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On the Girth of Tanner (5,7) Quasi-Cyclic LDPC Codes
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Abstract: The girth plays an important role in the design of LDPC codes. In order to determine the girth of
Tanner (5,7) quasi-cyclic (QC) LDPC codes with length 7p for p being a prime with the form 35m + 1, the
cycles of lengths 4,6,8,and 10 are analyzed. Then these cycles are classified into sixteen categories, each of

which can be expressed as an ordered block sequence,or a certain type. It is also shown that the existence of

these cycles is equal to polynomial equations over F, who has a 35th unit root. We check if these polynomial
equations have a 35th unit root and obtain the girth values of Tanner (5,7) QC LDPC codes.
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1 Introduction

LDPC codes, proposed by Gallager'' | are a class

which can
[3]

of linear codes approach ~ Shannon

capacity[zi. Later, Tanner ™ presented a bipartite
graph, known as Tanner graph, to represent an LDPC
code. From the graph theory perspective, the iterative
process of the decoding algorithms'*' based on belief
propagation for LDPC codes, which results in good
decoding performance and has low decoding
complexity, can be intuitively understood. But short
cycles, especially cycles with length 4, seriously degrade
the iterative decoding performance of an LDPC code.
For the shortest cycles, their length is called the girth.
In the iterative decoding, the exact LLRs can be
obtained in the first g/2 iterations, where g is the girth
value>’. That is, girth plays an important role in the
design of LDPC codes. Research results show that
LDPC codes with large girth, small number of short
cycles, and no harmful trapping set perform very well .
Structured LDPC codes whose girth is at least six are
generally constructed based on algebraic structures,
such as finite field'”" , partial geometry'® . Furthermore ,
LDPC codes with larger girth ( more than 8) are also
proposed in Refs. [ 9—17]. Moreover, with regard to
circulant permutation matrices ( CPMs ) based (v,
p)-regular QC LDPC codes ™', Fossorier showed that
the girth of such codes is at most 12. So to design such
(v,p)-regular QC LDPC codes with girth 12 (or to

prove the girth of such codes is 12) is an interesting
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problem.

A QC LDPC code is defined by the null space of
sparse matrix H that consists of CPMs and zero matrices
of the same size. If each column or row of H has
constant number of nonzero elements, denoted by vy ,p,
respectively, the QC LDPC code is (vy,p)-regular.
Tanner'"” proposed a kind of (y,p)-regular QC LDPC
codes and we call them Tanner (y,p) QC LDPC codes
for short here. According to Ref.[ 18], it can be seen
that the girth of Tanner (y,p) QC LDPC codes is not
more than 12. It is also shown in Ref.[ 18] that as the
size of CPMs increases, the girth of Tanner (y,p) QC
LDPC codes can be up to 12. For Tanner (3,5) QC
LDPC codes with length 5p for p being a prime with the
form 15m + 1, Kim et al.'*’ had determined their girth.
For Tanner (3,7) QC LDPC codes with length 7p for p
being a prime with the form 21m + 1, the girth was
obtained by Gholami'®’. As a matter of fact, they
classified short cycles in Tanner (3,5) and (3,7) QC
LDPC equivalent  classes,
respectively, and presented the existence conditions for

codes into  several
the cycles whose lengths are less than 10, namely, a
series of polynomial equations over F which have a
15th or 21th unit roots. Finally, by checking the
existence of solutions for these polynomial equations , the
girth values were obtained.

In this paper, the cycles of Tanner (5,7) QC
LDPC codes with length 7p for p being a prime with the
form 35m + 1, are first classified and then the
equivalent relation is defined. Based on the equivalent
relation, the cycles of lengths 4, 6, 8, and 10 are
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classified into sixteen equivalent classes. Thereinto, the
cycles of lengths 4 and 6 have only one equivalent
class,the cycles of lengths 8 and 10 have five and nine
classes, respectively. On the basis of these sixteen
equivalent classes, the sufficient and necessary
existence conditions of short cycles in Tanner (5,7)
QC LDPC codes are proposed. According to these
conditions , polynomial equations over F, which have a
35th unit root can be derived. Applying the Euclidean
division algorithm to these equations over F, and (x¥ -
1) (or its simplified form) , all remainder polynomials
can be also obtained. Unlike Refs.[20] and [21],we
check if all the remainder polynomials over F, are equal
to zero,not just the last remainder polynomial , since all
the remainder polynomials possibly equal zero over F,
and result in candidate girth values. But there are 1 826
polynomial equations, which are about 7.2 times larger
than those of Tanner (3,7) QC LDPC codes"*”.
Moreover, in order to check if the
polynomials over F, equal zero, we need to factor the
coefficients of the remainder polynomials. Considering

remainder

all needed calculation, this is a huge amount of work.
Therefore, we do it with the aid of computer. For
convenience, all cases and the candidate girth values
are recorded in tables, just like those given in Refs.
[20] and [21]. By following the candidate girth values
obtained in each equivalent class, we obtain the girths

of Tanner (5,7) QC LDPC codes.
2 Cycles in Tanner (5,7) Quasi-Cyclic LDPC Codes

A (y,p)-regular QC LDPC code with length pp is
defined by the null space of the following matrix ;

I(Po,o) I(Po,l) I(Po,p—l)
H = I(plo) I(plo) I(pl,:p—l)
I(py—l,()) I(py—l,l) I(py—l,p—l)

(1)
where for 0 s i <y - 1,0<sj <p - 1,I(p;)
represents a CPM of size p X p and p, ; is the shift value.
In the CPM I(p, ;) , the single element “1” is at the
((r + p;;) mod p)th column and rth row and the
elements at the remaining positions are “0”. Obviously,
I(0) is the p X p identity matrix. As another example , if
p =3, then

010
I2)=]10 0 1
1 00

Fossorier' ™™ represented a cycle of length 2i,
denoted by 2i-cycle for short,in H as an ordered block
sequence ;
(jo,lo) 5 (]1 7l1) 5 (Jz 912) 37T (.]k ,lk) TS (ji—] s
li—l) > (jo alo)

This cycle can be also denoted by type (j,,7,, ",

JisoJioy ) for brevity. Clearly, j, does not equalj, ,,,!/,
does not equal [, , . The block (j,,l,) represents the j,th
column and [;th row CPM I(j,,l,) and semicolon
between (j,,l,) and (j,,,,l,.,) represents the column
= J.+, and row-[, CPM I(j,,,, l,). Furthermore, the
sufficient and necessary existence condition of a
2i-cycle in H was also presented by Fossorier:

i-1
2 (P4, = Pyyp) =0 (mod p) (2)
k=0

pityj s

We specify the shift value p, ; = « in H, where
@ is a primitive 35th unit root of F,. Here we focus on
v =5 andp = 7,then a Tanner (5,7) QC LDPC code
with length 7p can be given by the null space of the
following matrix

o 64 64 64 o o o
7 12 17 22 27 32 2
o 63 63 o o o (o4
H = al4 a19 a24 a29 a34 a4 a9
21 26 31 6 11 16
a o o o a o
28 33 3 8 13 18 23
a 64 64 64 a o o

where p = 1 (mod 35) is a prime. That is, p belongs to
{71,211,281,421,491,631,---}. This set is denoted
by P..

