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A Mathematical Experiment Environment
that Supports Derivative Researches

YOSHINOBU MASATANI®  ATSUKO TAKEFUSA® KENTO AIDA3

Abstract: In order to promote the reuse of research data in the field of data-driven scientific research, not
only the publication of research data but also the experimental process (experimental procedure and exper-
imental environment construction procedure) until reaching the experimental results leading to the paper
results are disclosed. By having these, other researchers can reuse the research data at any time, and it is
possible to reproduce and verify the research, and it is possible to smoothly derive his / her own research
in addition to the original research. In this paper, we focus on the field of mathematics, and report on the
implementation method of the experimental mathematical environment that is easy to reconstruct and its
application to a specific derived research example.
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3. NUMERICAL CALCULATIONS

In this section we show some numerical data supporting the Deep Riemann Hypothesis
(Conjecture 2). If this conjecture is true, the partial Euler product
Le(s,0) = [ = x@wp™) 7,
pse
converges to L(s, x) or v/2L(s, x) as & — oo even on the critical line Re(s) = 1/2. We formally
put L (s,x) = L(s, ) for z = cc.

First we give Table 1, which shows the accuracy of Conjecture 2 at s = 1/2. We find that
the ratio of \/§L(% x) and LT(%, X) is almost equal to 1 for z = 107, when x is quadratic.

d V2L E (V2L)/E
—3 | 0.680049 | 0.688002 | 0.988440
—4 | 0.944258 | 0.945909 | 0.998254

5 1 0.327745 | 0.320619 | 1.022223
=7 | 1.621517 | 1.640320 | 0.988536

8 | 0.528479 | 0.539992 | 0.978680
—8 | 1.556230 | 1.521663 | 1.022716

—11 | 1.402301 | 1.342967 | 1.044181

12 | 0.705066 | 0.729170 | 0.966942

13 | 0.621678 | 0.618558 | 1.005044
—15 | 2.612093 | 2.791265 | 0.935809
17 | 1.020601 | 1.066235 | 0.957201

—19| 1.137621 | 1.173052 | 0.969795
—20 | 2.375413 | 2.356696 | 1.007942
21 | 0.703235 | 0.724051 | 0.971250
—23 | 3.472406 | 3.320551 | 1.045732
24 | 1.003325 | 1.057376 | 0.948881
—24|2.223023 | 2.130498 | 1.043428
28 | 1.162994 | 1.199957 | 0.969196
29 | 0.658655 | 0.683281 | 0.963958

Tase 1 L= L (4, (4), £:= [] (17(€):%)’5

p<107 r

B8 A4VYFLiRoBEiEE (28] p.8 & EEH)
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p < 10° OFIH D 2\ FZ Nzl 2 2 H T ORI 23

HoA® 3,
7272, p<10° FTOHEMRTHIRK 102 AV T F

Wi XD 8128 5 LBBD s = 1/2 TOfHE & KT %
L, ZOWNRORETFZ2O00 I EBBH TRV L300
2. fEo THER Eof b 2o & 9 ik ik TR
ERE L Z 2D THLEEZONS, 61
IRA DO HIPH % FEE O % I8 5 HIICHE 2 2854, Wil
IR 2 5 d OEZIEC TR TIEATaT, 0515
fIoBEWE L A ZEAT 200D 5,

Tx DIT 7o FIRAEER I, KRR EE 2 RIGEE o
D¥ME s DEFTH S, £z, T—FRBIZOVTHA
V) F ORI BUEEIC R > TV B DITMA TR Z R T
77 7 REZBML 7.
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function 1_function3(d, n)
P = primes(n)
L = Vector{Float64}(undef,length(P))
size = length(P)
for i in 1: size
p = P[i][1]
L[i] = 1/(1- 1legendresymbol(d, p)*(1/sqrt(p)))
end
1p=1.0
for j in 1: size
1p=1p * L[jI[1]
end
1p

end

function reproduce(n)
for j in [-3 -4 5 -7 8 -8 -11 12 13 -15 17 -19 -20 21 -23 24 -24 28 29]
println(l_function3(j, n))

end
end
println(" ")
reproduce (1077)
println(" ")
reproduce (1078)
println(" ")

reproduce (1079)

