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1 BiE

HFMTHI O EAERTE X Rayleigh /6 & PRI 2 FEREBIECE, BABRE ORI 23R L7z LTHR/D
WH2RZERDITMEE LTIALGNAZ ZEBH LN TV [1, 2]. BAERE® X 5 12 Riemann
ZRRIR W S RS Z RO 28R L 7z L CEBER RS 2 &/IMT T 5 e RO 2 I
Riemann Z k1K O RELE L FFX 5. Riemann 2K O RELEZ#EL DD 7L
TV XL LT, Al MESLCHK AL Newton £ & MIXN 2 O ABLOERE FAWVW-F
EWBEZ LRI T3 (1, 2] AFELXTIE, Riemann 2K EORBELL 7 LTV X6 LT
spectral-scaling Broyden family 123%20 { memoryless ¥ Newton {% [3] £ FEEN 2 713V X%
L, ZOURROFEZRRET 2. £/, BET7 LY X L OYURENT, B K FMTH O EHE
FIENDEHZEC TIRET L) XL DFHliZ1T S .

2 Riemann Z#%{E_EOREL

(M,g) % Riemann 28k L, sz € M 2B 2 M O#%M%E T,M TKRL, M O#ER%
TM THRY. foc M IZBI 2% T,M 28T Riemann 318 ¢ 25 E % 3 EEENEE
() = ga(,) ERT L T 5. Riemann ZHA EORBELT LTV XA DZ < id Algorithm 1
DEIBHHHATEREINSG. 2T v TE o DIGE & LT Armijo % Wolfe S ¥ 035150 T
BD, 70TV X6 C THEYNSER T 2068035 %. RIEV MJ 27 a1, Definition 4.1.1] &
I 2 I8 E G2 —RIL L7 5%BTH 5.

Algorithm 1 Riemann ZAE EDRELT VTV XL DFHA 2, 74TV X4 7.1]
Require: #Wif 2g € M

L: My = —go = —gradf(zo).

2: for k=0,1,... do

3 AT v g ap >0 ZIE.

4 BRI € Ty M ZTVE.

5 Tpg1 = Ra, (apny)

6: end for

3 REFE
KR DRBFRFIERRITENILLF O (1) THRES NS [4, (21)].

b b b
21_19k 1 2 _1Rk—1 Skp—19k
Mk = = Ye—19k + Yr—1 <¢k—1 bk = < + dr-1 f : > il )«%-1

Sp_1%k—1 Ve—1Tk—1 Sp_1”k—1 Si,lzkfl (1)
b b
S1._ 19k Zr_19k
k-1 k1
+W—1&p—1 | Oh—1———— + (L= 1) 55— | 261
Sp_17k—1 Al_17k—1
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722U Y1 >0, b1 >0, &1 €[0,1], 251 € Ty, M, $Sp—1 €T, M TH 3. FFIT, 251 & Sp—1
DFHHEICIE [4, Assumption 2.1] DREZ 735G 7¢+Y . T, M — T, M 2H5%. 2h
BDRT X —RDOFEMZEICDOWTIX [4, Section 3] ICFEH I ATV, K (1) OHERFAIIBIETF
£ TH % Riemann ZREK_ED spectral-scaling Broyden family ICEHEOK B ZL TW5. D
o —o1F, Euclid ZZHICHB 1T 2 BEFFSE [5] TITbM W R % Riemann ZAANEIR L 723 DT
H5.

AR TRIRREFEDBEYRBED P TREMICICRT 22, $4b5

liminf||gk||z, =0
k—o00
Zhie T e BHNT 5.

4 EHEREANDSH
Riemann %k - OFGELIBEOIER & LONIMTIIOBHEER S 5. A € R™" &0HHfT
Sless. o ETORKN S RBHEEE 2 5.

x| Az

HIBEEL f(x) == —=—,
z'x
filfgtE x e S" = {x € R" : ||z]| = 1}

Z D LR EAIERTE E O Rayleigh R/ MU & M, FolfEos m 75 A of/NEH fE
WHF BEAERZ PSR B ZEAHISNTWS. BHAIREOL F 527> 2 v UTIIERESR % &
RN EDARETED, Ry (&) == (z+ &)/ |lz+&|| EWVI L P T 7 ¥ a ypBIEEBRICEWT, XDRHR
MTHZZHHSNTNS.

AFFTIE Riemann ZHE EOREIL 7 L3V X A DOBEFTFETDH 2 LR AEES spectral-
scaling Broyden family 72 ¥ 2R FIE% B U, SRR FIEMSBEBNMERELZ R0 2 & 2 BUEINTIRT .

