NETJOURNAL-D-26-00829

HiR e A PRI

Bilingual Reviewer Comments

Hiee MR

Manuscript / F5{#4%8S: NETJOURNAL-D-26-00829

Journal / BBF:  Nuclear Engineering and Technology

AL CREBRARL, BFRIIIENRY, BYIPNEX, FEFERESESRA.

This document contains reviewer comments only. Each English original is followed by its Chinese translation;

author responses and revision notes are omitted.

Contents

1 Reviewer #1 / IR A #1

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13
1.14

R1.P: Reviewer overview / BBfg ASURIE
RI1.1: Comment 1 /&M 1
R1.2: Comment 2 / & 2

R1.A: Unnumbered architecture comment / [FURTESFHRIFEAIMEEEZ

R1.3: Comment 3/ = 3
R1.4: Comment 4 / B 4
R1.5: Comment 5/ B 5
R1.6: Comment 6 / B 6
R1.7: Comment 7/ &N 7
R1.8: Comment 8 / = 8
R1.9: Comment 9 / B 9
R1.10: Comment 10/ & 10
R1.11: Comment 11 /2 11
R1.12: Comment 12/ &N 12

2 Reviewer #2 / EHIBA #2

2.1
2.2
23
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

R2.G1:
R2.G2:
R2.G3:
R2.G4:
R2.G5:
R2.S1:
R2.S2:
R2.S3:
R2.54:
R2.Ss:
R2.S6:
R2.S7:

General Comment 1 / SAREL 1 . . . . ... ... ...
General Comment 2 / &GAEL2 . . . . . . ... ...
General Comment 3/ S4B 3 . . . ... ... ... L.
General Comment 4/ S\A&EL 4 . . . .. . .. ... ... .. ...
General Comment 5/ &A= S5 . . . . . . ...
Specific Comment 1: Abstract/ BB 1: HE . . ... ... ..
Specific Comment 2: Fig. 4 / B{AEN 2: 4 .
Specific Comment 3: Section 4.1/ B{AEN 3: 417 . ... ..
Specific Comment 4: Section 4.3/ B{AEN 4: 437 . ... ..
Specific Comment 5: Section 4.4/ B{AEBN 5: 554475 ... . ..
Specific Comment 6: Section 4.5/ B{AEN 6: 457 . ... ..
Specific Comment 7: Section 4.5/ B{ABN 7: 457 . ... ..

1/10



HiSEN oY RE NETJOURNAL-D-26-00829

Reviewer #1 / BIR A #1

R1.P: Reviewer overview / Bfa A SIS

English original

This paper proposes a deep learning framework for solving neutron diffusion equations in heteroge-
neous media. The primary challenge addressed is the presence of discontinuous diffusion coefficients and
macroscopic cross sections at material interfaces. These discontinuities introduce flux-gradient jumps and
interface singularities that may adversely affect the accuracy and convergence of neural-network-based
solvers. To address this issue, the authors formulate the neutron diffusion equation using a Variable-
Domain Integral Weak Solution (VIWS) approach and employ a single-network representation of the
global solution. The proposed methodology aims to solve heterogeneous neutron diffusion problems
without requiring explicit treatment of internal material interfaces. The topic is relevant and potentially
valuable for the application of deep learning methods in reactor physics. However, the manuscript lacks
sufficient methodological and implementation details to allow readers to fully understand, reproduce, and
evaluate the proposed approach. The following comments should be addressed.

|

FR3IEX

ARYE T —M BT KEIESINRP P BHEENREFZIELZE, RTERNFEEL
ERIRENEERNESNYT SRS ANEHR. XERNESEEHSS REBEHENRI RIS
B, ATEETHREMBHKFS IS ESKE AT, SRRX—EE, /FERA
iaF43 5567 (Variable-Domain Integral Weak Solution, VIWS) Xy FFY 85 ., FHER
BNERREBHR. 1ZHEEELERIEAISBMEREOER FREIESSF T Ea,
ZERES RAHEYNIEREFI HEANMAEX, HEGEENE. A, BEsRDCREINGEE
ST, EEEHUATSER. ST FHRERNGE. UTEREELE,

-

R1.1: Comment 1/ &R 1

English original

The abstract does not clearly identify the comparison baseline. It would be beneficial to explicitly state
whether the proposed method is compared against conventional PINNs, finite element methods (FEM),
finite difference methods (FDM), or other established neutron diffusion solvers. In addition, the abstract
does not provide any indication of computational cost, training time, memory requirements, or scalability
to large-scale reactor calculations.

