
dk5P℄U
Richard P. Brent Paul Zimmermann-� �1$ !�-�2F��Æ/�g^#+����%� P = 6x7 + 3x3 − 5. �/q���� P gt/ (a	.n�! 6, 3,−5) aT�EKO F 
�lF�4 P ! F	g-�����X` P ∈ F [x], a F [x] 	g���g\�6A�℄;O9t6` F 	���t/g℄;�

F &O9gn�! F = Z, Q, RK C,�(`t/O�F /O��/OK�/O�x��F /O	���a=�
K+!�*g�lF�~I&a^F~O	g����Q2F 2 �Q9�O9�> 0 6 1 gO GF(2). �O	g\�6A�℄;}t/�S 2�t6�?2 0 + 1 = 1, 1 + 1 = 0, 0 × 1 = 0, 1 × 1 = 1 i�qÆt6g-��*gs/!� t��� P, Q ∈ GF(2)[x], lFF
(P + Q)2 = P 2 + Q2CI “i4�” 2PQ 	���/lF�O GF(2) 	g���\L R 	g����VA��
\/H#e#�3-Æ�aO GF(2) 	g���aI>tS6>N/�>
K!:�*g�`,4MCgvu���8�. (z0, z1, z2, . . .) ?$xKgoW��

zn = zn−s + zn−r mod 2, (1)q" r 6 s ` tgvt/k r > s > 0, H~ z0, z1, . . . , zr−1 +! tg�oW�t6,�.
?F�Kg� zr, zr+1, . . ..:�3g&>e��{oW� (1). lF�*-�['WO r �G)k['ar6
V;�	 r − s �f�g*��GgS 2 \� (i^k�“9K (exclusive or)”) g0fUWi�0Y�q�UWi�2� r
 sf�gWO�_	
2 �G�	�&=�Cg+I`	�
q�UWi
�C�2�U 1 (r = 7, s = 3) �4M�oW� (1)�	q6�Og Fibonacci (,*Vh)oW�

Fn = Fn−1 + Fn−2;�7�gu�Fibonacci /S 2 ?$lFgoW��f
 V 1 zn = zn−3 + zn−7 mod 2h?f�|8��Notices of the AMS, Vol.58 (2011), No.2, p.233–239, The Great Trinomial Hunt, Richard
P. Brent and Paul Zimmermann, figure number 1. Copyright c©2011 the American Mathematical
Society. Reprinted with permission. All rights reserved. E.0!IN+p)L8iJ����
Richard Brent "�[$$.'[!0!Æ!&~�h0!k)�BhE�l�" AMS@rpbrent.com.
Paul Zimmermann "�..'�rN�wD&~V (INRIA) &~�{�BhE�l�" Paul.Zimmer

mann@loria.fr.
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r = 2, s = 1. q�n�x I,-�
e` 3 g�. (0, 1, 1, 0, 1, 1, . . .): ,!:F56�x�lF�/o r #ZÆ�lF[e
#:g
e��
e['Y
 2r − 1, �*
>N/�>QKo3I>�+����.HF56� �	��/H~,s` 0, )k�)g��� xr + xs + 1 *`aO GF(2) 	g���! q9w ��
e` 2r − 1. -��R���!-�,�W��� (����CFÆd�:�) k?$xq “/ LN” 
g-�0YgNe�
Mersenne (� ) (' !���` 2r − 1 g9/�q�9/!2 Marin Mersenne

(1588—1648)gO �QOg�A6��Q�\g oi3�)a 1644\ I, r ≤ 257

Mersnne 9/gm^ (),Zs�u).

