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FRI X E—/CFDHEZR ?
JELEHICFDRYIRITES 8 RhE :

« CGICAD — E#M25h%, BRTITEE/ (Blender,
FreeCAD, Gmsh) ,

o REFINELR — KRIMEREMELE, BPRAETEKE ( PyTorch,
JAX) .

o FENMCFDREETE — T + BERERNZ,

FMREFREANFEMSIMRE:

o OpenFOAMMXI#& — primitiveMesh B —EEHKFERHEHI
51; @BEZ2EAREEREE.
o SU2X|#& — BZS CDhualGrid / CVertex MWRIEZFLESLARYLMA
MKERIRTS,
FIEMN—NEBENT, MBETRIEE,

docs/architecture/Paradigm.md:4,119,161

DNDS: Distributed Numerical Data Structure

"DNDS 24 /] F1e ZECHIFEYL 1h/a]204H, TEE X
IDMPIE1E, BSEIHRELLFTFELNIE, "

— docs/architecture/Paradigm.md: 161

// NOT this:
struct Face {

real area;

vec cent;

// .more fields..
3

std::vector<Face> faces;

// THIS:

std: :vector<real> faceArea;
std::vector<vec> faceCent;
// each manages its

// own MPI pattern.
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2y

DNDSR# !

UL
ThaetstE KRS eI 1T
o X#EZE — Euler/ N-S (2D/3D), SA-IDDES, k-wo RANS BIHIT A Lt
32 1 -
(Wilcox & SST), R BZifi NS_EX , realizable k-g, euler / euler3D B][£48 Navier—Stokes
o % N AR 4N\ -
MIEFE — CFV + TREM (1—-3K1) , 13FRiemann eulersA / eulerSA3D Spalart—Alimaras RANS (IDDES)

&K, ESDIRK / HM3 / BDF2, p-2EM1&, WBAP /
CWBAP [E#I|28

o FHTHE — SRFEIFAIL MPI + OpenMP; CUDA BT~ eutertx /eulerBxsd RN/ Z45
DeviceTransferable CRTP SLIfl; EulerP EHGPUX g4 app/Euler/euler*.cpp EBE—{T=tH main FE,

euler2eQ / euler2EQ3D k-w —HFE RANS

bal=1=]

N SLEHE
o Python4{E — pybind1l {3 DNDS - Geom - CFV - DNDS: :Euler: :RunSingleBlockConsoleApp<Model> —
EulerP; PEP-561 ?éi“ﬁ\ii ( .pyi B4R . ¥} EulerModel MEMIERS XK.
. % — il —
Configuration& 4 AR JSON + Bofi&ERL JSON ERIBERR, J\ AT ST

Schema ( --emit-schema ) ; REEREIGEIEM,

README.md:11-26 - app/Euler/*.cpp
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101 B #4102
(e M =

o ~72k 1T C++ (1346 I"X1&E) o 82 Iil CTest ;Efft (29 NRIFITX « Sphinx + Breathe + Doxygen

« ~1.9Kk {7 Python (17 32f4 ) ) - EEMNEAIF/BAXRE

e 6/ C++ 183k + header-only Solver ~ * FTE MPLllid np € {1, 2, 4, 8} ( Graphviz )

o 4/ pybind1l ¥ FRIEIR o 21t ~600 4 doctest ;Nliz FA o WEME<1s(LETE), REM

. 8 NRIBSEEHITSTHE o 249 DNDS - 193 Geom - 62 2 ~2.5 min

CRV o E4kitilit cfdlab-
o 62 Euler - 29 Solver thu.github.io/DNDSR
« 58 > Python pytest E&iZ% ( DNDS, o 1T doxygen_compat.py SEITIX
CFV) 5|22 &R Markdown

Metis seed =42 _, AEMHSZ=E

¥’ Clang-tidy EBf25#: DNDS #ZIDMRIREZIT 26 30518, 2B 24 597 - 1,

RELEASE_NOTES.md - docs/architecture/ - docs/dev/
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IR EEN

Core infrastructure

Application
DNDS Solver (header-only)
arrays - MPI - HDF5 - ODE - GMRES - PCG
CUDA =R

\ Euler
compressible N-S
Discretization /

Geom CFV
mesh - CGNS - Metis finite volume - VR

EulerP
CUDA evaluator

WEIRRIEZLEE, SMERUKETH EE#ER, Solver = header-only B, {X&k#i DNDS #IEZEE! — Krylov #1 ODE {X#E¥t CFD —Z%Ff%l, EulerP R5 Euler E{T
#9 CUDA Kfig22iE, EF crv (B EE/[RBISEEL B IR ANNEIRE LIRS BN,

docs/guides/project_structure.md:101-114
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,Elgls—/— > yall=1=]
MFIBITKEEES
# 1. Fetch code and submodules

git clone --recursive https://<repo/DNDSR>.git && cd DNDSR

# 2. Build binary external libraries (HDF5, CGNS, Metis, ParMetis, zlib, ...)
cd external/cfd_externals && CC=mpicc CXX=mpicxx python cfd_externals_build.py && cd ../..

# 3. Fetch header-only libraries (Eigen, Boost, CGAL, fmt, pybindi1l, nanoflann, ...)

curl -L -o external/external_headeronlys.tar.gz \
https://github.com/harryzhou2000/cfd_externals_headeronlys/releases/latest/download/external_headeronlys.tar.gz

cd external && tar -xzf external_headeronlys.tar.gz && cd

# 4. Configure with a preset
cmake --preset release-test # Release + DNDS_BUILD_TESTS=ON

# 5. Build a specific solver
cmake --build build -t euler -j32

# 6. Run
mpirun -np 4 ./build/app/euler.exe cases/euler_config_IV.json

B]JFA¥i%: release-test. debug. cuda. ci, Python &1%: pip install -e . JEE{EF scikit-build-core,

README.md:28-68 - docs/guides/building.md
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s — =z

s_B

ZRH)

#¢H. MPI, Ghost, RS

v0.2.0 - 5% K% CFD XB=E
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NARRR — BRZTX 7

HEIR BHx ERZR K&
DNDS src/DNDS MPI 140, F%{t (JSON + HDF5) , t8E5#r, CUDA, Configuration X
Geom src/Geom ELEMEMEE, CGNS I/O, Metis/ParMetis 53X X
CFV src/CFV Compact Finite Volume, T EH), PRHIZE o
Euler src/Euler B][E48 N-S, SA, k-w, NBT[E]Z 4wk N
EulerP  src/EulerP  E{XFZ CUDA fii{t.Evaluator FH

Solver  src/Solver  ODE F% 28 + Krylov — 4isk37 {4 i\

T LERE, B—EBERIKME LR, Solver {X{k#hi DNDS RIEEZRE— Krylov #1 ODE X133 CFD —FFr#l; XFhE ot
4 E—4 GMRES_LeftPreconditioned ®BJLBATE Euler. VR B uRec ZRZF k-w HFEZ[E@A, EulerP 5 Euler #7%, €H
£E8 crv , BREFESZB RN EIRE DIRABMIFE1EIN.

docs/guides/project_structure.md:5-17 - docs/index.md:10-17
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EIRIHR > I AVEERT

ARLRNGESFREEER, BEINERE— N ERREH=E— BEFIIE,

fess 775 : SHEMIK

class Solution {
real rho, ru, rv, rw, E;
real u, v, w, p, T;
real rho_1, ru_1, rv_1,
rw_1, E_1;

// comm phase A
// derived, no comm

// comm phase B
public:

void WriteStream(ByteStream &);

void ReadStream (ByteStream &);
Iy

std::vector<Solution> sols;

B WriteStream FTiERIZMLHS 5 1~ MPI FER
ERIFiI2EFEZRIECIH 7%,

docs/architecture/Paradigm.md:119-161

DNDSR: ZZERNE

ArrayDof<5, 1> u; // conservative now
ArrayDof<5, 1> u_prev; // previous snapshot
ArrayDof<2, 5> grad_u; // gradients, 2D x 5 vars

ArrayDof<DynamicSize, 5> uRec; // variable-order reconstruction

MUHBBBECHK ArrayTransformer , GhostEZESEE
*[l 1"'|3 3P SVASEIR =S

HE=MHEHIGhostBRET -
BorrowGGIndexing,

e UuRec EBJEEBAERIIT
BRET,

e grad_u fUTFEXMHaloXH, FHFHEERR,

e u # u_prev

KB, MHERY

10
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Array<T, rs,

template <class T,

rowsize _row_size
_row_max
_align

rowsize
rowsize
class Array;

enum Datalayout {
ErrorLayout,

//

TABLE_StaticFixed, //

TABLE_Fixed, //
TABLE_Max, //
TABLE_StaticMax, //
CSR, //

Y

rm>

— — MR AR F

=1, // fixed | DynamicSize | NonUniformSize
= _row_size, // controls padding vs CSR
= NoAlign>

invalid template combination (compile error)

fixed width, compile-time

fixed width, runtime (uniform across rows)
padded variable rows, runtime max
padded variable rows, compile-time max

flat buffer + pRowStart[n+1]

ComputeDataLayout() 4§ (rs, rm) BRESAHFTIRE:

_row_size

>= 0
DynamicSize
NonUniformSize
NonUniformSize

NonUniformSize

_row_max wmE

>= 0

TABLE_StaticFixed
TABLE_Fixed

TABLE_StaticMax

DynamicSize TABLE_Max

NonUniformSize CSR

FAl
BT (1 /NSEEL) , Euler IR (5 MNEHD)
VR ¥ (MEEBITIIRE )
BANBTTEANEET R
B[ TITIEA, BITRRAE

cell2node . cell2cell . FEIEHREREE

‘rowsize = int32_t', MHEME: "DynamicSize =-1", “NonUniformSize = -2°, Xt3%flagfzfE{E BRI RS T "NoAlign',

src/DNDS/ArrayBasic.hpp:17-25 - array_infrastructure.md:50-95

11
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CSR BRMAZREI

REFIRL

std::vector<std: :vector<T>> H17—/1ANZ vector,

ArrayAdjacency<NonUniformSize, NonUniformSize> c2n;
c2n.Decompress(); // - vector<vector<index>>
for (index iCell = ©; iCell < nCell; ++iCell) {
c2n.ResizeRow(iCell, /*width*/ vertexCount[iCell]);
for (int k = 0; k < vertexCount[iCell]; ++k)
c2n(icCell, k) = globalNodeId[iCell][k];
}

c2n.Compress(); // required before MPI

EMEHZ B ER— T EEK,

| JTZEARILER:  array_comp_acceptable<T>() ZEXR std::

A#IF std::string 7. std::vector {T— XS MPI,

src/DNDS/Array.hpp - array_infrastructure.md:82-95

[E4E 1R
SEIBAY std::vector<T> + pRowStart[n+1] ZR35l,

o BT pRowStart[i] 3EIR O(1) 17iA14],
- MERFTHH,
o M) MPI i FEk R YL 2RI IUER,
o {3@1T Decompress() - 4wiE — Compress() {REBITIHEI
BE,
ArrayView

—ANE[EIRE LIAAMNIEWBIE ( Arrayview<T, rs, rm> ) AEH
mEXM operator[] I at() —XRE%1XEF| GPU BIAZA,

is_trivially_copyable_v<T> B} is_fixed_data_real_eigen_matrix_v<T>,
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ArrayTransformer — fi#g|

B

pa I

MPIInfo mpi;

e t_pArray father, son;

e pLGlobalMapping — F&k1T -~ £BZESI

e pLGhostMapping — £F%5| - F3B father+son

e pPushTypeVec / pPullTypeVec — £E7FHY (rank,
MPI_Datatype)

PushReqVec / PullReqVec — ¥R iEXRA)RE
pushDevice / pullDevice — Host gt CUDA

AP RS
e HIndexed — MPI_Type_create_hindexed scatter/gather
(N,

e InSituPack —ELITBEHX, WITEBAFNIT
MPI Isend/Irecv ,

-~

JGHU
MPI::CommStrategy::Instance().GetArrayStrategy() &
HIZERE,

src/DNDS/ArrayTransformer.hpp:429-1496

Fan/EHA

// Setup — all collective

trans.setFatherSon(father, son);
trans.createFatherGlobalMapping();
trans.createGhostMapping(pullIdxGlobal); // pull-based

// or:

trans.createGhostMapping(pushIdxLocal, pushStarts); // push-based
trans.createMPITypes(); // hindexed datatypes

// Persistent init
trans.initPersistentPull(); // MPI_Recv_init + Send_init
trans.initPersistentPush(); // reverse direction

// Hot loop — any number of times
for (step = 0; step < N; ++step) {

trans.startPersistentPull(); // MPI_Startall
computeFluxes(/* reads ghosts */);
trans.waitPersistentPull(); // MPI_Waitall
}
// Cleanup

trans.clearPersistentPull();
trans.clearMPITypes();

13
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Father /| son 31t

#5]: O vt fatherSize-1 | fatherSize ...... fatherSize+sonSize-1
L B%E (father) ——! L Ghost (son, MEfth rank Efl) —

o father HBHIE—BAEE
e son HRBIEEEHE—TX pull BEEAEBEE
« operator[](i) ¥ZESISEEKAHE] father 3% son

