()-%
10%M&'()-I?@ABdYNC 



10M 10M 10M&: 10%M&'()-&8 10%M&'()-6 10%M&'()-4 10%M&'()-f2
10%M&'()-BOUNaBYNC&z 10%&'()-!,t'10%&'()- y 10%&'()-
10%&'()-910%&'()-F"10%&'()-N  5 p dEYNC& 10%&'()-s-10%&'()-&10%&'()-&s
10%&'()-&F 10%&'()-&,z 10%&'()-p   *!h!!!dEYNCL3(z 10%&'()-9& 10%&'()-9$
10%&'()-9! 10%&'()-9z 10%&'()-9z 10%&'()-!!"X"c"""#dEYNC`4y 10%&'()-`2y
10%&'()-010%&'()-L.g10%&'()-`f,y 10%&'()-L9*z 10%&'()-#K########bC&10%&'()-
"10%&'()- 10 10 10s;y 10%&'()-`9 10%&'()-`6 10%&'()-#$F$$$$%aBbC f
10%&'()-L10%&'()-,10%&'()-f 10%&'()- g
10%&'()-!~s(10%&'()-%<%w%%%2&l&dEbC&@ 10%&'()-f 10%&'()-- 10%&'()-f
10%&'()-ff 10%&'()-Lf 10%&'()-l&&&''a'''dEbC&@,f 10%&'()-&&*f 10%&'()-&(f
10%&'()-&&S 10%&'()-&#S 10%&'()-!@ 10%&'()-''!(_((()dEbCL8g 10%&'()-L6T
10%&'()-L4T 10%&'()-92g 10%&'()-s010%&'()-9Y.10%&'()-)L)M)N)O)\)b)))bC
10%M&'()-S 10%M&'()-`10%M&'()-Y"10%M&'()- 10 10 10`:S
10%&'()-)*Q***+E+dEbC@ 10%M&'()-sS 10%M&'()-Yz 10%M&'()-@f 10%M&'()-&f
10%M&'()-@ 10%M&'()-E++++3,h,,dEbC$10%M&'()-!g 10%M&'()-g 10%M&'()-T
10%M&'()-g 10%M&'()-g 10%M&'()-,,-O---.dEbC0f 10%M&'()-.S 10%M&'()-f,S
10%M&'()-L*S 10%M&'()-3(@ 10%M&'()-L,&10%M&'()-.;.y...////dYNC 10M 10M
10M,;10%M&'()-9910%M&'()-&6f 10%M&'()-&4S 10%M&'()-&2S
10%M&'()-/'/-/1K233a?YNC!V &f&:!10%CC&'()- &f&:!10%&'()-
!dP#10%``&'()-G#10%M&'()-G&10%5&'()-"10%5&'()-3444444 5M5bC!
10%&'()-&@10%&'()-y9M10%&'()-Y"10%&'()- 105 105 1054
10%5&'()-mM55556A6y6dEbC!yf 10%&'()-`g 10%&'()-3z
10%&'()-&@10%&'()-10%&'()-z 10%&'()-y66647o777dEbC!$y 10%&'()-!y 10%&'()-f
10%&'()-S 10%&'()-z 10%&'()-z 10%&'()-78T8889F9dBbC!!Fs0F"10%&'()-&Y.f
10%&'()-`S,,10%&'()-9*S 10%&'()- ( 10%&'()-&@ 10%&'()-F999:@:O:P:Q:R:dYNC!!
10 10 109;10%&'()-&8 10%&'()-&6z 10%&'()-&4f 10%&'()-&2f 10%&'()-R:_:f:::;
];dEYNC!! &9z 10%"&'()-& z 10%"&'()-& z
10%"&'()-`@10%"&'()-sM10%"&'()-"10%"&'()-];d;;;;.<k<dEYNC!! 9z 10%"&'()-9z
10%"&'()-9z 10%"&'()-sS10%"&'()-FM10%"&'()-9f10%"&'()-k<<<<<==W=dEYNC!! LY(
10%"&'()-L@&g 10%"&'()-&$-10%"&'()- "10%"&'()-9 m 10%"&'()-Lg
10%"&'()-W====>1>j>dEYNC!!
