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GOALS AND TARGETS FOR THE PROJECT
ATo test Chébyshévidsnmosbhambaseda

ATo extend the range tested by mathematicians 1000 times%o 10
(10*1047 the upper bound and the last number of the tested range

ATo define exactly the main characteristics of all sighanging zones
(known, as well as newly found), including their beginning, end anc
number of terms

ATo check newly discovered zones against predictions

ATo test and confirm all previously known sigchanging zones for

&, ,p(X) Up to 107

ATo make all primary data availabl® a wide group of mathematicians
working In number theorfyeld through OEIS publication and deposit
iy N a U e R eE8, S SO W T 1@ P10, S Ik OV

ATo define all data in a uniform way and with unified format

The Tmai R goai 0T #~t“h e, rproijae et " Wa:s
selected modulus and pairs of residues for prime numbers upOto.




LETTER FROM CHEBYSHEV TO FUSS (1853)

COYMHEHIA

II. JI. YEBDITITEBA,

BSJARAHA MOXH PBEARIIEH

A. A. MAPROBA u H. . COHMHA,

OFANHAPAEXD AEAKEMEEOSS BMUBPATOPCEOR AKAZEMIN HAYES.

TOMB L

(Cz noprperoms.,)

CAHKTIETEPEYPI™b. 1889.
TPOJARTCH ¥ KOMECCIOREPOBD n:nurorclol ARKAXEMIN BAYKB:
H. . Taasynosa, M. Srrepea w Komn, K. JI. Pargepa s= C-TlerepGyprk; H. I Ki
wona vp C.-Tereplyprs, Mockah w Bapmuash; M. B, Kxokara e Mocksk; 0. fl. Oractanna
w5 C.-TerepOyprs u Kiesk; . Kanneas s» Purk; @ocer (T. Teceens) o3 JeSomuars.

Tinua 7 pyo.

P
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IIreeMO npodeccopa YeOmmeBa Kb I. dycy
0 HOBOH TeopeMdt, OTHOCHAIIEGHCHA KB YACIY Ipo-
CTHIX'h YHCENI's BANA 4n-+1 H 4n+3.

11 (28) sapra 1853,

(Bull. phys.-mathém,, T, X1, p. 208).

BurarocriossocTs, ¢ KoTopoio Ber Bceraa npaaavanz mom macbropanis,
JaeTt MEd cmBlocTs npefcraBETE BaMb HOBBI pesyApTaTh, OTHOCAMiCA KB
OPOCTHIMD YHCIAME, KOTODH A TONBKO 9TO HAMEID.

Orbicrmsan nperbichoe BeIpamenie oymkmid, koTopela omperbialTh
UHCI0 OPOCTHIXS YACEND BEAA 4n —+- 1 B BEAS 4n -3, B3ATBIXD Ao HEKOTO-
paro 09eHb Goxpworo mpepbia, A IpEMexh Kb 3akiwderito, uro 31E Apb
©YHKNid 3EAYATEABHO OTJHYAKTCA APYI'B OTH ADYTa CBOEME BTODEIMA TACHAME,
npEdeMB LIA 9HCeIb 4n-+ 3 BTOpOdl weR® Gosbme WEMEB AdA UECEA® 4n—+-1;
TAKD 9T0, €CAW HIH YHCIA NPOCTHIXS IRCEND BAAR 41 ~+ 3, KOTODHIA MeEbime
KaKoro HEGyAs npexkia @, BBI9ECTb YHCIO DPOCTBIXB YHCENh BEAA 4n -+ 1,
KOTODBIA MeHbIe Toro e mpexbia @, B TMO1y9eHEYH pasHocTh paspbimTs Ha

vz . .
B—é, TO ORaEYTCA TAKiA BHa9eBiA %, LUA KOTODEIXH 3T0 YacTHOe ODPROIHSETCA
CROJb YLOAHO GIM3KO Kb efmmEnk., I8 pasEama B% pacnperbiesim mpocTHIX®

.qmcert BEAa 4m —+ 1 B 4n~+ 3 0GHADYRHEBAETCA ACHO BO MHOIHXD CIYIaAXs.

Hanpmmkps, 1) no mBph Toro Kaks ¢ NPEGIEKAETCA KB HYMIO, CyMMa pAla

L e ey e ST T o B SO

npRGILEAETCA Kb+ 00; 2) pALh

fB—FB)+ () + (1) —f(13)—FUT) +F(1H) +F(28)+.. ..

— 698 —

ik f(z) nocrosEno yGhlBalomAf GYEKNiA, MOKeTb GbITh CXORAMEMCA He
HHade, KaKb ecrd npexbrs npemssejenia o f(x) paBeRs Byl OpHE & = co.

