
;wxe3eQi4Qf|.6T4CJ* I 2 5 J U N 2(~3 OPTICALTRANSPONDER AND AUTOMATIC
OPTICAL SIGNAL TYPE IDENTIFICATION METHOD FOR USE THEREWITH Background of
the Invention 10 optical communication network include network elements
with plus-in boards offering different degrees of functionality and ranging
from optical repeaters for merely transponding an optical signal to optical
transponders capable of both transponding an optical sisal and performance
monitoring. Optical repeaters can transpond different optical sisals both
in terms of 15 transmission protocol and bit rate, namely, the same optical
repeater can transpond inter alia SDH at different rates, ATNZ at different
rates, PDH at different rates, and others. Against this, an optical
transponder transponds and performance monitors a single optical signal
i.e, a specific transmission protocol at a specific bit rate. The plug-in
boards are periodically replaced for 20 maintenance purposes, and, in the
case of optical transponders, as the need may arise to support new system
configurations. Summary of the Invention In accordance with a first aspect
of the present invention, there is 25 provided an optical tansponder
comprising an optical/electrical (OBE) receiver module for converting an
ingressing optical signal from an optical signal source to an electrical
signal; a performance monitoring module for effecting performance
monitoring on said electrical signal, an electricaUoptical (E/Q)
transmitter module for regenerating an egressing optical signal from said
30 electrical signal for feeding to an optical signals destination, and
wherein said performance monitoring module is capable of effecting
performance monitoring on the electrical signal equivalents of at least two
different optical    2 5 JUN 203 2 signal types each uniquely identifiable
in terms of transmission protocol and/or bit rate. The first aspect of the
present invention is directed toward providing an optical transponder
capable of supporting performance monitoring (PM) of at 5 least two
different optical signal types, thereby increasing its deployment
flexibility and facilitating inventory reduction. An optical transponder of
the present invention preferably supports performance monitoring of optical
signals of different transmission protocols at one or more different bit
rates. To be updated with the optical signal type of an ingressing optical
signal, an 10 optical transponder of the present invention can either be
externally configurable by way of a network management system, or self
configurable if provided with a reference pattern spotting scheme for
automatic optical signal type identification. An optical transponder of the
present invention preferably supports so-called 3R regeneration of optical
signals as opposed to so-called 15 2R regeneration, namely, re-timing of
optical signals in addition to their reshaping and re-amplification. In
accordance with a second aspect of the present invention, there is provided
an automatic optical signal type identification method comprising the steps
of: 20 (a) converting an optical signal into an electrical signal; (b)
storing a reference pattern dictionary with a plurality of reference
patterns each uniquely identifying a different optical signal type; and (c)
spotting a reference pattern embedded in the electrical signal for
identifying the optical signal type of the optical signal, 25 wherein step
(c) includes the steps of: (c 1 ) spotting a first occurrence of a feature
vector uniquely identified with a transmission protocol embedded in the
electrical signal at a first location therealong; (c2) identifying the
transmission protocol associated with the 30 feature vector and jumping to
a second location along the electrical signal downstream from the first
location by a fixed byte length   2 5 JUN 2g13 2a 



associated with the transmission protocol as specified in the reference
pattern dictionary; and (c3) spotting the second occurrence of the feature
vector embedded in the electrical signal at the second location. 5 In the
alternative, there is provided an automatic optical signal type
identification method comprising the steps of: (a) converting an optical
signal into an electrical signal; (b) storing a reference pattern
dictionary with a plurality of reference patterns each uniquely identifying
a different optical signal type; and 10 (c) spotting a reference pattern
embedded in the electrical signal for identifying the optical signal type
of the optical signal, wherein step (c) includes the steps of: (c 1 )
