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MESEELUTERE Quemix
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FEFEEAIERN d,u(t) + Hu(t) =0
¢ ?:Fﬁﬁ-%ﬁ%&'ft . o VI QETI, SETR AT
space discretization S S BOTUYREICHITBIE
N 8 9 10 “11
u : v Uy i uy = (Ug, Uy, eor s Uy—1)
Ug| Us] Ug| Uy
atuN(t) + HNuN(t) = 0. o

EFEEEEWE
« HABE uo, =T VR T, JYREN, RELER e REZAONTVDET S,

« EFEIERICE VT FEMEICXINT 2 AAEFIRRE luy(0)) = uy(0)/lluy (0)I| MEZSNES LLTOR:
[lan (1)) — lun (TH <&,
Zmlz HEPBOEFIRRE [0y (T)) ZAET 3. 72720, |un(T)) = un(T)/llun(T)|| THB.

FEF
o LIFDT—MEFE- ORI T aUBOEFIRREZHAR TE 5
O(polylogN (1/&)t*oM),

Copyright © 2025 Quemix Inc. All Rights Reserved



PIVTUR L Quemix

HERB RERFEIFE & (Probabilistic Imaginary-Time Evolution, PITE)
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PIVTUR L Quemix
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Z2fEaEE FSM vs. FDM

Quemix
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ESREESYE EI vs. BE vs. AAPITEs vs. APITEs Quemix

Exponential Integrator(EI) ho(y) =e™Y =1—y+y?/2+0(y3), y ~ At Hy,
Backward Euler(BE) h(y)=0A+y) =1—-y+y?+0(@13),
AAPITE h,(y) ==cos(y/2y) =1—-y +y?/6 + 0(y3),
0.9
APITE(m, = 0.9) hs(y) = cos (arccos(O 9) + \/73’) /09 =1-—y—81y%/38+ 0(y3).

AAPITEEBENEBKIC—/RIEEITH D. 272U RFBEIFAAPITED HHOENS.
X BE-QLSAs: FERERARENZH<QLSASDOSHKERTY I EICEERFEETR I L.
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EFHFEMAEX7IVTIXL(QLSAS) |x) = A1|b)
- SEEREYFIE: QPE-based QLSAs = HHL(Harrow-Hassidim-Lloyd) algorithm [Harrow et al. PRL *09]

- EFE: QSVT-based QLSAs '8& [Gilyen et al. STOC 2019 *19]

- FFEFERICXTINT 2F K Time-sequential QLSAs (BE-QLSAs)
One-shot QSVT-based QLSAs

e.g. [Ingelmann et al. *24]
€.g. [Krovi Quantum 23]

BRRBEAZIVTIVXLDLLE (HEE vs. EF)
N: T A X =T REL, d: ZBREURTTEL, k: 7, e 322 R

| sEpEs

Sparse CG e.g.

i1 p g (d+1)/d

FR [Saad SIAM 03] 0 (Vi N log(1/2)) o(N log(1/2))
= QLSAs e.g. o

=T [(Krovi Quantum 23] 0 (% PolylogN polylog(1/e) 0 (N?/% polylog(1/e))

X 79T A X N ADEEFEEISEB I D720 ZBRURITE d ADNAFF—IKk{FE =AU
ZREDPDE Tld. RMUEZITHHA X DZIERA—F — k= 0(N¥?),
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15— MRIEE - EIBEES BE-QLSAs vs. AAPITE Quemix

+ BE-QLSASEAAPITE(R FRREDKEERTY T At ZENERLN.
+ TDEH—HERTYTIEDT —MNEFE - EERS ZLEEITNIERL.

] BE-QLSAs AAPITE

;ﬁﬁ%@f@%ﬁ,’?& 6 (V*/* polylog(1/e) ) 0(polylog N (1/£)°)

« QSVT-based QLSASIZERBA—49—MNDQLSAsST. B XZIERICI > TEEEF & HLLT 3.

