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DE-1'ACffETIZING AND ALIGNING PACKETIZED INPUT DATA DETAILED DESCRIPTION OF
THE INVENTION 5 (1) Field of the Invention  This invention relates to
apparatus and method for de-packetizing and aligning packetized input data.
10 (ii) Prior Art In dare retrieval or communication systems. digital data
or digitized multimedia information which can be, potentially) large or
variable in size is normally packetized before storage or 15 transmission.
This process breaks the data into smaller packets where each packet
contains one or more detectable synchronization patterns called sync-word)
necessary information about the packet, and a payload of a smaller
partution of the original data. The information about the packet may
consist of a packet identification (ID), size of the payload contained in
the current packet, timing information, and any necessary side information.
20 In applications where there could be multiple sources of data, for
example shared data network or multimedia audio/visual information for
local dais storage device, each source of data is packetized and the
resulting packets from all sources are interleaved before transmission or
storage. The packet ID is used to identify the data source of each packet.
25 Timing information, which racy be in the form of time stamps or temporal
references) is used for ordering of the packets or for synchronization
between each data source for transmission or presentation. Information
related to both multimedia audio and video data is often very large in
size, and 30 therefore data compression techniques such as MPEG video and
audio compression techniques   WO 9912377b -?. PCT/5G97100055 are usually
applied before packetization. Packeazation this case may also follow the
method as specified by the MPEG Systems specifications. With respect to
data retrieving operations, packets received from a communication system or
S read from loco! storage are required to be de-packetizsd before
processing by cash respective data processor. The de-packetizarion process
includes, first, detection of the sync-word) follow by verification of the
packet ID) exrraction of timing and neccssary side information, determining
the payload size and, finally, extraction and concatenation of the payload
to reconstruct the data. The de-packetized data may be passed to a data
processor for further 10 processing. For example the data processor for
MPEG compressed audio data will be a corresponding MPEG audio decoder;
furthermore, this audio decoder may be implemr=ented using programmable DSP
(Digital Signal Processor). 



Figure 1 illustrates a block diagram of a prior art system. Packetized data
is received via a 15 data input interface 101, where hand shaking with the
packetized data source is perforated, and also) if necessary)
serial-to-parallel conversion is effected. The received packetized data is
processed by a De-packetize 103. In order to handle possiible jitters in
overall transmission rate of the packetized data source and the processing
speed of the de-packrtizer, an Input FIFO (first-in-first-out memory) 102
is inserted in between the data input interface I01 and 20 the
de-packetizer 103. The de-packetizer 103 can be a dedicated and fixed
function hardware or a programmable processor performing the
de-packetization process, as described, to produce the de-packetized data.
The de-packetized data is placed into an Input Buffer 104 before being read
by Dares Processor 105 25 The size of the Input Buffer 144 is determined by
the nature and type of the data involved, the processing bandwidth of the
data processor 105 and, possibly, synchronization requirements of other
processes outside the system. For example, it may serve as a delay buffer
for synchronization of an audio data streams to an external video data
stream or a temporal storage buffer such that it can feed regularly to a
high speed data processor a block 30 of data) at a rate higher that the
input rate.   WO 99I:3776 -3 PCT/SG97/OOQS~ In Figure 2, a block diagram of
another prior art system prior art is illustrated. In order to reduce
overall system cost and improve performance of the data processor) single
port system RAM(random acces memory) coupling to the system bus of the data
processor 205 servos as the Input Buffer 204, and a DMA Controller (direct
memory access controller) 206 is 5 normally used for transferring the
de-packetized data from floe de-packetizer 203 to the input buffer 204 via
the system bus. The Input Buffer 204 may be optimized in size by using a
circular buffer technique. It is likely that the system RAM and the input
data (packetized or de-packetized) do not share 10 the same word format in
terms of number of bit resolution. For example, the MPEG systems data is
byte aligued and most CSP systems(system bus,system RAM,etc.)use sixteen or
more bits per word for performance reasons. It is a task for the
de-packetizer 203 to align the de-packetizsd data to the word format
required by the data processor before outputting it to the Input Buffer
204) since this input buffer belongs also to part of the data processor 15
system RAM. In most systems implementations, flexbility in the
De-Packetizer is required) for handling variations in the decoding of the
sync-word, ID, timing and necessary side information in each packet; hence,
a programmable processor core is very suitable for these jobs. On the 20
other hand, the De-Packetizer is also required to perform simple but highly
repetitive tasks of reading payload from the data input interface) aligning
the de-paclceti:xd data to the data processor word format) and moving the
de-packetiz,,-d and aligned data to the input buffer. A programmable
processor core) is highly inefficient for such simple but highly repetitive
tasks as it takes up a high percentage of the processing cycles. 25 A large
FIFO may also be required as buffer memory in between the Dana Input
Interface and the De-Pxketizer) due to the requirement of flexbility in the
de-pac;ketization process and inefficiencies of a programmable processor
core for simple and highly repedtive tasks. Furthermore, additional memory
must be associated with the programmable processor core 



30 for storing and processing of the necessary side information of the
packets.   WO 99/'?3776 -4. SUMMARY OF THE INVENTION PCTlSG97/00055 It is
an object of the current invention to provide an improved apparatus and
method for dc packetizating and aligning packetized input data. In one
aspect) the invention provides apparatus for depacketizing and aligning
packetized input data, having: an input memory for receiving storing, and
output of the input data, and for outputting of units of a payload of a
data packet of the input data; 10 data processing means for receiving the
outputted input data from the input memory and deteching idenifiying and
determining payload size of the data packet and generating a payload size
signal indicative of the size of the payload, and for separately receiving
and effecting data processing of the payload; a word formatter for
receiving said units of said payload outputted from the input 15 memory,
gathering and aligning said units to form data words, and outputting said
words; a payload counts for controlling the input memory in accordance with
the payload size signal whereby to cause the payload units to be outputted
from the input memory to the word formatter) and as input buffer for
recieving said data words from the word formatter and storing these, 20 and
for transferring the data words to the data processing means) to effect
said separate receiving of said payload; said data processing ro=ans for
effecting said data processing using the received said data words. 25 The
apparatus rosy have a data input interface through which the input data is
transferred to the input memory) said data input interface for performing
hand shaking with a packetized data source of said input data. The input
memory tray have a fullness level detector for generating a level filled
signal when the 30 input data recieved thereby is such aasg to 8U the input
memory to a predetermined level, and said data processing means may be
responsive to generation of said level filled signal to execute said   WO
99I23776 -5 PCTISG97/00055 receiving the outputted input data from the
input memory and detecting, identifying and determining payload size of the
data packet and generating said payload size signal. An interrupt
controller may be provided for receiving said level filled signal and
generating an 5 interrupt signal pursuant to receipt thereof, said data
processing means being arranged foe receipt of said interrupt signal and,
on receipt thereof, for excuting said receiving the outputted input data
from the input memory and detecting) identifying and determining payload
size of the data packet therein and generating said payload size signal. 10
The input memory may have a further fullness level detector for generating
and directing to said data input interface a further level filled signal
when the input thereto of fresh input data is such as to fill the input
memory to a further predetermined level, said data input interface being 



