IIporpamma u Te3uchbl 10KJIA10B

MexayHapoaHOi KOH(pepeHIH, MOCBAIIEHHOI
90-1eTuio co nus poxnenus I'.'U. Mapuyka
«CoBpeMeHHbIE P00JIeMbl BHIYUCIUTEIbHON MATEMATHKH U
MaTeMaTH4eCKOro MO/IeTHPOBAHUSD)

8 nronsn 2015 r.

14:00 — 15:00. Peructpanus y4aCTHUKOB.

14:30 — 15:00. Kode.

15:00 — 16:00. OTkpeITHE KOH(DEPEHLINH.

Breicrymnienuss E.E. TeipTeiminukoBa, B.E. ®oproBa, A.JI. AceeBa, B.B. Koznosa, B.A.
Canosuuuero, B.A. Uepeminena.

3acenanme 1. [Ipeacenarens: E.E. TeIpTHIIIHUKOB.

16:00 — 16:30. B.1. Aromkos, B.b. 3anecusiii, B.I1. lllytseB. O paborax I'.1. Mapuyka B
00JIaCTH BBIYMCIUTEIBHON MAaTEMATHKH U €€ TPHIIOKCHUI.

16:30 — 17:00. B.I1. IpiMuukoB. O paborax .M. Mapuyka B oOnactu ¢usuku armocheps! u
OKEaHa.

17:00 — 17:30. I'.A. bouapoB. O paborax [.MI. Mapuyka B 001acTd MaTeMaTHYECKOMH
UMMYHOJIOTHH.

17:30 — 19:00. KO.B. I'ynses, H.JI. HoOpemnos, FO.M. XKypasneB, Yu. Suendermann, B.II.
WpannukoB, I''A. Mecsm, HO.C. Ocunos, P.B. Ilerpo, A.C. Capkucsa, M. Wallace, P.M.
XautoB. Kparkue BeICTyIuIeHUs1 ¢ BocoMuHanusimu o ['.1. Mapuyke.

19:00 — 21:00. dypuer.

9 nrous 2015 r.

3acenanme 2. [Ipencenarens: B.M. Aromkos.

10:00 — 10:30. J. Tribbia (National Center for Atmospheric Research, Boulder, USA). G.I.
Marchuk and atmospheric predictability: an adjoint perspective.

Historically, both two-dimensional and quasi-geostrophic turbulence have served as paradigms
for the behavior of the atmosphere on the large scale. Both barotropic (2D) and baroclinic (quasi-
3D) systems have been used to understand the nature of the atmospheric energy spectrum and the
flow of information and uncertainty through scale interactions. Through the the analysis of the
flow of uncertainty, estimates of atmospheric predictability have been obtained using the inverse
cascade of uncertainty inherent in the dual inviscid constraints of conservation of energy and
(potential) enstrophy common to both 2D and Q-G flows. Despite their similarity with respect to
inviscid constraints, the details of the growth of uncertainty and the loss of predictability due to
small scale errors is considerably different in 2D and Q-G turbulence. This talk will discuss and
analyze the nature of these differences and compare their error growth behavior to the error
growth in a more realistic model of the atmosphere, the NCAR Community Atmosphere Model
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(CAM). The analysis will use the adjoint methodology that was introduced into the field of
atmospheric dynamics by G.I. Marchuk. In particular, the cascade of error energy from
unresolved scales through resolved scales will be undertaken using structures obtained through
non-modal linear stability analysis techniques giving a different perspective to the inverse energy
cascade.

10:30 — 11:00. B.B. Ilenenko (MHCTUTYT BBIYMCIUTENBHON MAaTEMAaTHUKH M MaTeMaTHYECKOU
reopusukn CO PAH, HoBocubupck). KoHuenmus npupomooXpaHHOTO MPOrHO3UPOBAHHS U
BapHUaIlMOHHBIC METO/IBI [T €€ pean3aliii.