4-10%"&'()-`2`10%"&'()-010%"&'()-`.S10%"&'()-Ly,z
10%"&'()-`*-10%"&'()-j>>>>>>>??bC!!sM10%H&'()- "10%H&'()- 10" 10" 



10"@;10%"&'()-s&9 10%"&'()-`7y 10%"&'()-?J?????@dEbC!!10%H&'()-f
10%H&'()-`9f10%H&'()-3 10%H&'()-  10%H&'()- 10%H&'()-@;@v@@@/AkAdEbC!!9
10%H&'()-9 10%H&'()-9 10%H&'()-& 10%H&'()-&
10%H&'()-`f10%H&'()-kAAAB?BvBBdEbC!!L,
10%H&'()-s*S10%H&'()-LY(`10%H&'()-LS& 10%H&'()-99$ 10%H&'()-9 "
10%H&'()-BB/CnCCCDdEbC!!s&9 10%H&'()-s7 10%H&'()-`4 10%H&'()-`2 10%H&'()-`0
10%H&'()-`.
10%H&'()-D[D\D]D^DkDrD|DDbC!!,10%`&'()-&10%`&'()-SM10%`&'()-Y"10%`&'()- 10H
10H 10HS; 10%H&'()-DD$EaEEEFdEbC!! 10%`&'()- 10%`&'()-10%`&'()- 10%`&'()-s
10%`&'()-Y  10%`&'()-FRFFFF9GvGdEbC!!s$ 10%`&'()-Y" 10%`&'()-@  10%`&'()-9
10%`&'()-  10%`&'()- 10%`&'()-vGGGHJHHHdEbC!!0 10%`&'()-. 10%`&'()-,
10%`&'()-* 10%`&'()-&(f10%`&'()-y& 10%`&'()-HI@IxIIIIIIdYNC!! 10` 10` 10`;
10%`&'()-`9 10%`&'()-F7 10%`&'()-,5 10%`&'()-3 10%`&'()-IIIJUJJJaBYNC!
10%z&'()- 10%z&'()-  10%z&'()-!\(10%  &'()-SL910%z&'()-3"10%z&'()-J
KLKKKK+LdEYNC! 10%z&'()- 10%z&'()-y 10%z&'()-s 10%z&'()-F 10%z&'()-,
10%z&'()-+LeLLLL)MgMdEYNC!3( 10%z&'()-&f10%z&'()-$10%z&'()-! 10%z&'()-
10%z&'()- 10%z&'()-gMMMNONNNdEYNC!410%z&'()-2 10%z&'()-0 10%z&'()-.
10%z&'()-S, 10%z&'()-9* 10%z&'()-NNOXOYOZO[OhOoObC!:10%"&'()-3"10%"&'()-
10z 10z 10z; 10%z&'()-9 10%z&'()-96z10%z&'()-oOOO"P_PPPdEbC!910%"&'()-9yS
10%"&'()-&`f 10%"&'()-9F @ 10%"&'()-&f 10%"&'()-&f 10%"&'()-PPQLQQQQdEbC!L,
T 10%"&'()-LT 10%"&'()-LT 10%"&'()-LT 10%"&'()-9S
10%"&'()-10%"&'()-Q?RtRRR+SiSdEbC!s,@ 10%"&'()-`*S 10%"&'()-`(S
10%"&'()-`f&@ 10%"&'()-``$@ 10%"&'()-L3"g 10%"&'()-iSSSS6TuTTdEbC!`9S
10%"&'()-37S 10%"&'()-s5S 10%"&'()-s3- 10%"&'()-010%"&'()-`.