spotting a first occurrence of a feature vector uniquely identified with a
transmission protocol embedded in the electrical signal at a first 15
location therealong; (c2) identifying the transmission protocol associated
with the feature vector, reading a byte length field embedded in the
electrical signal as determined by the transmission protocol, and jumping
to a second location along the electrical signal downstream from the first
location by 20 the byte length encoded in the byte length field; and (c3)
spotting the second occurrence of the feature vector embedded in the
electrical signal at the second location. The second aspect of the present
invention is based on the fact that each optical signal type has a unique
reference pattern in terms of a feature vector, 25 and either a fixed or
variable byte length between a pair of immediately consecutive occurrences
of its feature vector, thereby enabling its identification from other
optical signal types. The automatic optical signal type identification
method of the present invention preferably identifies optical signal types
ranked by ascending byte length between immediately consecutive occurrences
2 5 JUN 2D03 3 of feature vectors,,, The automatic optical signals type
identification method of the present invention can identify an optical
signal type of an optical signal ether off line or on-line from its
equivalent electrical signal. 5 Brief Description of the Drawings Xn order
to understand tae invention and to see how it can be carried out in
practice, preferred embodiments will now be described, by way of
non-limiting examples only, with reference to the accompanying drawings in
which similar parts are likewise numbered, and in which: 10 Fig 1 is a blue
diagram representation of an externally configurable optical transponder of
the present invention; Fig. 2 is a block diagram representation of a self
configurable optical transponder of the present invention; Figs. 3A and 3B
are flow diagrams showing an automatic optical signal type 15
identification method implemented by the optical transponder of Figure 2;
Fig. 4 is a table showing a reference pattern dictionary for use in
conjunction with the automatic optical, sisal type identification method of



Figure 3; Fig, 5 is a schematic diagram of a batch file originating from an
STM-64 20 optical signal with immediately consecutive occurrences of its
uniquely identifying feature vector at batch file addresses (B"Y'TE 90,0Q0,
BIT 5) and (BYhE 245,520, BIT 5); and Fig. 6 is a schematic diagram of a
batch file originating from an IP over SDL optical signal with immediately
consecutive occurrences of its uniquely 2S identifying feature vector at
batch file addresses (B'xTE 90,000, BIT 5) and (~'YTE 130,000, BIT 3).
Detailed Description of the Drawings Figure 1 shows an optical transponder
10 under the control of a network 30 management system NMS 1 which notifies
it by way of an Signal Type Indication signal of the optical signal type of
an ingressing optical signal. The   2 5 J U N 2(103 optical transponder 10
is implemented to both transpond and performance monitor the following
optical signal types: SDH at I55 Mbitls (STM-1), 622 Mbit/s (STM-4), 2.5
Gbitls (STM-16), and 10 Gbitls (STM-64); ATM at 622 Mbitls and 2.5 Gbit/s;
Gigabit Ethernet at I.25 Gbitls; and pP at 2.5 and 10 5 Gbit/s (hereinafter
``the list of optical signal types"); and only transpond other optical
signal types including inter olio 44 Mbitls and 140 Mbit/s PDH optical
signals. The optical transponder I0 includes an optical to electrical (OIE)
receiver module 11 coupled to an optical signal source (not sho~~rn); a
field 10 programmable gate dray (FPGA) control module 12; an electrical
sputter 33; an electrical selector 14 (constituting a switching element); a
main path 16 extending between the splitter I; and the selector I4 and
having a Clock a_nd Data Recovery (CJ~R) unit 17, a demultiplexer 18, a
Fonvard Error Correction (F;rC) and Performance Monitoring (PIVl] unit I9,
and a multiplexes 2I; a 15 bypass path 22 (constituted by an electrical
shunt) extending between the splitter 13 and the selector 14; and an
electrical to optical (FJO) transmitter module 23 coupled to an optical
signal destination (not shoyvn). The OLE receiver module 11 converts an
ingressing optical signal to an electrical signal, and provides an optical
Loss of Signal (LOS) signal to the 20 FPGA control module 12 in the event
that no optical signal is detected thereat, 1'he FI'GA control module 12 is
