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Description
APPARATUS AND METHOD FOR UPDATING CHECK NODE

OF LOW-DENSITY PARITY CHECK CODES
Technical Field

[1] The present invention relates to error correction codes for use in a wired/wireless

communications system, and more particularly, to an apparatus and method for

updating check nodes of low-density parity check (LDPC) codes .

[2] This work was supported by the IT R&D program of MIC/IITA [2007-S00 1-01,

IMT-Advanced Radio Transmission Technology with Low Mobility].

Background Art
[3] Signals transmitted by a wired/wireless communications system may not be de

modulated in a receiver due to noise, interference, or fading according to the state of a

channel.

[4] Several methods are used to reduce an error generation rate that increases with high

speed communications. These methods include a method of using error correction

codes.

[5] Most recent wireless communications systems use error correction codes. In

particular, low-density parity check (LDPC) codes are receiving much attention as

error correction codes for next-generation high-capacity wireless communications

systems, because variable nodes and check nodes of a decoder can be implemented to

have low complexity and a decoder can achieve fast decoding by employing a parallel

processing technique.

[6] LDPC codes have been proposed by Gallager, and are defined by a sparse parity

check matrix. Most of the elements of the sparse parity check matrix are 0 and a very

small number of elements are 1.

[7] There are two basic classes of the LDPC codes proposed by Gallager. Regular LDPC

codes have a constant number of ones in every column or row of a parity check matrix.

With irregular LDPC codes, the number of ones varies from row to row and column to

column.

[8] It is generally known that irregular LDPC codes provide better performance than

regular LDPC codes.

[9] Conventional techniques for updating check nodes will now be described.

[10] Equation 1 below is a variable node updating equation of a Sum-Product algorithm

for use in decoding LDPC codes:



[11] [Math.l]

LLRchannel
i=O,i≠ j

(Equation 1)

[12] where LLR denotes an input log likelihood ratio (LLR) obtained by a de-
channel

modulator, d denotes the degree of a variable node, u denotes an i-th input LLR of the
v i

variable node, and v denotes a j-th output LLR of the variable node.
j

[13] The update of a variable node is represented as a sum of input values and thus

hardware can be implemented by simply subtracting a specific value of the check node

from a sum of d
v

inputs. Equation 2 below is a check node updating equation of a Sum-

Product algorithm:

[14] [Math.2]

... (Equation 2)

[15] wherein d denotes the degree of a check node, v denotes a j-th input LLR of the
J

check node, and u denotes an i-th output LLR of the check node.
i

[16] The update of a check node is represented as a sum of hyperbolic tangent values of

input values and thus is difficult to be implemented by hardware.

[17] Accordingly, several methods of lowering the complexity of variable nodes and

check nodes of a decoder have been proposed. One of these methods can be

represented as Equation 3, which is the logarithm of Equation 2 :

[18] [Math.3]



. . . (Equation 3)

[19] According to Equation 3, multiplication is not needed when updating a check node,

but Equation 3 should be calculated using a look-up table or the like as in Equation 2.

Instead of such a complex process, a check node updating method has been proposed,

which slightly degrades the performance and is represented as Equation 4 :

[20] [Math.4]

. . . (Equation 4)

[21] wherein sgn denotes a function of outputting + 1 when an input is positive and

outputting -1 when an input is negative, and min denotes a function of outputting a

minimum input value among various input values. Equation 4 represents a Min-Sum

algorithm.

[22] Equation 5, representing a normalized Min-Sum algorithm, is as follows:

[23] [Math.5]

. . . (Equation 5)

[24] wherein α denotes a normalization value.

[25] Equation 6, representing an offset Min-Sum algorithm, is as follows:

[26] [Math.6]

, =

. . . (Equation 6)

[27] wherein β denotes an offset.



[28] Although Equations 4, 5, and 6 have slight differences therebetween, they can be

processed by performing an XOR operation on the sign of an output and obtaining a

first minimum value and a second minimum value from d absolute input values.

Therefore, Equations 4, 5, and 6 can provide easier hardware implementations than the

other equations.

Disclosure of Invention

Technical Problem
[29] The present invention provides an apparatus and method for obtaining a first

minimum value and a second minimum value among several input values while

linearly increasing only the complexity of calculation with an increase in the degree of

a check node and not increasing the speed of parallel processing when parallel

processing is used.

[30] The present invention also provides an apparatus and method for obtaining a first

minimum input value and a second minimum input value among several input values

while linearly increasing only the complexity of calculation with an increase in the

degree of a check node and not increasing the processing speed when a check node of a

low density parity check (LDPC) code is implemented. This method is applicable to a

technique of using a Min-Sum algorithm, an Offset Min-Sum algorithm, or a

Normalized Min-Sum algorithm during the update of a check node of a LDPC decoder

in environments that require a fast processing decoder.

