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METHOD, SYSTEM AND APPARATUS FOR PARSING MULTILAYER
DATA STREAM

FIELD OF THE INVENTION

The present invention relates to a field of data processing, and in particular, to a method, a

system and an apparatus for parsing a multilayer data stream.

DESCRIPTION OF THE RELATED ART

When decoding a multilayer data stream, it should firstly be parsed before it can be decoded.
A typical multilayer data stream is an H.264 video data stream, wherein the data stream has
one or more data frames and each data frame has one or more data slices, and each data slice
has one or more data macro-blocks (MBs). When decoding the H.264 video data stream, the
data frames need to be parsed into MBs before subsequent decoding can be performed. In
some circumstances such as the case of mobile terminals, the processing unit has limited
capabilities, therefore a single Primary Processing Unit (PPU) in the mobile terminal is not
able to parse data stream with high bit rate in real time. One or more Synergistic Processing

Unit (SPU) may be employed to parse the data stream parallelly.

A simple solution is to parallelly parse the data steam on a frame basis. In other words, PPU
allocates different SPUs respectively to parse different data frames. In general, there is
dependency between two subsequent frames in the data stream, i.e. the decoding of the latter
frame depends on the decoding result of the former frame. Due to the difference between
frames, the time needed for parsing frames differs. If a latter frame has been parsed by an
SPU while the former frame has not been parsed by another SPU, the latter frame could not
be decoded because the former frame has not been decoded. The decoding efficiency is
therefore low; meanwhile the latter frame parsed needs to be buffered thus more storage
capacity is required. In addition, if the storage capacity of the SPU is not capable of storing a
whole frame, the PPU divides the frame into several sub-frames, sends cach of the sub-
frames to the SPU. When there are a large number of SPUs, the data scheduling and
transmitting between the PPU and the SPUs will be very complicated.
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SUMMARY OF THE INVENTION

The present invention provides a method, a system and an apparatus for parsing a multilayer
data stream. In the multilayer data stream, a data frame comprises a plurality of data slices

and a data slice comprises a plurality of data macro-blocks.

According to the an aspect of the present invention, a scheduler allocates and initializes a
pre-parser, a deep-parser and a shared memory; the pre-parser pre-parses frame(s) into data
slices and stores the pre-parsing results to the shared memory; and the deep-parser gets one
of the data slices from the shared memory and deep-parses the data slice into data macro-

blocks.

The parsing is parallelly performed at the level of data slices in a same frame. A former
frame is always parsed before its latter frame, therefore the case that the latter frame is
parsed before the former frame will not happen. Because only one frame is buffered, the
storage capacity needed is significant decreased comparing with frame-level parallel
processing. The storage capacity of the SPU usually is enough for storing a data slice,
therefore the data scheduling and transmission between the scheduler and the parsers as well

as between the pre-parser and the deep-parser is very simple.

According to a further embodiment of the present invention, the number of the parsers is
variable. In one case, the scheduler may adjust the number of the parsers at the beginning of
parsing a data frame; the scheduler may also dynamically increase or decrease the number of

the parsers during the process of parsing the data frame.

In another case, the number of the parsers is kept unchanged, while the pre-parser may
switch between a pre-parsing mode and a deep-parsing mode. The pre-parser switches from
the pre-parsing mode to the deep-parsing mode so that the number of the deep-parser is
increased. In particular, the pre-parser may switch from the pre-parsing mode to the deep-
parsing mode after the pre-parsing is finished. In addition, the pre-parser may, according to

the data amount in the shared memory, switch from the pre-parsing mode to the deep-parsing
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mode to prevent the shared memory from overflow, or switch from the deep-parsing mode to

the pre-parsing mode to prevent the deep-parser from being idle.

The variability of the number of the parser makes it possible to improve the efficiency of the

parsers usage while keeping the parsing speed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating the system for parsing a multilayer data stream

according to an embodiment of the present invention.

