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(57) ABSTRACT

A digital sum variation (DSV) computation method and sys-
tem 1s proposed, which 1s capable of determining the DSV
value of a bit stream of channel-bit symbols to thereby find
the optimal merge-bit symbol for mnsertion between each
succeeding pair of the channel-bit symbols. This DSV com-
putation method and system 1s characterized 1n the use of a
Zero Digital Sum Variation (ZDSV) principle to determine
the DSV. This DSV computation method and system can find
the optimal merge-bit symbol for mnsertion between each
succeeding pair of the channel-bit symbols 1n a more cost-
clfective manner with the need for a reduced amount of
memory and utilizes a lookup table requiring a reduced
amount of memory space for storage so that memory space
can be reduced as compared to the prior art. This DSV com-
putation method and system 1s therefore more advantageous

to use than the prior art.
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DIGITAL SUM VARIATION COMPUTATION
METHOD AND SYSTEM

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation application of, and
claims the priority benefit of, U.S. application Ser. No 10/370,
261 filed on Feb. 19, 2003, now U.S. Pat. No. 6,853,684
which 1s a continuation application of U.S. application Ser.
No. 09/494,176 filed on Jan. 31, 2000, now U.S. Pat. No.
6,542,452 1ssued on Apr. 1, 2003, which claims the priority
benefit of Taiwan application serial No 88117002, filed Oct.
2, 1999,

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to digital technology, and more par-
ticularly, to a digital sum vanation (DSV) computation
method and system which 1s capable of determining the DSV
value of a bit stream of channel-bit symbols to thereby find
the optimal merge-bit symbol for insertion between each
succeeding pair of the channel-bit symbols.

2. Description of Related Art

In a CD (compact disc) system, analog audio signals are
processed through sampling and analog-to-digital conversion
into a stream of digital data. Typically, the digital data are
formatted 1into 16-bit words, with each word consisting of two
bytes. By convention, each byte of the digital data 1s referred
to as a symbol. These digital data are then written onto a CD.
There exist, however, some problems when reading these
digital data from the CD if these data are directly written onto
the CD without further processing.

Conventionally, these digital data should be further pro-
cessed through the what 1s known as an eight-to-fourteen
modulation (EFM) to convert each 8-bit symbol into a 14-bit
data length called channel bits (each set of channel bits 1s
heremnafter referred to as a channel-bit symbol. The EFM
process 1s achueved through the use of a lookup table. The
length of each channel-bit symbol should be compliant with
the specified run length of the CD driver between 3 bitsand 11
bit.

During a write operation, 1t 1s possible that the current
channel-bit symbol and the next one are not compliant with
the specified run length. One solution to this problem 1s to
isert 3 bit, called merge bits, between each succeeding pair
of channel-bit symbols, so as to ensure that all the data written
onto the CD are absolutely compliant with the run length.

There are four merge-bit symbols (000), (001), (010), and
(100) which can be selected for insertion between each suc-
ceeding pair of channel-bit symbols; through computation,
the optimal merge-bit symbol can be found for the insertion.

During write operation, a pit 1s formed 1n the CD surface
for each change of binary value. During read operation, the
CD dniver can produce a what 1s known as a Non-Return-to-
Zero-and-Invert (NRZI) signal based on the pattern of the pits
on the CD.

FI1G. 11s a schematic diagram used to depict the generation
of an NRZI signal and a bit stream from a pattern of pits on a
CD. During the read, when a pit 1s encountered, it represents
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2

a logic change from O to 1 or from 1 to 0. The starting logic
voltage state for the NRZI signal can be either LOW or HIGH.
In the example of FIG. 1, the NRZI signal wavetform (I) has a
LOW starting logic voltage state, whereas the NRZI signal
wavelorm (I1I) has a HIGH starting logic voltage state. In
either case, the CD driver can produce a bit stream of channel-
b1t symbols (efm,, efm,, efim,) and a number of merge-bit
symbols (m,, m,, m,) each being inserted between one suc-
ceeding pair of the channel-bit symbols. The merge-bit sym-
bols (m,, m,, m;) can be removed later to obtain the channel-
bit symbols (efm,, eflm,, efm,) which are then processed
through reverse EFM to recover the original 8-bit symbols
(SYM,, SYM,, SYM,).

In the case of the NRZI signal wavetorm (1), whose starting,
logic voltage state 1s LOW, 1ts digital sum variation (DSV),
here represented by DSV |, can be computed as follows: since
c¢im,=(01001000100000), the DSV, value at t, 1s 0; subse-
quently, since the first bit O 1s at the LOW state, the DSV,
value becomes —1; subsequently, since the next three bits 100
are at the HIGH state, the DSV, value becomes —-1+3=+2;
subsequently, since the next four bits 1000 are at the LOW
state, the DSV, value becomes +2 —4=-2; and subsequently,
since the next six bits 1000000 are at the HIGH state, the
DSV, value becomes -2+6=+4.

Subsequently at t, (1.e., at the end of m,), the DSV, value
becomes +3; at t; (1.e., at the end of efm,), the DSV, value
becomes -3; at t, (1.e., at the end of m,), the DSV, value
becomes -2; at t; (1.e., at the end of efm,), the DSV, value
becomes 0. The DSV for the NRZI signal wavetorm (II), here
denoted by DSV, 1s simply the negative of the DSV, value,
1.e., DSV,=-DSV, at any time point.

What 1s described above 1s how the pattern of pits on a CD
can be converted 1nto a stream of bit data during read opera-
tion. The encoding of the orniginal digital data through EFM
with insertion of merge bits before being written onto the CD
1s rather complex 1n procedure. The U.S. Pat. No. 5,375,249
entitled “EIGHT-TO-FOURTEEN-MODULATION CIR-
CUIT FOR A DIGITAL AUDIO DISC SYSTEM” 1ssued on
Dec. 20, 1994 discloses a method for finding the optimal
merge-bit symbol through the use of DSV. This patented
method 1s briefly depicted in the following with reference to
FIG. 2.

Referring to FIG. 2, after efim, and efm, are obtained, four
bit streams are obtained by inserting each of the following
four merge-bit symbols: (000), (001), (010), and (100),
between elm, and efm,. After thus, the respective DSV values
for these four bit streams are computed, which are respec-
tively denoted by DSV, DSV,, DSV, and DSV .

Next, whether the length of the merge bits inserted between
elm, and efm, exceeds the specified run length 1s checked; 1f
the length 1s exceeded, these merge bits are inhibited from
insertion between efm, and efim,. To do this, a check 1s con-
ducted for each of the four bit streams as to whether the
number of consecutive Os between the last 1 and the next 1 in
elm,; exceeds the run length, and whether the number of
consecutive Os between the first 1 and the preceding 1 1n efm,
exceeds the run length.

In the example of F1G. 2, etm, =(01001000100000), efm,=
(00100100000000), and efm;=(01000001000000). Then, the
isertion of each of the four merge-bit symbols: m,;=(000),
m,=(001), m;=(010), and m,=(100), between efm, and efm,
results 1 four bit streams, with DSV ,=+135, DSV,=-3,
DSV .,=-5, and DSV _=-7, where DSV, 1s the DSV of the bit
stream (elm,, m,, efm,); DSV, 1s the DSV of the bit stream
(efm,, m,, efm,); DSV, 1s the DSV of the bit stream (efm,,
m,, efm,); and DSV, 1s the DSV of the bit stream (efm,, m,,
elm,). Among these DSV values, DSV ,=-3 1s closest to 0,
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and the associated merge-bit symbol m,=(001) 1s therefore
chosen for insertion between etm, and etm, .