9 HlAIRENITE D BAHRTH IR D 72 D Notebook

0.688002116449104 0.6936570793407454 0.6711973131895831
0.9459092752863326 0.9609346838995422 0.9809041624466672
0.32061990362634746 0.33207675395084485 0.3239718304721752
1.6403206160987356 1.5631052179715497 1.633811404203082
0.5399923534021607 0.5232348100901406 0.5294723192300219
1.5216639420290181 1.580485009936785 1.6219302548144625
1.3429676236522667 1.3015969087435706 1.3573353322483763
0.7291707632246083 0.7145076308453128 0.7103990113929324
0.6185580266630368 0.5823424031171116 0.6153128920642423
2.7912653716593767 2.789935028923919 2.5475159887754915
1.0662352269904616 1.057170286995489 0.9887893005384226
1.1730529765379205 1.1179084769982124 1.1560693778382232
2.3566961388375267 2.522173320408326 2.349118491200374
0.7240516671115267 0.7206999568181199 0.7064519987931197
3.3205511582736182 3.4254955456580816 3.4675124609969026
1.0573761951305216 1.0212168932750174 1.0312212529296534
2.1304988197072445 2.3304834620625337 2.2437060603896253
1.199957120221541 1.050140852896047 1.1447982157981247
0.6832818131679798 0.6181122384651955 0.667149578468032

10 B2 RN D BUER R D 72 © D Notebook % {#i- 72
BAEFIRRER (A»6 p <107, p < 103, p < 109)

ARG TN T 2IREEFO HAEZR 11 ICE LD 5,

X 12 127”5 § Template Notebook % FEAKIZ Z d Notebook
DR TEBNIN T RIEZ RO L d (T A—FEH
DFFI) EFREEN LD DER p OFIFHEZ R D % bank
%2t ¥ T papermill ZFEITA 2 Y 7T (reproduce.sh)
DFTRENT L. £\ EEC, bank 12DV TEERIC
papermill Z{LEIT 2 D% 3 P —)LT 5 DIFKFHEER
BRI CHA I N T 3 etharcalec DRX—Y I CEHEHINT
VW5, ZOEBMEICET 2HEHITAT -5 ATHS. FEERIC
papermill ERBRFIZ FE X 4172 papermill D287 X —% D d
& bank 1%, Z® Template Notebook Dix#]?D CELL T&H
% “Set Parameters” C Notebook WDZEH & L TH| EPEX
ns,

iREDFFEIE AR ERBOI IS

p < big number DEEDHRA A 7 —1&

- WERE ——

© NIA—SEE " B JOEOHK. s=%,1, Z0fh BHRHK

¢ PWIAVZXLEE —— FA 57— HOEEREXEZLEE

¢ T-9EE — p ZZBEHTIEL modd TIOLDICRET 24 E
FaRREE IR %R 72 & DB & E

R 11 AIREFER D AEE

DT RTEBRDZDDFEFTA 2 Y 7+ (reproduce.sh)
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EEETHBECTHD 7 77 FAD <> v LCHRE 2 i
TWFNEITT 5 2 L ¢, IREMADERDFEETE S, H
B WHFATIRILZ K 13 1R L, FTRIR O %X 14
¥ 13 AR L TV 2 B FHBERET TR D re-
produce.sh 23 FZ FE(T X 11T\ % L [FAIKFIZ % Notebook
FEITHNTY Julia DWFIFETHEEZFAL LT 2T %
AL TWw3, BUR, reproduce.sh D& FEERELEL T D7
£, ZNZFNOETREOERCEFRILOE=F Y ~
7 RIREVIRFEDRFETIT I TEE L 4o TE ) WEINE
BRTH S,
7B, IonLEERNLEEFEET A-0ICnERKER
FPREL TR I0BEEHOELET2ELLDEA ML —
DY =N LICHER L THIGLTw 5, 7 77 FEENICZ
ALY EMELUER LA XU RT XA =8 EHFRO
ES 5D AANGIRAEMEEATE 5.