informed of the optical sisal type of the ingressing optical signal at the
O/E receiver module lI and accordingly provides a Clock Rate Indication
signal to both the CDl~ 17 anal the multiplier 21, and a Signal Type
indication signal to the FFC and PM unit I9 to invoke 25 the suitable
performance monitoring scheme, The FPGA control module 12 also sets the
selector I4 to the main path 16 for any ingressing optical signal in the
above mentioned list of optical signal types and to the bypass path 22 for 



any other ingressing optical signal, The sputter 13 splits an electrical
signal from 'the O/E receiver module I1 into two identical signals which
are 30 respectively fed to the main path 16 and the bypass path 22, The CDR
unit 17 perform clock and data recovery on an electrical signal, and
provides a data    2 5 JUN 2003 5 Loss of Signal (X.OS) signal to the FPGA
control module 12 in the event that no data signal i.e. a stream of
consecutive zeros is detected thereat. The FEC and 1'M unit I9 performs
forward error correction and performance monitoring on an electrical
signal, and provides a data Loss of Signal (LOS) signal, a ~.oss S of Frame
(LOF) signal, a Signal Fail (SF) signal, and a Sisal Degrade (SD) signal to
the FPGA control module I? as appropriate. The selector 14 can feed either
an electrical signal from one of the main path 16 or the bypass path 22 to
the EIO transmitter module 23 as determined by an SX signal from trhe FPGA
control module 12, The El0 transmitter module 23 is enabled by an TX EN 10
signal from the Fl'GA control module 12 and 3R regenerates an egressing
optical signal from the electrical signal. The lJ/0 transmitter module 23
provides an TX LOS signal to the P'PGA control module 12 in the event that
it is enabled but no optical sisal is detected thereat. The 3R regeneration
of ~n optical signal includes re-timing in addition 15 to re-shaping and
re-amplification so as to achieve fitter reduction. The xe-timing
capability involves the use of several accurate oscillators in the CDR
unlit 17 to e;~tract the clock signal from the inqressuag optical signal,
several bandpass filters including narrow bandwidth alters for deriving an
accurate and j fitter free clock rate, and additional accurate oscillators
for re-timing the 20 egressing optical signals. Perfoz-mance monitoring
(fM) of the above mentioned list of optical signal types is effected as
follows: PM for the four SDT~ optical signal types (STM I/4/16/64) is on
the basis of the B 1I82 bytes as defined in ITU-~' G.707; PM for the two
ATiI~I optical signal types is on the basis of $ Error Detection 2S Codes
(EDC) in the OAM cell as def ned in AF-PHY-00128; PM for the GE optical
signal type is on the basis of irwalid code words as defined in IfiEE
$02.3Z; and PM for IP over SDL optical signal types as defined in SDL Data
Link Specification published by Lucent Technologies, Sept. I998. Figure 2
shows an Optical transponder 30 upgraded in respect to the SO optical
transponder I0 by virn.~e of it having an FPGA control module 31 for
supporting an ~~!tomatic optical signal type Identification method of an
2 5 J U N 2(~3 6 ingressing optical signal (see Figures 3A and 3B). This
configuration dispenses with the need for the SIGrNAL 'z'~S~PE INDICATION
signal tom the network manajetnent system NMS I but xequires in its place
that a por`uon of the electrical signal be fed to the FPCrA control module
31 for znalysis, The 5 2utom2tic optical sisal type identif cation mei~hod
operates in, conj unction with a reference pattern dicti ovary containing
reference patterns t:niquely identifying dizzerent optical signal types
(see fiigure 4). Each reference pa.Cern includes a so-called feature vector
which may be a complete packet hzader, for example, tae difzerent byte
length 1.1/A2 headers of the dift'erent bit t~.te STM J. 0 optical signals,
ox ~ artial packet header, for example, the first four bytes of the F3 OAM
cells of an ATtYI optical signal. In addition, each reference pattern,
includes the byte lzn~th betlveen immediately consecutive occurrences of a
feature vector. The byte length may be either a fixed length, for example,
in the case of STMIl4/I6/64 signals or a variable byte len;th encoded in a
byte x 5 len~th field typically do~-rnstream of its 2ssociated feature
vector. Cxenerally speaking, the automatic optical signal typz
identification method involves the spotting of two occu.~rences of a
feature vector of an optical signal type under scrutiny at the bye lenPtn
