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Abstract. In this paper a new algorithm to find the decimal equivalents of all monic irreducible polynomials (IPs)
over Galois Field GF(p?) has been introduced. This algorithm is effective to find the decimal equivalents of monic
IPs over Galois Field with a large value of prime modulus and also with a large extension of the prime modulus. The
algorithm introduced in this paper is much more time effective with less complexity. It is able to find monic
irreducible polynomials for a large value of prime modulus and also with large extension of the prime modulus in
few seconds.

Introduction. From the last few decades, efficient implementation of cryptographic algorithms has been in the focal
point of major research efforts in cryptography. Cryptography is one of the most dominant application areas of the
finite field arithmetic [1]. Almost all symmetric-key cryptographic algorithms, including recent algorithms such as
elliptic curve and pairing-based cryptography depends heavily on finite field arithmetic. Majority of cryptographic
algorithms utilize arithmetic in finite mathematical structures such as finite multiplicative groups, rings, polynomials
and finite fields [2]. The use of basic arithmetic operations (i.e. addition, multiplication, and inversion) over finite
fields, GF(p?), where p is prime modulus and q is extension of the prime modulii, are dominant in many
cryptographic algorithms such as RSA algorithm [3], Diffie-Hellman key exchange algorithm [4], the US federal
Digital Signature Standard [5], elliptic curve cryptography [6][7], and also recently pairing-based cryptography
[8][9]. Due to elliptic curve based schemes, most efficient finite fields that are commonly used in cryptographic
applications are prime fields GF(p) and binary extension fields GF(2"). The standard 8-bit S-Box of Advance
Encryption Standard is usually generated by using a monic irreducible polynomial {11B} as the modulus in
extended binary Galois Field GF(2*) and a particular additive constant {63} in Binary Galois Field GF(2). Rijndael
used this particular modulus and the additive constant in the original proposal of Advance Encryption Standard . It
has also been discovered that the other moduli and constants can also be used to make the generation of 8-bit S-
Boxes more dynamic [10][11][12]. Recently, pairing-based cryptography based on bilinear pairings over elliptic
curve points stimulated a significant level of interest in the arithmetic of ternary extension fields GF(3") [13].

Polynomials over finite fields have been studied since the time of Gauss and Galois [14][15]. The
determination of special types of polynomials such as irreducible, primitive, and permutation polynomials, is a long
standing and well studied problem in the theory and application of finite fields [16][17][18][19]. On the other hand,
in recent years there has been intensive use of special polynomials in many areas including algebraic coding theory
for the error-free transmission of information [20], cryptography for the secure transmission of information
[10][11][12], and polynomials over finite fields appear very naturally in several areas of combinatorics. First, due to
the finite number of elements, the enumeration of various special kinds of polynomials over finite fields is an
interesting and extremely important research area in combinatorics, especially in design theory, polynomials are
used to construct and describe cyclic difference sets and special types of designs such as group divisible designs
[21]. Divisibility conditions on trinomials over finite fields have been shown to produce orthogonal arrays with
certain strengths [22], and bivariate and multivariate polynomials can be used to represent and study latin squares
and sets of orthogonal latin squares and hypercubes of prime power orders [23][24]. Polynomials over finite fields
are the key ingredient in the construction of error-correcting codes such as BCH [25], Goppa [25], Reed-Solomon
[25], and Reed-Muller codes [25], among others. Moreover, polynomials also play a key role in other areas of
coding theory such as the determination of weight enumerators [26], the study of distance distributions [27], and
decoding algorithms [28]. Large extensions of finite fields (especially over the two-element field) are important in
cryptography . Elements in these extension fields can be represented by polynomials over the prime subfield [29].
Thus, constructions of extension fields and fast arithmetic of polynomials are important practical questions . In
addition, polynomials over finite fields are important in engineering applications. Linear recurrence relations over
finite fields produce sequences of field elements [30]. Linear feedback shift registers are used to implement these
recurrences. Characteristic polynomials over finite fields are one of the main tools when dealing with shift registers
[31]. In particular, primitive characteristic polynomials produce sequences with large periods, and thus have found
many applications in areas such as random number generation [32].



In past decades many results towards the enumeration of classes of univariate irreducible polynomials over
finite field or Galois Field with certain characteristics have appeared in the literature. Such polynomials are used to
implement arithmetic in extension fields found in many applications, including coding theory [33][34], cryptography
[35][36], multivariate polynomial factoring [37] parallel polynomial arithmetic [38]. Many algorithms had also
been introduced along with to determine irreducible polynomials over finite fields, including a composite
polynomial method to find monic irreducible polynomials by a hand on calculation over Galois field with prime
modulus 2 to 7 with for extensions 1 to 11 [39], Rabin’s algorithm to find monic irreducible polynomials over
Galois Field GF(p) where p is a prime integer, An improvement of Rabin’s algorithm with less complexity [40], an
algorithm that constructs a degree d irreducible polynomial over finite fields proved that under the generalized
Riemann hypothesis by Adleman and Lenstra [41], a deterministic algorithm that runs in polynomial time for fields
of small characteristic [42], and recently a method that uses the concept of p-nary equivalent of multiplicative
inverses of the elemental polynomials (ep) of a basic monic irreducible polynomial to determine a basic monic
polynomial to be irreducible [43].

A basic polynomial BP(x) over finite field or Galois Field GF(p?) is expressed as,

BP(x) = agx? +a, x¥' +---+ax +ag,

B(x) has (q+1) terms, where a, is non-zero and is termed as the leading coefficient [44]. A polynomial is monic if
agq is unity, else it is non-monic. The GF(p?) have (p? — p) elemental polynomials ep(x) ranging from p to (p?-1) each
of whose representation involves q terms with leading coefficient a, ;. The expression of ep(x) is written as,

ep(x) = aq_lxq'1 +---+a;x+ay, where a; to ag, are not simultaneously zero.

Many of BP(x), which has an elemental polynomial as a factor under GF(p?), are termed as reducible. Those of
the BP(x) that have no factors are termed as irreducible polynomials IP(x) [45][46] and is expressed as,

IP(x) = a x'+ aq_]xq" +---+ax+ay, where ag#0.

In Galois field GF(p?), the decimal equivalents of the basic polynomials of extension q vary from p? to
(p"" - 1) while the elemental polynomials are those with decimal equivalents varying from p to (p® — 1). Some of the
monic basic polynomials are irreducible, since it has no monic elemental polynomials as a factor.

In this paper a new algorithm to determine the decimal equivalents of monic irreducible polynomials over
extended Galois fields, also for large value of prime modulus and its large extensions is demonstrated with example.
In this algorithm the decimal equivalents of each of two monic elemental polynomials at a time with highest degree
d and (q-d) where d = 0 to (q-1)/2, are split into the p-nary coefficients of each term of those two monic elemental
polynomials. The coefficients of each term in each two monic elemental polynomials are multiplied, added with
each other and modulated to obtain the p-nary coefficients of each term of the monic basic polynomial. The decimal
equivalent of the resultant monic basic polynomial is termed as the decimal equivalent of a reducible monic basic
polynomial. The decimal equivalents of polynomials belonging to the list of reducible polynomials are cancelled
leaving behind the monic irreducible polynomials.

For convenient understanding, the proposed algorithm is presented in Sec.2 for Galois Field GF(p?) and for
clarity of understanding the algorithm is described with example of Galois Field GF(77), where p=7 and q=7 has
also been demonstrated in the same section . The method is able to find all monic irreducible polynomials IP(x) over
any Galois Field GF(p%), also for large value of prime modulus and its large extension. Sec. 3 demonstrates the
obtained results to show that the proposed searching algorithm is actually able to search over any Galois field
GF(p?) with any value of prime modulus and its extension, such as, p €{ 3, 5, 7,....,101,...p} and q € { 2, 3, 5,
7,...,101,....q}. In Sec.4 and 5, the conclusion of the paper and the references are illustrated. A list of decimal
equivalents of all the monic irreducible polynomials over Galois Field GF(7°) is given in Appendix-1. Initial part of
the list of decimal equivalents of all the monic irreducible polynomials over Galois Field GF(101%) is given in
Appendix-2.

q+1

2. Algorithm to find Decimal Equivalents of Irreducible Polynomials over Galois Field GF(p?).
In this section the new algorithm to search for Decimal equivalents of all monic Irreducible
polynomials over Galois Field GF(p?) has been described with example. The detailed structural description of the
algorithm is given in sub sec.2.1. The detailed mathematical description of the algorithm is given in sub sec.2.2. The



Computational Algorithm is demonstrated in sec.2.3.The example of the said algorithm for Galois Field GF(7’) is
given in sub sec 2.4. The analysis of time complexity is illustrated in sub sec.2.5.

2.1. Structural Description of the Algorithm.

In this algorithm the decimal equivalents of each of two monic elemental polynomials at
a time with highest degree d and (q-d) where d € {0,..,(q-1)/2}, are split into the p-nary coefficients of each term of
those two monic elemental polynomials. The coefficients of each term in each two monic elemental polynomials are
multiplied, added respectively with each other and modulated to obtain the p-nary coefficients of each term of the
monic basic polynomial. The decimal equivalent of the resultant monic basic polynomial is termed as the decimal
equivalent of a reducible monic basic polynomial. The decimal equivalents of polynomials belonging to the list of
reducible polynomials are cancelled leaving behind the monic irreducible polynomials. For Galois Field GF(p?),
where p is prime modulus and q is the extension of the field, the algorithm is given as follows,

Step 1. Generate Decimal Equivalents of all Monic Elemental Polynomials dec(ep(x)) over Galois Field GF(p?).
Step 2. Split dec(ep(x;)), dec(ep(x,)) with highest degree d and (q-d) respectively where d = 1 to ((g-1)/2), are split
into p-nary coefficients of each term of each monic elemental polynomial ep(x).

Step 3. Multiply and add terms with degree d to 0 and (q-d) to 0 to obtain the decimal coefficients of each term of
the Basic Polynomial BP(x).

Step 4. Split coefficient of each term of BP(x) into p-nary coefficients.

Step 5. Obtain the decimal equivalent of the Basic Polynomial BP(x) or dec(BP(x)) as Decimal equivalent of
Reducible Polynomial.