In a similar manner, for efm, and eftm,, the DSV value of
—8 can be obtained for the bit stream (efm.,, m,, efm,). The bat
stream (efm,, m,, efm,) 1s not compliant with the run length
and 1s therefore disregarded the DSV value for the bit stream
(efm,, etm,, efm,) 1s 0, and the DSV value for the bit stream
(efm,, m,, efm,) 1s 2. Among these DSV values, DSV=0 1s
closest to 0, and the associated merge-bit symbol m,=(010) 1s
therefore chosen for insertion between efm, and efm,. An
NRZI signal can be then obtained based on the resulting bit
stream (efm,, m,, efm,).

One drawback to the foregoing method, however, 1s that a
large amount of memory space 1s required to implement the
DSV-based algorithm for finding the optimal merge-bit sym-
bol for 1insertion between each succeeding pair of the 14-bit
channel-bit symbols. This 1s because that the method requires
the storage of a lookup table used 1n the EFM process and the
binary data of each 14-bit channel-bit symbols, which are
quite memory-consuming. Moreover, the process for finding
the optimal merge-bit symbol 1s quite complex 1n procedure,
and requires a lengthy program to implement.

SUMMARY OF THE INVENTION

It 1s therefore an objective of this mvention to provide a
DSV computation method and system, which can find the
optimal merge-bit symbol based on DSV 1n a more cost-
clfective manner with the need of a reduced amount of
memory.

It 1s another objective of this invention to provide a DSV
computation method and system, which utilizes a lookup
table requiring a reduced amount of memory space for stor-
age so that memory space can be reduced compared to the
prior art.

In accordance with the foregoing and other objectives, the
invention proposes a new DSV computation method and sys-
tem. The DSV computation method and system of the inven-
tion 1s capable of determining the DSV value of a bit stream
of channel-bit symbols to thereby find the optimal merge-bit
symbol for insertion between each succeeding pair of the
channel-bit symbols.

In terms of system, the imnvention comprises the following
constituent parts: (a) an EFM processing unit for converting
cach original binary symbol 1nto 1ts corresponding channel-
bit symbol; (b) a PDSV processing unit for processing each
original binary symbol to obtain its channel-bit symbol
PDSYV:; (¢) a channel-bit symbol inhibit circuit, receiving the
output channel-bit symbol from the EFM processing unit and
under control of am,_ SEL signal, for determining which one
of the merge-bit symbols 1s mvalid for compliance with a
specified run length; (d) an ODD checking circuit, receiving
the output channel-bit symbol from the EFM processing unit
and under control ofam,_ SEL signal, for determining, based
on a previous start-to-channel-bit ODD value, a number of
start-to-channel-bit ODD values for the merge-bit symbols,
respectively; (e) a DSV computation and search circuit,
coupled to the PDSYV processing unit and the ODD checking
circuit, for computing for the respective DSV values corre-
sponding to the merge-bit symbols based on the current start-
to-channel-bit ODD, the PDSV, the previous start-to-chan-
nel-bit ODD, the previous ZDSV, which DSV computation
and search circuit 1s under control of the channel-bit symbol
inhibit circuit to eliminate any of the DSV values correspond-
ing to an ivalid merge-bit symbol determined by the chan-
nel-bit symbol inhibit circuit, the DSV computation and
search circuit outputting an index signal indicative of the
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4

selected merge-bit symbol using as the optimal merge-bit
symbol for insertion between the current channel-bit symbol
and the previous channel-bit symbol; () a third buifer,
coupled to the DSV computation and search circuit, for tem-
porary storage of the previous start-to-channel-bit ODD; and
(g) a second buifer, coupled to the DSV computation and
search circuit, for temporary storage of the previous ZDSV.
In terms of method, the invention comprises the following
steps: (1) fetching the current channel-bit symbol; and then,
based on the starting logic voltage state of an NRZI signal,
determining the PDSV and ODD of the current channel-bit
symbol; (2) assigning the current channel-bit symbol PDSV
as the previous channel-bit symbol ZDSV, and assigning the
current channel-bit symbol ODD as the previous channel-bit
symbol ODD; (3) fetching the next channel-bit symbol; and
then, based on the starting logic voltage state of the NRZI
signal, determining the PDSV and ODD of this channel-bit
symbol; (4) from four merge-bit symbols including a first
merge-bit symbol, a second merge-bit symbol, a third merge-
bit symbol, and a fourth merge-bit symbol, selecting the first
merge-bit symbol; and then determiming the first merge-bit
symbol PDSV and ODD; and then performing an XOR logic
operation on the previous channel-bit symbol ODD and the
first merge-bit symbol ODD to thereby obtain a start-to-the-
first-merge-bit ODD; and then determining the ZDSV value
for the first merge-bit symbol based on the previous channel-
bit symbol ZDSV and the first PDSV; and then, 1n the case of
the starting logic voltage state of the NRZI signal being LOW,
determining the result of the first ZDSV plus the start-to-next-
channel-bit ODD to thereby obtain a first DSV corresponding
to the first merge-bit symbol; and while 1n the case of the
starting logic voltage state of the NRZI signal being HIGH,
determining the result of the first ZDSV minus the start-to-
next-channel-bit ODD to thereby obtain a first DSV corre-
sponding to the first merge-bit symbol; and then checking
whether the resulting bit stream from the first merge-bit sym-
bol exceeds a specified run length; if YES, eliminating the
first DSV; (5) selecting the second merge-bit symbol; and
then determiming the second merge-bit symbol PDSV and
ODD; and then performing an XOR logic operation on the
previous channel-bit symbol ODD and the second merge-bit
symbol ODD to thereby obtain a start-to-the-second-merge-
bit ODD; and then determining the ZDSV value for the sec-
ond merge-bit symbol based on the previous channel-bit sym-
bol ZDSV and the second PDSV; and then, 1n the case of the
starting logic voltage state of the NRZI signal being LOW,
determining the result of the second ZDSYV plus the start-to-
next-channel-bit ODD to thereby obtain a second DSV cor-
responding to the second merge-bit symbol; and while in the
case of the starting logic voltage state of the NRZI signal
being HIGH, determining the result of the second ZDSV
minus the start-to-next-channel-bit ODD to thereby obtain a
second DSV corresponding to the second merge-bit symbol;
and then checking whether the resulting bit stream from the
second merge-bit symbol exceeds a specified run length; 1f
YES, eliminating the second DSV, (6) selecting the third
merge-bit symbol; and then determining the third merge-bit
symbol PDSV and ODD; and then performing an XOR logic
operation on the previous channel-bit symbol ODD and the
third merge-bit symbol ODD to thereby obtain a start-to-the-
third-merge-bit ODD; and then determining the ZDSV value
for the third merge-bit symbol based on the previous channel-
bit symbol ZDSV and the third PDSV; and then, 1n the case of
the starting logic voltage state ol the NRZI signal being LOW,
determining the result of the third ZDSV plus the start-to-
next-channel-bit ODD to thereby obtain a third DSV corre-
sponding to the third merge-bit symbol; and while 1n the case
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of the starting logic voltage state of the NRZI signal being
HIGH, determining the result of the third ZDSV minus the
start-to-next-channel-bit ODD to thereby obtain a third DSV
corresponding to the third merge-bit symbol; and then check-
ing whether the resulting bit stream from the third merge-bit
symbol exceeds a specified run length; 11 YES, eliminating the
third DSV; (7) selecting the fourth merge-bit symbol; and
then determinming the fourth merge-bit symbol PDSV and
ODD; and then performing an XOR logic operation on the
previous channel-bit symbol ODD and the fourth merge-bit
symbol ODD to thereby obtain a start-to-the-fourth-merge-
b1t ODD; and then determining the ZDSV value for the fourth
merge-bit symbol based on the previous channel-bit symbol
ZDSV and the fourth PDSV; and then, in the case of the