% QSVT(Quantum Singular Value Transformation) ZE5 &= BIRZIERDZREEAE T DINEND
D. G L R p = 0(klog(1/¢)) ZERBAREITHD. — A R EAEIBIEICZ1— b EEEALRISEEDE
BEEIZ M 0(p?) THINSIRROTIVT) XL TIFAETHBRZME(1000 +) R UOEE.
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QLSAs E DB (RIS RILEAEANZHELT)

Quemix

Variations Basic oracles Query complexity!® Oracle complexity Total complexity Comments
/Iterations /Complexity per iter.
Sparse CG :_ *BE N/A O(NY4(1/¢)log(1/¢)) O(N) O(N™1/d(1 f¢))* : Sparse CG is a conventional iterative method
[Saad SﬁM 1L 3 for solving linear systems. Due to the N-dep-
(HhEL) EM N/A O(NYipolylog(1/¢))  O(N'*¥dlog(1/¢)) O(N'*+3/4polylog(1/2)) | endence in condition number, preconditioning
is needed for large matrices.
S = s for matrix I(N(1/e D(N?/4(1 /e D(NYd(1/¢)? -basec is one of the best-order
QLSA QPE(=HHL) RTEs f i O(N?4(1 O(N?/4(1 O(NY4(1/¢)? QSVT-based QLSA f the b 1
[Harrow et al. PRL ’09, + BE A=T+ArHy quantum algorithms for linear systems. The
Krovi Quantum 23] AT = 0(e) oracle complexity is not vet clarified if there
QSVT Block encoding ~ O(N%4(1/¢)log(1/e)) Q(polylogN) O(N?4(1/¢)) exists a self-reaction potential. Because of the
(%%) + BE for normalized large condition number, QLSAs are not appli-
matrix A cable for large matrices, and hence precondi-
: *QSVT Block encoding  O(N%4polylog(1/¢)) Q(polylogN) O(N¥dpolylog(1/e))* : tioning is indispensable.
: + EM for a normalized 1 | % The current QLSAs have O(N 2/ d) parameters,
t- ______enarged matrix _ _ _ J whose classical calculations need complexity Q(N 2/ d).
PITE APITE RTE for matrix O((1/e)exp(1/e)) O (polylogN (1/£)°1)) O (polylogNexp(1/¢)) | AAPITE algorithm is applicable for large ma-
algorithms FST1 Hy trices, and can be extended to coupling sys-
{proposal) [Ifo_stlgi_eia_l. fliR_‘Z_Zl ________________________________________ | tems. The oracle complexity relies on the
(%?) I *AAPITE  RTEs for matrices O((1/¢)) O (polylogN (1/2)°M) O (polylogN (1/£)'**™M)" | FSM with periodic BCs. Thus, it is not di-
I ST1 Df\}) DS\?), v Vn : rectly applicable for the cases with compli-

cated boundaries.

BE: backward Euler, EM: enlarged matrix, see the matrix L in Krovi 2023, ST1: first-order Suzuki-Trotter formula, BC: boundary condition.
* denotes the best-order algorithm in each block of algorithms.
[a] The (1/¢) dependence in the query complexity comes from the time discretization error for AAPITE or BE. It can be reduced to (1/¢)/?
for some integer p if pth-order time discretization methods and p-th order Suzuki-Trotter formula are used.
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FE0 Quemix

- BEEEAERDEFEEICIE. QLSAS(EHHLZ/LI) X L) ICEEA, PITE SEDMEN D (N ICEH T D INE).
« J)wWREICEAU TREBIEHBIICIE T D FE: AAPITE EEIRELUL.

« AFEIL FDM, FEM R EDREFULENDBER T AIE THD. FEIE A5 TV DR)ERR\BIEEREH ATGER
FSM + AAPITE + Suzuki-Trotter D= AN EZFEZIRELU T, IBHBIILEZESIUT.

B SR

« FAFERR TOICEIMDHIENICHIRT D EERAEETH D.

« FRXTY I EICEDFELUNTgETHONIE. IERBEAERATIVIRAZ S. e.g. (viscous) Burgers’ equation.
- FEM ZERE T 3150 75 7IVOMNER\MEEENEZLRE.
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