Figure 2 is a schematic diagram illustrating a shared memory according to an embodiment of

the present invention.

Figure 3 is an overall flowchart of the method of parsing a multilayer data stream according

to an embodiment of the present invention.

Figure 4 is a detailed flowchart of deep parsing data slices according to an embodiment of

the present invention.

Figure 5 is an example of parsing the multilayer data stream according to an embodiment of

the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The method, system and apparatus for parsing multilayer data stream according to the
present invention will be described in detail with reference to the accompanying drawings. It
is understood that, terms such as data frames, data slices and data MBs used in the
specification are only names of respective layers in a multilayer data stream. When the

present invention is applied to different kinds of data streams, there may be different names.
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Figure 1 is a block diagram illustrating the system for parsing a multilayer data stream

according to an embodiment of the present invention.

As shown in Figure 1, the system for parsing a multilayer data stream according to an
embodiment of the present invention comprises: a scheduler, a pre-parser, a deep parser and
a shared memory. The pre-parser and the deep-parser may be referred to in general as a

parser. The shared memory comprises auxiliary information storage and a store queue.

The scheduler is usually located in a PPU, and is configured to allocate and initialize a pre-
parser and a deep-parser for parsing. The scheduler is also configured to allocate and

initialize the shared memory. The parsers are mapped to respective SPUs.

The scheduler schedules the number of the parsers on a frame basic. In other words, the
scheduler determines the number of the parsers according to the time needed to parse the
previous frame of the same type, the number of the parsers used to parse the previous frame
of the same type and a real-time parsing time limitation. For example, if the scheduler finds
out that the time needed to parse the previous frame of the same type is longer than the real-
time parsing time limitation, the scheduler may increase the number of the parsers used to
parse the current frame; on the contrary, if the scheduler finds out that the time needed to
parse the previous frame of the same type is shorter than the real-time parsing time
limitation, the scheduler may decrease the number of the parsers used to parse the current
frame. The above mentioned real-time parsing time limitation is a time length reference to
parse a certain type of frames in order to parse the whole video stream in real time. The real-
time parsing time limitation may be a specific value or an interval. The real-time parsing
time limitations for different types of frames may vary. For example, in the case of H.264,
the real-time parsing time limitation for an I frame is generally greater than that for a P
frame, and the real-time parsing time limitation for a P frame is generally greater than that
for a B frame. In the case that all frames in the multilayer data frame are of the same type,
the previous frame of the same type is exactly the previous frame, and all data frames have
the same real-time parsing time limitation. The scheduler may include a semi-dynamically

scheduling module to perform the scheduling on the frame basic.
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In addition, the scheduler may dynamically increase or decrease the number of the parsers
during the process of parsing the current frame. For example, the PPU may calculate a
parsing rate of the current frame during the process of parsing it, such as the rate of the
number of the parsed data MBs of the current frame versus the number of the total data MBs
of the current frame; the PPU may also calculate a time rate of the time needed so far for
parsing the current frame versus the real-time parsing time limitation. If the parsing rate is
greater than the time rate, i.c. the parsing rate precedes, the PPU decrease the number of the
parsers; if the parsing rate is smaller than the time rate, i.e. the parsing rate lags, the PPU
increase the number of the parsers. The calculation and the scheduling may be performed at
a certain frequency, or be trigged by some events, for example each time when the parsers
put data to the store queue or when the parsers get data from the store queue. There may be
other dynamic scheduling algorithms. The dynamic scheduling is able to improve the
efficiency of the parsers, however at the expense of more calculation costs. The scheduler

may include a dynamic scheduling module to perform the dynamic scheduling.

If the efficiency of the parsers usage is not a problem, the PPU may allocate and initialize
the parsers only at the beginning of parsing the multilayer data stream and the number of the
parsers may be kept unchanged through the process of parsing the whole multilayer data

stream. This will save the calculation costs needed for scheduling.

