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(57) A variable bit-length code processing circuit
includes first, second and third registers (12, 20, 22)
each of which is of 1 word, and memory data is loaded
to the first register (12), and a variable bit-length code is
withdrawn from the third register (22). The second reg-
ister (20) and third register (22) are coupled to a barrel
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shifter (16) which barrel-shifts data of 2 words according
to a barrel shift amount which is applied by a subtracter
(30) on the basis of the number of the valid bits and the
number of the remaining bits.
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Description
FIELD OF ART

The present invention relates to a circuit and
method for processing variable bit-length codes, and
especially to a circuit and method for processing varia-
ble bit-length codes which are efficiently, with no blanks,
stored in a memory such as compressed data of an
image and a sound.

PRIOR ART

One example of such a kind of a variable bit-length
code processing circuit is disclosed in, for example, in
Japanese Patent Application Laying-open No. 4-245778
laid-open on September 2, 1992. This prior art includes
a 1-word shift register (11) which holds input code data,
and a 3-word shift register (12) which holds data trans-
ferred from the shift register (11) in a bit-parallel fashion,
and the data within the shift register (11) is cut-out and
transferred by a shift/transfer control portion (30) by the
number of the bits capable of filling data blank portions
in the shift register (12).

In the above described prior art, since proceeding
data which becomes unnecessary is discharged by
serially shifting the shift register (12), it is necessary to
be provided with shift registers of 4 words in total, and a
shift/transfer control which controls shift operations of
the shift registers. Although a detail of the shift/transfer
control is not disclosed, it is necessary for the
shift/transfer control to be provided with a counter for
counting the number of the shift times, a control circuit
for a shift clock, a transfer control circuit which transfers
the data from the shift register (11) to the shift register
(12) in a bit-parallel fashion by an arbitrary number of
bits, a sequencer and etc., and therefore, a circuit scale
becomes large. Furthermore, in order to connect the
preceding data to succeeding data in a bit-stream, bits
corresponding to blank bits pushed-out by the shift reg-
ister (11) are shifted by the shift register (12) and written
in the shift register (11) bit by bit, and therefore, in the
prior art, there was a problem that the number of the
processing steps becomes large, and therefore, it takes
a long time for withdrawing the data.

SUMMARY OF THE INVENTION

Therefore, a principal object of the present inven-
tion is to provide a data processing circuit and method
capable of rapidly withdrawing a variable bit-length code
with a simple circuit.

The present invention is a variable bit-length code
processing circuit comprising: a first 1-word register
which holds data applied in a bit-parallel fashion; a sec-
ond 1-word register which receives the data from the
first register in a bit-parallel fashion; a third 1-word reg-
ister from which a variable bit-length code is withdrawn;
a comparison means which compares the number of
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the valid bits with the number of the remaining bits of the
data held in the second register and outputs a first sig-
nal at a time that the number of the valid bits is larger
than the number of the remaining bits; a first barrel shift
means which loads data barrel-shifted from the second
register and the third register by the number of the
remaining bits to the third register in response to the first
signal outputted from the comparison means; a load
means which loads the data in the first register to the
second register in a bit-parallel fashion in response to
the first signal outputted from the comparison means;
and a second barrel shift means which loads the data
barrel-shifted from the second shift register and the third
shift register by the number of the bits equal to a differ-
ence between the number of the valid bits and the
number of the remaining bits to the second register and
the third register after the data in the first register is
loaded to the second register by the load means.

Furthermore, the present invention is a processing
method in a variable bit-length code processing circuit
which comprises a first 1-word register which holds data
applied in a bit-parallel fashion, a second 1-word regis-
ter which receives the data from the first register in a bit-
parallel fashion, and a third 1-word register from which
a variable bit-length code is withdrawn, and comprising
steps of at a time that the number of the valid bits is
larger than the number of the remaining bits of the data
held in the second register, (a) loading the data barrel-
shifted from the second register and the third register by
the number of the remaining bits to the third register; (b)
loading the data of the first register to the second regis-
ter in a bit-parallel fashion; and (c) loading the data of
the second register and the third register by barrel-shift-
ing by the number of the bits equal to a difference
between the number of the valid bits and the number of
the remaining bits.

The data of 1-word, for example, read from a mem-
ory is loaded to the first register in a bit-parallel fashion.
The data of the first register is loaded to the second reg-
ister in a bit-parallel fashion, and the data of the second
register is loaded to the third register with being barrel-
shifted by the first barrel shift means by 16 bits, for
example. The variable bit-length code is withdrawn from
the third register. In the comparison means including a
subtracter, for example, the number of the valid bits
being set by CPU, for example, is subtracted from the
number of the remaining bits of the data held in the sec-
ond register. Then, if a subtraction result becomes neg-
ative, a borrow signal (the first signal) is outputted from
the subtracter. At a time that the borrow signal is output-
ted, a barrel shifter is operated, and the data in the sec-
ond register and the third register is loaded to the third
register with being barrel-shifted by the number of the
remaining bits. At this time, the data being forced out by
barrel-shifting by means of the first barrel shift means is
lost and not used. Furthermore, the data of the first reg-
ister is loaded to the second register, and then, the data
of the second register is barrel-shifted by the second
barrel shift means by "the number of the valid bits - the
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number of the remaining bits" together with the data in
the third register, and loaded to the second register and
the third register. "0" is written in blank portions of sec-
ond register which are formed by barrel-shifting by the
second barrel shift means.

In accordance with the present invention, a
processing circuit may be provided with latches of 3
words in total, and a plurality of selectors for constituting
the barrel shift means and a subtracter, and therefore, in
comparison with the prior art, the circuit structure
becomes simple, and the valid data can be set with bar-
rel shift operations of two steps at most, and accord-
ingly, a processing time becomes to be shortened, and
therefore, the data processing further becomes rapid.

The above described objects and other objects,
features, aspects and advantages of the present inven-
tion will become more apparent from the following
detailed description of the present invention when taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram showing one embodi-
ment according to the present invention;

Figure 2 is a block diagram showing in detail a bar-
rel shifter of Figure 1 embodiment;

Figure 3 is a block diagram showing an address
decoder of Figure 1 embodiment;

Figure 4 is a flowchart showing an operation of Fig-
ure 1 embodiment;

Figure 5 is a flowchart showing an operation of Fig-
ure 1 embodiment;

Figure 6 is an illustrative view showing states of
respective registers in explaining the operation of
Figure 1 embodiment;

Figure 7 is an illustrative view showing states of the
respective registers in explaining the operation of
Figure 1 embodiment;

Figure 8 is an illustrative view showing states of the
respective registers in explaining the operation of
Figure 1 embodiment;

Figure 9 is an illustrative view showing states of the
respective registers in explaining the operation of
Figure 1 embodiment;

Figure 10 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment;

Figure 11 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment;

Figure 12 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment;

Figure 13 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment;

Figure 14 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment;
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Figure 15 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment;

Figure 16 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment;

Figure 17 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment; and

Figure 18 is an illustrative view showing states of
the respective registers in explaining the operation
of Figure 1 embodiment.