S npEmerh Kb 3TEML DPe3yABTATAMT, DA3CMATPHBAA OHO ypaBHeHie, ko~
TOpOE OTROCHTCA KT NPOCTHIMB THCIAMD H S8KNI0YA6TH, KOKD JacTHEI caydai,
majigensoe pamsme I, A. je IlOXREBAKOME B MHOK, HE3ABECEMO ADYI'B 0TH
JpyTa, Bb BAMAXE E3CABAOBABIAXE 0 NPOCTBIXE THCIAXD,

TIprMeTe & npow,
10 uapra 1858 r.

Chebys hChebgsheBIBE8):i Ther e 1 s a

difference in the splitting of the prime numbers between the
two forms 4n + 3, 4n + 1: the first form contains a lot more

t han t he ’

s‘eccond. ©
In 1853 Chebyshev suggested that there are always more primes of the
form 4n + 3 than primes of the form4n + 1.




CHEBYSHEVIDO STNBAASUHEROR- -3 WO 7. .RE SASDYUE

(X)) = 4+ L)+ DT ]
& 3, 1(X) N 4,3(X) |4 1(X) N :-_______.—----“’ """"
(91 piime counting function. | (£ |~ "
a=3andb=17 residues : .““_,.-':T—ii—::;?;““]r{41}(x)l

Chebyshée¢Was 305X aGer all X
A Initial conjecture forg=4,a=3,b=1
A Similar situationforg=3,a=2,b=1
A cPrime number races

Ch e b y7s/ e 005 " BAwia 'S #~ ks ere s iy 1 -0 mamH
for two residues a and b modulo Q.




CHEBYSHEVIO STNBAASHEEXAMELE 7.0 R/4&I-WE

25 13 11

1 2 2.000% | AThe phenomena is
46 1 24 21 3 1.500% | small, but permanent

300 62 1 32 29 3 1.000% |
29 1 40 37 3 07509 | AEffective percentage
95 1 50 44 6 1.200% | hastendency to
| 600 [N 1 57 51 6 1.000% | decrease
B 125 1 65 59 6 0.857%

800 (KL 1 71 67 4 osoo% |[AAt Chebyshe
B 154 1 79 24 5 0.556% and 100 years aftamno
168 1 87 80 7 0.700% | hegative zones for
303 1 155 147 8 0.400% | 0 5, Were Known
DI 430 1 218 211 7 0.233% . .

550 1 280 269 11 0275% |AONly in 1957the first

669 1 339 329 10  0.200% | @andthesecond zones
783 1 399 383 16  0.267% | were discovered

900 1 457 442 15  0.214%

1007 1 507 499 8 0.100%

1117 1 562 554 8 0.089% !

1229 1 619 609 10  0.100%

2262 1 1136 1125 11 0.055%

Th e T/ tEgie s aind—=2s"e &:0°A . d. T2 ovniels: = Wih exr e
discovered only in 1957 more than 100 years after the letter to Fuss.




MAI N WORKS I N CHEBYSHEV0OS Bl AS A

1853 Letter from P.L. Chebyshev to P.N. Fuss

1914 J. E. Littlewood ¢Sur la distribution des nombres premiexs

1955, _AXkse enedl M 2/ Nigt=R L q/Nn._ /LI e d£25 ¥ 40 Bt 0T a’ |
1959 D. ShankgQuadratic Residues and the Distribution of Primes

1962 S Knapows ki cCamparatiVe.Primiehumi@enTheorg

1978 C B_a VSt R Higaess ‘oY o R ta A sA0 s o{tidhel sl

1978 R H. Hid s2e B | 2fe St Blawy-8 <. ¢ Thhe S-ap ple-a rYa n=e
V& Al U o s AR @ B Tn b % ) BTSSR e A s

1979 & B @V SE 9 iR H .- cEUhdfs: 0D el 0 @ EinTe e v esg =t an’d
[ e g T=o*peigmsaf=g T il TR T "ozl | 4 | dwppigh i@l e N LG T D

1994 M. RubinsteindP.. Sarnak, ¢Chebyshevodos Biase

2001 B agy &, KE s A00E, d7, R H. Huds o nfuncdtionsinearR u
t he Real AXxi s and Chebyshev's Biase

2001 K.ForddR. H. Hudson, ¢Sigmi thabpes)eéen pi{
2006 A ~Gr—a mprvil 1 #Eeeoti G Mg Lot R 2SR TP - M e FilNki-mh5e
2012 G. Martind J. Scarfy,cComparative Prime Number Theery
2013 D. Fiorilli d G Mar tin, ¢l ne gRenyitpimesumbenrace:lae S h a
dasynipiotids o rimuiEa T 0 [{—h-e i dehis T - 97e's.je
¢cC-hieb y sEh-evios (¢ 0 Nijp—g-cot_ U rfe. . mas i T.lre
Number Theory, namely, comparati@ime-number theorg as was
written by S.V. Konyagin (Russia) and K. Ford (USA) in a joint paper.