responsive to receipt of said further level filled signal to generate a
data request signal far direction to said packetized data source,
indicative of a need to .modify the data transmission rate 15 of the input
data directed to the apparatus from the packetized data source. the input
memory may be controlled whereby said input data comprising said packet is
removed from the input memory and related by fresh input data , pursuant to
the transfer to the data processing means of said words representing the
data packet to the data the apparatus being 20 arranged for repetitive
depackerizing and aligning of data packets and data processing thereof, the
data processing means being arranged for repetitively and alternatingiy
executing a step comprising said receiving the outputted input data from
the input memory and detecting, identifying and determining payload size of
the data packet therein and generating said payload size signal) and a step
comprising said separately receiving and effecting data processing of the
25 payload of the data packet. The data processing means may include a
digital signal processor) data/program memory, DMA controller and input
busier) each in data communication via a bus. 30 The word formatter tray be
arranged for generating a DMA request signal when a said data word is
formed thereby, and the DMA controller is responsive to said DMA request
signal to generate   WO 99I23776 -6 PCT/SG97/00055 and direct a transfer
signal to the digital signal processor, the distal signal processor being
responsive to the transfer signal to enable the DMA controller to move the
data word from the word formatter to the input buffer for subsequent
processing. 5 The input memory may comprise a first in first out memory.
The data processing means may be arranged to execute said detecting and
identifying the data packet by detention of a sync-word) followed by
verification of the packet m. 10 The data processing means may, pursuant to
said detecting and identifying the data packet, extract tinning information
from the input data. The data processing means may, pursuant to said
detecting and identifying the data packet, extract silo information from
the input data. 15 The invention also provides a method for depacketizing
and aligning packetized input data comprising: recieving and storing the
input data in an input memory; outputting the stored input data to data
processing means; 20 by use of the data processing means, detecting,
identifying and determining the size of a payload of a data packet of the
input data outputted thereto; by use of the data processing means,
generating a payload size signal indicative of the size of the payload;
controlling the input memory in accordance with the payload size sisal
whereby to tense 25 payload units which form said payload to be outputted
from the input memory to the word formatter; by use of said word formatter
gathering and aligning said payload units outputted thereto 



to form data words; outputting said data words from said word formatter to
an input buffer and storing these 30 is said input buffer, transferring
said data words to the data processing means; and   WO 99I23776 .7.
PCT/SG97/00055 effecting data processing on the data packet represented by
the data words transferred thereto, using the transferred data words. 'The
input data may be transferred to the input memory via an data input
interface which 5 performs band shaking with a packetized data source of
said input data. T'he method may include the step of generating a level
filled signal when the input data received by the input memory is such as
to fill the input memory to a predetermined level, and causing said data
processing moans to effect said detecting, identifying and determining
payload size of I O the data packet, and to said generate payload size
signal, pursuant to generation of the level filled signal. The method tray
include the step of generating an interrupt signal from said level filled
signal and directing said interrupt signal to said data processing means to
cause said data processing means 15 to effect said receiving the outputted
input data from the input memory and deteching identifying and determining
payload size of the data packet therein and to generate said payload size
signal. The method may include the step of generating and directing to said
data input interlace a further level filled signal when the input thereto
of fresh input data is such as to fill the input memory to 20 a further
predetermined level, and causing said data input interface to generate)
responsive to receipt thereby of said further level filled signal) a data
request signal for direction to said packetized data soure indicative of a
need to modify the data transmission rate of the input data directed to the
apparatus from the packerized data source) 25 The input memory may be
controlled whereby said input data comprising a said packet is removed from
the input memory and replaced by fresh input data pursuant to the transfer
of said words representing that data packet to the data processor. A step
comprising said receiving the outputted input data from the input memory
and detecting, identifying and determining payload size of tlx data packet
therein and generating said payload size signal indicative of the Size of
the 30 payload) and a step comprising effecting data processing of the
payload may be repetitively and alternatingly executed.   WO 99I23776 _g_
PCTJSG97100055 A DMA request signal may be generated when a said word is
formed) and applying the DMA request signal to a digital signal processor
forming part of said data processing means to cause the digital signal
processor to enable a DMA controller to move that data word from the word 5
formatter to as input buffer of the data processor for subsequent
processing. The data processing means may execute said detecting sad
identifying the data packet by 



detection of a syno-word) followed by verification of the packet 1D. 10 The
invention also provides apparatus for depacketizing and aligning packetized
input data) having: an input memory for receiving storing, and output of
the input data) and for outputting of units of a payload of a data packet
of the input data; data processing means for riving the outputted input
data from the input memory and 1 ~ detecting) identifying and determining
payload size of the data packet and generating a payload size signal
indicative of the size of the payload, and far separately receiving sad
effecting data processing of the payload; a word formatter for receiving
said units of said payload outputted from the input memory, gathering and
aligning said units to form data words, and outputting said words; 20 a
payload counter for controlling the input memory in accordance with the
payload size signal whereby to cause the payload units to be outputted from
the input memory to the word formatter; and means for transferring the data
words to the data processing means, to effect said separate receiving of
the data packet, when the stored data wards complete said payload. 2~ The
invention also provides a method for depacketizing and aligning packetized
input data comprising: receiving and storing the input data in an input
memory; outputting the stored input data to data processing means; 30 by
use of the data processing means, detecting) identifying and determining
the size of a payload of a data packet of the input data outputted thereto,
WO 99I23776 -9 PCTISG97/00055 by use of the data processing means,
generating a payload size signal indicative of the size of the payload;
controlling the input memory in accordance with the payload size signal
whereby to cause payload units which form said payload to be outputted
froth the input memory to the ward 5 formatter) by use of said word
foematter gathering and aligning said payload units outputted thereto to
form data words; outputting said data words from said word formatter to an
input buffer and storing these in said input buffer; 10 transferring said
data words to the data processing means. The invention further provides
apparatus for depacketising and aligning packetised input data, including
data processing means which in use detects a payload of a data packet in
the input data and processes the payload, The data processing means may
repetitively and alternatingly execute 15 functions of detecting payloads
and processing these. The invention further provides a method for
depacketizing and aligning packetized input data wherein functions of
detecting a payload of a data packet in the input data and processing the
payload are effected separately by the same data processing means. The
functions of detecting 