THE BEST MODE FOR EMBODYING THE INVEN-
TION

A variable bit-length code processing circuit 10
shown in Figure 1 is a circuit for processing variable bit-
length codes or variable bit-length data outputted from a
memory (not shown), and includes a first register 12
which is of 1 word (16 bits) and receives the memory
data of 1 word from the memory in a bit-parallel fashion.
The data of the first register 12 is applied to a selector
14 in a bit-parallel fashion. The selector 14 is a circuit for
selecting and outputting one of two inputs (16 bits,
respectively), and receives 16 bits from the above
described first register 12 as one input and upper 16
bits of a barrel shifter 16 as the other input. The selector
14 selectively loads the data from the first register 12 or
the data from the barrel shifter 16 to a second register
20 in a bit-parallel fashion in response to a select signal
of "0" or "1" from a timing generator 18. Therefore, the
selector 14 constitutes a portion of first to fourth barrel
shift means, and functions as a load means for loading
the data of the first register 12 to the second register 20.
The second register 20 is a register of 1 word (16 bits),
and the data of the second register 20 is applied to the
barrel shifter 16 in a bit-parallel fashion. A third register
22 is also a register of 1 word (16 bits). In addition, it
was described for convenience that the second register
20 and the third register 22 are discrete registers; how-
ever, in fact, the second register 20 and the third register
22 are constructed as a single register or latch of 2
words (32 bits).

The data of the second register 20 is applied to the
upper 16 bits of the barrel shifter 16, and the data of the
third register 22 is applied to lower 16 bits of the barrel
shifter 16. the barrel shifter 16 barrel-shifts respective
16-bit parallel data of the second register 20 and the
third register 22 in a rightward direction as single 32-bit
data. The upper 16 bits of the data being barrel-shifted
are applied to the selector 14 as described above, but
lower 16 bits of the data being barrel-shifted are applied
to the second register 22 in a bit-parallel fashion. There-
fore, it will be clearly understood that the barrel shifter
16 constitutes a portion of the first to fourth barrel shift
means. Then, the data of the third register 22 is with-
drawn from a tri-state gate 24 as valid data by the CPU
(not shown).
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Now, the barrel shift will be described. In the data
shifting with utilizing a normal shift register, the data is
shifted in a rightward direction or a leftward direction bit
by bit in response to a clock applied one time. In a case
where the data is to be shifted by 5 bits, for example, the
data is shifted by 5 bits in a rightward direction or a left-
ward direction in response to five clocks. In contrast, in
a case where the barrel shift now described is utilized,
the data is shifted in a rightward direction or a leftward
direction by a plurality of bits at one time. The number of
the bits to be shifted with one clock is determined by a
shift amount applied from a subtracter 30 (described
later).

In order to perform such the barrel shifting, the bar-
rel shifter 16 of this embodiment shown can be con-
structed with utilizing thirty two (32) selectors SBLO-
SBL31 as shown in Figure 2. The barrel shifter 16 is
applied with data of 32 bits in total of 16-bit parallel data
b16-b31 from the third register 22 and 16-bit parallel
data b0-b15 from the second register 20. Respective
bits of the 32-bit data are regarded as b0-b31 in an
order from a least significant bit to a most significant bit,
respectively.

On the other hand, as described previously, the bar-
rel shifter 16 can perform the barrel shifts of 16 bits at
most. The barrel shift is implemented by the selectors
SBLO-SBL31. In the following, operations of respective
selectors SBLO-SBL31 will be described.

The selector SBLO which determines an output of a
least significant bit of the barrel shifter 16 is a 16-1
selector (a selector selects and outputs an arbitrary 1 bit
out of 16 bits) which selects and outputs 1 bit out of the
bits b1-b16, and the bit to be selected is determined in
accordance with the shift amount applied by the sub-
tracter 30 (Figure 1). As similar to the selector SBLO,
each of the selectors SBL1, SBL2, SBLS3, ... SBL15 is
the 16-1 selector which selects and outputs 1 bit out of
the bits b2-b17, b3-b18, b4-b19, ... b16-b31 in accord-
ance with the shift amount applied by the subtracter 32.

On the other hand, each of the selectors SBL16-
SBL31 can not be constructed by the 16-1 selector
which is utilized for the selectors SBLO-SBL15 because
the selector SBL16 can not select and output 1 bit from
the bits b17-b32. A reason is that only the data of 32 bits
b0-b31 is applied to the barrel shifter 16, and therefore,
it is impossible to select the bit b32 not being applied to
the barrel shifter 16. Then, in a case where the selector
SBL16 is instructed to perform the barrel shift of 16 bits
according to the shift amount from the subtracter 30, the
selector SBL16 outputs "0" instead of the bit b32. That
is, the selector SBL16 is a 16-1 selector which selects
and outputs 1 bit out of the bits b17-b31 and "0". Fur-
thermore, since the bits b32 and b33 are not applied to
the barrel shifter 16, the selector SBL17 can not select
and output 1 bit out of the bits b18-b33. Therefore, in a
case where the selector SBL17 is instructed to perform
the barrel shift of 15 bits or more by the subtracter 30,
that is, in a case where the SBL17 is instructed to select
the bit b32 or b33, the selector SBL17 outputs "0". In
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other words, the selector SBL17 is a 15-1 selector
which selects and outputs 1 bit out of the bits b18-b31
and "0". Likewise, the selectors SBL18, SBL19, SBL20,
... SBL30 are 14-1 selector which selects and outputs 1
bit out of the bits b19-b31 and "0", a 13-1 selector which
selects and outputs 1 bit out of the bits b20-b31 and "0",
a 12-1 selector which selects and outputs 1 bit out of the
bits b21-b31 and "0", ... a 2-1 selector which selects and
outputs 1 bit out of the bit b31 and "0". Then, the selec-
tor SBL31 is a 1-1 selector which outputs only "0" irre-
spective of a value of the shift amount, and therefore, an
output of the selector SBL31 is fixed at "0".