CHEBY-SHEVIO STSBAASHEAND O THER T/ HEOR

Dirichlet prime number theorem for arithmetic progressigbirichlet, 1837). Let a, g

N Z* be such that gcd(a, g) = 1. Then there are infinitely many prime numbers p such

Loea, LA-Npel Aneia™ A o s | @)l A e I 8- T o T A8 T A i idh Tl |
#D OE IgAkA&Ox} ..

B OE s i O L E)

Theorem (Littlewood, 1914)here are arbitrarily large values of x for which there are
more primes of the form 4n + 1 up to x than primes of the form 4n + 3. In fact, there
are arbitrarily large values of x for which

VX

#primesan + 131G P O E 4B Ox} 0375 | h h

Conjecture (KnapowhsskiX a¥hil, Ttuh &€ np e rlQe2t)
for which there are more primes of the form 4n + 3 up to x than of the form 4n + 1 goe
to 100%.

Theorem (Kaczorowski, RubinsteiBarnak, 1994)If the Generalized Riemann
Hypothesis GRH is true, then the KnapowEkir 8n Conj ect ure 1 S

The rconnecti on between—"Chebyshe
Hypothesis (GRH) was proven-in 1994.




CHEBYSHEV0OS BI AS AND OTHER THEOR
Generalized Riemann Hypothesis (GRH) (Piltz, 188B)or any 6 mod (¢

s=0 i#sucha®d O andLO U1, + ¢ )allthe nBntrivial zeroes of the

DirichletL-f unct 1 on LB(S, G )N\ 2R €A 9 A o))

OBy F | @G-8 <0 P Q' TS e a4e0 S
o e 6 et LA i ol N
pl O—l Ul Xl m

Rubinstein and Sarnak(1994): The sum over primes in arithmetic progressions results
P e nl o Py ‘
D (M) E\{n Vo) k @a € @} Qi i € i
K
Trhke] s, éve-a O o5 B ™ PN 4TS e bl K odr, Tt a v SE 9 M e

Chebyshev's Bias (modern formulation]:here are more primes of the form
gn + athan of the forngn + bif ais nonrsquare andis a square residue moduip

Fh.g 570/ e el rd mras T e gur T gvleimE e T ehc e
sqguare residue b among residues-modulo qg.




DISPROVAL OF KNAPOWSKI -TURCN CONJECTURE
Maximum percentage of values of @X for which 21(X) > 43(X)

2 6% §2.€1 eechv1957

0.6% [ | _ehmer: 1969

0.1% }_Lehmer 1969
1.6% T Bays & Hudson1979

2 8% f Bays & Hudson19791996

AWith exact formulation of Knapowskiur 8§ n ¢ o nj ehe extenseve search 1 9 |
f 0 f.pStN-changing zones starter various moduli and residues

Alt became clear that Knapowski ur 8§ n c onj ¢tsedfteramumbea s f a
breakthrough works and papers of C. Bays and R.H. Hudson (USA) who discovered
severalnewsige hangl ng ,g,between 197/Dand 1§96

Empirical data supported Knapowski u r 8 n- ¢ o nj Honly r e
After Bays and Hudson research it became clear that it was wrong.




EMPIRICAL RESULTS: 195/-1996 g =3, 4& 8)
Status 0 a X) sign-changing zones search frorh95/7 to 1996

Bedginnino Discovered

- 1 2 608,981,813,02 Bays& Hudson 1978 @
1 1 3 26,861 Leech,1957 O
2 1 3 616,841 Leech,1957 O
3 1 3 12,306,137 Lehmer,1969 O
4 1 3 951,784,48. Lehmer,1969 ® - 7 known zones
5 1 3 6,309,280,70! Bays& Hudson1979 @
6 1 3 18,465,126,29 Bays& Hudson 1979 @
7 1 3 1,488,478,427,08 Bays& Hudson1996 @
n 1 1 3 Notknown up tdl0'> Notdiscovered O
BN 1 1 5 588,067,88¢ Bays& Hudson 1979 @
EY 2 1 5 35,615,130,49 Bays& Hudson1979 @

1 1 7 Notknown up tdl0'* Notdiscovered

The search for new zones had been very skametimes decadg@sssed between the
discoveries

A Several outstanding mathematicians such as J. Leéth. e e ¢ h ), Da&tLehmere
MLudaesrmer pr i)janaC. Baysy& RiHe lButsgprime number research
and esti mat es f)oontribiit&llgreathetsthersearlb e r o

A Mostsignc hangi ng zones- (;7) were found fo
There had been extensive search fpsign-changing zones up t@0'?

from 1957 to 1996




EMPIRICAL RESULTS: 195741996 ( = 12 & 24)