starting logic voltage state of the NRZI signal being LOW,
determining the result of the fourth ZDSV plus the start-to-
next-channel-bit ODD to thereby obtain a fourth DSV corre-
sponding to the fourth merge-bit symbol; and while 1n the

case of the starting logic voltage state of the NRZI signal
being HIGH, determiming the result of the fourth ZDSV

minus the start-to-next-channel-bit ODD to thereby obtain a
fourth DSV corresponding to the fourth merge-bit symbol;
and then checking whether the resulting bit stream from the
fourth merge-bit symbol exceeds a specified run length; 1f
YES, eliminating the fourth DSV; (8) finding which one of
the non-eliminated DSV values has the minimum absolute
value; (9) 11 the first DSV has the minimum absolute value,
then assigning the current channel-bit symbol as the previous
channel-bit symbol, the first ZDSV as the previous channel-
bit symbol ZDSYV, and the current start-to-channel-bit ODD
as the previous channel-bit symbol ODD; then jumping to the
step (3); (10) 11 the second DSV has the mimimum absolute
value, then assigning the current channel-bit symbol as the
previous channel-bit symbol, the second ZDSV as the previ-
ous channel-bit symbol ZDSV, and the current start-to-chan-
nel-bit ODD as the previous channel-bit symbol ODD; then
jumping to the step (3); (11) 1t the third DSV has the mini-
mum absolute value, then assigning the current channel-bit
symbol as the previous channel-bit symbol, the third ZDSV
as the previous channel-bit symbol ZDSV, and the current
start-to-channel-bit ODD as the previous channel-bit symbol
ODD; then jumping to the step (3); and (12) if the fourth DSV
has the mimimum absolute value, then assigning the current
channel-bit symbol as the previous channel-bit symbol, the
tourth ZDSV as the previous channel-bit symbol ZDSV, and
the current start-to-channel-bit ODD as the previous channel-
bit symbol ODD; then jumping to the step (3).

BRIEF DESCRIPTION OF DRAWINGS

The mvention can be more fully understood by reading the
tollowing detailed description of the preferred embodiments,
with reference made to the accompanying drawings, wherein:

FIG. 1 (PRIOR ART) 1s a schematic diagram used to depict
the generation of an NRZI signal and a bit stream from a
pattern of pits on a CD;

FIG. 2 (PRIOR ART) 1s a schematic diagram used to depict
how a conventional method 1s used to obtain the optimal
merge-bit symbol for imnsertion between each succeeding pair
of channel-bit symbols;

FIG. 3a shows a comparison between DSV and ZDSV in
the case of the starting logic voltage state being LOW and the
total of 1s being an odd number;

FIG. 3b shows a comparison between DSV and ZDSV in
the case of the starting logic voltage state being LOW and the
total of 1s being an even number;
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FIG. 4 1s a schematic diagram used to depict the algorithm
used to compute for ZDSV;

FIG. 5 1s a schematic diagram used to show a comparison
between DSV and ZDSV 1n the case of the starting logic
voltage state of the NRZI signal being HIGH and the total of
1s being an odd number;

FIG. 6 1s a schematic block diagram showing the system
architecture of the DSV computation method and system
according to the invention;

FIG. 7 1s a schematic diagram showing the iside circuit
architecture of the ODD checking circuit used 1n the DSV
computation system of the invention shown in FIG. 6;

FIG. 8 1s a schematic diagram showing the 1nside architec-
ture of the DSV computation circuit used in the DSV com-
putation system of the imnvention shown in FIG. 6; and

FIG. 9 1s a schematic diagram used to depict how to com-
pute for ZDSV 1 a DVD system.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following detailed description of the invention, the
algorithm utilized by the mvention will be first introduced,
following the implementation of the algorithm.

Algorithm Utilized by the Invention

The mvention utilizes a new concept called Zero Digital
Sum Variation (ZDSV). Based on the ZDSV principle, each O
in the NRZI signal 1s regarded as a “~1”" 11 the O 1s at the LOW
state and as a “+1” 1f the O 1s at the HIGH state.

FIG. 3A shows a comparison between DSV and ZDSV
when the starting logic voltage state of the NRZI signal 1s
L.OW and the total number of 1s 1s an odd number. As shown,
at the start, the ZDSV value 1s 0; subsequently at the appear-
ance of the first O, since this 0 1s at the LOW state, the ZDSV
value becomes —1; since the next three bits 100 are at the
HIGH state and include two 0s, the ZDSV value becomes
—1+2=+1; subsequently, since the next four bits 1000 are at
the LOW state and include three Os, the ZDSV value becomes
—-1+2-3=-2; and subsequently, the next six bit 100000 are at
the HIGH state and include five Os, the ZDSV value becomes
-1+2-3+5=+3 at t,. (1.e., at the end of elm, ).

Subsequently, at t,, the ZDSV value becomes +1 for the bit
stream (elm,, m,); at t;, the ZDSV value becomes -3 for the
bit stream (efm,, m,, efm,); at t,, the ZDSV value becomes
-3 forthe bit stream (efm,, m,, efm,, m5); and att., the ZDSV
value becomes 3 for the bit stream (efm,, m,, efm,, m,, efm,).

By contrast, based on the conventional DSV method, the
DSV value varies 1n such a manner that, at t,, the DSV value
1s +4; at t,, the DSV value becomes -3; at t,, the DSV value
becomes —2; and at t., the DSV value becomes +4.

FIG. 3B shows a comparison between DSV and ZDSV
when the starting logic voltage state 1s LOW and the total
number of 1s 1s an even number.

As shown, at t,, the ZDSV value 1s +3; at t,, the ZDSV
value becomes +6; at t5, the ZDSV value becomes +10; at t,,,
the ZDSV value 1s still +10; and at t., the ZDSV value
becomes +4.

By contrast, based on the conventional DSV method, the
DSV value varies 1n such a manner that, at t,, the DSV value
1s +4; at t,, the DSV value becomes +7; at t;, the DSV value
becomes +11; att,, the DSV value becomes +10; and at t., the
DSV value becomes +4.

From the foregoing examples of FIGS. 3A and 3B, it can be
learned that when the total number of 1s 1s an odd number, the

NRZI signal varies in voltage state for an odd-number of
times, and the difference between the ZDSV value and the
DSV valueis 1 (1.e., DSV=/DSV+1); whereas when the total
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number of 1s 1s an even number, the NRZI signal varies in
voltage state for an even-number of times, and the difference

between the ZDSV value and the DSV value 1s 0 (1.e.,
ZDSV=DSV).

In the forgoing case, the computation for ZDSV and the
conversion ol ZDSV 1nto DSV are disclosed 1n the following.
The algorithm involves the use of the following variables:
GZ,, ZDSV, PDSV(SEGMENT), ZDSV(SEGMENT), and
ODD(SEGMENT), which are introduced in the following.
GZ,.