Thus, the barrel shifter 16 selects bits out of 32 bits
b0-b31 and "0" applied from the second register 20 and
the third register 22 in accordance with the shift amount
designated by the subtracter 30 (Figure 1), and result-
ingly, the barrel shifter 16 barrel-shifts the data by a
required number of bits, and as a result of the barrel
shift, bits being forced out are lost, and "0" is written in
bits which become blanks.

In addition, the memory data from the memory (not
shown) is loaded to the first register in response to a
memory data write clock (described later), and the data
from the selector 14 is loaded to the second register 20
in response to a latch clock outputted from the timing
generator 18. Then, the tri-state gate 24 is controlled by
a CPU read signal outputted from an address decoder
(Figure 3). That is, at a time that the CPU read signal is
"1", CPU read data is withdrawn from the tri-state gate
24. The above described address decoder outputs a
VBC start signal which indicates a start of the process-
ing of the variable bit-length data or variable bit-length
code (VBC), and the VBC start signal is applied to the
above described timing generator 18 and an initial
counter 26 which also receives the memory data write
clock so as to be incremented in response to the VBC
start signal. The timing generator 18 is enabled in
response to the VBC start signal so as to generate a
VBC request signal. The VBC request signal is gener-
ated in synchronous with the memory data write clock.

CPU write data from the CPU (not shown) is
applied to not only a valid bit number register 28 also
the timing generator 18. Valid bit number data is applied
by 4 bits, for example, and utilized for determining the
barrel shift amount. "0000" of the valid bit number data
indicates the valid bit number of "16", "0001" of the valid
number data indicates the valid bit number of "1",
"0010" of the valid bit number data indicates the valid bit
number of "2", and so on, and therefore, "1111" of the
valid bit number data indicates the valid bit number of
"15". Furthermore, a valid bit number write clock from
the address decoder is applied to the valid bit number
register 28 and the timing generator 18.

The data of the number of the valid bits loaded to
the valid bit number register 28 is applied to one input of
the subtracter 30. Data of the number of the remaining
bits outputted from a remaining bit number register 32 is
applied to the other input of the subtracter 30. That is,
the subtracter 30 preforms a subtraction operation of
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"the number of the remaining bits - the number of the
valid bits", and therefore, the subtracter 30 can know in
itself the number of the remaining bits in the second reg-
ister 20. Therefore, the remaining bit number data is
outputted from the subtracter 30, and a remaining bit
number write clock is applied from the timing generator
18 to the remaining bit number register 32, and there-
fore, the remaining bit number data is held in the
remaining bit number register 32. Thus, the subtracter
30 performs a calculation operation of "the remaining bit
number - the valid bit number”, and outputs a subtrac-
tion result as new remaining bit number data, and out-
puts a borrow signal (first signal) of "1" when the latter is
larger than the former, and outputs a zero signal (sec-
ond signal) of "1" when the former and the latter are
equal to each other. Therefore, at a time that the borrow
signal and the zero signal are both "0", it is possible to
regard as that a third signal is outputted from the sub-
tracter 30. The borrow signal and the zero signal are
respectively applied to the timing generator 18 which
outputs a select signal and a latch clock according to
the borrow signal and the zero signal, respectively.

In addition, the subtracter 30 sets the number of the
bits to be barrel-shifted, i.e. the shift amount to the bar-
rel shifter 16. For example, when the first signal is out-
putted, the remaining bit number data is first applied as
the shift amount, and then, "valid bit number - remaining
bit number”, i.e. an absolute value of the subtraction
result is applied. If the second signal is outputted, the
remaining bit number data is applied as the shift
amount, and if the third signal is outputted, as the shift
amount, the valid bit number data is applied.

Start address data of the variable bit-length code
being stored in the memory is preset in the address
counter 34 in response to an initial address write clock
applied from an address decoder 36 (Figure 3). The
address data preset in the address counter 34 is incre-
mented in response to the memory data write clock
applied from an arbiter 38. Therefore, even if a single
variable bit-length code is successively stored in a plu-
rality of words within the memory, only by presetting the
start address of the variable bit-length code in the
address counter 34 once, it is possible to successively
read the variable bit-length code within the plurality of
words and latch the data in the first register 12.

An address selector 40 changes-over address data
of a CPU address bus being applied from the CPU or
address data applied by the address counter 34, and
applies selected address data to the memory. The
change-over is performed on the basis of the select sig-
nal from the arbiter 38.

The arbiter 38 is a circuit for controlling an opera-
tion of the variable bit-length code processing circuit 10
and a timing that the memory is accessed by the varia-
ble bit-length code processing circuit 10 and the CPU.

The arbiter 38 is applied with a system clock, a
CPU memory request signal from the address decoder
36, and the select signal and an initial flag from the tim-
ing generator 18. The arbiter 38 determines that the
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select signal from the timing generator 18 is a signal for
changing-over the selector 14 so as to the data latched
in the first register 12 is to be supplied to the second
register 20. In response to such determination, the arbi-
ter 38 generates a count signal by which the address
counter 34 is incremented, and succeedingly, generates
the memory data write clock by which the variable bit-
length code being applied from the memory is latched to
the first register 12. In addition, in a case where the ini-
tial flag from the timing generator 18 indicates an initial
state, no count signal is generated. Furthermore, the
arbiter 38 generates the select signal by which the
address selector 40 is instructed to supply the address
signal from the address counter 34 to the memory prior
to the memory data write clock is generated.

On the other hand, the arbiter 38 determines
whether or not the CPU requires to access the memory
by supervising the CPU memory request signal from the
address decoder 36 (Figure 3). Then, at a time that the
CPU requires to access the memory and that the
address selector 40 is changed-over into a state that the
address data from the address counter 34 is applied to
the memory, the arbiter 38 applies a wait signal to the
CPU so as to bring the CPU into a wait state.

Now, with referring to Figure 3, a CPU address bus,
a read signal line and a write signal line are connected
to the address decoder 36, and therefore, the address
data from the CPU, the read signal from the CPU and
the write signal from the CPU are applied to the address
decoder 36. The CPU has a memory space of a prede-
termined size, and the above described memory, the
start of the variable bit-length code processing, the third
register 22, the valid bit number register 28 and etc. are
assigned to predetermined addresses within the mem-
ory space. The address decoder 36 always supervises
the address data, the read signal and the write signal
which are outputted from the CPU, and at a time that the
CPU accesses the address assigned to the memory
and outputs the read signal or the write signal, the
address decoder 36 generates the CPU request signal.
Furthermore, if the CPU accesses the address for start-
ing the variable bit-length code processing and outputs
the write signal, the address decoder 36 generates the
VBC start signal which makes the variable bit-length
code processing circuit 10 to start the processing of the
variable bit-length code. Furthermore, in a case where
the CPU accesses the address assigned to the address
counter and outputs the write signal, the address
decoder 36 generates the initial address write clock.
Furthermore, when the CPU accesses the address
assigned to the third register and outputs the read sig-
nal, the address decoder 36 generates the CPU read
signal. In addition, when the CPU accesses the address
assigned to the valid bit number register 28 and outputs
the write signal, the address decoder 36 generates the
valid bit number write clock signal.