Pull = father - son ( iZEIGhost#{iE ) Push = son - father ( £01349)
trans.initPersistentPull(); trans.initPersistentPush();
trans.startPersistentPull(); // non-blocking trans.startPersistentPush();

// ... overlap computation ... trans.waitPersistentPush();

trans.waitPersistentPull();

et ‘ o HAATETFT S0 FEM XIE3REC: 1EGhostBIARIER 7D &R
HRV R T8 E‘|’ ERZY 1iHX$HQB$TE1Eo U324 [E] father

B A EZGhost4EM), BorrowGGIndexing(primary) BT EBHRAVES createFatherGlobalMapping +
createGhostMapping PHE%; INEE createMPITypes() , EJg MPI #UBEEEURFTE KR/,

b

src/DNDS/ArrayTransformer.hpp - array_infrastructure.md:115-184 14
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HKAYEIZ52E: ArrayDerived

BNIREEY K ParArray<T, rs, rm> FHEE operator[] PAIREIZERELITHEIMIEIRIEE,

ArrayAdjacency<rs, rm>

ArrayEigenVector<N>

ArrayEigenMatrix<M, N>

ArrayEigenUniMatrixBatch<M,

ArrayPair<TArray> — {EfE3f3R

template <class TArray = ParArray<real, 1>>

struct ArrayPair {
SsSp<TArray> father;
Ssp<TArray>  son;
TTrans trans;

auto operator[](index 1);

P

src/DNDS/ArrayPair.hpp - src/DNDS/ArrayDerived/*.hpp

operator[](i) R[E
AdjacencyRow — RERIEE

Eigen: :Map<Vector<real, N>>

// - father or son by range

Fi&
Mi&IAFM ( cell2node %)

TR ( coords )

Eigen::Map<Matrix<real, M, N>> H 8 It Jacobian, ME
&5

BITHUXEIZE § N3BERE

SH

97 R AR

HRZEEE
»la
ArrayAdjacencyPair<rs, rm>
ArrayEigenVectorPair<N>
ArrayEigenMatrixPair<M, N>

ArrayEigenUniMatrixBatchPair<M, N>

A&
P&
coords
=2 i3
Ry &iE

15
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ArrayDof — K230 £ =3 (8]

template <int n_m, int n_n>
class ArrayDof : public ArrayEigenMatrixPair<n_m, n_n>;

BIET father + son + transformer FRINT MPI £E&EEZE| ZES(EH,
124 (CPU + CUDA #51t) CFV 38
void setConstant(real R); // src/CFV/VRDefines.hpp
void setConstant(const Eigen::Ref<...> &M); template <int N> wusing tUDof = ArrayDof<N, 1>;
template <int N> wusing tURec = ArrayDof<DynamicSize, N>;
void operator+=(const ArrayDof &R); template <int N,
void operator-=(const ArrayDof &R); int d> wusing tUGrad = ArrayDof<d, N>;
void operator*=(real R);
void operator*=(const ArrayDof &R); // Hadamard e — —
void operator/=(const ArrayDof &R); o tUDOf<N> —ﬁj‘[ﬂzi’;}ﬂ'lﬁ (p pu, pv, pw, pE)o
x—/—
<N> — P
void addTo(const ArrayDof &R, real r); // AXPY ¢ QEERECEN EYJ?’& (nDOF BZB)I;&Z_ E—‘I- ?:F)

e tUGrad<N, d> — BEJT dim x N #E R,

// MPI-collective reductions

real norm2(); real norm2(const ArrayDof &R); ET*WUH{,%E & 18 D ) T E
real dot(const ArrayDof &R); s I\ Sk 12 m (n_m { o old)p ynamlc, onuni orm}, n_n
real min(); real max(); real sum(); {1..5})

src/DNDS/ArrayDOF.hpp:174-395 - CFV/VRDefines.hpp:27
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DOF 12{EflY) Host | CUDA 1'%

template <DeviceBackend B, int n_m, int n_n>
class ArrayDofOp;

template <int n_m, int n_n>

class ArrayDofOp<DeviceBackend::Host, n_m, n_n> { /* OpenMP-parallel impl */ };
#ifdef DNDS_USE_CUDA

template <int n_m, int n_n>

class ArrayDofOp<DeviceBackend::CUDA, n_m, n_n> { /* thrust / raw kernels */ };
#endif

BT A& :

#define DNDS_ARRAY_OP_SWITCHER(backend, expr) \
switch (backend) { \
case DeviceBackend: :Host: { using Op = ArrayDofOp<DeviceBackend::Host, n_m, n_n>; expr; break; } \
case DeviceBackend: :CUDA: { using Op = ArrayDofOp<DeviceBackend::CUDA, n_m, n_n>; expr; break; } \
default: DNDS_assert_info(false, "Unknown device"); \

WMR: TICHIBRNIT IR, KEEEEMY norm2() / dot() / addTo() iEFRTE C++ HEIFEE FHNMARBRFRE father->device() FHIRH. Euler

g%, Solver ;&8 #ifdef CUDA ,

src/DNDS/ArrayDOF_op.hxx - ArrayDOF_op_CUDA.cuh
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RZSIRERHI IS SRIE (112)

12 ML ERVSBIELILE ( cell2node . face2cell . cell2cell. node2bnd &) FE(EFIRZIENIITFL£FHBEBZRS RS

enum MeshAdjState {
Adj_Unknown =0,
Adj_PointTolLocal,
Adj_PointToGlobal,

Y

(O— Unknown bootstrapToLocal(map)

XE—MEHE bug &KX,

markLocal()*

T

wireTargetMapping(map)/'

PointToLocal

markGlobal()—»

PointToGlobal

_ + toLocal()
/

* markLocal() ZEKEIRESIELZwired,
markGlobal() 7EEATF PointToGlobal RfERRFHITIRIE,

docs/architecture/MeshConnectivity.md:179-336 - Mesh_DeviceView.hpp:89-94

S ——10Global()
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RSIRERAI MG SR (212)

AdjIndexInfo — FABIRZ + BARERET

struct AdjIndexInfo {
private:
MeshAdjState _state{Adj_uUnknown};
t_pLGhostMapping _targetMapping;
public:
// queries
MeshAdjState state() const;
bool isLocal(), isGlobal(), isBuilt(), isWired();
// transitions
void markGlobal(); // Unknown|Global - Global
void markLocal(); // Unknown - Local (wired only)
void wireTargetMapping(map); // not when Local
// conversions
void toLocal (adj, nRows);
void toGlobal(adj, nRows);
// bootstrap (one-shot)
void bootstrapToLocal(map, adj, nRows);

// map of the TARGET kind

// & toLocalOMP
// & toGlobalOMP

}i

toLocal EXRKEIVFEREH (-1 -
globalldx) , FHEZLZFREMHRFSEWNEIE
5B R] X 514,

src/Geom/Mesh/AdjindexInfo.hpp:27-341

AdjPairTracked<TPair>

template <class TPair>
struct AdjPairTracked
AdjIndexInfo idx;

public TPair {

void toLocal(); void toGlobal();

void toLocalOMP(); void toGlobalOMP();
void bootstrapToLocal(map);
MeshAdjState state() const;

bool isLocal(), isGlobal(), isWired();

template <DeviceBackend B>
auto deviceView();

}i
—I=DSL

E X

DSL MeshConnectivity.hpp

WwER RS MeshConnectivity_StateChecked.hpp

UnstructuredMesh Mesh.cpp

IRZSRRED 2
X
W= idx.state()

Y1388 AdjPairTracked ARG

19
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HIE

JLARLR 7K 2%

To= - MIgH)%E - Ghost - DSL

v0.2.0 - ;B K= CFD LR =E
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SIFMITTE — 01/ 02 ¥

Tri3 (TRI_3) — Nodes

Quad4 (QUAD_4) — Nodes

Tri3

Tri6 (TRI_6) — Nodes

Quad4

Quad9 (QUAD_9) — Nodes

3 6 2
2 ° » °
°
4
e n 7w w8 55
o =
0
3 o® 3 °
Trié Quad9

e 2D BJr: Tri3. Tri6, Quad4., Quad9,

Tet4 (TETRA_4) — Nodes

Tet4

Tet10 (TETRA_10) — Nodes

Tet10

e 3D EE: Tetd, TetlO. Hex8. Hex27. Prism6,
docs/elemerﬁ)sllri-gmé'e%m/EBMJ@Jpid5\ Pyramidl4o

1Dl HEWNEZY « LinaY | inan

Hex8 (HEXA_8) — Nodes

Hex8

Hex27 (HEXA_27) — Nodes

Hex27

FBFY: Buildo2FromOi1Elevation() — Tri3 - Tri6,

Prism6 (PENTA_6) — Nodes

Prismé6

Prism18 (PENTA_18) — Nodes

Prismi8

Pyramid5 (PYRA_5) — Nodes

Pyramid5

Pyramidl4 (PYRA_14) — Nodes

Pyramidl14

Quad4 - Quad9, Tet4 - Tetl0, Hex8 - Hex27.
Prism6 - Prism18, Pyramid5 - Pyramid14,

h-2A4V -

Riii1dRIicertDI1EArmO2 (Y — M O?2 iR iH 1=

21
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UnstructuredMesh — EFEt4

class UnstructuredMesh : public DeviceTransferable<UnstructuredMesh> {
// === State flags (five groups) ==========================================
MeshAdjState adjPrimaryState {Adj_Unknown}; // cell2node, cell2cell, bnd2node, bnd2cell
MeshAdjState adjFacialState {Adj_Unknown}; // face2cell, face2node, face2bnd
MeshAdjState adjC2FState {Adj_Unknown}; // cell2face, bnd2face
MeshAdjState adjN2CBState {Adj_Unknown}; // node2cell, node2bnd
MeshAdjState adjC2CFaceState {Adj_Unknown}; // cell2cellFace

// === Source-of-truth arrays (read / written to HDF5) ====================
tCoordPair coords; // node positions
AdjPairTracked<tAdjPair> cell2node, bnd2node; // topology
tElemInfoArrayPair cellElemInfo, bndElemInfo; // element type + zone
tPbiPair cell2nodePbi, bnd2nodePbi; // periodic bits

// === Derived arrays (rebuilt each load) ================================c

AdjPairTracked<tAdjPair> cell2cell, node2cell, node2bnd;

AdjPairTracked<tAdj2Pair>

AdjPairTracked<tAdjPair>

AdjPairTracked<tAdjilPair>

bnd2cell, face2cell;
cell2face, face2node;
bnd2face, face2bnd;

AdjPairTracked<tAdjPair> cell2cellFace;
tElemInfoArrayPair faceElemInfo;
// === Reorder tracking (restart ]_j_neage) —o———o-—o———————————————————————===

tAdjlPair cell2cellOrig,
3

B AdjPairTracked PLREIEHHECH) AdjIndexInfo idx —EULENTEXATMIER CEERMIERBEL, MIIT 5 MAWRS, HEIRSKREIFHENENRST

E\'O

src/Geom/Mesh/Mesh.hpp:57-127

node2nodeOrig, bnd2bndOrig;

22
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AR 2R K & — um 2l s

RESMBEXRR HS5&A&

ReadFromCGNSSerial
or
ReadSerializeAndDistribute

InterpolateFace
face2cell - cell2face -
face2node

PartitionReorderToMeshCell2Cell A
Metis (KWAY/RB) + RCM reorder

BuildGhostFace
+ MatchFaceBoundary

RecoverNode2CellAndNode2Bnd
MPI push-back - node - [cells] A

BuildCell2CellFace
face-neighbor (< cell2cell)

RecoverCell2CellAndBnd2Cell
node-neighbor cell adjacency

A

BuildNodeWallDist (RANS

onl
BuildGhostPrimary(nGhostLayers) y)
GhostSpec - CompiledGhostTree
- BFS

v

ReorderLocalCells(nParts,
nPartsinner)

AdjGlobal2LocalPrimary .
state: Global — Local cache-locality pass

I cell2cell it — ¥ CFV/Euler/EulerP FHEMEITIIAR#ITTIAE; cell2cell EHREMNHHERNTER, ELZITHTHREGhostE S, ZEETHRERE
B, X T REFRH DMPlex RigEZ,

docs/architecture/MeshConnectivity.md:46-90 - src/Geom/Mesh/Mesh.hpp:442-1011
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X — PartitionOptions

struct PartitionOptions {
std::string metisType

"KWAY"; // or "RB" (recursive-bisection)

int metisUfactor = 20; // load imbalance factor
int metisSeed = 0; // 42 in tests - deterministic
int edgewWeightMethod = 0; // 0: none, 1: face size
int metisNcuts = 3, // multiple cuts, keep best
Iy
Ao X 23 T

o Metis ( 517 ) — &1T CGNS iZEUEMHIRETH X,
B MeshPartitionCell2Cell(options) IRz, ARG
PartitionReorderToMeshCell2Cell {ERANXITEITT
BITEIHEF,

o ParMetis (%) — AT
ReadSerializeAndDistribute WEE, 7£ H5 ERTHIE
np IZEUE A2 DI T L,

src/Geom/Mesh/Mesh.hpp:1083-1105

MXEE metisSeed = 42, 458 VR Y Jacobi &KX
( T3E SOR ) AKRIEE MR LU-SGS &%, XEEFEEE np
FTEEEENMcTHFETIREERE,