Assume that, 1n a bit stream, each series of consecutive Os
are collected as a group, with 1 serving as the separator
between each neighboring pair of groups. Furthermore,
assume that GZ. represents the total number of Os 1n the (n)th

10

group. Inthe example of F1G. 3A, starting at t,, itcan be easily | .

seen that GZ,=1, GZ,=2, GZ,=3, GZ,=5, and so forth.
DSV

When the starting logic voltage state of the NRZI signal 1s
LOW, 1t 1s apparent that the first O group 1s minus. It can be

deduced that:
7ZDSV = Z GZ. - (1)
x=1

In the example of FIG. 3A, at t., a total of ten O groups are
collected, and theretfore,

DSV =G - (-1D+ G- (+1)+Gl3- (1) +

G- (+ 1))+ G5 - (1) + Gl - (+ 1)+ GZ7 - (1) +

Glg-(+1)+ Gy - (—1)+GZL1o-(+1)
=(=D+Q)+(=3)+O)+ =D+ D+ (=D +

(2) +(=3) +(3)

=3

PDSV(SEGMENT)

PDSV(SEGMENT) refers to Partial ZDSYV, which repre-
sents the ZDSV value of a particular segment 1n the total bat
stream, where the segment can be one of the 14-bit channel-
bit symbols efm,, efm,, efim,, or one of the 3-bit merge-bit
symbols m,, m; inserted among efm,, efm,, efm,. By PDSYV,
the first group starts at the beginning of a channel-bit symbol
or a merge-bit symbol. It can be formulated as follows:

PDSV = Z GZ, -(—1Y

x=1

Accordingly, in the example of FIG. 3A,

4
PDSV(efm) = ' GZ,-(~1) = (-1) + (2) + (=3) +(5) =3
x=1

PDSV(m,) =2
PDSV(efmy) = (4) + (—=8) = —4
PDSV(ms) = (—1) + (1) = 0

PDSViefmz) = (-1 + (3)+(-8) = -6
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ZDSV(SEGMENT)

ZDSV(SEGMENT) 1s similar to PDSV except that the
number o1 O groups 1s counted from the start of the bit stream.
It 1s formulated as follows:

p
ZDSV = Z GZ.-(—1)F

where

m represents the total number of O groups between the start
of the bit stream and the start of the segment.

Accordingly, in the example of FIG. 3A,

4
ZDSV(efmy) = ) GZe+ (=1 = (1) + (2) + (=3) +(5) = 3
x=1

5
ZDSV(m,) = Z GZ, - (—1y = =2
x=5
7
ZDSV(efmy) = Z GZ.-(—1Y = @) + (-8) = —4
x=6
8
ZDSV(m;) = Z GZ. - (—1¥ = (=D +(1)=0
x=7
10
ZDSV(efm;) = Z GZ. - (=1 = () + (=3)+ (8) = 6
x=8
ODD(SEGMENT)
ODD(SEGMENT) 1s used to indicate whether SEGMENT

contains an odd-number or an even-number of 1s, where SEG-
MENT 1s a series of consecutive bits. Each consecutive bit
can be a channel-bit symbol, a merge-bit symbol, or a seg-
ment of bits starting at to and ending at a channel-bit symbol
or a merge-bit symbol. If the number 1s odd, ODD(SEG-
MENT)=1; otherwise, 11 the number 1s even, ODD(SEG-
MENT)=0. In the example of FIG. 3A,

DD(efm, )=1; (three 1s)

DD(m,)=1; (one 1)

DD(etm,)=0; (two 1s)

DD(m,)=1; (one 1)

DD(efm,)=0; (two 15s)

DD(t,~etm,)=0ODD(etm, )=1; (three 1s)

DD(t,~m,)=0; (four 1s)

DD(t,~etm,)=0; (s1x 1s)

DD(t,~etm,)=0; (seven 1s)

DD(t,~etm,)=1; (nine 1s)

For ODD(t,~m,), ODD(t,~etm,), ODD(t,~m,), ODD
(t,~eim, ), they can be formulated as follows:

CRORORORORONONONONG

ODD(ty ~ mp) = ODD(efm; ) ¢ ODD{(m,)
=1& 1 (where & represents the

XOR logic operation)
=0

ODD(t; ~ (efm),) = ODD(tg ~ my) @ ODD((efm),)
=060
=0
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-continued

ODD(t; ~ m3) = ODD(ty ~ (efm),) @ ODD(m3)
=01
=1

ODD(ty ~ (efm);) = ODDI{ty ~ ms )@ ODD((efm);)
=140
=1

FI1G. 4 1s a schematic diagram used to depict the algorithm
used to compute ZDSV. Assume that SYM, represents the
original (n)th symbol. Through EFM, the (n—1)th channel-bit
symbol efm,_, 1s obtained from the (n—1)th symbol SYM_ _,,
and the (n)th channel-bit symbol efm, 1s obtained from the
(n)th symbol SYM_ . Assume that m , 1s the merge-bit symbol
inserted between efm,_, and efm, .

The values of ZDSV,__,, ODD(t,~etm,_,), PDSV(m, ),
ODD(m, ), DSV(eim, ), and ODD(efm, ) can be determined
through the use of the above-mentioned equations. Further, it

can be deduced that:

ZDSV(m,,) = PDSV(m,,) * (- 1)933(10—#?“;1_1)
ODD(t; ~ m,) = ODD(ty ~ (efm), ;) @& ODD(m,,)
ZDSV( (E:fm)ﬂ) = PDSV((EfIIl)H) # (— ]_)GDD“{}_?"H)

ODD(t) ~ (efm),) = ODD(t, ~ m,,) & ODD((efm),)
= ODD(ty ~ (efm), ;) ¢ ODD(m,,) & ODD((efm),

Accordingly, ZDSV _ can be formulated as follows:

DSV, = ZDSV, | + ZDSV(m,,) + ZDSV((efm), )

= ZDSV,_| + PDSV(m,) % (- 1)?PPt0 ~&mn-1) 4

= PDSV((efm),)  (—1)?PPt0~mn)

Therefore,
DSV, =ZDSV, +ODD(t~efm )

This equation shows that when ODD=1, 1.e., the segment
(t,~eim, ) contains an odd-number of 1s, DSV=/DSV+1;and
when ODD=0, 1.e., the segment contains an even-number of
1s, DSV=/DSYV.

FIG. 5 1s a schematic diagram used to show a comparison
between DSV and ZDSV when the starting logic voltage state
of the NRZI signal 1s HIGH and the total number of 1s 1s an
odd number.

As shown, 1t can be seen that, at the start, the ZDSV value
1s 0. Subsequently, since the first 0 1s at the HIGH state, the
ZDSYV value becomes +1; subsequently, since the next three
bits 100 are at the LOW state and include two Os, the ZDSV
value becomes —1; subsequently, since the next four bits 1000
are at the HIGH state and include three Os, the ZDSV value
becomes +2; and subsequently, since the next six bits 100000
are at the LOW state, the ZDSV value becomes -3 at t,.

Next, at the time point t,, the ZDSV value becomes -1;
subsequently at t,, the ZDSV value becomes +3; subse-
quently at t,, the ZDSV value becomes +3; and finally at t.,
the ZDSV value becomes -3.