With referring to Figure 4 and 5, an operation of Fig-
ure 1 embodiment will be described. In addition, Figure
1 embodiment is constituted by hardwares in fact; how-
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ever, Figure 1 embodiment operates according to flow-
charts Figure 4 and Figure 5. Therefore, Figure 1 circuit
may be replaced with a microcomputer which operates
according to the flowcharts of Figure 4 and Figure 5.

An operation from a step S1 to a step S7 of Figure
4 is an initial setting operation. More specifically, the tim-
ing generator 18 is enabled in response to the VBC start
signal from the CPU and thus the address decoder 36
(Figure 3), and in the step S1, the timing generator 18
outputs the VBC request signal. In addition, the address
dccoder 36 outputs the VBC start signal when the pre-
determined address data is outputted from the CPU as
described above. At this time, the CPU sets the memory
read address for the memory address counter 34 (Fig-
ure 1). In response thereto, in the step S2, the memory
data is read from the memory (not shown), and the
memory data is loaded to the first register 12 in a bit-
parallel fashion in response to the memory data write
clock. In response to the memory data write clock, the
address counter 34 is incremented. In addition, in the
memory (not shown), the variable bit-length code, that
is, the data having the variable number of the valid bits
is efficiently (with no blank) stored in an address
sequence. The timing generator 18 counts the memory
data write clock, and in the next step S3, the timing gen-
erator 18 generates again the VBC request signal.
Therefore, in the next step S4, the memory data from
the address being incremented in the memory (not
shown) is loaded to the first register 12 in a bit-parallel
fashion, and because the select signal from the timing
generator 18 is "1", the data in the first register 12 is
loaded to the second register 20 in a bit-parallel fashion
via the selector 14. The timing generator 18 counts the
further memory data write clock, and in the next step
S5, generates the VBC request signal again. Therefore,
in the next step S6, the memory data from the memory
(not shown) is loaded to the first register 12 in a bit-par-
allel fashion, and since the select signal from the timing
generator 18 is "1", the data of the first register 12 is
loaded to the second register 20 via the select 14 in a
bit-parallel fashion. The initial flag from the timing gen-
erator 18 is applied to the subtracter 30, and therefore,
"16", i.e. "0000" is applied to the barrel shifter 16 from
the subtracter 30. The data of the second register 20 is
loaded to the third register 22 via the barrel shifter 16.
Since the initial counter 26 has counted three (3) mem-
ory data write clocks, in the next step S7, the initial
counter 26 outputs an initial end signal and applies the
same to the timing generator 18. Therefore, the timing
generator 18 terminates the initial setting operation.

Thus, as shown in Figure 6, in the first register 12,
the second register 20 and the third register 22, the data
are respectively loaded. In the third register 22, in an
order from the least significant bit, the data of 16 bits ag,
aq, a», as, a4, by, by, bs, by, by, bs, bg, Cg, €1, Co, C3 iS
loaded, and in the second register 20, in an order from
the least significant bit, the data of 16 bits ¢4, ¢s, Cg, C7,
Cg, Cog, C10, C11, C12, C13, do, d1, d2, d3, d4, d5 is Ioaded,
and in the first register 12, in an order from the least sig-
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nificant bit, the data of 16 bits dg, &g, g, f1, fo, f3, T4, s,
fe, f7, fg, fg, f10, do» 91, U2 is loaded. The alphabet char-
acters a, b, ¢, ... indicate different data, respectively, and
the number of the valid bits of the data a is 5 bits, the
number of the valid bits of the data b is 7 bits, the
number of the valid bits of the data ¢ is 14 bits, the
number of the valid bits of the data d is 7 bits, the
number of the valid bits of the data e is 1 bit, the number
of the valid bits of the data f is 11 bits, and the number
of valid bits of the data g is unknown.

In a next step S8, the CPU (not shown) reads ag-a,4
from the third register 22 as the valid data. In a step S9,
as the CPU write data, "5" which is the number of the
valid bits of the data a is outputted from the CPU. In
response thereto, since the valid bit number write clock
is outputted from the address decoder 36 (Figure 3),
data of "5" is written in the valid bit number register 28.

In a next step S10, the subtracter 30 preforms a cal-
culation operation of "the number of the remaining bits -
the number of the valid bits". Now, the number of the
remaining bits means data other than "0" which occurs
in the data held in the second register 20 as a result of
the barrel shift. For example, the data of 16 bits of c4-c13
and dg-dg in Figure 6 or the data of 11 bits of cg-c13 and
do-ds in Figure 7 is the remaining bits. In the example of
Figure 6, the number of the remaining bits of the second
register 20 is "16", the subtraction result in the step S10
becomes positive because of "16 - 5 = 11", and there-
fore, "YES" is determined in the step S10. At this time,
"5" that is the number of the valid bits is designated by
the subtracter 30 to the barrel shifter 16 as the shift
amount in the barrel shifter 16. Therefore, in a next step
S11, data being barrel-shifted by the valid bit number
"5" is loaded to the second register 20 and the third reg-
ister 22. A result thereof is shown in Figure 7. In Figure
7, the data in the first register 12 is unchanged, and the
data a of 5 bits held in the third register 22 is forced out
the third register 22. Therefore, in the third register 22,
the data of 16 bits bo, b1, b2, b3, b4, b5, be, Cp, G4, Cp, C3,
C4, Cs, Cg, C7, Cg is held. In addition, the borrow signal
and the zero signal from the subtracter 30 are both "0",
and therefore, the select signal of "0" is outputted from
the timing generator 18. Accordingly, the selector 14
selects the data from the barrel shifter 16. Therefore, in
the second register 20, the data of 11 bits ¢g, ¢1g, C11,
C12, C13, do, d1, d2, d3, d4, d5 and 5 bits of "0" are held.
"0" is written in the second register 20 as a result of a
fact that the data of the second register 20 is barrel-
shifted by 5 bits by the barrel shifter 16.