HEF

ReorderLocalCells(nParts, nPartsInner) G{THIE
FEEkE®A (RER + JMEB ) ;
ObtainLocalFactFillOrdering JJ ILU i&fT AMD /
MMD,

24
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Ghost#)l5G DSL — Z£3!

enum class EntityKind : int8_t {
Cell = 0, Face = 1, Edge = 2, Node = 3, Bnd = 4, NUM_KINDS = 5,
}i

struct AdjKind {
EntityKind from, to;
EntityKind via; // for intra-level (from == to)
constexpr AdjKind(EntityKind from, EntityKind to); // direct cone/support
constexpr AdjKind(EntityKind from, EntityKind to, EntityKind via); // intra-level

}i

namespace Adj {

// Direct cones (downward)

constexpr AdjKind Cell2Node, Cell2Face, Cell2Edge, Face2Node, Face2Edge, Edge2Node, Bnd2Node;

// Direct supports (upward)

constexpr AdjKind Node2Cell, Node2Face, Node2Edge, Node2Bnd,
Face2Cell, Edge2Face, Edge2Cell,
Bnd2Cell, Bnd2Face, Face2Bnd;

// Intra-level (via Node)

constexpr AdjKind Cell2Cell, Bnd2Bnd, Face2Face;

// Intra-level (via Face)

constexpr AdjKind Cell2CellFace;

}

struct GhostChain { EntityKind anchor; std::vector<AdjKind> hops; EntityKind target; };
struct GhostSpec { std::vector<GhostChain> chains;
static GhostSpec defaultPrimary(int nLayers = 1); };

src/Geom/Mesh/MeshConnectivity.hpp:43-237

25
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Ghost DSL — RiF51+H&

GhostSpec spec = GhostSpec::defaultPrimary(nLayers);
// Or customize:
spec.chains = {

{ EntityKind::Cell, {Adj::Cell2Cell, Adj::Cell2Cell},
{ EntityKind::Cell, {Adj::Cell2Cell, Adj::Cell2Cell, Adj::

{ EntityKind::Bnd, {Adj::Bnd2Node, Adj::Node2Bnd},

3
CompiledGhostTree tree = CompiledGhostTree: :compile(spec);
GhostResult result = dag.evaluateGhostTree(tree, mpi);

KAEZIKHE (BE BFS)

for level in 0..tree.maxLevel:
for entry in tree.levels|[level]:
collect owned-side non-owned indices
Allreduce: did any adjacency set grow?
if yes - scratch-pull that adjacency
traverse hop, populate next level

src/Geom/Mesh/MeshConnectivity.hpp:244-335,1241

EntityKind::Cell }, // 2 layers
Cell2Node}, EntityKind::Node 1},
EntityKind::Bnd },

// merges prefixes - trie

GhostResult

struct GhostResult {
std::unordered_map<EntityKind,
std: :vector<index>> ghostIndices;
std: :unordered_set<EntityKind>
activeKinds;
bool hasGhosts(EntityKind) const;
index totalGhosts() const;

}i

// sorted, deduped, global

// collective (Allreduce)

26
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MeshConnectivity /9 DSL [FiE

PR T Ghost3K{E2EZ9h, MeshConnectivity if

[Ri&

Inverse<cone_rs>

Compose<rs_AB, rs_BC, out_rs>
ComposeFiltered
Interpolate<p2n_rs>
InterpolateGlobal<p2n_rs, e2p_rs>

evaluateGhostTree

SharedCountPredicate

struct SharedCountPredicate {
int minShared 1;
bool removeSelf false;

i

FAFSCIN L4 Jacobian B9fE#R, Flun"
T RSERITIELHEARE.

src/Geom/Mesh/MeshConnectivity.hpp:858-1220

B

— MNATHHNBEIRIER ] E A DSL—E TS Mg E L RPEA,

IneE

nToLocal, mpi, fromL2G, tolL2G, toGlobalMap) - tAdjPair A_ B Cone Z| B- A Support, MPI #%E%

.) - tAdjPair A_BoB_C - A-C
. pred, matchExtra=nullptr {8 SharedCountPredicate iS85 ITEHS
(parent2node, SubEntityQuery, nParent, nNode, mpi) R BEREYF SRR EY

-ROMINEE, BE pbi BAEE

, mpi) - GhostResult BFS GhostX{&

BEEMER
void registerAdj(AdjKind, ssp<AdjVvariant>);

void registerGlobalMapping(EntityKind, ssp<GlobalOoffsetsMapping>);

ssp<AdjVariant> resolveAdj(AdjKind) const;
bool hasAdj(AdjKind) const;

T
IRR, BTH Mgt R KB EMTR, CAE evaluateGhostTree BJLATEIBITHY

BREBEHEFMIITERR.

27



DNDSR — CFD ®3iEZE

5 _—n

01 - 02 #M

void BuildO2FromOlElevation(UnstructuredMesh &mesh01);
void ElevatedNodesGetBoundarySmooth();

void ElevatedNodesSolveInternalSmooth();

void ElevatedNodesSolveInternalSmoothVi();

void ElevatedNodesSolveInternalSmoothviold();

void ElevatedNodesSolveInternalSmoothV2();

o AREF — ET RBF WEHRE LFETRIIHE,

o NEREF — VI/VIOId/V2 TBIRFIERIZhiHE KR, BT
R{ERNERFIE TN R E,

SKPRA T

p-BiENMF, Uk
1T h-2B(LEENI, ERRSERFRINIG,

VAN

o BT FHPNIFETT
S ABEIX|

o B

src/Geom/Mesh/Mesh.hpp:699-709 - RELEASE_NOTES.md:45

02 - 01_—%

void BuildBisectOlFormO2(UnstructuredMesh &mesh02);
bool IsO1() const;
bool Is02() const;

FMTELER (S0 docs/elements/*_nodes.png ) :

e Tri3 - (FHPBY) = Tri6 - (Z9) - 4xTri3,
e Quad4d - (FHPB) - Quad9 -~ (=% ) - 4x Quad4,
e Hex8 - (HPB) - Hex27 - (Z%5) - 8x Hex8,

 Prism6 / Pyramid5 — {1 FFAFI — 53

28
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EEEE TS

BuildNodewWallDist (fBndIswall, WallDistOptions = {}) ( Mesh.hpp:1011 ), FHF SA/k-w/DDES/IDDES #&
B,

JEIDT SRR
struct wallDistOptions { . o %h;ﬁ — O(N : M) S(T”Eﬂ;; %?Fﬂ%ﬂﬁ, }Eﬁ:.F/J\ﬂgl_éWUo

[

int subdivide_quad // refine quads for brute-force

e e btstesecution ~ o 1/ 6 o e o CGAL AABB it — 4 rank ZEBEE_LRIB; §XEH O(log M),
// 1 = serial rank 0O,
real minwallDist = 1e-10{/ N = N-bateh ranks b ?ttiii - ﬁﬁ& rank El‘J?%J:*@EH;I ( WallDiStExeCUtion >
N int verbose =0; 1 ) ;Eé%ﬁgﬁ rank WﬁtBEo

 Poisson — EulerEvaluator fY GetwWallDist_Poisson() ; 7EM
#&_E3K## p-Poisson, #EEKR - BEE,

IEERREZNETE, BT SSTIESEE,

src/Geom/Mesh/Mesh.hpp:986-1011 29
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B np ER

REBIEE ReadSerializeRedistributed — =5,
static const index Offset_Parts = ¢ 1. &t origIndex , #H[@ np - [E]1BZ| ReadSerialize,
static const index Offset_One = -2; s N
static const index Offset_EvenSplit = -3; 2. 71 origIndex , EIE] np - IEF1%EY + SR &M
static const index Offset_Unknown = UnInitIndex; ETJ
st Sy 3. #7E origIndex , N[ np - EvenSplit 1%£BY, ARG
o 3173 % MPI_Alltoallv EEUMEBEFR origldx -
Unknown M rank_offsets BN D
globalReadIdx , fEF#H{T—IX ArrayTransformer
Parts WEEBANHIT MPI_Scan .
i HIEY,
one Rank 0 BB NIESE
SerializerBase (abstract)
EvenSplit BN 2 &5 ~N/np — serializerHs (collective HDF5)
L— SerializerJSON (per-rank)
(explicit) isDist() - true ; {localSize, globalStart} Array - ParArray - ArrayPair - ArrayRedistributor

M4 rank BN, £ 8 1~ rank EFEJE — EulerSolver: :ReadRestart 1EBAIACIRERE =015,

docs/architecture/Serialization.md:107-172 - src/Geom/Mesh/Mesh.hpp:912-949 30
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fara SR — -

HB4E

BT A

CFV - VR - Flux - BE®#lZS - ODE - Krylov

v0.2.0 - 5% K% CFD XB=E
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Compact Finite Volume — E#
MEITHERHE, G RT EUFYEEEMDERZII:

o u; — BITIIE, TF(EME tUDof<N> = ArrayDof<N,1> HA,
. uﬁ—im%%&, ZfE7E tURec<N> = ArrayDof<Dyn,N> Hi,
« H 902 BEBIERMY, FRBETREIT—¥; SNEITHSMIUM BRI TR,

FEHZIMIUME: 1 -3 (&, TR =R) .

// Static capacities (src/CFV/VariationalReconstruction.hpp:1051-1054)

maxRecDOFBatch = (dim == 2) ? 4 : 10;
maxRecDOF = (dim == 2) ? 9 : 19;
maxNDiff = (dim == 2) ? 10 : 20;
maxNeighbour =7,

R — BT REE——X1ER BuildGhostPrimary(1) ERIARMEEIAT. EZEAIIENR ( nGhostLayers = 2 ) s] T SM

TIK,

src/CFV/VRDefines.hpp:27 - docs/theory/Variational_Reconstruction.md:21-30

32
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Variational Reconstruction — ;Z (£

RIMUBIELAMBE k M SERAIBEEK:

NE

o wo(f) — ILFIRE; Bk w, = S (EREH .
. wy(p) — EBMSHENE; HHEMSHNTHEE.
- Dyu— B p NEHKE (NVELIFEHTHTRIBENE ).

ISEIER

Apuf = (Byluf + b7 (a; — ui))

JES;

AR E—ARN T,

docs/theory/Variational_Reconstruction.md:33-106

=MRRIERE

« Wang (i@ ) : (Dsu,Dsv) = d(} Onnnth Oppn U
. Pan (X-YI5%) : D (AZALD; u) (ALALD; v)

+ Huang (MBAEKE) : df iR, HESER
BMNEN AR ( variationalReconstruction.hpp:938-1031 )

« DoReconstructionIter — Jacobi/SOR 3 (MiX{EH
Jacobi) .

e DoReconstructionIterDiff — Jacobian-EEZFF (GMRES A
E)o.
e DoReconstructionIterSOR — SOR, ®[i&&[@IFIE,

« MEFAZE: DoReconstruction2nd .

DoReconstruction2ndGrad ,

33
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VR i¥E — =4 Construct* i

template <int dim = 2>
class VariationalReconstruction :
public:
void ConstructMetrics();
void ConstructBaseAndwWeight (tFGetBoundarywWeight id2faceDircWeight = ..);
void ConstructRecCoeff();
// ..

public FiniteVolume {

}i

ConstructMetrics HEMAR

o BIAR., mER. BALEEE. KR Jacobian,
o [RMIKE. FHLIRR, BEERE,

o BNRITKBVWIIRLLER,

s BNETHRBUHRE,

ConstructBaseAndWeight MZEMAR
— SN EBETHEE,

e faceAlignedScales . faceMajorCoordScale ,

e cellBaseMoment

// 83 FiniteVolume
// B + EENSHE

ConstructRecCoeff MENAE

e matrixAB . vectorB — EMNPEMGIRINIR,

e matrixAAINnvB . vectorAInvB — Fiit&Em A~ 1B, BT 0% Jacobi/
SOR &K,

e matrixSecondary . matrixAHalf_GG — }HENEMZA L,

e matrixA . matrixACholeskyL . volIntCholeskyL — REZR% + A%
[FEBK fZHY Cholesky 43 f#.

FrE%¢A19 ) ArrayEigenMatrix* BY ArrayEigenUniMatrixBatch* ——B[7E

e cellDiffBaseCache . faceDiffBaseCache — FiEXRINS . &R E 2§35 MPI B9 VAT IR LAY Eigen BREY.