10%"&'()-TTTTTUUEUUbC!,y 10%M&'()-y 10%M&'()-SM10%M&'()-l"10%M&'()- 10" 10"
10"f;S 10%"&'()-UUUVNVVVdEbC!z 10%M&'()- 10%M&'()-S
10%M&'()-,10%M&'()-s10%M&'()-F y 10%M&'()-VW;
WyWWWWdEbC!&`$10%M&'()-Y"10%M&'()-@ g 10%M&'()-9S 10%M&'()- S 10%M&'()-f
10%M&'()-W6XtXXXX+YdEbC!`010%M&'()-.10%M&'()-,S 10%M&'()-*g 10%M&'()-(T
10%M&'()-y&T 10%M&'()-+YfYYYZ<Z=Z>Z?ZdYNC! 10M 10M 10M&;z10%M&'()-s9f
10%M&'()-F7S 10%M&'()-,5S 10%M&'()-3S 10%M&'()-?ZLZSZZZ[C[dEYNC! &`@
10%5&'()-F S 10%5&'()-S
10%5&'()-`10%5&'()-910%5&'()-3"10%5&'()-C[w[[[\C\~\dEYNC! 9@ 10%5&'()-&S
10%5&'()-s10%5&'()-&@10%5&'()-&@ 10%5&'()-&y@ 10%5&'()-~\\\\3]q]]dEYNC! L(@
10%5&'()-9f&- 10%5&'()-L$10%5&'()-9F"Z10%5&'()-9, @ 10%5&'()-9@
10%5&'()-]]!^]^^^^dEYNC! `510%5&'()-`3@ 10%5&'()-`0, 10%5&'()-`.,
10%5&'()-L,@ 10%5&'()-L*@ 10%5&'()-^_P_______bC!,M10%`&'()-3"10%`&'()- 105 



105 105sy;@ 10%5&'()-sL9 10%5&'()-3710%5&'()-__`L````dEbC!10%`&'()-f@
10%`&'()-Lf 10%`&'()-3 y 10%`&'()-S 10%`&'()-S 10%`&'()-`2akaaabYbdEbC! S
10%`&'()-S 10%`&'()-f 10%`&'()-S 10%`&'()-S 10%`&'()-S
10%`&'()-YbbbccQccdEbC!,T 10%`&'()-&*10%`&'()-l(m10%`&'()-S&g 10%`&'()-9$S
10%`&'()- "f 10%`&'()-ccdGdddddEbC!99f 10%`&'()- 7f 10%`&'()-4S 10%`&'()-2@
10%`&'()-0z 10%`&'()-.T 10%`&'()-d;e<e=e>eKeReeebC! @10%M&'()-y
10%M&'()-S&910%M&'()-"10%M&'()- 10` 10` 10`S;f 10%`&'()-ef;fzfff-gdEbC!ff
10%M&'()-L 10%M&'()-3 10%M&'()- 10%M&'()- 10%M&'()-
10%M&'()--gaggghUhhdEbC!#S 10%M&'()-!S 10%M&'()- 10%M&'()-z 10%M&'()-
10%M&'()-lS10%M&'()-hh iKiiiidEbC!s0 10%M&'()-9Y.10%M&'()-@,10%M&'()-*z
10%M&'()-( 10%M&'()-% 10%M&'()-i5jvjjj-k.k/k0kdYNC! 10M 10M 10M:f
10%M&'()-8y 10%M&'()-6 10%M&'()-4 10%M&'()-y2 10%M&'()-0k=kDk|kkklaBYNC!z
10%&'()--10%&'()- @10%&'()-!ILy(10%&'()-,:10%&'()-
"10%&'()-lCllllm9mdBYNC!!`10%@@&'()-  10%&'()-S 10%&'()-9f 10%&'()-f
10%&'()-y 10%&'()-9mymmmnZnndEYNC!!/g 10%&'()-s-@ 10%&'()-`*@
10%&'()-)10%&'()-$10%&'()-"y 10%&'()-nnoOoToUoVoWodoxmbC!! "10%H&'()- 10 10