as set out in the most riohthand column of Fio-ure 4, The region that two
occurrences is necessary is 20 to avoid the situation that an
identification is erroneously deduced on the basis of a single random
appearance of bits corresponding to a feature vector of Qn 



optical signal type under scrutiny, In order to minimize computational
Ioad, the automatic optical signal type identifteation method applies a
reference pattern spotting scheme which attempts to identify optical si~naL
types 25 according to ascending bye len~h between immediately consecutive
occurrences of their respective feature vectors. Thus, for the optical
sijnal types of the above mentioned list of optical sisal types for which
performance monitoring is supported, their identification order is as
follows: GE (upto 2,430 bytes), SIM-1 (2,430 bytes), STM-4 (9,720 bytes),
ATM (22,843 bytes), 30 STM-16 (38,880 b5nes), xP over SDh (up to 65,336
bytes), and STM-64 (155,520 bytes).   2 5 dON 2e03 7 The automatic optical
signal type identification method can be run ofz-line as a batch job on a
batch ale copied from an electrical signal whose size is tyvice that of the
maximum byte length between two immediately consecutive occurrences of a
feature vector of an optical signal which nay 5 appear as an ingressinQ
optical signal at the optical lxansponder, Typically, an STM-64 op~cal
signal is a potential ingressing optical signal, and therefore the batch
file contains a total of 3I I,040 bytes, The contents of the batch file are
assigned addresses from (BYTE l, BxT 0) through to (B'YTE 31I,039, BIT 7),
each byte of the batch file in most likelihood overlying two adjacent bytes
of 10 the electrical signal~ro one degree or another. Spotting of the first
occu_~rence of a feature erector involves comparing a feature vector
against a corresponding byte length of the batch file staring at batch file
address (BYTE I, BIT 0), and incrementally proceeding downstream bit by bit
until ei`v.her a match is found or, alternatively, the first bit of the
feature vector reaches BIT 0 of the first byte 15 of the next frame were
the batch file be derived from an optical signal of the optical signal type
under scrutiny. Thus, it can be positively deduced that a batch file does
not conta~ the eqtuvalent electrical signal of an STM-1 optical signal if
its identifying feature vector cannot be spotted from batch file address
(B'YTE 0, BIT 1) to batch file address (BYTE 2,430, BIT 0) after a total of
20 I9,44.0 comparison checks. The operation of the `utomatic optical signal
type identification method for identincation of an STM-64 optical signal
whose unique reference pattern includes z 3 84 byte long feature vector
consisting of 192 A I bytes fol lowed by 192 A2 bytes, and a fixed 1y,520
byte length between immediately 25 caasecutiv~ occurrences is as follows.
Assuming that the first occurren ce of the STM-b4 identifying feature
vector is spotted at batch file address (B,YfE 90,000 BIT 5), then the
second occurrence is to be found at batch ile address (BYTE 2;15,520, BZT
6) (see Figure 5). Similarly, assuming the first occurrence ofa SDL header
is spotted at batch file address (BXTE 90,000, BIT 30 5), and its byte
len~~h field encodes a byte length of 40,000 bytes, then the second
occurrence is to be found at batch file address (BYTE 130,000, BIT 5),   2
5 JUN 20D3 



8 On-line 'idzntification of an optical signal type is identical to ofd
line identification including the number of comparison checks before a
decision can be deduced that an electrical signal is not derived from an
optical signal of the optical signal type under scrutiny. The difference
resides in that consecutive 5 comparison checks for the match between a
feature vector and an equivalent byte length along the electrical signal
are performed on spaced apart byte lengths separated by a byte length
correspondinb to an integral number of byte lengths equal to the byte
length benveen immediately consecutive occurrences of the feature vector of
the optical signal type under scrutiny plus one bit. 10 Thus, for
identification of an STM-I optical signal type, an immediately consecutive
comparison check can be performed at the earliest after 19,441 bits (8 bits
x 2,430 bytes between immediately consecutive occurrences +1 bit). The
iategzal number of byte lengths depends on the run time to execute the
comparison check, and the byte length bet~veen immediately consecutive 15
occurrences of the feature vector of the optical sisal type under scrutiny.