NBENEGFSHE,
e bndVRCaches — FAF BC #0#X VR WA R EEF,

src/CFV/VariationalReconstruction.hpp:282-289
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FiniteVolume — EE2%4E%F

class FiniteVolume : public DeviceTransferable<FiniteVolume> {
real sumVolume, minVolume{verylLargeReal}, maxVolume, volGlobal;

tScalarPair volumeLocal; // BAEITH volume

tScalarPair faceArea; // BAEE area

tRecAtrPair cellAtr, faceAtr; // (NDOF, NDIFF, Order, intOrder)
tCoeffPair cellIntJacobibet, faceIntJacobiDet;

t3VecsPair  faceUnitNorm; // BAEKRRELH normal
t3VecPair faceMeanNorm;
t3VecPair cellBary, faceCent, cellCent;

t3VecsPair cellIntPPhysics, faceIntPPhysics;
t3VecPair cellAlignedHBox, cellMajorHBoX;
t3MatPair cellMajorCoord, celllnertia;
tScalarPair cellSmoothScale;

int axisSymmetric = 0; // PR FR
std::set<index> axisFaces;

// CRTP: to_device(), to_host(), device(), deviceView<B>()
+i

%35 CUDA {£%j, Finitevolume ( UAK VariationalReconstruction ) Z#&BE DeviceTransferable<FiniteVolume> , 1HF—&X
fv.to_device() BI[BEEBNEELEFIRE GPU RIS iHME.,

src/CFV/FiniteVolume.hpp:38-86
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13 # Riemann K fiZ33

enum RiemannSolverType {

UnknownRS = 0,
Roe = 1, HLLC = 2, HLLEP = 3, HLLEP_V1 = 21,
Roe_M1 = 11, Roe_M2 = 12, Roe_M3 = 13, Roe_M4 = 14, Roe_M5 = 15,
Roe_M6 = 16, Roe_M7 = 17, Roe_M8 = 18, Roe M9 = 19,
¥
TR TEELE | FEESRE
Roe ¥REE Roe + Harten—Yee
Roe_M1 CLLF ( #il» + [§EB Lax—Friedrichs )
Roe_M2 Lax—Friedrichs
Roe_M3 LD Roe ( 1#E8%)
Roe_M4 ID Roe ( HEEFEEL)
Roe_M5 LD cLLF
Roe_M6 X HEIE
Roe_M7 {X Harten-Yee, T H-{EIE
Roe_M8 H-{&1E + Harten—Yee
Roe_M9 {RE8 (eigScheme 9, =i assert false )
HLLC Harten—-Lax—van Leer—Contact
HLLEP HLLE, &E/IMEIE

HLLEP_V1  HLLEP T{K 1
// HEIFENR L

template <int dim>
RoePreamble<dim> ComputeRoePreamble(ULm, URm, gamma, dumpInfo);

src/Euler/Gas.hpp:61-95,230
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RoePreamble — HE=HE]E

template <int dim>
struct RoePreamble {

TVec velolLm, veloRm; // [RIGEE
real rhoLm, rhoRm, pLm, pRm, HLm, HRm; // RIS
real veloLm®, veloRm@; // EERENE
TVec veloRoe; // Roe EIgEE

real sqrtRhoLm, sqrtRhoRm;
real vsqrRoe, HRoe, asqrRoe, rhoRoe, aRoe;

3
Flux £8& T LBEXFED R
template <int dim, int eigScheme> B 13 MT{AHK=E computeRoePreamble ——Roe F13, Hpgen
VO RO i, e M va QRoe F. FEIEH eigScheme HEARSIERFEH/IFHIEERRS,
/*out*/ dLambda,
fixScale, gamma, dumpInfo); o B4 (dim, eigScheme ) —RIEMRELGIL, RIFABAFRPIIE,
template <int dim, int type> o YmiIFHEAY Z—Flux #ZREFLle)iziER,
oid HLLEPFlux_IdealGas(UL, UR, ULm, URm, n, vgN, - . W —_ .
- flux, .., gamma, dumpInfo); o i—10, EATIM&LTE Navier-Stokes Flux:

NSFluxInvis<dim>, NSFluxVis<dim>(U, gradu, T, mu,
template <int dim>

void HLLCFlux(UL, UR, ULm, URm, n, vgN, ..); n, flux, adiabaticwall, useQCR) ,

src/Euler/Gas.hpp:200-230
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FE#I2E — FWBAP L2 %7

ZAHME (22 5E)
e FWBAP_L2_Multiway — iBFH Eigen #%4H,
e FWBAP_L2_Multiway_Polynomial2D — 2D ZINZINAEEL,
e FWBAP_L2_Multiway_PolynomialOrth — IEZZTARK,
« FMEMM_Multiway_Polynomial2D — {EIEAR{E-BiE;ES S8,

BS#: p = 4; verySmallReal_pDiP =
std: :pow(verySmallReal, 1.0/p) F2EMNLXZTSMHTAIE,

IFMERIF—— LimiteruGrad ( Euler ) H&IMEE :
B AR,

src/CFV/Limiters.hpp:28-577

XX[E (RRXT )

FWBAP_L2_Biway

FWBAP_L2_Cut_Biway — fFS&Hf

FMINMOD_Biway

FVanLeer_Biway

FWBAP_L2 Biway_ PolynomialNorm<dim, nVarsFixed>
FMEMM_Biway_ PolynomialNorm<dim, nVarsFixed>

FWBAP_L2_Biway_PolynomialOrth

Configuration

"limiterProcedure": 0 // WBAP (V2)
"limiterProcedure": 1 // CWBAP (V3) - if#&
"usePPRecLimiter": true

EvaluateURecBeta saFIEMMERIERITIYMEIEN; EvaluateCellRHSAlpha 5@l CFL —EHYE

38
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]

VR REFRHIZE — T4FIET%REY WBAP

template <int nVarsFixed>

void DoLimiterWBAP_C(tUDof<nVarsFixed> &u,
tURec<nVarsFixed> &uRec,
tURec<nVarsFixed> &uRecNew,
tURec<nVarsFixed> &uRecBuf,
tSmoothIndicator &si,

bool ifAll,
tFM  FM, // SFE - FHEZ R
tFMI  FMI, // Y - SPiERIR

bool putIntoNew = false);

template <int nVarsFixed>

void DoLimiterWBAP_3(...); // =BT

ik 3 AR =P
1. TEENEEEHIEREE si, « DoCalculateSmoothIndicator<nvarsFixed, nvarsSee=2>
D BEMAKRTIRINSTEE ( FM )., (si, uRec, u, varsSee) — TEFE&E FHRZHIEREE,
3. F 4. FEZ 5 MEAREN A WBAP PREISE, e DoCalculateSmoothIndicatorVi<nVarsFixed>(si, uRec,
4. TIRER ( EMT ). u, varsSee, FPost) — V1, XiFHAFEHNELIE,
5. A[iEBE AN uRecNew (IERARIINEAS ),

src/CFV/VariationalReconstruction.hpp:1071-1086
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Bt 8]#R 4> — ODE A7
FrERoesdkEE:

template <class TDATA, class TDTAU>
class ImplicitDualTimeStep {

using Frhs = std::function<void(TDATA&, TDATA&, TDTAU&, int, real, int)>;

using Fdt = std::function<void(TDATA&, TDTAU&, real, int)>;

using Fsolve = std::function<void(TDATA&, TDATA&, TDATA&, TDTAU&, real, real, TDATA&, int, real, int)>;
using Fstop = std::function<bool(int, TDATA&, int)>;

using Fincrement = std::function<void(TDATA&, TDATA&, real, int)>;
virtual void Step(TDATA &x, TDATA &xinc, const Frhs&, const Fdt&, const Fsolveg,
int maxIter, const Fstop&, const Fincrement&, real dt) = 0;

}i

odeCode 3£ BX

103 ImplicitEulerDualTimeStep JaME Euler

0 ImplicitBDFDualTimeStep BDF2 / BDF-k
— ImplicitVBDFDualTimeStep LK BDF-k

1 ImplicitSDIRK4DualTimeStep ( schemeCode 0...4) SDIRK-4 - ESDIRK2/3 - ##Z
101 (1 B9518R) ([E/53Z odeCode )

401 ImplicitHermite3SimpleJacobianDualStep HM3 + p-Multigrid

2 ExplicitSSPRK3TimeStepAsImplicitDualTimeStep  SSP-RK3

SetExtraParams(json) |BIFEMRINFISEL (W nMG . incFScale ),

src/Solver/ODE.hpp - RELEASE_NOTES.md:11,14
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HM3 + p-Multigrid

HM3 (Hermite-3) —M=F A-IRERINBN, B=MEN:

e U2R2 — 2 MBI + 2 NEREIRT.
e U2R1 — 2 MRS + 1 MNREIRE.
e U3R1 — 3 MEIRE + 1 NEREIRE.

B8] 22 AR p-MG
£ ImplicitHermite3SimpleJacobianDualStep::Step() HWEB, IEEF nMme
it & p-Multigrid ¢8R

// WNEKBPIANRES (5F1250-12511T7)
fdt (xMG, dTau, 1.0, /*upos=*/2); // KB {hET[EIS
frhs(rhsbuf[1], xMG, dTau, iter, 1.0, /*upos=*/2);

upos=2 SEEIFKER[ERIBMSMAM LHITKIE (BRTE) . VR EMH

DownCastURecOrder (curOrder, iCell, uRec, downCastMethod) TEA[EIM
Z B EM R,

src/Solver/ODE.hpp:123-363,917-1438

FEIN#E
tpMe — SMERXNET B AR R 2 E NIRRT XK.

incFscale — 81 MG B LAVEE Flux 485%; BEMEMBIERRZ
( RELEASE_NOTES.md ),

LimiterUGrad ARAYIFMH{RIFFESIES

73o

Hith SDIRK4 4715

schemeCode
schemeCode
schemeCode
schemeCode

schemeCode

Br AR B E IE = T = E

0 — Narsett 3 4 SDIRK-4

1 — 6 %% ARK & SDIRK

2 — Kennedy—Carpenter ESDIRK3
3 — 1R

4 —ESDIRK2, v =1 - v2/2

E

41
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LMK R

28 — Krylov + LU-SGS &4+

Krylov 75i% T FEPE LU-SGS R4+
template <class TDATA> B EulerEvaluator 2fit:

class GMRES_LeftPreconditioned {

public: o . . void LUSGSMatrixInit(JDiag, JSource, dTau, dt, alphaDiag, u, uRec, jacCode,
GMRES_LeftPreconditioned(index dofSize); void LUSGSMatrixVec(alphabiag, t, u, uInc, JDiag, Aulnc);
void setSpace(int kSpace); void LUSGSMatrixToJacobianLU(alphaDiag, t, u, JDiag, jaclLU);
bool solve(const TDATA &rhs, TDATA &x, void UpdateSGS(alphabiag, t, rhs, u, uInc, uIncNew, JDiag,
FMatVec Ax, FPCApply PC, forward, gsUpdate, sumInc, uIncIsZero = false);
int maxIter, real tol); void LUSGSMatrixSolveJacobianLU(alphabDiag, t, rhs, u, uInc, uIncNew,

}i

template <class TDATA, class TScalar>
class PCG_PreconditionedRes { .. };

bBuf, JDiag, jacLU,
uIncIsZero, sumInc);
void UpdateSGSwithRec(alphabiag, t, rhs, u, uRec, uInc, uRecInc,
JDiag, forward, sumInc);

THERE: IARAREM Ax F Pc BT,

e 2R

"gmresCode":
"gmresCode":
"gmresCode":

INRE)E $ 2R

® // {X LUSGS (BN, &%)
1 // GMRES ( TBFE Krylov)
2 // LUSGS + GMRES (LUSGS fE} GMRES FI&4EF)

12: src/Solver/Direct.hpp (LU/LDLT), ®[i#id cfd_externals Fi=EIR/ZFFERY SuperLU_dist,

src/Solver/Linear.hpp - src/Euler/EulerEvaluator.hpp:427-580

t);

42
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MPI — "— X Configuration"#}13Q

Configuration 2 Z 1A H Fo2hY, EIZE M HEITHY,

— IR MM ER — SEINRME PABIABNER — (XAt iRME
trans.setFatherSon(father, son); for (int step = 0; step < N; ++step) {
trans.startPersistentPull(); // MPI_Startall
trans.createFatherGlobalMapping(); computeFluxes(/* reads ghosts */);
// collective: MPI_Allgather over local sizes trans.waitPersistentPull(); // MPI_Waitall
}

trans.createGhostMapping(pullGlobal);
// collective: sorts + dedups pullGlobal IN PLACE trans.clearPersistentPull();

// — saves a copy if you need the original

trans.createMPITypes(); W v0.2.0 fHiR1EE: globalSize() ELEEE(RIRE, UELHIZFEE

// local: MPI_Type_create_hindexed describes , - ) )
// the scattered rows to send/recv 1ZATPIRESEHl. BETE createFatherGlobalMapping &F—RE

// — ALSO resizes the son array to hold them Nih{t,

trans.initPersistentPull();
// local: MPI_Recv_init + MPI_Send_init

TRERIMPIE R K B S transformerfs A 17 E——H SR FIRVHREN AL A Jo

S5
(<]

src/DNDS/ArrayTransformer.hpp - array_infrastructure.md 44
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B E RS

MPI::CommStrategy::Instance().GetArrayStrategy() iE#:

HIndexed — EfiA

MPI_Type_create_hindexed(count, blocklengths, displacements,
base_type, &new_type);

BIEREMPIFSIBRE R B PERSEAYIT.
MPIEERIIR TN BT A B 3t i# 1 TR K &L @ 20T 8,

R IR FHE L,

#InfiniBand / Slingshot LB RIFAIMPIH% _ERINERIE,

RMREEHEAR - MR HAPI, ERE—MNMAMAX

src/DNDS/ArrayTransformer.hpp - Hindexed vs InSituPack

InSituPack

inSituBuffer[rank].clear();

for (index 1 : pushingIndexLocal[rank])
inSituBuffer[rank].append(row(i));

MPI_Isend(inSituBuffer[rank].data(), ...);

o EXFTERAELSENX,

o ERLLIZIHAIMPIFFI{EAGPU-Directi)CUDARAIMPI
E{AF HIndexed , RshE{H[EFIFEIELE HKX,

o BIRMERENIN —IXR RTFIR[H—X 2N,

AEENAEEN,
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BorrowGGIndexing — % EE & {KConfiguration

// Primary array: does the full collective setup
ArrayTransformer<real, 5> cellUTrans;
cellUTrans.setFatherSon(uFather, uSon);
cellUTrans.createFatherGlobalMapping();
cellUTrans.createGhostMapping(pullGlobal);
cellUTrans.createMPITypes();

// Secondary array: reuses the *global + ghost* mapping.