Mersenne?' !� Mersenne 9/ 2r − 1 
g�/ r. Mersenne �/��!9/�_	{,>&�%��11 ,! Mersenne �/�:` 211 − 1 = 23 · 89 ,!9/�q
hkg�J!"lZ�/g�R����PM"lZ Mersenne9/{_g��)t�(ylFt%q*��J{_g)t�)a^kL.-x GIMPS �U�x=�lFL.lF"l
��g;���;��` “{p” 6 “{\” *�,Qg�e�&=�lF�.a{\�eJegs/�
1. W
?3v�	h?.�lF�8F~O GF(2) 	g����-� r�:z1$ �!-�K,C�Æ�,�z8Æd����tKg����%��x5 + x2 + 1 !,�Wg��

x5+x+1,!�:` x5+x+1aO GF(2)[x]	�&�` x5+x+1 = (x2+x+1)(x3+x2+1).lF,�8��� xr + 1, :`CF['� x + 1 tK�` r > 1 �!�Wg�-�R/` r > 1 g,�W��� P 8��2 2r �Q9gF~O GF(2r) g-�&��R/
I r gz-����2&�-�Q9�����\=�R/}
I r.A��2O0S��� P �t6�(y*�����A�x=AOS��� P . q(
GF(2r) ≃ GF(2)[x]/P (x).O GF(2) 	gR/ r > 0 g,�W��� P =`! q9w, `kx` P (x) 6= x kS P gÆ�K� xk (0 ≤ k < 2r − 1) !�,�Qg�`,`'-�,�W��� P !�Rg��`'S P �K� xk 6= 1 } 2r − 1 g&ZÆd�:� k >&�%��x5 + x2 + 1!�Rg�_ x6 + x3 + 1 !,�Wg_,!�Rg�:` x9 = 1 mod (x6 + x3 + 1). q" 9 tK 26 − 1 = 63 k!-�&Z:��:` 63/9 = 7 !9/�lF}�R�����p!:` x !F~O GF(2)[x]/P (x) 	AOwg-��>Q��/ P (x) !�Rg��/ r Zk 2r − 1 ,!9/�lFh:X'xR/` r g���g�R��:`lF�*zd 2r −1g9/:��,I Cunningham (
^�) VB [20],}?F�/ r < 929!zdg�_}#Zg r, -Æ�,mM,�0-
K��/ 2r − 1 !9/�VA?FgR/` r g,�W���!�Rg�q�!lF%} Mersenne �/ r gR:�
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2. ETela 2000 \�*oFO0De�Qy�i3�)kaM Samuli Larvala i3gQ��8�,��
;��`3 GF(2) O	���,�W�6�R�g�J�CI
>N/�>Qg=��n-�*o}q��J��p,:�\�Kumada iyhk [12] g�&L.,-��/` 859433 (-� Mersenne �/) g�R���g"l�U�lF 3 y	�T "l�/` r g�R����r b$?F1zg Mersenne �/�aV��<�?zdg&Zg Mersenne �/` 30213776 6972593. 1FgC�A��_" r3 >�%�:` (6972593/859433)3 ≈ 534, kC Kamada iygV;a 19 �P i	A�, 3 �Z�_�qZs!-�Mj�
3. GIMPS ^M

GIMPS \& “bZg�)\ Mersenne 9/"l (Great Internet Mersenne Prime

Search)”, q!C George Woltman a�, http://www.mersenne.org�.gV;VB�
GIMPSgU%!�{�gMersenne9/��Ta 1996\�{M35 2��
 2010\ 12Z
GIMPSaq 14\"H�{, 13��g Mersenne 9/�)�E,&Z Mersenne9/gX7�Mersenne 9/O9	Z
�ogg3�`.`�M1 = 22 − 1 = 3, M2 = 23 − 1 =

7, M3 = 25 − 1 = 31, M4 = 27 − 1 = 127, . . . , M38 = 26972593 − 1, ii�CI GIMPS ),!	n3�l
 Mersenne 9/g�}I1z&Zg Mersenne 9/g!5FWaT�,ut��	�{g3��lFXM ′

n `n n � Mersenne9/�a
M39 = 213466917−1{YFWa�-tg�u�q(} n > 39�[FM ′

n > M ′

n+1. %��lFal
M ′

46 = 237156667−16M ′

47 = 242643801−1{j1{l
,M ′

45 = 243112609−1. a�q
hkg�<�n 47� Mersenne9/!1zg�kf
&Zg`M ′

45 = 243112609−1.`,
"�lFX rn ` Mn g�/�r′n ` M ′

n g�/�%� r′45 = 43112609.