## FROTODIFTA7 ) T & reproduce.sh  ##

#!/bin/bash
URL="http://133.8.x.x/_/yyyyyyyyyy’
NOTEBOOKS="/home/yoko/notebooks/euler_products’
for i in ‘seq 1 1000°; do
status=‘curl --include ${URL}/cells/C${i} 2> /dev/mullltail -1 |jq -t ’
.datavalue’
if [ $status = w ]; then
d=‘curl --include ${URL}/cells/A${i} 2> /dev/nullltail -1 |jq -r ’
datavalue’ ¢
prime_file _no=‘curl --include ${URL}/cells/B${i} 2> /dev/nullltail -1
jq -r ’.datavalue’‘
cmd_f="curl, -X,POST -H, \"Content-Type: application/json; charset=utf
-8\",-dy’{\"command\": "
cmd_m="\"set C${i} text t r\""
cmd_b="}’,${URL} > /dev/null 2>&1"
cmd=""
cmd+=${cmd_f}
cmd+=${cmd_m}
cmd+=${cmd_b}
eval ${cmd}

papermill ${NOTEBOOKS}/l-d-b-template.ipynb ${NOTEBOOKS}/1-${d}-${
prime_file_no}.ipynb -p d ${d} -p bank ${prime_file_no}

cmd_f="curl,-X,POST,-H,\"Content-Type: application/json; charset=utf
-8\"y,-dy’{\"command\":"

"set C${i} text t d\""

>L${URL} L >u/dev/null 2>&1"

cmd+=${cmd_£}

cmd+=${cmd_m}

cmd+=${cmd_b}

eval ${cmd}
fi

if [ $status = e ]; then
exit
fi
done

7. SHROIMDEH

SR E TRNIIRAEEFIACERD L ZAHTHI L
LT HF AT IO\ T S [ UM A TR F2ER H3 5
MEF[RECTH 5 Z E 2R L T35, L LAads, 124
Bl cOMRICE EZ->TED, ZRFNDOMIETETIC
B 2IRAEERE M T 2 LRI, JloFPRIZOWT)
FEEEAR LT ARTRAND 7 4 — KNy 7 %255 T T 4
WD 5.

i, SRIOWE TN T DR (Hal) & LT
R E L TN LAY Ty R 777 FlgEY—©
ALDHEEITOVTHRGFFREBIL v, 5123
reproduce.sh OWFIEDOFFEIZEITRILDE =5V » 7 ’5_’
L CHEERE T 2408235 D, §TICHEBHEA TV 2%
BEREE O BN FFRERR Tk [32) ZWH T 5 2 £ TZ 5 ICHIfE
PEDE\ “FIHERA S e HRBCABRED 2 Hig L 72 v,
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Set Parameters

d =
bank =

Template Body

#ot

ime begin

total_size = 1078

P = zeros(Int64, total_size)

size_L_val = Int(floor(10~10/total_size))
segment_size = 1077

segments Int(floor(total_size/segment_size) )

# Euler Product
L_val = zeros(Float64, size_L_val)
io_input = open("/primes/primes-$bank", "r")
1_val = 1.0
for 1 in 0:(size_L_val -1)
for i in 1: total_size
P[i] = read(io_input, Int64)
end
=

zeros(Float64, segments)

addedprocs =

addprocs (5)

using Combinatorics

# Euler Product from P[i] to P[j]
function 1_function7_segment(d, i, j)
@distributed (*) for k in i:j

1/(1- legendresymbol(d, P[k1)*(1/sqrt(P[k])))
end
end
end
for i in 0: segments - 1
wi S B x @ Tu|# ®|H ™M
Format Sort Audit Comment Names Clipboard Forr

X N

PRNL_VIRT
0 3182112

RS
1.2

PID USER e
E

1g

333608

K 13

[ >

L[i+1] = 1_function7_segment(d, 1+segment_sizexi,.
segment_sizex(i+1))
end
rmprocs (addedprocs)

for i in 1: segments
1_val = 1_val * L[i]
end
L_val[l+1] = 1_val
println(1_val)
end

println("d = $d")
println(L_val)

close(io_input)

#end

x = 1:size_L_val; y = L_vallx];

zeros(size_L_val)

i in 1:size_L_val

5o

for

# These are the plotting data
for j in 1: i

z[i] = (z[i] + L_val[jl)
end
z[i] = z[il/i

end

plot(x,y)

plot!(x,z)

plot! (size=(1000,200))
savefig("/output_fig/1-$d-$bank.png")

println(L_val[size_L_vall)

io_output = open("/output/1-
write(io_output, L_val)

close(io_output)

d-$bank", "w")

Template Notebook

2. yoko@vcp-gunma-u-04: ~ (ssh)

TR

ThE

0 3150780 1.413g 102204 R
0 3063656 1.1859 102456 R

13 0245 julia

AIRA FERE TR

Y
A
A

7

14 RYRAFLBRSIARR ()
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