Step 6. The decimal equivalents of polynomials belonging to the list of monic reducible polynomials are cancelled
leaving behind the monic irreducible polynomials.

Step 7. Stop.

2.2 Mathematical Structure of the Algorithm.

Here the interest is to find the monic irreducible polynomials over Galois Field GF(p%), where p is
the prime modulus and q is the extension of the prime modulus and p must be a prime integer. Since the indices of
multiplicand and multiplier are added to obtain the product. The extension q can be demonstrated as a sum of two
integers, d; and d,, The degree of highest degree term present in elemental polynomials of GF(p?) is (q-1) to 1, since
the polynomials with highest degree of term 0, are constant polynomials and they do not play any significant role
here, so they are neglected. Hence the two set of monic elemental polynomials for which the multiplication is a
monic basic polynomial, have the degree of highest degree terms d;, d, where, d; € {1,2,3,..,((q-1)/2)}, and the
corresponding values of d, € {(q-1), (q-2), (q-3).,...,9-((q-1)/2)}. Number of coefficients in the monic basic
polynomial BP(x) = (q+1); they are defined as BP, BP, BP, BP; BP, BPs BP¢; BP; BP, the value of the suffix
also indicates the degree of the term of the monic basic polynomial. For monic polynomials BP;= 1.

Coefficients of each term in the 1% monic elemental polynomial EP’, where, d; € {1,2,.....,((g-1)/2)}; are
defined as EPOO, EPIO, ....... » EP(q-1y2-1 )0. Coefficients of each term in the 2™ monic elemental polynomial EP' where
d, € {(q-1), (g-2), (-3).,....q-((q-1)/2-1)}; are defined as EP,' EP,' EP,' EP;' EP,' ..., EPq_((q_l)/z_l)l, The value in
suffix also gives the degree of the term of the monic elemental polynomials. Total number of blocks is the number
of integers in d; or d i.e. (q-1)/2 .

Now, the Mathematical Structure of (q-1)/2™ block for the algorithm is as follows,

(g-1)/2" block:
BP,= (EP,"x EP,") mod p.
BP,= (EP,’ x EP,'+ EP,° x EP,") mod p.
BP,= (EP," x EP,'+ EP,° x EP,'+ EP,’ x EP,') mod p.
BP;= (EP,” x EP;'+ EP,” x EP,'+ EP,” x EP,'+ EP;" x EPy") mod p.

BP,.= (EP,’ x EP(.)'+ EP,* * EP .+
BPq: (EP(q_l)/zo * EPq_(q_l)/zl) mod p-
Now the given basic monic polynomial is illustrated in Eq.1. and its decimal equivalent is calculated as in eq.2,
BP(x) = BP x% BP,; x¥'+... 4+ BPsx’+ BP,;x* BP; x’+ BP,x™+ BP; X'+ BPox"......ooooiiiiiiiin, (1)
Decm_eqv(BP(x))= BP,xp+ BP, xp®'+....+ BPsxp +BP,xp*+ BP3xp’+ BPxp*+ BP xp'+ BPyxp’......(2)



Similarly all the decimal equivalents of all the resultant basic polynomials or reducible polynomials for all a and its
corresponding b values are calculated. The polynomials belonging to the list of reducible polynomials are cancelled
leaving behind the irreducible polynomials.

2.3. Description of the Computational Algorithm.

Here the Basic polynomials over Galois Field overGalois Field GF(p?) is presented as BP(x) and Elemental
polynomials over the same Galois field is presented as ep(x). For Galois Field GF(p“) the prime modulus = p and
the extension of the prime modulus = q. Highest degree term of the 1% elemental polynomial ep(x;) is d; €
{1,230 ,(q-1)/2} and second elemental polynomial ep(x,) is d, € { (q-1), (q-2), (q-3)....,9-(q-1)/2}.
Number of terms in 1% elemental polynomial € {N(d,)} and number of terms in 2" elemental polynomial € {N(d,)}.
Coefficients of each ep(x) are demonstrated as EPep_jnqx j, Where 1<1<2.

Here Number of terms in Basic Polynomial = p+1. Coefficients of BP(x) = BPy,_inax, where 0< bp_indx < q,
The said Computational Algorithm is as follows,

Step 1. for block =1 to (N(d,) or N(d,)) do the following steps.

Step 2. for ep_index_1 =1 to (q-1)/2 do the following steps.

Step 3. for ep_index_2 =(g-1) to (q-((q-1)/2)) do the following steps.
Step 4. for bp_index = 0 to q do the following steps.

Step 5. for P, =1 to N(d,) and P, =1 to N(d,) do the following steps.
Step 6. BPyy, inay = (Z(EPep_inax 1" XEPep_inay 2**)) mod p;

Step 7. Stop.

2.4 Time Complexity of the New Algorithm.

This Algorithm have a time complexity of O(n’). Means it is much faster as Rabin’s algorithm [40] for
larger value of prime modulus and its modification [40]. Since the time complexity of the both Rabin’s algorithm
and its modification depends upon the value of prime modulus so it becomes a slow algorithm for large value of the
prime modulus. But the new algorithm is much effective and works better as the value of prime modulus and the
extension of prime modulus grows larger since time complexity depends only on the value of the extension of the
Galois field. So this algorithm is suitable to find monic Irreducible polynomials of higher value of prime modulus
and the extension of prime modulus .Comparison of time complexity of the new algorithm with other Algorithms is
given below,

Algorithms New Algorithm Rabin’s Algorithm Rabin’s Algorithm(mod)

Time Complexity o(n’) O(n’(log P)°) 0(n*(log p)* + n’(log P)°)

2.5. Description of the Computational Algorithm for Galois Field GF(77).

Here the Basic polynomials over Galois Field overGalois Field GF(7’) is presented as BP(x) and Elemental
polynomials over the same Galois field is presented as ep(x). For Galois Field GF(7’) the prime modulus = 7 and
the extension of the prime modulus = 7. Highest degree term of the 1* elemental polynomial ep(x,) are d, € {1, 2, 3}
and second elemental polynomial ep(x,) are d, € {6, 5, 4}. Number of terms in 1% elemental polynomial: N(d,) €
{2,3,4} and number of terms in 2™ elemental polynomial: N(d,) € {7,6,5} respectively. Coefficients of each ep(x)
are demonstrated as EPep_ingx i, Where 1<1<2.

Here Number of terms in Basic Polynomial = 8. Coefficients of BP(x) = BPy,_ingx, Where 1< bp_indx <8,
The said Computational Algorithm is as follows,

Step 1. for block =1 to 3 do the following steps.
Step 2. for bp_index =1 to 8 do the following steps.




Step 3. for ep_index_1 =1 to 3 do the following steps.

Step 4. for ep_index_2 = 6 to4 do the following steps.

Step 5. for P, =2 to 4 and P, =7 to 5 do the following steps.
Step 6. BPyp inax = (Z(EPep_inax 1” XEPep_inax 2"*)) mod p;
Step 7. Stop.

3. Results.
The algebraic method or the above pseudo code has been tested on GF(3*),GF(7°),GF(11°), GF(101°),

GF(3°), GF(7%), GF(37), GF(7"),. Numbers of monic Irreducible polynomials given by this algorithm are same as in
hands on calculation by the theorem to count monic irreducible polynomials over Galois Field GF(p?) [46]. The list
of Numbers of monic irreducible polynomials for a particular Galois Field are given below for all of the above ten
Extended Galois Fields. The list of all Irreducible monic basic polynomials of ten extended Galois fields are
available in reference [47][48][49][50][51][52][53][54]. A part of the list of monic Irreducible Polynomial over
GF(7") is given in Appendix and also available in the link given in [54].

Ex.GF. GF(3%) GF(7°) GF11%) GF(101%)
Number of IPs. 8 112 440 343400

Ex.GF. GF(3%) GF(7%) GF3) GF(7))
Number of IPs. 50 2157 312 117648

4. Conclusion.

To the best knowledge of the present authors, there is no mention of a paper in which the composite
polynomial method is translated into an algorithm and turn into a computer program. The new algorithm is a much
simpler to find monic irreducible polynomials over Galois Field GF(p?). It is able to determine decimal equivalents
of the monic irreducible polynomials over Galois Field with a large value of prime modulus, also with large
extensions of the prime modulii. So this method can reduce the time complexity to find monic Irreducible
Polynomials over Galois Field with large value of prime modulii and also with large extensions of the prime
modulii. So this would help the crypto community to build S-Boxes or ciphers using irreducible polynomials over
Galois Fields with a large value of prime modulii, also with the large extensions of the prime modulii.

References:

[1] Benvenuto, Christoforus Juan, “Galois Field in Cryptography”, May 31, 2012.

[2] Lidl, R, Niederreiter, H, Finite Fields, Encyclopedia of Mathematics and its Applications, Vol. 20, Addison-

Wesley Publishing Company, 1983.

[3] Abdulah Abdulah Zadeh (2012). Division and Inversion Over Finite Fields, Cryptography and Security in

Computing, Dr. Jaydip Sen (Ed.), ISBN: 978-953-51-0179-6.

[4] Diffie, W, and Hellman, M,E, “New directions in cryptography,” IEEE Trans. Inform. Theory, vol. 22, pp. 644—
654, Nov. 1976.

[5] National Institute for Standards and Technology, “Digital signature standard (DSS),” Fed. Reg., vol. 56, p. 169,
Aug. 1991. 27.

[6] Miller, V, S, “Use of elliptic curves in cryptography,” in CRYPTO (LNCS, vol. 218), H. C. Williams, Ed. New
York: Springer-Verlag, 1985,pp. 417-426.

[7] Koblitz, N, “Elliptic curve cryptosystems,” Math. Comput. vol. 48,no. 177, pp. 203-209, Jan. 1987.

[8] Boneh and M. K. Franklin, “Identity-based encryption from the Weil pairing,” in CRYPTO (LNCS, vol. 2139), J.
Kilian, Ed. New York:Springer-Verlag, 2001, pp. 213-229.

[9] Shamir, A, “Identity-based cryptosystems and signature schemes,” in Proc. CRYPTO, 1984, pp. 47-53.

[10] Daemen J and Rijmen V, AES Proposal: Rijndael, Version 2, Submitted to NIST, March (1999), Link:
http://csrc.nist.gov/encrytion/aes.