4. Swan :JlF<.-�F�gt n( Swan t �z+q�s/:
� Pellet [14] 6 Stick-

elberger (5m���) [18] �{� �	�a Swan ghk [19] 
FS�t �lF<.
Swan W< 5 g-�a^���9I1 � r > s > 0, �" r + s %�'��� Tr,s(x) = xr + xs + 1 ;/&�2;8
GF(2) !6�'�r�:5C�

a) r ,�'�r 6= 2s, rs/2 = 0 � 1 mod 4.

b) r ,�'�s r=u 2r, r = ±3 mod 8.

c) r ,�'�s =u 2r, r = ±1 mod 8.;�*)6�2�xr + xs + 1 �6�'�r�:5C��/ r 6 sy`_/�VA Tr,s !-�d
k2F_/�,�W:���/ r 6 sy`g/�lF�2�q�t =�
 “a/���” Tr, r−s(x) = xrT (1/x) = xr +xr−s +1,:` Tr, s(x) 6 Tr, r−s(x) F�Q/+g,�W:��} r !-�g9/k;I�3`'gn� s = 2 K s = r − 2 ��n� b) 4M��
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�2F_/�,�W:��?2a r = ±3 mod 8 �-t!�Wg�q��lF���8VÆ r = ±1 mod 8 g Mersenne �/�r > 106 g1zg 14 � Mersenne �/
��F 8�?$q�Ne�
5. ?-jX72-lF�*gL�℄;FS��� T = xr + xs + 1 gd
�S T gA�2P T 6
I r R���g&Z&:� (GCD). !��{qÆ℄;�*g�G6 q/U�3+qÆ℄;g>��a GF(2)[x] 
�CI xi +xj gd
` x2i +x2j , ?2d
g>�` O(r).C T gq,��jI 2r R���S T gCa>�` O(r); :�Sd
>�` O(r).SA�>�` O(M(r)), q" M(r) !�a GF(2) 	*�R/
I r g���A�g>��S T Ca>�` O(r), :QA�>�H�bCa>��“{p” ���A�;�F M(r) = O(r2), _!,I Schönhage g-�;� 1)F M(r) = O(r log r log log r)[16].O0�� “�	;�”s9 Schönhageg�:���A��R/,;0 rg���g GCDV;>�` O(M(r) log r). qÆ>�,Wa& 1 
� ' 1 M�^<h?�
6. /Gi1V1 Pr(x) = x2r

− x. 
z Gauss (�5) -�t �I Pr(x) `?F d R,�W���gAO�q"g d o$ r g?F:��%��aO GF(2)[x] 	
P3(x) = x(x + 1)(x3 + x + 1)(x3 + x2 + 1).q" x 6 x + 1 ` 1 R,�W�����xgfA:�! 3 R,�W�����5�a

GF(2) 	℄;��:` 1 = −1 (Ki^k�1 + 1 = 0), lF#�2� “+” \L “−”.G(k�� r !-�g9/�e r R��� P (x) ∈ GF(2)[x] ,�W�`kx`
x2r

= x mod P (x). (2)

(� r ,!9/�VA (2) !�*g�_,!F�g�lFF�*`5-�y-/gNe��x,�W��b [8].)` r !-�9/��
C (2) ['a^k3',�W� (K�R��̀ r ` Mersenne�/�): ��*( r RSd
�C x 	��)`5s/!�! x. :`D�d
g>�`
O(r), :�,�W�3'g>�` O(r2).aS�9 (modular composition) [11]6�:�sA� [3]gLN	�lFF#�_g;��`'���g,�W��x��aR/
I 107 g���g=�
�qÆ;��Y	�{p;�*�-Æ�a"lR/` r g,�W�����lF�2℄t s ≤ r/2, :` xr + xs + 1 !,�Wg�`kx`Cga/��� xr + xr−s + 1 !,�Wg�q�a^g*6q�, 1/2>��axKlF#!℄t s ≤ r/2.

