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Definition B.1.1 (Admissible k-tuple). HZA® k123 LT, HEZL 2 k ADIEE B O

(h1,..., ")
#% admissible k-tuple T® 2 ¥ 1, {EEOEI p 12K LT
{P1 (mod p), ..., hy (mod p)} # Z/pZ
vihBZr, %D, BRED
hi (mod p), ..., hy, (mod p)

2 (mod p) DRERIRTEELRVWILEFS.

Conjecture B.1.1 (Prime k-tuple conjecture). £ ® admissible k-tuple (hq, ...

#{neN|n+hy,...,n+h BIXRTHEHK } = 0.

i) WL,

Proposition B.1.1. #H#2722 k HOIFEEBDM K = (hy,..., hg) WTHL,
#{neN|n+hy,...,n+h DIXRTHEH } =0

TH 37 51X, # 1% admissible TRIFIUIL B2,

(B.1.1)

Proof. (B.1.1) BAAL L7 & 5. [ERICER p 2H%. RINEZ
{h1 (mod p), ..., hy (mod p)} # Z/pZ
TH2. RE (B1.1) &b, BRAE n>pTH>T
n+hy,...,n+hg
DIRTEMTH2DONEFEETS. 2hsd kHOERITRTp EHAREVDT
pin4hy,...,n+ hy
TRIUFZSRV. Rz Zh b
—n (mod p) & {h1 (mod p),...,hy (mod p)}
Eh e (B.1.2) A D 0.

At IF—DHBRRDOMERERTZETH S !

(B.1.2)



Theorem B.1.1 (Maynard [2, Theorem 1.1]). BZAX m X LT

minf (ppym — pn) < m3e*™
n—oo

DIRALT 5.

B.1.2 ZHEBEIE X Bombiari-Vinogradov D EIR

Theorem B.1.2. ZE¥z > 21 LT

DWILT 5.

Proof. &%t 3 F—TIFFFA L 22\ . fil 21X, Davenport 7 [1, Chapter 18] # 2D Z k.

Definition B.1.2 (Euler totient B8%1). Euler totient B# & MXN 2 BGERIIBIEL » %

eI}

pln

TEDD.

Definition B.1.3. (2 > 0, B a,q TH->Tqg>1722d DI LT
m(z,a,q) =#{p <z |p:FEE, p=a (mod q)}

£BX.

Definition B.1.4 (FRED level of distribution). F£( 6 > 0 1Zxf L T,

[ 28 level of distribution 0 5

X, ROFERPEDIDODZEZED  HEDA>1Le>01ILT

Z max |7(x,a,q) — m(z) < z(logz)™4
5 (@)=t v(q)
)
Q:=a""°

Y BT ID. /272 L Z 2T implicit constant 1 6, A, e IZHTFEL TRW.

(B.1.3)




Remark B.1.1. Maynard D& [2, £. 6-8, p. 384] & Definition B.1.4 1% e 23& £ 2 »ED
TERMEMZ DR Z L ITER. 2 TIBOERDOBEM{LD 72512 Definition B.1.4 D Xk 5
RERMEERHWZ. Qo0ERKFIFFRME.)

Theorem B.1.3 (Bombieri-Vinogradov DEE). #E%d level of distribution 1 Z#§o.

Proof. &% 3 F—TIXFEA L 2. Il 21, Davenport ®A [1, Chapter 28] #ZRD Z k. O

B.1.3 ERE - 50&

PR, ZOBRTE, RORE - ilikzHW5

FHINTRANSE PO pr <pa <ps <.+ LESNIT 3.
BARE k> 2.
Admissible k-tuple # = (hq,..., hg).
FHOD level of distribution 6 € (0,1).
REVER N > Ny.
FHR =N 7=72L22Tde(0,9)
FEI Dy = logloglog N ¥ HIREK
we=[] » (B.1.4)

p<Do

ZHoEHE (B.1.2) »o, N B tHokor x

W = exp< Z 10gp> < exp(m(Dy)log Dy) < exp(2Dy) = (loglog N)? (B.1.5)
p<Do

WO RE S Z RS, COW LRICEAT D v FEHEEEHICLTLEI NI VE
HT (FIC Do URDZERKT) ZEMICHNAZ VI S ICHEINCHRET2RE LD 3.
%%ﬁ Vo VG@O’C

(vo+hs,W)=1 (i=1,...,k) (B.1.6)
TH2dD. (FEMHEX H D admissibility (2P ERBEIREHEE HNUE D0 5.)
Ry = {(t1,...,tp) €[0,00)% | t; 4+ -+, <1} C[0,1)".
KE Ry LicAZ2RoBOEERS

SR = {F :=[0,00)" = R|F(t) =0 (t € Ry), Fi%[0,1)* T Riemann fJ#&%) },
St ={F:==[0,00)f = R|F(t)=0 (t € Ry), F13[0,1) LT C" #}

(i : Maynard O [2] Tl& Sp = SR DA LPEAL TWRW.)



e WM FeSReme{l,... kb icHLT, 5y

/ / (tr,... te)2dty - - dty,
v
JM(F / /(/ tl,...7tk)dt)dt1 by, - dt.

72771 2T, ci%maq%ﬁlbﬁﬁ ZrEEKETA.
o ZZWOEGEHIIBEB N TH > THBF € S ichLT

\ (f[ (d)d ) ) p(Ti, Ti)QF(IOgn logrk> (B.18)
dy,..., d = pld; )a; ey 1.
1 & u o Hi_f:1 o(r;) log R log R

(re,W)=1 (Vi)

(B.1.7)

LERINDDOD.

B.1.4 ERAR GPY method

ROMEEZS !
Sy = Z W, Sim) = Z Xe(n + hn )Wy,
N<n<2N N<n<2N
n=vo (mod W) n=vg (mod W)
(B.1.9)
Sy = Z (prn+h ) ZS2m.
N<n<2N

n=vg (mod W)

7272 L T 2T weight w, &

2
wn:=< > dk> >0 (B.1.10)

THZ R, xp: N — {0, 1} ZZEH ORI

1 n2PRFOL %,

= l,ep =
xe(n) = e {o 2B

TH5.

Proposition B.1.2 (Proposition 4.1 [2, p. 388]). B F € S} LT, N 500 DL &

k
$1= g (557 ) Mlog B () + o(1).



Sy =

i (5 e (25 (35 71 +0)

DMILT 5.

Proposition B.1.3 (Proposition 4.2 [2, p. 389]). F M, ¥ H%RE . %

Mk = sup Zl:l Jk ( )
FesR Ik(F)

TEDHZ. 2D &, ALE®D admissible k-tuple H = (hy,..., k) IR LT

. M
>0 BXU o= [92’“}

#{neN|#ie{l,....k} |n+h;: B} >rp} =00

MDD, FRIZ
liminf(pptry—1 — Pn) < max (h; — hy)

n— 00 1<4,5<k

»EoN5.

Proof. fEEICFER M, 0 TH>T
0<M< M, BX® 0<60<60 (B.1.11)

BBLDEMWMB. T, M, DEEIS
S I )

. >M

Ii(F)

%3 FecSEHAmnsG. 512 FREBMTZZLT
S UE)

I (F)

7% F € St »Hth 3. Proposition B.1.2 2D F & R = NS 2L THWa. ZZTR%
R=N2% YEN2D1E (B.1.11) oI T0a I v IcEET 5. £oT,

p=rr—1

EBHE,N 50D =

k k
510822 (E ) Nlog ) ([ S° A (0) - ph(F) 4ol

w\ W logN 2«
L (e(W)\* i 2
182, ZZTp DBOAEH»S
O My,
T2



e Mr %2+t M, 01 iU

S1—pSs 00 (N — 0)

k
Sl _pSQ = Z <Z XIF’(n+hi) _p>wn

N<n<2N m=1
n=vo (mod W)

TH Y, weight w, 1ZIEEMBERDT, 5 n e [N,2N) BFHELT

k k
Zx]p(n—l—hi)—p>0 — pr(n—khi)Zrk
m=1

m=1

— #lie{l,... .k} |n+h B} >

ewnwsZemnd. N ERELLTWIHE, WSHTHREVWZID XS RAR n 25H 5 DT,
ZO XD RERK n FERICFET 5. ZHTERI RSN, O

Lemma B.1.1. HAE kLT
H= (hl, ceey hk) = (pw(k)+17 . ,pﬂ.(k)Jrk) (B.1.12)
¥BL. T3, HiZ admissible k-tuple TH 3. F7-Z DRI

lgil%}ék(hi = hj) = Dak)+k — Pr(h)+1 < klogk (B.1.13)

LRMiiCE . 7272 L Z 2T implicit constant (it E L.

