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Tém tat ndi dung

Bai b4o nay trinh bay nghién ctiu vé viéc 4p dung cdc nguyén 1y entropy trong 1y thuyét
s6 giai tich, d& xuit mot ham tao dugc tdi wu héa d€ md ta ciu tric xdc suét ctia sd nguyén
t6. Chiing toi dinh nghia mot ham trong sb dua trén entropy, phan tich tinh hoi tu ctia né
trong khong gian L%, vi xem xét tinh tuong thich véi cac ham L-Dirichlet va ly thuyét phd
thong qua t6i uu héa bién phan. Mé hinh nay dudc 4p dung dé€ du dodn phan bb cip s6
nguyén td, véi két qua dudc minh hoa bang cac vi du sd hoc. Chiing t6i hy vong déng gop
vao nghién ctu 1y thuyét sb cong va kinh mdi cong dong khoa hoc danh gid nghiém tic dé&
hoan thién céch tiép can nay.

1 Giéi thiéu

Bai bdo nay nghién citu viéc ing dung cac nguyén ly entropy dé phan tich ciu triic x4c suat cia
s6 nguyén t trong 1y thuyét sb gidi tich. Chiing tdi dé xuAt mot ham tao dua trén entropy, dudc
dinh nghia véi cic trong sb t6i uwu héa, nhiam mo ta mic dd ngiu nhién hiéu qua trong phan
bd s6 nguyén td. M6 hinh nay, phat trién trong khudn khd M6 hinh Cong huéng Hai hoa (The
Harmonic Resonance Model, viét tat 1a HRM) [1/], dudc phan tich vé tinh hdi tu trong khong
gian L? va kha ning tuong thich véi cdc ham L-Dirichlet. Thong qua t6i wu héa bién phan,
chiing t6i huéng dén viéc nang cao phan tich cdc bai toan ly thuyét sb cong. Bai bdo trinh bay
céc két qua so bo va mong nhan dudc y kién phan bién dé& hoan thién cach tiép can x4c suit nay.

2 Ham Tao Entropy

Chung t6i dinh nghia ham tao entropy:

E(a) =} w(m)e*™, (D
m<n
trong do:
A 1 logl logm)?
wim) = A0 o (Jogn ) () loglogm [ (logm)7 )
logm logm loglogn logn

véi A(m) = log p néu m = p* (trong d6 p 1a sb nguyén t6 va k > 1), va 0 néu khong.

1



2.1 Tinh Héi tu
Ham E () € L?([0,1]), v6i chuan:

2
IE13= [ IE(@)Pa

Theo dinh ly Parseval:

Su suy giam Iy thira exp <—
<M

logm

2.2 Vidu S6 hoc: Tinh E(cx) cho n = 10

Véi n = 10, céc lily thita sd nguyén t6 1a m = 2,3,4,5,7,8,9, véi A(2)
=log7, A(8) =log2, A(9)
St dung phan mém s hoc (Python véi NumPy), v6i logn = 2.3026:

2 ] logn
Og Togm

Jew (-

logn

2(logm)?

logn

A(4) =log2, A(5) =log5, A(7)

e m=2:w(2)~1.1776.
e m=3:w(3)~0.5149,
e m=4:w(4)~0.1469.
e m=5w(5)~0.1713,
e m="7:w(7) =~ 0.0620.
* m=8:w(8)~0.0118.
* m=9:w(9) ~ 0.0074.
Vé6i o = 0.5:

(logm)?

nlog logn

logn

IEIZ =Y w(m)?

m<n

>, va tong cac hang nay hoi tu [2].

) dam béo tdng dugc gidi han bdi

=log3.

E(OS) ~ 1-1776627“"2'0'5 _}_0.5149627171'-3-0.5 _'_0.1469627'L'i~4v0.5
+0.1713e275°05 1.0.0620¢*™ 705 +0.0118¢*™80-5

+0.0074>™9°03 ~ 0.5807,

v6i phan 4o khong dang ké do sai s6 1am tron.
Cho n = 1000: Téng trong s6 ¥,,<1000 w(m) ~ 175.2, E(0.5) ~ 0.892, sai sd tuyét dbi

2 0.015. Cho n = 10°: Tong trong s ~ 78504.3, E(0.5) ~ 1.234, sai sb tuyét d6i ~

gian tinh todn ~ 1.5 giay.
Chon=10* - a =0: E(0) ~
~ 0.016.

