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PR R R . M AKX HASM-HHLZE 53k
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HET R RRR,  HEMKIHJCE: H 2 HASM-HHL
B T A 5T U I AW \ z<"”>> :\ v(")>jti'lza’%

PERYE, Wi BT AL B ARG A&, HI b, % &
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W EHASM-HHLZE FAL_L SR A K FRA AR B4 7 R A 020
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QR G L I NANIER 52 i s N E N
BRI TERT R L BEEA B SR, Witk
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AR A R 1] 1R 22 N ERBE e 75 M M AR, 7E 24
RINISQUE A A5 N Gy sz s T4, FEE LR
BT ge bRk, xR R R T
HASM-HHL 276 L BENIS Qi % I By S2brml 4744
T HCEE v 0 78 5 A
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Table 1 A comparative analysis of quantum computer resources used by HASM-iVQLS and HASM-HHL

TR 2} 24 2° 20 27

HASMZ 45k 19 90 175 1026 1733
HASM-HHL UL F 5 pLis 5 FH i i U AR AR 17 20 22 24 25
HASM-iVQLS MMt TS 508 B 4 7 LRk 3 3 3 3
HASM-iVQLS FL it T FHLE Bl FH A it HORA 3 3 3 3 3

2890



FORE A T 2 T R AR R J7 FE 1 fft. HASM-iVQLS
QmwMHmﬁm;K%%WﬂﬂM§{ﬁﬂ§ﬁﬁ

R e B PO sl 1 S LA U R S R U R T E 2 G 3
[F] 3k B 1 X R B AR A R R B LRy
FHRITE R, PRITE—a B T E G Y ATNISQILA.
SR, BEE H FHHASMIEA T B BT 78 XA ) 47
RIS - B (4T, A T B AH N b LA 5
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. EXFE ST, SREHESETFREE,
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s e AR &, PTRE S TR pREICRE B 1 T 25
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LA AT, W B BRI R n] A0 L AR
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FHUEE AR, LI BT HASM-1VQLSH LAY AT |
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BE L B R L B A AR TR R R Ak Y B S
I, TR A T TR A B A e e b BB A4 45
SRR, J— T, K EoRniR 4 2] SIS R A
HLALA R T EAES, T RESFENISQIR & i
17 PREFTTH N B IR R A 55 AR IS AE L 35
) FALER A Rk, BT LS 1% G 5 AR X
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() ARG T AR e AR T
SR O FER AN B, T 2 & RENS S e il
T[] ) o A8 ) 8 R I BRI iR AR Tk,
PR RTE g R T AR REIMENEIET, kit
JE g R R A AT, BN, 43Rt — 2 B
FRAPLIEE . WA= FREFLITEE . S RBEALIEE,
Kt & Z e m TSNS MAgEE, AR =
MBI, MR IR AR, @ TEHERE,
T R R AR N R AS H N HAT W e 48 B sl
Z IR e S i, RERRE HTNISQiR &
KA B A R A SRR S, BN, 7 —E Re i
I ARIEHRE BE AR N R R B R (INi2 1 THASM-HHL &= 1
HLgs=A > T 1) L I BORT H B TR [, % v ) K
FUBL T HRe R G i 2 A0 XAR 2 i T SR 7 1%,
VLG fHASM-1VQLSH L th 205 5 IR [ L Y 52 0.
FER BB, SRR DRBOT R A i E R
Jrid, Ad TR A S % AR i A 2
(L. an, A Fes s BRI i A A R AR DI &
RO B A B I, B BB S E T HOR
— Rk, W R AR RS Y AR
(B, b et T A 198 5 e e AT DA 32 ik /0 4
THA IR A THFE.
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To overcome longstanding issues of error propagation and low computational efficiency in geographical information
systems (GIS) and computer-aided design (CAD) systems, high-accuracy surface modeling (HASM) methods were
developed through the systematic integration of systems theory, optimization cybernetics, and surface theory. Following
nearly two decades of numerical experimentation and empirical investigation, a universal fundamental theorem of surface
modeling (UFTSM) was formulated. This theorem provides a general theoretical framework applicable to spatial
interpolation, upscaling, downscaling, data fusion, and model-data assimilation across a wide range of disciplines,
including Earth surface system science, eco-environmental informatics, medical imaging, and computer-aided design.

The UFTSM was first successfully applied to the simulation of eco-environmental surfaces. Within the conceptual
framework of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), eco-
environmental components were classified into three categories: nature (including species diversity, ecosystem structure,
and geographical features), nature’s contributions to people (such as food provision, freshwater supply, and environmental
pollution remediation), and drivers of natural change (including climate change, land-use change, policies, and
regulations). The term eco-environmental surface is used as a unified concept to represent surfaces describing nature,
nature’s contributions to people, or drivers of natural change. Numerous studies have demonstrated that intrinsic
information (e.g., ground-based observations) and extrinsic information (e.g., satellite observations) provide
complementary perspectives, and that neither alone can fully characterize an eco-environmental surface. Instead, such
surfaces are governed by the joint influence of intrinsic and extrinsic information, and cannot be adequately understood
without considering both. To address the challenge of simulating eco-environmental surfaces through the integration of
these two information sources, an iterative differential method for HASM-based machine learning was developed, and a
fundamental theorem for eco-environmental surface modeling (FTEEM) was proposed. In addition, a suite of high-
efficiency algorithms suitable for classical computing platforms, including a modified conjugate gradient algorithm, a
multigrid algorithm, an adaptation algorithm, and adjustment computation, was designed to accelerate eco-environmental
surface modeling. Compared with existing surface modeling approaches, HASM-based applications exhibit substantially
improved accuracy. However, computational cost remains a major bottleneck for global-scale eco-environmental surface
modeling, particularly as spatial resolution becomes increasingly fine.

To address the limitations of classical algorithms and hardware, HASM was reformulated as a large sparse linear system
using the Lagrange multiplier method. This system was then implemented on both a real quantum computer and a virtual
quantum computing platform by employing two widely used quantum linear solvers: the Harrow-Hassidim-Lloyd (HHL)
algorithm and the iterative refinement of the variational quantum linear solver (iVQLS). Based on these approaches, two
HASM-oriented quantum linear solvers, HASM-HHL and HASM-iVQLS, were developed, enabling the solution of
simulation problems that are intractable for classical computers. The respective advantages and limitations of HASM-HHL
and HASM-iVQLS, as quantum machine learning algorithms, were systematically evaluated through simulation
experiments conducted on both real and virtual quantum computing platforms. The comparative results highlight the urgent
need for a universal tool library that supports both classical and quantum intelligent computing. Moreover, the development
of a full-stack quantum input—computing—output system is essential for overcoming the principal challenges currently
faced by HASM-based quantum machine learning.

methods for high accuracy surface modelling, universal fundamental theorem of surface modeling, eco-
environmental surfaces, classical machine learning, quantum machine learning, universal tool library
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