[31] Generally, even in an irregular LDPC code, at most about 12 d values (i.e., at least

about two d values and about 3 to 4 d values on the average), and thus the complexity
v v

of implementation of a variable node is not high.

[32] However, the number of degrees of a check node increases with an increase in the

code rate, and thus in IEEE 802. 16e or 802. 1In, a check node of a LDPC code having

an error rate of 5/6 has an average of about 20 degrees.

[33] Additionally, when a very high code rate, such as a code rate of 8/9, is used, the

average number of degrees of a check node may be about 30. When a check node has a

very large number of degrees as described above, a method of obtaining a minimum

value by repeating a method of comparing two input values with each other and

leaving a smaller input value may be inefficient.

[34] In a method of updating a check node while preventing an inefficient search for a

minimum value according to the present invention, a first minimum input value is

found by obtaining a most significant bit (MSB) of the minimum value from MSBs of

respective input values and a least significant bit (LSB) of the minimum value from

LSBs of the respective input values.

[35] The present invention also provides the use of a single apparatus both when a first



minimum input value and a second minimum input value for each of a part and another

part of a check node are obtained using a row split process and when a first minimum

input value and a second minimum input value for the entire check node are obtained

using a row split process.

Technical Solution
[36] According to an aspect of the present invention, there is provided a method of

updating a check node of an LDPC code in order to decode the LDPC code, the

method comprising: (a) obtaining a first bit of a first minimum value among input

values, the number of input values being equal to the number of degrees of the check

node, by performing an AND operation on first bits of the input values, the first bits

being most significant bits of the input values; (b) obtaining result values by switching

and sequentially performing an XOR operation and an OR operation on the first bit of

the first minimum value and each of the first bits of the input values; and (c)

performing operations (a) and (b) on the result values set as input values and

performing operations (a) and (b) a number of times corresponding to the number of

bits of each input value, that is, repeating until last bits are set as input values, to

thereby obtain the first minimum value, the last bits being least significant bits of the

input values.

[37] According to another aspect of the present invention, there is provided an apparatus

for updating a check node of an LDPC code in order to decode the LDPC code, the

apparatus comprising a first bit processor, a second bit processor, a third bit processor,

a fourth bit processor, and a bit minimum value calculator. The first bit processor

obtains a first bit of a first minimum input value among 4-bit input values, the number

of which is equal to the number of degrees of the check node, by performing an AND

operation on first bits of the 4-bit input values, the first bits being MSBs of the 4-bit

input values, obtains first result values by sequentially performing an XOR operation

and an OR operation on the first bit of the first minimum value and each of the first

bits of 4-bit input values, and obtains second result values by switching the 4-bit input

values to the first result values. The second bit processor obtains a second bit of the

first minimum value among the 4-bit input values by performing an AND operation on

second bits of the second result values, obtains third result values by sequentially

performing an XOR operation and an OR operation on the second bit of the first

minimum value and the second bit of each of second result values, and obtains fourth

results by switching the second result values to the third result values. The third bit

processor obtains a third bit of the first minimum value among the 4-bit input values

by performing an AND operation on third bits of the fourth result values, obtains fifth

result values by sequentially performing an XOR operation and an OR operation on the

third bit of the first minimum value and the third bit of each of the fourth result values,



and obtains sixth result values by switching the fourth result values to the fifth result

values. The fourth bit processor obtains a fourth bit of the first minimum input value

among the 4-bit input values by performing an AND operation on fourth bits of the

sixth result values, obtains seventh result values by sequentially performing an XOR

operation and an OR operation on the fourth bit of the first minimum value and the

fourth bit of each of the sixth result values, and obtains eighth result values by

switching the sixth result values to the seventh result values. The bit minimum value

calculator obtains the first minimum value by performing an AND operation on the

first, third, fifth, and seventh result values.

Advantageous Effects

[38] As described above, the present invention provides an apparatus and method for

obtaining a first minimum input value and a second minimum input value among

several input values while linearly increasing only the complexity with an increase in

the degree of a check node and not increasing the processing speed when a check node

of a LDPC decoder is updated using a Min-Sum algorithm, an Offset Min-Sum

algorithm, or a Normalized Min-Sum algorithm. Accordingly, as compared with the

conventional art, the check node update according to the present invention reduces the

complexity of hardware and provides super high-speed processing.

[39] Moreover, the check node update according to the present invention is applicable to

not only the field of LDPC code decoding but also all fields that require a function of

searching a minimum input value.