Proof. ¥3°, H 7% admissible k-tuple TH 2 Z 2R3, EEICEM p FWE. mINEX
{Pr@k)+1 (mod p), ..., Pr(k)+r (mod p)} # Z/pZ (B.1.14)

TH2. ChERTEDIS, p<kTH2Dhp>k THINTHEDITEZTS.

¥, p<kDErEZXD. FEH
Pr(k)

kMU TNORKORRTH 200,
Pr(k)+1s -+ Pr(k)+k

BB E LD REVWERTHS. EoT,pEZ00WFRsEHI5 3
0 (mod p) € {Pr(k)+1 (mod p), ..., Pr(k)+r (mod p)}

25 (B.1.14) LD 0.
RZp>kDrEREZL. 2O EIZ

#{Pr(k)+1 (mod p), ..., Pr(ky+x (mod p)} < k < p=F(Z/pZ)



7t BB A (B.1.14) A D Vo,
Pk, (B.1.14) AV REN7DT, (B.1.12) TH X 7 H 13 admissible k-tuple TH 3.
Kz, H DIEOFHE (B.1.13) 2R3, k=1 D ZEPELLERDOTE > 2 EREL TRV, 7,

1£3§k(hi —hj) = Prii)y+k — Pr()+1 < Pr(k)+k < D2k

TH 30, ZEEM (Theorem B.1.2) XD

P2k

2k = B.1.15
7r(p2;€) > log pak ( )
TH5. 22T (B.1.15) 75
ok > L2 5 p2
log pax
BRDT logpar K logk THYH, B (B.1.15) b5 —Effi522T
Dok K klogpor < klogk
%%, KoT, H DIROFHE (B.1.13) »1F 50 7%. O

Proposition B.1.4 (Proposition 4.3-(3) [2, p. 390]). + KO BHAB kTR L T
My > logk — 2loglogk — 2

i o AIRTASN

Proof of Theorem B.1.1. Proposition B.1.3 OfZ D Fik

. o o
i inf (pnr,—1 = pn) < max, (hi — hy)

EHWS. Lo T,ry>m&R2X5K%kZWY 7V, ¥£7F, Bombieri-Vinogradov O &
(Theorem B.1.3) &b 0 = % EEN L. ko T, Proposition B.1.4 &b, k> ky D& X

0M, 0M, 1
T = ’Vk-‘ > Tk > i(logk —2loglogk — 2) (B.1.16)

B ESBMBR ko NS, TIT, BBLE (e & [2WVWEWEE BEOEKRTES &)

1
Z(logkf2loglogk72):m «w loghk —2loglogk —2 =4m
v logk = 4m + 2logm + O(1)

s ko mZet™
THLHILIZREDTT, FERC > ky ZELD,

k= [Cm2e*™] > Cm2e*™ > max(ko, e°) (B.1.17)



FRETH->TAS. B
[e¢,00) = R; k— %(logk‘ —2loglogk — 2)
FHFEMA DT, (B.1.17) XH B L5 k > Om?et™ TH2 Z 2 EHAViUL (B.1.16) &b

1
e > —(log(Cm?e'™) — 2loglog(Cm2e!™) — 2)
S (B.1.18)
=m+ ~(2logm + log C — 2loglog(Cm?e*™) — 2)

4
RS FR 21N LT < 205
log log(C'm?e*™) < loglog(Ce®™) = log(6m + log C) < logm + log(log C + 6)

8%, 20k (B.1.18) ICHWT

1
rE >m+ Z(2logm +log C — 2(logm + log(log C + 6)) — 2)
1
=m+ Z(logC —2log(log C + 6) — 2)

7% 50DT, C ZTroRKIcEIuUR

T >m
%185, drlF, (B.1.17) OF, admissible k-tuple 2% L T, Z Dl

hi — h;
1513@;]6( i — hyj)

ZEHE T AUX RV, 2 Lemma B.1.1 OfEE WU, (B.1.17) O,
k< 20m2e™ L7=oT k< e2Ce2metm < 20+6)m logk < m

Eho

max (h; — h;) < klogk < m3e*™
1<i,j<k

#1%%. T4 T Theorem B.1.1 /R &=, O

B2 XAt

ZOfITIE, —H Ay,

77777

.....

(Al)dZR:>>\dl d, = U.

.....



77777

%7,
)\max = dma)fi ‘)\dl ..... dk‘ (B21)

LB COREDT, (B.LY) TEEI NS S, S o Tl %175

B.21 #.5; oxtAaik

IR, W o2 fiEZ2HET %272, 812 Lemma B.2.6 DFEHZBEWVWDO D, BEIZHRNIERE - TS
FTEZHDBEVDID LA,

Lemma B.2.1. ‘I“ﬁj\j(@ N > No(H) & a%ﬁ dl,...,dk,el,...,ek szﬁbf, HL

{[ n = vy (mod W) (B.2.2)

di, 6,’] | n + hz (VZ)
273 BB n AR AU, BRE: B
I/I/v [dh 61]7 ey [dkv ek]

Z220FODHWIETHS.

Proof. EFIZ (B.2.2) 2/ HAB n FEL I EIRET 5.
¥, EED e {1,..., k} 1L T,

(VVv [dive’i]) =1
BRF. CiUE, (B2.2) & v DI F (B.16) 105
(W, [di,e]) | (Wyn + ) = (W,vo + hy) = 1

YRBIEHBHES.
RS T1256, 2F 0, EBDi,j € {l,....k} THo>Ti#j THEDDIIMNLT,

([di, ei], [dy, e5]) = 1
BRT. 7, (B.2.2) © 2 fFHM S
([dires], [dj e5) | (n+ hiyn+hy) | (n+hi) — (n+ hy) = (h; — hy)
B b

([di, €], [dj, e5]) | hi = hy ~ ([dis ei, [dy, e5]) < [hi — hy| =  Loax |hi — hyl

10




Wb, ZZT, Dy =logloglog N #BWHEIX, N > No(H) D &
([diseil, [dj, e5]) < 12%§k |hi — hj| < Do
&5, X ’)T, ([di,ei], [dj,ej]) ﬁ’%%p %:‘I%:Otj‘é & P S D() i7§§3\i7)%)737§, ihbi?‘“@:?ﬁ@

EQ?@VCZT'\‘LZZ (I/V, [dl,el]) = (VV, [dj,ej]) =1 t?)ﬁﬁ—é LK’_ZJS\OVC, ([di,ei], [dj,@j]) =1&k5
BRIFNEL o2V, DLETERIRENT. O

Lemma B.2.2. BB W, di,...,dy, e1,... e WH LT, KIZFHE :
() BRET=B W, [d1,en, ..., [de, ex] 13 2 DFOHWICE.
(i) RD 4 FZHDHALT 5 -
(A) BB ic{l,. . K} CHLTd BXUe; 3EBHDH W L HWICE.
(B) EEOMHERZ i,j € {1,... .k} LT, & d; EHEWVICE.
(C) EEDHERZ i,j € {1,... .k} IR LTe; & e EHWICH.
(D) EEOMERZ 0,5 € {1,...,k} KNLT, d; ¥ e; IFAEWVICH.

Proof.
() = (). SAUZ e, | [di,es] B BTS2,
(i) = (i). (i) BPALLAzE$ 5. —RICEAR n,a, b ITH LT

(nya) =122 (n,b) =1 ~ (n,[a,b]) =1
THBIrEMAVE. 7, (A) 226, EED i {1,... k) 1IThLT

(Wodi) =122 (W,eg) =1 ~ (W, [di,eq]) =1
Boins. Bk, EOMRLES i, j € {1,... k} LT
([di, ei], [dj, e5]) =1

ERBIEEG. (FCHRRS 0 j € {1,... k} #l5. (B) & (D) 5

(divd;) = 1 50 (diye;) = 1 ~ (di, [dj,¢5]) = 1 (B.2.3)
B 5. AR, (C) & (D) 25

(eidy) =1 20 (es,dy) =1~ (ea,[dye5]) = 1 (B.2.4)
bAMB. Thb (B2.3) b (B.24) BabeT

(di;[dj, e5]) =1 2D (es, [dj, e5]) =1 ~ ([di, eil, [dj, e5]) =1

B otz koT, (1) BT 5. O

11



Lemma B.2.3. HZAHK
di,....dg,e1,....ep,ur,...,ux & si; (1,5 €{l,...,k}:HERS)
BEERB. EBIT
wildier (Vi) 2o sy ldie; (Vi #Y)) (B.2.5)

MBRONDOERETS. ZDr &, b L 4544

(A) EEOMHELS 4,5 € {1,...,k} LT (u;, 8,5) = 1.
(B) EEOMHERS 0,5 € {1,...,k} ITHLT (uj,s:,) = 1.
(C) EEDOMELR S d,a,be {1,...,k} ITHLT (siq,8) = 1.
(D) [EEDOMHERS j,a,be {1,..., k} LT (s4,5,) = 1.