[11] Federal Information Processing Standards Publication (FIPS), Announcing the Advanced Encryption Standard
(AES) (2001). Link: http://csrc.nist.gov/publications/fips/fips197/fips-197.pdf.




[12] FIPS, PUB 197: the Official AES Standard, 2001-11-26, Retrieved (2010), Link:
http://csrc.nist.gov/publications/fips/fips197/fips-197.pdf.

[13] Kim, Cheon and Hong, “Subset Restricted Random Walks for Pollard Rho Method on F,"”, Tsudik(Eds),
PKC:2009, LNCS:5443, pp:64-67, 2009.

[14] Dérrie, H. 100 Great Problems of Elementary Mathematics: Their History and Solutions. New York: Dover,
p- 119, 1965.

[15] “Galois Theory”, Chapter:6, pp 1-37, Link: http://www.math.uiuc.edu/~r-ash/Algebra/Chapter6.pdf.

[16] Zaman JKM. S. and Ghosh R., “Multiplicative Polynomial Inverse over GF(73): Crisis of EEA and its
Solution”, Applied Computation and Security Systems, Advances in Intelligent Systems and Computing, Volume
305, pp. 87 — 107, DOI: 10.1007/978-81-322-1988-0_6.

[17] Zaman, S.U, Dey, S, Ghosh, R, “ An Algorithm to find the Irreducible Polynomials over Galois Field GF(pm)”,
International Journal of Computer Applications (0975 — 8887) Volume 109 — No. 15, January 2015.

[18] Mitra, Abhijit, “On the Construction of m-Sequences via Primitive Polynomials with a Fast Identification
Method”, International Journal of Electrical, Computer, Energetic, Electronic and Communication Engineering
Vol:2, No:9, 2008.

[19] Zieve, Michael .E,” On Some Permutation Polynomials Over Fq Of The Form X'h(X @Dy 2000
Mathematics Subject Classification, pp: 1-9.

[20] Siddesh G.K, K. N. Muralidahara, “Error Free Transport of Transmitter Payload over Ad Hoc Wireless
Network Using Osculating Polynomial Cross Products”, Contemporary Engineering Sciences, Vol. 4, 2011, no. 1, 1
-12

[21] P. Hurd, Nutan Mishra, and Dinesh G. Sarvate,” Group Divisible Designs With Two Groups and Block Size
Five With Fixed Block Configuration Spencer “,2000 Mathematics Subject Classification. Primary 05B0S5,
05B07,Link: http://www.southalabama.edu/mathstat/personal_pages/nmishra/mypapers/JCMCC2(config2-3).pdf
[22] Daniel Panario , Olga Sosnovski , Brett Stevens , Qiang Wang, “Divisibility of Polynomials over Finite Fields
and Combinatorial Applications”, Designs, Codes and Cryptography, September 1, 2011.

[23] Serge Ballif, “Mutually Orthogonal Latin Squares” February 25, 2008,
Link:http://www.mathstat.dal.ca/~janssen/4370/Orthogonal _Latin _Squares_text.pdf.

[24] John, T.Ethier, “Strong Forms of Orthogonality for Sts of Hypercube”,
Link: https://books.google.co.in/books?isbn=0549922458

[25] Peterson, W. Wesley, and E. J. Weldon, Jr., Error-Correcting Codes, 2nd ed., Cambridge, MA, MIT Press,
1972.

[26] Alexander, Barg, “On Some Polynomials Related To Weight Enumerators of Linear Codes”, SIAM J.
DISCRETE MATH. ¢ 2002 Society for Industrial and Applied Mathematics Vol. 15, No. 2, pp. 155-164

[27] Gil, Kalai, Nathan, Linialz, “On the Distance Distribution of Codes”, 1991 Mathematics Sub ject Classication.
Primary 94B65, Secondary 05B40, 52C17. Supported in part by the Binational Isracl-US Science Foundation.

[28] Sian-Jheng Lin, Wei-Ho Chung and Yunghsiang S. Han “Novel Polynomial Basis and Its Application to Reed-
Solomon Erasure Codes”, Link: http://arxiv.org/pdf/1404.3458.pdf.

[29] “A Brief Introduction to Modern Cryptography”, Link: ww.springer.com/cda/content/.../cda.../9780387338835-
c2.pdf

[30] Sajid Hanif Project: “Least Period of Linear Recurring Sequences over a Finite Field”, dated. 2012-02-29.

[31] LI Yujuan, WANG Huaifu and ZHAO Jinhua, “On the Primitivity of some Trinomials over Finite Fields”,
Link: https://eprint.iacr.org/2013/252.pdf.

[32] Dakai Wang And Aaldert Compagner “On The Use Of Reducible Polynomials As Random Number
Generators”, Mathematics Of Computation, Volume 60, Number 201, January 1993, pp: 363-374.

[33] Berlekamp[1968], Algebraic Coding Theory, McGraw_Hill

[34] Berlekamp [1970], “Factoring polynomials over large finite fields”, Mathematics of Computation, vol. 24,
pp.713-735.

[35] Chor and R_,Rives[1984], “A knapsack type public key cryptosystem based on arithmetic in finite fields,” in
Advances in Cryptology: Proceedings of Crypto 84, Springer-Verlag Lecture Notes in Computer Science,No.144 pp.
54-65.

[36] S. Das, J.K.M.S. Uz Zaman, R. Ghosh, “Generation of AES S-Boxes with various modulus and additive
constant polynomials and testing their randomization”, Procedia Technology 10 (2013 ) 957 — 96.

[37] von zur Gathen and E. Kaltofen[1985], “Factorization of multivariate polynomials over finite fields”,
Mathematics of Computation_vol.45, nol71 pp.251-261.

[38] Eberly[1984], “Very fast parallel matrix and polynomial arithmetic”, in Proc. 25 th Annual Symp on



Foundations of Computer Science, pp.21-30.

[39] Church R., “Tables of Irreducible Polynomials for the first four Prime Moduli”, Annals of Mathematics, Vol.
36(1), pp. 198 — 209, January, 1935.

[40] Jacques C’almet And Riidiger Loos, “An Improvement of Rabin’s Probabilistic Algorithm For Generating
Irreducible Polynomials Over Gf(P)”, Information Processing Letters, 20 October 1980, Volume 11, No. 2.

[41] Adleman L.M. and Lenstra H.W., “Finding irreducible polynomials over finite fields”, Proc. 18th ACM Conf.
on The Theory of Computing, Berkeley, CA, pp. 350 — 355., 1986.

[42] Shoup, V., “New algorithms for finding irreducible polynomials in finite fields”, Math. Comput. Vol. 54, pp.
435 — 447, 1990.

[43] Zaman , J K M Sadique Uz, Dey sankhanil, Ghosh, R, “An Algorithm to find the Irreducible Polynomials over
Galois Field GF(p™)”, International Journal of Computer Applications (0975 — 8887) Volume 109 — No. 15, January
2015.

[44] Canright, D, “ A very Compact S-box for AES”, Link: https://www.iacr.org/archive/ches2005/032.pdf.

[45] Lidl, R, Niederreiter, H, Finite Fields, Encyclopedia of Mathematics and its Applications, Vol. 20, Addison-
Wesley Publishing Company, 1983.

[46] Church, R, “Tables of Irreducible Polynomials for the first four Prime Moduli”, Annals of Mathematics, Vol.
36(1), pp. 198 — 209, January, 1935.

[47] Dey, Sankhanil,"The list of Decimal Equivalents of All the Monic Irreducible Polynomials over Galois Field
GF(373)", Link: https://www.academia.edu/17745813/The _list of Decimal Equivalents of All the
Monic_Irreducible Polynomials_over Galois Field GF 3 3 .

[48] Dey, Sankhanil,"The list of Decimal Equivalents of All the Monic Irreducible Polynomials over Galois Field
GF(773)",Link:https://www.academia.edu/17746106/The_list of Decimal Equivalents of All the Monic Irreduci
ble Polynomials over Galois Field GF 7 3 .

[49] Dey, Sankhanil,"The list of Decimal Equivalents of All the Monic Irreducible Polynomials over Galois Field
GF(1173)",Link:https://www.academia.edu/17746168/The_list_of Decimal Equivalents of All the Monic_Irredu
cible_Polynomials over Galois_Field GF 11 3 .

[50] Dey, Sankhanil,"The list of Decimal Equivalents of All the Monic Irreducible Polynomials over Galois Field
GF(10173)",Link:https://www.academia.edu/17746204/The_list of Decimal Equivalents of All the Monic_Irred
ucible Polynomials over Galois Field GF 101 3 .

[51] Dey, Sankhanil,"The list of Decimal Equivalents of All the Monic Irreducible Polynomials over Galois Field
GF(375)",Link:https://www.academia.edu/17746257/The_list of Decimal Equivalents of All the Monic Irreduci
ble Polynomials over Galois Field GF 3 5 .

[52] Dey, Sankhanil,"The list of Decimal Equivalents of All the Monic Irreducible Polynomials over Galois Field
GF(775)",Link:https://www.academia.edu/17746291/The_list of Decimal Equivalents of All the Monic Irreduci
ble Polynomials_over Galois Field GF 7 5 .

[53] Dey, Sankhanil,"The list of Decimal Equivalents of All the Monic Irreducible Polynomials over Galois Field
GF(377)",Link:https://www.academia.edu/17746392/The_list of Decimal Equivalents_of All the Monic Irreduci
ble Polynomials over Galois Field GF 3 7 .

[54] Dey, Sankhanil,"The list of Decimal Equivalents of All the Monic Irreducible Polynomials over Galois Field
GF(7~7)" Link: https://www.academia.edu/17747636/The_list of Decimal Equivalents of All the Monic Irreduc
ible Polynomials over Galois Field GF 7 7 .



Appendix-1.
The list of decimal equivalents of Monic Irreducible Polynomials over Galois Field GF(7°) has been given below.
List.