According to Eq.(1), the sufficient and necessary
existence condition of a 2i-cycle in H, whose type is
osJis""s Jus="*» Jioy) in Tanner (5,7) QC LDPC

codes, is given by

i-1
Y (o - a’1)a™ = 0(mod p)
k=0

with j, = j,,J, # Jiw1», and [, # [, ,,. According to Ref.
[22],the above equation is called basic equation in the
remaining paper. Notice that we assume that [, = 0. In
order to classify cycles in H into block sequences, same
as defined in Ref.[22],we give the equivalent relation
of cycles in Tanner (5,7) QC LDPC codes as the
following.

Definition 1 Type (j,,/, /2, " +/i-1) is equivalent
to type (ky,k,,ky,--,k,_,) in Tanner (5,7) QC
LDPC codes if one of the following conditions holds

1) There exists some ¢ € {0,1,2,3,4} such that
k,=j, + ¢ (mod5), for all s.

2) There exists some ¢ € {0,1,2,3,4} such that
k,=j X c¢(mod5), for all s.

3)There is some ¢ € {0,1,2,---,1 — 1} s.t. k, =
Jose for all s.

4)There is somec € {0,1,2,--,i = 1} s.t. k, =
Jio1—ese for all s.

We can easily find all such types (jy,j, /2, ""»
Jio1) of 2i-cycles in Tanner (5,7) QC LDPC codes,
where 0 <j, < 4,j, #J,,,, andj, #j for0 <k < i-
1. On the basis of the above equivalent relation, we
partition all types of cycles with lengths not more than
10 in Tanner (5,7) QC LDPC codes into the following

sixteen equivalent classes:

.81 -
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1)4-cycles: There is only one class (0,1) for all
4-cycles.

2)6-cycles: There is only one class (0,1,2) for
all 6-cycles.

3)8-cycles: There are five equivalent classes,i.e.,
(0,1,0,1),(0,1,0,2),(0,1,0,4),(0,1,2,3),and
(0,1,3,2) for all 8-cycles.

4) 10-cycles: There are nine equivalent classes,
ie.,(0,1,2,3,4),(0,1,2,4,3),(0,1,3,2,4),(0,
1,4,2,3),(0,1,0,2,3),(0,1,0,2,4),(0,1,0,3,
4),(0,1,2,0,1),and (0,1,3,0,1) for all 10-cycles.

Based on these sixteen equivalent classes and
(2),we can obtain the specific basic equations. We
assume, for convenience,that t =, — [,(mod 7) ,u =
Ly =l,(mod 7),v =1, = L,(mod 7),and w = I, -
I,(mod 7). It is clear that¢,u,v, and w belong to { £1,
+2,+3}. Now,what we are going to do is to check if
these basic equations over F, have solutions, and then
candidate girth values g can be obtained.

2.1 4-cycles

Under the equivalent relation in Definition 1,all 4-
cycles belong to the unique class (0, 1) which
corresponds to the block sequence: (0,0); (1,0);
(1,¢);(0,t), and ¢ is not equal to 0. According to the
values of these blocks,the basic equation can be given as:

1
D> (a —a)a" = (1-a’)(1-a")= 0 (modp)
k=0

Because « is a primitive 35th unit root, then o’ #
1, #1, where =3 < ¢ < 3 and ¢ # 0. Therefore , the
above equation is not satisfied and there is no 4-cycle in
Tanner (5,7) QC LDPC codes.
2.2 6-cycles

All 6-cycles belong to the unique class (0,1,2)
which corresponds to the block sequence: (0,0); (1,
0)5 (1,0)5 (2,0)5 (258 +u); (0,0 +u), (¢ +u)
(mod 7)is not equal to 0. The basic equation can be
written as ;

2
z (a7jk _ a7.fA+l)a51A - (1 _ a7)(1 + o7 -
k=0

as(z+u) _ 0[5(z+-u>+7> — O (mod P)

Since a’ # 1, the basic equation can be modified
as:
1+ a5t+7 _ a5(15+u) _ a5(t+u)+7 =0 (modp) (3)

As mentioned in Ref.[ 21 ], this modified form of
the basic equation is called modified basic equation. In
this case, Eq. (3) is the modified basic equation. So,
there is a 6-cycle in Tanner (5,7) QC LDPC codes if
and only if Eq.(3) is satisfied. For different values of ¢
and u, we can obtain various modified basic equations.
Consider ¢ to be a variable, we can use t to express the
values of u. If t + © = 0 (mod 7) ,these cases are called
invalid cases,and the other cases are valid cases, such
as defined in Ref.[ 21]. We list all cases of (#,u) and

the corresponding modified basic equations in Table 1.

.82 .

Thereinto , the cases, labeled by “Xx”  are invalid. We
check the existence of the solution for Eq.(3) in each
valid case as follows.

Table 1 All cases of (#,u) and modified basic equations

No. (t,u) Modified basic equations
1 (t,t) 1+ a7 — @l = 107
2 (t,2t) 1+ a7 — oI5 = I5+7
3 (t,3t) 1+ a7 — 20 — 2047
X (¢, =)
5 (t, = 2t) 1+ a7 — @5 — g%+
6 (t, = 3t) 1+ o7 = g 100 _ 10047
2.2.1 Case (t,t)

According to Table 1,the modified basic equation
is1+a” —a" —a'"". Setx =™, For0 < i <35,
we can obtain the values of ', listed in Table 2. Then
the modified basic equation becomes 1 + x — x'® — x™.
Since x” - 1 can be factorized as

-l =(x - D)+ + 1) (&
ottt v+ 1) (I -x +
B S L e T T A

13 14 16 17 18 19 23
x  t+tx —x +x —x +x —x +

24
x
and x is a primitive 35th root of unity of F, ,we have
Lo a0 a8 a7 =2 42— 42 =B 4
2 = 7 = 4 2 6 4 2 =0 (mod p)
(4)

The modified basic equation 1 + x — x'® — 2™ can

be factorized as
L+x-2"=x"=(1-2)(a* +x+1)(x*+
it + ) (A + 1) (8- -

-+ 1)

It is easy to check that 1 —x # 0 (mod p) ,»° + x +
1#0 (modp),x* +x° +2" +x+1#0 (modp),
andx® — 2" + 2 -2+ 2 —x + 1 # 0 (mod p).
There are many polynomials like these,such as x* + 1,
x>+ x° +x + 1,---. We can directly eliminate these
factors from modified basic equations,since they are not
equal to zero in F,. The eliminated form of modified
basic equation is called reduced form. Here the reduced
form is x” + x + 1. By applying the Euclidean division
algorithm to x> + x + 1 and Eq. (4), the remainder
polynomials are x™* —x" + 2 = x" + &7 = 2%+ 1 &' -
B A I S A AR S B Sl AR L P A P
B e R L e e I A
x 2,08 —at+ 1, —at =220+ 2+ 2,407 + a7 -
2x — 3, - (1/16) x* + (3/8)x + 11/16,192«
272,71/2 304.