10810%&'()-&s6-10%&'()-Y4@10%&'()-2g
10%&'()-dokoooo/pfpdEmbC!!L`10%H&'()-y10%H&'()-`y 10%H&'()-9 S10%H&'()-
9y10%H&'()- M10%H&'()-fpjpppq/qnqdEmbC!!s)10%H&'()-&10%H&'()-9$@
10%H&'()-&"f 10%H&'()-``S10%H&'()-,10%H&'()-nqqq%rhrrrdEmbC!!9&6g
10%H&'()-93S 10%H&'()-91S 10%H&'()-&/f 10%H&'()-&9-f 10%H&'()-&+f 10%H&'()-
r"sAsBsCsDsQsXsusbC!!9S10%H&'()-`L10%H&'()-F"10%H&'()- 10H 10H
10H9:10%H&'()-9S8z 10%H&'()-ussstt3twtdEbC!!9g 10%H&'()-0LS:10%H&'()-
@10%H&'()-&S 10%H&'()-S 10%H&'()-9  10%H&'()-wtttt1upuudEbC!!& +
10%H&'()-9)g 10%H&'()-&'f 10%H&'()-$10%H&'()-"Y10%H&'()- y
10%H&'()-uu,vlvtvvwwwdE:/ 10H 10HL7 10%H&'()-510%H&'()-L310%H&'()-Ll1z
10%H&'()-LS/@ 10%H&'()-99-z 10%H&'()-ww+w2wnwwwxxY:/ 10H`
10%&'()-S10%&'()-`  10%&'()-`f 10%&'()-9L10%&'()-F"10%&'()-
10HxVxxxyFyydE:/ 10H`f 10%&'()-sy 10%&'()-sfy 10%&'()-`L 10%&'()-s3y
10%&'()-sy 10%&'()-yyyzzzz%z,zbC 10H&:10% h&'()-Y"10% h&'()- 10 10
10!10%&'()-z 10%&'()-s 10%&'()-,z@zxz{T{{{dEbC 



10H 10% h&'()-&fz 10% h&'()-` 10% h&'()-"10% h&'()-   10% h&'()- 10%
h&'()-{|||}-}e}dEbC 10HF.@10% h&'()-9,,10% h&'()-9* 10% h&'()-&#Z"10%
h&'()-@9 10% h&'()-10% h&'()-e}}~:~J~K~L~M~Z~uj_@ 10Hl"10%&'()- 10 h 10 h
10 hL8@10% h&'()-L6 10% h&'()-!H`4y 10%hhhh&'()-9L0 10% h&'()-Z~a~~~W~dEj_@
10H 10%&'()-L10%&'()-Lg 10%&'()-L g 10%&'()-Lg 10%&'()-&M10%&'()-/IdEj_@
10Hs#S 10%&'()-`l10%&'()-`S 10%&'()-Lg 10%&'()-`fS 10%&'()-LLz
10%&'()-I%]dEj_@ 10H`0S 10%&'()-F.S 10%&'()-s,,f 10%&'()-s*f 10%&'()-s(S
10%&'()-s%S 10%&'()-RxmbC 10HF"10%5&'()- 10 10 10:T 10%&'()-8g 10%&'()-4-
10%&'()-y2S 10%&'()-/kdEmbC 10H&@f 10%5&'()-&&z 10%5&'()-s 10%5&'()-
10%5&'()-y 10%5&'()-s:10%5&'()-"2pdEmbC 10H9z 10%5&'()-9z 10%5&'()-9z
10%5&'()-&@10%5&'()-&sz 10%5&'()-&Yz 10%5&'()-#\OdEmbC 10H`.y 10%5&'()-LL*T
10%5&'()-LF(z 10%5&'()-9,& 10%5&'()-$10%5&'()-9!@10%5&'()-OVWXYdYNC 10H 105
105 105,;f 10%5&'()-9z 10%5&'()-s4M10%5&'()-`2 10%5&'()-`0y