16818 16823 16829 16833 16834 16836 16844 16845 16847 16852 16853 16855
16866 16875 16878 16890 16893 16902 16913 16923 16935 17006 17008 17009
17013 17022 17029 17037 17041 17051 17074 17075 17076 17089 17091 17093
17095 17098 17099 17104 17106 17107 17110 17116 17133 17162 17163 17170
17188 17189 17194 17205 17207 17212 17225 17228 17243 17250 17253 17279
17286 17287 17291 17298 17309 17314 17329 17334 17340 17343 17350 17352
17357 17365 17370 17373 17377 17379 17383 17391 17405 17411 17418 17428
17439 17443 17445 17459 17461 17469 17470 17473 17485 17505 17518 17524
17526 17536 17541 17547 17558 17567 17572 17575 17580 17594 17595 17611
17614 17634 17639 17642 17653 17655 17662 17663 17671 17686 17690 17694
17699 17706 17709 17716 17718 17729 17730 17735 17749 17755 17763 17764
17772 17777 17789 17796 17800 17803 17823 17825 17834 17844 17846 17859
17862 17868 17886 17890 17891 17898 17902 17914 17916 17919 17925 17938
17947 17953 17956 17964 17970 17974 17987 17988 17991 17995 18015 18041
18058 18073 18089 18097 18108 18122 18127 18132 18133 18149 18150 18155
18159 18196 18199 18202 18205 18210 18215 18231 18239 18245 18246 18264
18276 18278 18283 18289 18300 18303 18316 18330 18335 18346 18348 18359
18363 18365 18377 18378 18387 18388 18391 18397 18409 18415 18420 18422
18437 18443 18453 18460 18462 18467 18477 18484 18497 18505 18506 18517
18521 18531 18540 18541 18565 18570 18574 18575 18577 18581 18582 18583
18588 18598 18604 18622 18628 18637 18645 18647 18654 18666 18671 18675
18678 18687 18689 18733 18742 18766 18785 18791 18796 18804 18812 18817
18821 18827 18847 18850 18860 18880 18895 18899 18903 18904 18916 18917
18919 18927 18930 18933 18934 18947 18959 18964 18973 18981 18996 19000
19007 19008 19013 19015 19027 19042 19043 19093 19099 19108 19121 19132
19140 19150 19157 19163 19165 19169 19171 19175 19195 19211 19212 19223
19235 19241 19244 19246 19249 19254 19259 19265 19269 19270 19274 19277
19287 19317 19326 19331 19339 19351 19356 19360 19366 19372 19373 19374
19378 19381 19389 19406 19417 19426 19434 19441 19445 19454 19459 19462
19464 19473 19483 19492 19493 19506 19522 19546 19549 19556 19559 19566
19578 19589 19602 19611 19613 19622 19636 19639 19645 19650 19654 19658
19668 19674 19683 19695 19704 19706 19707 19708 19710 19721 19725 19731
19738 19749 19773 19787 19791 19793 19794 19798 19804 19825 19827 19835
19853 19869 19882 19886 19889 19890 19911 19923 19955 19965 19966 19969
19974 19975 19980 19998 20005 20009 20011 20022 20023 20031 20038 20039
20044 20063 20065 20070 20075 20085 20107 20117 20124 20129 20135 20137
20141 20148 20149 20154 20157 20163 20171 20172 20179 20186 20194 20197
20211 20219 20221 20261 20266 20267 20280 20295 20298 20308 20310 20322
20323 20332 20333 20341 20347 20355 20357 20362 20365 20375 20387 20399
20407 20421 20425 20427 20443 20446 20449 20452 20471 20483 20509 20514
20518 20532 20544 20558 20563 20575 20595 20596 20604 20621 20630 20634
20637 20639 20645 20647 20652 20653 20658 20691 20695 20716 20718 20719
20726 20731 20740 20754 20761 20767 20773 20781 20787 20813 20827 20833
20837 20838 20842 20855 20858 20861 20885 20894 20900 20910 20921 20924
20925 20935 20940 20946 20959 20964 20968 20980 20982 20991 20997 21011
21020 21025 21037 21039 21041 21055 21059 21068 21071 21083 21095 21103
21109 21114 21115 21118 21125 21127 21141 21143 21145 21146 21149 21150
21158 21162 21163 21171 21173 21174 21181 21185 21186 21193 21220 21227
21236 21246 21247 21263 21279 21293 21311 21316 21318 21324 21327 21331



21333
21458
21550
21633
21691
21790
21869
22013
22084
22188
22244
22355
22431
22553
22678
22759
22861
22955
23053
23141
23218
23322
23420
23510
23627
23734
23806
23881
23942
24028
24110
24193
24274
24412
24502
24586
24685
24778
24861
24977
25091
25205
25293
25381
25457
25581
25700
25779
25883
25954
26041
26143
26231
26315

21341
21471
21554
21634
21720
21799
21870
22021
22087
22189
22249
22362
22444
22557
22683
22770
22863
22964
23055
23143
23225
23332
23425
23514
23635
23735
23818
23886
23945
24042
24114
24197
24275
24421
24504
24596
24699
24785
24868
24985
25115
25215
25294
25390
25463
25597
25705
25799
25884
25961
26060
26147
26242
26317

21346
21477
21562
21635
21723
21804
21877
22023
22091
22193
22258
22363
22452
22558
22691
22774
22865
22969
23070
23146
23227
23335
23430
23537
23654
23739
23827
23899
23956
24049
24117
24198
24280
24427
24508
24617
24713
24790
24882
24986
25129
25220
25297
25397
25470
25635
25710
25805
25889
25972
26065
26156
26245
26332

21356
21478
21563
21641
21738
21806
21881
22044
22104
22198
22259
22373
22459
22560
22692
22786
22866
22975
23076
23147
23237
23363
23442
23539
23663
23750
23831
23902
23966
24051
24125
24203
24293
24438
24509
24622
24719
24791
24887
24993
25134
25223
25299
25419
25498
25638
25715
25806
25891
25973
26067
26160
26246
26335

21383
21481
21569
21646
21747
21813
21885
22047
22109
22206
22261
22374
22469
22565
22699
22789
22868
22987
23083
23148
23238
23371
23449
23546
23668
23754
23837
23908
23969
24054
24131
24205
24299
24449
24531
24632
24730
24798
24889
25009
25135
25226
25300
25420
25506
25643
25735
25814
25910
25978
26070
26167
26258
26340

21397
21482
21575
21654
21751
21822
21905
22049
22110
22210
22289
22387
22479
22573
22702
22803
22893
22999
23085
23155
23244
23388
23453
23549
23671
23760
23850
23909
23972
24062
24142
24210
24309
24459
24534
24641
24732
24809
24915
25019
25139
25231
25327
25423
25526
25646
25743
25827
25913
25981
26074
26171
26260
26361

21403
21494
21583
21659
21760
21827
21934
22053
22135
22212
22319
22391
22487
22605
22707
22825
22906
23007
23089
23171
23249
23393
23467
23554
23687
23767
23852
23910
23980
24068
24145
24214
24328
24461
24547
24642
24733
24813
24938
25022
25162
25234
25337
25427
25537
25652
25751
25829
25916
25993
26077
26182
26262
26366

21412
21498
21599
21666
21762
21829
21939
22058
22145
22216
22324
22410
22497
22614
22711
22831
22915
23013
23094
23173
23293
23395
23468
23573
23691
23775
23854
23911
23995
24070
24151
24216
24338
24474
24555
24644
24735
24823
24940
25045
25163
25240
25345
25429
25539
25658
25755
25839
25918
26006
26098
26186
26269
26374

21414
21500
21606
21675
21766
21851
21944
22062
22146
22224
22327
22417
22507
22620
22716
22843
22922
23026
23113
23178
23297
23398
23476
23578
23692
23791
23858
23915
23998
24074
24160
24237
24369
24477
24558
24653
24765
24827
24946
25051
25169
25259
25356
25430
25540
25678
25756
25846
25919
26011
26099
26203
26273
26380

21415
21502
21611
21676
21772
21857
21963
22067
22158
22227
22342
22419
22513
22630
22717
22849
22933
23031
23116
23204
23299
23410
23493
23594
23700
23794
23866
23917
24012
24075
24165
24246
24382
24483
24571
24657
24767
24835
24954
25059
25180
25262
25364
25435
25547
25688
25759
25849
25923
26017
26111
26212
26279
26389

21421
21526
21614
21678
21786
21858
21985
22073
22171
22229
22348
22420
22541
22637
22735
22859
22937
23046
23123
23213
23311
23414
23495
23614
23707
23795
23871
23918
24016
24084
24172
24253
24391
24484
24576
24665
24769
24838
24957
25073
25195
25267
25366
25446
25549
25691
25775
25868
25939
26021
26125
26213
26293
26396

21435
21545
21622
21689
21789
21862
22010
22083
22181
22238
22350
22426
22548
22655
22749
22860
22947
23047
23131
23214
23315
23419
23503
23622
23710
23796
23875
23929
24027
24099
24187
24264
24401
24495
24581
24667
24775
24844
24965
25077
25197
25271
25374
25450
25579
25692
25777
25882
25943
26035
26142
26226
26309
26407



26409
26473
26566
26654
26730
26842
26941
27043
27173
27231
27317
27432
27515
27589
27661
27718
27863
27914
28019
28082
28195
28303
28390
28492
28585
28676
28803
28890
28965
29038
29164
29242
29361
29480
29611
29675
29766
29875
29966
30036
30130
30227
30291
30402
30493
30614
30697
30782
30882
31004
31081
31184
31249
31333

26412
26478
26568
26658
26763
26844
26946
27060
27175
27249
27318
27437
27519
27604
27666
27721
27869
27924
28022
28094
28206
28310
28394
28510
28598
28698
28816
28893
28968
29042
29179
29247
29410
29490
29613
29677
29768
29879
29977
30041
30133
30228
30292
30406
30494
30619
30698
30798
30889
31006
31106
31190
31267
31344

26417
26490
26571
26661
26765
26865
26953
27072
27179
27261
27331
27438
27523
27612
27673
27740
27870
27936
28032
28097
28207
28331
28414
28540
28604
28699
28817
28897
28977
29053
29181
29261
29411
29492
29621
29699
29784
29892
29978
30045
30139
30230
30298
30419
30531
30627
30701
30809
30901
31027
31107
31195
31277
31350

26420
26491
26577
26668
26795
26878
26979
27077
27183
27274
27338
27442
27525
27613
27674
27744
27871
27946
28036
28109
28213
28332
28424
28542
28607
28713
28820
28906
28981
29067
29182
29275
29420
29509
29626
29709
29797
29893
29998
30054
30146
30245
30299
30432
305632
30628
30703
30812
30918
31033
31110
31203
31278
31354