It is clear that the remainder 71/2 304 equals zero

in F,,. Whenp € P;;\{71}, the remainder polynomials

9

—+

cannot be equal to zero in F,. So the basic equation has
no solution in F,,p € P\ {711,
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Table 2 Representation of x'

x Values x Values x Values x Values x Values P Values
x a51+7 xz 0[IOH-M x3 0llSz+2] x4 0120r+-28 xS aZSr .0(6 a301+7
o7 o e eI 0 o101 +28 X0 a5t i Q200+ X2 Q2501
RE o301 +21 at o2 ot o5 16 Q101 +7 £ Q5114 18 2021
X9 Q58 £ 30 X2 o X2 QS e Q10 +21 2 Q50428
e o2 26 o5+ ey Q014 28 o2 e oSS £30 10t
el Q51+ 2 Q20 14 B Q251+ 4 30128 35 =1

2.2.2 Case (t,2t)
According to Tables 1 and 2, the modified basic

. 5t+7 15t 15t+7 .
equation 1 + « -—a -« can be written as
10 31 . . .
1 +x - x - x°. This equation can be factorized
as:

L+x -2 - 2" =1 +x)(1 - x)(«* +
B+t rx+ 1) (xR
x+ 1) (™ +x" +x+ 1)

We can see that the reduced form is x*' + x'' +

x +1. By applying the Euclidean division algorithm to
21

"+ x" + x + 1 and Eq. (4), the remainder
polynomials are

O [ o P L B

P A N AR A 2|

PO W U

R L D

-2 -+l
I A R S A AP |

D . A S AP
-4y’ - 2%t dx 4+ 1
- (1/4)x* - (1/4)x + 5/8
4 - 4x — 4
-x + 1/8, - 71/16
Obviously,if p = 71 ,then the remainder - 71/16
is equal to zero in F,;. Whenp € P\ {71}, - 71/16
cannot equal zero in F,. Then the basic equation has no
solution in F,, p € Py apart fromp = 71.
2.2.3 Case (t,3t)
Under Tables 1 and 2, the modified basic equation
5147 200 20047

1+« - -«
1
x

can be modified as 1 + x -
- «%. This equation can be factorized as .
L+x - 2" =27 =(1 - 2)(a" +2° +27 +
A1) (P T ha ot 1)
It is clear that the reduced form is ™ + x" +
'+ x° + 27 + x + 1. By applying the Euclidean
division algorithm to ™ + 2" +x" +2° + &° + x + 1
and Eq. (4), the remainder polynomials are x' -
B vt L
- a1, -2 At + 2x -2,
(1/4)x* - (1/2)x + 1/2 4.

Since all remainder polynomials are not equal to

2

zero inF,, p € P, the basic equation has no solution
inF,

2.2.4 Case (t, - 2t)
With Tables 1 and 2,the modified basic equation

1 + 015H7 _ a—St _ a—5t+7

can be modified as 1 + x -
%% —x%. This equation can be factorized as .
lL+x - =2 =(1 - x)(x*+2> +4° +
x+ 1) (" 20+ +x + 1)

Obviously ,the reduced form is x” + " +x° +x +
1. By applying the Euclidean division algorithm to x" +
¥ + x + x + 1 and Eq. (4), the remainder
polynomials are x° — «° + 1, - 3x* + 32’ -« +
3x - 1, - (1/3)x + (2/3)x” + (2/3)x + 2/3,
- 13x* - 9x - 7,(38/169)x + 31/169, - 11 999/
1444 (=(71 x 13%*)/1 444).

We can see that the remainder — 11 999/1 444
equals zero in F,;. When p € Py\{71}, the remainders
p € P\|{71}{. So the basic
equation has no solution in F,, p € Py \{71}.

2.2.5 Case (t, - 3t)
Based on Tables 1 and 2, the modified basic

- 547 _ 10
equation 1 + ™" —a™ ™

cannot equal zero in F,,

—10+7 .
- a """ becomes polynomial

5 26 s .
- x7. This equation

equation inx, i.e., 1 +x - «
can be factorized as:
1 +x - x — 2%
a1 (2 -2+ -
R O v e I
It is obvious that the reduced form is s - x' +
18 17 16 4 10 2+~ x4+ 2%+ 1By

x —x tx
applying the Euclidean division algorithm to x* - x" +
16 10 9 8 6

(1 —x) (1 +x) (& +2° +

8 17 16

= + 45+

- + +w o+ a% - a7+ 2%+ 1and
Eq.(4), the remainder polynomials are
O T A
A
UL ) L Y0 RN YOI R | I (.

P L L Al S N S

B N YWIC I Wi B Y TN R I
x - xR+ 2 2%+ 1
x]47 2x13 + 2x12 _ Zx” + 2.%107 x97 xS +
-ttt A 20+ 2
-0+ + 1
D L N A I A I S |
2+t - X
55 - 3% -t 4+t -+ -1

(4725)x° + (3/25)x* - (3/25)x%° + (3/25)x" -
. 83 .
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(3/25)x + 8/25
(125/16)x* - (125/16)x + (125/16)x> -
(225/16)x + 25/2
(16/125)x> + (16/125)x - 16/125
(=975/16)x + 175/4
1 136/38 025 (=71 x 2*/38 025)

It is easy to know that the remainder 1 136/38 025
equals zero in F,. When p € Py\{71}, then
1 136/38 025 cannot equal zero in F,. So the basic
equation has no solution in F,, p € Py apart fromp = 71.

By following the conclusion drawn in Section 2.1,
it can be also concluded that Tanner (5,7) QC LDPC
code with length 497 ( =71x7) has girth 6, and that
Tanner (5,7) QC LDPC codes with length 7p have
girth at least 8, p € P\ {71}.