// 0Only the MPI datatypes (which depend on the row size) are rebuilt.
ArrayTransformer<real, DynamicSize> recTrans;
recTrans.setFatherSon(uRecFather, uRecSon);
recTrans.BorrowGGIndexing(cellUTrans); // <-- key line
recTrans.createMPITypes();

recTrans.initPersistentPull();

WER: TEEulenfi/K&kH, S/DOF#H ( u. uPrev. uInc. URec. UuURecInc. URecCB...... ) HE—M cell2cell 4B
BRAREIRIGhostIREY, REMPIZIEREIARRE, BURTFZEABRIITRN,

src/DNDS/ArrayTransformer.hpp:606
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%A EYOpenMP

-DDNDS_DIST_MT_USE_OMP=ON 7EEE/ AR HELIZ(LIRIZ:

OpenMPE R FIZ=

ILU-OMPFRM4F — FH{TRIMIEEIFH (v0.2.0518 ) .

Eigen)3%J — EigenVecMin . EigenvecSum IZ&iEIE, AFEFH.

JRZS4EHR — toLocalOMP / toGlobalOMP / bootstrapToLocalOMP FEARIEENLERYITL
FiT1t,

FVEEEME — Finitevolume HIAYIFZ ConstructX() J5i%i@iT #pragma omp
parallel for fEEJT/H_ L&A,

VRi%fX — DoReconstructionIter BOpenMPL{A,

AGENTS.md - src/Geom/Mesh/AdjindexInfo.hpp:218-223

=gkt

NUMA node
OpenMP threads

OMP thread 0

MPI rank OMP thread 1

OMP thread N-1

CIZfIA{E OMP_NUM_THREADS=2 ( ®]i@3d DNDS_TEST_OMP_THREADS fEConfigurationft7&
=), EMNEHMPIH#FESETEIE DNDS_TEST_NP_LIST Configuration,

HRIAFEE . §PNUMAT S1MPI#HEE x NEf0penMP4F2E, MPIStIEFSsocket/ ST ;
OpenMPALIETS S RER,

a7
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CUDAK12 — DeviceTransferable CRTP

template <class TDerived>
class DeviceTransferable {
public:

// Derived implements: device_array_list() returning a tuple of host-device arrays

void to_device(DeviceBackend B = DeviceBackend: :CUDA);
void to_host();

DeviceBackend device() const;

template <DeviceBackend B> auto deviceView();

iy

// Example user
class FiniteVolume : public DeviceTransferable<FiniteVolume> {
auto device_array_list() {
return std::tie(volumeLocal, faceArea, faceUnitNorm, cellBary,
cellInertia, cellIntJacobibet, /* ... */);

Y

Ri&
fv.to_device();
auto dv = fv.deviceView<CUDA>();

launchKernel<<<blocks, threads>>>(dv);
fv.to_host();

32 : cmake --preset cuda — -DDNDS_USE_CUDA=ON - Thrust{&& i@

src/DNDS/Device/ - CMakePresets.json:37-44

~

=E2a i 0ESit)
e UnstructuredMesh (3&EiEM)

FinitevVolume (EE)
VariationalReconstruction (1@
VRDefines DOF#i4H

BB ITTHRBEER

1T CMAKE_CUDA_ARCHITECTURE=native ,

i

=

)
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EulerP — T HIIGPUK{EZE

o) FER Euler RIEZERTIHRIZFN nvars BIEigen; EigenfEfEzELiEEMIER HiREFTIEAMNGEREW. T
INEFE EEEICUDARZIAHIERFEERBZ LXK,

fRRAZ: Tf src/EulerP/ HSCIBYFI1TERIZKIEES:

1. ER% TE B,

2.1k} EvaluatorDeviceView<B>, Hff B € {Host, CUDA} —HtHEIENO, WA S RIFEIMIIFIERR A TTHRIF
( .cpp I .cu),

3. BEXEABNSHITEH *_Arg MUK (90 RecGradient_Arg. Flux2nd_Arg ), EERRBELEEESHRINE,

template <DeviceBackend B>

struct EvaluatorDeviceView {
FiniteVolume: :t_deviceView<B> fv;
BCHandlerDeviceView<B> bc;
PhysicsDeviceView<B> physics;

}i

Python3Rzl: python/DNDSR/EulerP/EulerP_Solver.py MPythonZriiisTERIEUlerP;Ri/KLk, BT BITRREIER
CUDA,

src/EulerP/EulerP_Evaluator.hpp - EulerP_Evaluator_impl.{hpp,cpp,cu} 49
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EulerP — N#ZiiK 4

class Evaluator {
SSpP<CFV::FiniteVolume> fv;
ssp<BCHandler> bcHandler;
ssp<Physics> physics;
// face buffers (dense packed from ghost father+son)
tUFaceBuffer u_face_bufferL, u_face_bufferR;
tUScalarFaceBuffer uScalar_face_bufferL, uScalar_face_bufferR;

public:
// Setup
void BuildFaceBufferDof (TUDof &u);
void BuildFaceBufferDofScalar(TUScalar &u);
void PrepareFaceBuffer(int nVarsScalar);

// Pipeline kernels (each host-or-device via Evaluator_impl<B>)

void RecGradient (RecGradient_Arg &arg); // Green-Gauss + Barth-Jespersen
void Cons2PrimMu (Cons2PrimMu_Arg &arg);
void Cons2Prim (Cons2Prim_Arg &arg);
void RecFace2nd (RecFace2nd_Arg &arg); // 2nd-order face reconstruction
void Flux2nd (Flux2nd_Arg &arg); // inviscid + viscous face flux

¥

AT LBBSHE LR
- FMBEHHESIRAEFRE—R - ETRFRIEAIZERZ,
o Host/CUDARD REERE—1HHRA4% ( Evaluator_impl<B> ),
o BINRIELIEFimNEIEBEZIEREIIFRIRTF EvaluateRHS ,

src/EulerP/EulerP_Evaluator.hpp:149-918
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GPUTIf2ZEiC

B3 TR E NS
o RiFEFMatVec —
src/Geom/Mesh/BenchmarkFinitevolume.cu Fi%&

EERARBIRIRKR /N B E R HF T,

e SOAvs AoS — (I IWEEITTDOFRI S M ETRHIT
TEEM,

HNTFIREY

e host_device_vector<T> — A]FEIRZ LIRBESNE
=; | ZMATF Finitevolume /
UnstructuredMesh ,

e EHEERM ( to_device / to_host ) —Ff2E[E

1=
Yo

docs/dev/cudaNotes.md - RELEASE_NOTES.md:50-52

B8 S B R

e Thrust + CMake:
CMAKE_CUDA_ARCHITECTURE=native {&% T ThrustX
2R EI PRI — K RmiF IR,

o 2IMY to_device : HEHXBIEEEFFHN—IMERE
ApEMBEENZPXEHIEIRE; EV0.2.0HEE,

« py::classh E#E: WIRCUDAIEFEEPython GC
B R 1FiEPythonEEC+H+ATEINEZ 2,

PITHRRYTAE

o J95EEHY Euler KIEZZH EZEICUDA ( MUXZE
EulerP ),

o IEiT MPI_Type_create_hindexed ZEEEIZRZNEL
SCILGPURT#IMPI,

51



DNDSR — CFD ®3iEZE

Vo2 L —
HI/NE

110 55 &{/Ft%

Serializer - JISON Configuration - Python - VTK - CGNS

v0.2.0 - 5% K% CFD XB=E
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Rt

= BRZR

SerializerBase HWRINE /@2 /| FHEHERED

SerializerH5 MPI #1T HDF5 ( Collective I/O)

SerializerJSON Fi#FE JSON ( IsPerRank() == true ), & MPI tHif
Array BHATHIE. EMWRIC. FHRBIEEPX

ParArray 2/F{m¥B. Evensplit . CSR 2F1T#A

ArrayPair RFH4F - ReadSerializeRedistributed

X
ArrayRedistributor 81T ArrayTransformer HYrendezvous B HEC

KHEYEM, SerializerHs HBIEAN7IEEFZ MPI-Collective ) — S NHEMNIUKRMEREINFERE], BMEZHTERN size
== 0, RE52ENERkL, mIERER.

docs/architecture/Serialization.md:11-172
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i

SerializerBase — 2O

// File lifecycle
virtual void OpenFile(const std::string &fName, bool read) = 0;
virtual void CloseFile() = 0;

// Path navigation (think HDF5 group structure)
virtual void CreatePath(const std::string &p) = 0;
virtual void GoToPath(const std::string &p) = 0O;

virtual std::string GetCurrentPath() = 0;
virtual std::set<std::string> ListCurrentPath() = 0;
virtual bool IsPerRank() = 0; // true for JSON

virtual int GetMPIRank() = 0; int GetMPISize() = 0O;
virtual const MPIInfo &getMPI() = 0O;

// Scalars (per-rank)

virtual void WriteInt(const std::string &name, int64_t v) = 0O;
virtual void WriteIndex/WriteReal/WriteString(...) = 0;

virtual void ReadInt /ReadIndex / ReadReal / ReadString(...) = 0O;

// Vectors (COLLECTIVE under H5)
virtual void WriteIndexVector(const std::string &name, const std::vector<index> &v,
ArrayGlobalOffset offset) = 0;

virtual void ReadIndexVector (const std::string &name, std: :vector<index> &v,
ArrayGlobalOoffset &offset) = 0; // offset is in/out
// ... Rowsize, Real, SharedIndex, SharedRowsize

virtual void WriteUint8Array(const std::string &name, const uint8_t *data,
index size, ArrayGlobalOffset offset) = 0;
virtual void ReadUint8Array (const std::string &name, uint8_t *data,
index &size, ArrayGlobaloffset &offset) = 0;

src/DNDS/Serializer/SerializerBase.hpp:153-303
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ArrayGlobaloffset — Af{RIZIED

static const
static const
static const
static const

index Offset_Parts =
index Offset_One =
index Offset_EvenSplit
index Offset_Unknown

class ArrayGlobaloffset {
index _size{0};
index _offset{0};

public:

ArrayGlobalOoffset(index sz, index
index size() const;

index offset() const;
ArrayGlobalOffset operator*(index R) const;
ArrayGlobalOffset operator/(index R) const;
void CheckMultipleOf(index R) const;

bool operator==(const ArrayGlobalOffset &other) const;
bool isDist() const;

}i

UnInitIndex;

ofs);

// scales size (and offset if real)

// _offset >= 0

extern ArrayGlobalOffset ArrayGlobalOffset_Unknown, _One, _Parts, _EvenSplit;

M £
Unknown
Parts
One
EvenSplit

isDist()

aX

MEELEY rank_offsets EXIEEBZNEN
B A A /NEY MPI_Scan it &R

HIE 0 B ZENEBINBIES

1% 5 MHFEIKEL ~nGlobal / nRanks 1T

810 {localsize, globalStart}

src/DNDS/Serializer/SerializerBase.hpp:14-124
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TRNSERRM

BeaBs

= nGlobal < nRanks (5 FiERNHE 8 MNM#AFEL ) B,
EvenSplitRange & RFLEHFZSHES 017, Collectivefy
HDF5 ARANAB KB N HEASE — MNEaEiEA
std::vector<>::data() ®JBEIR[E] nullptr,

std::vector<index> v(size); // size may be 0
ReadDataVector<index>(name, v.data(), ...); // may pass nullptr - hang

1A MIA4EENEE 2290 _ ReadSerializerData #
ReadUint8Array £ buf == nullptr BI&SPkT
H5Dread , §Z{Collectivel{Eifie,

docs/architecture/Serialization.md:60-83

BERZE

SerializerBase.cpp PRI NMNMEAAEDS size == 0 BHE
& — Mo ENTEE :

index dummy;

ReadDataVector<index>(name,

size == 0 ? &dummy : v.data(),

cee )

ReadUint8Array =& | MITERIRTL :

1. 58— %iAFA: data = nullptr , REXK/N,
2. 8XERA: o + BESL (3 EW) EBHBEXRIBA,

FiBCollectivelREEZ#F2_ELA 0 TH%4HY hyperslab 4#4: —
ENRALD <.
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S A N iZEl M — rendezvous &=,

5 A\ifi (np = 4)
HiZE i EAHETT
+ origlndex

BuildRedistributionPullingIindex
3 &% MPI_Alltoallv:
1. 8% origindex —
ownerRank
2. &% origindex ZFTEi#1E

%8R (np = 8)
#F2 i LA EvenSplit 132EYX
29 1/8 H91T

3. R[4 % globalReadldx
~ H3x: origldx -
globalRead

WER: EulerSolver::ReadRestart RE—RXRIAA, AFPEERTRA 4 NMEEEA, BEiItERKXHA 1024 MERER, B—1%