20 and processing may be repetitively and alternatingly executed
sequentially with respect to successive data packets in the input data. In
a particular form of the invention) a single programmable processor core is
used as the Data Processor of the system for processing of the depacketized
data; the detection of sync 25 word, decoding of the packet 1D, payload
size) tinning and necessary side information of the data packet which take
up only little processing cycles are instead performed by the same Dam
Processor is software to provide the necessary flexibility. The
De-Packetizer hardware can be simplified to an implementation with only the
Payload Counter which controls size of payload transferred and the Word
Formatter to align the payload data to the Data Processor 30 word format.
WO 99/3776 - 10 PCT/SG97/00055 By combining the functions of the
De-Packeci:xr which may require flexibility and the data processor
implementation on the same programmable processor core) overall system
complexity and cost can be minimized; furthermore the use of a programmable
processor core provides maximum flexibility to the De-Pacletizer functions.
On the other hand, the 5 Payload counter and Word Formatter can take care
of simple but repetitive tasks in such a way that overall system
performance may be significantly enhanced with minimal implementation cost.
BRIEF DESCRIPTION OF THE DRAWINGS 10 Figure 1 is a block diagram of a prior
art system for de-pachedzing and processing data; Figure 2 is a block
diagram of a convention circuit for de-packetizing and processing data; 1 S
Figure 3 is a block diagram of an embodiment of a device for practising the
present invention; Figure 4 is a block diagram of an alternate embodiment
of the present invention; and Figure 5 is a flow charge illustrating an
embodiment of part of the de-par;ketiztng process 20 according to the
present invention. DETAILED DESCRIPTION Referring to Figure 3, Packetized
data is input via the data input interface 301 to an input 23 memory formed
as an Input FIFO 302. When the Input FIFO 302 is filled to a predetermined
level, data processing means in the form of a Data Processor 305 is
signalled by FIFO Level Filled Signal 307) arid packetized data is read
from the Input FIFO 302 by the Data Processor . 305 via path 308. 30 The
Data Processor 305 scans the read packetizad data for sync-word detection,
ID checking,   WO 99I33776 -11 I'CT/SG97/00055 payload size, timing and
necessary side information decoding. When a valid packet is detected (try
checking the sync-word and ID) and its payload size) riming and necessary
side information decoded, the Data Processor stops trading packetized data
directly from the Input FIFO 302) sets the Payload Counter 306 with the
decoded payload size value, and returns to 5 its normal data processing
functions. When the Payload Counter value is set, it stairs loading the
Word Formatter 303 with the payload. The Payload Counter counts as each
unit of the payload is being transferred from the input FIFO 302 to the
Word Formatter 303. The Ward Formatter 303 gathers and aligns 10 the
received payload units according to the data processor word format. After a
complete data word is formed in the Word Formatter 303) the data word is
transferred to the Input Buffer 304. The Payload Counter 306 stops
outputting of the payload from the Input FIFO 302 to the Word Formatter 303
after it has transferred the full payload size for the current 



packet. The Input FIFO 302 is then filled with the input packetized data,
and the whole 15 process is repeated again. When the Input Buffer 304 is
filled with certain required level of de-packetized data) the Data
Processor 305 gads the de-packetizsd data from the Input Buffer 305 for
further processing. The Data Processor 305 outputs the results of tile
processing. 2~ Figure 4 illustrates in snore detail an embodiment of a
device for de-packetizing and aligning input data according to the present
invention. A packedtized data source (not shown) is connected to a Data
Input Interface 401 which provides necessary signalling for the external
packetized data source as well as possible format conversion. For example,
the data input 25 interface may be an embodiment of a serial-to-parallel
adaptive which converts serial format data such as the I2S format to
parallel data. The Data Input Interface 401 is coupled to an Input FIFO
402. The Input FIFO 402 is a first-in-first-out memory buffer for
accumulating input packetized 30 data. A suitable size for the Input FIFO
402 depends on the requirements on process latency   WO 99/?3776 - 12
PCT/SG 97/000S5 and processing bandwidth of the Digital Signal Processor
405. Preferably the Input FIFO 4D2 has a storage format which is commonly
usable by all input packetized data types. For example the byte format is
preferred as most packetized data and payload sizes are specified in unit
byte size; in this case, the Data Input Interface 401 provides the
necessary conversion 5 of the input packetized data to byte format before
storing it into the Input FIFO. The Input FIFO 402 should contain at least
one fullness level detector. This fullness level detector will generate a
FIFO Level Filled Signal 407 when the Input FIFO is filled to a level which
is equal to and optionally greater than a thershod level defined by the
fullness level 10 detector. This threshold level may be pre-defined or
programmable. A second fullness level detector may be provided in the Input
FIFO 4Q2 for detecting if the Input FIFO is reaching a fullness level which
cannot be filled further. This optional second fullness level detector will
generate the necessary FIFO Full signal 412 to the Data Input Interface 401
which will in wen adjust a possible Data Request signal 413 to the external
packetized data source for stop or 15 start of transmission Again, the
level for fullness detection in the second fullness level detector can be
pre-defined or programmable. It is likely that far most applications the
original data such as audio, video ) and/or digital multimedia data is
packetized and interleaved to farm a data stream containing many packets.
20 Before decoding and processing the data stream, it is de-interleaved if
necessary and de packetized. The de-packetization process starts by
detecting the sync-word in each packet. This is initiated when tire FIFO
Level Filled Signal 407 is generated by the Input FIFO 402. The FIFO Level
Filled Signal 4Q7 is connected to an Interrupt Controller 4I0 which
generate an Interrupt Signal 4I6 to the Digital Signal Processor 405. The
Interrupt Controller 410 is ^5 used for arbitrating arid prioritizing other
possible signals in the device. In simplified systems, the Interrupt
Controller may be removed) and the FIFO Level Filled Signal connected
directly to Digital Signal Processor 405. 