2.3 8-cycles

All 8-cycles can be partitioned into five equivalent
classes. As mentioned in Sections 2.1 and 2.2, by
applying the Euclidean algorithm to the reduced form of
basic equation and Eq.(4),we check the existence of
the solutions for the basic equation, and obtain the
candidate girth values g. To save space, all equivalent
classes of 8-cycles and their corresponding modified
basic equations are tabulated in Table 3 and the
candidate girth values g are recorded in Table 4.

Table 3 All equivalent classes of 8-cycles and their modified
basic equations

Equivalent class Modified basic equation

(0’1,0’1) St + a5(1+u) _a5(r+u+z)
(0,1,0,2)
(0’1,0’4) 1 _asr + (1 +O[7 +al4 +O{21) . (aS(t+1L)
(07]’2,3) 1+ a7 4 gSGrw+14 (1 +a +al4)a5(l+u+z)

(0,] ’3’2) 1 + (l + Ot7) (a5/+7 _ a5(l+u+v)) _ a5(/+u)+]4

l -«
1 - aSt + (1 + a7) (aS(Hu) _ aS(Huﬂv))
_ aS(t+u+r))

Note that all cases of (z,u,v) are listed in Table 4,
and the cases,labeled by “x” jare invalid (: +u +v =0
(mod 7) ). By eliminating those polynomials which do
not equal zero in F,, p € P, the reduced forms of the
modified basic equations are obtained ( Here we omit to
record them ). After applying the Euclidean algorithm
to the reduced forms of basic equations and Eq.(4),
we check if there exist the remainder polynomials
which are equal to zero in F,, and obtain the candidate

girth values g, as listed in Table 4. Since the
equivalent class (0,1,0,1) has no candidate girth
value ,then we do not record it in Table 4. And its valid
cases (t,u,v), as listed in Table 4, are the same as the
other four equivalent classes. Based on the conclusions
in Sections 2.1 and 2.2, we can see from Table 4 that
Tanner (5,7) QC LDPC codes with length 7p have
girth 8, p € G,, where G, = {211,281,421,491,631,
701,911,1 051,2 311,4 271,5 531,7 211,237 301,
354 551}.
2.4 10-cycles

All 10-cycles are divided into nine equivalent
classes. For each equivalent class, its corresponding
modified basic equation is tabulated in Table 5. And all
cases of (t,u,v,w) and the corresponding candidate
girth values g are recorded in Table 6.

Table 4 All cases (#,u,v) and candidate girth values

No. (t,u,p) (0,1,0,2) (0,1,0,4) (0,1,2,3) (0,1,3,2)
1 (t,t,t) 71 71 211
2 (t,t,2t) 421 701 421 421
3 (t,t,3t) 71,211 211 421 71
4 (t,t, —1t) 911

X (t,t, = 2t)

6 (t,t, = 3t) 71 71,211
7 (t,2t,t) 71 701 281
8 (t,2,2t) 211 71,211
9 (¢,2¢,3t) 71,211 211 211 421
10 (t,2t, - 1) 911 211

11 (,2t, = 2t) 7211 211,5 531 71 5531
x  (t,2t, = 3t)

13 (t,3t,t) 71 2 311 281
14 (1,3t,2t) 421 701 71 71
X (t,3t,3t)

16 (t,3t, -t) 71,911 491

17 (¢,3t, —2t) 1051 211 281 71
18 (t,3t, = 3t) 237301 421,4271 71 4271
19 (t, —t,t)

20 (t, —t,2t) 354 551 4271 4271
21 (¢, —¢,3t) 211,421 5531 5531
22 (t, —t, —t) 911

23 (1, -t, -2t) 71,7211 5531 5531
24 (t, —t, —3t) 237301 4271 71 4271
X (t, = 2t,t)

26 (t, —2t,2t) 354551 4271 71 4271
27 (1, - 2t,3t) 2311 281
28 (1, -2t,-1) 911 491

29 (1, -2t, -2t) 1051 211 71 421
30 (¢, -2t, -3t) 631 701 281 421
31 (¢, - 2t,1) 71 211 71,211
x  (t, —2t,2t)

33 (t, - 3t,3t) 211,421 5531 71 5531
34 (i, -3t,-t) 911 211

35 (¢, -3¢, - 21) 701 71,281
36 (¢, —3t, —30) 631 701 211 71

Table 5 All equivalent classes of 10-cycles and their modified basic equations

Equivalent class

Modified basic equation

(0’1’2’3‘4) 1+ a51+7 + a5(1+u)+l4 + a5(1+u+v)+21 + a5(1+u+1:+u')+28

(0,172,4’3) 1+ a51+7 + (1 + a7)a5(z+n)+]4 _ a5(1+u+,)+21 _ (] +0(7 + a[4)a5([+“+1;+1‘)

(0,1,2,4,3) 1+ (1 +a7)a™7 — @50+ (] 4 q7) s +1d 4 oS(rusosn) +28

(0,1,4,2,3) L+ (L+al +a™)a®™7 = (1 +al)adF 014 4 oS sd (] 4 o7 4 gl4) g5t
(0,1,0,2,3) 1 - + (1 +a’)adH 4 70 14 (] 4 o7 4 g!*) . g?rurete)

(0,1,0,2,4) 1 =™ + (1 +a)a® ™ 4 (1 +al)ad e id oSt +28

(0,1,0,3,4) T=a™ + (1 +a +a)adtm) 4 @Srum) w2l 4 oS(ivutoru) +28

(0,1,2,0,1) 1+ a™7 = (1 +a7)adm) 4 g3 _ g

(0,1,3,0,1) 1+ (1+a)a®™7 = (1 +a” +a)a® ) 4 odUrurn) — gSturio)
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Table 6 All cases (¢,u,v,w) and associated candidate girth values

No. (t,u,v,w) (0,1,2,3,4)(0,1,2,4,3)(0,1,3,2,4)(0,1,4,2,3)(0,1,0,2,3)(0,1,0,2,4)(0,1,0,3,4)(0,1,2,0,1) (0,1,3,0,1)
1 (t,e,t,t) 43 261 71,66 851 491 491 631 631 421

2 (t,0,0,2t) 28771 911 9 941 281 1051 71

3 (t,t,t,3t) 66 851 43 621 66 851 211 4 481 12 601 701 421

4 (tya,t, —t) 701 5 741,30 661 421 211 55 721

5 (t,e,t, = 2t) 701 5741 71 71,207 061 71,491,911 71,211,911 3011

X (t,t,2t, = 3t)

7 (t,,2t,t) 38 011 421,164 431 38 011 211 631 71 71

8 (t,t,2t,2t) 701,28 771 28 771 71,701,911 491 211 71,211

X (,t,2t,3t)