D ENDHL D LT T2 T R
Ndy,....dpeq,en =0 (B.2.6)

TH5.

Proof.

(A) BEED BV S HERZ i je{l,... .k} THoT, (u,5,) > 1 THEHDOBBH oL}
EF2.F5e, (B.25) &b

ui | e; 2D s g e ~ 1< (uiysij) | (ei,e5) ~ (e ej) >1

LD, (A3) ED Aey.en =0 25 5DT, (B.2.6) 215 5.

(B) BEED LTV E. MHELZ 6, €{l,....k} TH>T, (uj,s,;) > 1 TH2bDVH -/ 1R
ET5. 35, (B25) &b

uj | dj 222 555 | di ~ 1< (ug,845) | (diydj) ~ (di,dj) >1

LD, (A3) & Agy.q, =0 £725DT, (B.2.6) 135,

(C) DDV E. HERD i,a,be{l,....,k} TH>T, (8i4,8ip) > 1 THZ2DDHDH o7
CIRETS. T2k, (B.25) &b

Sia|€a DD Sipler ~ 1< (Siq,80) ]| (€q,e0) ~ (€g,€p) > 1

LD, (A3) ED Ao, e, =0 £ ZDT, (B.2.6) 2133,

.

(D) BRDIIFBVEE. HIEES jabe {1,... .k} THoT, (sas,50,) > 1 TH2bDHBH o7
RET 5. T3L, (B25) kD

Sa,j | dg D Sb,j | dpy ~ 1< (SQJ,SbJ) | (da,db) ~ (da,db) >1

Y750, (A3) £D Aay..q, =0 ERZDT, (B.2.6) 2133 O

-----

12



Lemma B.2.4. E¥ 2 >2 L HAB Q < z TR LT,

) @), (B.2.7)

¢(n) Q

ME D LD, Z 2T implicit constant 725 3 EETH 5.

Proof. Corollary A.8.1 %

fw =000 Al
_ pm)?n® o fa(n)  p(n)?
)=y T on)?

LrHICHWE. T3,

2

hp =000 P _1s L —1vo(3),
1

elp) p-1 " p-1
M (52) -t () - reol)
- = —1+—+(—) =140/(-
J2(p) ©(p)? p—1 p—1 p—1 p
THEND f1,fo dITr=1HNT

(-2 1)

plQ

WKHERTNUEEREZ1S5.

k
Ndy,...d
= ([Ln0e(r)) 30 Mt
i1 o 1Lz ds
T'rildi (VL)
TRED,
Ymax ‘= mMax ‘yrl ..... rk|

IRERELE

rBL.FaHE, LFARIT S
(i) B 1, ..., ST

13




EENWEE, Yy
(yl) r> R = yp,,...r =0.

,,,,

(y3) r 23 square-free TRV = y,,
(i) EEOBERE 1, ..., dp WL T, BN

Ny, dk_<Hﬂ(di)di) Z %:177% (B.2.8)

.....

_____ a.) & (A1), (A2), (A3) &3
(ifi) (B.2.1) TEBEZANTZ Ay 1B LT, ymax & & 2 3

>\max S ymax(IOg R)k

HMALT 5.

Proof.

(i). THUZ Ag,...q, DEDEH (ML), (A2), (A3) 2 HEBIZHES

.....

(ii). Mobius KEZAF (Lemma A.3.3) %

ACl cond N Yry,or
A(dy, ... dg) = =22 BEE Y(ry,...,rg) = —p ko
Hf:l i Hf:l 90(711)

L HITHVIUR (Lemma A.3.3 DM (2) 13EITR LT (y1) 2560E5) |, MEOEHNK 2155,
BED (B.2.8) TEFRINZEEBI (N, . a,) D (A1), (N2), (N3) Zili7zF 2 & (1) L FMRICED
a5,

.....

(ii). SRICR LA (i) 2RV,

k 2
p(ri)
Amax < Ymax d dmaX . H (dz § (7’ )
,.--,di:square-free - ;
1 k:sq i=1 ri<R e\
d1|T7

185, 12 L ZTRITRLE (y1) & (y2) ZRW. ESIHEARE m,n LT

olmn) = mn [ (1 - ;) > mH(1 - ;)nH(l - ;) = p(m)p(n)

p|mn ;Dlm p‘n
W BME ;. ~ diry L ERIERL T

k

di M(Ti)Q)
Amax < Ymax B.2.9
Y dy ...,d;ﬂ%}u(arc-frcc H <g0(d) z QO(’I"J ( )

L (3

i=1 ri<R/d;
(’I“i,di):l

14




ETE2. CORADOFHTZIHIS 2. 3, PR d IS LT

4o r) - I PP\ _ - Hle)
%’(d)g(p—l) E(HP—J E(H w(p)) Zm: ple)
e Z ,U e 2 Z M(Tz‘)2
<p( ’ ri<R/d: eld; ) rsrya, PU)
(ri,di)= (ri,d;)=1

ETES. 22T, AUOMOHEHE e DIEIIG L TEDZZ 2T

di ,UJ :UJ( ) [L(T)2
pldi) ri<R/d; e\d ri<R/e 90 eld; er; <R (p(eri) eld; <R # )
m,di):l <n~,di/e>— (eri di)= (r.di)=e

ETES. ZORAED 2EMIBEARE r <R % (r,d;) DETHHEL LRI TWEDT

Z M < Z p(r)?
gp( V ri<R/d; T<R #(r)
(rs,di)=1

TH5. ®kIZ Lemma B24 D (B2.7) # x =R, Q =1 & £ dITAHVIUL

Z ,u <<1 g R
90( ri<R/d; )
(ri,d;)=1
2195, ZOFHiiz (B.2.9) HWHIIFERZES. (Maynard & 134

LESFERZMEN U E L23,
I F—RHIIFER T EF > TLEE W)

O

Lemma B.2.6 (Lemma 5.1 [2, p. 392]). T3 KD N > No(H,d) &t LT, #iak

N Yrrrs 1y2a ()" k
Sl = % ., Loen k + O ( max N(log R)
w 1 Tk Hi:l SD(""@) DO w w

,,,,

DALY 5. 72720 2 2T, B (Yry i )iy reN (&

Ady,....d
Yro,ori = (Hu(m)@(m)> P (B.2.10)
i=1 dy,...,dx Hi—l di
ri|di (Vi)
TEHZSHMN, Ymax 1&
Ymax = max [

.....

TEFKR XN, implicit constant 1& H,§ DAIKIET 5.

15



Proof. £, 1 S; ®EH (B.1.9) ICHEA w DERK (B.1.10) ZRAL T

s Y (% )

N<n<2N di|n+h; (Vi)
n=vg (mod W)

195, CORMD 2/ 2L &

Z Z )\dlv-u:dk Z )\el,..qek

N<n<2N  d;|n+h; (Vi) eiln+h; (Vi)
n=vg (mod W)

= Z Z )\dl,...,dk>\el,...,ek

N<n<2N dy,..d
n=vg (mod W) €15--+,Ck
di,ei\n—‘rhi (VZ)

S

5. EHI
di,ei|n+hi — [di,ei]|n+hi

WHER LRI (22T [di, e W& diy e; DRNAEEED) |, Mzl T

Si= > S MidiAernc

N<n<2N di,...dy
n=vg (mod W) €1,-€k
[di,ei]lln+h; (Vi)

= Z >\d1 ..... dg Aﬁl ----- €k Z 1

dy,...,dg N<n<2N
€1,--,€k n=vo (mod W)

#18%. Z 2T, Lemma B.2.1 ZHWiUE, SMAloFNIZ
W, [d1,e1l,- .., [d,ex] 1 E2DFTDHWVICETH S (B.2.11)

EWVHREEZRLTHORALRIEDSIRNZ B TD 5. 2T

>

di,....dg
€1,.--,€k

/

EWHHIT (B.2.11) b WO EOBERE 1, ... dy,e1,... e KERZMERT Z L ICTR

/
S1= " MyodiNeroe > 1 (B.2.12)
d ... ds N<n<2N
€1,...,€k n=vg (mod W)