B passutme wmpenn I'.MI. Mapuyka s pemieHMst 3aJad OXpaHbl OKPYJKAKOIIEH Cpelbl,
chopMyIMpOBaHa KOHLEMNIHUS NMPUPOJOOXPAHHOIO MPOrHO3UpOBaHMs. B €€ OCHOBY moOJOXeH
BapHallMOHHBIM MOAXOJA, B KOTOPOM C €IMHBIX [O3ULMH paccMaTpUBAIOTCS IMpPSIMBIE,
COIIpsDKEHHBbIE M OOpaTHBIE 3a/la4M 3TOrO HampaBieHus. HeoTbemiieMoll 4acTbi0 KOHLENIUU
ABJIIETCS METOJIOJIOTHSI COBMECTHOI'O MCIOJb30BAaHUS MaTEMATUYECKUX MOJENEN U JOCTYMHbIX
JTAHHBIX HAOJIIOIEHUH O MOBEIEHUH peallbHbIX MpolieccoB. B noknane Oyner npaH KpaTKHid
UCTOPUYECKHUH 0030p U MPEACTABICHO COBPEMEHHOE COCTOSIHUE U NEPCIEKTHBBI UCCIIEN0BaHUM,
UCIIOJB3YIOUIMX BapHaLlMOHHBIE TEXHOJOTUU ISl IOCTPOCHMSI  COIVIACOBAHHBIX YHMCIIEHHBIX
Mojieiell pa3HOMAacCIITaOHbBIX MPOLIECCOB aTMOC(EPHON AMHAMUKHN U XUMHH.

11:00 — 11:30. F.-X. Le Dimet (Universit¢ Grenoble-Alpes, France), V. Shutyaev (Institute of
Numerical Mathematics, Russian Academy of Sciences, Moscow, Russia), T.H. Tran (Institute of
Mechanics, VAST, Ha Noi, Vietnam). Sensitivity and error propagation in a variational framework.

At the present time variational methods, based on Optimal Control Theory, are the most frequently used
in meteorological operational centers. All sources of information: models, observations, statistics are
linked together in the optimality system (O.S.): the Euler-Lagrange equation of the optimization problem.
Basically a sensitivity analysis is the evaluation of the gradient of some response function with respect to
some input of the problem. Therefore in a variational context the sensitivity has to be evaluated from the
derivation of the O.S., leading to second order analysis. We will demonstrate that the sensitivity is the
solution of a non-standard problem: a system of two equations one of them having both an initial and
final condition and the other equation doesn't bear any condition. In this talk we will apply this study to a
pollution problem in a fluid. The problem is governed by the general equation of fluid dynamics and an
equation of concentration. We will consider the sensitivity of the retrieved field of pollution with respect
to the observations: the non-standard is exhibited and we will show some numerical results. The goal of
this application being the evaluation of the optimal location of new sensors.

11:30 — 12:00. ITepepsiB Ha KOde.

12:00 — 12:30. E.E. TeipreiunukoB (MucTutyT BeiuncnutensHoit matematuku PAH, Mocksa).
Martpuiipl Majoro panra B MaTeMaTHKE U MIPUIIOKCHUSX.

B noknazne Oyzaer paccka3aHO O HOBBIX HANpPABJICHUSAX BBIYMCIUTEIBHOW JMHEHHON anreOpsl,
Kotopeie mosyuunu paszsutue B UBM PAH 3a nmocnemnuwe 20 ner. KirowyeBast poib B HUX
IPUHAUICKUT MaTpULlaM MaJloro pPaHra, KOTOPbIE HCHOJNB3YKOTCS Kak JUIsl MpEeACTaBIICHUS
JAHHBIX, B TOM YHCJIE MHOTOMPEHBIX MAaTpull, TaK M JJs MOCTPOeHHUs SPPEKTUBHBIX
BBIYUCIUTENBHBIX ~ aIropuTMoB. HoOBBIE 007macTH TpPUMEHEHUH CBsS3aHBI C  33Ja4aMu
ONTUMM3ALMH, B YACTHOCTH AJIsl JOKMHIra IpU pa3pabOTKe JIEKAPCTBEHHBIX MPENaparoB U Jis
UICHTU(QHUKAIMKA TTapaMeTpOB B MOJIENAX MaTeMaTH4ecKod mMMmyHonoruu. llomydeHsl Taxke
HOBBIE 3(PPEKTUBHBIE METOABI AJIS CHEIMATIBHBIX KJIACCOB HECTAI[MOHAPHBIX 3a]a4, B YACTHOCTH