10 (6,62, —t) 71,631 491 557 831 1471 281 9521 71 281,491 71,631,701
11 (t,0,2t, = 2t) 421 19 391 30 941 281 701 421,701 211,4 621 55 511
12 (t,t,2t, = 3t) 71 71,3 851 7 001 9 871 343 141 704 761 5741 437 501 159 671
13 (£,t,3t,t) 66 851 66 851 43 261 10 781 7 001 631 421

X (t,t,3t,2t)

15 (t,t,3t,3t) 421 71,491 3221 30 941 3011 349 931 32971 3571 104 021
16 (t,t,3t, —1) 1471 491 71 21 701 911

17 (6,03, - 2) 71,631 2731 7211 71,281 71,6 581 417 281,51 521 13 931 281,491
18 (t,t,3t, —3t) 211 203 911 71,211 211,281 211 211 446 881 211,1 051
19 (t,t, =t,t) 71 71,911 237 301 354 551
20 (t,e, —1,2t) 211 71 374 291 5 881 71,211 11 411 3361 211

20 (t,t, —t,3t) 30 941 19 391 71,491 71,43 331 71,281 421 631

X  (t,, —t,—t)

23 (1,0, —t, -2t) 701 71,211,421 71,211 5741 71,3 361 71,281 71,211 911 911

2% (1,6, —t, - 3t) 71 9871 71 71,3 851 71,281 71,421,491 71,43 331 71,211 1051

25 (L, - 2,t) 71 71,211 71 71,211,911 141 961 71,911 71,911 9521 71,47 041,162 821
26 (t,t, —2t,2t) 211,701 211,701 211,701 71 71,7 211 71 71 9 268 631
27 (t,t, = 2t,3t) 491 491 71,631 71,4 831,20 441 2 731 18 481 71 281,18 061 23 632 351
28 (t,0, —2t, — 1) 701 421 5741 11 411 4 831 71 71,1471 211,3 221
29 (t,t, —2t, —2t) 421 281 3221 19 391 47 741 71 4 691 3 338 441 701,3 851
30 (t,t, = 2t, = 3t) 211 211,281 71 203 911 281,974 411 911,2 591 71,491 71,12 041 71,1 471
X (t,t, = 3t,t)

32 (t,t, - 3t,2t) 211 5881 701,18 481 71 4 691 299 671  211,1051 301 841 281,421,845 951
33 (t,t, — 3t,3t) 491 71,4 831 4271 491 763 771 10 151
34 (t,¢, =31, -t) 71,631 1471 71,211 491 71,281 631 71,211 71,491 3 361
35 (t,t, —3t, —2t) 71,631 71,281 71 2 731 631,701 71,211 403 621 2 801 7 561
36 (t,t, - 3t, - 3t) 911 28 771 911 4 481 12 601 71,281  2381,8 821
37 (t,2t,t,t) 164 431 164 431 211 71,211 71,211 8 821 4201
38 (t,2t,t,2t) 38 011 71,38 011 164 431 71 47 881 2 731 71,281 71,4 201
X (t,2t,t,3t)

40 (t,2t,t, —t) 71 631,15204 111 8 681 71 211,631 242 621
41 (t,2t,t, = 2t) 71 8 191 211

42 (,2t,t, - 3t) 71 10 501 13 441 8 681 718271 1634011 71,281,4271 21911 71,242 621
43 (1,2t,2,1) 28 771 71 71,911 281,421,491 631 71 4201 8 821

X (t,2t,2t,2t)

45 (1,2t,2t,31) 491 71,631 71 71,491  631,3 211 281 50 051 71,4 271 10 151
46 (t,2t,2t, —1t) 71,631 7211 211,281 2 731 4 831 11 411 71,281 211,281 7 561
47 (1,2t,2t, - 2t) 374 291 2521 71 71,16 661 845 951
48  (t,2t,2t, = 3t) 71,631 557 831 71 281,491 71,2 731 24 781 71,421 2 381 3 361

X (t,2t,3t,t)

50 (t,2t,3t,2t) 281 6 581 2 591 71,1051 71,5741,18 691 278 741 421,631 71,437 501 159 671
51 (t,2t,3t,3t) 71,631 211,281 211,7 211 71 211 71,281 3011 71 71

52 (t,2t,3t, —t) 15 121 71 71,421 4 481 2 591 71,701 9311 281,491 631,701
53 (¢,2t,3t, = 2) 15 121 491,11 621 4 481 16 451 631 4621 211,1 471 211 71,211
54 (,2¢,3t, - 3t) 71 71,9 871 154 981 211 71,211 211,4 621 55 511
55 (4,2, —t,t) 2311 67 061 2501 54 881 71,581 281,285 251
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Table 6 ( Continued )

No. (t,u,v,w) (0,1,2,3,4)(0,1,2,4,3)(0,1,3,2,4)(0,1,4,2,3)(0,1,0,2,3)(0,1,0,2,4)(0,1,0,3,4)(0,1,2,0,1) (0,1,3,0,1)
56 (t,2t, —t,2t) 15121 701 9941 421,701 911 71,9 521 281,2 381 71 191 491,296 731
57 (¢,2t, = 1,3t) 15 121 71 4481 71,421 28 001 21 71,211,701 192 431
58 (t,2t, —t, —t) 701 71 5741 30 661 71,17 921 33 181 491,3851,8 191 33811 13 931

X (t,2t, —t, = 2t)

60 (t,2t, —t, = 3t) 71,631 71,1471 491 71,211 67 271 19 181 71,421 911

61 (1,2, - 2t,1) 211 71,2 731 71,281 4201 491 281 71 71

62 (t,2t, - 22) 71 4271  281,491,1051 281,491 5531 71 5531 211,421 7211

63 (t,2t, —2t,3t) 491 4271 71,4 831 71 71,281 71,211 631

x  (t,2t, =2, —1t)

65 (¢,2t, =2, —2) 41 281 19 391 3221 10 711 491,4 621 1051 71,211,491
66 (¢,2t, —2t, = 3t) 2 311 2521 67 061 71,491,1 051 57 751 2 731 16 381 911 911

67  (t,2t, = 3t,1) 71 4271 71 281,491 281,2 591 4271 4271 71,24 151 71,27 136 621
68  (t,2t, —3t,2) 71 152 041 13 441 71 21 211 10 501 71,491 71,7 001 491,2 311
69 (1,2, - 3t,3t) 71 281,491 71,4 271 4271 71 71 8553581 71,112 771
70 (t,2t, =3t, —t) 71 9 871 3 851 6 581 3 851 1773 241 1 388 381
71 (t,2t, = 3t, = 2t) 2 311 2 521 71,491 67 061 1051 71 18 481 393 961 491,15 541,24 151
72 (¢,2t, = 3t, = 3t) 211 2521 71,18 481 701,374 291 280 351 71,631 71,13 441 71,75 181 71,348 461
73 (¢,3t,t,t) 43 261 66 851 631 631 491 71