In a state of Figure 7, the valid bit number of the
data b in the third register 22 is "7", and the remaining
bit number in the second register 20 is "11". Therefore,
at this time, the steps S8 to S11 are repeatedly exe-
cuted. As a result thereof, as shown in Figure 8, the
data b of 7 bits is discharged from the third register 22,
and the data b is fetched as the CPU read data. Then,
in the third register 22, the data of 16 bits ¢y, ¢4, €5, C3,
C4, Cs, Cg, C7, Cg, Cg, C10, C11, C12, C13, do, d1 is held, and
in the second register 20, the data of 4 bits do, d3, dy, ds
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and 12 bits of "0" are held. Since "0" of 5 bits previously
existed and the barrel shift of 7 bits are newly per-
formed, at this stage, "0" in the second register 20
becomes 12 bits.

In a state of Figure 8, the valid bit number of the
data c in the third register 22 is "14", and the remaining
bit number of the second register 20 is "4". Therefore,
the subtraction result in the subtracter 30 becomes "4 -
14 = -10", and therefore, the borrow signal is outputted
and accordingly, "NO" is determined in the step S10.
Therefore, the process proceeds to a step S12 shownin
Figure 5. In the step S12, it is determined whether or not
the subtraction result of "the remaining bit number - the
valid bit number” is "0". In the above described example,
since the subtraction result is "-10", "NO" is determined
in the step S12, and therefore, the process proceeds to
a step S13.

In response to the borrow signal, the timing gener-
ator 18 outputs the select signal of "0". Furthermore, the
subtracter 30 applies "4" being the remaining bit
number to the barrel shifter 16 as the shift amount
because the subtraction result becomes negative.
Therefore, in the step S13, as shown in Figure 9, the
data in the second register 20 and the third register 22
is barrel-shifted by 4 bits, and resulted data is loaded to
the second register 20 and the third register 22. At this
time, the data of lower 16 bits in the barrel shifter 16
becomes C4, Cs, Cg, C7, Cg, Cg, C10, C11, C12, C13, do, d1,
do, d3, d4, ds, and the upper 16 bits become all "0".
Since the selector 14 next selects the data of the first
register 12 in response to the select signal of "1" from
the timing generator 18, the data of the first register 12
is loaded to the second register 20 in a bit-parallel fash-
ion, and the second register 20 holds the data of 16 bits
de. €o, fo, f1, f2, 13, fa, fs, s, 7, Ta, fa, f10. Q0. 91, Q2.

In a next step S14, the shift amount of "valid bit
number - remaining bit number” is designated by the
subtracter 30 for the barrel shifter 16. In the state of Fig-
ure 8, the valid bit number of the third register 22 is "14"
and the remaining bit number of the second register 20
is "4". Therefore, the shift amount at that time is "10".
Accordingly, in the step S14, the data obtained by bar-
rel-shifting the data of the second register 20 and the
third register 22 by 10 bits by the barrel shifter 16 is
loaded to the second register 20 and the third register
22 through the selector 14. As a result thereof, in the
third register 22, the data of 16 bits dg, dy, do, d3, d4, ds,
dG, €0, fo, f1, f2, f3, f4, f5, f6, f7 is held, and in the second
register 20, the data of 6 bits fg, fg, f10, 99, 91, 9o @and "0"
of 10 bits are held.

In a next step S15, the VBC request signal is out-
putted from the timing generator 18, and in response
thereto, the next memory data is read from the memory
(not shown). Therefore, in a step S16, as shown in Fig-
ure 10, the memory data is loaded to the first register 12
in a bit-parallel fashion, and accordingly, the data of 16
bits g3, 94, 95, 96: 97, ho, Ny, ha, hg, hy, hs, hg, hy, hg, hg,
hyg is held in the first register 12.
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In addition, since the timing generator 18 incre-
ments the memory address counter 34 at every timing
that the data is loaded from the memory to the first reg-
ister 12, only by a variable bit-length code train is stored
in the memory in sequential addresses, respective vari-
able bit-length codes are automatically and sequentially
loaded to the first register 12 from the memory.

When the step S12 is executed again, in a state of
Figure 9, the valid bit number of the data a in the third
register 22 is "7", and the remaining bit number is "4",
and therefore, steps S13 to S16 are executed. More
specifically, after the step S13, as shown in Figure 10,
the data of 16 bits de, €q, fo, f1, f2, f3, f4, f5, fG, f7, f8, f9,
10, 90, 91, 9o, 93 is held in the third register 22, and in
the second register 20, the data of 16 bits g3, 94, 95, 96,
d7, ho, h1, h2, h3, h4, h5, he, h7, hg, hg, h10 is held. At the
same time, the data d of 7 bits is fetched as the CPU
read data. After succeeding steps S15 and S16, as
shown in Figure 10, the data of 16 bits dg, e, fp, f4, fo,
f3, f4, f5, fe, f7, fg, fg, f10, Jdo» 91, 92 is held in the third reg-
ister 22, and the data of 15 bits of g4, g5, gs. 97, hg, hy,
h2, h3, h4, h5, he, h7, hg, hg, h10 and "0" of 1 bit are held
in the second register 20, and in the first register 12, the
memory data h11, h12, h13, h14, h15, io, i1, i2, i3, i4, i5, ie,
iz, ig, ig, jo from the memory (not shown) is loaded.

In a state of Figure 10, the number of the valid bits
of the data e in the third register 22 is "1", and the
remaining bit number is "15", and therefore, "YES" is
determined in the step S10 to be executed succeeding,
and therefore, the step S11 is executed again. As a
result thereof, as shown in Figure 11, in the third regis-
ter 22, the data of 16 bits fo, f1, f2, f3, f4, f5, fe, f7, do: 91,
Oo, 03, 94 is held, and in the second register 20, the data
of 14 bits Jds, U6, 97, ho, h1, h2, h3, h4, h5, he, h7, hg, hg,
h4o and "0" of 2 bits are held.

In a state of Figure 11, the number of the valid bits
of the data f in the third register 22 is "11", and the
remaining bit number is "14", and therefore, "YES" is
determined in the step S10 to be succeedingly exe-
cuted, and therefore, the step S11 is executed again. As
a result thereof, as shown in Figure 12, in the third reg-
ister 22, the data of 16 bits gg, 91, 92, 93, 94, 95, 6, 97,
ho, h1, h2, h3, h4, h5, he, h7 is held, and in the second
register 20, the data of 13 bits hg, hg, h{g and "0" of 13
bits are held. At this time, the data in the first register 12
is unchanged as h11, h12, h13, h14, h15, io, i1, i2, i3, i4, i5,
ig: 17, 1g, g, Jo-

In a state of Figure 12, the valid bit number of the
data g in the third register 22 is "8", and the remaining
bit number is "3", and therefore, in the steps S10 and
812, "NO" is determined, respectively. Therefore, the
steps S13 to S16 are repeatedly executed again. A
result thereof is shown in Figure 13.