JSON ConfigurationB1®]i& 1T,

docs/architecture/Serialization.md:87-172

localRows == 0 RYHEA=TE PXS5HF XCollectiveiE{E,

ArrayTransformer $i7EY
BFITIESR
IERARY B PR3t
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A4, ISON Configuration — DNDS_DECLARE_CONFIG

struct ImplicitCFLControl {

real CFL = 10.0;
int nForceLocalStartStep = INT_MAX;
bool useLocalDt = true;
real RANSRelax =1.0;

DNDS_DECLARE_CONFIG(ImplicitCFLControl) {
DNDS_FIELD(CFL, "CFL for implicit local dt");
DNDS_FIELD(nForceLocalStartStep, "Step to force local dt",
DNDS: :Config::range(0));
DNDS_FIELD(useLocalDt, "Use local (vs uniform) dTau");
DNDS_FIELD(RANSRelax, "RANS under-relaxation factor",
DNDS::Config::range(0.0, 1.0));

config.check([](const T &s) -> DNDS::CheckResult {
if (s.RANSRelax <= 0) return {false, "RANSRelax must be positive"};
return {true, ""};

});

¥

LIREIINES, TEZE. LEMG. TEEHIEIE — SR RE POD 25, W CUDAZ L, KRELERMEFES _dnds_do_register() Ak, 18
FieldMeta 1BR1EZZ| configRegistry<T> B,

src/DNDS/Config/ConfigParam.hpp:47-176 - ConfigRegistry.hpp:228-465
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Configuration — FEGFE 5EFEGRIE

// Simple scalars & bounded scalars

DNDS_FIELD(CFL, "CFL number");
DNDS_FIELD(nInternalIt, "Inner iterations", DNDS::Config::range(0Q));
DNDS_FIELD(relax, "Relaxation factor", DNDS::Config::range(0.0, 1.0));

// Enum with value names (appears in schema as enum constraint)
DNDS_FIELD(rsType, "Riemann solver type",
DNDS::Config::enum_values({"Roe","HLLC", "HLLEP", "HLLEP_V1",
"Roe_M1", "Roe_M2", "Roe_M3", "Roe_M4",
"Roe_M5", "Roe_M6", "Roe_M7", "Roe_M8", "Roe_M9"}));

// Documentation kwargs — emitted as "x-..." extensions in schema
DNDS_FIELD(CFL, "CFL number'", DNDS::Config::info("units", "nondim"),
DNDS::Config::info("ref", "Jameson 1985"));

// Nested sub-section
config.field_section(&T::frameRotation, "frameConstRotation", "Rotating frame");

// Arrays / maps of sub-objects

config.field_array_of<BoxInit> (&T::boxInits, "boxInitializers", "Box initializers");
config.field_map_of<CoarseCtr1> (&T::coarseList, "coarseGridList", "Per-level controls");

// Opaque JSON (for scheme-specific extras)
config.field_json (&T::extra, "odeSettingsExtra", "Opaque ODE scheme settings");

// Renaming / aliases (backward compatibility)
config.field_alias (&T::rsType, "riemannSolverType", "Riemann solver type");

src/DNDS/Config/ConfigParam.hpp:71-81
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Configuration — BJ4pLHY JSON Schema 5381F

// Emit the schema (run-time or ahead-of-time)

nlohmann: :ordered_json schema = ConfigRegistry<EulerConfig>::Instance().emitSchema("Euler solver config");

{
"$schema": "http://json-schema.org/draft-07/schema#",
"type": "object",
"description": "Euler solver config",
"properties": {
"CFL": { "type": "number", "default": 10.0, "description": "..." },
"rsType": { "type": "string", "default": "Roe",
"enum": ["Roe","HLLC",...,"Roe_M9"] }
}
}
CLI+ TH

./build/app/euler.exe --emit-schema > euler_schema.json

# BKRfESEWEY 107 KB HIHED

VS Code K{EZ#F JSON Schema BI4miE S rI IR (it B ot £ F IR ELEE
iE, FTEMESEAIT cases/euler_schema.json .
eulerSA3D_schema.json &,

src/DNDS/Config/ConfigRegistry.hpp:379-441

1E{TETIEIIE
auto &reg = ConfigRegistry<EulerConfig>::Instance();
reg.readFromJson(j, cfg); // RFE + SCEKRE
reg.validate(cfg); // BFER
reg.validatewithContext(cfg, ctx); // {#H nvars, dim, modelCode
reg.validateKeys(userJson); // SWRHMBMHER

FFoBIF RITFFERIIR,

validateKeys ZBEHY
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Python 4f — S A\ 5%

from DNDSR import DNDS
!
python/DNDSR/__init__ .py
!
python/DNDSR/DNDS/__init__ .py
— _loader.preload("dnds")
— from ._ext.dnds_pybind11 import *
L— _dinit_mpi()

H*

ctypes.CDLL - RTLD_GLOBAL

pybindi11l ¥R
EARHIT MPI_Init_thread

H* 3

MnEliFZEXEE OAMER, —1NE
_loader.py 7E pybind1l ¥ E$TH 8T RTLD_GLOBAL i e DNDSR.DNDS — #{£H. MPI, serializer
FIMNEBARER, WNIRZIFUABNIARY RTLD_LOCAL MN#Ek, ¥ IS « DNDSR.Geom — Mi&iZEN 512/

> B qped= )
BAZI BRI S, e DNDSR.CFV — BFR{ATR / VR / Fourier 734
s libhars 7 [lbeans e DNDSR.EulerP — GPU E%EI‘J EU|eI’ ;,R{E%E
libstdc++ libz \ o = N N N
\' it ibparmetis > lbdnds_shared libgeom_shared ]-D:I\E __1nit__ . py ﬂ')\éﬁﬁm I *Ei;& ’ 1§'f\=f$ | from

DNDSR import * Bl®]T{E,

python/DNDSR/ - docs/guides/project_structure.md:116-145
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Python P#3i%HY — ;&R R

from DNDSR import DNDS

from DNDSR.Geom.

utils import read_mesh, prepare_mesh, build_bnd_mesh

# 1. MPI bootstrap (implicit MPI_Init_thread already ran at import)
mpi = DNDS.MPIInfo(); mpi.setWorld()

# 2. Read a CGNS mesh with elevation and bisection
result = read_mesh(
"data/mesh/UniformSquare_10.cgns",

mpi =
dim =
elevation
bisect

)

# 3. Finish the

mpi,

2!

"o2", # Quad4 - Quad9

1, # one round of h-refinement

mesh (build ghosts, interpolate faces, reorder cells)

prepare_mesh(result.mesh, result.reader)

# 4. Extract surface mesh and dump VTK

bnd = build_bnd_

mesh(result.mesh)

result.mesh.BuildVTKConnectivity()

PEP 561 %,

BFRMH py.typed #xiB; .pyi TFIRTE cmake --install HBE]JH pybindii-stubgen Bzfi%ERL. Pyright. mypy #1 Pylance 7]&

B EEERY C++ KRIZ L,

docs/guides/python_geom_guide.md
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CFV Python — Fourier ¥:8%-& 87t

from DNDSR.CFV import ModelEvaluator # pure-Python wrapper over pybindll class

me = ModelEvaluator(mesh, fv, vr)
me.set_order(3)

# Fourier analysis: plug in a plane wave, read back the complex amplification
kx_range = np.linspace(-pi, pi, 200)
for kx in kx_range:

lam = me.fourier_amplification_factor (kx)

print(kx, lam.real, lam.imag)

XWARERNEN, VR EEFEBIEMHEEURT . REIZZFARERE, B Python IEZREEE Fourier i EHREXESH, ERESHMAR (PRHIE
HE. ARIER, SENE) ISR, MmIERE,

Hfth Python RERIINEE

ArrayPair . ArrayEigenMatrix/Vector/Batch

Buildubof / BuildURec / BuilduGrad ( ZEEU(LH)EREER )

o VIK #itt. B¥@EPEE. to_device / to_host

o STEM MeshAdjState #%F0 AdjPairTracked::idx ZEif ({X&EiE, M Python TE — FEHZ)

src/CFV/ModelEvaluator.hpp - RELEASE_NOTES.md:25
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KEES 5561

Euler &%l - EulerEvaluator - Z43|

v0.2.0 - ;B K= CFD LR =E
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Euler I N-S 2%l — SM1RE — AT HITHF

// app/Euler/euler.cpp — the entire file
#include "EulerSolver.hpp"
int main(int argc, char *argv[]) {
return DNDS: :Euler::RunSingleBlockConsoleApp<
DNDS: :Euler::NS>(argc, argv);

REINZE (EulerModel)

enum EulerModel {

NS, // 2D Navier-Stokes

NS_3D,

NS_SA, // 2D Spalart-Allmaras
NS_SA_3D,

NS_2D, // alias for NS

NS_2EQ, // k-omega two-equation
NS_2EQ_3D,

NS_EX, // reactive / multi-species
NS_EX_3D,

¥

#T EulerModel RIRIRA, B KMERFEM—NAIMITXE — H=E
2h, 7 EERXT.

src/Euler/Euler.hpp:874-905 - app/Euler/*.cpp

RANS 1EE #5728

enum RANSModel {
RANS_None,
RANS_SA, // Spalart-Allmaras (IDDES capable)
RANS_KOwilcox, // Wilcox k-omega
RANS_KOSST, // Menter k-omega SST
RANS_RKE, // Realizable k-epsilon

3

BHIERIEENMEY RANSModelTraits<> 435t, BISHEmARE
., REIFIE 12,

I3

65



DNDSR — CFD ®3iEZE

EulerSolver — TNZEiAEzE

Euler #2R¥ BT CFV BJiEHA tuDof / tURec HIBR, w™IOT

KRR TRAMKARE, REESTHET (
fRIEFRHIZS ) :

¥aaft. ASRHEE.

e ArrayDOFV<N> #Z¥ZHE CFV::tUDof<N> (= ArrayDof<N,1> ),
e ArrayRECV<N> #¥#EE CFV::tURec<N> (= ArrayDof<DynamicSize,N> ),

template <EulerModel model>
class EulerSolver {
typedef EulerEvaluator<model> TEval;

static const int nvVarsFixed = TEval::
MPIInfo

ssp<Geom: :UnstructuredMesh>

TpVFV

ssp<Geom::UnstructuredMeshSerialRw>
ssp<EulerEvaluator<model>>
ssp<BoundaryHandler<model>>

// Solver state (DOF arrays)
ArrayDOFV<nVarsFixed>
ObjectPool<ArrayDOFV<nVarsFixed>>
ArrayRECV<nVarsFixed>

JacobianDiagBlock<nVarsFixed>
ssp<JacobianLocalLU<nVarsFixed>>
ArrayDOFV<1>

// Config + output

nvVarsFixed;

mpi;

mesh, meshBnd;

vfv; // VariationalReconstruction
reader, readerBnd;

pEval;

pBCHandler;

u, uIncBufODE, wAveraged, uAveraged;

uPool; // rent/return buffers
uURec, uRecLimited, uRecNew, uRecNewl,

uRecOld, uRecl, uRecInc, uRecIncl,

uRecB, uRecB1;

JD, JD1, JDTmp, JSource, JSourcel, JSourceTmp;
JLocallLU;

alphaPP, alphaPP1, betaPP, betaPP1,
alphaPP_tmp, dTauTmp;

Configuration config; // nested sub-configs
nlohmann: :ordered_json gSetting;

std::string output_stamp;

// ... outDist* / outSerial* / outDist2SerialTrans* for VTK

iy

src/Euler/EulerSolver.hpp:73-148
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TH—tIE&#

E b 522/ JSON Schema

Configuration — ATIE]

NN EER DNDS_DECLARE_CONFIG ,

 TimeMarchControl — dtImplicit . nTimeStep .

steadyQuit . odeCode .
odeSettingl. .4 .

dtCFLLimitScale .

useRestart . useImplicitPP .

odeSettingsExtra ( A~3&EBH JSON) .

ImplicitReconstructionControl — useExplicit .
recLinearScheme (0=SOR, 1=

nGmresSpace/Iter |

nInternalRecStep .
GMRES ) .
recThreshold ,

fpcgReset ™ |

OutputControl — outputIntervalStep . outputFormat
(VTK, PLT. VTKHDF, series) . #7587 A,

CFLControl — #]%4 / &K CFL. ZEFHitxl,

--emit-schema J4E/Configuration¥t & AE P JSON Schema X

KB,

src/Euler/EulerSolver.hpp:160-246 - nested Configuration struct

SBENERM.

« ConvergenceControl — % ZHE, KITTE,

« DatalOControl — i£E&1Z, restart i &,

- BoundaryDefinition — SEX 15 BC £, BHHEEKFIRZ.

o LimiterControl — limiterProcedure .
WBAP P44,

« LinearSolverControl — gmresCode . Krylov FZ&[a], &R EL,

— BT 4&iTavKE a1y,

B3 EulerEvaluatorSettings<model> ,

usePPRecLimiter .