Among the parsers, at least one parser is initialized as the pre-parser, which is capable of
switching between a pre-parsing mode and a deep-parsing mode and is of the pre-parsing
mode at the beginning of parsing a frame. In other words, the pre-parser includes a pre-

parsing module, a deep-parsing module and a mode switching control module. The other

parsers are initialized as deep-parsers.

The pre-parser pre-parses the data frame into data slices, and put the data slices into the store
queue in order. The deep-parser each time gets one data slice from the head of the store
queue, deep-parses the data slice into data MBs, sends the data MBs to PPU for subsequent
processing, and get another data slice. After all data slices of one frame are put to the store

queue, the mode switching control module switches the pre-parser from the pre-parsing
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mode to the deep-parsing mode, i.e. stops the pre-parsing module and starts the deep-parsing

module.

In practice, in the case that the capability of the store queue is not enough for all data slices
in one frame, there may be mismatch between the speed at which the pre-parser put data
slices to the queue and the speed at which the deep-parser get data slices from the queue. If it
is long enough that the former speed is greater than the latter speed, there may be overflow;
if it is long enough that the former speed is less than the latter speed, there may underflow.
To solve the problem, the mode switching control module further monitors the data amount
in the store queue. When the data amount in the store queue exceeds a first threshold, the
mode switching control module switches the pre-parser from the pre-parsing mode to the
deep-parsing mode, i.¢. stops the pre-parsing module and starts the deep-parsing module, so
that the pre-parser operates as a deep-parser. When the data amount in the store queue is
below a second threshold, the mode switching control module switches the pre-parser from
the deep-parsing mode to the pre-parsing mode, i.¢. stops the deep-parsing module and starts
the pre-parsing module, so that the pre-parser continues to parse the frame into data slices
and put the data slices to the store queue. The above mentioned threshold may be an absolute
data amount, or a percentage of the data amount of the data slices currently in the store
queue versus the capacity of the store queue. The first threshold may be the same as the
second threshold. In a preferred embodiment, the first threshold is greater than the second

threshold to prevent frequent switching of the pre-parser.

It is understood that, the mode switching control module and the deep-parsing module are
not necessary modules of the pre-parser. When the number of the parser is sufficient enough,
there is no need to switch the pre-parser from the pre-parsing mode to the deep-parsing

mode.

The store queue is configured to store the data slices obtained by the pre-parser. According
to the definition of a queue, the data slices are First-In-First-Out in the store queue. In other
words, the pre-parser puts the obtained data slices to the end of the queue, and the deep-

parser gets the data slices from the head of the queue. The accessory information storage
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stores therein accessory information. An example of the shared memory is shown in Figure

2, which will be described in detail below.

Figure 3 is an overall flowchart of the method of parsing a multilayer data stream according

to an embodiment of the present invention.

Step 301, at the beginning of a frame, the scheduler allocates and initializes parsers for
parsing the current frame. The scheduler also allocates and initializes the shared memory. As
mentioned above, the number of the parsers is determined at the beginning of the frame
according to the time needed to parse the previous frame of the same type, the number of the
parsers used to parse the previous frame of the same type and the real-time parsing time
limitation. The number of the parsers may also be adjusted dynamically during the parsing
process. The number of the parsers may also be determined when the process of parsing the

whole multilayer data stream begins, and be kept unchanged thought the process.

Among the parsers, at least one parser is initialized as the pre-parser, which is capable of
switching between a pre-parsing mode and a deep-parsing mode and is of the pre-parsing
mode at the beginning of parsing the frame. The other parsers are initialized as the deep-

parser.

The PPU also allocates and initializes the shared memory. In particular, the PPU initializes
the auxiliary information in the shared memory. The detailed initialization will be described

below.