26428
26493
26587
26674
26801
26885
26996
27086
27189
27275
27346
27444
27532
27614
27676
27750
27878
27949
28037
28116
28222
28333
28426
28549
28612
28716
28825
28914
28985
29069
29185
29291
29429
29514
29630
29718
29800
29896
30001
30074
30157
30250
30307
30440
30545
30636
30714
30822
30925
31036
31124
31211
31289
31365

26433
26521
26596
26685
26805
26897
27003
27092
27190
27276
27358
27453
27539
27620
27677
27752
27886
27955
28043
28153
28234
28334
28429
28550
28622
28729
28827
28915
28989
29082
29201
29310
29430
29524
29634
29726
29804
29905
30010
30082
30161
30251
30329
30454
30547
30637
30726
30829
30941
31043
31126
31214
31291
31368

26451
26526
26597
26688
26806
26899
27012
27100
27197
27278
27362
27467
27546
27623
27679
27756
27891
27967
28045
28159
28241
28337
28442
28555
28625
28754
28837
28923
29003
29089
29202
29314
29436
29546
29635
29731
29826
29910
30012
30090
30172
30255
30333
30456
30550
30647
30732
30840
30943
31044
31138
31216
31294
31378

26455
26536
26611
26699
26811
26900
27016
27106
27198
27283
27372
27471
27549
27630
27688
27768
27894
27971
28052
28166
28250
28354
28452
28559
28639
28758
28855
28929
29004
29093
29203
29331
29453
29557
29646
29734
29840
29926
30013
30092
30182
30260
30339
30462
30559
30649
30739
30845
30959
31046
31147
31222
31306
31384

26458
26538
26625
26701
26814
26902
27017
27127
27205
27284
27385
27479
27550
27641
27690
27796
27899
27992
28060
28177
28267
28366
28459
28562
28655
28765
28859
28933
29006
29105
29205
29332
29458
29571
29649
29740
29849
29935
30017
30110
30190
30270
30353
30470
30594
30671
30750
30848
30966
31049
31148
31236
31312
31385

26459
26545
26640
26706
26819
26920
27029
27137
27214
27289
27416
27484
27557
27654
27691
27799
27901
27998
28062
28181
28275
28367
28463
28564
28662
28778
28867
28942
29009
29109
29213
29336
29460
29581
29664
29753
29859
29940
30019
30115
30197
30274
30356
30473
30599
30685
30755
30852
30972
31062
31149
31237
31314
31387

26464
26560
26644
26717
26833
26923
27030
27145
27217
27297
27418
27487
27562
27656
27693
27847
27903
28003
28069
28183
28277
28370
28485
28572
28663
28788
28870
28949
29028
29125
29214
29353
29465
29583
29665
29762
29860
29944
30022
30116
30203
30278
30367
30484
30606
30692
30773
30861
30983
31063
31165
31243
31321
31392

26472
26561
26653
26729
26837
26934
27032
27150
27227
27315
27421
27499
27586
27659
27698
27852
27905
28006
28073
28186
28300
28380
28487
28579
28675
28796
28872
28956
29032
29147
29219
29357
29468
29591
29669
29765
29861
29950
30035
30125
30223
30283
30374
30488
30612
30694
30776
30875
30991
31069
31181
31246
31326
31397



31398
31502
31618
31688
31818
31923
32027
32160
32240
32339
32428
32525
32614
32726
32803
32905
33022
33109
33205
33290
33398
33455
33541

31411
31513
31632
31690
31826
31925
32034
32162
32243
32344
32429
32532
32623
32731
32822
32909
33027
33113
33212
33301
33409
33459
33557

31421
31517
31636
31707
31830
31931
32045
32173
32245
32346
32430
32533
32653
32733
32826
32910
33035
33115
33224
33319
33412
33468
33559

31427
31554
31642
31726
31837
31937
32062
32178
32250
32362
32434
32538
32659
32734
32827
32931
33065
33130
33234
33324
33417
33480
33566

31428
31561
31645
31733
31841
31939
32064
32188
32254
32369
32444
32546
32668
32742
32840
32938
33070
33133
33235
33325
33434
33494
33589

31436
31566
31651
31739
31848
31940
32065
32194
32257
32371
32449
32556
32675
32744
32864
32948
33074
33149
33242
33326
33437
33497
33594

31450
31578
31652
31740
31855
31950
32076
32203
32281
32377
32453
32566
32678
32747
32866
32954
33085
33169
33246
33329
33438
33513
33602

31473
31579
31656
31747
31859
31957
32077
32204
32299
32381
32470
32576
32692
32750
32867
32959
33086
33171
33260
33332
33442
33517
33603

31484
31581
31665
31789
31861
31971
32099
32213
32309
32397
32478
32577
32696
32773
32869
32982
33090
33188
33265
33347
33444
33521
33611

31489
31589
31667
31790
31884
31980
32100
32216
32314
32401
32488
32581
32701
32784
32877
33001
33091
33190
33279
33364
33451
33532

31492
31599
31678
31795
31917
31982
32129
32222
32330
32405
32489
32596
32702
32790
32882
33014
33097
33192
33281
33371
33452
33534

31494
31613
31686
31807
31921
31996
32156
32225
32335
32418
32521
32611
32719
32796
32898
33018
33102
33202
33283
33372
33454
33540



Appendix-2.
Initial part of the list of decimal equivalents of Monic Irreducible Polynomials over Galois Field GF(101°) has been
given below.

1030403 1030405 1030409 1030411 1030415 1030419 1030424 1030428
1030434 1030437 1030439 1030441 1030442 1030445 1030448 1030450
1030452 1030453 1030455 1030457 1030460 1030463 1030464 1030466
1030468 1030471 1030477 1030481 1030486 1030490 1030494 1030496
1030500 1030502 1030509 1030518 1030519 1030520 1030524 1030525
1030527 1030530 1030533 1030534 1030535 1030539 1030544 1030547
1030551 1030552 1030553 1030554 1030555 1030556 1030560 1030563
1030568 1030572 1030573 1030574 1030577 1030580 1030582 1030583
1030587 1030588 1030589 1030598 1030606 1030609 1030610 1030611
1030614 1030617 1030621 1030623 1030627 1030628 1030630 1030631
1030637 1030641 1030642 1030645 1030647 1030662 1030664 1030667
1030668 1030672 1030678 1030679 1030681 1030682 1030686 1030688
1030692 1030695 1030698 1030699 1030700 1030703 1030708 1030709
1030711 1030712 1030713 1030714 1030722 1030725 1030728 1030729
1030731 1030734 1030740 1030741 1030746 1030750 1030752 1030759
1030761 1030765 1030770 1030771 1030777 1030780 1030782 1030783
1030786 1030789 1030797 1030798 1030799 1030800 1030802 1030803
1030807 1030809 1030810 1030811 1030813 1030814 1030817 1030818
1030819 1030827 1030829 1030835 1030838 1030845 1030847 1030849
1030854 1030859 1030864 1030866 1030868 1030875 1030878 1030884
1030886 1030894 1030895 1030896 1030899 1030900 1030902 1030903
1030904 1030906 1030910 1030912 1030916 1030919 1030921 1030922
1030923 1030928 1030929 1030931 1030935 1030939 1030940 1030943
1030945 1030946 1030950 1030965 1030969 1030970 1030972 1030975
1030976 1030980 1030984 1030986 1030987 1030992 1030993 1030994
1030996 1030999 1031003 1031005 1031011 1031012 1031021 1031025
1031027 1031028 1031034 1031035 1031036 1031039 1031040 1031041
1031044 1031045 1031047 1031048 1031051 1031066 1031069 1031070
1031072 1031073 1031076 1031077 1031078 1031081 1031082 1031083
1031089 1031090 1031092 1031096 1031105 1031106 1031113 1031119
1031121 1031123 1031124 1031128 1031129 1031134 1031135 1031136
1031143 1031144 1031147 1031155 1031156 1031157 1031158 1031161
1031162 1031163 1031164 1031172 1031175 1031176 1031183 1031184
1031185 1031190 1031191 1031195 1031196 1031198 1031200 1031206
1031215 1031221 1031222 1031223 1031227 1031230 1031237 1031240
1031241 1031246 1031247 1031251 1031253 1031255 1031256 1031258
1031260 1031261 1031263 1031265 1031266 1031268 1031270 1031274
1031275 1031280 1031281 1031284 1031291 1031294 1031298 1031299
1031300 1031306 1031312 1031313 1031317 1031318 1031324 1031326
1031327 1031328 1031331 1031333 1031340 1031345 1031347 1031348
1031350 1031353 1031358 1031365 1031370 1031373 1031375 1031376
1031378 1031383 1031390 1031392 1031395 1031396 1031397 1031399
1031405 1031406 1031410 1031411 1031416 1031421 1031422 1031423
1031431 1031435 1031436 1031437 1031438 1031440 1031441 1031445
1031447 1031448 1031457 1031459 1031460 1031465 1031466 1031468
1031477 1031478 1031480 1031484 1031485 1031487 1031488 1031489
1031490 1031494 1031502 1031503 1031504 1031509 1031514 1031516



1031519
1031548
1031566
1031596
1031625
1031645
1031664
1031683
1031702
1031727
1031757
1031783
1031810
1031831
1031857
1031874
1031896
1031932
1031949
1031973
1031990
1032019
1032042
1032067
1032091
1032117
1032141
1032161
1032182
1032210
1032232
1032254
1032281
1032307
1032329
1032353
1032377
1032398
1032423
1032448
1032470
1032493
1032519
1032539
1032563
1032588
1032615
1032637
1032661
1032686
1032710
1032734

1031520
1031552
1031569
1031598
1031627
1031646
1031665
1031684
1031704
1031737
1031758
1031785
1031811
1031837
1031859
1031876
1031902
1031935
1031952
1031974
1031993
1032020
1032046
1032070
1032095
1032118
1032143
1032164
1032183
1032216
1032234
1032260
1032287
1032309
1032330
1032355
1032381
1032402
1032426
1032452
1032475
1032497
1032522
1032540
1032569
1032594
1032617
1032639
1032663
1032688
1032712
1032735