'fVhile the invention has been described with respect to a limited number
of embodiments, it yvill be appreciated that many variations,
modifications, and other applications of the invention can be made within
the scope of the 20 appended claims. For example, an optical transponder of
the present invention can be implemented as a unidirectional optical
transponder, an add direction optical transponder, and a drop direction
optical transponder. Also, the range of optical s;gnals types capable of
identifleation by the automatic optical signal type identification method
of the present invention can be extended to include 25 inter alia p171;T
optical signals.   2 5 JUN 20D3 Claims: 1. An optical transponder
comprising an opticallelectrieal (O/E) receiver module for converting an
ingress ing optical signal from an optical sisal source into an electrical
signal; a performance monitoring module for 5 effecting performance
monitoring on said electrical sisal, an electricalfoptical (FJO)
tzansfnitter module for regenerating an egressing optical signal fxom said
electrical signal for feeding to an optical signal destination, and wherein
said performance monitoring module is capable effecting performance
monitoring on the electrical signal equivalents of 10 a.t least two
different optical signal types each uniquely identifiable in terms of
transmission protocol and/or bit rate, 2. The transponder according to
claim 1 wherein said transmitter module effects 3I~ regeneration of
egressing optical signals. IS 3. The transponder according to either claim
x or 2 and further comprising an electrical shunt between said OI)r
receiver module and said El0 transmitter module bypassing said performance
monitoring module for shunting an electrical signal converted from aaz
optical signal whose 20 performance monitoring is not supported by said
performance monitoring module therearound. 4. The transponder according to
any one of claims 1 to 3 and being externally confiwrable with the optical
signal type of the optical signal. 2~ 



S. The transponder according to any one of claims 1 to 3 and being self
configurable with the optical signal type of the optical si~nal. 6. The
transponder accordin; to claim 5 and further comprising a control 30 module
for scoring a reference pattern dictionary with a plurality of reference
patterns each uniquely identifying a different optical signal   2 5 JUN
2003 to type, and spottinj a reference pattern embedded in the electxical
sio-nal f4x identifying the optical sin al type of the optical signal, 7. .
The transponder according to claim 6 wherein said control module spots 5 a
first occurrence of a feattre vector uniquely identi~ed with a transmission
protocol embedded in the electrical signal at ~. first location therealong;
identifes the transmission protocol associated with the feature vector and
jumps to a second location alon~ the electrical signal downstream from the
first location by a fixed byte length associated 10 with the transmission
protocol as specified in the reference pattern dictionary; z.nd spots the
second occu:-rence of the feature veetoi embedded ir; the electrical signal
at the second location, 8. The txansponder according to claim 6 wherein
said control module spots 1 S a first occurrence of a feah!re vector
uniquely identified with a transmission protocol embedded in the electrical
signal at a art location tnerealong; identifies the transmission protocol
associated with the feature vector, reads a byfe length field embedded in
the electrical signal as determined by t.~!e transnission protocol, and
jambs to a second 20 location along the electrical signal downstream from
the nzst location by the byfie Iengfih encoded in the byte length field;
and spots the second - occurrence of the feature -vector embedded in the
electrical sio aI at the second location 2~ 9, 'fhe transponder according
to a.ny one of claims 6 to 8 wherein said control module identif es optical
signal types ranked by ascending byte length behveen a pair of immediately
consecutive occL~..~rences of their respective feature vectors of their
respective reference patterns stored in said reference pattern dictionary.