Step 302, the pre-parser parses the data frame to data slices and put the data slices to the
store queue. The data slices are shown in Figure 2 as Data Slice 1, Data Slice 2, and etc. As
mentioned above, there is some auxiliary information in the auxiliary information storage.
The auxiliary information may include the identity of the current frame (FRAME
NUMBER) and the total number of the data slices in the current frame (MAX SLICE) and
etc. FRAME NUMBER may be set by the PPU or the pre-parser. If the header of the frame
records the total number of the data slices in the frame, the PPU or the pre-parser initializes

MAX SLICE as the value recorded in the header. If the header of the frame records the
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length of the frame indicated by the number of the bits in the frame, the PPU or the pre-
parser initializes MAX SLICE as zero, afterwards the pre-parser increases MAX SLICE by 1
cach time when the pre-parser obtains one data slice. In other words, according to the
definition of the frame structure, MAX SLICE may be kept unchanged during the process of

parsing the frame, or be increased with the process.

Step 303, in the case that the capability of the store queue is not enough for all data slices in
one data frame, the deep-parser determines, according to the data amount in the store queue,
whether to switch from the pre-parsing mode to the deep-parsing mode temporarily, or

whether to switch back. The step may be omitted.

Step 304, the pre-parser determines whether the pre-parsing has finished, i.c. whether all
data slices in the data frame has been obtained by parsing. If the pre-parsing has finished, the
pre-parser switches to the deep-parsing mode and operates as a deep-parser. The pre-parser
may determine whether all data slices in the data frame has been obtained according to the
total number of the data slices or the number of the bits recorded in the header of the data

frame.

Step 305, it is determined whether the current frame has been parsed. If the current frame
has been parsed, proceed to step 307 in which the PPU is informed to get all data MBs;

otherwise, proceed to step 306.

Step 306, the deep-parser or the pre-parser having switched to the deep-parsing mode get
one data slice from the store queue, and deep-parses the data slice. Data MBs obtained

through the deep-parsing are put to buffers specified by the PPU.

The detailed operations of a deep-parser in Step 305 and Step 306 will now be described
with reference to Figure 4. The pre-parser having switched to the deep-parsing mode

operates the same as the deep-parser with respect to Step 305 and Step 306.

Step 3051, the deep-parser read from the accessory information storage FRAME
NUMBER, MAX SLICE, LAST FETCHED SLICE, CUMULATIVE MB and SLICE
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DATA OFFSET. FRAME NUMBER and MAX SLICE are set by the pre-parser. The other
accessory information is set by the deep-parser after finishing deep-parsing one data slice.
LAST FETCHED SLICE indicates how many data slices have been parsed as to the current
frame, and is initialized to zero in Step 301; CUMULATIVE MB indicates how many MBs
have been obtained as to the current frame, and is initialized to zero in Step 301; SLICE
DATA OFFSET indicates the head of the store queue, and is initialized to the start point of
the queue in Step 301.

Step 3052, the deep-parser determines whether the following condition is true:
CUMULATIVE MB equals MAX MB and LAST FETCHED SLICE equals MAX SLICE.
If the condition is true, proceed to Step 307, otherwise proceed to Step 3061. MAX MB
indicates the max number of the MBs as to the current frame according to the definition of

the frame structure.

Step 3061, the deep-parser gets one data slice from the store queue according to the value of

SLICE DATA OFFSET and deep-parses the data slice.

Step 3062, the deep-parser modifies the value of LAST FETCHED

SLICE, CUMULATIVE MB and SLICE DATA OFFSET. LAST FETCHED SLICE is
increased by 1, CUMULATIVE M is increased by the number of the MBs obtained by deep-
parsing the current data slice, and SLICE DATA OFFSE is set to the position of the next
data slice in the store queue. LAST FETCHED SLICE and SLICE DATA OFFSET may

alternatively be modified before deep-parsing the current data slice, i.e. before Step 3061.