1) r�<�-RJ Schönhage-Strassen u0B�<��u0B�<�-$AJ GF(2). wr
 [2, 16].
—— S�
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7. hp74W`,P3lF;�?e℄g�`�lF�*zd,�W:�gR/Pe�.�lFg�_�(V!LI℄
R/` r g���g�`�?FQR���-(��7-�9/:��AR 1 ; GF(2) !)6v', r w�1$ xr + xs + 1 A�4��1$�6v' ≤ d w|�{5Cw~� πd �z, c/d, <Æ c,4�
ys'�� 1 < d ≤ r/ ln r.q�℄
=xCF�xM�_!M�'-��!9 g�q�),!)dg�:`lF;�gvu�),/�Iq�℄
��FP3g℄��_/�Iq�℄
�a℄��_gP3
�d g	v r/ ln r!$'Zg�r *` d g	v�[!,vug�:`C5e��� c� r Rg,�W����_!lFe℄gq�/!nvg�

' 2 ~ r = r38hTW

a r = r38 gn�x�q�℄
g-Æx��{a& 2 
�dπd a` d = 226887�o
&Z~�k&Z~` 2.08. lF'Ut% d l
� dπd g�u~!F56g�_q(Hb�lFg%}#�_�
8. Qb`lF3'-�lZgt/ N !�9/��a℄�� AKS, ECPP K (�/lFU5o*-�
gp7�9) Rabin-Miller (H�) g9/3'{j�`5C!�Fz8
g:�!M�g��7k�`3'-��R���g,�W���a℄� O(r2) 3'{j`'f!�2F
g:�!M�g�:` d R,�W���tK Pd(x), lF�2O0V;

gcd (T,Pd)�`'-���� T !�2F-� d (K d gT�:�) R:���/ T = xr +xs + 1k
2d < r, lF[',s`-�R/
I 2d g���g GCD gV;�1 d′ = 2d − 1, r′ =

r mod d′, s′ = s mod d′, VA Pd = x(xd′

− 1),

T = xr′

+ xs′

+ 1 mod (xd′

− 1),?2�lF��V;
gcd(xr′

+ xs′

+ 1, xd′

− 1).lF�q�0Cn( “��”, �7I��It/g
g9/:�g0C�z+V"��g! GCD V;��/F
I log2(r)Rg:�g���O0���`K�eC℄
 1, lF2xO(r/ log r)���*`3���g>��2?:,V�q(�?F"lg>�` O(r3/ log r).

9. mL7ofa
r < r32 = 756839Rg�R���a Heringa iyghk [10] 
�.I�Kumada iya [12] 
�d,} r33 = 859433Rg�R���g-�"l (AFCF�8 r32). AF
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l
,-��R����x��CI��0Cg-�t}�AF4s,��� x859433 +

x170340 + 1. a 2000 \ 6 Z�`lFa1zg%�3'lFgC����{,q�v�g����qU�lF}?FlF3'0g���(�W�g >� (`x,���+xM!,�Wg).�W�g-�xM� �n�x!-�Æd�:���/-���� T O0���{F-�
:��VA�:�3�Eq�:�gX7��/lF,zd-�:��_!q����CFO0,�W�3' (2), VAlF�2X7x�K R(x) = x2r

− x mod T .CI�K�[:Z�lF�2�dX7Cg-0��%��R(x) mod x32.