JUISL TAK HA3bIBAEMOI'0 OCHOBHOI'O KHHETUYECKOI'O YPaBHEHHUsI, 1 HOBBIE MOJIXO/Ibl K YUCIIEHHOMY
peleHHIo ypaBHeHHH THa CMOIJTyXOBCKOTO.

12:30 — 13:00. Yu. Kuznetzov (University of Houston, USA). New results in the theory of
iterative methods.

13:00 — 13:30. V. Lucarini (University of Hamburg, Germany). Response theory in geophysical
fluid dynamics: parametrizations and climate change prediction.

The climate is a complex, chaotic, non-equilibrium system featuring a limited horizon of
predictability, variability on a vast range of temporal and spatial scales, instabilities resulting into
energy transformations, and mixing and dissipative processes resulting into entropy production.
Despite great progresses, we still do not have a complete theory of climate dynamics able to
encompass instabilities, equilibration processes, and response to changing parameters of the
system. We will outline some possible applications of the response theory developed by Ruelle
for non-equilibrium statistical mechanical systems, showing how it allows for setting on firm
ground and on a coherent framework concepts like climate sensitivity, climate response, and
climate tipping points. We will show results for simple yet instructive models such as that
presented by Lorenz in 1996, and for comprehensive global circulation models. The results are
promising in terms of suggesting new ways for approaching the problem of climate change
prediction and for using more efficiently the enormous amounts of data produced by modeling
groups around the world. We will then show how response theory can be used for constructing
parametrizations for multiscale systems, providing explicit formulas for the effective dynamics
identical to what can be obtained using a perturbative Mori-Zwanzig approach. This might be
relevant for constructing practical parametrizations for weather and climate models.

References

V. Lucarini, S. Sarno, A Statistical Mechanical Approach for the Computation of the Climatic
Response to General Forcings. Nonlin. Processes Geophys., 18, 7-28 (2011)

J. Wouters, V. Lucarini, Multi-level dynamical systems: Connecting the Ruelle response theory
and the Mori-Zwanzig approach. J. Stat. Phys. 151, 850-860 (2013)

V. Lucarini, R. Blender, C. Herbert, F. Ragone, S. Pascale, J. Wouters, Mathematical and
Physical Ideas for Climate Science, Reviews of Geophysics doi: 10.1002/2013RG000446 (2014)
F. Ragone, V. Lucarini, F. Lunkeit, A new framework for climate sensitivity and prediction,
arXiv:1403.4908 (2014)

13:30 — 15:00. ITepepwiB Ha oOe.

3acenanme 3. [Ipencenarens: B.b. 3anecHblit.

15:00 — 15:30. O. Pironneau (LJLL-UPMC, Sorbonne Université, Paris, France). Fluid-structure
interaction algorithms with application to blood flows.

Fluid-Structure Interactions and Fluid-Fluid Interactions are numerically difficult because the
geometry changes with time and because they require the coupling of variables of different
physical origin such as velocities for the fluid part and derivative of displacements for the
structural part. At least two classes of problems have been investigated numerically extensively:
blood flows [1] and free motions of objects in flows, whether self-propelled or passive and rigid
or deformable [2]. A number of algorithms have been proposed, each with different coupling
mechanisms. We shall review some of them and recall the mathematical results known for
immersed boundaries [3], artificial density, fluid as solid, both with Finite Elements [4] or SPH
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[5], Eulerian/Lagrangian formulations [6], etc. Algorithms that iterate between the structure and
the fluid have usually restricted stability because of the “added mass effect”; we shall present a
method that solves the fluid and solid variables in the same variational formulation by using a
semi-linearization called “transpiration condition” [7]. The method is unconditionally stable for
pipe flows. It will be illustrated with numerical results for blood flow and comparison with
others methods [8].