Description of Drawings

[40] The above and other features and advantages of the present invention will become

more apparent by describing in detail exemplary embodiments thereof with reference

to the attached drawings in which:

[41] FIG. 1 illustrates a factor structure of a low-density parity check (LDPC) code

designed so that a check node with a degree of 24 can be row-split into two check

nodes Rl and R2 each having a degree of 12;

[42] FIG. 2 illustrates an arithmetic operational block for obtaining sign bits in the LDPC

code illustrated in FIG. 1;

[43] FIG. 3 illustrates an arithmetic operational block for obtaining a first minimal value

and a second minimal value in the LDPC code illustrated in FIG. 1;

[44] FIG. 4 illustrates an arithmetic operational block for obtaining a first minimal value

and a second minimal value in a LDPC code designed so that a check node with a

degree of 24 can be row-split into two check nodes Rl and R2 each having a degree of

12, according to an embodiment of the present invention;

[45] FIG. 5 is a flowchart illustrating a method of updating a check node for a LDPC



code, according to an embodiment of the present invention; and

[46] FIG. 6 is a flowchart illustrating a method of updating a

[47] check node for a LDPC code when a number of input values equal to the number of

degrees of the check node are 4-bit input values, according to an embodiment of the

present invention.

Best Mode
[48] According to an aspect of the present invention, there is provided a method of

updating a check node of an LDPC code in order to decode the LDPC code, the

method comprising: (a) obtaining a first bit of a first minimum value among input

values, the number of input values being equal to the number of degrees of the check

node, by performing an AND operation on first bits of the input values, the first bits

being most significant bits of the input values; (b) obtaining result values by switching

and sequentially performing an XOR operation and an OR operation on the first bit of

the first minimum value and each of the first bits of the input values; and (c)

performing operations (a) and (b) on the result values set as input values and

performing operations (a) and (b) a number of times corresponding to the number of

bits of each input value, that is, repeating until last bits are set as input values, to

thereby obtain the first minimum value, the last bits being least significant bits of the

input values.

[49] The first minimum value is set as a maximum input value, and a second minimum

value is obtained by repeating operations (a), (b), and (c).

[50] The operations (a), (b), and (c) are repeated until a number of minimum values cor

responding to the number of degrees of the check node are obtained.

[51] When the check node is a check node for a row-split parity check matrix, operations

(a), (b), and (c) are repeated until a number of minimum values corresponding to the

number of degrees of each of the check node and another check node for a row- split

parity check matrix are obtained.

[52] When the input values are 4-bit input values, operation (a) comprises obtaining the

first bit of the first minimum input value among the 4-bit input values by performing

an AND operation on the first bits of the 4-bit input values, the first bits being most

significant bits of the 4-bit input values, and operation (b) comprises obtaining first

result values by sequentially performing an XOR operation and an OR operation on the

first bit of the first minimum value, and each of the first bits of the 4-bit input values

and obtaining second result values by switching the 4-bit input values to the first result

values.

[53] The operation (c) comprises: (cl) obtaining a second bit of the first minimum value

among the 4-bit input values by performing an AND operation on second bits of the

second result values; and (c2) obtaining third result values by sequentially performing



an XOR operation and an OR operation on the second bit of the first minimum input

value and the second bit of each of the second result values, and obtaining fourth result

values by switching the second result values to the third result values.

[54] The operation (c) further comprises: (c3) obtaining a third bit of the first minimum

value among the 4-bit input values by performing an AND operation on third bits of

the fourth result values; and (c4) obtaining fifth result values by sequentially

performing an XOR operation and an OR operation on the third bit of the first

minimum value and the third bit of each of the fourth result values, and obtaining sixth

result values by switching the fourth result values to the fifth result values .

[55] The operation (c) further comprises: (c5) obtaining a fourth bit of the first minimum

value among the 4-bit input values by performing an AND operation on fourth bits of

the sixth result values; and (c6) obtaining seventh result values by sequentially

performing an XOR operation and an OR operation on the fourth bit of the first

minimum value and the fourth bit of each of the sixth result values, and obtaining

eighth result values by switching the sixth result values to the seventh result values.

[56] The operation (c) further comprises (c7) obtaining the first minimum value by

performing an AND operation on the first, third, fifth, and seventh result values.

[57] The method further comprises (d) obtaining a second minimum value by setting as

4-bit input values, the number of 4-bit input values being equal to the number of

degrees of the check node in operation (a), values obtained by switching the 4-bit input

values to results of NOT operations performed on the first minimum value and by re-

performing operations (a), (b), and (c).

[58] When the check node is a check node for a row-split parity check matrix, the method

further comprises: obtaining a first minimum value and a second minimum value

among 4-bit input values for another row-split check node, the number of 4-bit input

values equal to the number of degrees of the another row-split check node, by

performing operations (a), (b), and (c) on the 4-bit input values; and obtaining a

minimum value for each of the two check nodes from the first and second minimum

values among the 4-bit input values for each of the two check nodes.