10%5&'()-Yfm&bdEYNC 10H &f 10%"&'()-9S 10%"&'()-9 g 10%"&'()-&9@
10%"&'()-910%"&'()- "10%"&'()-b!]dEYNC 10H LS T 10%"&'()-9Lg 10%"&'()-L3@
10%"&'()-LT 10%"&'()-9'10%"&'()-&f 10%"&'()-dEYNC 10H s,5@ 10%"&'()-s3f
10%"&'()-L*Z"10%"&'()- L(g 10%"&'()-`&@ 10%"&'()-9"g10%"&'()-[bC 10Hy
10%&'()-M10%&'()-F"10%&'()- 10" 



10" 10"`s910%"&'()-`Y7f 10%"&'()-%[;dEbC 10Hy 10%&'()- 10%&'()-
10%&'()-10%&'()-F G"10%&'()-y, 10%&'()-;SIadEbC 10Hf&10%&'()-L$ 10%&'()-3"
10%&'()-  10%&'()- 10%&'()-10%&'()-aTdEbC 10H4 10%&'()-2 10%&'()-0
10%&'()-. 10%&'()-, 10%&'()-s* 10%&'()- ,-./<Cb@
10H!yy(10%&'()-:10%z&'()-"10%z&'()- 10 10 109910%&'()- 7&10%&'()-6LdEb@
10H!@@ 10%z&'()-&f 10%z&'()-10%z&'()-g 10%z&'()-g 10%z&'()- @
10%z&'()-@|dEb@ 10H!%f 10%z&'()-!,10%z&'()-S 10%z&'()-f 10%z&'()-sS
10%z&'()-YS 10%z&'()-CKdEb@ 10H!L4@ 10%z&'()-9f2g 10%z&'()-&3.z10%z&'()-&,-
10%z&'()-&*- 10%z&'()-&'@ 10%z&'()-KbC 10H!s
10%'o&'()-M10%'o&'()-F"10%'o&'()- 10z 10z 10zL:g 10%z&'()-96@
10%z&'()-TFMdEbC 10H!`:10%'o&'()-  10%'o&'()- 10%'o&'()- 10%'o&'()-
10%'o&'()-10%'o&'()-M<GdEbC 10H!( 10%'o&'()-$y10%'o&'()-" 10%'o&'()-
10%'o&'()-s 10%'o&'()-Y 10%'o&'()- xmbC 10H!"10%"&'()- 10'o 10'o 10'o&9
10%'o&'()-&93 10%'o&'()-@&-S10%'o&'()-m*m"10%'o&'()-y 'e=ydEmbC 10H!9
10%"&'()-& 10%"&'()-& Z"10%"&'()-f&f 10%"&'()-&9
10%"&'()-M10%"&'()-y+gj}aBmbC 10H!9 `10%"&'()- !`9 `10%::&'()- &`
10%"&'()-&F 10%"&'()-&, 10%"&'()-& 10%"&'()-}.l}dEmbC
10H!.z10%"&'()-L,10%"&'()-9* 10%"&'()-L( 10%"&'()-L& 10%"&'()-L$
10%"&'()-/ndEmbC 10H!.z10%"&'()-`s9l10%"&'()-`Y7 10%"&'()-`@5 10%"&'()-`&3
10%"&'()-L0 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 FontA N&,1Q7;
]AFZLQ>W\=b/hVlCptwL{X."'.47d;J?CFLQV~\1b imXsyYopqrstuvwxyz{|}~QF   



+6OjBNp !##%l&'))E+,./3M5y67F9R:];
k<W=j>?@kABDDFvGHIJ+LgMNoOPQiSTUVW+Y?ZC[~\]^_`Ybcde-ghi0kl9mndofpnqruswtuwx
y,z{e}Z~IOYb;aKM y} 6Times New RomanArialCourier New"h Root
EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~   