An example will be described with reference to Figure 5 in which the horizontal axis
indicates the time. In this example, a frame 0 is parsed using two parsers. For the sake of
clear description, among the accessory information LAST FETCHED

SLICE. CUMULATIVE MB and SLICE DATA OFFSET, only the changes in LAST
FETCHED SLICE and CUMULATIVE MB will be described. In addition, the deep-parser
modifies LAST FETCHED SLICE before the deep-parsing begins, and modifies
CUMULATIVE MB finishes. It is further assumed that the current frame has 12 data slices.
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The pre-parser is SPUO, which set FRAME NUMBER to zero. In this example, it is assumed
that the header of the data frame does not record the total number of the data slices in the

frame, therefore SPUO further initializes MAX SLICE as zero. According to Step 302, SPUO
sets MAX SLICE to 1 after the first data slice, i.¢c. slice 1, is obtained by pre-parsing the data

frame.

At time point A, the deep-parser SPU1 begins deep-parsing slice 1. The deep-parser SPU1
modifies LAST FETCHED SLICE from its initial value 0 to 1. CUMULATIVE MB is of its

initial value 0.

At time point B, deep-parser SPU1 finishes deep-parsing slice 1, and modifies
CUMULATIVE MB to 60. Here, 60 is the number of the data MBs obtained from deep-
parsing slice 1. Also at time point B, deep-parser SPU1 begins deep-parsing slice 2, and
modifies LAST FETCHED SLICE to 2. In addition, during the interval between time point
A and time point B, the pre-parser obtains slice 2 through slice 6 by pre-parsing the frame.

Therefore MAX SLICE is 6 at time point B.

At time point C, the deep-parser SPU1 does not finish deep-parsing slice2 and
CUMULATIVE MB is still 60. In addition, during the interval between time point B and
time point C, the pre-parser SPUO obtains slice7 through slice 12. Therefore MAX SLICE is
12 at time point C. According to the assumption, the current frame has 12 data slices, SPUO
switches to the deep-parsing mode, begins deep-parsing slice3 and modifies LAST

FETCHED SLICE to 3, as described in Step 302.

At time point D, the deep-parser SPU1 finishes deep-parsing slice 2, and modifies
CUMULATIVE MB to 120; in other words, there are 60 data MBs obtained by deep-parsing
slice 2. Also, the deep-parser SPU1 begins deep-parsing slice, and modifies LAST
FETCHED SLICE to 4. From time point D on, no pre-parsing is performed, therefore MAX
SLICE is kept 12.

Thereafter, the pre-parser SPUO which is in the deep-parsing mode and the deep-parser
SPUI1 deep-parse the other data slices, and check whether CUMULATIVE MB reaches the
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max number 8160 of the MBs as to the current frame according to the definition of the frame

structure.

At time point J, the deep-parser SPU1 finds that CUMULATIVE MB reaches the max
number 8160 of the MBs as to the current frame according to the definition of the frame
structure, and determines that the current frame has been parsed, so that the deep-parser

SPUI informs PPU to perform subsequent processing.

Although specific embodiments have been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that modifications may be made on these
embodiments without departing from the principle and spirit of the present invention. The

scope of the present invention is determined by the claims and their equivalence.
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CLAIMS

1. A method for parsing a multilayer data stream, wherein a data frame in the
multiplayer data stream comprises a plurality of data slices and a data slice comprises a
plurality of data macro-blocks, the method, during a process of parsing data frames,
comprising:

allocating and initializing, by a scheduler, a pre-parser, a deep-parser and a shared
memory;

pre-parsing, by the pre-parser, the data frame into data slices, and putting pre-parsing
results to the shared memory; and

getting, by the deep-parser, one of the data slices from the shared memory, and deep-

parsing the data slice into data macro-blocks.

2. The method according to Claim 1, wherein the scheduler allocating and initializing
the pre-parser and the deep-parser comprises:

determining, by the scheduler, the number of the parsers at the beginning of parsing
the data frame; and

allocating and initializing, by the scheduler, the pre-parser and the deep-parser

according to the determined number.

3. The method according to Claim 2, wherein determining the number of the parsers
comprises:

if the time needed to parse a previous data frame is longer than a time reference, the
number of the parsers for parsing the current parser is increased; if the time needed to parse a
previous data frame is shorter than the time reference, the number of the parsers for parsing

the current parser is decreased.