[59] According to another aspect of the present invention, there is provided an apparatus

for updating a check node of an LDPC code in order to decode the LDPC code, the

apparatus comprising a first bit processor, a second bit processor, a third bit processor,

a fourth bit processor, and a bit minimum value calculator. The first bit processor

obtains a first bit of a first minimum input value among 4-bit input values, the number

of which is equal to the number of degrees of the check node, by performing an AND

operation on first bits of the 4-bit input values, the first bits being MSBs of the 4-bit

input values, obtains first result values by sequentially performing an XOR operation

and an OR operation on the first bit of the first minimum value and each of the first



bits of 4-bit input values, and obtains second result values by switching the 4-bit input

values to the first result values. The second bit processor obtains a second bit of the

first minimum value among the 4-bit input values by performing an AND operation on

second bits of the second result values, obtains third result values by sequentially

performing an XOR operation and an OR operation on the second bit of the first

minimum value and the second bit of each of second result values, and obtains fourth

results by switching the second result values to the third result values. The third bit

processor obtains a third bit of the first minimum value among the 4-bit input values

by performing an AND operation on third bits of the fourth result values, obtains fifth

result values by sequentially performing an XOR operation and an OR operation on the

third bit of the first minimum value and the third bit of each of the fourth result values,

and obtains sixth result values by switching the fourth result values to the fifth result

values. The fourth bit processor obtains a fourth bit of the first minimum input value

among the 4-bit input values by performing an AND operation on fourth bits of the

sixth result values, obtains seventh result values by sequentially performing an XOR

operation and an OR operation on the fourth bit of the first minimum value and the

fourth bit of each of the sixth result values, and obtains eighth result values by

switching the sixth result values to the seventh result values. The bit minimum value

calculator obtains the first minimum value by performing an AND operation on the

first, third, fifth, and seventh result values.

[60] A second minimum value is obtained by setting, as the 4-bit input values in the first

bit processor, values obtained by switching the 4-bit input values to results of NOT

operations performed on the first minimum value obtained in the bit minimum value

calculator.

[61] The apparatus further comprises a node minimum value calculator which, when the

check node is a check node for a row-split parity check matrix, calculates a minimum

value for each of the check node and another row-split check node by using first and

second minimum values of 4-bit input values for each of the two check nodes, wherein

the first and second minimum values of the 4-bit input values for the another check

node, the number of which is equal to the number of degrees of the another row-split

check node, are obtained by setting the 4-bit input values as the input values of the first

bit processor.

Mode for Invention
[62] The present invention will now be described more fully with reference to the ac

companying drawings, in which exemplary embodiments of the invention are shown.

[63] In order to implement a decoder for low-density parity check (LDPC) codes, log

likelihood ratio (LLR) values which are transmitted through edges need to be

quantized and represented with x bits.



[64] A quantization technique and the number of bits used affect the performance and

complexity of the decoder for LDPC codes. When a normalization Min-Sum method is

used, the value of a normalization factor α also affects the performance of the decoder

for LDPC codes. When an offset Min-Sum method is used, the value of an offset β
also affects the performance of the decoder for LDPC codes.

[65] A method of decoding LDPC codes according to the present invention is applicable

to a Min-Sum method, a normalization Min-Sum method, and an offset Min-Sum

method regardless of quantization techniques and parameter values. However, an ap

plication of the method of the present invention to an offset Min-Sum method will be

illustrated. A similar extensive application of the present invention to the other

methods can be easily performed, and a change to a block for performing a function

similar to the update of a check node in a LDPC decoder can also be easily made.

[66] The present invention will be described in terms of two cases, namely, when a check

node has a degree of 24 and when the check node with a degree of 24 is row split into

two check nodes each having a degree of 12. Here, the number of parity bits of a parity

check matrix when a row split has occurred is double the number of parity bits of a

parity check matrix when a row split has not occurred.

[67] A case where 5 bits are used as quantization bits of a message will be considered. In

this case, in order to update check nodes, one bit is used as a sign bit and four bits are

used as magnitude bits.

[68] FIG. 1 illustrates a factor structure of a conventional LDPC code designed so that a

check node with a degree of 24 can be row split into two check nodes R l and R2 each

having a degree of 12.

[69] In FIG. 1, when a row split is applied, two check nodes are formed. When a row split

is not applied, a single check node remains.

[70] FIG. 2 illustrates an arithmetic operational block for obtaining sign bits in the con

ventional LDPC code illustrated in FIG. 1.

[71] It is assumed that an input value m[i] input to the arithmetic operational block uses 5

bits and a most significant bit (MSB) m[i][4] is used as a sign bit.

[72] When a row split is not applied, parity bits of R l and R2, sgn_Rl and sgn_R2, have

the same value. An output sign bit can be obtained by performing an XOR operation

on the sgn_Rl and each of MSBs m[0][4] through m[l 1][4] of 5-bit input values, and

an output sign bit can be obtained by performing an XOR operation on the sgn_R2 and

each of MSBs m[12][4] through m[23][4].