2185, ZONAOMDSEMAITE AR HER

n =g (mOd W)
n = —hy (mod [dy, e1])
(B.2.13)

n = —hy, (mod [dy, ex])
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CHEET L HTEBH 0, SMIOMOLLE (B.2.11) 706 HERBIREIEAMEZ T, (B.2.13) &

k
n=a (mod W H[dz‘, eil)

i=1
. ®%a=alvy, H,W,dy,...,dg,e1,...,ex) EZLEMFoTHEERS. £oT, (B.2.12) 12T
N
> l=—————+0(1)
N<n<2N W Tz ldi, €]

n=vg (mod W)

Y TX 30T, (B.2.12) 75

N ! )\d d )\e O] j :/

Sl = T § : th.’ e + O( |>‘d1w~~,dk)‘€1,~~~,€k|> = Ml +E1 (B214)
W T, isldi ] dy,....dy
€1,..y€k €1,..,€k

2195, RIGEBIE M, LifEH B ZitE T L0,
¥, BRAEHE By M 5. MM (B.2.11) EhTL 2L

2
b < Z IAdl,.A.,d,ﬂ)\el,.i,,ek:( Z |)\d1,_“7dk|) (B.2.15)

dy,.di

7%, Z2Cd=[]", d; OBTHDBEDIET B, Aay_a, DEDERLE (A1), (A3) 225

dy,....dy d<R dy--dp=d
2185, X5
Amax = max ‘)\dl,..,,dk‘ (B216)
di,...,di )

LBIX
>0 Paral < Amax D uld)? Y 1= Amax >, ul(d)*7(d)

dy,..., dg d<R di---drp=d d<R

¥ %%, ZIT,
1(p)*re(p) = k

DT, Corollary A1 % k:=k, A:=1 2 LTHZIX

Z |Ady...., dk|<<)‘maxR(10gR)k

192 (EBXlogRONREZ L —11CTE3) . Zh%E (B.2.15) ITRALT

By < A2 R*(log R)* (B.2.17)

max

WS FHliAE & 7.
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K EHIH N \
!
My =— Y Sledifoeo (B.2.18)

ICOWTEZS. %7, Lemma A3.2 X b, ZOMOPFTIX

1 1
B.2.1
[dia ez] dzei (d“ 61) ( 9)

TH3. (B2.18) DHEBIZH B Aay,.. dyNe.....er WL TEDEME (A3) RV, (B.2.18) O
AT d;, e FFHEZRRBDICHIRLTHRV. T2, (d;,e;) dFAHEGI2 S, (B.2.19) 13X HIC
1
[di,ez] d€L H p_ H (1—'—@(1)))

ey B e

CEZXERS. 12720 2 2T ¢ & Euler totient BA%X
1
p(n) = nH(l - >
p
TH5. RBEOBMEZEMTIUL, (d;,e) PWFHIERRZ L ITHERLT

1 1 1
el des Y elw) = - > e(u)
, wi|(di,eq) wilds,es

&

#18%. (ZOEWTWE di,e; WEHEHTH 2 Z e 2F DB R WD, 2 ZTREEEDHIC
di,e; PP HEFRTHZ2IZHVTHELRE) oER2i=1,.. . k XE->THITIEDEZ L

1
Hf:ﬂdiv@i] B (Hf:ld )(Hz 1€i) }—[1u7|zd:e7

AT o @ )

Y743, Zhk (B.2.18) kAT

1 W d Z Hz 1 d )(Hk_l ei) U yeeny Up =

1o d

..... en uil|di,e; (Vi)
2155, TR Ul
k
N ! )\d d Ae L€
My=— > (H cp(ui)) > Lo Ok Z L (B.2.20)
Wul,..i,uk i=1 di,....ds (Hizl di)(Hi:I e;)
€1,...,€
w;|d;,e; (sz)

218%. JUTH Z DM (B.2.11) ZBELZWV. 7, Lemma B.2.2 2 FWTEMH (B.2.11) 25
WIEZ B, T2, (B2.20) DELDFNCST Ay dy & Aev..cn DBDEM (A2) & (A3) 2BV



12, Lemma B.2.2 ®4ff (A), (B), (C) EMOZEMFL LTHERTH IV 2905, £oT,
B D BR K REZME Lemma B.2.2 @ (D), 2% b 5fF

FREOMER S i,j € {1,....,k} KNLT, d; & e FAWVICH
TH3. ZOEHEHETITE Lemma A.2.2 ZHWT

L=t i) = |1 Liaiey)=1

1<i,j<k
i#]
(B.2.21)
= H Z p(sij) = Z < H ﬂ(si,j))
1<i,5<k 5;,5|(di.e;) (s1.5) 1<i j<k
7‘76‘7 si,j|(di,ej) (VZ#V]) Z#J
COSEHEREBEEA TR XV, 2L I TRAEEDOFNZ
(sij)1<ij<k
i#£]
WS BAREOMICES. Lo T, (B.2.20) & (B.2.21) AL
N k
=g 3 ([Tetw)
UL, U E=1
Adl dk)\el ey <
D D= = > T wsi)
dy...,dg (ITizy d) Iy e) (si.5) 1<i,j <k
wlere i) sil(dises) (Vit¥y) i (B.2.22)
k
N (H ) < )\dl dk>\el ek
=5 2 (ITew)) 3o ( II i) > V=T
w UL, uk V=1 (i) “<i,j<k dy,...,d ([Ti=1 di)(ITi=y €:)
’L;ﬁj €1,..-,€Lk
si,jldie; (Vi#Yj)
COMOHF T, Lemma B23 XD, EED i e {1,...,k} ITHNLT
v
ui7si,17"'7sg,i7" '7si,k3 (B.2.23)
2 OFOHWICETH S L BoTRW. [, EEDic {1,...,kHiTRLT
%
ui7sl,i7"~782,i7"'7sk,i (B224)
b 2DOFTOHEWVICERTHSLBoTRW. LEhosT,
a; ‘= Uj; H Si,j EC}ZU‘ bl = U; H Sji (B225)
1<5<k 1<5<k
i#] i#]

Zj’SH’Ci, al,...,ak,bl,...,bk Giﬁﬁﬁ!ﬁﬁ‘%fa‘é D

Si,j | di,ej (VZ 75 Vj) = bl | €; (VZ)
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DI B, K oT, &fF (B.2.23), (B.2.24) 1 p(a:), u(b;) DEDERLEDSHES DT, (B.2.22) 26

k
N Ad d )\e ...,€
w=gp 5 ([le) ST wow) 8 et
Wul ----- up i=1 (si,;) “1<Zi,j<k di,e.di (Hizl di)(Hi:l 61')
2 €1,..., e
! ildie (sz')

sijldi,e; (Vi#V3)

i X (o) ST we)( 3 et )((30 des)

..... up Ni=1 (si;) M<i,j<k dyye.yd :
iy asld; (Vi) biles (Vi)

. OEF (B.2.10) ZHVIUZ

.....

M, = % Z (H(p u;) ) Z( H w(sij) )(f[l m)yal ,,,, ar¥br,..be  (B.2.26)

UL yeeny up =1 (si,5) “1<i,j<k
Tij

CHEEES. E8 Y, e, BZOXIICLTHENLS.)
(B.2.26) DHEADFDOHT, H% i, j ITHLTs;; >1RoTLESHLLDHS

V=g ¥ (ITot)

,,,,, up =1

k
(@) p(bi)
x Z ( H M(si,j)) <H Yar,...,axYbi,....by
(i) N<ij<k i1 Plas)e(bi)

s;,;>1 (3i#£35) i#£]

ZEEIHE UCAHE L £ 5. (B.2.26) DHEDHITI, (y2) & sij | ai, b 25 (s, W) =1 W55
HEZHRLTHIRVIEZEVHT. T2, WX Dy U TOREBEIRNTOLIT b D -72DT

si; > 172D (5;,W)=1 = s;; > Dy
TH?ZLIHERTE. 512 (y1),(y2) 25 (B.2.26) DELDOFTIX

U, ug <R 2D (u;, W) =1 (Vi)

LHIRTE2DT

1\71<<y3ﬁ1v > (ﬁ@(uﬂ)

UL yenns up<R M=1

(uW)=1
k
’ (;) <1<g<k:u(8i’j)2> QI W)

(84,5,W)=1 (Vi#Vj) i%j
84,7>Do (Ji#3j)



2185, X HITHMDOEM 855 > Do RENT B (i,7) = (0, 70) WISCLTHRT 528 T

1\71<<y31ﬁjv > (f[wm)

UL, up<R M=1

(u,W)=1
k 9 9 (B.2.27)
plai) by
p> (I wer) ()
1<io,jo<k (s1.7) 1<i,j<k =1 PP
w0F#jo  (sq,5,W)=1 (Vi#Vj) i#£]
Si07j0>Do
k N2,,(h.)2 .
ey < I (et I "y
=1 PP 1<i<k plu ui) 1<j<k (si)¢(si
z#J
HM )(H,US”)(HN >
<1<z<k 1<i,j<k p(siy) 1<i,j<k
i#] i#]