10. D8SN
2000—2003\e_�=`! 	x�e�lF��	K.Ig{p;��F
�{�:`,Qg����2a,QgV;N	�3'�q�3y�)�"l�O0��z�[�gP i�%��` �
℄g�<�lF{9a℄eF�#��
j �'&gV;N��q�
��lF�{, r32 = 756839Rg 3 � (a 2000\ 6 Z), p r37 = 3021377Rg 2 � (2000 \ 8 Z6 12 Z), 6 r38 = 6972593Rg 1 ��R��� (2002 \ 8 Z).1)�/ r38 gV;!a 2003 \ 7 ZZ>)y�,1�`3�}I�/ r38 = 6972593, xM�F^--��R��� xr + xs + 12)(6O9-(�℄
 s ≤ r/2). lF�fAutlFCF4s-ÆY�}D�Æ�R����lFF-�xM�)kqÆxM�-�z&gV;y�`'� �	�lF�{,�+g79��[!CIlF��l�gV;NZWg_`'p7b�g�a-z8:�_gV;
yWa�z�lF,=�℄
V;N[n-��Q(g{�a Nicely [13] 
g Brun (.;) 9/gV;
+��{ (+�{,�O�ug “�HXp”).:`lF1{�	, GIMPS �U�lF|` (,!&=-R) q��U1{Z>�)ka [4, 5] 
�&,lFgs/�x��GIMPS ,�;X,lF�O0"lS�#Zg Mersenne 9/�AF?�g�/` ±1 mod 8: r′41 = 24036583, . . . , r′44 = 32582657.�/ r38 = 6972593g"lA,*\�g�_ (2001\ 2 Z—2003\ 7 Z), :Q�P �g Mersenne �/ r′41, . . . , r

′

44 7>!,��g�
11. [6SNlF5�
`,XhV;�lF��l
#\F
g;��V;
��gZ0�!O0
C (2) �3',�W���/lFy-/���lFhH JZ0�g,�W�3'�T℄
 1 z��/lF��
�/ r/ ln r, VAlFhe℄xxF O(log r) ,�W�3'�lF?�*g!a �� 2dl�g�_xl
q,��� (G(k�-����)g&
:�g;��
1) S0a r34, r35 7 r36 h�S���P1 Swan u!aL��� r39 7 r′

40
.)�—— S�

2) S0a 6972593 h_..��S���" x6972593 +x3037958 +1. a-[℄ [5] h 3�+p�|D�wb�khV��RPa Bibury.—— S�
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aF~O	F���t���g;��� [8], CF
Z�/g>�!O0 GCDV;��g�x���SA��\LZ�/ GCDgV;!�[g�O0-�=` �
� gP (at/�t�|C Pollard [15]
<��}����ta von zur Gathen 6 Shoup [9]
<�). ��!a^g�L\V; gcd(T, P1), . . . , gcd(T, Pk), s℄l
-�Æd� GCD

(:Q! T g-�:�), �/CF,!,�Wg�lFV; gcd(T, P1P2 · · ·Pk mod T ), k�/F�*��"��:��} r ≈ r′41, -� GCD O9i�SA� 40 �:g�_�VA�S�ChH IZg\:�
2007 \ 2 Z�an 2 *o�jn 1 *oe_�lF5�
n 2 R(S�C�2O0d
�\LZ�/gSA��:`-�SA��[i�-�d
g 400 �g�_ (}

r ≈ r′41), q�n 2R(S�C�2`-RI%-�Zg\:��Kvqa [6]
FL.�q"lFxx�5
 m RA�6 m Rd
['�-RA�6 m2 �d
�LG�m g&B~` m0 ≈
√

M(r)/S(r), q" M(r) `-RSA�g>��S(r) `Sd
g>��b�\:ZW m0/2. �/ M(r)/S(r) = 400, VA m0 ≈ 20, ka^RS�C	g:{ZWI�, 10 ��
 2008 \ 1 Z�#�qÆ���s9���A�g-��:�{ [2] 6-���R
GCD g;��lF['l
 10 ��/` r′41, . . . , r