[73] The above-described sign bit obtainment performed in the arithmetic operational

block is widely used due to its simplicity. Accordingly, the present invention uses this

sign bit obtainment.

[74] FIG. 3 illustrates an arithmetic operational block for obtaining a first minimal value



and a second minimal value among input values in the conventional LDPC code i l

lustrated in FIG. 1.

[75] Referring to FIG. 3, an input value m[i] input to the arithmetic operational block

represents 4 magnitude bits excluding a MSB representing a sign among 5 bits.

[76] In FIG. 3, a quantization step 1 is used as an offset value β of the offset Min-Sum

algorithm, and the arithmetic operational block is designed so as to repeat a function of

obtaining the first and second minimal values among four input values.

[77] When a row split is not applied, first minimal values of Rl and R2, minl_Rl and

minl_R2, have the same value, and second minimal values of Rl and R2, min2_Rl

and min2_R2, have the same value.

[78] When minl_Rl is equal to each of input values m[0] through m[l 1], min2_Rl is

determined as an output magnitude. On the other hand, when minl_Rl is different

from each of the input values m[0] through m[l 1], minl_Rl is determined as an output

magnitude. When minl_R2 is equal to each of input values m[12] through m[23],

min2_R2 is determined as an output magnitude. On the other hand, when minl_R2 is

different from each of the input values m[12] through m[23], minl_R2 is determined

as an output magnitude.

[79] In the arithmetic operational block illustrated in FIG. 3, the number of comparison

operations increases with an increase in the number of inputs. According to FIG. 3, 16

4-bit comparators are needed for 12 inputs during 17 stages.

[80] In particular, the row degree of a LDPC code increases with an increase in a code

rate, and thus a method of more efficiently processing the method of obtaining the first

and second minimal values is needed.

[81] FIG. 4 illustrates an arithmetic operational block for obtaining a first minimal input

value and a second minimal input value in a LDPC code designed so that a check node

with a degree of 24 can be row-split into two check nodes Rl and R2 each having a

degree of 12, according to an embodiment of the present invention. Referring to FIG.

4, the arithmetic operational block according to the current embodiment of the present

invention includes a first bit processor, a second bit processor, a third bit processor, a

fourth bit processor, a bit minimum value calculator, and a node minimum value

calculator.

[82] Each of the first through fourth bit processors, the bit minimum value calculator, and

the node minimum value calculator includes logic operators and processes a digital

signal representing each input value.

[83] The first bit processor obtains a first bit of a first minimum input value among 4-bit

input values, the number of which is equal to the number of degrees of the check node,

by performing an AND operation on first bits of the 4-bit input values, the first bits

being MSBs of the 4-bit input values, obtains first result values by sequentially



performing an XOR operation and an OR operation on the first bit of the first

minimum value and each of the first bits of 4-bit input values, and obtains second

result values by switching the 4-bit input values to the first result values.

[84] The second bit processor obtains a second bit of the first minimum value among the

4-bit input values by performing an AND operation on second bits of the second result

values, obtains third result values by sequentially performing an XOR operation and an

OR operation on the second bit of the first minimum value and the second bit of each

of second result values, and obtains fourth results by switching the second result values

to the third result values.

[85] The third bit processor obtains a third bit of the first minimum value among the 4-bit

input values by performing an AND operation on third bits of the fourth result values,

obtaining fifth result values by sequentially performing an XOR operation and an OR

operation on the third bit of the first minimum value and the third bit of each of the

fourth result values, and obtaining sixth result values by switching the fourth result

values to the fifth result values.

[86] The fourth bit processor obtains a fourth bit of the first minimum input value among

the 4-bit input values by performing an AND operation on fourth bits of the sixth result

values, obtains seventh result values by sequentially performing an XOR operation and

an OR operation on the fourth bit of the first minimum value and the fourth bit of each

of the sixth result values, and obtains eighth result values by switching the sixth result

values to the seventh result values.

[87] The bit minimum value calculator obtains the first minimum value by performing an

AND operation on the first, third, fifth, and seventh result values.

[88] When the check node is for a row-split parity check matrix, the node minimum value

calculator calculates a minimum value for each of the check node and another row-

split check node by using first and second minimum input values of 4-bit input values

for each of the two check nodes. The first and second minimum input values of the

4-bit input values for the latter check node, the number of 4-bit input values being

equal to the number of degrees of the latter row-split check node, are obtained by

setting the 4-bit input values as the input values of the first bit processor and

performing the operations of the first through fourth bit processors and the bit minimal

value calculator on the 4-bit input values.