When the Digital Signal Processor 405 is signalled by the Interrupt Signal
416 generated by 30 the FIFO Level Filled Signal 407, it switches to
de-packetizaaon process. In this process,   WO 99I23776 -13 PCT/SG97/00055
the Digital Signal Processor 405 reads directly from the Input 1-"'IFO 402
through path 414 and the system bus 408. An embodiment of the
de-packetization process is illustrated m Figure 5. Basically, on 5
deetection of the FIFO level filled signal 500) input packetized data is
read, at step 501 and scanned at step 502 for the sync-word. The Sync-word
is defined based on applications or packet types, and is normally a digital
pattern not easily found within the payload. After detection of the
sync-word) the process checks az step 503 for the correct packet ID which t
. , ~.. ..... .~ , " . ~ ..,. r ~ . , . . , . , , 10 detection of the
sync-word (emulation of the sync-word within payload data) is also
rninimized with the packet ID check. If there is wrong ID found, the
process is reset to syncword detection again. After checking the ID) the
process executes step 504 at which the correct amount of packetized data is
extracted from the Input FIFO for payload size, timing information and
necessary side information. Before exiting the de-pxketization process
(step 15 505), the Payload Counter (406 is set, at step 505 with payload
size which defines the size of the data payload with the current packet.
The Input FIFO 402 may become empty while reading by the Digital Signal
Processor 405 in the middle of the de-packetization process. in this case,
the Digital Signal Processor exits 20 the de-packetization process and
return to its original process. When the FIFO is filled to the threshold
level again, the Digital Signal Processor is signalled again and the
de-packetization process resumes. The Payload Counter 406 may include a
decrement byte counter which can be set by the 25 Digital Signal Process
405 through the System Bus 408 ) and some necessary control circuits. When
the decrement byte counter is set with the payload size in terms of number
of bytes value greater than zero)) a Payload request signal is sent to the
Input FIFO 402 through path 415. If the Input FIFO 402 is not empty, the
Ward Formatter 403 is not full, and the decrement byte counter's value is
greater than zero (payload request signal set), one byte will 30 be
transferred from the Input FIFO 402 to the Word Formatter 403, and the
decrement byte   WD 99I23776 -14 PCTISG97/00055 counter's value is reduced
by one indicated by payload acknowledge signal from Input FIFO 402 through
path 415. Hence, the Payload Counter 406 provides the function of moving
the enact amount of payload data of each packet from the Input FIFO 402 to
the Word Formatter 403. 5 The Word Formatter 403 aligns the payload data
according to the word format of the Digital Signal Processor 405 and moves
the aligned payload data to an Input Buffer 404. The word format is defined
by bit width for a darn word handled by the Digital Signal Processor 4Q5.
The Input Buffer 4Q4) possible data/program memory 411 for the Digital
Signal Processor, 10 and the coupling System Bus 4D8 are supporting the
same word format. For example, if the word format is given at 16-bit, two
bytes must be received from the Input FIFO which is byte format memory to
form a data word. When a data word is formed it is transferred to the 



Input Buffer 404 via the System Bus 408. A DMA Controller 409 may be used
to minimize the interruption to the Digital Signal Processor 405 for the
transfer. In this case) when a data 15 word is formed in the Word Formatter
4Q3) a DMA request signal is generated to the DMA controller 409 which in
turn make a Transfer request signal to the Digital Signal Processor. The
Digital Signal Processor acknowledges the request when it releases the
System Bus 4.08. The DMA Controller 409 will then move the data word from
the Ward Formatter to the Input Buffer through the system bus. 20 There may
be packets with payload which contain a non-integer number of data words;
far example, a packet with payload size in an odd number of bytes where the
data word format is 16-bit. In this example, the last byte of the packet
payload is stored in the word formatter until the first byte of the nets
packet payload is transferred to the word formatter. Therefore) 25 the Word
Formatter 403 provides all necessary data word alignment functions for the
packet payload to the Input Buffer 404 to form the final de-packetized data
which will be processed by the Digital Signal Processor 405. The Digital
Signal Processor 405 may be replaced by any other suitable programmable
processor core in other embodiments according to the present invention. 30
WO 99/:3776 -15 PCTlSG9 i100055 The writing of de-packetized data to the
Input Buffer 404 and the reading of it by the Digital Signal Processor 405
can be organized in a circular buffer mode to increase efficiency, In
anthor embodiment of the current invention, it is advantageous to combine
the Input Buffer 404 with any Data/Prograrn Memory 411. The present
invention does not exclude 5 embodiments with multiple word formatter a-Ttd
input buffers, as it can be easily expanded to handle de-interleaving,
de-packetization and alignment of multiple packetized input data. With the
coupling of the payload counter and word formatter with data input
interlace and input FIFO) the present invention provides a very low cost
but efficient implementation for 10 de-packetizing and aligning packetized
input data. The payload counter and word formatter combination releases
data processing load from the data processor for the system. Its capability
of aligning the depacketized data for the input buffer allows saving of
memory size needed for the input buffer and hence saving of implementation
cost. The described arrangements of the invention have the ability of
sharing the data processing lash and the part 15 of the de-packetizing task
with the same data processor and therefore provides a11 needed flexibility
in the de-paclcetiztng task. The described arrangements have been advanced
merely by way of explanation any many modifications may be made thereto
without departing from the spirit and scope of the 20 invention which
includes every novel feature and combination of novel features herein
disclosed.   WO 99I23776 -16 CLAIMS :  PCT/SG 97/00055 1. Apparatus for
depacketizing and aligning packetized input data, having: an input memory
for receiving storing) and output of the input data, and for outputting 



