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MacmrabupoBanue 3aad MOJCKYJISIpHOW AMHAMHUKH Ha CYNEpKOMIBIOTEpax
3aTPYAHACTCS HAIMYMEM B aJITOPUTMax INI00ANbHBIX OaphepoB, CBSI3aHHBIX C OpraHU-
3anuel mepecyera CIUCKOB cocefieil. AKTyalbHOM SBJSETCS 3a/1aya HalKUCaHUs MOJI-
HOCTBIO ACHHXPOHHOTO M 3()()eKTUBHOTO aIrOPUTMA, OMUPAIOLIETOCS UCKIIOUYUTENb-
HO Ha JIOKAJIbHBIC B3aMMOJICHCTBUS MEXAY Mpolieccopamu, 00padaThIBAIOIIUMU CO-
cenHue 00JIaCTH. AHAJIOTUYHBIC [IEJH CTAaBWIMCH APYTUMH aBTOPaMH, IPU 3TOM HC-
MOJIb30BATIUCH TPAJAULIMOHHBIE MOJIXOAbl MPOTPAMMHPOBAHUS B3aWMOJEUCTBUN Ha
knactepax: MPI, cnenmansnas RDMA 6ubnmoreka [1], Java RMI [2].

Hamu ucnonb3yercss moTokoBasi MOJieib BBHIYHUCICHHH, ONMUparomiascs Ha OJ-
HOCTOPOHHHE CO00IEeHUsI — TOKeHbl. OHa peanu3yercs MOTOKOBBIM CYHNEPBBIYUCIIN-
tenem [IIIBC «bYPAH» [3] u xopoio noaxoauT [yl HallMCaHUsl aCHHXPOHHBIX ajl-
roputMoB. PacnapayuienuBanue npou3BOAUTCS MO MPUHILIMITY IPOCTPAHCTBEHHOM Je-
KOMITO3UIMH, KOT/Ia KaKIbIH Mpoleccop (sapo) oTBeuaeT 3a oOpabOTKy YacTHII, Ha-
XOJISAIINXCS B CBOCH 00JIACTH MPOCTPAHCTBA — KyOOH IE.

Mp1 ucnonbp3dyem MeTo] cpenneit Touku (midpoint method), mpeyioxkeHHbIH B
pabore [1]. DTO oAMH U3 METO/IOB «HEUTpAIbHON TEPPUTOPUN», B KOTOPHIX pacyer
B3aMMOJICHCTBUS TPOU3BOAUTCS HE 00S3aTENbHO SIPOM, OTBEYAIOIIMM 3a OJHY W3
yacTull napsl. B 1aHHOM MeTOJie pacdeT BBINOIHSETCS AIpOM, B KyOOHJI KOTOPOIrO
MOMaIaeT CepeiMHa OTpe3Ka, coenuHsmomero napy yactuil. Kak mokazano B [1], B
ATOM BapHaHTe 00bEM UMIIOPTUPYEMOi HH(OPMAIHH O YaCTUIIAX MUHUMAJICH.

Pacuer cun mpoBoauTcs ¢ MCHoONb30BaHWEM MoTeHuuana Jlennapa-/lxoHca.
VYuuTsiBaloTCA Maphl 4acTUL, yaJeHHbIE IPYT OT JApyra Ha pacCTosHUE He Oosee pa-
nuyca orceuenus R.. [Ipeamonaraercs, uro 1<R./b<2, rae b — AnuHA CTOPOHBI KY-
Oonga. YpaBHEeHUS IBUKEHUSI HHTETpUPYIOTCs MeToaoM Bepie.

B ornnume OT KiIaccMUecKoro Mmojaxoja, OCHOBAHHOTO Ha ()OPMHPOBAHUU U
NOJJIEP)KaHUU CIUCKOB COCEJIEeH, B METO/I€ CPEAHEN TOUKU B Ka)J10M LIUKIIE MOJEINHN-
poBaHUS B KyOOMJI MMIIOPTUPYIOTCS COCTOSIHUS BCEX 4acTUI[ U3 00JAacTH MMIOPTA,
KOTOpasi MpOCTUpaeTCs He jaaiiee 4yeM Ha 26 coceaHux KyoouaoB. CHHXpOHH3AIUA
OTHPAETCs TOJIBKO HA MOMAPHbIE B3aUMOJICHCTBHS MEXy COCEAHUMHU SAPaAMH.

Peanuzanus B IIIIBC nmMeer ypoBeHb 3€pHHUCTOCTH IO YaCTHUIL, TO €CTh CO-
CTOSIHUE KaXJIOM YacCTUILIbl TIepeiaeTcsl OTACIbHBIM TOKEHOM C MOJIEM JIaHHBIX pa3Me-
pom 32 Gaiita. YacTuma cHauana mepesaeTcs AByM COCEIsM Mo Z, 3aTeM Kaxiasi Ko-
s NepefaeTcs: cocensaM 1o Y, 3ateM 1o X. OTO SKOHOMUT HArpy3Ky Ha KaHaJbl Ie-
penaun mo cetu. CHJIbl CyMMHUPYIOTCSI TIO MPEACTABUTENSAM YacTULl B KaXKIOM sIJipe,
10CJI€ Yero MnepearoTcs, eciu TpedyeTcsi, 00paTHO B TOMAIIHUN MPOLIECCOP KaxI0H
YacTHUIBl. MuUrpamusi 4acTuil MeXAy IpolieccopamMu oObeanHeHa ¢ (a3oil mmmopra
YacTHIl U He TpeOyeT OTAEIbHON KOMMYHHUKALIMOHHOM (ha3bl.