Status ofeg, , {X) signchanging zones search froh95/7 to 1996

n-nn

=
N

1 1

N N = = e il
e e N N T P S

1

N (NN NN N PP

AApart ,f;rtohne roe

& 24

7

11
5

7

11
13
17
19

23

Not

Not
Not
Not

Not
Not

KNnownu

<nownu

<nownu
<Knownu

KNoOwnu

<KNnownu

nto 102

nto 102
nto 102
nto 102

nto 102
nto 102

cAround10t%¢

Not
Not

Not

<nownu
<nownu

<nownu

nto 102
nto 102

nto 1012

Not di

Not di

Not O
Not @

Not o

Not @

Bays& Hudson,1978

Not @
Not @

Not @

had

ISCoveread

ISCOvVeErec

IScovereo
IScoverec

IScoverec

IScovereo

IScoverec
IScoverec

IScoverec

been

Not defined exactly

nrobanging hoaes forfge i2n d

A F o r,,3qthe first zone was defined only approximateijthout exact boundaries
and number of terms

Mod 12 and 24 presented a major problem as there had been almost

nothing discovered and known-about them.




EMPIRICAL RESULTS: 1996-2016
S aEy s e T -aaqngiag zdmes>searcrsfri0f9996to 2016

II-I!IH

3 W 6,148,171,711,66 Johnson2011 Found with mistakes
KN 1 1 7 192252423729713 Martin, 2016 Only first point found

A New zones were discovered quite rarely
A The range beyond #@was beyond the technical capabilities for a long time
A Both Johnson and Martin were programmers, not mathematicians

AARPractice | s the Sotheereti€a motlebwotldoever disprovd r
the numerically confirmeeg, , ;sign-changing zones

A Direct numerical calculations faag, , pSign-changing zonebave absolute accuracy

In 20+ years since 1996 there have been only two siganging zones
found, although with incomplete or inaccurate information.




LOGARITHMIC DENSITY/PROBABILITY OF - () - (0)

Theorem (Rubinstein and Sarnak, 1994.s X YD,

P po
I = T80 3
a € of) W b

() ()

In other words, Chebyshev was righ©9.59% of the time!

Theorem (Rubinstein and Sarnak, 199%)et (a; q) = (b; q) = 1
The logarithmic density
A B 0eP Qo
LS AN e T
GO | TR

exists and is positive.

In 1994 the existence of positive logarithmic density, formeaning
Nt he pr obZde)l iZigye)otwasapioved.




e ANFD S,

nNUNFAI
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ME NUMBER RA

Then mouwnfair prime numberr a c @ierdli & Martin) & status(2013

Fl 24 1

24

o NN DN B
BB BN

N -
BN

N

2
6
8
9

> O NN 00 W
D

-lllﬂﬂ
0999988 Not foundu ot01012
1 11 0.999983 Not foundup to102
1 11 0.999977 Notfoundup tol0Q?
1 23 0.999889 Notfounduptol0?
1 7 0.999834 Notfounduptol0Q?
1 19 0.999719 Notfounduptol(Ql?
1 3 0.999569 Notfounduptol(Ql?
1 5 0.999206 Notfounduptol(Ql?
1 17 0.999125 Notfounduptol0?
1 2 0999063 KnownuptolQ
1 7 0.998939 Notfounduptol0Qt?
1 13 0.998722 KnownuptolO
1 7 0998606 Notfounduptol0O
1 5 0.997395 Knownuptol0Qt?
1 3 0.995928 Knownuptol0Qt?
2707/ g i e i aiS

| N

hnunfatr .pri

A Fundamental 2013
researchby Fiorilli and
Martin on logarithmic
densities

A Logarithmic densities
were calculated and
rankedfor 120 top
n_p.Flome- "N umb-e

A Top 15 were selected
for testwithin the scope
of this project

Not defined exactly

m e N

defined, 15 of which were selected for this project ud 6.




PREDICTIONS OF NEW ZONES: g =3, 4& 8
PBr.e~tik Lt =0 n g {9 sign-phangisgizinéseip teetd

“-ﬂﬂ
2 6.15*102 Bays& Hudson 2001
3 1 2 3.97%101° Bays& Hudson 2001

el 3 1 2 39710 Ford& Hudson,2001

B 8 1 3 932102 Bays& Hudson_2001
9 1 3 997107 De |l ® Plsar &oblot,2004
m 1 1 3 68210 Ford& Hudson?2001
m 1 1 5 19310 Ford& Hudson,2001
el 2 1 5 932104 Ford& Hudson2001
RN 1 1 7 19310“ Bays& Hudson2001
BN 1 1 7 193104 Ford& Hudson2001

A One of the main goals of the project washeck the predictions for new siggchanging
zones made in the beginning of 2000s

A Some predictiong>10'8) were located far beyond the technical capabilities of that tim

A Even today working above B@equiresthe use of supercomputers with many cores a
efficient multi-threading

For g =3, 4 and the existence of sigpsign-changing zones were
predicted up to the 1071 the upper-boundary of the project.