FR3IEX

WEREFRIRAIREL. ENBEHHEHTRHRERSES PINN, BIRIT/SiE (FEM),
BIRESTE (FDM), EEEMMAGEET T BORESSHITIR. i, BERERBITEN
A, IGRIIE). AFRK, SEAHIRRMIET ST RRIEE

R1.2: Comment 2/ &l 2

English original

The manuscript should provide a more detailed discussion regarding the existence and uniqueness condi-
tions associated with the antiderivative formulation employed in the proposed methodology.
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R1.A: Unnumbered architecture comment / [FREEHRESHMNEBELER

English original

The neural-network architecture is insufficiently described. If separate antiderivative and neutron-flux
networks are employed, their structures should be explicitly specified. At a minimum, the following
information should be provided:

a. Network structure

b. Number of hidden layers

¢. Number of neurons per layer
d. Activation functions

e. Input/output variables

f. Training strategy

-
.

FR3IEX

B WS ERIA R B RS . RO BIERRAIMMNENPFEEMNE, NFFREE
MRS, EONRHLUITER:
a. EREEH;

b. [RREHE;

c. BEMZITHE,;
d. BUEREL

e. INEIHEZE;

f. I)IERIRHES.

-

R1.3: Comment 3/ &}l 3

English original

The optimization procedure is not adequately described. The manuscript should clearly state the trainable
parameters, optimization algorithm(s), learning-rate strategy, and any additional optimization settings
used during training.

AN

AN

FR3IEX

S RRREA R BT, BN BERETIIGSE. MUEE. FIREKE, LINIGRIRE
PRANEMLIIRE.
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R1.4: Comment 4 / &Il 4

English original

The manuscript states that training terminates when the loss reaches a prescribed accuracy requirement
or satisfies a stopping criterion. However, neither the accuracy requirement nor the stopping criterion is
explicitly defined. Since References 38 and 39 are cited for these details, and one of these references is
not readily accessible to an international audience, the relevant information should be included directly
in the manuscript.

/
.

FR3IEX

BIHFR, SRKARFIBEREKREHEELENREIE)IZR, 2AM, XPELRBIRMEE Xizfs
BEXR, thiGIRMEXEILEN, BHE5IASEE 38 1 39 RIEXLAETS, EREP—REIH
METEFMEEIRE, FEXEENERSNE M.

=

R1.5: Comment 5/ 2R 5

English original

The term L-BFGS appears in Section 4 without prior introduction. The authors should provide the full
name and briefly explain its role within the optimization procedure.

FR3IEX

Ai& L-BFGS 7258 4 TTHILZAIRBNE. (FENGHESR, AERIRBEENCIETHIE
H.

|

R1.6: Comment 6 / &1 6

English original

The manuscript states that the “default network is an 8-layer FCNN.” The meaning of “default” should
be clarified. Is this architecture used throughout all numerical experiments, or only when otherwise un-
specified?

-
.

FR3IEX

TRIEFR "EUARSEY9 8 R FCNN", RLEE "BUN" BN ZEHEERTEM4#ESR, £
RERB BT BRRIER?

R1.7: Comment 7 / & 7

English original

The manuscript should explicitly state the number and physical meaning of the input and output variables
used by each neural network.

-
-

FR3EX
RN BRR IS MR M T MRS LR ERNSEREYIES X,

-
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R1.8: Comment 8/ &1 8

English original

The incorporation of the VIWS formulation into the deep learning framework is not sufficiently explained.
It is important to clearly identify where the VIWS formulation enters the neural-network training process
and how it contributes to the loss function or governing constraints.

FRIEX

WIRBFRDFRNAR VIWS FRMNREFIER, FEBRIED VIWS FEHEMES
YGRS RRPRIBMERAE, LIR B IaRdRK R = HLIR.

|

-

R1.9: Comment 9/ &1 9

English original

It is not entirely clear whether the neutron diffusion equation is enforced through integral residuals derived
from the VIWS formulation or through an alternative implementation. This aspect should be clarified.