[89] Referring to FIG. 4, an input value m[i] represents four magnitude bits excluding a

MSB representing a sign among five bits. A method of obtaining a first bit minl_Ql[3

] of a first minimum input value among 12 input values for the check node Rl by using

a quantization step 1 as an offset β of the offset Min-Sum algorithm and by using first

bits m[0][3] through m[l 1][3] is performed on a second bit to a least significant bit

(LSB), thereby obtaining a first bit of the first minimum value, minl_Ql. the input



value m[i] corresponding to the minl_Ql is set to be a maximum input value, and the

above-described method of obtaining the minimum value is performed again, thereby

obtaining a second bit of the first minimum value, min2_Ql.

[90] Although only a method of obtaining the minimum input value for the check node Rl

has been explained with reference to FIG. 4, minl_Q2 and min2_Q2 for the check

node R2 can also be obtained by applying the above-described method of obtaining the

minimum value to input values m[12] through m[23] for the check node R2. As i l

lustrated in FIG. 3, a row-split check node is input, and output values for 24 input

values of the check node can be obtained.

[91] When row split is not applied, minl_ Rl and minl_R2 have an identical value, and

min2_Rl and min2_R2 have an identical value. When minl_Rl is equal to each of

input values m[0] through m[l 1], min2_Rl is determined as an output magnitude. On

the other hand, when minl_Rl is different from each of the input values m[0] through

m[l 1], minl_Rl is determined as an output magnitude. When minl_R2 is equal to

each of input values m[12] through m[23], min2_R2 is determined as an output

magnitude. On the other hand, when minl_R2 is different from each of the input

values m[12] through m[23], minl_R2 is determined as an output magnitude.

[92] When describing the method explained with reference to FIG. 4 in greater detail, an

AND operation is performed on first bits (i.e., MSBs) m[0][3], m[l][3], ..., and m[ll]

[3] of 12 4-bit input values m[0], m[l], ..., and m[l 1] in order to obtain a first bit

minl_Ql[3] of a first minimum input value among the 12 4-bit input values. Results

values xl[i] are obtained by sequentially performing an XOR operation and an OR

operation on minl_Ql[3] and m[i][3], and values a[i] are obtained by switching

minl_Ql[3] to xl[i].

[93] Next, similar to the above-described process, an AND operation is performed on

second bits a[0][2], a[l][2], ..., and a[ll][2] of 12 4-bit input values a[0], a[l ], ..., and

a[l 1] in order to obtain a second bit minl_Ql[2] of the first minimum input value.

Results values x2[i] are obtained by sequentially performing an XOR operation and an

OR operation on minl_Ql[2] and a[i][2], and values b[i] are obtained by switching

minl_Ql[2] to x2[i].

[94] Next, similar to the above-described process, an AND operation is performed on

third bits b[0][l], b[l][l], ..., and b[l I][I] of 12 4-bit input values b[0], b[l], ..., and

b[l 1] to obtain a third bit minl_Ql[l] of the first minimum input value. Results values

x3[i] are obtained by sequentially performing an XOR operation and an OR operation

on minl_Ql[l] and b[i][l], and values c[i] are obtained by switching minl_Ql[l] to

x3[i].

[95] Next, similar to the above-described process, an AND operation is performed on

fourth bits c[0][0], c[l][0], ..., and C[Il][O] of 12 4-bit input values c[0], c[l], ..., and



c[l 1] in order to obtain a fourth bit minl_Ql[0] of the first minimum input value, and

results values x4[i] are obtained by sequentially performing an XOR operation and an

OR operation on minl_Ql[0] and c[i][l].

[96] An AND operation is performed on results xl[i], x2[i], x3[i], and x4[i] to thereby

obtain each bit s[i] of the first minimum value.

[97] The above description is about a first minimum search block shown on the top of

FIG. 4.

[98] A e[i]value is calculated using the thus-calculated values s[i] and m[i], and is input to

a second minimum search block below the first minimum search block shown on the

top of FIG. 4, thereby obtaining first through fourth bits min2_Ql[3], min2_Ql[2],

min2_Ql[l], and min2_Ql[0] of a second minimum input value among the 12 4-bit

input values m[0], m[l], ..., and m[l I]. The first and second minimum search blocks

perform the same minimum search operations.

[99] A node minimal value calculation block below the second minimum search block

performs its operation on minl_Q2 and min2_Q2, which are obtained according to the

same method as the method of obtaining the values minl_Ql, min2_Ql.

[100] As compared with FIG. 3, the method described with reference to FIG. 4 is char

acterized in that no comparators are used during the search for the first and second

minimum input values from the 12 input values. Therefore, the minimum value search

according to the present invention can be performed fast. In particular, when the

number of input bits is small, the speed of the minimum value search is increased.

[101] Even when about 4 bits are used as magnitude bits when regular quantization is used,

and about 3 bits are used as magnitude bits when irregular quantization is used, LDPC

codes provide good performance. Therefore, the method according to the present

invention may be more effective for LDPC codes.