LI BH, BAHOH 3EFIE (i,)) ~ (j,1) EEBEBRTNIE 2R TFLHFELLRLEDH

I = (L ) (L £

i#j

2182, hk (B.2.27) KfRALT

neer TS T (1)

Uty up <R Ni=1 1<ig,jo<k (si5) 1<zj<k<p
(u,W)=1 ioFjo  (si,;,W)=1 (Vi#Vj) i#)
8ig.io > Do

ETES. ZIT, (i, jo) DHLD 5 2MEHOMERNE k(k — 1) < 1D I2DT,

5) 5) k(k—1)—1
Ymax N( p(u ) ( 1( )( ( )
(s) (s)
u<R s>Dg s>1

(u,W)=1 (s,W)=1 (SW) 1

M1 <

18%. HADOFIZ Lemma B.2.4 %W,

— 1y2
M, < — Zmax
! DOW(

“’g‘//))kj\f(log R)* (B.2.28)

%18%. XoT, (B2.26) & M; OEH (B.2.28) ZEWHEIZE, TRCOMERZ i) € {1,...,k}

o N y?l ,,,,, Tk 1 y12nax SO(W) g k
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N

185,
BRI LOFHiZHAGDE LS. £F, F; O (B.2.17) I Lemma B.2.5 @ (iii) ZAWiUL

B < y12naxR2(log R)4k
7%, ZZT Dy :=logloglog D ¥ W OFHii (B.1.5) Z R WHIEIX, 77 KD N > N(k,§) T

N\ 1 _(2ki3) - (log R)*
= DoWk+1 > (loglog N) =42 > - N2

11 (oW
DoW\ W
Y%BDT, Ri=N2"9 < N:79 2V, B 13X 512

o (og R)™ _ 1y%m<so<W>>’“NaogR>k

2 2 ak o2
B < ymaxR (log R) = ymaxN(log R) N26 Dy W W

LAHIIE NG, Z 0L (B.2.29) ZRHIOHR (B.2.14) ITRA L THERE 5. 0

B.2.2 #15!™ oxfait

Lemma B.2.7. 5ERFENBEE g 2R p iaxf LT

TEDD. ZOLE, iz >2 2B Q <z ML T,

Z ;;((nn); < ('0(52) log

n<x

(n>Q):1
MDD, Fh, Ef oz > 21T LT

2
1
3 pn)” 1 (B.2.30)
n>x g(n)2 r
n:odd

ME D IO, T 2T implicit constant 725 3K EETH 5.

Proof. Corollary A.8.1 &

(n)’n filn) _ p(n)?

fl (n) = a ]ln:odd ~ = ]ln:oddv
g(n n g(n)

fa(n) = %llnzodd ~ an(Qn) = l;((gzln;odd

LHITHWE. (QBEETHI LI EDIT3) T3, HEMpITHLT

pw p 2 1
Ay =0 _p—2_1+p—2_1+0(p>’

22



o= (1) =t () <o)
f2(p) 9(p)? p—2 p—2 \p—-1 p
THEDH fi,foedllr=1EHRNT

142 D))

plQ p p|Q
p>2

WKHEETUEERE2155.

Lemma B.2.8 (Lemma 5.2 [2, p. 395]). EX A >0 &+ RD N > No(H,0) iIZRLT,

N W )2
S(m) — 15--5Tk
2 p(W)log N Z 1%, g(r)
O< ]' (yl(‘ﬂrgz() <90(W)>k_1N(10 R)k‘72+ 2 N(IO N)A>
DO QP(W) W g ymax g

DRALT 5. 72720 & 2T, ERFENBER g BZFE- p oL T

.....

70 (gt} Y plheste (B231)

Uik = max [y |

.....

TEFHK SN, implicit constant 1X H,§ & (B.1.3) @ implicit constant D AIZMKIFT 3.

Remark B.2.1. 3851 (Ag, ._a,) DE DKM (AL), (A2), (A3) 55,

k
-1+
i=1

rFENr % (B.2.31) TERINIEHS (yrl ..... ) KRLTH
(yml) r >R = yp,...r, =0.

77777

(ym3) 7 P square-free TRV = Yy, pp =
LS BDEEDRD LD, Fie, (B.2.31) DELDRID 1y | doy & dyy = 1 205 5SS
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(ymd) rp >1 = y,,
THDILICHIERET 3.

,,,,,

e = 0.

Proof of Lemma B.2.8. Z DFFHIFZEID level of distribution Z W2 Z ¥ ¥ n+ hy, 25ZBUHI
RENTWEZ2IKEDTS 2R E, Lemma B.2.6 DAL T LA RiEamE WS, 7,
5™ ok (B.1.9) ICHA w OEHR (B.1.10) #{LALT

2
Sém) = Z xe(n + hm)( Z Adl,...,dk>

N<n<2N di|n+h; (Vi)
n=vo (mod W)

%5, CORMD 2 k2L &

Sém) = Z xp(n + hm) Z Ady ... dy, Z Aei,...en

N<n<2N di|n+h; (Vi) eiln+h; (Vi)
n=vg (mod W)

== Z Xp(n+hm) Z )\dl,...,dk)\61,~~~7€k

N<n<2N dy,...,dg
n=vo (mod W) €1,..,€k

5. EHI
di,€i|n+hi — [di,ei]|n+hi

(m) _ § ’ §
SZ - XP(” + hm) )‘d17-~»7dk)‘€17~~76k
N<n<2N dy,...,di
n=vo (mod W) €1,..,€k

[diei]|nth; (Vi)

= Z )\dl ..... dy, )\el ..... er Z XP(” =+ hm)

dy,...,dg N<n<2N
€1,--,€k n=vg (mod W)
[di,ei]|n+h,; (V’L)

#18%. Z 2T, Lemma B.2.1 ZHWiuZ, sMAoF1z
W, [dv,erl,....[di,ex] E2DFTDOHWVIZETH S (B.2.32)
YWIOSEHERLTCOIRALEIEDL LSRN G5, 22T
Z/

di,...,dg
€1,.--,€k

YWVWHHIT (B232) &S S = o B di,...,dg,e1,...,€x WK MERT Z izl

m /
SY = 3T Aardiere O xe(nt ) (B.2.33)
dy,...,ds N<n<2N
€1,...,€k n=vg (mod W)
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2155, ZoNfloMoEMEELERTER

n = vy (mod W)

n = —h; (mod [dy,e1])
(B.2.34)

n = —hy (mod [dy, ex])

CEEET LA TE 256, SMIOTOLM (B.2.32) 5 6 HERBATEAH 2T, (B.2.34) 1

k
n = a (mod WH[di,ei])
i=1
&, 5 a = alvg,H,W,dy,...,d,e1,...,ex) € Z ZffioTEHEZEES. ZIT, (a+
s W T [diy ei]) = 1 THVE %, (B.2.33) OPIfH]

)\dl ..... dy Ael ..... ek Z X]P’(n + hm) = )\dl ..... dy >\el ..... ek Z 1
N<n<2N N<n<2N
n=vg (mod W) n=a (mod W [IF_,[di,e;])
[di,ei]|n+h; (Vi) n~+Hh,, :prime
D
Ay Neroicn > 1=0 (B.2.35)
N<n<2N

n=a (mod W [Tk_,[di,es])
n—+h.,, :prime

EWT LR T. EBIC (a4 b, W [diye)]) = 1 THOWE T3, WHEZHAVWS. b L
,,,,, diAer,ner, = 0 72V LIZ (B.2.35) DU DOFINZEMTS 51F (B.2.35) 2381 52 AL T % DT,
NdyodiNer.er 0 THD, (B.2.35) OLELDMDEERMT=T n BEETIHALEATTER
REIREV. T2, (B.2.35) OEHLOMOZEMEZ#ZT n 1 LTE, n+ by, BEBHZOT

k k
n = a (mod WH[di,ei]) ~> N+ hpy = a+ hy, (mod WH[di7ei])
i=1 1=1
k
s 1< (@t b, W [ ldise]) [ 2+ B
i=1
k
s 0t By = (a4 T, W [ i 4])
i=1

Band. OF b, n+ hy, & WHle[di,ei] DERTITKRSE. 2Ok S (B234) & vg DEVFTH 5
(n+ hp, W) = (vo + hp,, W) =1