30   2 5 J U N 203 11 10. The transponder according to any one of claims 6
to 9 wherein said control module identifies the optical signal type of the
optical signal off line from its equivalent electrical signal. 5 11. The
transponder according to any one of claims 6 to 9 wherein said control
module identifies the optical signal type of the optical signal online from
its equivalent electrical signal. 12. Automatic optical signal type
identification method comprising the steps 10 of: (a) converting an optical
signal into an electrical signal; (b) storing a reference pattern
dictionary with a plurality of reference patterns each uniquely identifying
a different optical signal type; and 1 S (c) spotting a reference pattern
embedded in the electrical signal for identifying the optical signal type
of the optical signal, wherein step (c) includes the steps of: (cl)
spotting a first occurrence of a feature vector uniquely identified with a
transmission protocol embedded in the electrical signal 20 at a first
location therealong; (c2) identifying the transmission protocol associated
with the feature vector and jumping to a second location along the
electrical signal downstream from the first location by a fixed byte length
associated with the transmission protocol as specified in the reference 25
pattern dictionary; and (c3) spotting the second occurrence of the feature
vector embedded in the electrical signal at the second location. 



13. Automatic optical signal type identification method comprising the
steps 30 of: (a) converting an optical signal into an electrical signal;
2 5 JUN 2(~3 12 (b) storing a reference pattern dictionary with a pluralit
j~ of ~`eference patterns each uniquely identifying a different optical
signal type; and (c) spotting a reference pattern embedded in the
electrical signal for identifying the optical signal type of the optical
signal, 5 wherein step (c) includes the steps of: (c 1 ) spotting a first
occurrence of a feature vector uniquely identified with a transmission
protocol embedded in the electrical signal at a first location therealong;
(c2) identifying the transmission protocol associated with the feature 10
vector, reading a byte length field embedded in the electrical signal as
determined by the transmission protocol, and jumping to a second location
along the electrical signal downstream from the first location by the byte
length encoded in the byte length field; and (c3) spotting the second
occurrence of the feature vector embedded in 15 the electrical signal at
the second location. 14. The method according to any one of claims 12 and
13 for an off line identification of the optical signal type of the optical
signal. 20 15. The method according to any one of claims 12 and 13 for an
on-line identification of the optical signal type of the optical signal.
16. Automatic optical signal type identification method comprising the
steps of: 25 (a) converting an optical signal into an electrical signal;
(b) storing a reference pattern dictionary with a plurality of reference
patterns each uniquely identifying a different optical signal type; and (c)
spotting a reference pattern embedded in the electrical signal for
identifying the optical signal type of the optical signal, 30 wherein step
(c) includes the step of:   2 5 JUN 2003 



13 identifying optical signal types ranked by ascending byte length between
a pair of immediately consecutive occurrences of their respective feature
vectors of their respective reference patterns stored in said reference
pattern dictionary. 5 17. A method according to any one of claims 12 to 16,
further comprising the step of deriving rate related information associated
with said optical signal. 10 18. A method according to any one of claims 12
to 17, further comprising the step of retrieving a clock indication signal
associated with said optical signal. .A{,.As.A;
E.As.A&HF%.A`Y.AU92.AL2.A&.A@a.A.Asa.A;
.A5Y%oU`ObQ^`Bfx6{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caV]ca]ca]ca]ca]cTa]ca]caV]ca]ca]ca]ca]ca]cTa!68"pq
7!!!!"@"K"y""X###@$'%h%%%P&2'j(|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!j(()P))))
)-222!34V5]557]77:888,9y9:;
;;;;;<f=|wrlgb]X]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!f==>T>I???@@@0AAAAgCD8EEEGEE3FFi
GHPH6I}IIJgJMK>LALLLgL}xsnid^Y]]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!gLtL|LL;
OOO)P.PKPPQ3QQQMR*S4S7S:SSrU9VXX)Y)Z/Z1Z=Z@ZZ[\{vpkfa\W]ca]ca]ca]ca]caU]ca]
ca]ca]ca]ca]ca]ca]ca]ca]c(a]caU]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]
ca]ca]ca!\\9^F_a__"`)`h`u`x``aSaaabbc.dvddeBeeefcfffgg"gg}xsnid_Z]c]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]ca!ghhhhQi`h`u`x``aSaaabbc.dvddeBeeefcfffgg"gg}xsnid_Z]c]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]ca]caob@!fY!10%sUsU&'()- fY!10%ss&'()- '10% U&'()-!10%
U&'()-FM10% U&'()- L  10%YUYU&'()-xV7, 10 U<s10%
U&'()-!tF9*!10%UU&'()-G!\`F9*!10% U U&'()-G
F9*!10%&'()-G!yY!10%UU&'()-!kY!10%xUxU&'()-? #ZgE 10
U<s!s!10%&'()-L3!s!10%HH&'()-L3!s!10%((&'()-L3`10%&'()-s!10%&'()- 10 U 10
UZ K)<zX6E 10
U!ys!10%&'()-L3!ps!10%&'()-L3s!10%E&'()-L3!ys!10%&'()-L3!s!10%&'()-L3!s!10%
nn&'()-L3<grS410 10%H&'()-@#10%H&'()- 10 10 



10!s!10%&'()-L3!#s!10%&'()-L3s!10%&'()-L3L8twU6rS410 10%H&'()- !  10%&'()-!