X (t,3t,t,2t)

75 (¢,3t,t,3t) 211 19 531 4201 11971  4271,867 371 281,3 571 71,6 301 3011

76 (t,3t,t, —t) 211 71,281 71,2 731 11971 55721 71

77 (t3t,t, - 2) 15 121 421,701 211,701 491 71,281 911 01 631 41

78 (t,3t,t, - 3t) 15 121 7211 9 941 491 42 491 71,631 211 701 421

X (¢,3t,21,1)

80 (¢,3t,2t,2) 211,421 4691 71 71,211 63 841,318 641 1 180 901 281,453 461 71,211  71,211,1 051
81 (t,3t,2t,3t) 15 121 491,9 941 701 7211 126 211 11 621 125 231 911

82 (t,3t,2t, — 1) 15 121 701 701 9 941 71 71,211 281 33 811 281,491
83 (t,3t,2t, — 2t) 281 12 391 71,1 051 273 001 701 71,701 71,631 421,104 021
84 (t,3t,2t, -3t) 71,631 71,211 1471 71 71 71,281 211 701 71,421
85 (1,3t,31,1) 211,701,4 481 71,211,701 71,1 471 211,7 351 71,9 268 631
86 (t,3t,3t,2t) 211 71,211 4 691 203 911 71,281 71,491 2 591 701,3 361 71,1471
87 (t,3t,3t,3t) 701 30 661 71 71,631 5741 19 531 211,3 221
88 (t,3t,3t, —t) 421 30 941 71,491 19 391 71,421 3 851 6 581 421,2 311 701,3 851
89  (t,3t,3t, - 2t) 491 4271 71 71,4 831 130 621 5 881 4201 11 621 23 632 351
90 (t,3t,3t, = 3t) 71 71,911 71,911,12 041 71 71 71,1229 211 71,47 041
91 (t,3t, —t,t) 211 71,281 11 971 71,2 731 71,16 661 845 951
92 (t,3t, —t,2t) 71,631 7211 2 731 211,281 71,211 71 3 361 71,4 201 8 821

93 (t,3t, —t,3t) 211 3011 71,701 2 801 281,911,2 381 3361

94 (t,3t, —t, —t) 71,631 71 71,211 71,557 831 71,281 65 101 71,211 211,281 7 561

95 (t,3t, —t, —2t) 71 13 441 10 501 152 041 74 761 22 751 71,4271 4 691,10 151
x (t,3t, —t, —3t)

97  (t,3t, = 2t,t) 15 121 71,421 71 16 451 631 3 851 491 1 051 71,211
98 (t,3t, — 2t,2t) 281 211,12 391 273 001 71,1 051 211 211 71,829 151 159 671
99 (,3t, - 2¢,3t) 491,15 121 11621 16 451 4 481 46 831 701 39 551 71,281 631,701,3 221
100 (¢,3t, = 2t, —t) 71 7 001 3 851 154 981 211,281 274 471 6 091 85 751 55511

x (t,3t, = 2t, = 2t)

102(t,3t, - 2t, - 3t) 71,631 71,281 2731 71 71 71 71 71

103 (t,3t, — 3t,t) 281 273 001 12 391 2 591 2 311 16 451 4201 1051 71,211
104 (¢,3t, - 3t,2t) 2 311 54 881 67 061 71,211,4 831 21 211 1 051 71 71

105 (¢,3t, = 3t,31) 71 71,911 71,911 4271 4271 71,911 911

x (t,3t, = 3t, —t)

107 (¢,3t, = 3t, = 2t) 211 211,281 203 911 71 491 71,281 281 631 421

108 (¢,3t, = 3t, — 3t) 211 2521  421,374291 18 481 26 251 4 481

109 (¢, —t,t,t) 71 71,911 71 522 061 211,2 521 522 061 71

110 (t, —¢t,t,2t) 71 281,421,491 4271 71 211,2731 128591  211,2 731 71 71
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Table 6 ( Continued )

No. (t,u,v,w) (0,1,2,3,4)(0,1,2,4,3)(0,1,3,2,4)(0,1,4,2,3)(0,1,0,2,3)(0,1,0,2,4)(0,1,0,3,4)(0,1,2,0,1) (0,1,3,0,1)
111 (t, =t,t,3t) 71,211,701 211,701 71,1 051 71,1471 71,1 051 71

x (1, —t,t, —t)

13 (¢, —t,t, - 2) 71 71,911 71 7 841 71,141 961 7 841 71 71

114 (¢, —t,t, —3t) 71 4271  281,491,16 451 71 39 761 281,2 591 39 761 71 71

115 (¢, —¢,2t,1) 2 311 491 2 521 4 831 687 541 71,701 1 471,343 561 71

116 (¢, —t,2t,2t) 211 4 691 71,211 71 6 091 1542 031 701 701 21

17 (¢, —,2t,3t) 281 6 581 71,1 051 2591 491 71,17 291 71,281 211 71,211
18 (¢, —t,2t, —t) 71 71 71,911 495 461 631,2 591 631,1 051 911

x (t,—-t,2t, —2t)

120 (¢, 1,2, - 3t) 211 71,5 881 71 18 481 1253 071 17 011 423 431

121 (¢, —t,3,t) 19 531 11 971 4201 71,631 440 651 71 7

122 (¢, =t,3t,2) 491 71,631 491 71 211,4 621 71,2 381 71,370 441

123 (¢, —1,3t,3t) 421 71,491 30 941 3221 491,701 3221 281,491 211 71,211
124 (¢, -3, —1t) 2311 4831 54 881 71,211 217351 211,1197 281 281,421 911

125 (t, —¢,3t, — 2t) 71 71 4271 71,271,491 2 591,2 691 011 1 747 271 281,421,631 5531 7211

x (¢, —t,3t, = 3t)

X (L, —t, = t5t)

128 (¢, —t, —t,2t) 71 71 71,911 837 271 211,2 381 01 4271 354 551
129 (¢, —t, —t,3t) 18 481 2521 5 881 911 36541 211,281,3 221

130 (¢, —t, —t, —1t) 701 71 71,211,30 661 5741 211,491 147 211 2 311,134 401 911

131 (¢, =t, —t, = 2) 71 71,7 001 154 981 3 851 211,110 951 71,19 531 71,8 681 211 1051
132 (¢, =t, —=t, = 3t) 421 71,3 221 71,281 491 211,491 385 631 71,1 051 701 631

133 (¢, —t, —2t,t) 701 5 741 421 71 71,421 34 231 9 871 71

X (t, —t, = 2t,2)

