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Ñîäåðæàíèå1. ×òî òàêîå ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå?2. Ìíîãîìåðíàÿ êëàññè�èêàöèÿ çàäà÷ ÌÌ.3. Òåõíîëîãè÷åñêàÿ öåïî÷êà ÌÌ.4. Ñòðàòåãèè è òàêòèêè ðàñïàðàëëåëèâàíèÿ5. Àðõèòåêòóðû ÏÏÎ6. Èí�ðàñòðóêòóðà âû÷èñëèòåëüíîãîýêñïåðèìåíòà êàê ñëîæíàÿ ñèñòåìà.7. Èíñòðóìåíòû óïðàâëåíèÿ âû÷èñëèòåëüíûìèïðîöåññàìè. 2
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Mathemati
al StatementsNavier�Stokes PDEs (Hydro-Gas-Dynami
s)Lame (Thermo - Elastoplasti
ity)Dar
y (Multi-Phase Porous Media)Maxwell (Ele
tro-Magnetism)Boltzman (Kineti
s)Integral Equations (Various Appli
ation)Classi
al & Variational FormulationsHamiltonian Formalism (Dynami
 Systems)4



Formal Des
ription of a Dire
t PDE and/or BIE ProblemsL~u = ~f (~x, t), ~x ∈ Ω̄, 0 < t ≤ T < ∞,l~u = ~g(~x , t), ~x ∈ Γ = ΓD ⋃
ΓN , ~u(~x, 0) = ~u0(~x),L = A ∂

∂t +∇B∇+ C∇ + D, Ω̄ = Ω
⋃

Γ,u = gD , x ∈ ΓD ; DNu + AN∇nu = gN , x ∈ ΓN ,
Ω̄ =

M⋃j=1 Ω̄j , Γ = Γe ⋃ Γi , Γi = ⋃
Γij ,k = ⋃

(Ω̄j ⋂Ωk)+ Integral + Variational Equations5



Constraint Optimization and Inverse ProblemsGoal Fun
tional
Φ0(~u(~x , t,~popt)) = min

~p Φ0(~u(~x, t,~p)),Linear Constraintspmink ≤ pk ≤ pmaxk , k = 1, ...,ml ,Fun
tional Constraints
Φl(ū(~x , t,~p)) ≤ δl , l = 1, ...,m2,State Equation (Dire
t Problem)L~u(~p) = ~f , ~p = {pk}Lo
al and Global Minimization6



Advan
ed Numeri
al MethodsIsogeometri
 FEAAdapted Quasistru
tured Grid GenerationDis
ontinuity Galerkin, FEM, FVM & BIEMulti�S
ale Approa
hesHamiltonians & Simple
ti
 AlgorithmsParallelism & Optimized DDMFinite Element Exterior Cal
ulusOptimization & Inverse ProblemsInterdis
iplinary Problems7



ÂÛ×ÈÑËÈÒÅËÜÍß ÑÕÅÌÀ ÝÊÑÏÅ�ÈÌÅÍÒÀÔîðìóëèðîâêà ìîäåëèÄèñêðåòèçàöèÿ çàäà÷èÀïïðîêñèìàöèÿ óðàâíåíèé�åøåíèå ÑËÀÓ�åøåíèå ÑÍÀÓ (íåëèíåéíûå èòåðàöèè)Èíòåãðèðîâàíèå ïî âðåìåíèÎïòèìèçàöèÿ ïàðàìåòðîâ (îáðàòíûå çàäà÷è)Ïîñòîáðàáîòêà è âèçóàëèçàöèÿ ðåçóëüòàòîâðàñ÷åòàÀíàëèç ðåçóëüòàòîâ è ïðèíÿòèå ðåøåíèé8



Ñòðàòåãèè è òàêòèêè ðàñïàðàëëåëèâàíèÿ1. Ìàñøòàáèðóåìûé ïàðàëëåëèçì, ãèáðèäíîåïðîãðàììèðîâàíèå, èíòåãðàöèÿ ðåñóðñîâ2. Ñèñòåìû ïåðåäà÷è ñîîáùåíèé (MPI)3. Ìíîãîïîòîêîâûå âû÷èñëåíèÿ (OpenMP)4. Âåêòîðèçàöèÿ îïåðàöèé (AVX)5. Óñêîðèòåëè: GPU, Xeon, ÏËÈÑ (FPGA)6. Îïòèìèçàöèÿ êîäà è ìèíèìèçàöèÿêîììóíèêàöèé7. Àâòîìàòèçàöèÿ ðàñïàðàëëåëèâàíèÿ?!9