5 of units of a payload of a data packet of the input data; data processing
means for receiving the outputted input data from the input memory and
deteching identifying and determining payload size of the data packet and
generating a payload size signal indicative of the size of the payload) and
for separately receiving and effecting data processing of the payload; 10 a
word formatter for receiving said units of said payload outputted from the
input memory) gathering and aligning said unity to form data  words, and
outputting said words; a payload counter for controlling the input memory
is accordance with the payload size signal whereby to cause the payload
units to be outputted from the input memory to the word formatter; and 15
an input buffer for receiving said data words from the word Formatter and
storing these, and for transferring the data words to the data processing
means, to effect said separate receiving of said payload; said data
processing means for effecting said data processing using the received said
data wards. 20 2. Apparatus as claimed in claim i having a data input
interface through which the input data is transferred to the input memory,
said data input interface for performing hand shaking with a packetized
data source of said input data. 25 3. Apparatus as claimed in claim 1 or
claim 2 wherein the input memory has a fullness level detector for
generating a level filled signal whey the input data received thereby is
such as to 511 the input memory to a predetermined level, and said data
processing means is responsive to goon of said level filled signal to
execute said receiving the outputted input data from the input memory and
detecting, identifying and determining payload size of the data packet and
30 generating said payload size signal.   WO 99123776 -17 PCT/SG97/00055 4.
Apparatus as claimed in claim 3 having an interrupt controller) for
receiving said level filled signal and generating an interrupt signal
pursuant to receipt thereof, said data processing means being arranged for
receipt of said interrupt signal and, on receipt thereof, for executing
said receiving the outputted input data from the input memory and
detecting, identifying and 5 determining payload sin of the data packet
therein and generating said payload size signal. 5. Apparatus as claimed in
claim 3 or claim 4, as appended directly or indirectly to claim 2, wherein
the input memory has a further fullness level detector for generating and
directing to said data input interface a further level filled signal when
the input thereto of Mesh input data is such 10 as to fill the input memory
to a further predetermined level, said data input interface being
responsive to receipt of said further level filled signal to generate a
data request signal for direction to said packetized data sourer)
indicative of a need to modify the data transmission rate of the input data
directed to the apparatus from the packetized data source. 15 6. Apparatus
as claimed in any preceding claim wherein the input memory is controlled
whereby said input data comprising said packet is removed from the input
memory and relaced by fresh input data, pursuant to the transfer to the
data processing means of said words representing the data packet to the
data the apparatus being arranged for repetitive depacketizing and aligning
of data packets and data processing thereof) the data processing means
being 20 arranged for repetitively and alternatingly executing a step
comprising said receiving the outputted input data from the input memory
and detecting, identifying and determining payload size of the data packet
therein and generating said payload size signal, and a step comprising said
separately receiving and effecting data processing of the payload of the
data packet. 25 7. Apparatus as claimed in nay preceding claim wherein the
data processing means includes a digital signal processor, data/program
memory, DMA controller and input buffer) each in data communication via a
bus. 8. Apparatus as claimed in claim 7, wherein the word formatter is
arranged for generating 30 a DMA request signal when a said data word is
formed thereby, and the DMA controller is responsive to said DMA request
signal to generate and direct a transfer signal to the digital signal 



WO 99I23776 - 18 PCTISG97100055 processor) the digital signal processor
being responsive to the transfer signal to enable the DMA controller to
move the data word from the ward formatter to the input buffer for
subsequent processing. ~ 9. Apparatus as claimed in claim S wherein said
input memory is a first in first out memory. 10. Apparatus as claimed in
any preceding claim wherein the data processing means is arranged to
execute said detecting and identifying the data packet by detection of a
sync-word) followed by verification of the packet )D. 10 11. Apparatus as
claimed in any preceding clams wherein the data processing means) pursuant
to said decocting and identifying the data packet) extracts timing
information from the input data. 12. Apparatus as claimed in any preceding
claim wherein the data processing means, pursuant 15 to said detecting and
identifying the data packet) extracts side information from the input data.
13. A method for depacketizing and aligning packs-sized input data
comprising; receiving and storing the input data in an input memory;
outputting the stored input data to data processing means; 20 by use of the
data processing means, detecting) identifying and determining the size of a
payload of a data packet of the input data outputted thereto; by use of the
data processing means, generating a payload size signal indicative of the
size of the payload; controlling the input memory in accordance with the
payload size signal whereby to cause 25 payload units which form said
payload to be outputted from the input memory to the word formatter; by use
of said word formatter, gathering and aligning said payload units outputted
thereto to form data words; outputting said data words from said word
formatter to an input buffer and storing these 3 0 in said input buffer
transferring said data words to the data processing means; and   WO
99I.3776 -l9 PCTlSG9 i /00055 effecting data processing on the data packet
represented by the data. words transferred thereto) using the transferred
data words. 



14, A method as claimed in claim 13 wherein the input data is transferred
to the input ~ memory via an data input interface which performs hand
shaking with a packetized data source of said input data. 15 . A method as
clamed is claim 13 or claim 14 including the step of generating a level
filled signal when the input data received by the input memory is such as
to fill the input memory to 10 a predetermined level, and causing said data
processing means to effect said detecting, identifying and determining
payload size of the data packet, and to said generate payload size signal)
pursuant to generation of the level filled signal. 15, A method as claimed
in claim 3 including the step of generating an interrupt signal from 15
said level filled signal and directing said interrupt signal to said data
processing moans to cause said data processing means to effect said
receiving the outputted input data from the input memory and detecting,
identifying and determining payload size of the data packet therein and to
genet ate said payload size signal. 20 17. A method as claimed in claim 15
or claim 16, as appended directly or indirectly to claim 14, including the
step of generating and directing to said data input interface a further
level filled signal when the input thereto of fresh input data is such as
to fill the input memory to a further predetermined level, and causing said
data ingot interface to generate, responsive to receipt thereby of said
further level filled signal, a data request signal for direction to said
packetized 25 data source, indicative of a hoed to modify the data
transmission rate of the input data directed to the apparatus from the
packetized data source, 18. A method as claimed in any one of claims 13 to
1'7 wherein the input memory is controlled whereby said input data
comprising a said packet is removed from the input memory 30 and relaced by
fresh input data pursuant to the transfer of said words representing that
data. packet to the data processor) and wherein a step comprising said
receiving the outputted input   WO 99I23776  PCT/SG 97I00055 data from the
input memory and detecting, identifying and determining payload size of the
data packet therein and generating said payload size signal indicative of
the size of the payload) and a step comprising effecting data processing of
the payload are repetitively and alternatingly executed. 19. A method as
claimed in claim 18, including generating a DMA request signal when a said
word is formed, and applying the DM4 request signal to a digital signal
processor forming part of said data processing means to cause the digital
signal processor to enable a DM4 controller to move that data word from the
word formatter to an input buffer of the data processor for 10 subsequent
processing. 20. A method as claimed in any one of claims 13 to 19 wherein
said input memory is a first in first out memory. 15 21. A method as
claimed in any one of claims 13 to 20 wherein the data processing means
executes said detecting and identifying the data packet by detection of a
sync-word) followed by verification of the packet B?. 22. A method as
claimed in any one of claims 13 to 21 wherein the data processing means ?.0
extracts timing information from the input data pursuant to said detecting
and identifying the data packet. 23 A method as claimed in any one of
claims 13 to 22 wherein the data processing means extracts side information
from the input data pursuant to said detecting and identifying the data 25
packet. 24. Apparatus for depacketizing and aligning packetized input data,
having: an input memory for receiving storing) and output of. the input
data, sad for outputting of units of a payload of a data packet of the
input data.; 