135 (¢, —t, —2t,3t) 71 71 281,491 4271 211,491,701,3 21 71,18 221 2102 171 5 531 211,421
136 (¢, —=t, = 2t, —t) 71 13 441 152 041 10 501 71,701 211,2 731 421,491 911

137 (¢, —t, =2, =2) 71,491 71 71,4 271 71,631 71,37 871 71,211 2 318 471 71 71,281
138 (¢, —t, =2, - 31) 281 2 591 273 001 6 581 211,421 281,4 201 325921 701 631

139 (t, —t, = 3t,t) 71 10 501 8 681 13 441 71,421 435 401 76 231 71

140 (¢, - ¢, - 3t,2t) 71 491,3 851 9 871 7001 71,14 771 421,631 71,631 701 421

x (t, —t, = 3t,3t)

142 (¢, —t, =3, —t) 211 4201 71,2731 631,19 531 491 281,3 571 18 131 911
143(t, —t, = 3t, —2t) 211 71 211,281 4 691 48 371 532 421 79 801 211 1051
144(t, —t, = 3t, = 3t) 211,701 211,701 589 471 701,35 141 2 153 551 4271 237 301
145 (&, - 2t,t,1) 71 71,911 71 71 211,2521 211,701 211,701,25411 71,6 091  281,4 691
146 (¢, - 2t,t,2t) 71,211 11 971 19 531 71,281 4481 13 441 71,631 281,491 211,281
147 (&, - 2t,t,3t) 281 71,1 051 6 581 71,12391  421,4621 211,4 691 71 443'591 211,1051,2 381
148 (t, — 2t,t, —1t) 71 71,911 71,16 381 281,4 691
149 (¢, = 2t,t, = 2t) 211 2 731 4201 71,281 281 19 531 5 741 71,11 131 211,281
150 (¢, = 2t,t, = 3t) 281 273 001 2 591 12 391 211,7 001 3221 1239421 211,421,1 051
151 (¢, = 2t,2t,t) 211 11 971 71,281 19 531 280 351 491,26 251 911 911
152 (¢, = 2¢,2t,2t) 71 154 981 281 7 001 4201 421,2 311 631 421

153 (1, - 2¢,2t,3t) 211 71,211 71,211,203 911 4 691 281 491,97 441 491 71,211 1051

x (t, —2t,2t, —t)

155(¢, - 2¢,2t, - 2t) 211,701 211,701 211,701 4271 4271 354 551 237 301
156 (t, — 2t,2t, — 3t) 71 152 041 13 441 71,1 051 211 71 71

157 (¢, —2t,3t,t) 15 121 4 481 71 11 621 98 491 2 731 211,281 911

158 (¢, — 2t,3t,2t) 15 121 9 941 7211 421,701 71 2521 71,701 211,701 192 431
159 (¢, - 2t,3t,3t) 71,631 71,211,281 71 7211 71,4831  71,15541 33369 71,71 191 211,296 731
160 (¢, — 2t,3t, —t) 211 18 481 5 881 2 521 491,1 471 71,17 431 66 571 33 811 1 051,13 931
x (t, = 2t,3t, — 2t)

162(t, = 2t,3t, — 3t) 491 71,4 831 491 4271 71,211,5 881 285 251
163 (t, —2t, —t,t) 701 421 30 661 281,491 71,13 931
x (t, —2t, —t,2t)

165 (¢, = 2t, —t,3t) 2 311 4 831 71,491 54 881 441 421 59 221 71,491 421,491 126 211,285 251
166 (¢, —2t, —t, —t) 71,631 71 557 831 71,211 20 231 110 321 3 361 21 701 8 821
167(t, -2, —t, -2) 15121 16451 71,11 621 71,421,701 211,421,701 2311 127 261 71,211 192 431
168 (1, -2, —¢, -3t) 15121 491 7 211 421,701 71,1051 71,421 71,421 12 041 296 731
169 (t, — 2t, — 2t,t) 71,281 71 71,211 421 45 361 911
170(t, — 2t, — 2t,2t) 421 19 391 281 30 941 211 211 71,631 104 021

x (t, —2t, —2t,3t)

172 (¢, -2, -2, —¢) 71,631 71 211,281 281 71,211 71 71,421 33811 281,491,631
173 (¢, =2, =2, -2) 43 261 43 261 491 204 331 701 421

174 (¢, -2, -2, - %) 211 71 4 691 211,281 71 71,2 521 211,281 71,211 211,1 051
175 (t,=-2,-3p) 15 121 7211 491 9 941 118 861 71 20 161 13 931 281,491
176 (¢, =2, = 3t,2t) 71,631 557 831 491 71 1471,9 241 71 4 691 631 421

177 (¢, -2, -3 3) 211 203 911 211,281 71,211 71,701 71,701 446 881 211,1 051
178 (¢, -2, =3, —t) 15 121 491 701 7211 7 351 12 671 21 701 911

179 (¢, =2, =3, —2) 281 2 591 6581 5741,273 001 71,3 361 920 641 71,5 881 3571 104 021

X (t, -2, -%,-3%)
X (t, = 3t,t,1)
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Table 6 ( Continued )

No. (t,u,v,w) (0,1,2,3,4)(0,1,2,4,3)(0,1,3,2,4)(0,1,4,2,3)(0,1,0,2,3)(0,1,0,2,4)(0,1,0,3,4)(0,1,2,0,1) (0,1,3,0,1)
182 (¢, = 3t,t,2t) 2 311 71,491 4 831 2 521 766 501 71,7 841 262 781 21 911 71,421,242 621
183 (¢, = 3t,t,3t) 15 121 4 481 11 621 71 281,21 491 71 26 111 8 821 4201

184 (¢, =3t,t, —t) 2 311 71,67 061 54 881 2 521 211,631 71,281,242 621
185 (1, - 3,0, —20) 15121 71,421 16 451 71 71,34 511 3 361 7351 71,281 4201

186 (1, - 30,1, - 31) 201,164 431 38011 71,211 21 1471

187 (t, = 3t,2t,t) 71 71,281,491 71 4271 128 591 281,491 281,491 3 439 801 71,112 771
188 (¢, —3t,2t,2t) 71 154 981 1 051,7 001 71,211 16 451 3221 7 001 4 831 1 388 381

189 (¢, —3t,2t,3t) 71 8 681 10 501 71,211 4201 5 881 1022 141 491,2 311

190 (¢, —3t,2t, —1t) 211 71 5 881 374 291 71,281 71 4831,6 791 4 649 261 71,348 461
191 (¢, =3t,2t, =2) 71 4271 281,491,701 491 71 71 71 898 661 27 136 621
192 (¢, = 3t,2t, = 3t) 2311 54 881 4 831 67 061 211 71,491 10 501 4567 151 491,15 541
193 (¢, = 3t,3t,t) 281 71,1 051 12 391 6 581 71 47 741 10 711 421 631