1031523
1031553
1031573
1031600
1031630
1031647
1031666
1031686
1031716
1031740
1031759
1031789
1031812
1031840
1031862
1031880
1031903
1031940
1031954
1031976
1031994
1032025
1032048
1032073
1032097
1032120
1032147
1032165
1032191
1032218
1032235
1032262
1032288
1032310
1032334
1032358
1032382
1032404
1032429
1032453
1032485
1032499
1032525
1032543
1032570
1032599
1032618
1032643
1032665
1032694
1032713
1032736

1031527
1031554
1031574
1031604
1031634
1031656
1031668
1031690
1031719
1031742
1031772
1031791
1031815
1031844
1031863
1031882
1031904
1031941
1031959
1031981
1031995
1032028
1032051
1032074
1032098
1032121
1032148
1032174
1032192
1032219
1032243
1032267
1032291
1032313
1032339
1032361
1032385
1032409
1032435
1032454
1032487
1032500
1032529
1032548
1032577
1032604
1032622
1032645
1032666
1032699
1032716
1032740

1031529
1031558
1031575
1031607
1031637
1031658
1031669
1031691
1031720
1031746
1031773
1031794
1031820
1031849
1031865
1031883
1031909
1031942
1031961
1031983
1032000
1032034
1032053
1032078
1032102
1032123
1032156
1032175
1032196
1032221
1032246
1032270
1032293
1032316
1032341
1032362
1032388
1032413
1032438
1032456
1032488
1032503
1032530
1032553
1032578
1032607
1032628
1032646
1032669
1032700
1032718
1032744

1031531
1031561
1031579
1031608
1031638
1031660
1031671
1031692
1031721
1031748
1031774
1031804
1031824
1031850
1031868
1031884
1031913
1031945
1031962
1031986
1032003
1032035
1032059
1032084
1032103
1032129
1032157
1032178
1032198
1032225
1032248
1032271
1032295
1032320
1032345
1032366
1032390
1032414
1032442
1032457
1032489
1032507
1032532
1032559
1032584
1032608
1032631
1032649
1032680
1032703
1032721
1032747

1031534
1031563
1031589
1031611
1031639
1031661
1031673
1031695
1031723
1031749
1031775
1031807
1031829
1031851
1031870
1031889
1031923
1031946
1031965
1031988
1032008
1032039
1032063
1032086
1032109
1032131
1032158
1032180
1032203
1032228
1032250
1032274
1032298
1032324
1032346
1032368
1032392
1032417
1032445
1032458
1032491
1032510
1032534
1032560
1032585
1032612
1032633
1032650
1032683
1032704
1032726
1032749

1031538
1031564
1031593
1031613
1031643
1031663
1031682
1031699
1031724
1031756
1031782
1031808
1031830
1031853
1031871
1031893
1031927
1031947
1031970
1031989
1032012
1032040
1032064
1032089
1032112
1032136
1032159
1032181
1032208
1032231
1032253
1032279
1032306
1032326
1032351
1032375
1032397
1032419
1032446
1032460
1032492
1032516
1032535
1032562
1032587
1032613
1032636
1032655
1032684
1032706
1032730
1032751



1032752
1032785
1032804
1032830
1032849
1032876
1032903
1032920
1032945
1032967
1032998
1033016
1033041
1033070
1033083
1033114
1033136
1033164
1033183
1033208
1033231
1033257
1033280
1033300
1033328
1033352
1033373
1033397
1033418
1033447
1033471
1033492
1033513
1033538
1033556
1033592
1033615
1033635
1033667
1033682
1033699
1033727
1033749
1033783
1033797
1033827
1033847
1033869
1033899
1033925
1033942
1033973

1032754
1032786
1032807
1032833
1032850
1032877
1032904
1032923
1032949
1032969
1033002
1033017
1033043
1033074
1033087
1033116
1033138
1033168
1033184
1033213
1033233
1033261
1033281
1033304
1033330
1033353
1033378
1033400
1033420
1033452
1033473
1033494
1033518
1033539
1033561
1033598
1033620
1033642
1033670
1033687
1033702
1033734
1033753
1033784
1033800
1033829
1033848
1033874
1033904
1033926
1033944
1033975

1032759
1032787
1032811
1032835
1032853
1032886
1032905
1032930
1032951
1032970
1033003
1033020
1033044
1033075
1033089
1033118
1033143
1033170
1033188
1033215
1033238
1033262
1033284
1033310
1033332
1033358
1033380
1033403
1033427
1033454
1033475
1033496
1033522
1033544
1033564
1033602
1033622
1033648
1033671
1033688
1033707
1033736
1033761
1033785
1033806
1033832
1033849
1033879
1033905
1033928
1033950
1033977

1032764
1032792
1032815
1032838
1032855
1032887
1032906
1032935
1032952
1032985
1033004
1033025
1033046
1033076
1033095
1033121
1033144
1033171
1033189
1033216
1033240
1033266
1033287
1033313
1033336
1033360
1033383
1033405
1033431
1033460
1033481
1033497
1033523
1033545
1033565
1033603
1033623
1033652
1033676
1033689
1033711
1033739
1033765
1033786
1033810
1033835
1033851
1033881
1033908
1033929
1033951
1033978

1032765
1032797
1032816
1032840
1032858
1032893
1032909
1032938
1032953
1032986
1033006
1033032
1033050
1033078
1033096
1033124
1033146
1033175
1033191
1033221
1033241
1033272
1033288
1033314
1033343
1033363
1033385
1033410
1033439
1033465
1033482
1033499
1033525
1033547
1033569
1033606
1033628
1033653
1033677
1033691
1033714
1033742
1033771
1033787
1033818
1033840
1033856
1033885
1033916
1033931
1033952
1033979

1032766
1032799
1032817
1032844
1032860
1032895
1032913
1032939
1032957
1032988
1033010
1033033
1033061
1033079
1033107
1033125
1033151
1033176
1033195
1033223
1033247
1033273
1033289
1033320
1033345
1033366
1033390
1033411
1033440
1033466
1033483
1033500
1033526
1033552
1033575
1033611
1033629
1033655
1033678
1033692
1033716
1033744
1033774
1033788
1033822
1033842
1033857
1033888
1033917
1033933
1033957
1033981

1032772
1032800
1032821
1032847
1032866
1032898
1032915
1032942
1032962
1032991
1033012
1033036
1033062
1033081
1033111
1033132
1033153
1033179
1033198
1033224
1033248
1033274
1033295
1033321
1033350
1033367
1033394
1033412
1033442
1033468
1033484
1033505
1033534
1033553
1033583
1033613
1033632
1033658
1033680
1033693
1033717
1033745
1033777
1033792
1033825
1033844
1033865
1033892
1033922
1033940
1033962
1033983

1032779
1032802
1032825
1032848
1032867
1032900
1032918
1032943
1032964
1032993
1033013
1033039
1033068
1033082
1033113
1033135
1033161
1033180
1033206
1033227
1033251
1033277
1033299
1033323
1033351
1033369
1033396
1033413
1033443
1033469
1033490
1033511
1033535
1033554
1033584
1033614
1033633
1033662
1033681
1033698
1033721
1033746
1033779
1033794
1033826
1033845
1033868
1033894
1033924
1033941
1033972
1033992



1033994
1034018
1034039
1034060
1034074
1034115
1034137
1034157
1034185
1034214
1034231
1034253
1034281
1034299
1034322
1034349
1034371
1034397
1034416
1034443
1034461
1034490
1034520
1034537
1034567
1034584
1034608
1034631
1034659
1034680
1034705
1034728
1034755
1034773
1034802
1034825
1034850
1034867
1034896
1034922
1034941
1034962
1034985
1035018
1035043
1035058
1035074
1035112
1035135
1035157
1035174
1035205

1033996
1034023
1034040
1034062
1034103
1034117
1034138
1034160
1034186
1034215
1034233
1034259
1034282
1034300
1034328
1034350
1034372
1034400
1034423
1034448
1034465
1034495
1034524
1034542
1034570
1034588
1034610
1034632
1034661
1034684
1034709
1034730
1034758
1034774
1034807
1034826
1034852
1034871
1034897
1034926
1034943
1034968
1034995
1035021
1035044
1035062
1035085
1035123
1035139
1035158
1035176
1035206

1033997
1034024
1034041
1034063
1034104
1034119
1034141
1034161
1034189
1034216
1034235
1034269
1034284
1034302
1034329
1034356
1034374
1034407
1034426
1034449
1034470
1034499
1034525
1034545
1034571
1034589
1034611
1034639
1034663
1034686
1034712
1034734
1034760
1034775
1034814
1034828
1034853
1034873
1034899
1034927
1034949
1034970
1034997
1035024
1035045
1035063
1035090
1035125
1035141
1035160
1035183
1035207

1033998
1034025
1034046
1034064
1034108
1034121
1034144
1034163
1034190
1034218
1034238
1034270
1034287
1034304
1034336
1034357
1034376
1034409
1034427
1034451
1034472
1034506
1034526
1034548
1034576
1034598
1034616
1034642
1034667
1034689
1034713
1034742
1034763
1034777
1034816
1034831
1034859
1034880
1034902
1034930
1034950
1034971
1034998
1035025
1035046
1035064
1035091
1035126
1035143
1035166
1035192
1035216

1034000
1034031
1034050
1034065
1034111
1034124
1034146
1034164
1034193
1034219
1034241
1034272
1034288
1034307
1034338
1034360
1034383
1034411
1034433
1034454
1034473
1034509
1034529
1034555
1034577
1034599
1034617
1034645
1034668
1034693
1034720
1034743
1034765
1034784
1034817
1034833
1034860
1034885
1034904
1034932
1034951
1034974
1035000
1035027
1035050
1035067
1035094
1035127
1035144
1035169
1035193
1035223

1034002
1034033
1034053
1034066
1034112
1034127
1034148
1034165
1034194
1034222
1034243
1034274
1034293
1034309
1034340
1034367
1034386
1034412
1034434
1034456
1034476
1034512
1034531
1034556
1034579
1034603
1034620
1034646
1034669
1034696
1034721
1034744
1034766
1034789
1034818
1034836
1034861
1034889
1034908
1034933
1034952
1034977
1035010
1035033
1035053
1035070
1035103
1035130
1035147
1035170
1035194
1035225