PREDICTIONS OF NEW ZONES: =12 & 24
Predi cti on g,4{9 signphangisgizinéseip teetd
g | # bl a | Beginning | Predictedby

1 1 5 98410 Ford& Hudson,2001
1 1 7  9.7810° Ford& Hudson,2001
o2 1 1 11 None< 10 Ford& Hudson,2001
1 1 5 None<10¥® Ford& Hudson,2001
s 1 1 7 None<1(® ~ord& Hudson,2001
1 1 11 None<10?® ~ord& Hudson,2001
1 1 13 6.74°10* ~ord& Hudson,2001
1 1 17 6.1810" ~ord& Hudson,2001
2 1 17 7.11%10% ~ord& Hudson,2001
e 1 1 19 7.15-104 Ford& Hudson,2001
1 1 23 74410 Ford& Hudson,2001

A One of the main goals of the project washeck the predictions for
new sigrchanging zones made in the beginning of 2000s

A The situation with g = 12 and 24 was similar: some predictions
(>10'8) were located far beyond the technical capabilities of that time

For g =12 and24 the existence of foupsign-changing zones were
predicted up to the 1071 the upper-boundary of the project.




TECHNICAL DIFFICULTIES
A 105 range seemed incredibly high 17 years a@o2001) when Bays & Hudso
summarizedtheir2g eari“eff-or t 1.n" Cheby'shevo

AThe direct bruteforce method was extremely resourcensuming as well as
sensitive to norstop execution

AFast and reliable prime number generatotisat were capable of working with
large primes above 1®and generate them without omissions and mistakes
were absent

AThe alternative way of getting primishe preliminary generation with further
database storage, required enormous memory @mdreds of terabytes or
even petabytes) and barely allowed to move aboldeldving alone 16

AFast and affordable serversapable to work without mistakes and rsinp24
X 7 for many weeks and montwere required

AMany predicted points were located around!4 D far above 185, that also
reduced substantially the desire for implementation

ATo work above 18 fast supercomputersiith many cores and efficient multi
threading were required

Th e, tdT ¥ gt (bt uat=g. T fa e e Mre v h plePwdsD. =8
difficult till recent advances in software and hardware development.




A 2 main C++ programs

PROJECT TECHNICAL SET -UP

(‘;‘(?N"I“RQ!J‘?I'J'O‘“({I-(‘:-'(Z#--------- -------------------P:IA!N.I?!J.(.).(:‘K:..(;T.‘{: _____________________ A Primes up to 1 81019
64

Independent DB | ! ! | (2*) could be tested

e 1 | A Control C# program

I DB comparision '

¥ ‘| with 102 database to
Generated DB ‘_,_i_l

primesieve (C & C++)

(509 Gb, primes up to 10'2) (primes generator up to 1.8*10'9) E C h ECk
l : E l Generation of primes 1 : A 3 consecu tlve ranges
| Program 1 (C#) s Program 2 (C++) Program 3 (C++) E
[ S . ' =
' (any pair of residues for any modulus) ; ' | (any pairs of residues for any modulus) (residues with 1 & modulus up to 30) ! tO te St . 1 013, 1(.)1'4, 101'5
l E E l Calculations and result outputs 1 E A At I e aSt 2 p ass dgr
Results 1 i Results 2 Results 3 E
. ‘ (control results up to 10'?) | E : (results up to 10") (results up to 10"°) E €ac h r-an g €
[ ~ ! : :
\ Processing and analysis E : I Processing, comparison and analysis I ! n-u-m b er I a C €
; & I All results ‘| A Numerical test started
: : : (all residues from division by modulus 3, 4, 8, 12 & 24 up to 10%°) : .
\Testing and comparison : E | 1N S e pte M b er 2 O 1 7 an d
! I Testing and comparison 1 Was flﬂlShe d |n
Known results
‘ (not for all moduli & residues, also not exceeding 10'?) \] anu ary 20 1 8

A Project was extended
to 510~ in June 2018

Several C++ & C# programs were written for the project. The fastest
K-nowhn . pr b me nu-mber.. generat or:np<s




RESULTS: g = 3 (primes and values of n for primesg
Sign-changingzonesfor g = 3. primes

g - blal _ Beginning _______End# gl OEIS_

oiaiel 1 1 2  608,981,813,0z 610,968,213,7¢ 20,590 A297006

o=l 2 1 2 6,148,171,711,6€6,156,051,951,67 63,733 A297006 BEIM (V) 6.15*102
2 1 2 84.323 A297006

Sign-changingzonesfor g = 3: valuesof n for primes(” (x) function)

9 |~ /blal __Beginning ________End# l OEIS_

olsiey 1 1 2 23,338,590,7¢  23,411,791,0¢ 20,590 A297005

ol 2 1 2 216,415,270,06 216,682,882,51 63,733 A297005 MR V)
2 1 2 84,323 A297005

A Second zone matched exactijth that predicted by Bays & Hudson (2001) at
§.15% 16

A New A297006 andl 2 9 7 €eQuBncewereregistered with OEIS

For q = 3 the 29 gpsign-changing zone was found that almost exactly
matched a zone predicted back in-2001.