[102] FIG. 5 is a flowchart illustrating a method of updating a check node for a LDPC

code, according to an embodiment of the present invention.

[103] In operation S500, a first bit of a first minimum value among input values, the

number input values being equal to the number of degrees of the check node, is

obtained by performing an AND operation on first bits (i.e., MSBs) of the input values.

[104] In operation S510, result values are obtained by switching and sequentially

performing an XOR operation and an OR operation on the first bit of the first

minimum value and each of the first bits of the input values. In operation S520,

operations S500 and S510 are performed again on the result values set as input values,

and operations S500 and S510 are performed a number of times corresponding to the

number of bits of each input value, that is, operations S500 and S510 are performed

until last bits (i.e., LSBs) are set as input values, thereby obtaining the first minimum

value.



[105] FIG. 6 is a flowchart illustrating a method of updating a check node for a LDPC code

when a number of input values equal to the number of degrees of the check node are

4-bit input values, according to an embodiment of the present invention .

[106] In operation S600, when a number of input values equal to the number of degrees of

the check node are 4-bit input values, a first bit of a first minimum value among the

4-bit input values is obtained by performing an AND operation on first bits (i.e.,

MSBs) of the 4-bit input values.

[107] In operation S610, an XOR operation and an OR operation are sequentially

performed on the first bit of the first minimum value and each of the first bits of the

4-bit input values in order to obtain first result values, and second result values are

obtained by switching the 4-bit input values to the first result values.

[108] In operation S620, a second bit of the first minimum value is obtained by performing

an AND operation on second bits of the second result values, an XOR operation and an

OR operation are sequentially performed on the second bit of the first minimum value

and the second bit of each of the second result values in order to obtain third result

values, and fourth result values are obtained by switching the second result values to

the third result values.

[109] In operation S630, a third bit of the first minimum value is obtained by performing

an AND operation on third bits of the fourth result values, an XOR operation and an

OR operation are sequentially performed on the third bit of the first minimum value

and the third bit of each of the fourth result values in order to obtain fifth result values,

and sixth result values are obtained by switching the fourth result values to the fifth

result values.

[110] In operation S640, a fourth bit of the first minimum value is obtained by performing

an AND operation on fourth bits of the sixth result values, an XOR operation and an

OR operation are sequentially performed on the fourth bit of the first minimum value

and the fourth bit of each of the sixth result values in order to obtain seventh result

values, and eighth result values are obtained by switching the sixth result values to the

seventh result values.

[Ill] In operation S650, the first minimum value is obtained by performing an AND

operation on the first, third, fifth, and seventh result values.

[112] The invention can also be embodied as computer readable codes on a computer

readable recording medium. The computer readable recording medium is any data

storage device that can store data which can be thereafter read by a computer system.

Examples of the computer readable recording medium include read-only memory

(ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy disks,

optical data storage devices, and carrier waves (such as data transmission through the

Internet). The computer readable recording medium can also be distributed over



network coupled computer systems so that the computer readable code is stored and

executed in a distributed fashion.

While the present invention has been particularly shown and described with reference

to exemplary embodiments thereof, it will be understood by those of ordinary skill in

the art that various changes in form and details may be made therein without departing

from the spirit and scope of the present invention as defined by the following claims.



Claims
[1] A method of updating a check node of a low-density parity check (LDPC) code

in order to decode the LDPC code, the method comprising:

(a) obtaining a first bit of a first minimum value among input values, the number

of input values being equal to the number of degrees of the check node, by

performing an AND operation on first bits of the input values, the first bits being

most significant bits of the input values;

(b) obtaining result values by switching and sequentially performing an XOR

operation and an OR operation on the first bit of the first minimum value and

each of the first bits of the input values; and

(c) performing operations (a) and (b) on the result values set as input values and

performing operations (a) and (b) a number of times corresponding to the

number of bits of each input value, that is, repeating until last bits are set as input

values, to thereby obtain the first minimum value, the last bits being least

significant bits of the input values.

[2] The method of claim 1, wherein the first minimum value is set as a maximum

input value, and a second minimum value is obtained by repeating operations (a),

(b), and (c).

[3] The method of claim 1, wherein operations (a), (b), and (c) are repeated until a

number of minimum values corresponding to the number of degrees of the check

node are obtained.

[4] The method of claim 1, wherein, when the check node is a check node for a row-

split parity check matrix, operations (a), (b), and (c) are repeated until a number

of minimum values corresponding to the number of degrees of each of the check

node and another check node for a row-split parity check matrix are obtained.

[5] The method of claim 1, wherein, when the input values are 4-bit input values,

operation (a) comprises obtaining the first bit of the first minimum input value

among the 4-bit input values by performing an AND operation on the first bits of

the 4-bit input values, the first bits being most significant bits of the 4-bit input

values, and operation (b) comprises obtaining first result values by sequentially

performing an XOR operation and an OR operation on the first bit of the first

minimum value, and each of the first bits of the 4-bit input values and obtaining

second result values by switching the 4-bit input values to the first result values.