In a state of Figure 13, the valid bit number of the
data h in the third register 22 is "16", and the remaining
bit number of the second register 20 is "11". Therefore,
the subtraction result in the subtracter 30 becomes "11
- 16 = -5", and therefore, the borrow signal is outputted,
and accordingly, "NO" is determined in the step S10.
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Therefore, in the step S12, it is determined whether or
not the subtraction result of "the remaining bit number -
the valid bit number” is "0". In the above described
example, since the subtraction result is "-5", "NO" is
determined in the step S12, and therefore, the process
proceeds to a step S13.

In response to the borrow signal, the timing gener-
ator 18 outputs the select signal of "0". Furthermore, the
subtracter 30 applies "11" being the remaining bit
number to the barrel shifter 16 as the shift amount
because the subtraction result becomes negative.
Therefore, in the step S13, as shown in Figure 14, the
data in the second register 20 and the third register 22
is barrel-shifted by 11 bits, and resulted data is loaded
to the second register 20 and the third register 22. At
this time, the data of the lower 16 bits in the barrel
shifter 16 becomes h11, h12, h13, h14, h15, io, i1, i2, i3, i4,
is, ig, i7, ig, ig, jo, @and the upper 16 bits become all "0".
Since the selector 14 next selects the data of the first
register 12 in response to the select signal of "1" from
the timing generator 18, the data of the first register 12
is loaded to the second register 20 in a bit-parallel fash-
ion, and the second register 20 holds the data of 16 bits
i1, J2 I3: J4. 51 I i7: I8 Kos K1, ko, kg, Ky, ks, ke, k7.

In the next step S14, the shift amount of "valid bit
number - remaining bit number” is designated from the
subtracter 30 to the barrel shifter 16. In a state of Figure
14, the valid bit number of the third register 22 is "16"
and the remaining bit number of the second register 20
is "11". Therefore, the shift amount at that time is "5".
Accordingly, in the step S14, the data obtained by bar-
rel-shifting the data of the second register 20 and the
third register 22 by 5 bits by the barrel shifter 16 is
loaded to the second register 20 and the third register
22 through the selector 14. As a result thereof, in the
third register 22, the data of 16 bits io, i1, i2, i3, i4, i5, ie,
i7, ig, ig, Jos i1, J2, I3» I4» J5 is held, and in the second reg-
ister 20, the data of 11 bits jg, j7, jg, ko, K1, ko, ks, kg, ks,
ks, k; and "0" of 5 bits are held.

In the next step S15, the VBC request signal is out-
putted from the timing generator 18, and in response
thereto, the next memory data is read from the memory
(not shown). Therefore, in a step S16, as shown in Fig-
ure 15, the memory data is loaded to the first register 12
in a bit-parallel fashion, and accordingly, the data of 16
bits |0, |1, 12, |3, |4, Mg, M4, Ng, N¢, No, Sg, S1, So, S3, S4, S5,
is held in the first register 12.

In the state of Figure 14, the number of the valid bits
of the data i in the third register 22 is "10", and the
number of the remaining bits in the second register 20 is
"11". Therefore, the subtraction result in the subtracter
30 becomes "11 - 10 = 1", and therefore, "YES" is deter-
mined in the step S10. At this time, "10" equal to the
number of the valid bits is applied to the barrel shifter 16
from the subtracter 30 as the shift amount in the barrel
shifter 16. Therefore, in the next step S11, the data bar-
rel-shifted by the number of the valid bits, i.e. "10" is
loaded to the second register 20 and the third register
22. A result thereof is shown in Figure 15. In Figure 15,
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the data in the first register 12 is unchanged, and the
data i of 10 bits held in the third register 22 is pushed-
out from the third register 22. Therefore, in the third reg-
ister 22, the data of 16 bits jg, j4, j2, i3, 4. i5, 6, i7: ias Kos
kq, ko, ks, kg, ks, kg is held. In addition, the borrow signal
and the zero signal from the subtracter 30 are both "0",
and therefore, the select signal of "0" is outputted from
the timing generator 18. Accordingly, the selector 14
selects the data from the barrel shifter 16. Therefore, in
the second register 20, the data of 1 bit k; and "0" of 15
bits are held. "0" is written in the second register 20
because the data in the second register 20 is barrel-
shifted by 10 bits by the barrel shifter 16.

In a state of Figure 15, the valid bit number of the
data j in the third register 22 is "9", and the remaining bit
number of the second register 20 is "1". Therefore, the
subtraction result in the subtracter 30 becomes "1 -9 =
-8", and therefore, the borrow signal is outpuited, and
accordingly, "NO" is determined in the step S10. There-
fore, in the step S12, it is determined whether or not the
subtraction result of "the remaining bit number - the
valid bit number” is "0". In the above described example,
since the subtraction result is "-8", "NO" is determined in
the step S12, and therefore, the process proceeds to
the step S13.

In response to the borrow signal, the timing gener-
ator 18 outputs the select signal of "0". Furthermore, the
subtracter 30 applies "1" being the remaining bit
number to the barrel shifter 16 as the shift amount
because the subtraction result becomes negative.
Therefore, in the step S13, as shown in Figure 16, the
data in the second register 20 and the third register 22
is barrel-shifted by 1 bits, and resulted data is loaded to
the second register 20 and the third register 22. At this
time, the data of the lower 16 bits in the barrel shifter 16
becomes j1, j2, i3 4. I5: I 7. Js Ko. k1, ko, ks, Ka, ks, kg,
ky, and the upper 16 bits become all "0". Since the
selector 14 next selects the data of the first register 12
in response to the select signal of "1" from the timing
generator 18, the data of the first register 12 is loaded to
the second register 20 in a bit-parallel fashion, and the
second register 20 holds the data of 16 bits 1q, 14, I, I3,
|4, Mo, M4, Ng, N1, Ny, Sg, S1, S, S3, S4, S5.