References

1. L. Formaggia, A. Quarteroni, and A. Veneziani. Cardiovasuclar Mathematics. Springer
MS&A Series. Springer-Verlag, 2009.

2. J. Lighthill, Mathematical Biofluid dynamics, STAM publication, Philadelphia, 1985.

3. C. Peskin, The immersed boundary method. Acta Numerica, 11:479-517, 2002.

4. M. Bergman, A. Iollo, Journal of Computational Physics 230 (2011) 329-348.

5. J. HM. Ever, L.LA. Zisis, B. J. van der Linden, Manh Hong Duong. From continuum
mechanics to SPH particle systems and back: Systematic derivation and convergence,
ArXiv :1501.04512v1.

6. P. Le Tallec and J. Mouro. Fluid structure interaction with large structural displacements.
Comput. Methods Appl. Mech. Engrg 190, 3039-3067. 2001.

7. T. Chacon, V. Girault, F. Murat, O. Pironneau, Analysis of a Simplified Coupled Fluid-
Structure Model for Computational Hemodynamics, (submitted to SIAM-SINUM, 2014).

8. M. Bukaca, S. Canic, R. Glowinski, J. Tambacac, A. Quainia. FSI in blood flow capturing
non-zero longitudinal structure displacement. J. Comp. Physics 235 (2013) 515-541.

15:30 — 16:00. b.H. YerBepymkun (MHCTUTYT npukiagHoi matematuku uM. M.B. Kennpima
PAH, MockBa). Kunetnueckue cxeMsbl JIJIs pelIeHHs 3a/1a4 MarHUTHOW Ta30BOW JUHAMMKH.

16:00 — 16:30. B.B. HUlaiinypos, I'M. Illenanosckas, M.B. fxyOoBuu (MuHCcTUTYT
BeluucnuTensHoro Moaenuposanus CO PAH, KpacHosipck). IlomynarpankeBa annmpokcumanus
B HeCTaI[MOHApHBIX ypaBHeHUs X HaBre-CToKkCa.

CHayana B KadecTBe NPOCTOW WIIIOCTpauud OyAeT pacCMOTPEHO MPUMEHEHHE IOJy-
JarpaHkeBo anmpoOKCUMAIUH TSl pelIeHHsI MapaboInuecKoro ypaBHEHUS
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MMPOU3BOAHBIX B KAYCCTBC HpOH3BOI[HOI>'I 10 HaIpaBJICHUIO I
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o ot OX
U €€ MOCIENYyIOIEH annpoKCUMalU B 3aJaHHOM HaIIpaBJICHUU MEKIY BPEMEHHBIMH CIIOSMHU.
[Ipn TtakoM moOAXOME Ha KaKIOM BpPEMEHHOM CIIO€ TOJNydYaeTcs KpaeBas 3ajada C
CaMOCOIIPSKEHHBIM OIIEPaTOPOM, KOTOPYIO yI00HO peliaTh METOI0M KOHEUHBIX JIEMEHTOB WIIH
KOHEUYHBIX pa3HOCTEH. 311ech ke OyAeT MPOUIUIIOCTPUPOBAHO MOBBIIMIEHUE MOPAJKAa TOYHOCTH
JTOW alINpPOKCUMALMY HAa OCHOBE AJTOPUTMA KOPPEKLHU PA3HOCTSAMHU BBICOKUX MOpPSAKOB. Bo
BTOPOH 4YacTu OyAeT pPacCMOTPEHO INPUMEHEHHUE IOJIyJIarpaH)KeBOM aNIpoKCUMAlMK IS
pelieHns AByMepHOU HecTannoHapHO# cuctembl HaBbe-CTokca U1l BI3KOTO TEMJIONPOBOJHOTO
ra3a. byner mnpoaeMoHCTpupoBaHa MOAM(HKALMSA TaKOM alIpOKCUMALMU, COXPAaHSOLIas
CPEIHEKBAIPATUYHYIO0 HOPMY PEIICHUS 110 MPOCTPAHCTBY U 0OECIICYMBAIOIAS BBIYHCIUTEIBHYIO
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YCTOMYMBOCTh IPOLIECCA YHUCIEHHOTO PELICHUS C MOMOIIbI0 METOJla KOHEYHBIX 3JIEMEHTOB.
Teopernueckne KOHCTPYKIMM OyayT HpOMJUTIOCTPUPOBAHBI Ha MpPHUMEpPE peIICHUs 3aJauyu
0o0TeKkaHus JByMEPHOTO Tejla B CBEPX3BYKOBOM IOTOKE rasa.