RESULTS: q = 4 (primes)
Sign-changingzonedor g = 4: primes

g |~ Ibla]  Beginning  End# gi=| OEIS

1 1 3 26,86 26,86 1 A051025

2 1 3 616,84 633,79 90 A051025

3 1 3 12,306,13 12,382,31 15C A051025

4 1 3 951,784,48 952,223 ,47 39¢ A051025

‘Bl 5 1 3 6,309,280,70 6,403,150,18  6,20° A051025

6 1 3 18,465,126,2¢ 19,033,524,52  6,52¢ A051025

7 1 3 1,488,478,427,0¢  1,494,617,929,6( 14,18¢ A051025

8 1 3 9,103,362,505,8(  9,543,313,015,3( 391,37¢ A051025 =M V) 9.32*10\2

9 1 3  64,083,080,712,5¢ 64,084,318,523,0. 13,37( A051025 EETIM (O 9.97*10Y

B 10 1 3 715,725,135,905,9¢ 732,156,384,107,9. 481,19 A051025 =TI D

10 1 3 913,49 A051025

A The 8" zone happened loweéhan was predicted by Bays & Hudson (2001) at
9.32%1(02

A The 9" & 10" zones were not expected up1o

A OEIS sequencé 0 5 5 With only30terms was complemented and now includes
913,497 terms

For q = 4 three new zones{89" & 10t) were discovered. According
to the theoretical models the last two-had not been expected hétéw




RESULTS: q = 4 (values of n for primeg
Sign-changingzonedfor g = 4: valuesof n for primes(” (x) function)

g |  |blalBeginning  |End  |# @l |OEIS
1 1 3 2,946 2,946 1 A051024
2 1 3 50,378 51,622 90 A051024
3 1 3 806,808 811,528 150 A051024
4 1 3 48,517,58¢ 48,538,97C 396 A051024
‘Erd 5 1 3 293,267,47( 297,424,71¢ 6,205 A051024
6 1 3 817,388,82¢ 841,415,71¢ 6,524 A051024
7 1 3 55,152,203,45|  55,371,233,73 14,189 A051024
8 1 3  316,064,952,54  330,797,040,30 391,378 A051024 =M
9 1 3 2,083,576,47550 2,083,615,410,04 13,370A051024 IO
o="F 10 1 3 21576098946648 22,056,324,317,29 481,19 A051024 BEETE O
Total [0 913,49 A051024

A The 8" zone happened loweghan was predicted by Bays & Hudson (2001)
A The 9" and 10"zone were not expected so low

A OEIS sequencé 0 5 # With only33 terms was complemented and now
Includes 913,497 terms

For q = 4 three new zones{89" & 10t) were discovered. According
to the theoretical models the last two-had not been expected hétéw




RESULTS: g = 8(primes)

Sign-changingzonedor g = 8. primes

nIEH_-

m 1 Not found up to 10%°

PEE] 1 15 588,067,88 593,871,53 48t A297448

EEE) 2 15 35,615,130,4¢ 37,335,021,82 22,30! A29748

PEEl 3 1 5 5267,226,902,6:  5,312,932,515,7: 109,83. A29744 EEIM (O

WEE) 4 1 5 5758938,230,7¢  5,768,749,719,4¢ 48,22¢ A29744 MIETM D

BBl s 1 5 62005099455  6,209,511,651,2¢ 18,04¢ A29744 G

BBl 6 1 5 192,189,726,6132° 194,318,969,449,91 465,27: A29744 MEETM () 1.93*10+
BEE] 7 1 5 930,525,161,507,00 932,080,335,660,2 186,05 A29744¢ TN\ 9.32¥10
el 7 15 850,23. A297448

BEEl 1 1 7 192,252,423,729,7. 192,876,135,747,3 234,93 A29535: [IETM (V) 1.93*104
|17 234,93 A29535

A Not a single zone discovered feg 5 (X)

A Out of 5 discovered zones fa . () only the 8" and 7" (2 widest ones) were
predicted correctly a1.93*10“and9.32*10*respectively

A The ' zone forag ; (X) was also predicted correctly 4t93*10+

A 4 new sequences were registered ¢ 2 94297443, A295354 an295353
Out of 5 new discovered zones f&g ; ,(x) theoretical models correctly
predicted only 2. The prediction fcae87 .(X) was also confirmed.