10%&'()-!*  10%&'()-!  10%HH&'()-!  10%))&'()-Ob~+z[9rS410
!(#!10%(H(H&'()-#!10%a&'()-!6#!10%66&'()-!9L 10%HH&'()-!X9L
10%XtXt&'()-910%H&'()- +NOPQ^`~_@10 !(9310%&'()-10%E&'()-@#10%&'()- 10H 10H
10HfY4 10%H&'()-'!(#!10%HH&'()-BfxdE~_@10 !(:!10%&'()- 9Y 10%&'()-L
10%&'()- Y10%&'()-ly10%&'()- L10%&'()- 6\8aB~_@10 !( G10%&'()-  10%&'()-
!`&&10%@@&'()-&&10%&'()-G10%&'()- 9`S10%&'()-8"pdE~_@10
!(*y10%&'()-(10%&'()- 9'`!10%&'()- %F10%&'()- $10%&'()-&Y" 10%&'()- q
~\N@210 10 10 10!6s4!10%&'()- ~s4!10%[&'()-)Y110%&'()-
!t-`!10%&'()-S,Y10%&'()-   7!!!!"y"aBN@210 10 



10%"&'()- S 10%"&'()-  10%"&'()-   10%"&'()-  10%"&'()-!
`F10%""&'()-y""X###@$$a?N@210 10!a@`!10%""&'()-Y 10%"&'()-  10%"&'()-
910%"&'()- !X`!10%""&'()-YY10%"&'()- $'%h%%%P&2'aBN@210 10!(
10%"&'()-ZL't!10%"&'()- %10%"&'()-#G10%"&'()-  "10%"&'()-!a@`!10%;";
"&'()-Y2''j(()P))}^?N@210 109 10%"&'()- &7!10%"&'()- 9610%"&'()- 410%"&'()-
!p9-!10%J"J"&'()-!9-!10%""&'()-)))))))*k,~\:10
10!p.!10%&'()-Y!!10%,,&'()-YLFZ10%&'()-3!10%&'()- 10" 10"
10"-A910%"&'()-k,-.~/012wU3~\:10 !;`!10%&'()-y!y`!10%&'()-y!`!10%;
;&'()-y!`!10%&'()-y!`!10%>>&'()-y!I!10%&'()-Y222222!334xV410 !!=
!10%HH&'()-! !10%HH&'()-F 10%H&'()- 10%H&'()-$910%H&'()- 10 10
10457]77:88}^?xV410 !!= 3%310%H&'()- y#310%H&'()- !@
10%HH&'()-F!10%>&'()-M!NF!10%NHNH&'()-MfZ10%H&'()-F88,9y9 ::;^?xV410 !!=
fF4Z10%H&'()-!X&+!10%XHXH&'()-!k&+!10%kHkH&'()-9* 10%H&'()- 



( 10%H&'()- 9&!10%H&'()-3;;;;;;;;<b@10 !!=
!`10%gg&'()-m10%g&'()-l"L10%g&'()- 10H 10H 10Hf910%H&'()-
7!10%H&'()-3<f==>T>>I?^<b@10 !!=!X L!10%&'()-F!X L!10%gg&'()-FsF10%g&'()-
`10%g&'()-s10%g&'()- ! 10%gg&'()-I???@@@0AAdEb@10 !!=!XL#10%g&'()- `y
10%g&'()-'!10%g&'()- `,10%g&'()- `10%g&'()- `10%g&'()-AAACgCD5E6Ea?1@10
10!~7s!10%&'()-&110%g&'()-'(s!10%g&'()-!(s!10%&'()-'10%g&'()- Ll%10%g&'()-
6E7E8EEEGEE3FFgE@10 10!~!"10%""&'()-yl