16:30 — 17:00. ITepepsiB Ha KOde.

17:00 — 17:30. G. Branstator (National Center for Atmospheric Research, Boulder, USA).
Uncertainty in decadal predictions resulting from imperfect knowledge of the initial conditions.

Efforts are now underway to undertake prediction of the state of the climate system in the
coming decades in the same way that the prediction of weather is undertaken, namely as an
initial value problem. But just as is true for the system that controls weather, the climate system
is chaotic, which sets a limit on the duration for which taking into account estimates of the initial
state can have a positive impact on predictions of climate. Here we measure that limit for
conditions in the upper layers of the ocean and for the Atlantic Meridional Overturning
Circulation based on the behavior of coupled climate models, including models that participated
in CMIP5. We find that overall the potential for gaining forecast skill through initialization of
forecasts with very good estimates of the current state of the climate system lasts about 5 or 10
years. But this so-called predictability limit is actually highly variable and depends on many
factors. Through employment of methods that enable assessment of predictability from long
general circulation model control runs, rather than the Monte Carlo method that is usually
employed, we are able to estimate the sensitivity of predictability to various factors. We find
that the predictability limit depends on a) the structure of the initial state, b) the geographical
region one is examining, c) the variable being analyzed, d) the state component studied, ) the
degree to which time averaged fields are considered, and f) the model whose behavior is
investigated. By focusing on special regions, variables, modes, initial conditions and time
averaged quantities the limit of predictability can be extended considerably from the average
limit.

17:30 — 18:00. R. Bates (Meteorology and Climate Centre School of Mathematical Sciences
University College Dublin, Dublin, Ireland). A defence of some low observational estimates of
effective climate sensitivity to doubled CO,.

Lindzen and Choi (2011) have used satellite measurements of the Earth’s radiative response to
surface temperature perturbations over the oceanic portion of the tropics to calculate a well-
defined radiative response coefficient for this zone. This coefficient was used in a two-zone
(tropical-extratropical) energy balance model, with the extratropical radiative response
coefficient assumed on physical grounds to equal the Planck blackbody value, to calculate an
effective sensitivity of the climate system to a CO, doubling. The value of the sensitivity thus
obtained was less than 1°C. This value lies below the [1.5, 4.5] °C range of climate sensitivity
given by IPCC (2013). The two-zone energy balance model used by Lindzen and Choi (2011)
has been criticised for not including dynamical heat transport from the tropics to the extratropics.
This defect has been remedied by the present author, using Model B of Bates (2012). It has been
found that the addition of an explicitly parameterized dynamical heat transport to the two-zone
energy balance model of Lindzen and Choi (2011) corroborates their conclusion regarding a low
value of effective climate sensitivity. Some authors have obtained observational estimates of
effective climate sensitivity using a global-average radiative response coefficient in conjunction
with a zero-dimensional energy balance model. Such estimates have been presented as
supporting the IPCC sensitivity range. Close examination, however, shows that they do not
actually do so. It will be argued that the low effective climate sensitivity estimates obtained
using satellite observations and two-zone energy balance models remain a case to be answered.