′

44 g�R����`RlF|`lFZ>,ka [7] 
�&,lFgs/�C�
a 2008 \ 8 Z�{, M ′

45, �Z,�H�{, M ′

46 6 M ′

47, � GIMPS �UHF,-R�jg�Y��/ r′46 � Swan t `K,�_!lF,e,	�P �/ r′45 = 431126096{=

g�/ r′47 = 42643801.}�/ r′45 g"l!I 2008 \ 9 Z
—2009\ 5Z�a Dan Bernstein6 Tanja

Lange g��x%}g�AFÆ9G4k[�lF��AFa EindhovengV;�T�b� 4 ��R���R/gX7�}�/ r′47 g"l!a 2009 \ 6 Z
—2009 \ 8 Z�{, 5 ��R����

' 3 S0 r " Mersenne �0h�S���
xr + xs + 1, s ≤ r/2

aq�%�
�lFa
Z##-&Z :~�ky�-�F 224 �P ig�V;N%�?2�}I
eg"l�V;A�,l�g�_�a “{\�e”lFgV;s/�& 3 ,I��} s~7>CFz8�P3S���R���g/U} tgMersenne �/ r = ±1 mod 8 7>!�9�~` 3.2 g Poisson

(+8) �. (?2�C,�[�-��}9/vt —— 2�	K℄
 1 gF<).

12. [6X< -------- g_ZB`,#s"l�R���g “{\” ;��O0y-/��"l&
R/g:����LI�:A�6*�R(gS�Cg�t;��lFa{p;�
KF?I��lFaxK|=
 I{\;�g-Ævq�)k}{\;�6{p;�(��l� t-���� T = xr + xs + 1, lF"l&
R/ d ≤ r/2 g-�:� ( �	�
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=� Swan t �lF99~t"l
 d ≤ r/3, :`lFzd���Fg/�,�W:�), �l
,q(g:��lF�z T !�Wg�:QC�+I “�W”k�Wq�:�*`�W�g-�xM�O0V; T 6 x2d

+ x g GCD, lF�2e
q�:���Q
GCD !Æd�g�VA T ��F-�R/` d g:/g:���/R/
I d g:�1{�`K�VA GCD �2FR/` d g:� (�[!S�q(g:�gAO), q�!?gg r+v}� (DDF).� GCD gR/` λd, λ > 1, klF��AO�t> λ �R/` d g:��q�lF�*�
 +v}� (EDF) ;��� EDF !�*g�q�;�-Æ��j�:`��
λ > 1, #R/ λd 99l
�aq�
�x�xxC&
�[R/g-�Æd�:�lF��e
�W�gxM��/FS�q(:�� p`�o&
g:��1)qÆxM�2�`'�%�℄� NTL

[17] 
-�z&gC���R�gV;*�e� (}z8& 3 
gR/���-
�).}Zg d, ` 2d ≫ r ��lF,qV; x2d

+ x �Æ��!V;S T g�K��
4 h.  �	�gcd(T, x2d

+ x) = gcd(T, h). `,V; h, lFT x I��}� d �Sd
�k\	 x. �q�
��lF}R/
I 2r g���y�V;�`'R/` d g:���* d �Sd
6-� GCD g>��:`lF	��`'�[gR/ d, lFV;
x2d

mod T !Tj-/e
g x2d−1

mod T , s9-��YgSd
�q(�T& 1, D�
d ~g>�` O(M(r) log r), qCF�8	KF<gLIS�Cg\:�&)dg �!Z�/���yF-�
:��?2"lg:{�d���`"lR/ d < 106 g:��
2=��
4�lF�*��{pg,�W`'%� (2), CaP R/ZI 106 g:{��t��x��aV�n�x�lFgxMm^!,Zsg�:`:�q"l-�R/ZI 106 g:��lF℄�C�|
l
:�K+I “,�W”. a=ogn��`x�lF�2�{pg`3'xs/�alF"l0C
l
gxM (&
,�W:�) 
���� x42643801 + x3562191 + 1 &Zg:�!
P (x) = x10199457 + x10199450 + · · · + x4 + x + 1, �*�5g!�z+���!q�g�)kFw&��_!:�!GIg)kEZ�,[aq"Zs�{�
13. D8=[67;.`a^V�lF��?:}/:�g Õ X5�“{p” ;�}D����i�Pe�_! Õ(r2), K}?FR/` r g���i�Pe�_! Õ(r3).