« TimeAverageControl
« EvaluatorSettings

« VFVSettings 1% VRSettings,

— euler_schema.json / eulerSA3D_schema.json /&, 81% 107
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EulerEvaluator<model> — ZT[g|&EF

void EvaluateRHS(ArrayDOFV<nVarsFixed> &rhs,
JacobianDiagBlock<nVarsFixed> &JSource,
ArrayDOFV<nVarsFixed> &u,
ArrayRECV<nVarsFixed> &uRecUnlim,
ArrayRECV<nVarsFixed> &uRec,
ArrayDOFV<1> &URecBeta,
ArrayDOFV<1> &cellRHSAlpha,
bool onlyOnHalfAlpha,
real t,

uint64_t flags = RHS_No_Flags);

FRASAL HittInZ 1A A
e RHS_Ignore_Viscosity e EvaluateDt(...) — &TF CFLHIFEP dt, EFiLH1Z,
e RHS_Dont_Update_Integration e EvaluateURecBeta — B/NEJTHI PP PRHIZE B.
e RHS_Dont_Record_Bud_Flux e EvaluateCellRHSAlpha — B2 IThY RHS 4554, BT PP,
e RHS_Direct_2nd_Rec — #&d VR, EARAETF GG WM e LimiterUGrad — HEEPRHIZE, =IEEUEMM,
e RHS_Direct_2nd_Rec_1st_Conv — ZPHEME—MTR e LUSGSMatrixInit/Vec/ToJacobianLU #1 UpdateSGS(WithRec) ,
e RHS_Direct_2nd_Rec_use_limiter o B¥MHPEES: GetWallDist_AABB . GetWallDist_BatchedAABB .
e RHS_Direct_2nd_Rec_already_have_uGradBufNoLim GetwWallDist_Poisson,
e RHS_Recover_IncFScale o MilE: mueff(u, T) , {EHA Sutherland SE BIREL,

MEMAROIEE — BE p-MG # PP FLREARIEIRAZHETIR,

src/Euler/EulerEvaluator.hpp:399-612
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BFRFR M — RERTU

¥ BC B2 —MLIMBEAEOMZ; BoundaryHandler<model> Eiz{TEMISEX 1S ID BRHZI BC 3L,

BC BiE
BCwall TBEEm (&)

BCwallIsothermal 7F;BBEEMmE, BEEEE

BCWallInvis B8 | WHR

BCSym RN FRE

BCFarField Riemann AL Eixi7

BCIn BEAO

BCOut / BCOutP BEHO /EAHO
BCPeriodic WRAEEHA

BCPeriodicRot he%eEHE (HAEHLM )
BCProfilelIn RIBLEIE (BRZE, RANS)
BCActuator Mo RN

T HMEEHIM BC: BCTotalInlet . BCRadialEqOutlet .
pCLDriver ),

src/Euler/BoundaryConditions/ - BoundaryHandler<model>

BCMixingPlane , LARAFIRABEENHANILER CL K5 (evaluator FREY
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2y

REEE 0l — Riemann, EUE. JXBR

Riemann | 1&}E

Sod euler_config_1DRiemann. json

LeBlanc euler_config_1DRiemann_LeBlanc.json
Sedov 1D euler_config_1DSedov.json

Sedov 2D euler_config_2DSedov.json

Noh (3D) euler3D_config Noh.json

EFE1BYE euler_config_blast.json

M2000 X{K¥IESTA euler_config_M2000Jet.json

SEEE | BURTIM

X Sk 8% 2D + 3D

M5 #UR1T8T euler_config_MsDiffraction.json
SBEEEE euler_config_cylinderHs.json
YUAEE | ¥ HE 3D

KK euler3p_config_SphereShock. json

cases/euler/ - cases/euler3D/

KB IER I EER

ZI#i® euler_config_IV.json — UWQSHERAR

Taylor-Green ji§ 3D euler3D_config_TGV.json .
euler3D_config_BenchTGV.json

MERNZE (ESEFETE)

- R I1TiRfE 2D + 3D

Bin¥EiRia iz

THERE (MG /) config_cylinderInvis_mg_bench.json

hiEse | EERAANR R

HEEGAA TR Z 1] B U S4GTI
hEse B ER S IEim
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MzEin ks Tl B iEEA

HSNER=S[INNZE
o« NACA 0012 — SA ( eulerSA_config_0012_A0A15.json ) #l k-w ( euler2EQ/... )
TR, & 02 FM ( ..._Elev.json ) #1 MG E/# ( config_0012_mg_bench.json ),

e 30p30n S5F /1 eulerSA_config_30p306n.json ,
« NASA CRM — E#lF1 CRM-HL &# /1.

« DLR-F6 ZHIVIESHSIK,

« DPW-W1 fHAFUMNLE,

o FHIL — LES 5 RANS Xitt,

cases/eulerSA/ - cases/eulerSA3D/ - cases/euler2EQ/

&AL
« Rotor 37 BEEEESWl eulerSA3D_config_Rotor37.json ,
o HIZAMXES Al eulerSA3D_config_FanAl.json ,
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v0.2.0 FFTIBRYI K EZETNEE

ODE 5¥n&tig
« HM3 &%) — U2R2/U2R1/U3R1 t&3{, tpMG. incFScale. 5
LimiterUGrad FIRIEIES

« ¥1i% ESDIRK2 | ESDIRK3 | Trapezoidal,
e ILU-OMP FiiftIE2s
R
« SA Y DES - DDES - IDDES #E.
o YIEE., HEFRIEIETIK, ft2 XK,

e k- FAEER, EBBEEHAM euler2eEQ / euler2EQ3D FIHITX
%,

« BCProfileln B+ RANS AOZIME.

RELEASE_NOTES.md:9-21

HE | RIS 1 BC
« Roe M8 iB&=; HLLE+ (L),
« incFScale (IBEBE4HY ) SEMEIEELER,
o ZFEEEM BC (BCwallIsothermal),
o EMPHIHNTERES,
o LimiterUGrad FRHV{RIEEFIPRHIEZE,

IR
o hEARMENR R (FEHA + WS ,

- EEMBRER —12/E. EEE. Bx-RuEEl (ZHER)

TR
e source2nd ., mergeMultiResidual . normOrd .
restartOutAtInit . resBaseType £,

72



DNDSR — CFD ®3iEZE

F*1&F — RunImplicitEuler

void RunImplicitEuler() {
InitializeRunningEnvironment(env);
// optional restart
if (config.restartState.useRestart)
ReadRestart(config.dataIO.readRestart);

for (int step = 1; step <= config.timeMarch.nTimeStep; ++step) {
EvaluateDt(dt, u, uRec, CFL, dtMinAll, config.timeMarch.dtImplicit,
config.cflControl.useLocalDt, t);

// Inner pseudo-time loop (driven by the chosen ODE integrator)
odeIntegrator.Step(

u, ulnc,

/*frhs*/ [&](rhs, u, dTau, iter, alpha, upos) { pEval->EvaluateRHS(...); },
/*fdt */ [&] (u, dTau, alpha, upos) { pEval->EvaluateDt(...); },
/*fsolve*/ [&](x, rhs, uInc, dTau, alpha, ...) { Krylov + LUSGS; 1},

maxInnerIter, fStop, fIncrement, config.timeMarch.dtImplicit);

UpdateCFL();

if (step % config.outputControl.outputIntervalStep == 0)
PrintData(fname, series, ..);

if (step % config.outputControl.restartInterval == 0)
PrintRestart(fname);

if (Converged() && config.timeMarch.steadyQuit) break;

iR lambda BBZ{ 2 EulerEvaluator . GMRES_LeftPreconditioned F0 LUSGSMatrix* HYIEAS — ODE A2 40E
——-
E.

src/Euler/EulerSolver.hpp:1270-1486
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MR EAFBE S

FRIR C++ B[fITXE MiXAAl  Python i np1E

DNDS 8 249 9 1,2,4,8
Geom 9 193 2 1,2,4,8
CFV 4 67 43 1,2,4,8
Euler 4 62 4 1,2,4,8
Solver 4 29 — 1

Bit: 29 4 C++ a[HITXF, 600 NMMRAA, 58 4 Python Jlid, &z 82 4~ CTest ;M. FTE X MPI FUMIIRIIIZ S np
{B7E CTest HiEM., SITMEER 60-120 #; F1TMIRNER 120-600 #), RIRRME,

# Build + run everything

cmake -B build -DDNDS_BUILD_TESTS=0N
cmake --build build -t all_unit_tests -j8
ctest --test-dir build --output-on-failure

docs/tests/overview.md:11-40
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C++ MiX B (1/2)

DNDS

test_array — ffE. 1THE. &EXES

test_mpi — MPI 2, SES5IRE
test_array_transformer — /7 ghost 3%
test_array_derived — AdjacencyRow, EigenMap 1T
test_array_dof — EEZT(E)IE{E. SEE. AXPY
test_index_mapping — 25 &3 BEB. EvenSplit
test_serializer —H5+ JSON, EH%H
test_permutation_transfer — MPL E{RSEL%E/fEE

Geom

test_elements — SERER. FEOTLLAERE
test_quadrature — Fi#. NXE
test_mesh_index_conversion — K&
test_mesh_pipeline — FEEEM)EEHE
test_mesh_distributed_read — ParMetis E5X
test_mesh_connectivity — Inverse/Compose DSL
test_mesh_connectivity_ghost — GhostSpec BFS
test_mesh_connectivity_interpolate — EH{E
test_mesh_reorder — i# Cuthill-McKee/Hilbert HiF

test/cpp/DNDS/ - test/cpp/Geom/

BRAYNAZEN

TEST_CASE("ArrayTransformer: round-trip ghost pull" *
doctest::description("np=1,2,4") *
doctest::timeout(120.0)) {

MPIInfo mpi; mpi.setWorld();
auto father = make_ssp<ParArray<real, 5>>();
auto son = make_ssp<ParArray<real, 5>>();

father->Resize(localN); father->createGlobalMapping();

// ... populate father ...

ArrayTransformer<real, 5> trans;
trans.setFatherSon(father, son);
trans.createFatherGlobalMapping();
trans.createGhostMapping(pullGlobal);
trans.createMPITypes();
trans.initPersistentPull();
trans.pullonce();

CHECK(son->operator[](0).isApprox(expected, 1le-14));
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C++ Ml B 3 (2/2)

CFV

e test_reconstruction
E/Y VR RSN,

e test_reconstruction3d - 3D &
{K; Jacobi/SOR 3ttt,

e test_limiters - WBAP/CWBAP
EMSE LRI, BEEIRK
il 831 I,

e test_device_transferable
( {X CUDA ) - FiniteVolume %I
GPU HJ{ER &4,

- Rz

test/cpp/CFV/ - test/cpp/Euler/ - test/cpp/Solver/

Euler

test_gas_thermo - BIES{K
Cv/Cp. T/p X%. Mach - k%,
test_riemann_solvers - 13 &%
K, —& Riemann o) ARSI AE—
M,

test_rans - SA+ k-w JRIN, EFE
BEERD. BIRME,
test_evaluator_pipeline - 7
& E M8 EAYFTE EvaluateRHS
— golden values,

Solver

test_ode

- ODE & &M £/

BDF/SDIRK/HM3 ( Van der Pol, [l

MARE ) .

test_linear

test_direct
TRk,
test_scalar -
=] )33t

FrEins

- W EFERE ERY
GMRES + PCG g,

- INER LU/LDLT 1E

C9 D
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MRE M — golden values A {RIFF2E

FZMAE T EER 5EIHEIRE golden values #1TELER, HENEERN 1e-6 2| 1e-8, ATERX—RBEX, BXREBITH

ERVDINF TR,

ERTEMERIE — B8R

o FXINF - metisSeed = 42 (EEE).