References

1. Bates, J. R., 2012. Climate stability and sensitivity in some simple conceptual models. Clim.
Dyn., 38, 455-473. doi 10.1007/s00382-010-0966-0.
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18:00 — 18:30. B.II. Unbun (MHCTUTYT BBIYMCIMTEIBHOM MaTeMaTHMKM M MaTeMaTHYeCKOH
reopusukn CO PAH, Hoocubupck). O ¢yHIaMEHTAIBHBIX MPOOJIeMax MaTeMaTHYECKOTO
MOJIEIIUPOBAHMSL.

HacrtynuBmias spa moctreradonCHBIX KOMIBIOTEPOB M TPSAYIIMA MPUXOI 3K3a(IOMCHBIX
BBIYHCIUTENHHBIX MAIIMH C COTHSMU MUJUTMOHOB IPOIECCOPOB H SNIEP, & TaKkKe MPOPLIBHBIC
TEXHOJIOTHMM W PEUHAYCTpHAlu3alus HKOHOMHUKH, TpeOYIOIlue penieHus CBepXOOobIINX
MEXIUCIUTUTMHAPHBIX, TPSMBIX U OOpaTHBIX, 3a/lad C pPEaNbHBIMU JaHHBIMH, CTaBAT MEpen
MOJIETTUPOBAaHUEM aKTyajbHble MpPOOJIEMBbI, KOTOpble, OJHAKO, B ONPEICIIEHHOM BHJE
dopmynupoBanucek .M. Mapuykom okono 40 ner Hazan. Croia OTHOCATCS, HApUMeEp, 3a1adu
ABTOMATH3AIMHU TTOCTPOCHHS aJITOPUTMOB M UX OTOOpakeHHs Ha apxuTekTypy OBM, a Taxke
KOHIICTIIIUST CO3JIaHUsl BBIYMCIUTEIBHBIX LEHTPOB KOJJICKTHBHOIO Mosb30BaHUs. Celyac 3TH
MOJIXOJbl PAacCMATPUBAIOTCS B IUIAHE MAacIITaOMPyeMOro pacnapasuieIMBaHus, TEXHOJIOTUN
CETEeBBIX U O0JIAYHBIX BBHIYHCICHUH, HAYKOEMKOT'O MPOTPAaMMHUPOBAHUS C IIMPOKUM BHEIPEHUEM
HCKYCCTBEHHOI'O HMHTEJUIEKTa, a TakXke pa3pabOTKM HMHTErPUPOBAHHOTO HMHCTPYMEHTAIbHOTO
MaTeMaTHYECKOr0 OKpY>KeHHus, obecneunBaiomero 3PpQeKTUBHYIO MOAJIEPKKY BCEX OCHOBHBIX
9TaloB KPYMHOMACHITAOHOTO BBIYMCIUTENILHOTO 3KCIEPUMEHTa, BKIIOUas I'€OMETPUYECKOe U
(YHKIMOHATIBHOE MOJCIMPOBAHUE, TCHEpPAIMI0O CETOK W aNIpPOKCHUMALMI0 HMCXOAHBIX 3ajad,
pelieHre 3aqad  BBIYMCIUTENBHOM anredpbl M ONTHUMM3AIMOHHBIE MPHHIMIIBI PEHICHUS
o0OpaTHBIX 3ajad, CpelICTBA MPUHATHS pPEIICHHH MO pe3ylbTaraM pacueToB. B HacTosmiem
JOKJIaJie JTaHHbIE BOIPOCHI HCCIEAYIOTCSI Ha OCHOBE aHalli3a UMEIOUIUXCA 3apyOexHBbIX U
OTEUYECTBEHHBIX PabOT.

10 urous 2015 r.

3acenanme 4. [Ipeacenarens: B.H. JIbikocos.
10:00 — 10:30. M. Wallace (University of Washington, Seattle, USA). TBD.