�àáîòà ñ äàííûìè
ïåòà�ëîïñ ∼ ïåòàáàéò�Ïðîãðàììà = àëãîðèòìû + ñòðóêòóðà äàííûõ�Íèêëàóñ ÂèðòÈåðàðõè÷åñêàÿ îáùàÿ + ðàñïðåäåëåííàÿ ïàìÿòüIntensive Data Computing (Data Mining)Ñîâìåùåíèå îáìåíîâ ñ âû÷èñëåíèÿìè
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�ëîáàëüíûå âûçîâû ÌÌ1. Ôóíäàìåíòàëüíûå èññëåäîâàíèÿ:3-é ïóòü ïîçíàíèÿ2. ÑÀÏ� + ÌÌ ⇒ êîíâåðãåíöèÿ3. Ôèëîñî�èÿ íàóêè: îíòîëîãèÿ è ãíîñåîëîãèÿ(deep learning)4. ÌÌ è òåõíîëîãè÷åñêàÿ ñèíãóëÿðíîñòü5. �ëîáàëüíîå ÌÌ è ñìåíà ïàðàäèãì:3-ÿ èí�îðìàöèîííàÿ ðåâîëþöèÿ
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Ïðîáëåìû ýêñòåíñèâíîãî ðàçâèòèÿ1. ÒÅ�À → ÏÅÒÀ → ÝÊÇÀ (109 ÿäåð)1997 2008 20192. Ìèðîâîé êðèçèñ ïðîãðàììèðîâàíèÿ3. Àâòîìàòèçàöèÿ ïîñòðîåíèÿ àëãîðèòìîâ è èõîòîáðàæåíèÿ íà àðõèòåêòóðó ÌÂÑ4. Èñêóññòâåííûé èíòåëëåêò:îò ïàëåî- ê íåîèí�îðìàòèêå5. Îò ÏÏÏ ê èíòåãðèðîâàííûì îêðóæåíèÿì(Open Sour
e)6. Êîîïåðàöèÿ è ñïåöèàëèçàöèÿ (àóòñîðñèíã)12



Àðõèòåêòóðû ÏÏÎ1. Êîììåð÷åñêèå è ñâîáîäíûå ÏÏÏ:ANSYS, NASTRAN, FeniCS, ËÎ�ÎÑ, ÍÈÌÔÀ...2. Áèáëèîòåêè ïðîãðàìì: MKL, NETLIB,SaadSoftware, PETS
3. Èíòåãðèðîâàííûå îêðóæåíèÿ:MATLAB, OpenFOAM, DUNE, ÁÑÌ , INMOST4. Algo Wiki - îòêðûòàÿ ýíöèêëîïåäèÿ5. �ÎÑÔÀÏ ?!
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Òåõíîëîãè÷åñêèå òðåáîâàíèÿ ê ÏÏÎ1. �àñøèðÿåìîñòü ñîñòàâ ìîäåëåé è àëãîðèòìîâ2. Àäàïòàöèÿ ê ýâîëþöèè êîìïüþòåðíûõïëàò�îðì3. Ïåðåèñïîëüçîâàíèå âíåøíèõ ïðîãðàììíûõïðîäóêòîâ4. Êîìïîíåíòíûå òåõíîëîãèè ðàçâèòèÿ(COM, CCA)5. Îòêðûòîñòü ê ñîãëàñîâàííîìó ó÷àñòèþñòîðîííèõ ãðóïï ðàçðàáîò÷èêîâSoftware Resear
h & High Performan
eResear
h Community 14



�Å�ÈÎÍÀËÜÍÛÅ ÂÈÒ � ðåñóðñû
1. ÂÖÊÏ, DATA CENTER2. Cloud Computing3. Grid Te
hnologies4. Äèñïåò÷åðèçàöèÿ çàäà÷5. ÑÑÊÖ ÑÎ �ÀÍ, ÂÖ Í�Ó è äð.
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ÓÏ�ÀÂËÅÍÈÅ ÍÀÖÈÎÍÀËÜÍÛÌÈÂÛ×ÈÑËÈÒÅËÜÍÛÌÈ �ÅÑÓ�ÑÀÌÈ�Ñòðàíà, æåëàþùàÿ ïîáåäèòü â êîíêóðåíöèè,äîëæíà ïîáåäèòü â âû÷èñëåíèÿõ�.Äåáîðà Âèíñ-Ñìèò, Ïðåçèäåíò Ñîâåòàïî êîíêóðåíòîñïîñîáíîñòè ÑØÀ1. ËÎÌÎÍÎÑÎÂ, ÌÂÖÊÏ, ÂÍÈÈßÔ (ÑÀ�ÎÂ)2. ÑÓÏÅ�ÊÎÌÏÜÞÒÅ�ÍÛÉ ÊÎÍÑÎ�ÖÈÓÌÓÍÈÂÅ�ÑÈÒÅÒÎÂ3. ÂÛ×ÈÑËÈÒÅËÜÍÛÅ �ÅÑÓ�ÑÛ �ÀÍ?!4. AMAZONE, et
. 
ommer
ial5. ÌÅÆÄÓÍÀ�ÎÄÍÀß ÊÎÎÏÅ�ÀÖÈß16
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ÑÏÀÑÈÁÎ ÇÀ ÂÍÈÌÀÍÈÅ

THANK YOU FOR ATTENTION18