30 data processing means for receiving the outputted input data from the
input memory and detecting) ideatifying and determining payload size of the
data packet and generating a payload   WO 99I23776 -21 PCT/SG97100055 size
signal indicative of the size of the payload, and for separately receiving
and effecting data processing of the payload; a word formatter for
receiving said units of said payload outputted from the input memory,
gathering and aligning said units to form data words) and outputting said
words; 5 a payload counter for controlling the input memory in accordance
with the payload size signal whereby to cause the payload units to be
outputted from the input memory to the word formatter, and means for
transferring the data words to the data processing means, to effect said
separate receiving of said payload. 10 25. A method for depacketizing and
aligning packetized input data comprising. receiving and storing the input
data in an input memory outputting the stored input data to data processing
mesas; by use of the data processing means, detecting, identifying and
determining the size of 15 a payload of a data packet of the input data
outputted thereto; by use of the data processing means, generating a
payload size signal indicative of tale size of the payload; controlling the
input memory in accordance with the payload size signal whereby to cause
payload units which form said payload to be outputted from the input memory
to the word 20 formatter, by use of said word formatter) gathering and
aligning said payload units outputted thereto to form data words;
outputting said data words from said word formatter to an input buffer and
scoring these in said input buffer; 25 transferring said data words to the
data processing means. 26. Apparatus for depacketising and aligning
packetised input data, including data processing means which in use detects
a payload of a data packet in the input data and processes the payload. 30
27. Apparatus as claimed in claim 26 wherein the data processing means
repetitively and   W O 99I23776  



PCT/SG97100055 alternatingly executes functions of detecting payloads and
processing these. 28. A method for depacketizing and aligning packetized
input data wherein functions of detecting a payload of a data packet in the
input data and processing the payload are effected 5 separately by the same
data processing means. 29. A method as clamed in claim 28, wherein said
functions are repetitvely and alternatingly executed with respect to
successive data. packets in the input data. .A &.A&,.A
[L,.A`.AF59Y.A[9l.AY[l.A9l.A L.AF+`.A n&R.A [.A.AF.AL.A3n
?.A3s2.An9.AL.A35&.A2.Alne)Il (UX3 ?
}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caU]c<a]ca]ca]caU]caU]ca]cTa]ca]caU]ca! I  "4z-6
'+/9uztoic^Yid_ZU]ca]ca]caU]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]c
a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca /9>MhlUMm  .
|wqkfa\W]]ca]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca!
[!b!""="k#n#w#{##7$$Z%%&'''4((J)$+C++,,,,,#----Y.{vqlgb]X]]]ca]ca]ca]ca]ca]
ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c
a]ca]ca]ca!Y../6///0(0a00071q1u1v1111W2b222)3B333333%4~4455{vqlgb]X]]]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca!5L6[66"77789:r;s;
;T<o<{<<<7===F===K>>>>>O???A@@Azupkfa\W]]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]
ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!AkA,B0B
BB9CECDWDZDcDgDvDDD<EEEEFGFFFGGH1IIIJ>LQLTL{vqlgb]W]U]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]c
a]ca!TL\LbLqL}L~LMNNN
OfOOPzPPPoQQ+R=RRRRRRXTUUV%WCWWWzupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca!W>XAXXXYZkZ{ZZ8[;[D[J[Z[\]z]]6^^^ `k```Uaa
bjbbcddzupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]ca]ca]ca]ca]ca]ca]c^a]caU]ca]ca!dddddEeYef
gTggahhij"k3kmmmmnnnooPppq`qrqrss|wrmhc^Y]]]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]caU]ca!ssVttv
vvvvvwtwxyyR{{,||||||}}_}}}~'j}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!j8Y<D?P^;
f|wrmgb\W]]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!bnp1OU*X9Ms|wrmhc^Y]]]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca!s!"^m)|;Xr$){vpkf`Ymhc^Y]]
U]c^aU]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]caU]ca]ca]ca]ca
>I)0Gkn/#8Rfzupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca!2?@OR$/#8Rfzupkfa\W]]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca IlfH* `10%(&'()-310%(&'()-10%(&'()-,  10%(&'()-
@10%((&'()-:#`10%(&'()- &10%(&'()- (iK-F 10%(&'()-310%(&'()-10%(&'()-
10%(&'()- 10%(&'()-(10%(&'()-m 10%(&'()-UXb@-F 10%!cF.3"10%C(C(&'()-z&Y+
10%(&'()-S)10%(&'()-&F(10%(&'()-!^F" "10%>(>(&'()-f  10%(&'()-3uj_@F
10%&10%&'()- 10( 10( 10(8 "10%(&'()-`Y7
10%(&'()-`Y4y10%(&'()-!{F.3"10%[([(&'()-z ?   a?j_@F
10%!@!10%&'()-!@!10%&'()-&10%&'()-&   10%&'()-y#`10%&'()-Y 10%&'()-  I 