1034003
1034034
1034056
1034069
1034113
1034131
1034152
1034170
1034195
1034225
1034245
1034277
1034294
1034311
1034344
1034368
1034389
1034414
1034435
1034459
1034479
1034513
1034534
1034557
1034581
1034605
1034626
1034647
1034676
1034700
1034722
1034747
1034767
1034795
1034823
1034840
1034863
1034891
1034913
1034934
1034954
1034978
1035013
1035037
1035054
1035071
1035106
1035133
1035151
1035172
1035197
1035226

1034013
1034035
1034058
1034073
1034114
1034136
1034154
1034184
1034209
1034227
1034252
1034279
1034297
1034312
1034348
1034369
1034394
1034415
1034439
1034460
1034486
1034515
1034536
1034561
1034582
1034606
1034630
1034655
1034677
1034703
1034726
1034751
1034768
1034796
1034824
1034844
1034866
1034894
1034920
1034940
1034958
1034982
1035017
1035041
1035056
1035072
1035107
1035134
1035153
1035173
1035202
1035227



1035229
1035251
1035273
1035295
1035324
1035348
1035377
1035395
1035411
1035439
1035462
1035492
1035510
1035537
1035557
1035586
1035607
1035627
1035656
1035682
1035702
1035723
1035747
1035781
1035800
1035815
1035838
1035865
1035894
1035917
1035937
1035965
1035994
1036010
1036027
1036059
1036076
1036107
1036139
1036157
1036176
1036205
1036228
1036248
1036282
1036299
1036317
1036338
1036371
1036392
1036423
1036439

1035230
1035253
1035277
1035306
1035328
1035350
1035381
1035396
1035412
1035440
1035468
1035495
1035513
1035543
1035563
1035589
1035608
1035636
1035662
1035686
1035707
1035727
1035753
1035783
1035804
1035817
1035840
1035876
1035896
1035919
1035948
1035971
1035996
1036012
1036029
1036060
1036078
1036110
1036141
1036158
1036179
1036207
1036230
1036250
1036283
1036304
1036322
1036339
1036372
1036393
1036425
1036440

1035233
1035264
1035279
1035307
1035329
1035352
1035387
1035397
1035415
1035448
1035471
1035496
1035517
1035547
1035565
1035592
1035612
1035641
1035663
1035687
1035709
1035729
1035756
1035789
1035805
1035818
1035844
1035880
1035903
1035924
1035949
1035982
1035997
1036017
1036032
1036061
1036080
1036118
1036142
1036163
1036186
1036208
1036232
1036251
1036284
1036305
1036323
1036341
1036373
1036395
1036426
1036443

1035239
1035265
1035280
1035311
1035331
1035355
1035388
1035406
1035416
1035451
1035478
1035497
1035519
1035549
1035566
1035595
1035615
1035642
1035665
1035690
1035715
1035730
1035767
1035793
1035806
1035822
1035855
1035881
1035905
1035926
1035950
1035983
1035998
1036018
1036033
1036063
1036081
1036123
1036145
1036168
1036187
1036211
1036233
1036256
1036287
1036306
1036324
1036342
1036380
1036397
1036428
1036450

1035241
1035266
1035283
1035316
1035332
1035363
1035391
1035407
1035422
1035454
1035480
1035498
1035524
1035550
1035571
1035599
1035618
1035644
1035674
1035691
1035717
1035734
1035771
1035794
1035807
1035828
1035859
1035884
1035906
1035927
1035952
1035986
1036003
1036019
1036044
1036066
1036086
1036130
1036146
1036169
1036189
1036212
1036240
1036266
1036289
1036310
1036328
1036347
1036383
1036398
1036430
1036451

1035242
1035269
1035285
1035318
1035335
1035364
1035392
1035408
1035426
1035455
1035481
1035507
1035525
1035551
1035580
1035600
1035621
1035650
1035675
1035692
1035718
1035735
1035773
1035796
1035811
1035830
1035861
1035886
1035907
1035929
1035954
1035988
1036005
1036021
1036050
1036071
1036087
1036131
1036151
1036171
1036191
1036214
1036243
1036274
1036293
1036311
1036332
1036355
1036384
1036400
1036431
1036452

1035246
1035270
1035290
1035321
1035336
1035371
1035393
1035409
1035429
1035456
1035486
1035508
1035527
1035555
1035581
1035602
1035624
1035651
1035679
1035694
1035719
1035744
1035775
1035797
1035813
1035835
1035863
1035887
1035908
1035932
1035959
1035989
1036006
1036025
1036053
1036072
1036094
1036136
1036154
1036174
1036197
1036216
1036244
1036279
1036297
1036315
1036334
1036364
1036386
1036402
1036434
1036455

1035248
1035272
1035294
1035322
1035337
1035374
1035394
1035410
1035432
1035458
1035488
1035509
1035534
1035556
1035583
1035605
1035626
1035652
1035680
1035700
1035722
1035746
1035776
1035798
1035814
1035836
1035864
1035889
1035910
1035933
1035962
1035990
1036009
1036026
1036056
1036075
1036099
1036137
1036156
1036175
1036203
1036222
1036245
1036280
1036298
1036316
1036337
1036368
1036389
1036421
1036437
1036459



1036465
1036489
1036511
1036533
1036556
1036579
1036599
1036634
1036652
1036682
1036709
1036719
1036745
1036775
1036798
1036818
1036844
1036868
1036902
1036916
1036928
1036963
1036984
1037008
1037041
1037057
1037078
1037104
1037130
1037158
1037181
1037203
1037226
1037245
1037272
1037287
1037320
1037352
1037366
1037386
1037408
1037445
1037466
1037485
1037507
1037534
1037558
1037580
1037599
1037638
1037657
1037679

1036469
1036492
1036514
1036536
1036560
1036580
1036600
1036635
1036654
1036684
1036710
1036720
1036747
1036783
1036803
1036819
1036845
1036870
1036905
1036917
1036931
1036965
1036986
1037013
1037042
1037059
1037079
1037107
1037133
1037159
1037185
1037204
1037231
1037247
1037275
1037289
1037321
1037354
1037369
1037389
1037415
1037446
1037467
1037487
1037511
1037538
1037560
1037581
1037603
1037639
1037658
1037680

1036473
1036493
1036516
1036538
1036566
1036582
1036613
1036639
1036658
1036686
1036712
1036722
1036754
1036784
1036808
1036822
1036846
1036872
1036906
1036918
1036936
1036969
1036988
1037016
1037044
1037060
1037082
1037108
1037138
1037160
1037190
1037205
1037232
1037248
1037277
1037290
1037327
1037355
1037372
1037392
1037420
1037449
1037470
1037488
1037516
1037540
1037561
1037582
1037605
1037641
1037664
1037685

1036474
1036495
1036517
1036540
1036569
1036588
1036614
1036645
1036661
1036693
1036713
1036727
1036757
1036785
1036809
1036823
1036847
1036882
1036910
1036919
1036937
1036975
1036991
1037019
1037047
1037066
1037083
1037111
1037144
1037164
1037191
1037207
1037234
1037249
1037278
1037293
1037330
1037359
1037373
1037394
1037423
1037451
1037471
1037489
1037519
1037549
1037563
1037583
1037606
1037642
1037665
1037688

1036478
1036504
1036520
1036542
1036573
1036592
1036627
1036647
1036669
1036695
1036714
1036730
1036758
1036786
1036812
1036828
1036848
1036890
1036911
1036920
1036938
1036976
1036993
1037022
1037049
1037069
1037084
1037112
1037147
1037166
1037192
1037208
1037235
1037254
1037279
1037298
1037332
1037361
1037376
1037397
1037428
1037454
1037474
1037490
1037522
1037554
1037565
1037589
1037608
1037644
1037666
1037690

1036483
1036505
1036521
1036547
1036575
1036593
1036628
1036648
1036671
1036699
1036715
1036734
1036760
1036787
1036813
1036833
1036856
1036895
1036913
1036922
1036943
1036978
1036994
1037027
1037051
1037071
1037090
1037125
1037153
1037168
1037194
1037213
1037236
1037258
1037280
1037309
1037343
1037362
1037377
1037398
1037435
1037457
1037480
1037491
1037523
1037555
1037571
1037590
1037609
1037648
1037667
1037691

1036485
1036508
1036530
1036551
1036576
1036597
1036629
1036650
1036672
1036702
1036716
1036736
1036767
1036788
1036814
1036836
1036859
1036896
1036914
1036923
1036951
1036980
1036996
1037028
1037053
1037073
1037093
1037126
1037154
1037177
1037195
1037214
1037243
1037260
1037282
1037311
1037348
1037363
1037380
1037402
1037438
1037458
1037482
1037496
1037526
1037556
1037574
1037594
1037617
1037652
1037669
1037692

1036487
1036509
1036532
1036552
1036577
1036598
1036630
1036651
1036675
1036707
1036717
1036743
1036772
1036795
1036817
1036843
1036864
1036897
1036915
1036927
1036961
1036982
1037007
1037039
1037055
1037077
1037099
1037129
1037155
1037179
1037196
1037225
1037244
1037262
1037286
1037314
1037351
1037364
1037385
1037405
1037441
1037463
1037484
1037505
1037529
1037557
1037578
1037595
1037630
1037653
1037673
1037704