10%"&'()-f10%"&'()-3t10%"&'()-9!10%"&'()- 10 10FiGHPH6I}IIdEE@10 10!~L&!z
10%"&'()- Y 10%"&'()-3, 10%"&'()-9s#10%"&'()-  10%"&'()-
10%"&'()-IJgJKMK>LdLeL}^?4@10 1 10"&2&10%"&'()- 9-
10%"&'()-!&'@#10%z"z"&'()-!&'@#10%""&'()-@& 10%"&'()-
$10%"&'()-3eLfLgLtL|LLVMNgE@10 1 10"!;= "10%&'()-!, "10%&'()-910%&'()-
`10%&'()-!3 910%&'()- 10" 10"N;OOOKPPQz[<E@10 1 



10f'"10%&'()-3 s$-10%&'()-!&! 10%&'()-l10%&'()-!10%&'()-!;
"10%&'()-Q3QQQMRR'S(S^<.@ 1000!p@Y7"10%00&'()-!@Y7"10%&'()-210%&'()-S`0
10%&'()-!-10%&'()- )  10%&'()-(S)S*S:SSRTrU9V^<@
1000!X#10%L<L<&'()-&!S#10%G<G<&'()-&!k#10%<<&'()-&`10%<&'()-!@10%<<&'()-
1000 10009VVWXX)Y)Zz[9<@
1000!3%10%&'()-E31$10%<&'()-/Y.10%<&'()-!XFs#10%<<&'()-&!Fs#10%|<|<&'()-&!F
s#10%<<&'()-&)Z,Z-Z.Z/Z=Z@ZZ[_= 1000!!r S 10%))&'()-Y!V
10%EE&'()-YL10%&'()-"10%&'()- 10  10  10 3%10% &'()-E[\O\\f]]9^zX6_=
100!s9!10%&'()-!(s9!10%88&'()-!Ps9!10%vv&'()-!R`310%;
;&'()-`310%&'()-!a`!10%&'()-y9^F_a__"`)`e`f`aB7= 100! 10910%&'()-
sS8&10%&'()-6 10%&'()- @110%&'()-s/ 10%&'()-!)t10%&'()-f`g`h`u`x``aSaamN/ Y
M10%@&'()-f10%@&'()- Y   10%@&'()-y10%@&'()-10%@&'()-!10%@&'()- 10
10aabbbbccdEmN/ 



Y  M10%@FZ10%@&'()-FZ10%@&'()-@ 10%@&'()- 10%@&'()-10%@&'()-l&410%@&'()-
c.dvddeBeedBmN/ Y
M10%!\9`-10%&'()-f*-10%@&'()-F(10%@&'()-$-10%@&'()-9S#S10%@&'()-s10%@&'()-e
efcfffgggdE:/  10@ 10@&910%@&'()-3 l7&10%@&'()- 5z10%@&'()-   410%@&'()-
S210%@&'()- 010%@&'()-ggg"gghhhxY7/  10@!R@s10%((&'()-s10%z&'()-
Z10%z&'()-10%z&'()-ZL10%z&'()-!10%z&'()- 10@hhQihxY7/
10@!R@s10%((&'()-s10%z&'()-  Z10%z&'()-10%z&'()-Zy10%z&'()-- 10%z&'()-
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 FontP&/87BfI)P.Wg]dQfjlnprtvxz|~6j(f=gL\gQiCDEFGHIZ<+8
y"$2')k,248;
<I?A6EFIeLNQ(S9V)Z[9^f`aceghQiJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrs6Ti
mes New RomanArialCourier New"h Root EntryWordDocument4
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuv 