FR3IEX

BRIEAREERETFT 5 EREE VIWS R SHIRRS FREREINAR, EEEITHM
SEMATBEINLIR. MiERX—mR.

|

R1.10: Comment 10/ & 10

English original

Statements such as “antiderivative forms are used in the deep learning solution” are difficult for readers
to interpret. The manuscript would benefit from a more explicit explanation of how the antiderivative
formulation is incorporated into the training procedure and how it contributes to computational efficiency.

|

FR3IEX

"TERRZIKREPERRREIC ZRARREREELIERE, BN BRI
JREREINMANINGRSTE, R imit S5,

-

R1.11: Comment 11 / &R 11

English original

I think the paper is not proposing a new neural network architecture. Rather, it is proposing a new math-
ematical formulation (VIWS) that is embedded into a deep-learning framework to better handle mate-
rial interfaces in heterogeneous neutron diffusion problems. If so, please include this explicitly in your
manuscript.

-

FR3CIE

HIANRLFRIBHFTRIME MBI, MERE T —MBRANREZIERNFIHFTLA
(VIWS) , LAESF b BRI S S BRI RIA R R E. SNEREBSCANLE, iSEmAPERH R
BA.

-
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R1.12: Comment 12/ &l 12

English original

How do the execution time and memory compare against conventional NDE solvers?

|

FR3CIE
St&gtpF &U5E (NDE) KEssfatt, Z75iARI TSR & AR ?

-

Reviewer #2 / BIg A #2

R2.G1: General Comment 1/ 24F=0 1

English original

The title of the manuscript is a bit misleading. What exactly is “heterogeneous neutron diffusion calcula-
tions”? If the method requires any cross-material homogenization (for example, each pin cell is homoge-
nized, so there are no separate cladding, air gap, fuel and moderator cells), then the word “heterogeneous”
is not applicable to the manuscript and should be changed to a more appropriate term.

-

FR3CIE

B EIRS. "IHIShFT it H" REEHA? MRS EFEHTEMEIISW (6
., SMETHIISIN, AEORIRTER. S BEFIMEARIXE), B4 BT —iF
HARNERTAN, MEAERIHIANE.

R2.G2: General Comment 2 / S{F=N 2

English original

The quality of the abstract is much lower than the quality of the main body of the manuscript. While
the manuscript itself is concise, uses correct terminology and is overall understandable, the abstract does
a poor job representing the manuscript. Some sentences in the abstract make no sense at all, so the
authors are required to completely rewrite the abstract and carefully proofread it to match the quality of
the manuscript’s main body.

|

FR3IEX

BWENREPBETRAIEN. [EXXBIEE, NEFERER, BAEJLuER, EREREER
RN AT, BEFHNELGFEERIIERE, REFERETEEEREFAERY,
{EERESIESARITES,

&

R2.G3: General Comment 3 / S\FE N 3

English original

An important aspect of introducing PINNs in place of traditional neutron diffusion solvers is their potential

advantage in computational speed. How does the proposed method compare — apples-to-apples (using
exactly the same number of CPU cores/GPU cards, the same models) — to conventional solvers, and if it
is faster, what are the accuracy trade-offs that we can expect? What about memory consumption?
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F3 PINN B(UERPF BORESS— M EE D E, SRREEATERENS. FMRHTES

EHURERRHTTBESRA LR (ERTEEREER CPU /GPU RIIMBRIEERL) BRI
a? ANRER, FEASHEFAHERENAN? AFEEFHEXNE?

R2.G4: General Comment 4 / 2{F =N 4

English original

While the presented method seems to be of high value, the potential disadvantages of the method were
not clearly stated, so the manuscript reads more like an advertisement, whereas a scientific paper should
present both positives and negatives of the work that were observed.

N\

.

FR3IEX

REFRERNZEUFRENE, BRRERRAEEERR, EiEeRBEEREEH,
RFIe XN ER EMAR PRI RERE.

&

R2.G5: General Comment 5 / S\FER 5

English original

The proposed method could be introduced in a more reproducible way, which was not the case in the
submitted manuscript. The reader will need to dig through all the literature sources mentioned and beyond
to piece together the exact pathway on how to implement a similar solver. The manuscript would greatly
benefit from having a more straightforward algorithm that the authors used to create the model, train it,
and then use in practice. The authors are kindly reminded that they submit their work to the journal named
“Nuclear Engineering and Technology”, and while “Nuclear” is clearly present in the manuscript, there
is no “Engineering” and/or “Technology” presented. This makes it look more like a scientific report than
an original article. The authors are requested to close this gap.