In the next step S14, the shift amount of "valid bit
number - remaining bit number” is designated from the
subtracter 30 to the barrel shifter 16. In the state of Fig-
ure 15, the valid bit number of the third register 22 is "9"
and the remaining bit number of the second register 20
is "1". Therefore, the shift amount at that time is "8".
Accordingly, in the step S14, the data obtained by bar-
rel-shifting the data of the second register 20 and the
third register 22 by 8 bits by the barrel shifter 16 is
loaded to the second register 20 and the third register
22 through the selector 14. As a result thereof, in the
third register 22, the data of 16 bits kg, ki, ko, ks, k4, ks,
ke, k7, lg, |4, 1o, 13, 14, Mg, m4, ng is held, and in the sec-
ond register 20, the data of 8 bits n4, n,, sy, 84, S», S3,
S4, S5 and "0" of 8 bits are held.
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In the next step S15, the VBC request signal is out-
putted from the timing generator 18, and in response
thereto, the next memory data is read from the memory
(not shown). Therefore, in the step S16, as shown in
Figure 17, the memory data is loaded to the first register
12 in a bit-parallel fashion, and accordingly, the data of
16 bits S6, $7, Sg, S, $10s S11: S12, 13, to, t1, Ug, Uq, Uo,
Uz, Uy, Us is held in the first register 12.

If the step S12 executed again, in a state of Figure
16, the number of the valid bits of the data k in the third
register 22 is "8", and the remaining bit number is "8",
and therefore, steps S17 to S19 are executed.

First, in the step S17, the selector 14 selects the
data in the first register 12 in response to the select sig-
nal of "1" from the timing generator 18, and therefore,
the data of the first register 12 is loaded to the second
register 20 in a bit-parallel fashion, and in the second
register 20, the data of 16 bits sg, S7, Sg, So, S10, S11, S12
S13, to, 11, Ug, U4, Up, Ug, Uy, U5 is held. At this time, the
shift amount equal to the number of the valid bits is
applied to the barrel shifter 16 from the subtracter 30. In
a state of Figure 16, the number of the valid bits in the
second register 22 is "8". Therefore, the shift amount at
that time is "8". Accordingly, in the step S17, the data
obtained by barrel-shifting the data in the second regis-
ter 20 and the third register 22 by the barrel shifter 16 by
8 bits is loaded to the second register 20 and the third
register 22 through the selector 14. As a result thereof,
the data k of 8 bits being held in the third register 22 is
forced out from the third register 22. Then, as shown in
Figure 17, in the third register 22, the data of 16 bits I,
|1, |2, |3, |4, Mg, M4, Ny, Ny, No, Sq, S$1, So, S3, S, S5 is held,
and in the second register 20, the data of 16 bits sg, s7,
S8, S9, $10, S11, S12, S13, to, 1, Up, Uy, Up, Uz, Ug, Us is
held.

In the next step 16, the VBC request signal is gen-
erated from the timing generator 18, and therefore, next
memory data is read from the memory (not shown).
Therefore, in the step S19, as shown in Figure 18, the
memory data is loaded to the first register 12 in a bit-
parallel fashion, and therefore, the first register 12 holds
the data of 16 bits Ug, Uz, Vo, V4, Vo, V3, V4, Wg, W{, Wo,
W3, Wy, W5, Wg, W7, Xg.

In a state of Figure 17, the number of the valid bits
of the data | in the third register 22 is "5", and the
number of the remaining bits in the second register 20 is
"16". Therefore, the subtraction result in the subtracter
30 becomes "16 - 5 = 11", and therefore, "YES" is deter-
mined in the step S10. At this time, "5" equal to the
number of the valid bits is applied to the barrel shifter 16
from the subtracter 30 as the shift amount in the barrel
shifter 16. Therefore, in the next step S11, the data bar-
rel-shifted by the number of the valid bits, i.e. "5" is
loaded to the second register 20 and the third register
22. A result thereof is shown at an upper portion in Fig-
ure 18. In this state, the data in the first register 12 is
unchanged, and the data | of 5 bits held in the third reg-
ister 22 is pushed-out from the third register 22. There-
fore, in the third register 22, the data of 16 bits mg, my,
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Ng, N4, Ny, Sg, S4, So, 83, S4, S5, S, S7, Sg, Sg, S1p is held.
In addition, the borrow signal and the zero signal from
the subtracter 30 are both "0", and therefore, the select
signal of "0" is outputted from the timing generator 18.
Accordingly, the selector 14 selects the data from the
barrel shifter 16. Therefore, in the second register 20,
the data of 11 bits S$11, S$12, $13, to, t1. Ug, Uq, Ug, U3, Uy,
us and "0" of 5 bits are held. "0" is written in the second
register 20 because the data in the second register 20 is
barrel-shifted by 5 bits by the barrel shifter 16.

In a state of the upper portion in Figure 18, the
number of the valid bits of the data m in the third register
22 is "2", and the number of the remaining bits in the
second register 20 is "11". Therefore, the subtraction
result in the subtracter 30 becomes "11 - 2 = 9", and
therefore, "YES" is determined in the step S10. At this
time, "2" equal to the number of the valid bits is applied
to the barrel shifter 16 from the subtracter 30 as the shift
amount in the barrel shifter 16. Therefore, in the next
step S11, the data barrel-shifted by the number of the
valid bits, i.e. "2" is loaded to the second register 20 and
the third register 22. A result thereof is shown at a lower
portion in Figure 18. In the lower portion of Figure 18,
the data in the first register 12 is unchanged, and the
data m of 12 bits held in the third register 22 is pushed-
out from the third register 22. Therefore, in the third reg-
ister 22, the data of 16 bits ngy, ny, ny, Sg, S4, So, S3, S4,
S5, S, S7, Sg, S9, S10, S11, S12 is held. In addition, the bor-
row signal and the zero signal from the subtracter 30
are both "0", and therefore, the select signal of "0" is
outputted from the timing generator 18. Accordingly, the
selector 14 selects the data from the barrel shifter 16.
Therefore, in the second register 20, the data of 9 bits
S13, fo, 14, Ug, U1, Us, U3, Uy, us and "0" of 7 bits are held.
"0" is written in the second register 20 because the data
in the second register 20 is barrel-shifted by 2 bits by
the barrel shifter 16.

Thus, in the above described embodiment, only by
performing the barrel shift operations twice at most, the
valid data can be withdrawn from the third register 22.