By contrast, the DSV value varies in such a manner that, at
t,, the DSV value 1s —4; at t,, the DSV value becomes —1; at
t,, the DSV value becomes +3; at t,, the DSV value becomes
+2; and at t5, the DSV value becomes —4.
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Therefore, 1t can be learned that, in foregoing case, the
NRZI signal varies in voltage state for an odd-number of
times, and the difference between the ZDSV value and the
DSV value s 1, 1.e., DSV=/2DSV -1; whereas when the total
number of 1s 1s an even number, the NRZI signal varies in
voltage state for an even-number of times, and the difference

between the ZDSV wvalue and the DSV wvalue 1s 0O, 1.e.,
ZDSV=DSV.

In the forgoing case, the computation for ZDSV and the
conversion of ZDSV 1nto DSV are disclosed in the following.

The algorithm involves the use of the following variables:
G7Z , ZDSV, PDSV(SEGMENT), ZDSV(SEGMENT), and

ODD(SEGMENT), which are introduced 1n the following.
GZ,

Assume that, 1n a bit stream, each series of consecutive Os
are collected as a group, with 1 serving as the separator
between each neighboring pair of 0 groups. Furthermore,
assume that GZ represents the total number ot Os 1n the (n)th
0 group. In the example of FIG. §, starting at t,,, 1t can be easily
seen that GZ., =1, GZ,=2, GZ,=3, GZ,=5, and so forth.
DSV

In this case, ZDSV can be formulated as follows:

7ZDSV = Z GZ, - (—1y*!
x=1

Here, the power of (1) 1s x+1 instead of x because the start of
the NRZI signal 1s positive. Accordingly, in the example of
FIG. §, at t., the ZDSYV value 1s as follows:

ZDSV=(D+(2D+D+ -+ 2D+ (-d+

(0 +(=2)+(3) + (=3)

= 3

PDSV(SEGMENT)

PDSV(SEGMENT) refers to Partial ZDSV of a particular
segment in the bit stream, where the segment can be one of the
14-bit channel-bit symbol etm,, efm,, efm,, or one of the
3-bit merge-bit symbols m,, m;. PDSV can be formulated as
follows:

PDSV = Z GZ, - (—1y+

x=1

Accordingly, in the example of FIG. 5,

4
PDSV(efmy) =y GZ - (-1)*" = (1) + (=2) + 3) + (-5) = -3
x=1

PDSV(m,) = —2
PDSVietmp ) =(-4)+(8) =4
PDSV(ms) = (1) + (=1) =0
PDSV(efms) = (1) + (=3) + (8) = 6
ZDSV(SEGMENT)
ZDSV(SEGMENT) 1s similar to PDSV except that the

number of O groups 1s counted from the start of the bit stream.
It 1s here formulated as follows:
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P
7DSV = Z GZ, - (—1y+

where
m represents the total number of 0 groups between the start
of the bit stream and the start of the segment.
Accordingly, in the example of FIG. 5,

4
7ZDSV(efm, ) = Z GZ. (17" = (1) +(=2) + (3) + (=5) = =3
x=1
5
ZDSV(my) = Z GZ.-(-1y* =2
x=53

7
7ZDSV(efm,) = Z GZ, (—1F* = (—h + (8) = 4
x=6

8
ZDSV(m3) = Z GZ. - (—1y" = (D +(-1)=0
x=7

10
7ZDSV(efim;) = Z GZ, - (—1¥" = (1) + 3) + (-8) = -6
x=8

ODD(SEGMENT)

ODD(SEGMENT) 1s used to indicate whether SEGMENT
contains an odd-number or an even-number of 1s. If the
number 1s odd, ODD(SEGMENT )=1; otherwise, 11 the num-
ber 1s even, ODD(SEGMENT )=0.

Assume that SYM  represents the original (n)th symbol.
Through EFM, the (n-1)th channel-bit symbol efm,_, 1s
obtained from the (n-1)th symbol SYM _,, and the (n)th
channel-bit symbol etm_  1s obtained tfrom the (n)th symbol
SYM. . Assume that m, 1s the merge-bit symbol nserted
between efm,_, and efm .

The values of ZDSV, _,, ODD(t,~elm,_,), PDSV(m, ),
ODD(m,), DSV(elm, ), and ODD{eim, ) can be determined
through the use of the above-mentioned equations. Further, it

can be deduced that:

ZDSV(m,) = PDSV(m,,) (- 1)Gﬂﬂ(fﬂ—ffmn_1)
ODD(ty ~ m,) = ODD(ty ~ (efm),_;) & ODD(m,,)
ZDSV( (E‘:fm)ﬂ) = PDSV((efm)H) # (— I)GDD(ID_?"H)

ODD(ty ~ (efm),) = ODD(ty ~ m,) & ODD((efm),)
= ODD(ty ~ (efm),_,) & ODD(m,,) & ODD((efm),

Accordingly, ZDSV  can be formulated as follows:

ZDSV, = ZDSV, | + ZDSV(m,) + ZDSV((efm),)

ZDSV,_; + PDSV(m,,) # (= 1)0PPCo=gmn-1) 4
~ PDSV((efm),,) # (= 1)®PPto-mn)

Theretore,
DSV,=ZDSV, -ODD(t,~efm, )

This equation shows that when ODD=1 (i.e., the segment
contains an odd-number of 1s), DSV=/DSV -1; and when
ODD=0 (1.e., the segment contains an even-number of 1s),
DSV=/DSV.
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Implementation of the Invention

FIG. 6 1s a schematic block diagram showing the system
architecture of the DSV computation method and system
according to the invention. As shown, the system architecture
includes an EFM processing unit 100, a PDSV processing
unit 110, an ODD checking circuit 120, a run-length checking
circuit 130, a first bufter 150, a second butfer 200, a third
bufiter 190, an inhibit circuit 160, a search circuit 170, a first
multiplexer 220, a second multiplexer 180, an arithmetic unit
210, and a DSV computation circuit 300. The EFM process-
ing unit 100 and the PDSV processing unit 110 are two
separate memory units which are used to implement a lookup
table that allows each input 8-bit symbol SYM_  to find its
corresponding channel-bit symbol etm, and PDSV(etm,).

The efm, data 1s outputted from the EFM processing unit
100 and then transferred to both the ODD checking circuit
120 and the run-length checking circuit 130, while the PDSV
(efm, ) data 1s outputted from the PDSV processing unit 110
and then transferred to the DSV computation circuit 300. The
merge-bit selection signal m,_ SEL varies state sequentially
in such a manner as to represent the selection of one of the
four merge-bit symbols m,=(000), m,=(001), m,=(010), and
m,=(100). These four merge-bit symbols are then inserted
one by one between efm, and efm,__, to compute the corre-
sponding DSV values, which are respectively denoted by
DSV (m,), DSV _(m,), DSV, (m,), and DSV (m,).

The run-length checking circuit 130 1s used to check
whether the current channel-bit symbol efm, , after one
merge-bit symbol has been inserted, will be compliant with
the specified run length. To do this, the run-length checking
circuit 130 first checks the O groups of the 14 bits of emt, and
thereby assigns the first O group GZ., as LRUN_ and the last O
group GZ, ,. as RRUN . In the example of emf =
(01001000100000), GZ,=1 so that LRUN =1, and GZ, , =3
so that RRUN =5. The first buffer 150 1s used for temporary
storage of the RRUN  value of the previous channel-bit sym-
bol efm,_,. The run-length checking circuit 130 then sends
the RRUN_ value to the first bulfer 150 to replace the
RRUN, _, value previously stored therein, and meanwhile
sends the LRUN  value to the inhibit circuit 160.