|

FR3IEX

FrigERm AR AR B SR A NE, MiERHEHEIX—R. EEREERNX TR
I BIERS TR, FeeHtEHIIR UK ESNERRE. IRBHREH—E
BEENEGEZE, HIFEWEEEE, 1)|MERH AR ER, BSBRAE. KEEET
=, 1&iBEATI 8 (Nuclear Engineering and Technology), ERIATRETFHEI “Nuclear” fRBBHE, B
IRBIL “Engineering” FI/E, “Technology”, ENERG—HEIFRE, MARREARICI.
BEE R MX—ZERE,

-

R2.S1: Specific Comment 1: Abstract/ B{fFSR 1: E

English original

“Neutron diffusion calculations are essential in reactor physics, but heterogeneous reactor cores contain
discontinuous diffusion coefficients and macroscopic cross sections.”

a. It looks like the authors introduced new and unnecessary terminology in a long-established field.
What exactly do the authors mean by “discontinuous” diffusion coefficients and “discontinuous”
macroscopic cross-sections? From the reviewer’s view, such combination of words makes no sense.

b. The reviewer is also not convinced that reactor cores contain these coefficients or any other coeffi-
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cients. The authors are required to proofread the entire Abstract to convey their points in a clearer,
more accurate way.

-
-

FR3IEX
"R BT EERMEYEFEXRER, (BIRIIRMEESE S NESRIY SR ESFIZRNE
H. "
a. BERMFEE—NREEBARNTHFSIATHHNEAVERIAE. (FERMB "FNEL" B9
AR "NER" NEMBEERERHARR? ARBAER, XEEHASRAEREN.

b. ERABAAE "RMEESESXERHBEEHMRL NiRE FEFERNBIME,
LIEINERE. Mt RIANLA.

-

R2.S2: Specific Comment 2: Fig. 4/ B{EH 2: E 4

English original

What is antiderivative, and why are antiderivative fields in Fig. 4 not symmetric?

Vs
o

FR3IEX
HARRRE? A AE 4 PRIRBEHAIIFR?

T

&

R2.83: Specific Comment 3: Section 4.1 / B#E 3: 41 H

English original

“The total number of interior and boundary sampling points is 10, 000.”
What are the sampling points and how exactly are they used? How is the number determined and why it
matters?

FR3IEX

"B PSR RN R SR RIS ELY 10,000, 7
XERERREMA? BRNIER? HRERITHERN, AaX—HERER?

-~
.

R2.S4: Specific Comment 4: Section 4.3/ BffEM 4: 5431

English original

It would be useful to see axially normalized maps and their comparison. In particular, not only the flux
map but also the source map that is calculated by the reference code, PINN, and VIWS.

-
.

FR3CIES

SNSRAELs MR 3 — (L EIREXILE, HREHE. TENFERRISEER. PINN 1 VIWS it
BEAEEESRRE, MARZEEE.
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R2.S5: Specific Comment 5: Section 4.4 / B{SE25: 44 P

English original

What are the limitations of the method in terms of problem size and boundary condition? Can the meshes
be of the entire fuel assembly size?

|

FR3IEX
T3 AT REEAMER AR TS E R WRLLREI? RISEERT REIE MR AHRIRE?

&

R2.S6: Specific Comment 6: Section 4.5/ B82S 6: 45

English original
“The width of each assembly is 20, cm, and the thickness of the surrounding reflector 290 is also 20, cm.”
a. Commas before the “cm” seem unnecessary.

b. Did the VIMS model output pointwise flux shape, or was there a 2D function per each assembly that
could produce the flux shape for each point? Please elaborate on the process of flux output in more
detail as well as the memory requirement to produce variable resolution flux.

c. Were the fuel assemblies divided into sub-regions? Also, were the fuel assembly regions homoge-
nized material-wise?

FR3IEX
"BNMAHRIEES 20, cm, SNERSIE 290 EEHZ 20, cm,”
a. "em” BIHAESUFIBLE.

b. VIMS EARHAIE R RBEIR, KRS MEMIN— M EEB NS /BRI 4R
2 SRR AEEREEE, URERARSHRBEERENAT.

c. MREMESHRIDAFRE? Lo, MHAHXEEREMHSELHITTI99W?

-
-

&

R2.S7: Specific Comment 7: Section 4.5/ B8 7: 45H

English original

“The effective multiplication factor k¢ is treated as a global parameter to be optimized and is updated
together with the neural network weights [45].”

It would be useful to see the details on how the flux and the multiplication factor were produced within
the same VIWS model.

FR3CIE

"BRURIEET e IANTFMUUNEBESE, ASHEMENE—RER [45]."
EINRBIMAER— VIWS RE R EREEIEEFREE FRIERET,

-
-

&
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