DS A hoy 1 [ [di, €5] DEERTFICHRS. 22T, IRE Ay d Aer,er 0 & (A1) £D

<1i di> <H ez> <R?=N"% ¢

,,,,,
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Y75, LEhoT, nt hy D3 [[0, [diye;] DERFTHZ L 2AVD L,

k k k
N<n+hy,< H[divei] < ( di) (Hei) <N
=1 =1 =1
YFETD. koT, (a+ b, W[ [diyes]) = 1 THWE F, (B.2.35) BRI T 3. Lidio
T, (B.2.33) DAMUDFIZE (a + by, W IT5_ [diyei]) = 1 £ WS SRIETHIBLTS kv, 2 0%&AHR
a (mod W [Th_,[di, e;]) % LAz 8r AR AR (B.2.34) & B0

k
(@ + ho, W [ [ldisei]) = 1
i=1
— (’U() + hm,W), (hm — hq, [dl,el]), ceey (0, [dm7€m])7.. . (hm — hg, [dk,ek]) =1

(B.2.36)

EEVWBALNG. COFVWRATLRZMFD I L, REID (vo + hyp, W) = 11 vo DHLY J5 (B.1.6) %°
LEIWCHIIT S, F7z, (B.2.33) 12T (\2) & W OER (B.1.4) 25 dy,...,dy,e1,... e DER
FlLEIART > Dy eBoTEL, RO N > No(%) I LT,

hpm — hi| < D
1r£fL§Xk| m 1‘ < Dy

Ems, B OEHEDS B [d, o] ICHHEL L
(hm—hi,[di,ei])zl (ie{l,...,k}7 z;ém)

SHEICHILT 5. o7, (B.2.36) 05, THIC

k
(@ + ho, W[ [ldisei]) =1 <= (0. [dm,em]) =1 <= dp =en, =1
i=1

LERMFEEVIRAONS. LoT,
E(N,q) = max | > 1—1XN’+1 REL Xy= Y 1
=t N<p<2N go(q) N<p<2N

p=a (mod q)

rEZ, (B.2.33) oAfilC

> 1= > 1

N<n<2N N—hp <p<2N—hy,,
n=a (mod W [F_,[di,e;]) p=a+thm, (mod WITK_ | [d;e])
Nn~4h.y, :prime
= > 1+0(1)
N<p<2N
p=a+h,, (mod Wni'c:l[dh@i])
1

— X O(E(N,
(W) T, o((di, ei]) v o)
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L
k

=qW,dy, ... di,ex,... ex) =W ]]ldiei]

i=1

YEXEES (ZZTHMA (B.2.32) EWHLE) 0T, (B.2.33) 25

(m) XN ! >\d1 ,,,,, dy /\61 ..... e ’
Sy = (p(W) Z L 0] ) Z |>\d1 ..... dk:)\ e |E(N, q)
1

i d;, €;
Gl Hicy (i 4] s (B.2.37)

= My + F»
2195, RIZTEIHE M, Lii2H By ZatEThud lw.
¥9, A By, ZFHii$ 5. MoK (B.2.32) 3 TL X RIE

By < Y Pdyodidern e[ E(N, )

di,..., dy,
€1 ,.ney €k
v, 22T q=WI[,[di,e;] OBETHDBED T 2T 2 L,
k k
q= Hduez <W (Hd>(Hez)
=1 =1

ERVIUE, Aa,..q, DEOEME (A2), (A1), (A3) 225

.....

By € N . wa)’EWMN.q) Y 1

qg<W R? di,...,dp
=W H,; 1ldi e,-]

€ Nuax Y 1(@)*E(N,q) Z H Yoo

g<WRZ  mu =1 dies
q:Wml---mk [ds P,] =m;

(B.2.38)

218%. 72721 22T (B.2.16) TEA L Anax ZHVE. £, —~BARIOHM

o1

di,ei
[di,ei]l=m;
REZ 5. (B.2.3%) OF T m; 3 TFHERTH S 2 LItk 23T
m; = H p
P\mi

d; = H pr(d) BXUY e = H pvr(ed

plm;
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TH o THE p 1o L THEEOMED
(vp(di)v vp(ei)) € {(0, 1)7 (17 0), (17 1)}

D3@EborhrTEILhZbDERD. XoT,

Z 1 < gvldiel)

die;
[d1 ,Ei]ZTYLi

2135, Zhk (B.2.38) ITfRALT
(myn) =1 = v(m)+v(n) =v(mn)
WKREDFIUR

By < Ny > @) WE(N,g) > 1

q<WR2 mi,...,Mg

B3, X512

M,y mg My, Mk m,..., mg
g=Wmq---my q=miy---Mmg g=myq---my
W\’ml

KD,

Ey < Mo D, #Ma)*3"D7(g)E(N, g)
q<W R?

%1% % . Bombieri-Vinogradov @€ (Theorem B.1.3) %5 X<, Z Diffi%

By < Mo > 1(0)*3" D1i(q) E(N, 0)* - E(N, q)*
q<W R?

¥ BT Cauchy-Schwarz D FRENXEH W2 &

3 3
By < A?nax< > u(q)29”(Q)Tk(q)2E(N,q)) ( > E(N7q)> — N2, B B3
q<W R? q<W R?

2155. ij_, Foq 1X (B15) 2R
q < WR? < N%2(loglog N)2 < N

DI % DT, HEHZREH

1 N N
E(N.g)< ) I+ —~ Y 141<——+1<
N<n<2N QP(q) N<n<2N QO((]) QP(Q)

n=a (mod q)

2155, 2 HWIUR

291/(q) 2
Bn< NS 1(q) 7(q)

qg<N 90((])

28
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(n)29”(”)7'k(n)2n
fn) ="
¢(n)
3l ror(s) , , ,
f(p)u(p) I Tp)” _ KD _ g2 + I g2y O<1>
©(p) p—1 p—1 p

72®DT, Corollary A.8.1 % k:=9k%, A< 12 LTI
Ea < N(log N)*% (B.2.40)

#1855, —HD FEop IZ2OWTIX

1
max 1-— XN’
(@a)=1]| 322 N e(q)
p=a (mod q)
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p>Do
THBME 2
g(r) ) p(r)? 1 (W)
-1 < o7 g R B.3.12
Z;a <<P(T> oy SDy W% ( )
(r,W)=1

LR CTE 3. —77, (B.3.11) OAEEZ YOI T

3 “ P 1og R (B.3.13)
W
T<R
(r W)=
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vEHiicE 2. LLEo (B.3.12) & (B.3.13) % (B.3.11) IZfRALT

gr ? B y2 Yorax (W)
o) 3 = 2 <>+O<mwlgR>

r<R r<R
(r,W)=1 (r,W)=1

BBZIENTES. 2O, TRl

PEENCESL L TWA L RAZ B TE 3.

Remark B.3.2. (B.3.8) 3% 3% TGN CIZRARV) EIEWDD, IFF 4, O
FITUE (42), (y3) D & 5 BEGRINB D DNT WS, EHRETH S = L 2 HT (y3) EW &
HWCHTHS 2 L 23T (y2) B

> 1< > Yai<y = <<§
r<R p>Dor<R p>Do p? 0
(r,W)=1 p3|r

r:not square-free
PRETUIZIUICEETRVWE SRR 3. 21T, Maynard DFXD (6.5) TOikamF %
ZEOZ L. —, (y2) TOVTEEIF—F =T FAF - b ZPOREMIES. (ERI2
b o T HRIERICTEERDS R VD, S LIARWA.)

B.3.2 #MS OFEEDFHE

UL, S IOWTE DS . BUR, MAMRAEOREEE R T 2720 F € S} LT

8Ft1,..., OF(t1,...,tx)

) (B.3.14)

Frax = sup <F t1,...
(1, tr)€[0,1]F

rELZLIZT . XD Lemma B.3.1 TIE—RHNCHEER A @ Section A.6 DEEZH WS, (BF
WCHEGRBER g DBERE WA RR B Z v IcHEET 3)

Lemma B.3.1. (K& (I'1), (T2) & k=1 DR, BAE L, C* BB P e S} L 2 > 2L T

k
log nq log ny,
i) | yeeny
Z (Hg(n)> <logar 1ogar>

Ny, np<e =1

" (log x) / / (t1, ... tx)dts - dt, + O(ch Prmax L(log z + L)1)

WRALT 5. 727210 Dpax (& (B.3.14) TE®D, implicit constant 1% Ay, Ag, k DAIMKIFET 5.
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Proof. Bk BT 2IRNETRT. WINED R 7 v 7 Z 2 IZBREHD implicit constant 23K &
{7 %H, A7y 7OEEUE kI ULHMEFE LR WO THRMAINTIZ, k12S ZKFF UL Landau L5 0
72 ® implicit constant ZH % Z & ASHIK 5.