1037705
1037723
1037743
1037769
1037797
1037820
1037839
1037860
1037894
1037918
1037934
1037958
1037983
1038005
1038039
1038060
1038079
1038092
1038128
1038161
1038175
1038195
1038225
1038246
1038269
1038291
1038321
1038339
1038367
1038388
1038418
1038438
1038454
1038484
1038511
1038532
1038553
1038580
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1039638
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1040028
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1039183
1039206
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1040016
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1040164
1040193
1040226
1040240
1040267
1040280
1040308
1040338
1040360
1040386
1040411
1040431
1040457
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1040503
1040533
1040559
1040576
1040595
1040630
1040646
1040673
1040692
1040725
1040740
1040758
1040786
1040813
1040850
1040871
1040886
1040909
1040928
1040958
1040988
1041002
1041024
1041041
1041062
1041081
1041118
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1041163
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1041219
1041242
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1041312
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1041368
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1040242
1040268
1040288
1040315
1040341
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1040459
1040484
1040508
1040534
1040562
1040578
1040598
1040632
1040651
1040674
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1040759
1040792
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1040851
1040872
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1040269
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1040342
1040365
1040394
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1040468
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1040511
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1040563
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1040652
1040681
1040698
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1040761
1040793
1040825
1040854
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1040892
1040919
1040930
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1040994
1041010
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1041121
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1041195
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1041267
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1040299
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1040344
1040368
1040395
1040418
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1040488
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1040583
1040617
1040634
1040663
1040682
1040700
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1040762
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1040856
1040876
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1040995
1041011
1041030
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1041125
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1040349
1040369
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1040444
1040471
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1040859
1040878
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1041110
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1040232
1040259
1040273
1040305
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1040352
1040376
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1040446
1040472
1040492
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1040642
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1040804
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1040862
1040879
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1040997
1041014
1041037
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1041149
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1041199
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1041329
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1041380
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1040262
1040274
1040306
1040333
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1040405
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1040448
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1040529
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1040643
1040670
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1041038
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1041078
1041112
1041132
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1040266
1040276
1040307
1040336
1040359
1040384
1040406
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1040455
1040476
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1040558
1040574
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1040645
1040672
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1040754
1040783
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1040846
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1040883
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1040955
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1041332
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1041408
1041424
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1041502
1041523
1041537
1041570
1041606
1041623
1041646
1041668
1041697
1041719
1041736
1041757
1041786
1041808
1041833
1041861
1041881
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1041928
1041955
1041979
1042004
1042027
1042050
1042074
1042097
1042123
1042145
1042167
1042196
1042215
1042242
1042263
1042285
1042309
1042334
1042350
1042374
1042400
1042437
1042465
1042480
1042497
1042525
1042547
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1042617
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1041445
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1041607
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1041700
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1041787
1041809
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1041980
1042006
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1042098
1042126
1042146
1042172
1042204
1042218
1042244
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1042316
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1042410
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1042102
1042128
1042147
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1042205
1042220
1042247
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1042602
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1043575
1043602
1043641
1043674
1043688
1043715
1043728
1043757
1043779
1043800
1043826
1043848
1043883



1043885
1043903
1043928
1044047
1044077
1044099
1044126
1044144
1044168
1044185
1044204
1044242
1044261
1044281
1044315
1044337
1044364
1044384
1044399
1044426
1044463
1044493
1044518
1044530
1044545
1044571
1044591
1044622
1044651
1044666
1044691
1044721
1044734
1044763
1044782
1044809
1044839
1044858
1044893
1044911
1044927
1044959
1044982
1045000
1045020
1045051
1045067
1045097
1045110
1045143
1045164
1045183

1043886
1043906
1043931
1044049
1044079
1044103
1044129
1044147
1044169
1044189
1044205
1044245
1044262
1044282
1044318
1044339
1044366
1044386
1044407
1044431
1044465
1044496
1044520
1044532
1044547
1044573
1044592
1044624
1044654
1044667
1044697
1044722
1044737
1044766
1044783
1044810
1044841
1044868
1044894
1044913
1044928
1044961
1044983
1045004
1045027
1045055
1045068
1045098
1045114
1045144
1045166
1045185

1043887
1043907
1043934
1044051
1044083
1044108
1044132
1044150
1044170
1044190
1044206
1044248
1044265
1044288
1044319
1044343
1044367
1044387
1044410
1044435
1044467
1044502
1044521
1044533
1044550
1044574
1044595
1044627
1044655
1044668
1044698
1044725
1044747
1044774
1044791
1044814
1044843
1044874
1044899
1044914
1044933
1044962
1044985
1045005
1045032
1045056
1045077
1045100
1045122
1045149
1045168
1045188

1043888
1043912
1043935
1044054
1044085
1044112
1044134
1044151
1044171
1044191
1044215
1044249
1044268
1044292
1044323
1044345
1044370
1044393
1044413
1044437
1044472
1044504
1044522
1044536
1044554
1044575
1044597
1044628
1044657
1044674
1044707
1044726
1044748
1044775
1044794
1044815
1044844
1044875
1044900
1044916
1044934
1044964
1044991
1045011
1045034
1045057
1045079
1045104
1045123
1045151
1045170
1045192

1043891
1043913
1044038
1044060
1044087
1044118
1044136
1044152
1044172
1044194
1044227
1044250
1044272
1044293
1044329
1044349
1044373
1044394
1044414
1044445
1044477
1044512
1044524
1044537
1044556
1044580
1044598
1044632
1044658
1044675
1044711
1044727
1044753
1044776
1044795
1044817
1044846
1044876
1044904
1044918
1044937
1044969
1044992
1045013
1045035
1045058
1045080
1045105
1045124
1045153
1045173
1045202

1043892
1043921
1044040
1044064
1044089
1044121
1044137
1044156
1044173
1044197
1044236
1044253
1044274
1044296
1044330
1044354
1044381
1044396
1044416
1044447
1044482
1044513
1044526
1044538
1044562
1044581
1044602
1044636
1044661
1044677
1044713
1044730
1044754
1044777
1044802
1044819
1044850
1044880
1044906
1044919
1044944
1044976
1044996
1045014
1045037
1045060
1045085
1045107
1045129
1045157
1045174
1045206

1043899
1043922
1044043
1044069
1044093
1044123
1044141
1044161
1044177
1044199
1044237
1044257
1044278
1044298
1044332
1044355
1044382
1044397
1044419
1044453
1044484
1044514
1044528
1044543
1044564
1044583
1044617
1044638
1044662
1044681
1044714
1044731
1044755
1044780
1044803
1044825
1044851
1044883
1044908
1044921
1044951
1044978
1044997
1045015
1045040
1045061
1045086
1045108
1045137
1045160
1045177
1045207

1043900
1043927
1044046
1044073
1044095
1044125
1044142
1044164
1044180
1044200
1044238
1044260
1044279
1044313
1044333
1044361
1044383
1044398
1044425
1044456
1044486
1044517
1044529
1044544
1044568
1044587
1044621
1044639
1044663
1044690
1044720
1044733
1044762
1044781
1044804
1044833
1044852
1044890
1044909
1044923
1044956
1044981
1044999
1045018
1045045
1045065
1045088
1045109
1045142
1045161
1045181
1045208



1045212
1045229
1045255
1045277
1045315
1045334
1045363
1045393
1045412
1045436
1045456
1045485
1045508
1045526
1045548
1045571
1045588
1045629
1045643
1045664
1045689
1045713
1045739
1045765
1045787
1045814
1045836
1045856
1045880
1045902
1045924
1045950
1045976
1046000
1046021
1046048
1046075
1046102
1046115
1046148
1046167
1046194
1046212
1046231
1046260
1046279
1046308
1046330
1046356
1046378
1046402

1045215
1045233
1045256
1045278
1045318
1045335
1045367
1045394
1045415
1045438
1045457
1045486
1045512
1045529
1045551
1045574
1045591
1045630
1045648
1045668
1045692
1045717
1045740
1045771
1045792
1045815
1045837
1045859
1045882
1045905
1045925
1045952
1045978
1046004
1046025
1046050
1046078
1046103
1046117
1046149
1046168
1046197
1046216
1046234
1046261
1046285
1046310
1046334
1046358
1046382
1046405

1045217
1045243
1045258
1045279
1045322
1045344
1045369
1045395
1045425
1045441
1045458
1045492
1045514
1045531
1045553
1045576
1045596
1045631
1045650
1045670
1045695
1045719
1045742
1045773
1045797
1045817
1045838
1045860
1045884
1045909
1045933
1045957
1045981
1046005
1046027
1046053
1046080
1046105
1046127
1046150
1046174
1046198
1046220
1046239
1046263
1046287
1046312
1046336
1046361
1046384
1046407

1045218
1045247
1045260
1045282
1045325
1045346
1045370
1045396
1045428
1045442
1045463
1045495
1045517
1045535
1045558
1045577
1045600
1045634
1045651
1045673
1045696
1045720
1045743
1045774
1045799
1045820
1045839
1045863
1045887
1045911
1045936
1045962
1045984
1046008
1046032
1046054
1046083
1046109
1046132
1046154
1046175
1046202
1046221
1046244
1046267
1046289
1046318
1046337
1046364
1046388
1046409

1045220
1045250
1045269
1045286
1045326
1045348
1045377
1045403
1045429
1045443
1045467
1045499
1045518
1045537
1045561
1045578
1045612
1045635
1045656
1045675
1045700
1045724
1045748
1045776
1045803
1045821
1045847
1045868
1045895
1045915
1045938
1045964
1045985
1046011
1046036
1046059
1046086
1046110
1046142
1046156
1046177
1046203
1046223
1046250
1046269
1046290
1046323
1046340
1046368
1046392
1046410

1045223
1045251
1045270
1045289
1045327
1045349
1045378
1045404
1045431
1045445
1045475
1045504
1045520
1045538
1045562
1045581
1045616
1045636
1045657
1045681
1045706
1045725
1045751
1045777
1045804
1045830
1045848
1045870
1045896
1045918
1045940
1045968
1045989
1046013
1046037
1046063
1046092
1046111
1046144
1046157
1046178
1046205
1046225
1046251
1046270
1046293
1046324
1046342
1046372
1046393
1046412

1045227
1045252
1045271
1045291
1045331
1045358
1045379
1045406
1045432
1045446
1045479
1045505
1045523
1045539
1045564
1045582
1045621
1045638
1045661
1045685
1045708
1045731
1045758
1045779
1045812
1045831
1045852
1045876
1045898
1045921
1045943
1045969
1045991
1046015
1046040
1046066
1046095
1046113
1046145
1046159
1046184
1046207
1046226
1046253
1046273
1046304
1046327
1046345
1046373
1046394
1046417

1045228
1045253
1045273
1045313
1045333
1045361
1045380
1045410
1045433
1045449
1045484
1045506
1045525
1045544
1045569
1045583
1045624
1045641
1045662
1045686
1045711
1045734
1045763
1045785
1045813
1045834
1045854
1045877
1045899
1045922
1045944
1045974
1045998
1046020
1046042
1046072
1046099
1046114
1046146
1046160
1046189
1046208
1046230
1046254
1046274
1046307
1046328
1046353
1046374
1046398
1046422