« SOR EffillifF (k#HmnX ) - VR MK LZFA Jacobi £
Ko

o LU-SGS 3% A [ (2 XERF ) - Euler ELMIXAER
Jacobi X\A&HIEE #,

o« OMP 34|[NiF ( &1ZEN ) - ERELKEN TIrEAE
HE %R,

docs/tests/overview.md:87-111

IHE(ERTV

=i golden value @ R¥HFRET, MIXFEEEIE 1e300 :
const real gold_kinetic = 1e300; // TODO: capture
const real computed = evaluate();

if (gold_kinetic < 1e299)

CHECK(computed == doctest: :Approx(gold_kinetic).epsilon(1e-8));
else

CHECK(std: :isfinite(computed) && computed >= 0);

FELE, IR EXETR—1MER/AENEIEENE,
A BMERERHERRZFEF golden value,
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Python jllif — pytest + pytest-mpi

E

test/DNDS/test_basic.py (9 /N ) — import 5%, MPlinfo, /NEU4ATEIR,
test/Geom/test_basic_geom.py (2 ANMiZ ) — CGNS iZEX. FHPB. W5,
test/CFV/test_fv_correctness.py (16 NiE ) — EFEMAE LAY R TR/ mmiR /3
BT EE IERTE,

test/CFV/test_vr_correctness.py (16 /NMix ) — sin(x)sin(y) £8Y VR B84,
test/CFV/test_basic_fv.py + test_basic_cfv.py + test_cfv_dissdisp.py

(11 N ) — FVICFV BRMIR SFER-B 8 .
test/EulerP/test_basic_eulerP.py (1 /MR ) — FE#H + CUDA EiR,
test/Euler/test_restart_redistribute.py (3 /M) — & MPI EHXHIKAREEE
=N

,—

T

# Serial
pytest test/DNDS/test_basic.py -v

# MPI
mpirun -np 4 python -m pytest test/DNDS/test_basic.py

# Some tests support standalone
python test/DNDS/test_basic.py
mpirun -np 2 python test/DNDS/test_basic.py

docs/tests/overview.md:104-124

RENERELS IR

# 1. Rebuild pybindi1 shared libs
cmake --build build -t dnds_pybindl1l geom_pybind11 \
cfv_pybind1l eulerP_pybindi1l -j32

# 2. Reinstall into python/DNDSR/ (MANDATORY)
cmake --install build --component py

# 3. Only now, run tests
source venv/bin/activate
PYTHONPATH=<root>/python pytest test/ -v

L 20 C++ BEEMEZRRTBESHILEBN .so X, HrEiRSMHME
&KX bug, git checkout REFIRME, ERZEMME #HHIXH,

RERIR,

BiLR
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MERYG — TR

{
"configurePresets": [
{
"name": "release-test",
"generator": "Ninja",
"binaryDir": "${sourceDir}/build",
"cacheVariables": {
"CMAKE_BUILD_TYPE": "Release",
"DNDS_BUILD_TESTS": "ON",
"DNDS_USE_OMP": "ON"
}
}I
{ "name": "debug", "inherits": "release-test",
"cacheVariables": { "CMAKE_BUILD_TYPE": "Debug" } 3},
{ "name": "cuda", "inherits": "release-test",
"cachevariables": { "DNDS_USE_CUDA": "ON",
"CMAKE_CUDA_ARCHITECTURES": "native" } 1},
{ "name": "ci", "inherits": "release-test",
"cachevVariables": { "DNDS_TEST_NP_LIST": "1;2;4",
"DNDS_TEST_OMP_THREADS": "2" } }
I
3

Collective B #5:

CMakePresets.json

dnds_unit_ tests .
all unit_tests — ¥Ji%EJJ EXCLUDE_FROM_ALL , HILE®EHY cmake --build {HEEMESEAL,

geom_unit_tests .

cfv_unit tests . euler_unit tests . solver_unit_ tests .
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Python T8 — scikit-build-core

# pyproject.toml
[build-system]
requires = ["scikit-build-core>=0.8", "pybindli1l", "pybindll-stubgen"]

build-backend = "scikit_build_core.build"

[project]

name = "DNDSR"

version = "0.2.0" # synchronized with VERSION file + git describe

[tool.scikit-build]
cmake.args = ["-DDNDS_BUILD_PYTHON=ON", "-DDNDS_PYBIND11_NO_LTO=0ON"]

install.components = ["py"] # only install the py component
MES%ZR 7

CC=mpicc CXX=mpicxx \
CMAKE_BUILD_PARALLEL_LEVEL=32 \
pip install -e .

o MELEF *_pybind11 BiF,

« BEEHIF python/DNDSR/*/_ext/ ,

« IZ{T pybindil-stubgen 4RY .pyi X4,
- BINPBHZ=EERIZE] python/DNDSR/_1lib/ ,

m

pyproject.toml - RELEASE_NOTES.md:32-40

t 48R %% Python ( 3E conda )

Conda/Anaconda Python 7£ — %l % A\ T #8[a) conda B libstdc++
HJ RPATH, ELRRAFIBEIRT MPI fRiF2E=ERIIRA, FH4E Python (£
A4 libstdc++, &R T IXFHE,

— README . md

acOS B &8 fmtlib LWEAHE, thEB AR,
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Clang-tidy ;51E

DNDS #zily — BIERL R
o 24,597 NMZBIEBIE BT,
. 26 RIRIFAEXIPHIRFHITIEE,
o FR 1A — —/NFHEXH Eigen PCH omp.h B&(6)H,
o TEAZFLIZRF .clang-tidy Configurationi® HIRTFETE
docs/dev/clang_tidy_plan.md H,

.clang-tidy ZMI ({L&M4 )
e cppcoreguidelines-pro-bounds-pointer-arithmetic — &
CSR/ATmIF B AR T,
« fuchsia-default-arguments-declarations — MPI ZXiA{E,
e llvm-header-guard — Ff(1fEF #pragma once,

« modernize-use-trailing-return-type — XI&{RiF,

docs/dev/clang_tidy_plan.md - RELEASE_NOTES.md:32-40

BiTiGIT
# Per-module histogram
python scripts/run_clang_tidy.py DNDS
python scripts/run_clang_tidy.py Geom
python scripts/run_clang_tidy.py CFV
python scripts/run_clang_tidy.py Euler
python scripts/run_clang_tidy.py Solver

T—%
Solver/Geom/CFV/Euler/EulerP i@ x&;518 — v] MR
2, .clang-tidy H9ZEEFConfiguration®] 1A,
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NIER G — =2

Markdown sources

docs/architecture/
doxygen_compat.py

docs/guides/
(shared MD translator)

Sphinx + Breathe
(sphinxawesome-theme)

Static HTML site

cfdlab-thu.github.io/DNDSR

-

FERY

docs/theory/
docs/tests/ \
D Doxygen HTML
C++ / Python oxygen. (class - call - include
» + Graphviz
source tree graphs)
KA MEEE
o B — Markdown jFi&i¥ doxygen_compat.py [EBI7E Sphinx F i o S
Doxygen H/E%, TEHNER

« Doxygen HTML #kR ATE Sphinx ih=f) /doxygen/ B&1ZF,
- Graphviz £4KE. FHRE. B8E.
 sphinxawesome-theme 3, EEFENKBE R,

docs/sphinx/conf.py - docs/doxygen/ - RELEASE_NOTES.md:61-70

{X{&e% Markdown

522 ( Doxygen + Sphinx )

<1ls
~10s

~2.5 min

cmake --build build -t serve-docs
# - http://localhost:8000 with hot reload
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&= =
9

B

Z5ER

¥&53E 2D / 3D Euler 5 NS &

v0.2.0 - 5% K% CFD XB=E
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MPI 553 & — TGV E &N

B][£ 4§ Taylor—Green j&, Re =1600, 100 Xi%{X, &2 HPC T LEE
~4k B jtlrank,

E il Kges

BSSCA DNDSR/BSSCA 64 _ 10240 ranks

BSSCT DNDSR/BSSCA 96 - 1920 ranks

CS DNDSR /JS 32 - 256 ranks

« HME M 548 kCl/s (64 ranks) ¥ EZl 71.8 MClIs ( 10240
ranks ) .

o HIZNEERNUERNFITE LRIFE 82-102%,

kCl/s = FEIT-1E/F; —KREITT-EIZEITT_LHT—.K RHS ITE,

v0.2.0 - ;B KRZE CFD LR =E

kCl/s (total throughput)

Weak-scaling efficiency (%)

100 1

80

60 -

401

201

Weak scaling — total throughput

1 -3 Bssca

ideal

102 103
MPI ranks
Weak scaling — per-core efficiency

T
104

10391%102%

M

T v v v v
0 2000 4000 6000 8000
MPI ranks

T
10000
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NACA 0012 (SA RANS)
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NACA 0012 — AOA 15°

L | i

0.05 0.1 0.15 02 025 03 035 04 045 05

AOA = 15°, Sip#

v0.2.0 - B KZE CFD K=

I | i
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W5z 5t (2D Euler)

t=0.2 BAYZBE, Dfk 10 BUETE 30° #2 L,

22.0 22.0
21.0 21.0
20.0 20.0
19.0 19.0
18.0 18.0
17.0 17.0
16.0 16.0
15.0 15.0
14.0 14.0
13.0 13.0
12.0 12.0
11.0 11.0
10.0 10.0

9.0 9.0
8.0 8.0
7.0 7.0
6.0 6.0
5.0 5.0
4.0 4.0
3.0 3.0
2.0 2.0
DITR U2R2, Cy = 0.55 BDF2

v0.2.0 - 5% K% CFD XB=E
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HBEI1EE (2D Euler)

Sk 3 THhiA, 15° [EHIAA,

0.62

0.6
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0.56 P

054 =+ + 1 v 0 0wy

1%

v0.2.0 - 5 K% CFD XB=E
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1 — ¥ht4 (Re =100) + [£ /]

-1.7 -14 -1.1 -08 -05 -02 01 04 07 1 13 16 19 22 25 27

E77, Re = o0

v0.2.0 - 5 K% CFD XB=E

01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22

ZE Re =100
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SiBAEIRZME (2D Navier-Stokes)

b |8) EEIRAER

mtE

v0.2.0 - 5 K% CFD XB=E

BT p) (pooUL), 27 R&(EL
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EEEREE

B8] 1K + Ma = 0.1

1O'Z§Voooooooo\e
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[E#% Re = 1200 (2D NS, IEEF)
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Q-criterion
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M2000 5177 (2D Euler)
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Z %R (2D Euler) — iRZEXEY
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NASACRM —C; +(C/Cp
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v0.2.0 - 5 K% CFD XB=E

108

Current 02
Current O4

P, Boeing Grids
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K, Boeing Grids
d, Custom Grids
IT, Custom Grids
A, Custom Grids
7, Custom Grids
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CHAPTER 10
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RE — Mg 51T

iTHA: BIECEHRY ghost

struct GhostRequirement {
int cellRings
bool nodeNeighbor
bool complementNodes
bool complementBnds

1; // # of cell2cell rings

true; // cell2cell by vertex share vs face share
true; // ghost cells keep all their nodes

true; // owned nodes keep all their bnds

Y

o FEM EZEH/ ghost &£&tL compact FV B/,

. BEIRIRFV (2+ B) FBEERNES,

o HHAEIZAIA ghost 2B RADH
BABERY LA,

1

docs/architecture/MeshConnectivity.md:416-458 - MeshDAGDesign.md

FRHEA: SASDIR

« /A0 edge2node . cell2edge. node2edge , E{EMEEHY
AdjPairTracked 3E,
- FHBEFEZRIIBERAMP codim-K 18R,

« AFEFTEM FV H FEM TER,

< HA: DMPlex X&) DAG
- BETRMEIRTNSE — KRS,
« SEMBEXRR —
o PetscSF MiHIIBIE LM,
o PetscSection Xi&RIRIN S AL EEFE,

useCone x useClosure 7Tn/R¥E[E,

« 3220l docs/architecture/MeshDAGDesign.md (765 1T) .
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FREE — Kf#ZE, F1T. V&V

KiR23
e RRBIZ4H5 ( NS_EX ) — AERFA, RHMEIEFEM,
- EEMNIE — BB 2D ER (2iE. IEBEE., Bx-BmEsEt); i
FRE 3D HRIMTERBIEBETF,
o STE (4H3R ) Jacobian — BRINZIFLEMF + LU-SGS, HRDIR
CSR Jacobian [58] 2 AMG + SuperLU_dist + PETSc {E &4
¥,

Hi1T
e 1§ CUDAZBEM EulerP ¥ REBEIFTER Euler K{EEE
o B2 SoAZEE; BEEEIRFZAFEHIT GPU F] 1Y MPI,
e NMVR EWMRHEE ZHNIRESEES.

« Task-based execution3£3E,

RELEASE_NOTES.md:20 - src/EulerP/ - docs/dev/ideas.md

v&vV T{EiR

OB RIESHATREY, 8XARMEITEEERIE, B3I
ZmURELE,
BEZ M HHED: NASA Rotor 67, {KEX B,

SEFRIERIRIZE,

XESF&RE

& Python ;RFICAILEC S /] C++ B

W RISKIER (Solver, Geom, CFV. Euler, EulerP) #1T Clang-
tidy ;512 — 5 DNDS #HEINA X,

RELEAITIER, BT docs/dev/ HIUEKRH,
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LR IR i

Zef 1=
« array_infrastructure.md — HJEKE LiEA Array - o building.md — JMERMRER. k3. CMake Flig,
ArrayTransformer - ArrayPair - ArrayDof , array_usage.md — YfEIfEA Array / ArrayDof wE{LEE,
« MeshConnectivity.md — AdjPairTracked IKZS#H1l. ghost 4% « geom_usage.md — WFIZMES VR 77K,
DSL. DAG EE,
« Serialization.md — 73/Z /0, BHIZER. BRI,
« Paradigm.md — JEERHISREZE, 5 OpenFOAM/SU2 Xttt,

o python_geom guide.md — FEEHY Python Geom APl &%,
. serialization_usage.md — HDF5 &5, EN %,
« style_guide.md — C++ F Python #i3E,

Hip « examples.md — FJiG{THY examples/ex_*.cpp &%,
« Variational Reconstruction.md / .pdf — ME;ZX. KNk
EREHARZNTEES.
« Shape_Functions.md — ZBETHEHSIHS,

A
o docs/tests/overview.md — EZE. BEM. MXEHLE,

o SRR DIE :

docs/tests/{dnds, geom,cfv, euler,solver}_unit_tests.md ,

docs/architecture/ - docs/theory/ - docs/guides/ 104
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1515

Fan L BB T

cmake --preset release-test
cmake --build build -t euler -j32
mpirun -np 4 ./build/app/euler.exe cases/euler_config_IV.json

X5 - <repo/DNDSR> X#4 - cfdlab-thu.github.io/DNDSR & #i/#BH - RELEASE_NOTES.md (v0.2.0)

JBEIEAZ CFD i

<repo/DNDSR> - cfdlab-thu.github.io/DNDSR
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