Initial step. k=1QE&E. ZDr %, Fikik

3 g(nl)‘b(lfgnl) — ¢,(logz) /0 L (t1)dt + Oyl

ni<z ogx
YWHEICH S, Z4UE Theorem A6.2 ZDHDTH 3.

Induction step from k to k + 1. BAE npy 1 LT, B

log ng11
. k . +
(I)nk,+1' [0700) —>R, (tl,...,tk) — @(tl,...7tk7 logm

EEZBYL, WIHPIZ D, , €SI THD,
(¢’n1€+1)max S (I)max
TH%. XoT, IBNEDRELD

k
log nq log ny,
7 (I)n AR
2 (Hg(n )> o < log log z )

N1y ,np<e =1

1 1
- C’;(logx)k/ / Dy (B, t)dty - dt + O(ch @ oy L(logw + L)F1)
0 0

2155, T2 g(ngyr) 2T ng <z WKE-> THIZES &

> (’ﬁl g(m)><1><10g e logn’““) =M +O(E) (B.3.15)

logz "7 logz ' logx
ML yenny Nk,Ng4+1<xT “i=1 g g &

7z7ZL

1 1
M = c];(log:v)k/o /0 < Z g(nk+1)@nk+1(t1,...,tk))dtl"‘dtk,

Ng+1<T

E = c];(I)maxL(logx + L)k_1 Z g(nk+1)

Ng4+1<T

%5, TEIHO M 1%, 9

1 1
log ng
M:C’;(logm)k/o /O < Z g(nk+1)<1><t1,...,tk, log:;rl))dtl"'dtk

Nkg4+1<T

YEXET. T35, ZONMOFIZENT

Qtl,m,tk: [0, 1] — R, t— (b(th. .. ,tk,t)
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YENZ, By, 4, 13 CHELT
(étl,...,tk)max S (I)max

THBDT, npy1 HEBHNT Theorem A.6.2 HM# 2 T

1 1
M = C];H(logfc)kﬂ/ / O(t1, ... tey thg1)dty - - - digdty iy
0 0

+ O(c;c+1 ®ax L(log x)F)

(B.3.16)

ML T 5. —/HD E % Theorem A.6.1 XY
E < ch®paxL(logz + L) cglogz + ¢y L) = i ®pax Llogx + L)* (B.3.17)
YIHEiCcE 3. M ko (B.3.16) ¥ (B.3.17) % (B.3.15) IKRKALTH k+ 1 BEHOFRE15 3.
LB, R & b EiRdp R & 7z, O

Lemma B.3.2. (B.3.9) DT,

S, = % (@%/W)> kN(log R)*I,(F) + O(;)F%i’jx <<p§yW)> kN(log R)k>

BHIKRD N > No(H,8) THRD LD, 77212 2T L(F) 1 (B.1.7) TERLEES I

1 1
Iy (F) ::/O /O F(ty,... tp)2dt, - - dty,

TH %2 54, implicit constant 1% H,§ DAIKET 3.

Proof. Lemma B.2.6 ZH\ 5. (B.3.9) D 0 < ymax < Flnax KD T, Lemma B.2.6 DFAETHIZ

L g (2" p 1 P (20" "
Do W ( W N(log R)" < Do W W N(log R)
iz eond. ko THIZ Lemma B.2.6 ® FEIHO A

(B.3.18)
%% Ze R BIER V. (B.3.9) BIFE r, ..., 1 DFRFIIKREDFTRAT S &,
: p(r:)? log log 7y, \ 2
M= | F ,
rl,.Z;rk (}:[1 (p(’rl) ) <1OgR’ ’ 10gR>

(riyrj)=1 (Vi#Vj)
(ri,W)=1 (Vi)

ZOFNZ Lemma B.3.1 ZHWEW., LL, 2079012

(risry) =1 (Vi # Vj)
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EWN D IR B B B SRR DT D BRE 2. 2 2T,

M = Zl - 22 (B.3.19)

7272 L

Z _ Z ﬁ,u(ri)Q 7 log ry log 2
1 .\ e(r) logR™ " "logR )’

T1yeeny T

(ri,W)=1 (V4)
k 9 2
w(r;) log 11 log 1
= F
Zz “;Tk <zl:[1 ) > (logR7 "log R
(’ri,rj)>1 (31#3])
(riW)=1 (Vi)

EARELT, Y, 8 Y, BENENEITRT 5.
73, >, IKOWVWTIE, Lemma B.3.1 ZH\W 3. Lemma B.3.1 1281} 2 RENR S g & LTI

wn)*
pln)
FROWAR V. 2 piciLT
1
u(p)z]l D R (ptWors),
p(p) BT

0 (p|WoL %)
TH5»5, Lemma B.3.1 1I28BF 3% v 135

{ 1 (ptWorx),

=10 plwors)

8725, 2Oy I LUTRGE (I'), (T2) 2D 5. £3 () &, E-pIicHLT

p
e Ay =2 THILLTW3. RiZ, Mertens DEH (Theorem A.5.1) & D, 2<w <2 ITHMLT

<1-

h<R
N =

v(p) log p log p z
Yo Dt < Y SE g 1
» < og " +0O(1)

w<p<z w<p<z

BLU

~v(p)logp log p log p log p z
E A ¥l =F E o > E s E =log — —log Dy + O(1
p - P ng g o+ ( )

wp<z w<p<z w<p<z p<Do
p>Do

BEENZDT, (Do) 1

1
k=1, Ay =0(1), L=logDy+ O(1) < logDy < D—logR
0
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Y HITHILTWE, XHITER ¢, 135
1 v(p)>_l( 1) ( 1) (W)
. JAtA 1—-) = 1—-) ="
“ F(H+1)1;[( p p pH p w
CWOEEES. Lo T,

k
(F?)max = sup <|F(t17 ot 2 | F(t )
(t1,...,tx)€[0,1]" ;

< Fax

EETHUE, Lemma B.3.1 &b

Zl<“’§y> logR/ / (t1, ... tp)%dty - dty,

+O(F§nx<<p§/vm) (1ogDo)(1ogR+1ogD0)k1> (B.3.20)

_ (*"(Wm)kuogm’ff #)+0(5- Fidx(@(wm)kaogm’“)

BELNS.
R, Y, BT 5. £, F OAB R, C [0, 1" c&FEhz 2 2EWHL
w(r; log 1 log 7 2
Zz_ 7"1,.--277“:1&1% (}_[1 (r9) ) <logR’”"logR>
(ri,m5)>1 (Fi#37)
(ri,W)=1 (Vi)
Y MO 2 HIR U 7212, S-F (ry, ;) = 1 272 S0 (7, 5) 1> THEL T
o (i)
2 2
Lo 3% (I505)
1<io,jo<k 71, <R Ni=1 K
10770 (Tig 750 )>1
(rs,W)=1 (Vi)
ETES. 51, WOERE (B.14) 2ZRVHT Y (r, W) =126 r, DFREFIZTRT Dy LLET
HBIEBODBDT, (riy,1j,) > 1 THIUZ, H2FE-p > Dy BFELTp | (riy,rj,) £7RDTE
Hbhhd. ZORERT p THEDZIETIIELT, 56
k
Yol ¥ OY Y (I
1<io,jo<kp>Dqo 71,....,re<R 1=1 ¢
i07#Jo PITig T

(ri,W)=1 (Vi)

ETES. T2 HUOMEEER r,...,1 TEDOHNTHRTET

S T S(T S5 R IS 55)

1<io,jo<k p>Do rig <R Tig <R Ca=1 ri <R
10#Jo plrig Pl i#i0.Jo  (rs,W)=1
(rig,W)=1 (rj0,W)=1
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ey (T (5 )

p>Do r<R r<R
plr (r,W)=1
(r,W)=1

L TE5. ZZTHREKX p(mn) > o(m)p(n) & op) =p—1ZHNVT

£ w5 ) (5 20 < e 5 )

p=>Do r<R
(r,W)=1 (r,W)=1
#18%. Z 2T, Lemma B.2.4 ZHwhud
k
3, < Fiax<m) (log R)* (B.3.21)
w
PRBEZENTES.
B ED (B.3.20) & (B.3.21) % (B.3.19) oA THUZ, (B.3.18) BESNT, EIEEE 5. 0

B33 # S\ oxXEEDHE

Lemma B.3.3. (B.3.9) 2{REF 2. BHAE r,...,7, THo T,

k
ri= H’l”i
=1

FEVEE r <R, (r,W)=1,r3FHER r, =122bD%FEZX5. Ot X,

(m) _ (p(W @ 1 R F(m) 0 Finax (p(W) loo R
yTl, Tk W ( Og + DO W g
B D o, 22T FE™ L&
1
log 1 log rm_1 log rm+1 log 7
Fm ':/F s dtm
""" o logR’ log R log R log R

TERK XN, implicit constant 1% k DAIKIFET 3.