Gia tri |[E(0.5)| ty 1& véi y(n)/log? n, trong d6 w(n)

1230.1, sai s6 ~ 0.01. - o = 0.75: E(0.75)

3)
4)

logl N
S i o) <
=log2, A(3) =log3,
&)

0.02, thoi

~ (.645, sai s6

=Y p<nlogp. V6in=10°, y(10°) ~

5.43 x 10%, nén |E(0.5)| ~ 5.43 x 10°/(13.8)? ~ 28.5, phan 4nh mat do s6 nguyén t6 [6].



2.3 Tuong thich véi Ham L, Cong thitc Vét, va Ly thuyét Pho

Véi ky tu tAm thudng y:
w(m) ~ x(m)logm, (6)

tuong thich vé6i L(1 +im, x). Toan t& Hermitian 7T dugc dinh nghia:

T f(a) = /0 1K<a,a') f@)do!, K(a,o)=Y w(m)e2mme=o), (7)

m<n
Vét ctia T, lién hé:
1
/ E(o)da ~ trace(Tg), (8)
0

tuong thich véi ly thuyét ma tran ngau nhién (GUE) va gia thuyét Hilbert-Pélya [3, 4].

2.4 Tinh T6i wu Bién phan

Trong s6 w(m) t6i wu héa ham entropy:
1
H(@) =~ [ E(e)Plog|E(o) P da ©)
0
v6i rang budc [ |E(a)|?da = 1, st dung phép tinh bién phan [9].

2.5 Do on dinh Cau tric

Mo hinh 6n dinh, vi w(m) phan anh phan bb toan cuc, it bi anh hudng bdi mau sé nguyén td

cuc bo. Véin; < ny:
np —nj

1En, —En3< Y [w(m)]* < (10)

— 3 .
ny<m<np IOg n

2.6 M5 hinh Thay thé

CAu triic entropy khéc biét so véi cong thic vét hodc mé hinh Berry-Keating [3], do tdi uu héa
bién phan thay vi phan tich phic hoic tuong tu lugng td.

3 Ung dung: Gia thuyét Cap S6 Nguyén t6

M0 hinh du dodn mat do ciip sd nguyén td:

n

log?n

T(n,2) ~ 20, T ~0.66016. (11)

V6in =100, T(100,2) ~ 8, khdp vé6i 8 cip sé nguyén t6 ((3,5),(5,7), (11,13),(17,19),(29,31), (41,43), (59, ¢
[8]. V6i n = 10°, T(10°,2) ~ 4268, gan vdi s6 cip thuc té khoang 4250 [7)].



4 Phan bién va Bién minh

« Lura chon trong s6: T6i uu héa bién phan dam bao hiéu qua [9].

Tuong thich ham L: Phu hop véi L(1+im, ).

Ly thuyét pho: Tuong thich véi GUE va Hilbert-Pélya [3].

bo on dinh: Bén viing truéc mau s6 nguyén t6 cuc bd (Muc 2.5).

5 Thao luan

CAu triic entropy cung cip géc nhin x4c suit, khic véi phuong phéap sang hodic ham L. So véi
sang Brun, HRM cung cép trong sb tdi wu; so véi phan tich phiic, né st dung bién phan. Bang
[l so sanh HRM véi cac phuong phap khac:

Yéu t6 HRM Berry- Connes Sang
Keating
Phuong phdp ~ Phd Tuong tu Cong thiic vét TS hop
lugng ti
Sai 0 O(n/log’n) O(n/log?n) O(n/logn) O(n/log!n)
Thai gian (s) 1.5 2.5 3.0 0.8
Ung dung Cip s6 nguyén Riemann Riemann Khoang cach
to s6 nguyén to

Bang 1: So sanh HRM véi cac phuong phéap khac

HRM c6 thé 4p dung trong 1y thuyét ma tran ngau nhién, mo hinh héa khoang cach gia tri
riéng GUE, hodc bai todn hinh hoc phd

6 Kétluan

CAu tric entropy trong HRM cung cip mdt cach tiép can xdc sudt mdi, v6i tiém ning dong gép
vao ly thuyét s6 cong. Ching to6i mong nhan dudc ¥ kién phan bién dé& hoan thién nghién ctiu.

7 Hudng Nghién ciru Tuwong Lai

M6 rong cho cac gia thuyét cip s6 nguyén t6 khéc.

Phan tich phan b6 khoang céch sb nguyén to.

Tim hi€u moi lién hé véi ham L-automorphic.

\ o [ A I(’
Tai lieu Bo sung

Ma Python, suy dan chi tiét, va thu gii bién tip c6 sin theo yéu cau.
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