"aBj_@F 10%!# 10%&'()-F" "10%&'()-s  10%&'()-`10%&'()-`3 10%&'()-!Y3
"10%&'()-f"4z^?j_@F 10%5 10%&'()-f!S313"10%&'()-F.10%&'()-, 10%&'()-F+
10%&'()-!v,F( "10%&'()-fz-bCF 10%   10%(&'()-"`10%(&'()-F 10%(&'()-
L10%(&'()- 10 10 10810%&'()--6 a?bCF 10%!h  "10%H(H(&'()-!Y
"10%((&'()-3&10%(&'()- 10%(&'()- !10%(&'()- 10%(&'()-u/>dEbCF 10%!h9&
10%(&'()-9 % 10%(&'()-3"L10%(&'()-&  10%(&'()-&3 10%(&'()-&
10%(&'()-MhdEbCF 10%!hF110%(&'()-s/ 10%(&'()-` . 10%(&'()-`3+
10%(&'()-S)!10%(&'()-L3( 10%(&'()-lbCF 10%!y 10%&'()-`10%&'()- 10( 10(
10(@810%(&'()-5 10%(&'()-f2 10%(&'()-fUMdEbCF 10%!910%&'()-LL
10%&'()-T99z10%&'()-9 10%&'()-f#10%&'()-   10%&'()-Mm.  ^?bCF
10%L(10%&'()-!&$ 10%&'()-," 10%&'()-&&!&10%&'()-!h93"10%&'()-S`Y10%&'()-
[!b!""="aBbCF 10%410%&'()-!lf1 "10%&'()-f.z10%&'()-s-10%&'()-+10%&'()-@*
"10%&'()-="#h#i#j#k#w#{##rS4@#`10%&'()-3 10%&'()-F910%&'()- 10 10 10!qF7
"10%&'()-!^F7 "10%&'()-#7$$Z%%&'^?rS4@#f
10%&'()-!qfY"10%++&'()-f!10%&'()-zf 10%&'()-!y!10%&'()-S
!10%&'()-z'''4((J)$+a?rS4@#!l@&G"10%&&&'()-!h@&G"10%""&'()-$
10%&'()-!10%&'()-f  10%&'()- 10%&'()-$+C++,,,,,,uV7@ 10%<&'()-910%<&'()-
1055 1055 1055!{73"10%55&'()-y`3 10%&'()-0 10%&'()-,,#----Y.dEuV7@
10%<&'()-10%<&'()-10%<&'()-f 10%<&'()- 10%<&'()-,#L10%<&'()-Y../6///0dEuV7@
@# 10%<&'()-!10%<&'()- 10%<&'()-fF10%<&'()-@
"10%<&'()-S`10%<&'()-0(0a000711dEuV7@
,10%<&'()-L*10%<&'()-,)G"10%<&'()-'@10%<&'()-,&10%<&'()-&$
10%<&'()-111W2b222dEuV7@ s5 10%<&'()-310%<&'()-`210%<&'()-0
"10%<&'()-/10%<&'()-L- 10%<&'()-2)3B3333333bC@,  



10%&'()-Y10%&'()- 10< 10<
10<9`910%<&'()-8@10%<&'()-&s610%<&'()-333%4~445dEbC@ 10%&'()-f10%&'()-y
10%&'()-fT10%&'()-10%&'()-@#910%&'()-55L6[66"77dEbC@! "10%&'()-&@  10%&'()-
10%&'()-310%&'()-S "10%&'()- 10%&'()-7789:;T<}[<bC0 "10%&'()-S!0
"10%''&'()-S`-,10%&'()-!{@& "10%""&'()-!q@& "10%&'()-9@#
10%&'()-T<l<m<n<o<{<<<F=bC@!10%O&'()-y#910%O&'()-S 10%O&'()-910%O&'()- 10
10 10`910%&'()-F===K>>>O?aBbC@910%O&'()-!^@3"10%eOeO&'()-SS10%O&'()-
10%O&'()-10%O&'()-S 10%O&'()-O???A@@AkAdEbC9'10%O&'()-&'10%O&'()-&,#
10%O&'()-T!G"10%O&'()-@ 910%O&'()-10%O&'()-kA0BBB9CECC}^<bC!,4G"10%&'()-s3
10%O&'()-s1 10%O&'()-010%O&'()-!`-
10%OO&'()-f!,)G"10%OO&'()-CDTDUDVDWDcDgDvDbC!,#s10%(&'()-3 10%(&'()-
L10%(&'()- 10O 10O
10O`910%O&'()-,4G"10%O&'()-vDDD<EEEEdEbC!yS10%(&'()-10%(&'()-f
10%(&'()-f&10%(&'()-f10%(&'()-SM10%(&'()-EFGFFFGGdEbC! 10%(&'()-T,
10%(&'()-,&10%(&'()-`10%(&'()-y@m10%(&'()- 10%(&'()-GH1IIIrJJaBbC!`-
"10%(&'()-!v- "10%V(V(&'()-&s*S10%(&'()-) "10%(&'()-$
10%(&'()-!10%(&'()-J>LNLOLPLQL\LbLqLbC!@#s10%&'()-,l 10%&'()-F`10%&'()- 10(
10( 10(8910%(&'()-L1 10%(&'()-fqLMNNN OfO}^?bC!`l
10%&'()-LY10%&'()-10%&'()-Y10%&'()-!`@F $10%&'()-!@F
$10%&'()-fOOPzPPPoQdBbC!!cS/ "10%&'()-z-Y 10%&'()-* 10%&'()-(
10%&'()-l%s10%&'()-l" "10%&'()-oQQ+R=RRRRRRxmbC!! &10%(&'()- 10 10
109!10%&'()-6910%&'()-3#10%&'()-y3#10%&'()-yRRRXTUUV^?mbC!
10%(&'()-!P!10%((&'()-z 10%(&'()-S!!10%((&'()-#910%(&'()-
10%(&'()-V%WCWWW>XAXdEmbC!`)10%(&'()-L(10%(&'()-L&z 10%(&'()-9% 10%(&'()-"
10%(&'()-&y  10%(&'()-AXYZkZ{ZZ5[6[7[dE:/ 10( 10(@8!10%(&'()-6z
10%(&'()-310%(&'()-sy2 10%(&'()-0!10%(&'()-`* 10%(&'()-g7[8[D[J[Z[\]z]uV7/
10 10%(&'()-` !10%9&'()-! !10%((&'()-#10%(&'()- 10%(&'()- 10%(&'()- 