BiEE KBTS JSPS BHTEE 23KJ2003 OBk E 2 725 DT,
BE
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[3] Y. Narushima, S. Nakayama, M. Takemura and H. Yabe, Memoryless quasi-Newton meth-
ods based on the spectral-scaling Broyden family for Riemannian optimization, Journal
of Optimization Theory and Applications, 197.2 (2023), 639-664.

[4] H. Sakai and H. liduka. Modified memoryless spectral-scaling Broyden family on Rieman-
nian manifolds. Journal of Optimization Theory and Applications, 201.3 (2024). 1-20.
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1 &(THR

SE 2010 4F [1], BFY +—2 (QW) 12 v 5 < BRIBNT R A Lz, Fbb, Kl 1
PORZI n ETCORRINT —EZBE 2o/ T, RIRX—XPEENHHERAELHNTH 55
MREEE EFRT 5. T OFHIEREBE RN T 27 X =22 VT n+ 1 OFHRIE%R KD 2 DT
H5.
2 ETILOESE

Tz lZ, FRATHRDETVEMIRL, 7= XNERRGEOET LV EUTO X5 ITHREL 2]

9, z€Rs =[0,00) & pe[0,1] ZEEL, Zhoiztl, R EOMERBIE {1, (y,p) : y € R}
ZEATE. 2L T, x€R>, pe0,1]1TXfL,

/ Yz (y,p)dy = (1 — 2p)x
R

RIES . X518, T ORI (-, p) 13, Z Lok % 72 3B QW o J5IT MR
AE»oB{ond 5 5,

DE, [0,a] EDFF T flz) REETS. 727L, a€Rs = (0,00) THB. DL X, FHTiBE
Wz

v (p) = / Cdn [ vty = @) natap

YEHTE. 2L, [0,d OFET VY (p) BEANCT B85 A=K p, BT

3 EER
—
@ = | S (m)dr (o, € R),
0
w=1-—2p
rBL.

I 1 HEGERRE QW (CTQW) DA, n=2,4 Dt OFHIERELBIILITD X 51k 3.

CL3
V) = () 2o+ (54 0?).

VO (w) = (f*) — 4z f2)w + 6(2 ) <w2 n ;)

3 5 3
— 43w <w2—|—2> + % <w4+3w2—|— 8> .
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n =2 O%E, R OHMCHMBIEZ R/INZT 5 p i,

1 3

P:§—ﬁ< f>

EIR 2 EESEERE QW (DTQW) DA, n=2,4 D ZDFHEREEBIILRD X 5127k 5.

VB w) = ()~ 2efu+ o (1= VI +u?).
VI (w) = () — 4z f*)w + 6(z” f?) <w2 +1— m>
— (2% f) {w3 +3(1 - V1= 2w}

as -2
? wt + 1—7’2)w +1—\/1—r2<1+2>}.
72720, r€(0,1). n =205, ROHFTIHEELERIMNCT S p i,
1 3
pP=35- ﬁ@f)-

INHDEHEZD I, CTQW & DTQW o ZhznoHEIcBwT, BRI f(z) 252,
fEFTEIWC X D [0,a] OHPFCTIHMEREZ R/ T 287 X =& p* 2R, IBRELIZETADME-S
7EEE LW L REE L.

THlfEE LT, LT 2 BE2ERT .

m(W,n) (CL, b) — / i (y7p>(kW7TL) (a)) dy7
R
ﬁwMM@ﬁ):fmy+/ypwm<%p9mkw)@#
R

771, W e {CTQW, DTQWY, p"'™ 13w + — 253 W OBE OFHBRECE BN T 585 X —
2rF 5.
INEBHET Y,

EIiE 3

m Wi (q,b) = (1 — gpWm) (a)) b,

AV (a,b) = f(a) + (1 - 2p£W’n)(a)) (b— a).
7L, n€Z~,b>a>0.

BE 3R
[1] N. Konno, A new time-series model based on quantum walk, Quantum Studies: Mathe-
matics and Foundations, 6, (2019), pp. 61-72.
[2] N. Konno, S. Koyama, Linear extrapolation for the graph of function of single variable
based on walks. Yokohama Mathematical Journal, 68, (2022), pp. 127-148.
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1 g

Dz —7 7 =713 ) XLDEREABRND [1]. £F, Iy & N x N OHAATH, [5) 1,
J+1BHDORAET 1T, MIORIE 0 DHARZ bL T 5. X512, MAKRE |D) 1ZLIFTE
#£75.