“{\” ;�}D����i�Pe�_! Õ(r), K}?FR/` r g���i�Pe�_! Õ(r2).a=�
�{\;�} r = r38 = 6972593 ZW� 160 ��} r = r′45 = 43112609ZW� 1000 ��:Q��l r = r′45 6 r = r38 g*�V;���{p;�HA� 240�:g�_ (,{�g), _�{\;��� 1/1000g�_�
1) �(rm!qa�'�h;�"�fh�;ar�fyN"_.h�l\�mG�m-R��hD�7�-rB)$�4vu5x�—— S�
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14. O>�Helq"#s&)dg6��x. (1)—(4) #�I{p;�6{\;��(5)—(6) x#�I{\;��
(1) :`D����gV;�2z&y���3��z�[�gV;N()�"l�
(2) :`a GF(2) 	g���gt/xx` 0 K 1, aR/ < d g���6F d �Gg�y�/{_Wa-�--}=�:Q�a-�F 64 � qgV;N	�lF�2�

⌈(d + 1)/64⌉�V;N �!>-�R/` d g�����/lF�C��v�lF�2��s V;N℄;�( 64 R)�℄;�P q(g����
(3) a GF(2) 	g���gd
�2a 03#� Z> (!���R/g��3/),:`d
gi4�	�� (∑

k

akxk
)2

=
∑

k

akx2k.

(4) -� 2(r − 1) Rg���S-� r Rg��� T = xr + xs + 1 gCa+�2a���_"Z>�a^��;i� xn = xn+s−r + xn−r mod T, n = 2r − 2, 2r − 3, . . . , r,�jR�L\ ≥ r Rg��
(5) Z�/�P���g GCD V;�2O0 “S�C” gT- (�	?L.) C���gA��\L�
(6)Z�/���gAO�2����gd
\L���0-R(g “S�C”, � [6]
?L.g�

15. CKq 6 �6�gs9�el
-�R/:Zg�R���>`�[� �	�Uj?X7gR/61zg&Zg Mersenne �/ r = r′45 = 43112609-(Z�lF1{��4q"l#�g�R�����* GIMPS l
fCg,* Swan t `Kg Mersenne 9/�lFgzo� GIMPS #a^�:`l
-�R/` r g�R����6'x^� r~!-� Mersenne �/��o>�ZW-(�Õ(r2).���g"l�ea GF(2) 	g���g℄;�ee
��)k'x, <	&4g;�a�Y
),-t#!&4�+I%,-�lZg GF(2) 	���:�g/���qb�gS�Fpg13!d�%}g�J�n` (:) 0FY\
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[10] J. R. Heringa, H. W. J. Blöte, and A. Compagner, New primitive trinomials of Mersenne-

exponent degrees for random-number generation, International J. of Modern Physics C
3 (1992), 561–564.

[11] K. Kedlaya and C. Umans, Fast modular composition in any characteristic, Proc. FOCS
2008, 146–155.

[12] T. Kumada, H. Leeb, Y. Kurita, and M. Matsumoto, New primitive t-nomials (t = 3, 5)
over GF(2) whose degree is a Mersenne exponent, Math. Comp. 69 (2000), 811–814.
Corrigenda: ibid 71 (2002), 1337–1338.

[13] T. Nicely, A new error analysis for Brun’s constant, Virginia Journal of Science 52
(2001), 45–55.
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