RESULTS: q = 8(values of n for primeg
Sign-changingzonedfor g = 8: valuesof n for primes(” (x) function)

n-ua-a

EE:] 1 3 Not found up to 10"

| g =8 - 30,733,70 31,021,24 48€ A29744

EEX) 2 1 5 1,531,917,19 1,602,638,72 22,30t A29744

g =8 IR 186,422,420,11  187,982,502,6 109,83: A29744 ®
=8 IR 203,182,722,67  203,516,651,1€  48,22¢ A29744 ®
EEE) s 1 s 218,192,372,3¢  218,497,974,1z  18,04¢ A29744 ®
Wl 6 1 5 6,033099,2058¢ 6,097,827,689,9: 465,27: A29744 )
Bl 7 1 5 27,830,993,289,6! 27,876,113,171,3] 186,05 A29744 W
7 1 5 850,23. A297447

BN 1 1 7 6,035005477,5¢ 6,053,968,231,3F 234,93 A29535: W)
1 1 7 234,93 A29535:

A Not a single zone discovered feg 5 {(X)

A Out of 5 discovered zones fa - () only the 8" and 7" (2 widest ones) were
predicted correctly

A The Z'zone forag ; ((X) was also predicted correctly
A 4 new sequences were registered ¢ 2 9A2497443, A295354 an295353

Out of 5 new discovered zones f&g ; ,(x) theoretical models correctly
predicted only 2. The prediction fcae87 .(X) was also confirmed.




RESULTS: g = 12(primes and values of n for prime$
Sign—changingzonesfor g=12 primes

“II!IE

1 5 25,726,067,172,57 25,727,487,045,61 8, 399 A297355 (D) 9.84*1(16

Total 1 5 8,399 A297355
q=12 1 1 7 27,489,101,529,52 27,555,497,263,75 55,596 A297357 =M (D9.78*10°
Total [ 55,596 A297357

sl 1 1 11 Notfound up to 10%°
Sign-changing Zonesfor g =12 valuesof n for primes(’ (X) function)

L'--Iﬂﬂ

1 1 862,062,606,31 862,108,594,32 8, 399 A297354 O

Total 1 5 8,399 A297354

q=12 1 1 7 919,096,512,48 921,242,027,61 55,596 A297356 O,
ej:ll 1 1 7/ 55,596 A297356

oi=t241 1 11 Notfound up to 10

A Not a single zone discovered feg, ; {X)

A Discovered zone fag, 5 (X) happened to be narrow and lower than predicted at
9.84*10°

A Discovered zone fas, - ,(X) happened to be narrow and lower than predicted at
0.78*10%°

A Four new OEIS sequences were register®297355, A297354, A297357 ahd97356

In 10*° range theoretical models failed to predict both discovered zones
unknown before. This requires-explanation and change in the models!




RESULTS: g = 24(primes)
Slgn-changlng zonea‘or g = 24. primes

-mn

5 Not found up to 10%°

7 Not found up to 10%°

11 Not found up to 10%°

13 978,412,359,12  989,462,029,56 9,920 A295356

13 1,005,578,970,33 1,009,517,096,64 22,648 A295356 ®

13 1,025,403,695,23 1,096,157,101,03 111,408 A295356 @

13 648,452,989,927,60 649,632,972,248,8¢ 202,195 A295356 ®

13  655,404,854,710,62 662,189,414,787,36 594,414 A295356 @ 6.74* 1014
13 687,936,222,802,69 699,914,738,212,84 1,441,31¢ A295356 )

13 2,381,904 A295356

17 617,139,273,158,71 618,051,990,355,9¢ 73,201 A297450 ©-6.18* 10
17 709,763,768,223,84 714,186,411,923,0C 773,982 A297450 W o 2 0
17 772,451,788,864,53 772,739,867,710,8¢ 116,739 A297450 @

17 963,922 A297450

19 706,866,045,116,11 709,591,447,226,58 260,586 A298821 O

19 716,328,072,795,61 725,993,117,452,65 833,790 A298821 VN7 45+ 1.8
19 731,496,205,367,61 733,085,386,984,84 306,557 A298821 ®

19 739,965,838,936,15 756,906,118,578,76 1,586,535 A298821 ®

19 761,403,326,459,53 766,164,822,666,88 449,524 A298821 ®

19 3,436,99C A298821

23 Not found up to 10*°

qellelelolale oo
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Six new OEIS sequences were registefetbb356, A2B5355, A29450,A297449,
A298821 and\298820

For g = 24 13 new zgpgxpaengxanddl s
B X) - None. wek @), a, o) e, {Xo&rae, 2(X)




RESULTS: q = 24 (values of n for primeg
Sign-changing zonesfor g = 24: valuesof n (" (x) function)