|Dp:1%fuy:]Tu1“.u
VR 2= e

Rz, 70— 7 =713V XLZMIET 2 N x N 175 Ux 1,
Uy =RpRs
TERTS. 1272L, Rp & Ry d N x N 1741 T,
Rp =2|D){D| — Iy,
Ry =1y —2|0){0|
TEDS. ZIT, Rp B—FRICHEZ B 2EHICHIEL, Ry v —2 N7 d DOIRIBOFE %
BEZAMEACHIELTVWS. ZO2E Uy & Nx N 2=XV1T5ITH 5.
E&1 NN AOREMT(A)IZ,
TA) =inf{t>1: A" =1y}
ThHEzZoh, dL Al =1y ATt BPHEELRVEZE, T(A) =0 T 5.
MaZ2EREHAWE#ERED, 70 —Y 7 =703 Y XLIHIET 2475 Uy ORI T(Uy) 5515
BRTW3S [1].
A2 /B —Yr—7NA3YXLZMET 79 Uy 2EZS. 7L, N=2,3, ... £55.
ZorE, Uy DR T(Un) ZATTH 5.

4 (N =2),
T(Un)=4(6 (N =4),
oo (N #2, 4).

—77, M — X BRI T, LO¥ -2 ART e TE S [2).
EE 3 ZHEHurwitz ¥ — 2B (., ZEI O ~BRT, 22hzh

o ] o0
CT(Saxa(wlv"'awT)) = Z Z (n1w1+"'+nTwr+$)_s,

nq =0 ’I’Lr,-:(]

Fr(wa (wb s 7w7“)) = eXp (iCT(vaa (wla s 7wr))

0
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TEDS.
E&E4 f:R— CU{ooh ITXLT,

i (i) P f ()

i %, fIZES D ORI 2 RO wS . 2L, C e {-1,1}, D € Z.
E&RS5 [ o#fint Hurwitz ¥ — X B Z¢, f Offort— 2% ¢ B zheh

Z / f —St tw_ldt,

Grs) = ex ( 2 s, s)\wzo)
D 3.
X 51z, FANCHS 32— X BRE RO & 5 EHT 3 (3], [4].
FHB6 N x N9 A ISH LT, F5I6 — R B %
Ca(u) = {det (Iy —uA)}™"
D 2.

BELZL 2 LT, ADPEITHITS 272 61F, £ DITHIE — 2 BB Ca 13 REE %2 350 (3],
[4]. 2D 728, Uny IV T O — X EFH T2 2 e N TE .

2 FER
T, 2> ={0,1,2,...} &L, Yo hmye@a)? : hirety & 2 T2 Mmoo I =0,y amo I1i20

.....

Z [ eMiLT 5. 2618, Pp=),,a"f" L. 20L&, ROEHID LD,
FE7 Z0—Y>—713YXLHIBT 3175 Uy 1K LT,

(~D)NFm P,
Ceury (8 —H{ quﬂ (£+2) - m+s} :

Z ORI, B [2) 12 & 2 MY — XERORR L LT, Y0 — 7 AT Y X 2T B4
YR (o, (5) BER BN ERRLTL S,

SE X
(1] SEFACHE, BTFHRER -B T v+ — 27 5%h S REH 7 L3 Y X o= i fOREHE, 2021.
[2] B)IMEH, Moot — & BIGH, SIEE, 2016.
[3] Konno, N.: On the relation between quantum walks and absolute zeta functions. Quantum
Stud.: Math. Found., Vol.11 (2024), pp.147-157.
[4] Akahori, J., Konno, N., Sato, I.: Absolute zeta functions for zeta functions of quantum
cellular automata. Quantum Inf. Comput., Vol.23 (2023), pp.1261-1274.
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1 B=E
—ERDT T T LD XL+ =7 DX X ZRIHIET 2 BTV £ — 7 DX — X
2, BRATHIO BB EE BRINCRD 2 Z & (cf]l]) TEHETE 2, ZoEKZBPH e LTotEEH
WTHEDITVYRLY = BLXUOBETY +— 7 DULEEEHEH 2 Z e TE S (cf. [2, 3]). R
T, BTV 4 — 270X — X (cf. [4]) BT 250 50D T, LOFRICOWTHE T 2130,
ZRRZICHORREEICOWTaxX Y F T 5.
BEH
[1] Ide, Y., Konno, N. and Segawa, E. Time averaged distribution of a discrete-time quantum
walk on the path. Quantum Inf Process, 11(2012), 1207-1218.
[2] Komatsu, T., Konno, N., and Sato, I. Grover/Zeta Correspondence based on the
Konno-Sato theorem. Quantum Inf Process 20(2021), 268.
[3] Komatsu, T., Konno, N. and Sato, I. Walk/Zeta Correspondence. J Stat Phys, 190(2023),
36.
[4] Konno, N. and Sato, I. On the relation between quantum walks and zeta functions.
Quantum Inf. Process, 11(2012), 341-349.
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