194 (¢, —3t,3t,2t) 71 8 681 1051 10 501 631 130 621 71,281 911 911

195 (1, - 3t,3,3) 701 30 661 7 281 281 7 7

x (&, = 3t,3t, —t)

197 (¢, = 3t,3t, —2t) 491 491 71,4 831 71,631 421,16 381 1051 57 751 71

198 (t, —3t,3t, — 3t) 71 281,491,2 591 4271 4271 5531 71,421 5531 7211 211,421

19 (¢, = 3t, —t,t) 71 71 8 681 152 041 763 771 10 151

200 (¢, =3¢, —t,2t) 71,631 491 1471 557 831 911 71,211 2 381 2 801 7 561

x (t,=3t, —t,3)

202 (¢, =3, -t, —t) 2 801 16 871 13 931 71,491 3 361

203 (1, =31, -1, —2) 71,211,631 71 71,281 71,211 21001  911,25411 71,7561 71,281 8 821

204 (t, = 3t, —t, = 3t) 211 4201 19 531 71,2731 71,30 941 71,211,52 361 71,12 251 301 841 281,845 951
205 (1, -3, -2 15121 421,701 491 701 71,281 1 471 17 291 71,211 192 431
206 (¢, =3¢, —2,2) 211 374 291 71 2 521 71,281,491 13 931

207 (¢, -3, -2,3%) 71,631 2731 71,281 7211 22 051 11 831 71,491 12 041 296 731
208 (1, =3, -2, —1) 15121 16 451 71,421 11 621 281 71,631 14 071 21 701

209 (1, - %, -2, -2) 491 71 71,631 211,4271 281,421,701 71,4271 109831 421,491 211,285 251

x (6, =3, -2, -3%)

211 (¢, =3, -3) 491,164 431 71,38 011 281 71,701 9 521 71 71,281

212 (¢, =3¢, = 3t,2) 71,631 71,211 71 1471 71,281 30 871 71,33 461 71,281 281,631,701
213 (¢, = 3t, —3t,3t) 71 154 981 2 731,9 871 701 701 829 151 159 671

214 (¢, = 3t, = 3t, —1t) 421 3221 71,491 281 71 361 901 137 131 85 751 55 511

x (¢, =3, -3%, -2%)

206 (¢, - %, - 3, - %) 911 911 71,28 771 10781 211 7 001 1051 71,211

Notice that just like the aforementioned , we list all 17 921, 18 061, 18 131, 18 481, 18 691, 19 181,

cases of (t,u,v,w) in Table 6, where “x” stands for 19 391, 19 531, 20 161, 20231, 20 441, 21 001,
invalid cases (¢t + u + v + w = 0 (mod 7)). By 21 211, 21491, 21 701, 21911, 22 051, 22 751,
eliminating those polynomials over F , which is not 24 151, 24 781, 25411, 26 111, 26 251, 28 001,
equal to zero, we can get the reduced forms of the 28 771, 30 661, 30 871, 30 941, 32 971, 33 181,
modified basic equations. By applying the Euclidean 33461, 33 811, 34 231, 34 511, 35 141, 36 541,
algorithm to the reduced forms and Eq. (4),we check 37 871, 38 011, 39 551, 39 761, 42 491, 43 261,
if there exists the remainder polynomial over F, which 43 331, 44 171, 45 361, 46 831, 47 041, 47 741,
is equal to zero, and obtain the candidate girth values 47 881, 48 371, 50 051, 51 521, 52361, 54 881,
g, tabulated in Table 6. Based on the conclusions 55 511, 55721, 57 751, 59 221, 63 841, 65 101,
drawn in Sections 2.1,2.2, and 2.3, we can see from 66 571, 66 851, 67 061, 67 271, 71 191, 74 761,
Table 6 that Tanner (5,7) QC LDPC codes with 75 181, 76 231, 79 801, 85751, 97 441, 98 491,
length 7p have girth 10, p € G,,, where G,, = {1 471, 104 021, 109 831, 110321, 110951, 112771,
2381, 2521, 2591, 2731, 2801, 3011, 3221, 118 861, 122921, 125231, 126 211, 127 261,
3361, 3571, 3851, 4201, 4481, 4621, 4 691, 128 591, 130 621, 134 401, 137 131, 141 961,
4831, 5741, 5881, 6091, 6301, 6581, 7001, 147 211, 152 041, 154981, 159 671, 162 821,
7351, 7561, 7841, 8 191, 8 681, 8 821, 9 241, 164 431, 185221, 192431, 203911, 204 331,
9311,9 521,9 871,9 941, 10 151, 10 501, 10 711, 207 061, 217 351, 242621, 262781, 273001,
10 781, 11 131, 11 411, 11 621, 11 831, 11 971, 274 471, 278 741, 280 351, 285251, 296 731,
12 041, 12251, 12391, 12 601, 12 671, 13 441, 299671, 301 841, 318 641, 325921, 333 691,
13931, 14 071, 14 771, 15 121, 15541, 16381, 343141, 343561, 348 461, 349931, 361 901,
16 451, 16 661, 16 871, 17011, 17291, 17 431, 370441, 374291, 385631, 393 961, 403 621,
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423 431, 435401, 437 501, 440 651, 441 421,
443 591, 446 881, 453461, 495461, 522 061,
532421, 557 831, 589471, 687 541, 704761,
718 271, 763 771, 766 501, 829 151, 837271,
845 951, 867 371, 898 661, 920 641, 1022 141,

1180901, 1197281, 1239421, 1253071,
1388381, 1542031, 1634011, 1747271,
1773241, 2102 171, 2153551, 2318471,
2691 011, 3338441, 3439801, 4567151,
4649261, 8553581, 9268631, 23632351,
27 136 621} .

3 Conclusions

In this paper, we analyzed the cycles of Tanner
(5,7) QC LDPC codes and divided the cycles of
lengths 4,6,8,and 10 into sixteen equivalent classes.
Based on these equivalent classes, we presented the
basic equations over F,
primitive 35th unit root, and checked these equations

, p € P, which have a

have solutions. Then candidate girth values are derived.
By summarizing the candidate girth values of all
equivalent classes, the girth g of Tanner (5,7) QC
LDPC codes with length 7p for p being a prime with the
form 35m + 1 is obtained. That is, Tanner (5,7) QC
LDPC codes has girth 6 if p = 71, the girth is 8 if
p € G, (See Section 2.3) ,the girth is 10 if p € G,
(See Section 2.4) ,and 12 otherwise. In other words,
when p takes values in {6 791,9 661,11 551,13 721,
14 281,14 561, ---} , Tanner (5,7) QC LDPC codes
with length 7p have girth 12.
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