Under control ofthem, SEL signal, the inhibit circuit 160
first reads the LRUN value and the RRUN, _, value, respec-
tively, from the run-length checking circuit 130 and the first
butiler 150, then successively inserts each of the four merge-
bit symbols m,=(000), m,=(001), m,=(010), and m;=(100)
between the RRUN, _, and the LRUN_ value, and then checks
whether the combined bit stream 1s compliant with the run
length or not. If not compliant, the corresponding merge-bit
symbol (heremafiter referred to as an 1nvalid merge-bit sym-
bol) will be sent via the INHIBITO~3 data line to the search
circuit 170, allowing the search circuit 170 to eliminate the
DSV corresponding to the mmvalid merge-bit symbol. For
instance, ifm, 1s an ivalid merge-bit symbol, then DSV, (m, )
1s eliminated.

The DSV computation circuit 300 1s designed to compute
DSV (m,), DSV (m,), DSV (m,), and DSV (m,) in accor-
dance with the above-mentioned equations.

The ODD checking circuit 120 1s used to perform the
following steps: a first step of receiving efm, from the EFM
processing unit 100 and ODD(t,~efm,__,) from the third
butfer 190; a second step of determining ODD(efm, ); a third
step of determining ODD(m, ) under control of the m,_ SEL
signal; and a final step of determining ODD(t,~etm, )=ODD
(to~efm, _,)DODD(m, PODD(efm ) for m,, m,, m,, and
m,, respectively. The resulting four pieces of data are then
transierred to the DSV computation circuit 300 for further
processing.
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The DSV computation circuit 300 recetves the PDSV
(efm, ) data from the PDSV processing unit 110, the ODD
(t,~eim, ) data from the ODD checking circuit 120, the ODD
(t,~eim, _,) data from the third butfer 190, and the ZDSV,__,
data from the second butifer 200, and then computes for DSV,
(m,) at the appearance of the m,_ SEL signal for m in accor-
dance with the following equations:

ZDSV,, = ZDSV,_; + ZDSV(m,) + ZDSV((efm),)
7ZDSV,_ | + PDSV(m,) (= 19PPo~emy-1) 4
~ PDSV((efm),) (= 1)2PPCo-mn)

ODD(ty ~ m,) = ODD(ty ~ (efm), ) & ODD(m,,)
DSV, = ZDSV, + ODD(t, ~ (efm), )

The DSV (m,) data 1s then transferred both to the search
circuit 170 and to the first multiplexer 220 and latched
thereby. Meanwhile, the ODD(t,~efm ) data for m,, denoted
as ODD(t,~efm )m,, 1s transierred back to the second mul-
tiplexer 180.

In a similar manner, DSV _(m, ), DSV, (m,),and DSV, (m;)
can be determined, and are then transferred both to the search
circuit 170 and to the first multiplexer 220. Meanwhile, ODD
(t,~eim, )m,, ODD(t,~efm, )m,, and ODD(t,~efm )m, are
transierred to the second multiplexer 180 to be latched
therein.

The search circuit 170, based on the information about the
invalid merge-bit symbol from the INHIBITO~3 data line,
first eliminates any one of the DSV, (m,), DSV, (m,), DSV
(m,), DSV (m,) corresponding to the invalid merge-bit sym-
bol, and then, from the remaining ones, chooses the one
whose value 1s closest to zero (1.e., the one whose absolute
value 1s minimum). The corresponding merge-bit symbol of
the chosen DSV, referred to as the optimal merge-bit sym-
bol, 1s then indicated via the m, _ Index data line to the second
multiplexer 180 and the first multiplexer 220. The m,_ Index
signal causes the second multiplexer 180 to select the ODD
(t,~eIm, ) corresponding to the optimal merge-bit symbol and
then transfers the selected one to the third buifer 190 and the
arithmetic unit 210. Meanwhile, the m _ Index signal causes
the first multiplexer 220 to select the DSV corresponding to
the optimal merge-bit symbol and then transfer the selected
one to the arithmetic unit 210. At the arithmetic unit 210, the
following arithmetic operation 1s performed to obtain

7ZDSV  :
ZDSV, =DSV, ~ODD(t~efm,)

Note that 1 the foregoing case, the arithmetic unit 210 per-
forms a summation operation, but when the starting logic
voltage state of the NRZI signal 1s HIGH, the above arith-
metic operation will be ZDSV _=DSV_+0ODD(t,~efm, ), and
thus the arithmetic unit 210 performs a subtraction operation.
The obtained ZDSV  1s then transterred to the second butifer
200. Next, the current ZDSV__and ODD(t,~etm ) data stored
respectively in the second butfer 200 and the third butfer 190
are fetched as ZDSV, _, and ODD(t,~efm,_,) for the next
symbol SYM_  to find i1ts optimal merge-bit symbol.

FIG. 7 1s a schematic diagram showing the inside circuit
architecture of the ODD checking circuit 120 used in the DSV
computation system of the mvention shown 1 FIG. 6. As
shown, the ODD checking circuit 120 includes a multiplexer
122, a first XOR gate 124, a second XOR gate 126, and a third
XOR gate 128. When the m,_ SEL signal represents m,, 1t
causes the multiplexer 122 to select ODD(m,) as output. The
first XOR gate 124 processes efm, to obtain ODD(efm_ ). The
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second XOR gate 126 and the third XOR gate 128 1n combi-
nation perform following the logic operation to obtain ODD

(t,~eim, ):

ODD(ty~efm )=ODD(t,~efm__,)ODD(m,  )>ODD
(efm,)

Since the output ODD(t,~efm, ) corresponds to m,, it 1s
denoted as ODD(t,~etm )m,,.

In a stmilar manner, whenthem,__ SEL signal successively

represents m,, m,, and m,, the output ODD(t,~elm, )m,,
ODD(t,~efm, )m,, and ODD(t,~efm )m, will be succes-
stvely obtained.

FIG. 8 1s a schematic diagram showing the inside circuit
architecture of the DSV computation circuit 300 used 1n the
DSV computation system of the invention shown in FIG. 6.
As shown, the DSV computation circuit 300 includes a first
multiplexer 310, a second multiplexer 320, a first XOR gate
330, a second XOR gate 340, a third XOR gate 350, an adder
360, a C-adder (add with carry) 370, a first buffer 380, a
second buifer 381, a third bulter 382, and a fourth butfer 383.
When the m, SEL signal represents m,, it causes the first
multiplexer 310 to select PDSV(m,) as output and meanwhile
causes the second multiplexer 320 to select ODD(m,) as
output. The first XOR gate 330 then performs the logic opera-
tion PDSV(m,)XODD(t,~efm _,) to obtain the output ZDS-
V(m, ). Meanwhile, the second XOR gate 340 performs the
logic operation ODD (m,)XODD(t,~efm,_,) to obtain the
output ODD(t,~m, ). Subsequently, the third XOR gate 350
performs the logic operation ODD(t,~m, YOPDSV(efm ) to
obtain the output ZDSV(elm, ). After this, the adder 360
performs the arithmetic operation ZDSV(m, )+ZDSV(eim ),
and subsequently, the second buffer 381 adds ZDSV, _, to the
output of the adder 360 with ODD(t,~eim, ) from the ODD
checking circuit 120 (FIG. 6) being used as carry bit. The
output of the C-adder 370 serves as the desired DSV, (m,),
which 1s then transferred to the first butter 380. The ODD
(t,~eIm, )m, data 1s stored together with the DSV (m,) data
in the first butler 380.