Although the present invention has been described
and illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

Claims

1. A variable bit-length code processing circuit, com-
prising:

a first 1-word register which holds data applied
in a bit-parallel fashion;

a second 1-word register which receives the
data from said first register in a bit-parallel
fashion;

a third 1-word register from which a variable
bit-length code is withdrawn;



17 EP 0 732 655 A1 18

a comparison means which compares the
number of valid bits with the number of remain-
ing bits of the data held in said second register
and outputs a first signal at a time that the
number of the valid bits is larger than the
number of the remaining bits;

a first barrel shift means which loads data bar-
rel-shifted from said the second register and
said third register by the number of the remain-
ing bits to said third register in response to said
first signal outputted from said comparison
means;

a load means which loads the data in said first
register to said second register in a bit-parallel
fashion in response to said first signal output-
ted from said comparison means; and

a second barrel shift means which loads the
data barrel-shifted from said second register
and said third register by the number of bits
equal to a difference between the number of
the valid bits and the number of the remaining
bits to said second register and said third regis-
ter after the data in said first register is loaded
to said second register by said load means.

2. A variable bit-length code processing circuit

according to claim 1, wherein said comparison
means outputs a second signal at a time that the
valid bit number and the remaining bit number are
equal to each other, said variable bit-length code
processing circuit further comprising:

a third barrel shift means which loads the data
in said second register and said third register to
said third register with barrel-shifting by said
remaining bit number when said second signal
is outputted from said comparison means; and
a load means for loading the data in said first
register to said second register when said sec-
ond signal is outputted from said comparison
means.

A variable bit-length code processing circuit
according to claim 1 or 2, wherein said comparison
means outputs a third signal at a time that said
remaining bit number is larger than said valid bit
number, said variable bit-length code processing
circuit further comprising:

a fourth barrel shift means which loads the data
in said second register and said third register to
said second register and said third register by
barrel-shifting by said valid bit number when
said third signal is outputted from said compar-
ison means.

4. A processing method in a variable bit-length code

processing circuit which comprises a first 1-word
register which holds data applied in a bit-parallel

5

10

15

20

25

30

35

40

45

50

55

10

fashion, a second 1-word register which receives
the data from said first register in a bit-parallel fash-
ion, and a third 1-word register from which a varia-
ble bit-length code is withdrawn, and comprising
steps of at a time that the number of valid bits is
larger than the number of remaining bits of the data
held in said second register,

(a) loading the data barrel-shifted from said
second register and said third register by the
number of the remaining bits to said third regis-
ter;

(b) loading the data of said first register to said
second register in a bit-parallel fashion; and
(c) loading the data of said second register and
said third register by barrel-shifting by the
number of bits equal to a difference between
the number of the valid bits and the number of
the remaining bits.

A processing method according to claim 4, further
comprising at a time that the valid bit number and
the remaining bit number are equal to each other,
(d) loading data obtained by barrel-shifting the data
in said second register and said third register by
said remaining bit number to said second register
and said third register, and (e) loading the data in
said first register to said second register in a bit-par-
allel fashion.

A processing method according to claim 4 or 5, fur-
ther comprising at a time that said remaining bit
number is larger than said valid bit number, (f) load-
ing the data in said second register and said third
register to said second register and said third regis-
ter by barrel-shifting by said valid bit number.

Amended claims under Art. 19.1 PCT

1. A variable bit-length code processing circuit,
comprising:

a first 1-word register which holds compressed
data applied in a bit-parallel fashion;

a second 1-word register which receives the
compressed data from said first register in a
bit-parallel fashion;

a third 1-word register which loads a variable
bit-length code is composed of valid bits and
non-valid bits;

a comparison means which compares the
number of valid bits with the number of remain-
ing bits of the data held in said second register
and outputs a first signal at a time that the
number of the valid bits is larger than the
number of the remaining bits;

a first barrel shift means which loads the data
of said the second register and said third reqis-
ter by barrel-shifting by the number of the
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remaining bits to said third register in response
to said first signal outputted from said compari-
S$ON means;

a load means which loads the compressed
data in said first register to said second register
in a bit-parallel fashion in response to said first
signal outputted from said comparison means;
a second barrel shift means which loads the
data of said second register and said third reg-
ister by barrel-shifting by the number of bits
equal to a difference between the number of
the valid bits and the number of the remaining
bits to said second register and said third regis-
ter after the compressed data in said first regis-
ter is loaded to said second register by said
load means; and

an output means which withdraws said variable
bit-length code that the non-valid bits are

added to said compressed data.

2. (Amended) A variable bit-length code processing
circuit according to claim 1, wherein said compari-
son means outputs a second signal at a time that
the valid bit number and the remaining bit number
are equal to each other, said variable bit-length
code processing circuit further comprising:

a third barrel shift means which loads the data
in said second register and said third register to
said third register with barrel-shifting by said
remaining bit number when said second signal
is outputted from said comparison means; and
a load means for loading the compressed data
in said first register to said second register in

response to said second signal from said com-

parison means.

3. (Amended) A variable bit-length code processing
circuit according to claim 1 or 2, wherein said com-
parison means outputs a third signal at a time that
said remaining bit number is larger than said valid
bit number, said variable bit-length code processing
circuit further comprising:

a fourth barrel shift means which loads the data
in said second register and said third register to
said second register and said third register by
barrel-shifting by said valid bit number in
response to said third signal from said compar-
ison means.

4. (Amended) A processing method in a variable
bit-length code processing circuit which comprises
a first 1-word register which holds compressed data
applied in a bit-parallel fashion, a second 1-word
register which receives the compressed data from
said first register in a bit-parallel fashion, and a third
1-word register which loads a variable bit-length
code composed of valid bits and non-valid bits, and
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comprising steps of at a time that the number of
valid bits is larger than the number of remaining bits
of the data held in said second register,

(a) loading the data of said second register and
said third register by barrel-shifting by the

number of the remaining bits to said third regis-
ter;
(b) loading the compressed data of said first
register to said second register in a bit-parallel
fashion;
(¢) loading the data of said second register and
said third register by barrel-shifting by the
number of bits equal to a difference between
the number of the valid bits and the number of
the remaining bits; and

withdrawing said variable bit-length
code that the non-valid bits are added to said

compressed data from said third reqister.

5. (Amended) A processing method according to
claim 4, further comprising at a time that the valid
bit number and the remaining bit number are equal
to each other, (d) loading data of said second regis-
ter and third register by barrel-shifting by said
remaining bit number to said second register and
said third register, and (e) loading the compressed
data in said first register to said second register in a
bit-parallel fashion; and

withdrawing said variable bit-length code
that the non-valid bits are added to said com-
pressed data from said third register.
6. (Amended) A processing method according to
claim 4 or 5, further comprising at a time that said
remaining bit number is larger than said valid bit
number, (f) loading the data in said second register
and said third register to said second register and
said third register by barrel-shifting by said valid bit
number; and

withdrawing said variable bit-length code
that the non-valid bits are added to said com-

pressed data from said third register.
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