Proof. A%

logry logrm—1  logrmi log g, )

O 1 R: F
0.1 = R; z = <logR’ " logR &5 logR """ "logR

HBEATE.3T5L,r, =17DT Lemma B.2.91Z (B.3.9) ¥ 0 < ymax < Fuax ZHVIUR

2
(m) = lam)” g (108 am ) o (Finax 9OV) ) B.3.22
yT'l, Tk Z Lp(am) IOgR + DO W Og ( «J. )
am <R
(am ,Wr)=1
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Z15%. ZOHADHNZ Theorem A.6.2 W%, Theorem A.6.2 \IZHIF 2 FENEE g & LTIX

wn)*
QO('I’L) (TL,W’I‘):I
ZHOVAE IV, EHpiciLT
1
np)? ) oo wtwrors),
p(p) PV

0 (p|Wrorg)
TH 2355, Theorem A.6.2 1B 3 15

{ 1 (ptWrotx),

MW= i ors)

8725, ZO I LTRGE (I'), (T2) 2L 5. £3 (') &, E-p I LT

0< v(p) <
p

e Ay =2 THILLTW3. RiZ, Mertens DEH (Theorem A.5.1) kb, 2<w <2 IIHNLT

v(p)logp log p z
B INPY —=- =1 — 1
E ) < E og " +0(1)

<1-

hS RN
N =

w<p<z w<p<z
BLU
v(p)logp logp log p log p z logp
_ > A = ]()g —_— + O(1
R S ) L Rkl
w<p<z wp<z w<p<z p|Wr p|Wr

ptWr
HELNZDT, (T) &

log p

k=1, Ay=0(1), L=

p|Wr

+0(1)

LEBDICHILLTWS. ZD L%, Mertens DEH (Theorem A.5.1) Y{REr< R &,

log p log p 1
p<log R p|Wr p|Wr
p>log R

1
oglog R + log I og( H p)
p|Wr

1
< loglog R + log(WR) <« loglog R < Do log R
0

1
log R
LRHIITE 5. &SI ¢g 135

e 02 ) - L) () <




CWHEERS. Ko T, 0 < Prax < Flnax ICHER LT, Theorem A.6.2 XD

Z u(am)Qq)(logam)
P o(am) log R
(am,Wr)=1

W(ﬁsﬁg’?’)aogm/ol (it +0( 5= 21 0g 1)
<H‘p i ) (log R)F(™ +O<FBS"¢(WW)10gR)

2185, hrixzhk (B.3.22) KRATIITREG 3. O

Lemma B.3.4. (B.3.9) OF,

S = % (9"%/) ) kN(log R)* (11;):1}\%[) J™(F) 40 (;0 % (&VW)) kN(log R)’“)

BHHRD N > No(H,8) THRDD. ELI 2T J™(F)ix (B1.7) TEHRLE LS

b
/ /</Ft1,... )dtl cdtpy - - dt

ThH % &4, implicit constant 1X H,§ & (B.1.3) @ implicit constant O AIZHKIFT 3.

Proof. Lemma B.3.3 DRHD R,

W
( Plr ) R)E(™ gFmax%logR

CEBA B >0 LT
(A+B)>=A+ B(2A+ B) = A+ O(B(A + B))

THsbZe%ZHW5 e, Lemma B.3.3 205

Wi = (ER0) (H“’“) Rp(e) 0+ 0 Do (20 og )

%18%. —7, Lemma B.3.3 % E#Hli L T

(W)
w (

18%. 285 (B.3.23), (B.3.24) ¥ 0 < Ymax < Fuax % Lemma B.2.8 IZf8A LT

Yl < Frnax og R) (B.3.24)

k
() _ N (log R 1 Bl (e(W) 2 N(ogN)-4) (B.3.2
Sy _W(logN>M+O(E+DO - W N(log R)* + F2, N (log N) (B.3.25)
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k 7"2 7“7;2
e =T SN () COm oo [

(e =1 (VigtVs)
(rW)=1

rm=1

1 Frax (W) ( i N(Ti)2>
F=— —~——~N(log R

218%. TOM ¥t EzZhehatis 3.
9, M %5H T 5. Lemma B.3.1 ZHWW., LaL, 202D
(ri,rj) =1 (Vi # V)
WD B RS BB ERO TR D FRE W, £ 2T,

M= 21 - 22 (B.3.26)
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Tm=1
k
p(W) w(r)?e(ri)®\  my 2
= ———(logR) ( — 5 | (F )
ZQ V%4 Tl";<3 11;[1 g(ri)r? 15Tk
(riyry)>1 (3i#37)
(r,W)=1
Tm=1

EARLT, Y, X Y, BT ENGIHT 3.
%73, >, IKOWVWTIE, Lemma B.3.1 ZHW 5. Lemma B.3.1 1251 2 RENR S g & LTI

p(mPe(m? |
glnjn? T
ERVUZ IV, ZORENBEROE p 1cB1F 5
—1)?
W)l LoD iwors),
ooyt == w2
0 (p| WDy x)
TH THE,
7(p) (»—1)?

= <« ~(p)(p—2)p* =p(p —1)> —v(p)(p — 1)
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3 2
p’—2p~+p
— =
7(p) P W

p*—3p+1

— =1-
7(p) P

7275, Lemma B.3.1 IZBIF 3 v &5

. p?—3p+1
v(p) = pP—p* =2p+1
0 (p| W DL =)

(ptWors),

L73. ZO A LTRE (Th), (D) 225 5. £ () 13, B8 p > 31 LT

PP =3p+1=pp—-3)+1>1>0,

PP =p?=2p+12p*(p—-3)+121>0,
pPP-3p+1l _ ple=3)+1 _ pp=3)+1 _ p-3p’+1
pP-—p?—2p+1 pP —p2—2p+1 " pPd—p?2—2p+1 P> —p2—2p+1~

WD ILDODT,

2
Ogy(p)fl 1— b Sp+1 Slgl_l
P P pd—p*—2p+1 P 2

e Dy >28k359 NBW 3 KRTHIUL A =2 THRILLTWS. XIZ
2
p*—3p+1 1>

B —————" + O _

pP-p?-2p+1 <p
TH23Z e ZFEETHUL, Mertens DEHE (Theorem A5.1) kD, 2<w <z IZHLT

v(p)logp log p logp\ |, =z
Z TS Z +0 Z o flogEJrO(l)

wp<z w<p<z p w<p<z

1

BIU

I L GVE- S ED LSS

w<p<z w<p<z P w<p<s w<p<z P p<Do
p>Do

= log % —log Dy + O(1)

PREOLNZDT, (Ty) &
1
k=1, Ay =0(1), L=logDy+ O(1) < logDy < D log R
o

YEBIHILL TS, XHITER ¢, 135
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P I -beo3) (-
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EWHHEZHD. B
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v [0,1]k_1 — R; (tla"-7tm717tm+17'-';tk) — (/ F(tl,...,tm1,tm,tm+1,...7tk)dtm)
0

BEATIUE, SRS U e S, RilizL,

TLyeees Tk

(F(’”) 2 = W(logrl log7Tm—1 log7mi1 logrk>

logR”""7 logR ~ logR '~~logR

Y5 F (ty ettty -5 te) € [0, 1)L T,

[Tttty bty oo ti)| < F2 0

BIXi£moLx

OU(t1, .. bttty t !
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0 ot;
< 2F ]
%723 DT,
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<

»Eohs.

1
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0 0
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Iz, 22 ZEMET 5. £3, F OB Ry C [0, 1]k¢ ZENEH
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1 1 - 1 1
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2 2 2 2
f(n) = Mln:odd ~ f(n) - Iu(n) ‘p(g) ]ln:odda
g(n)n n g(n)n
LeHICHWS. 52, HEBMpIIXILT
(p—1)2 1 < 1 )
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1oy (o)) .
22 < DOFmaX( " ) (log R) (B.3.29)
21535,
P Eo (B.3.27) ¥ (B.3.29) % (B.3.26) iIcfATHUZ
(o))" —_— p(W)\" "
M( W > (log R) J,~C ( )+O max W (log R) (B.3.30)
2185,

Btk - 72 £ 1%, Lemma B.2.7 ZHWVWiUX

B« L T 6V) 1o ) ( v ) T L B (v ((m)kN(logR)k

Dy W W = Dy W w
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LT E 5.
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