Subsequently, the m,_ SEL signal changes states to repre-
sent m,, m,, and m, 1n a sequential manner to cause the DSV
computation circuit 300 to successively produce DSV, (m, ),
DSV (m,), and DSV, (m,). The DSV (m,) and ODD
(t,~eim, )m, data are stored together 1n the second butier 381;
the DSV, (m,) and ODD(t,~efm )m, data are stored together
in the third buffer 382; and the DSV (m,) and ODD(t,~eim, )
m, data are stored together 1n the fourth butter 383.

The invention 1s also applicable for use with a DVD system
in which digitized video data are also represented by 8-bit
symbols and converted through EFM 1nto 14-bit channel-bit
symbols. The difference 1s that in the DVD system, the EFM
produces a number of 14-bit channel-bit symbols correspond-
ing to each original 8-bit symbol. For this reason, there 1s no
need to find the optimal merge-bit symbol and 1t 1s only
required to find any one of the channel-bit symbols that 1s
compliant with the run length.

FIG. 9 1s a schematic diagram used to depict how to com-
pute for ZDSV in a DVD system. In this case, assume that one
channel-bit symbol efm __, 1s obtained by processing the
(n—1)th symbol SYM_ _, through EFM, and a number of
channel-bit symbols efm _ . are obtained by processing the
(n)th symbol SYM, through EFM.

In this case, the values of ZDSV, _,, ODD(t,~etm, _,),
PDSV(etm,_ ), and ODD{efm,_ ) for efm,_ . can be deter-
mined through the use of the above-mentioned equations. It
can be deduced that:

ZDSV(efm, )=PDSV(efm, )*(-1)7FP0-fmn1)

ODD(ty~efm, )=ODD(ty~efm, )PODD(efm,_ )

I



US RE44,013 E

15
Accordingly, ZDSV__. can be formulated as follows:

LSV, ; = ZDSV, | + ZDSV((etm), ;)

= ZDSV,_; + PDSV((efm), ;) # (= 1)°PPo-mn1)

Therefore,

DSV, =7ZDSV, ,+ODD({t,~efm, )

z

Next, all the efm,_ , corresponding to SYM_ are plugged
into the above equation to obtain a number of DSV, _ . values,
and from which the efm,_ . corresponding to the DSV, _

having the minimum absolute value 1s chosen as the optimal
channel-bit symbol for SYM .

In conclusion, the invention provides a DSV computation
method and system which 1s capable of determining the DSV
value of a bit stream to find the optimal merge-bit symbol for
insertion between each succeeding pair of channel-bit sym-
bols. Compared to the prior art, the imnvention can find the
optimal merge-bit symbol based on DSV 1n a more cost-
elfective manner with a reduced amount of memory and
utilizes a lookup table requiring a reduced amount of memory
space for storage so that memory space can be reduced as
compared to the prior art. The invention 1s therefore more
advantageous to use than the prior art.

The invention has been described using exemplary pre-
ferred embodiments. However, it 1s to be understood that the
scope of the invention 1s not limited to the disclosed embodi-
ments. On the contrary, it 1s intended to cover various modi-
fications and similar arrangements. The scope of the claims,
therefore, should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments.

What is claimed 1s:

1. A method for computing a zero digital sum variation
(ZDSV) of a stream of channel-bit symbols, comprising the
steps of:

(a) providing an 1nitial value ZDSV _.. an initial value
ODD(t,~eim,_,) and a initial bias value by a digital sum
variation (DSV) computation system, wherein the 1nitial
value ZDSV, _, 1s the zero digital sum vanation of a
previous start-to-channel-bit symbol efm,_,, wherein
the ODD(t,~elm,_,) indicates that the stream of the
channel-bit symbols from a starting logic voltage state to
the previous start-to-channel-bit symbol efm _, con-
tains an odd-number or an even-number of 1s, the 1nitial
bias value 1s either 1 or —-1;

(b) providing a current channel-bit symbol eftm, by the
DSV computation system, and obtaining a partial digital
sum variation (PDSV) value PDSV(efm, ) and a ODD
(efm,) value 1n accordance with the current symbol
etm, ;

(c) obtaiming a plurality of partial digital sum vanation
(PDSV) values PDSV(m,’) and ODD(m,") values in
accordance with all possible merge-bit symbols m,’ by
the DSV computation system, wherein1=0, 1, . . ., X, the
number of the possible merge-bit symbols 1s x+1;

(d) calculating ZDSV,'=ZDSV, ,+ZDSV(m, ' )+ZDSV
(efm,). by the DSV computation system and calculating
ODD(t,~efm ), =ODD(t,~efm _, )YPODD(m,").€6ODD
(efm,) by the DSV computation system, wherein 1=0,
1, ..., X%, 1n order to determine the ZDSV _ of the zero
digital sum variation of the current channel-bit symbol
efim wherein ZDSV(m, y>PDSV(m, *)*
(=1)OPPE~e/mn=1) and ZDSV (efm, ) =PDSV(efm, )*(-
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)OPPE-mn1) wherein ODD(t,~m, )=ODD(t,~efm,,_,)
PODD(m,’), wherein & represents the XOR logic
operation,

the ZDSV ' is the zero digital sum variation of the channel-
bit symbol efm  corresponding to the i1-th merge-bit
symbol of the possible merge-bit symbols,

the ZDSV(m,’) means a zero digital sum variation of the
1-th merge-bit symbol of the possible merge-bit symbols
corresponding to the current channel-bit symbol eim _,
the ZDSV(eim, ), means a zero digital sum variation of
the current channel-bit symbol efm, corresponding to

the 1-th merge-bit symbol of the possible merge-bit sym-
bols;

() DSV '=ZDSV ‘+(initial bias value)*ODD(t,~
efm__ )., whereinthe DSV 'is a digital sum variation of
the current channel-bit symbol efm,_ corresponding to

the 1-th merge-bit symbol of the possible merge-bit sym-
bols;

(f) determining a final merge-bit symbol m 7 in accordance
with the absolute value of DSV, * and a run time limit by
the DSV computation system, wherein je{i}, wherein
1=0, 1, ..., x;and

(1) assigning the initial value ZDSV, _,=ZDSV 7/, the ODD
(to~etm,,_, )=ODD(t,~etm, ), by the DSV computation
system, and then jumping to step (b).