_-Iﬂﬂ

1 1 Not found up to 1015

q 24 I 7 Not found up to 10%

=288 1 1 11  Notfound up to 10

1 1 13 36,826,322,70: 37,226,458,01. 9,920 A295355

2 1 13 37,809,796,15! 37,952,282,98( 22,648 A295355 O

3 1 13 38,526,874,56: 41,082,097,57 111,408 A295355 O

q 4 1 13 19,606,529,038,61  19,641,125,979,30 202,195 A295355 0)
=24 R 19,810,330,673,46  20,009,166,153,46 594,414 A295355 ©

6 1 13  20,763,192,869,09 21,113,714,560,13 1,441,31< A295355 )

Total 6 1 13 2,381,904 A295355

q pZal 1 1 17 18,687,728,175,38  18,714,528,041,25 73,201 A297449 )
YW 2 1 17  21,401,790,499,96  21,531,111,289,46 773,982 A297449 Q

3 1 17  23,232,693,876,71 23,241,097,440,24 116,739 A297449 ®

Total 3 1 17 963,922 A297449

=24 [ 21,317,046,795,79  21,396,751,256,98 260,586 A298820 O

2 1 19  21,593,726,305,43 21,876,231,682,20 833,790 A298820 ©

3 1 19  22,037,035,819,97 22,083,466,138,74 306,557 A298820 O

=24 I 22,284,455,265,59  22,779,076,769,44 1,586,53% A298820 ®

SEVZW 5 1 19 22,910,331,360,47  23,049,274,819,45 449,524 A298820 O

eElRN 5 1 19 3,436,99C A298820

=228 ] 1 23 Notfound up to 10

A 6 sequences registeré® %356, A2%5355, A297450,A297449 A298821 &A298820
For g =.24 13 new zgmgpgxpanegx)anddli s
B01( X ) None. wek @),ad,o)nes ,, {X)o&rae, 2(X).




RESULTS
Themostin u n fpamenumberr a c eteedargestu (;ajl) and statusasof 2017
# gl b la |UGa) | ulsOKI)  EEPINEEEEIE,
24 1 5 0999988 Notfounduptol0' (2017 » O
24 1 11 0999983 Notfounduptol0s (2017 O O
12 1 11 0999977 NotfounduptolQs (2017 O O
24 1 23 0999889 Notfounduptol0s (2017 O O
24 1 7 0999834 NotfounduptolQs (2017 O O
B 24 1 19 0999719 Foundupto 105 (2017 ® + O
8 1 3 0999569 Notfounduptol0 (2017 O O
BER 12 1 5 0999206 Foundupto 105(2017 ® + O
e 24 1 17 0999125 Foundupto 105 (2017 ® + ©
3 1 2 0999063 Knownuptol0s(2017) @ @
8 1 7 0998939 Foundupto 10 (2017 ® + O
24 1 13 0998722 Knownuptol0'5(2017 + @
12 1 7 0998606 Foundupto 105 (2017 ® + O
8 1 5 0997395 Knownuptol05(2017) @ @
4 1 3 0995928 Knownuptol0'5(2017 Q @
: . 25 NEW ZONES
ADlscoveredé_l first ever zoneg &8s X oz d Bhagrd & hano {XFETor 4 out of 15
MmO i 1| NE e e T HIgk »aflae B :.umeisa’l “F5. P-lehBTeI—AF U

A In total 25 neweg , ,(X) sigrrchanging zones discovered
A In total 18 sequences were registered or substantially extended with OEIS
ASigae i P negsi |nY &Z<odmerst ©f oA [ roiat oy 88 N8 ST it

PO |TETC I mp | m t-a“t- [ Lonmvalilb a-we d: -l
g N f

t e men t
signc hangi n Z O Nne-s Q1A RERN. s T aissia =y




RESULTS: PUBLISHED DATA
029700554081} $051024 ( X ){(8=-1} 0297447 ( X e(8=-1} $295353: ( X L A(8=-1} 0297354 ( X ),f 8=-1}

MR R PO

929 800 pdrx)={1}2e90 51025 ;53(R)%-N) {2 7448 35(R)X-2 P B 3 54 ;37 (R)T-H ) §220 7355 11,5 p-1}) { &

kel e g

0 2 BB (X b E9=-1} & 23B55 (X Myl d)=-1} & 27049 " ( X p g, #)=-1} ¢ 28820 " ( X )ufo#)=-1}

g e

02 BIE P ( X )A0F-1} 0 25BEG P ( X 15 ®=-1} ¢ 2BIBA P ( X f(B=-1} ¢ 28B2L " ( X o d®)=1)

SRYIRET iR

All data were published in The Online Encyclopedia of Integer
Sequences (OEIS) as 18 separate seguences.