10(z]]6^^^ `k`dE7/ 10 ""10%(&'()-&& 10%(&'()- 10%(&'()-& "10%(&'()-
10%(&'()- 10%(&'()-k```Uaa bjbdE7/ 10 `9- 10%(&'()-L+ 10%(&'()-9*
"10%(&'()-L( 10%(&'()-L9' 10%(&'()-9&$G10%(&'()-jbbccddddd}[M?1  10(( 10((
10((!q,7!10%((&'()-f410%(&'()-!&0 "10%d(d(&'()-!v&0 "10%((&'()-`.
10%(&'()-ddddEeYefdBM?1  10(( 1!!10%&'()-fy 10%&'()-y  10%&'()-"10%&'()-
10%&'()-10%&'()-f gTggahhi}^<M?1  10((!Yl9! "10%&'()- 10%&'()- 10%&'()-fY
"10%&'()-!`'10%  &'()-!'10%&'()-i_jj"k3kkTm^<M?1  10((!03"10%&'()-
!l03"10%&'()- `-10%&'()-+ 10%&'()-&' "10%&'()-!h&' "10%&'()-TmmmmmmmmnbC
10((!9  10%&'()-f,#10%&'()-S 10%&'()-F10%&'()- 10 10 1003"10%&'()-
nnnooPppdEbC  10((! "10%&'()-` 10%&'()-` 10%&'()-L 10%&'()-ffM10%&'()-9
10%&'()-@pq`qrqrssdEbC 



10((!S&*10%&'()-$ 10%&'()-f@"!10%&'()- 10%&'()-f 10%&'()-s
10%&'()-ssVttuuvv^?bC  10((!7`10%&'()-!y&0 "10%::&'()-!cy&0 "10%&'()-.
10%&'()-- 10%&'()-+ 10%&'()-vvvvvvvvwbC  10((!  10%O&'()-#10%O&'()-
10%O&'()-10%O&'()- 10 10 109910%&'()-wtwxxyyR{}^<bC  10((!8 "10%?O?O&'()-g9
"10%O&'()-!P9 "10%WOWO&'()-!10%O&'()-g!!10%OO&'()-g9
10%O&'()-R{{,|||||||aVK@  10((! 10O 10O 10O9+10%O&'()-9* "10%O&'()-&(
10%O&'()-&&' 10%O&'()-!T "10%[O[O&'()-g|||}}_}}dEVK@  10((!
1010%&'()-s10%&'()-# 10%&'()-  10%&'()- 10%&'()-3 10%&'()-}}~'^?VK@
10((!l"!10%&'()-!q "10%>>&'()- "10%&'()- 10%&'()-S!&
10%&'()-SS10%&'()-jdEVK@  10((!`3.10%&'()-LF+
10%&'()-f)10%&'()-9Y(z10%&'()-&10%&'()-9# 10%&'()-TbC  10((!
10%&'()-3s10%&'()- 10 



10 10,8 10%&'()-2 10%&'()-f31!10%&'()-8YaBbC  10((! 10%&'()-S3
10%&'()-`!10%5&'()-f!!10%&'()-f3  10%&'()-#10%&'()-?P^;}[9bC
10!y&!10%QQ&'()-!vy&!10%CC&'()-$ 10%&'()-!P !10%&'()-@!K
!10%&'()-@l!10%&'()-;faSE7  10 10QQ 10QQ 10QQ!,8!10%QQ&'()-gL6g 10%&'()-
9,2z 10%&'()-T0!10%&'()-&-10%&'()-bndESE7  10 10QQ10%<&'()-
10%<&'()-!10%<&'()-#10%<&'()-,10%<&'()-10%<&'()-npdESE7  10 10QQ`!
10%<&'()- 10%<&'()-ys10%<&'()-g10%<&'()- 10%<&'()-f!10%<&'()-1O}^?SE7  10
10QL-10%<&'()-&+10%<&'()-L*G"10%<&'()-!&%10%uu&'()-!x&%10%|<|<&'()-"
"10%<&'()-U*dESE7  10
10Q`&610%<&'()-410%<&'()-L93t10%<&'()-1"10%<&'()-9010%<&'()-9.10%<&'()-*bC
10 10Q 10%O&'()-L10%O&'()- 10< 10<
10<:10%<&'()-&910%<&'()-710%<&'()-X9MdEbC  10 



10Q910%O&'()-!10%O&'()- 10%O&'()- f10%O&'()-@ &10%O&'()-"`10%O&'()-Ms^}^<bC
10 10!cY""10%jOjO&'()-  10%O&'()-Z10%O&'()-!^`ll "10%eOeO&'()-!Yll
"10%OO&'()- 10%O&'()-m)|;a?bC  10 10!!h 7!10%OO&'()-y95g
10%O&'()-2,10%O&'()-F1!10%O&'()-, 10%O&'()-!Y""10%OO&'()-;bC  10 10!!
!10%&'()-@#910%&'()- 10%&'()-3&10%&'()- 10O 10O 10O93:z 10%O&'()-XrdBbC  10
10!!!ql"Y"10%>>&'()-g!10%&'()-gs10%&'()-&!10%&'()-f&M10%&'()-&!10%&'()-f>Ia
BbC  10 10!!L34 10%v&'()-yF110%&'()-9F. 10%&'()-S!)Z"10%MM&'()-zY(
10%&'()-l%3 10%&'()-)rS4  1lY 10%m&'()-10%m&'()- 10HH 10HH
10HH!{8F"10%HH&'()-fsF7F10%&'()-!L34 10%&'()-y0dBrS4  1lY
!'10%NN&'()-!10%m&'()-f10%m&'()-&10%m&'()-S  10%m&'()-g"10%m&'()-Gkn/aBrS4 



1lY @,10%m&'()-@yY10%m&'()-10%m&'()-3y10%m&'()-y10%m&'()-!'10%&'()-/#8aBrS4
1lY FS)10%m&'()-!S& 10%mm&'()-f$ 10%m&'()-SS#10%m&'()-F!-10%m&'()-@f
910%m&'()-RfdErS4  1lY 3 10%m&'()-zl0'10%m&'()-,/10%m&'()-y-10%m&'()-@,
10%m&'()-f*10%m&'()-/012?@bC  1lY F 10%&'()-l10%&'()- 10m 10m 10m9
10%m&'()- @810%m&'()-610%m&'()-@OR$dbC  1lY F 10%&'()-& 10%&'()-T 10%&'()-
!10%&'()-f f10%&'()-f#10%&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph Fontj )0n9VAPIO7Xajsy1$
Y.5ATLWdsjs$nopqrstuvwxyz{|} "z-M
="#'$+,Y.012357T<F=O?kACvDEGJqLfOoQRVAX7[z]k`jbdfiTmnpsvwR{|};n*M;
/@$~6Times New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