4. The method according to Claim 3, wherein data frames in the multilayer data stream
are of different types, the time needed to parse the previous data frame is the time needed to
parse the previous data frame of the same type, and the time reference is the time reference

corresponding to the type.
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5. The method according any one of Claims 1-4, further comprising:
increasing or decreasing dynamically the number of the parsers during the process of

parsing the data frame.

6. The method according to Claim 5, wherein increasing or decreasing dynamically the
number of the parsers during the process of parsing the data frame comprises:

calculating a parsing rate of the current data frame; and

increasing the number of the parsers if the parsing rate lags, or decreasing the number

of the parsers if the parsing rate precedes.

7. The method according to any one of Claims 1-6, further comprising:
the pre-parser switching from a pre-parsing mode to a deep-parsing mode if all data

slices in the data frame have been obtained by the pre-parser.

8. The method according to any one of Claims 1-7, further comprising:
the pre-parser switching between the pre-parsing mode and the deep-parsing mode

according to data amount in the shared memory.

9. The method according to Claim 8, wherein the pre-parser switching between the pre-
parsing mode and the deep-parsing mode according to data amount in the shared memory
comprises:

the pre-parser switching from the pre-parsing mode to the deep-parsing mode if the
data amount in the shared memory is over a first threshold; and

the pre-parser switching from the deep-parsing mode to the pre-parsing mode if the

data amount in the shared memory is under a second threshold.

10. A method for parsing a multilayer data stream, wherein a data frame in the
multiplayer data stream comprises a plurality of data slices and a data slice comprises a
plurality of data macro-blocks, wherein a pre-parser pre-parses a current data frame into data
slices and switches from a pre-parsing mode to a deep-parsing mode if all data slices in the

current data frame have been obtained by the pre-parser.
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11.  The method according to Claim 10, further comprising:
the pre-parser putting pre-parsing results to a shared memory, and switching between
the pre-parsing mode and the deep-parsing mode according to data amount in the shared

memory.

12.  The method according to Claim 11, wherein the pre-parser switching between the
pre-parsing mode and the deep-parsing mode according to data amount in the shared
memory comprises:

the pre-parser switching from the pre-parsing mode to the deep-parsing mode if the
data amount in the shared memory is over a first threshold; and

the pre-parser switching from the deep-parsing mode to the pre-parsing mode if the

data amount in the shared memory is under a second threshold.

13. A system for parsing a multilayer data stream, wherein a data frame in the
multiplayer data stream comprises a plurality of data slices and a data slice comprises a
plurality of data macro-blocks, comprising:

a scheduler configured to allocate and initialize a parser and a shared memory,
wherein the parser comprises a pre-parser and a deep-parser;

the pre-parser, comprising a pre-parsing module which is configured to pre-parse the
data frame into data slices and put the pre-parsing result to the shared memory;

the deep-parser configured to get one of the data slices from the shared memory and
deep-parse the data slice into data macro-blocks; and

the shared memory configured to store the data slices obtained by the pre-parser.

14.  The system according to Claim 13, wherein the scheduler comprises a semi-
dynamically scheduling module configured to determine the number of the parsers at the
beginning of parsing the data frame, and allocate and initialized the pre-parser and the deep-

parser according to the determined number.

15. A pre-parser for parsing a multilayer data stream, wherein a data frame in the
multiplayer data stream comprises a plurality of data slices and a data slice comprises a

plurality of data macro-blocks, comprising:
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a pre-parsing module, configured to pre-parse the data frame into data slices and put
the pre-parsing result to the shared memory;

a deep-parsing module, configured to get the data slice from the shared memory and
parse the data slice into the data macro-blocks; and

a mode switching control module, configured to stop the pre-parsing module and
starts the deep-parsing module if all data slices in the data frame have been obtained by the

pre-parser.
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