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3aja4y MaTeMaTUu4yecKou
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OnepaTtopbl B Marematuke n usnke

®* YPpaBHEHUE COXPaAHEHNA KONMNYECTBa ABUXKEHUNA ONA
HbIOTOHOBCKOM HECXKUMAEMOW KUOKOCTU be3 ,D,EFICTBMFI
MaCCOBbIX CUN:

dpU
%+\7- (UU) —V - (uVU) = —Vp

* ypaBHEHUE IUnepa B rmapoanHaMuUKe naeanbHOU
KUAKOCTU B KOHCEPBAaTUBHOW BEKTOPHOW popme:

om/ot + of,/dx + of /oy + 0f,/0z =0
* E=-grad ¢
e p=div D
e rot E = -0B/ot



[Tpmepbl cnonb3oBaHnA BUbnMoTekn

*E=-grad_(fi);

*ro=div_(D);

*dBdt=-rot_(E);
*v=(Sp*(I-P*AH*R*Ah)*Sp)(u);
*u=laplas(mu®*v); (u=A(uv))



CpaBHeHMe onepaTopoB B MaTeMaTUKe
M B Nporpammax

OnepaTopbl B MaTemMaTuKe Mpumepbl nporpamm
» E=-grad ¢ * E=-grad_{fi);

« p=divD * ro=div_(D);
 rotkE =-0B/ot e dBdt=-rot_(E);

v=(Sp*(lI-
P*AH*R*Ah)*Sp)(u);

Q=S,(I- PA;IRAY) S,



Llenun, ctaBuBLUMECS NPU
pa3paboTke meToaa

* [IpnbAUKEHME BHELWIHETO BUAA NPOrpamMmmbl
K dopmynam B TeopeTnyeckmx paboTtax

* JleHnBble BblYUC/IEHUNA — NMNpPpaBad Y4aCTb
BbIHNCNAETCA TOJ/IbKO NP npncBanBaHUH

* COKpbITME peanmnsaumm onepaTtopa
npucBamMBaHUA.

* MakcMmanbHaa NPon3BoOANTENIbHOCTb
BblYUCNEHUM



OcobeHHocTn nnatdopmbl CUDA

e [1aHHbIE NAOTHbIX CETOYHbIX PYHKL NN
XpaHATCcA B namaTn CUDA.

* OcHOBHOM onepaTtop 6MbAINOTEKN —
onepaTop NPUCBAMBAHNA CETOYHOIO
BbIYNCANTENA NJIOTHON CETOYHOU QYHKLUMNM
BbINOJIHAETCA NYTEM BbI30Ba OAHOr0 AAPA.

* BO3MOXHO BbINO/IHEHUE HECKOJ/IbKUX
onepartopos nNpunceBanBaHmMAa s O4HOM A4pe.



[Topnepxka Intel Xeon Phi

CneuunanbHoun nogaepxku (B otanume ot CUDA)
Xeon Phi B 6ubnnoteke Het. ECTb noaaepHKa
OpenMP pgna nocnepgoBatenbHOro KoAaa,
PEaNN30BaHHOIO Yepes TPU B/IOKEHHbIX LUKAA.
[epen asTUMK UMKNAMU CTOUT oNepaTop:

fpragma omp parallel for private (i, J, k)

Ecnn kKomnuaaTtop noaaepmnsaeTt AaHHYIO
nparmy, To AnA UCMNOJIHEHMA onepaTopa byayT
MCNO/Ib30BaHbl UMEIOLLIMECA AApa NnpoLeccopa.



[Tpumep onepatopa (Jlannaca)

template<typename T> struct laplas : grid operator<laplas<T> >
{
laplas (T dx,T dy,T dz) : dx2(dx*dx), dy2(dy*dy), dz2(dz*dz) {}
template<class EOP>
T operator() (size_t i,size t j,size_t k,const EOP& eop)const({
T vO = eop(i, j, k) * 2.;
return
(eop(i + 1, j, k) + eop(i - 1, j, k) - v0) / dx2 +
(eop(i, j + 1, k) + eop(i, j - 1, k) - v0) / dy2 +
(eop(i, j, k + 1) + eop(i, j, k - 1) - v0) / dz2;
}
private: T dx2, dy2, dz2;
}i



cnos1b30BaHHbIE TEXHO/TOMTMU

LLIabNOHHbBbIM NONNMOPPU3M;

MeTasbluncneHus (LwabnoHHoe
MeTanporpaMmmmpoBaHue);

[loaaep*KKa pasmepHbIX BeNNYUH;
Ob6beKTbl-3aMeCcTUTeNu;
KOHTEeKCT UCNnoHeHuA.
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nev — fx + fy y

roe f"—f“(p, u, v, w, p, E), &, — 6asucHble yHKumK.

MHTerpan no TeTpaszpy BblYUCAAETCA METOAOM
[aycca, ANnA Yero HY»KHO HaWTKU 3HAYEHME BblParKeHUA
B KBaApaTHbIX CKOBOKax B MayccoBbix TOYKax. Ha Bxoae
B npoueaypy MMmeroTca KoapPUuMeHTbl pas3noKeHUs
no 6a3ucHbIM GYHKLUMAM BEAUYUH P, PU, PV, pW, E.

B Hayasne nNo 3TUM KoadpPuLUMEeHTaM HaxoaAaTCA CaMm
BE€/INYMHbI B [QyCCOBbLIX TOYKAX, 3aTEM BbIYMCNAOTCA
3HaYeHUA NepemMeHHbIX u=pu/p, v=pv/p, w=pw/p.
[Tocne 3Toro BbIYUCAALTCA 3HAYEHNE NepeMEeHHON e:
e=E/p-(u?+v2+w?)/2. laBneHune p BblYMCAAETCA NO
YPaBHEHMIO cocToAaHUA p=p(p, e).
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B pe3ynbTaTe oCHOBHaA npoleaypa metToaa
[aNEKPMHA BbIMAANT cneayowmnm obpasom:

R=A*(join_polynom_operator<grid_type>(ugrid)(
volume_integral<integrate tetra t>(ugrid, eos,
_rou, _rov, row)(U),
volume_integral<integrate tetra t>(ugrid, eos,
_rou* u+ p, _rou* v, rou* w)(U),
volume_integral<integrate tetra t>(ugrid, eos,
_rov* _u, rov* v+ p, rov* w)(U),
volume_integral<integrate tetra t>(ugrid, eos,
_row* u, _row* v, row* w+ p)(U),
volume_integral<integrate tetra t>(ugrid, eos,
(LE+_p)*_u, (_LE+_p)*_v, (_LE+_p)*_w)(U)
) - hflow_op(U));
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[lpeunmyLlecTBa
onepaTtopHOro metoaa
nporpaMMMpoBaHus

HarnagHocTb. M3 KOPOTKOM 3anncu cpasy BUAHO,
YTO AenaeTca ANA KaxKaon AYenKu;

* He Hy»KHbl MPOMEXKYTOUYHbIe MAacCUBbI (CETOYHbIE
bYHKUMM). JIerko BbIMOAHATb BbiparkeHua ntobow

C/IOKHOCTHU;

* ABTOMATM4YECKNI (MpoCcTon nepekomnuasumnei)
nepeHocC Ha NapasinesibHble aPXUTEKTYPbI, TAaKME,
Kak NVidia CUDA u Intel Xeon Phi.



Cnacunbo 3a
BHUMAaHNEe