2. A method for use on a DVD system for computing a

30 digital sum vanation (DSV) of a data stream, comprising the
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steps of:

(a) providing a pre-determined zero digital sum variation
initial value ZDSV, _ ., an initial value ODD(t,~efm,_, )

i—1°
and an mitial bias value by a digital sum variation (DSV)
computation system, the mitial bias value 1s either 1 or
-1

(b) converting the data stream into a plurality of channel-
bit symbol efm ' by the DSV computation system,

wherein1=0, 1, 2, ..., X;

(c) obtaining a partial digital sum variation (PDSV) value
PDSV(efm, ') and a ODD(efm,’) value in accordance
with the channel-bit symbol efm * by the DSV computa-
tion system, wheremn1=0, 1, 2, . . . , X;

(d) calculating ZDSV, '=7ZDSV, ,+ZDSV(efm,’) and
ODD(t,~efm "»=ODD(t,~efm __ YPODD(efm ) by the
DSV computation system, wherein1=0, 1, . . ., X, in order
to determine the ZDSV,’ of the zero digital sum varia-
tion of the current channel-bit symbol efm ', wherein
ZDSV(efm,)=PDSV(efm,’)*(-1)0PPw0-o/mr=1)
wherein

the ZDSV,’ is the zero digital sum variation of the i-th
channel-bit symbol efm ',

the ZDSV(efm, ) means a zero digital sum variation of the
i-th channel-bit symbol efm ’;

() DSV '=ZDSV '+(the 1initial bias value)*ODD
(t,~efm,’), wherein the DSV, is a digital sum variation
of the 1-th channel-bit symbol efm, *;

(1) determining a final merge-bit symbol efm ’ in accor-
dance with the absolute value of the DSV’ and a coding

rule by the DSV computation system, wherein je{i},
wherein1=0, 1, ..., x; and

(1) assigning by the DSV computation system the mitial
value ZD_SVH_FZDSV;", the ODD(t,~eim,__,)=0DD
(to~efm_~), and then jumping to step (b).
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3. A method for use on a DVD system for computing a
digital sum variation (DSV) of a data stream, comprising the
steps of:

(a) providing a pre-determined zero digital sum varnation
iitial value ZDSV__, and an 1initial value ODD
(to~etm__,) by a digital sum variation (DSV) computa-
tion system;

(b) converting the data stream 1nto a plurality of channel-
bit symbol efm,’ by the DSV computation system,
wherein1=0, 1, 2, .. ., X;

(c) obtaining a partial digital sum variation (PDSV) value
PDSV(efm ') and a ODD(efm,’) value in accordance
with the corresponding channel-bit symbol efm, * by the
DSV computation system, wherein 1=0, 1, 2, . . . , X;

(d) calculating ZDSV, '=ZDSV __ +ZDSV(efm,’) and
ODD(t,~efm )=ODD(t,~efm _, YPODD(efm, ') by the
DSV computation system, wherein1=0, 1, . . ., X, in order
to determine the ZDSV, 'of the zero digital sum variation
of the current channel-bit symbol efm_*, wherein ZDSV
(efm,)=PDSV(efm,")*(-1)?PP"~""~1)  wherein the
ZDSV ' is the zero digital sum variation of the i-th chan-
nel-bit symbol efim ’, the ZDSV(efm, ), means a zero
digital sum variation of the 1-th channel-bit symbol
efin ’,

(e) determining a final merge-bit symbol efm 7 in accor-
dance with the absolute value of the ZDSV(efm, ') and a
coding rule by the DSV computation system, wherein
je{i}, whereini=0, 1, . . ., x; and

(1) assigning the 1nitial value ZDSVH_j:ZDSVHj , the ODD
(to~etm, _, )=ODD(t,~etm /) by the DSV computation
system, and then jumping to step (b).

4. A method for generating a Zero digital sum variation
(ZDSV) value of a Non-Return-to-Zevo-and-Invert (NRZI)
bit-stream, wherein the NRZI bit-stream comprises a first
portion of bit-stream having a first ZDSV value, a merge-bit
symbol, and a curvent channel-bit symbol, the method com-
prising:

calculating a segment ZDSV value of the merge-bit symbol
by a digital sum variation (DSV) computation system;

calculating a segment ZDSV value of the current channel-
bit symbol by the DSV computation system; and

summing the first ZDSV value, the segment ZDSV value of

the merge-bit symbol and the segment ZDSV value of the

current channel-bit symbol to generate the ZDSV value

of the NRZI bit-stream by the DSV computation system.

5. Themethod as claimed in claim 4, wherein, in the merge-

bit symbol, each series of consecutive zevo bit are collected as

a group, with 1 bit serving as the separator between each

neighboring groups, and the step of calculating the segment
ZDSV value of the merge-bit symbol comprises:

generating a partial ZDSV (PDSV) value of the merge-bit
symbol by the DSV computation system;

calculating a state of the merge-bit symbol by the DSV

computation system; and

multiplyving the state of the merge-bit symbol by the PDSV 55

value by the DSV computation system to obtain the seg-
ment ZDSV value of the merge-bit symbol.

6. The method as claimed in claim 5, whevein the step of

generating the PDSV value of the merge-bit symbol by the
DSV computation system is calculated accovding to the fol-
lowing algorithm:

PDSV = ) GZ-(~1);
x=1

18
wherein PDSV is the PDSV value, x is an index of the

groups, GZx is a total number of zeros in a x-th group,
and n is a total number of the group in the merge-bit
symbol.

d 7. The method as claimed in claim 5, wherein the step of

calculating a state of the merge-bit symbol by the DSV com-
putation system is calculated according to the following algo-
vithm:

10
State = (— NYPP:
wherein ODD indicates whether the merge-bit symbol
15 comprises an odd-number ov an even-number of 1°s.

8. The method as claimed in claim 4, wherein, in the current
channel-bit symbol, each series of consecutive zervo bit are
collected as a group, with 1 bit serving as the separator
between each neighboring groups, and the step of calculating
the segment DSV value of the current channel-bit symbol
comprises.

generating a partial ZDSV (PDSV) value of the current

channel-bit symbol by the DSV computation system;
calculating a state of the current channel-bit symbol by the

20

25 DSV computation system; and
multiplying the state of the curvent channel-bit symbol by
the PDSV value by the DSV computation system to
obtain the segment ZDSV value of the current channel-
bit symbol.
30

9. The method as claimed in claim 8, wherein the step of
generating the PDSV value of the curvent channel-bit symbol
by the DSV computation system is calculated accovding to the
Jollowing algorithm:

35

PDSV = Z GZ. -(— 1)

x={

40 wherein PDSV is the PDSV value, x is an index of the

groups, G/Zx is a total number of zeros in a x-th group,
and n is a total number of the group in the current
channel-bit symbol.
10. The method as claimed in claim 8, wherein the step of
45 calculating a state of the curvent channel-bit symbol by the
DSV computation system is calculated accovding to the fol-
lowing algorithm.

>0 State = (- 1)°PP;

wherein ODD indicates whether the curvent channel-bit
symbol comprises an odd-number ov an even-number of
l’s.

11. The method as claimed in claim 8, wherein the step of
generating the PDSV value of the currvent channel-bit symbol
by the DSV computation system is calculated according to a
lookup table.

12. The method as claimed in claim 4, wherein the method
Jurther comprises:

il a total number of Is in the NRZI bit-stream is an even
number, outputting the ZDSV value of the NRZI bit-
stream by the DSV computation system to obtain the
DSV value of the NRZI bit-stream;

if the total number of Is in the NRZI bit-stream is an odd

number and a starting logic voltage state of the NRZI

60
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bit-stream is low, adding 1 to the ZDSV value of the
NRZI bit-stream by the DSV computation system to

obtain the DSV value of the NRZI bit-stream,; and
if the total number of 1s in the NRZI bit-stream is an odd

number and the starting logic voltage state of the
NRZI bit-stream is high, subtrvacting I from the ZDSV

20

value of the NRZI bit-stream by the DSV computation
system to obtain the DSV value of the NRZI bit-

Stream.
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