[6] The method of claim 5, wherein operation (c) of Claim 1 comprises:

(cl) obtaining a second bit of the first minimum value among the 4-bit input

values by performing an AND operation on second bits of the second result

values; and



(c2) obtaining third result values by sequentially performing an XOR operation

and an OR operation on the second bit of the first minimum input value and the

second bit of each of the second result values, and obtaining fourth result values

by switching the second result values to the third result values.

[7] The method of claim 6, wherein operation (c) further comprises:

(c3) obtaining a third bit of the first minimum value among the 4-bit input values

by performing an AND operation on third bits of the fourth result values; and

(c4) obtaining fifth result values by sequentially performing an XOR operation

and an OR operation on the third bit of the first minimum value and the third bit

of each of the fourth result values, and obtaining sixth result values by switching

the fourth result values to the fifth result values .

[8] The method of claim 7, wherein operation (c) further comprises:

(c5) obtaining a fourth bit of the first minimum value among the 4-bit input

values by performing an AND operation on fourth bits of the sixth result values;

and

(c6) obtaining seventh result values by sequentially performing an XOR

operation and an OR operation on the fourth bit of the first minimum value and

the fourth bit of each of the sixth result values, and obtaining eighth result values

by switching the sixth result values to the seventh result values.

[9] The method of claim 8, wherein operation (c) further comprises (c7) obtaining

the first minimum value by performing an AND operation on the first, third,

fifth, and seventh result values.

[10] The method of claim 5, further comprising (d) obtaining a second minimum

value by setting as 4-bit input values, the number of 4-bit input values being

equal to the number of degrees of the check node in operation (a), values

obtained by switching the 4-bit input values to results of NOT operations

performed on the first minimum value and by re-performing operations (a), (b),

and (c).

[11] The method of claim 5, when the check node is a check node for a row-split

parity check matrix, further comprising:

obtaining a first minimum value and a second minimum value among 4-bit input

values for another row-split check node, the number of 4-bit input values equal

to the number of degrees of the another row-split check node, by performing

operations (a), (b), and (c) on the 4-bit input values; and

obtaining a minimum value for each of the two check nodes from the first and

second minimum values among the 4-bit input values for each of the two check

nodes.

[12] An apparatus for updating a check node of a low-density parity check (LDPC)



code in order to decode the LDPC code, the apparatus comprising:

a first bit processor obtaining a first bit of a first minimum input value among

4-bit input values, the number of which is equal to the number of degrees of the

check node, by performing an AND operation on first bits of the 4-bit input

values, the first bits being most significant bits (MSB) of the 4-bit input values,

obtaining first result values by sequentially performing an XOR operation and an

OR operation on the first bit of the first minimum value and each of the first bits

of 4-bit input values, and obtaining second result values by switching the 4-bit

input values to the first result values;

a second bit processor obtaining a second bit of the first minimum value among

the 4-bit input values by performing an AND operation on second bits of the

second result values, obtaining third result values by sequentially performing an

XOR operation and an OR operation on the second bit of the first minimum

value and the second bit of each of second result values, and obtaining fourth

results by switching the second result values to the third result values;

a third bit processor obtaining a third bit of the first minimum value among the

4-bit input values by performing an AND operation on third bits of the fourth

result values, obtaining fifth result values by sequentially performing an XOR

operation and an OR operation on the third bit of the first minimum value and the

third bit of each of the fourth result values, and obtaining sixth result values by

switching the fourth result values to the fifth result values;

a fourth bit processor obtaining a fourth bit of the first minimum input value

among the 4-bit input values by performing an AND operation on fourth bits of

the sixth result values, obtaining seventh result values by sequentially performing

an XOR operation and an OR operation on the fourth bit of the first minimum

value and the fourth bit of each of the sixth result values, and obtaining eighth

result values by switching the sixth result values to the seventh result values; and

a bit minimum value calculator obtaining the first minimum value by performing

an AND operation on the first, third, fifth, and seventh result values.

[13] The apparatus of claim 12, wherein a second minimum value is obtained by

setting, as the 4-bit input values in the first bit processor, values obtained by

switching the 4-bit input values to results of NOT operations performed on the

first minimum value obtained in the bit minimum value calculator.

[14] The apparatus of claim 13, further comprising a node minimum value calculator

which, when the check node is a check node for a row-split parity check matrix,

calculates a minimum value for each of the check node and another row-split

check node by using first and second minimum values of 4-bit input values for

each of the two check nodes, wherein the first and second minimum values of the



4-bit input values for the another check node, the number of which is equal to the

number of degrees of the another row-split check node, are obtained by setting

the 4-bit input values as the input values of the first bit processor.
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