10:30 — 11:00. A.A. Pomantoxa (MuctutyT BBluMCIuTenbHOM MaTematukun PAH, Mocksa).
®dyHnnameHTanbHbIe (PU3NOTOTUIECKUE MEXaHU3MBI B MOACISIX HH(PEKIIMOHHBIX 3a00I€BaHMH.

Pazpabotannple MapyykoM HHAEKCHI TSKECTH  3a00JIeBaHUIl MO3BOJSAIOT pelaTh 3afady
KOJINYECTBEHHOH OLIEHKH HAPYIICHUI TOMEOCTa3a BHYTPEHHEH cpellbl Win/u (yHKIIMOHAILHOTO
pesepBa opraHa MuiieHd. OcoOeHHOCTbIO mpemiokeHHbIx [.M. Mapuykom Mozeneit
UHQEKIIMOHHBIX 3a00JIEBaHUI SBJISAETCS ONMCAHWE TWHAMHUKH HE TOJBKO MMMYHHOTO OTBETa W
[IaTOreHa, HO W IOBPEXACHHsA OpraHa MHULICHM. B pesyipraTe Takue MOJAEIN I03BOJISIOT
onucaTh (QyHIAMEHTAIbHBIE (PU3UOJIOTHUECKUE TPeHa-0PQBl MEXITy 3aTpaTaMl OpraHW3Ma Ha
UMMYHHYI0O U (DU3HOJIOTMYECKYIO0 3alUTy W €ro MOTepsMU H3-3a JEeWCTBUS MaToreHa. JTo
103BOJIAET 0OOCHOBATh yCIOBUE ONTHUMAJIbHOCTH MMMYHHOM 3alIUTHl, KAK MUHHUMYMa CyMMBbI
3aTpar OpraHu3Ma Ha 3allUTy U HOTePb BbI3BAaHHBIX OOJIE3HBIO.

11:00 — 11:30. VIL.V. Voevodin (M.V. Lomonosov Moscow State University, Russia).
AlgoWiki: an open encyclopedia of parallel algorithmic features.



Computers evolve quickly, and there have been at least six generations of computing architecture
over the last forty years that caused the need for radical changes in software. Vector computers,
vector-parallel, massive parallel computers, shared-memory nodes, clusters of shared-memory
computers, computers with accelerators... The computing community has survived this, but in
each evolution, the software basically had to be rewritten from scratch as each new generation of
machines required singling out new properties in the algorithms, and that was reflected in the
software.

Alas, there is no reason to hope that the situation will change for the better in the future. Vendors
are already considering various prospective architectures, featuring light and/or heavy computing
cores, accelerators of various types, SIMD and data-flow processing concepts. In this situation,
codes will yet again have to be rewritten in order to utilize the full potential of future computers.
It's an endless process that, understandably, doesn't make software developers any happier.
However, the situation isn't quite hopeless. Algorithms themselves don't change; only the
requirements that new computers present to the structure of algorithms and programs change.
The idea of a deep a priori analysis of properties of algorithms and their implementation formed
the basis for the AlgoWiki project. The main purpose of the project is to present a description of
the fundamental properties of various algorithms giving a complete understanding of both their
theoretical potential and the particular aspects of their implementation for various classes of
parallel computing systems.

The description of all algorithms in AlgoWiki consists of two parts. The first part describes
algorithms and their properties. The second part is dedicated to describing particular aspects of
their implementation on various computing platforms. This division is made intentionally, to
highlight the machine-independent properties of algorithms which determine their potential and
the quality of their implementations on parallel computing systems, and to describe them
separately from a number of issues related to the subsequent stages of programming and
executing the resulting programs. In addition to the classical algorithm properties such as serial
complexity, AlgoWiki also presents additional information, which together provides a complete
description of the algorithm: its parallel complexity, parallel structure, determinacy, data locality,
performance and scalability estimates, communication profiles for specific implementations, and
many others.

The outcome of the AlgoWiki project is an open encyclopedia of algorithm properties and the
particular aspects of their computer implementation. The pilot version of the encyclopedia is
available at http://algowiki-project.org.

11:30 — 12:00. ITepepsiB Ha KOde.

12:00 — 12:30. G.M. Kobelkov (M.V. Lomonosov Moscow State University, Institute of
Numerical Mathematics, Russian Academy of Sciences, Moscow, Russia). On modifications of
the Navier-Stokes equations.

We consider a modification of the Navier-Stokes equations arising in ocean dynamics. Namely,
we consider the problem

u,—vAu—10; u—vediv(D(u)Vu)+Vp + (u- V) u+wo, u =1,

W, — VAW —10°W+ 0, p + (u- V)W+Wo,w = g,
) (1)
divu+0,w=0,



(U, W)(X,0) = (U, Wy )(X,0),  divuy+0,W, =0, (U, W)|007,=0.
where
divu=0,u,+9,u,, Vp=(d, p.d, p), D@)=|Vul".

The following theorem is valid.

Theorem. For any v,& >0, any sufficiently smooth right-hand sides f and ¢, arbitrary
initial data (u,,W,) and any time interval [0,T] there exists a solution to (1) “in the large™.

12:30 — 13:00. Yu. Vassilevski (Institute of Numerical Mathematics, Russian Academy of
Sciences, Moscow, Russia). Patient-specific models in human physiology.

We present a state-of-the-art approach to the design of patient-specific models on the basis
of MRI or CT data. At the preprocessing stage the segmentation of the medical image is applied.
We discuss several methods of automated segmentation as well as further processing including
mesh generation. Two medical applications are considered: the numerical assessment of the
Fractional Flow Reserve in the coronary network and the numerical simulation of
electrocardiographic measurements.
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13:00 — 13:30. E. Kazannes (National Institute for Research in Computer Science and Control,
Grenoble, France), K. Kazannesa (J. Fourier University, Grenoble, France). Bapuamnuonnoe
YCBOEHHE JAHHBIX JIJIS1 ONTHMHU3AIMU TPAHUYHBIX YCIOBUH B MOJIEIISIX OKEaHa.

B nmamHOM 0030pe omuceiBaercs pasButue uaeci ['ypus MBanoBndya Mapuyka B oOmactu
BapHAllMOHHOTO YCBOEHHUS IaHHBIX s Mojenedl oxeaHa. Ocoboe BHHMMaHME YaAeNseTcCs
ONTUMU3ALMK TPAHUYHBIX YCJIOBMM Ha TBEpABIX TIpaHHMLaxX. PaccmMarpuBarTcs Kak
UJcalu3UPOBaHHbIE, TaK WU peaTuCTHUYHble KoH(puryparuu wmopenei. Ilokazano, 4yto Takas
ONTUMHU3AIMS TIO3BOJISIET OMNPEACNTUTh Hauboliee YyBCTBUTEIbHBIE OMEPATOPHl MOJAETH U
CYIIECTBEHHO MPUOIU3UTH pPElICHNE MOJICNIN K yCBAaUBAEMBIM JTaHHBIM.

13:30 — 14:00. E.M. Bonomun (MucTuTyT BBIUMCIUTENbHONW MarteMmatuku PAH, Mocksa).
Mozenb 3eMHON KuMaTtndeckou cucteMsl UBM PAH.

PaccmaTpuBaioTCsi OCHOBHBIE KOMIIOHEHTHI MOJENM 3€MHON KJIMMAaTUYECKOM CHCTEMBI:
JMHAMUKa aTMOc(epbl M OKeaHa, YIJIepOIHBIA IMKI, XUMHS aTMOC(EphI, a3pO30JIbHBINA OJIOK.
CyMMUpYIOTCSI OCHOBHBIE WTOTM YYacTHsl KIMMAaTHYeCKOM Mozenu B mnporpamme CMIPS.

OO6cyxaroTcss HOBbIE BO3MOYKHOCTH MOJENM M €€ TPEANoJiaraéMoe ydacTHe B IporpamMme
CMIP6.

14:00 — 14:30. 3akpbiTHEe KOHDEPEHITUN.