[TockonbKy KaxkJasi 4acTHIla MepeaaeTcs OTAENbHO, CHHXPOHU3alUs obecrie-
yuBaeTcsl cueTynkamMu. OTHpaBUTENb MOJCUYUTHIBAET KOJIMYECTBO YACTHI], OTIPAaB-
JSEMBIX B KOKI0€ COCEIHEE SAPO, U MEPEAAET ITO YUCIIO TyJa )K€, I/Ie MOCIIE UX MPH-
HATHUS 3aBepulaeTcs pacyeT B3auMOJEHCTBUN U MpeABApUTENbHOE CYMMHUPOBAHHE
cuil. [lepenannpie 0OpaTHO CHIIBI OKOHYATENBHO CYMMHUPYIOTCS, IIPUYEM 3aBEpILCHUE
CYMMHPOBAHHUSI ONIPEAEIAETCS aCHHXPOHHO MO KaXKJI0M YacTHUIlEe, YTO MO3BOJISET Ha-
YHHATH pacyeT ypaBHEHUS IBMIKEHHS W MOCIEAYIOIUNA UK A KaKIOW YaCTHUIIBI
HE3aBHCHUMO OT JIPYTHUX.



Hama paGora Ha JaHHOM 3Tame HampaBieHAa HE Ha MOJY4YEHHE 3HAYUMOTO
MPUKIIATHOTO pe3yabTaTa, a Ha OIpe/eieHne BOZMOXKHOCTEH U 3(pPEeKTUBHOCTH TPH-
meHenus I[IIBC g 3agau monekynspHoil nuHamuku. [Ipeamonaraercss mposectu
CepHI0 MPOroHoB Kak Ha nmotakToBoi mozaenu IIIIBC, Tak u Ha ee sMynsTOpe Ha Cy-
nepkomibioTepe. PesynbraTtel Oynyt nojoxensl Ha KoHpepenimu SMM-2014. Ana-
JIOTUYHBIN BOTIPOC JJIS IPYTOM MPUKIIATHOM 3a/1a4u ObLT paCCMOTpPEH B padoTe [5].

HHTepecHO CpaBHUTH BO3MOXKHOCTH U 3(PQPEKTHBHOCTH MPOECKTUPYEMOM
[ITIBC «bypan» Kak yHUBEPCAIBHOTO MPOrPaMMHUPYEMOTO CYNEPBBIYMCIUTENS, TPU-
MEHSEMOro K 3a7adyaM MOJIEKYJSIPHOW JIMHAMUKH, C TEMH K€ CBONCTBAMHM MAallMHbI
Anton [4], pa3paboTaHHOH clieMAIbHO I 3TUX 3anad kommanue D.E. Shaw Re-
search. Byayun mocTpoeHHOH M3 OYEHb CIENUATU3UPOBAHHBIX MHUKPOCXEM, 3Ta Ma-
muHa nokasana 100-kpaTHOE€ NMPEBOCXOJACTBO MPOTUB TPAJAULHMOHHBIX KIACTEPHBIX
cynepOBM. VuursiBas, uro Anton nmeer HekoTtopoe cxoactBo ¢ IIIIBC «bypan»
(Hampumep, MOTOKOBAsi OpraHU3alusl BBIYUCICHUH U KOMMYHHKAIIUI), Mbl HaJleeMcsl,
yro [IIIBC «bypan» 3aiiMeT IpOMEXKYTOUHOE IMOJIO)KEHUE MEXKIAY TPaaULHMOHHBIMU
YHUBEPCAIbHBIMU CUCTEMaMH KJIACTEPHOr'O TUIIA U Y3KO OPUEHTHPOBAHHBIMU Mallu-
HaMH CIELMAJILHOTO Ha3HAUEHUS.
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Scaling molecular dynamics on supercomputers is largely complicated by the
presence of global barriers which are used to maintain lists of neighbor particles.
There is a challenge of creating a fully asynchronous and efficient algorithm relying
solely on local interactions between the cores responsible for nearby areas. Similar
goals have been pursued by other authors while using traditional approaches to inter-
actions on clusters: MPI, special RDMA library [1], Java RMI [2].

We use the dataflow computation model based on one-way messages called
tokens. It is implemented by the dataflow superprocessor PDCS "Buran" [3] and is
well suited for writing asynchronous algorithms. Parallelization is based on spatial
decomposition, where each processor is responsible for particles in its own region of
space called cuboid.

We use the midpoint method proposed in [1]. This is a kind of a "neutral terri-
tory" method, which sometimes computes an interaction between two particles in a
core on which neither particle resides. In the midpoint method it is a core whose cu-
boid contains the midpoint of the segment between the two particles. As shown in [1],
in this embodiment, the volume of transmitted particle information is minimal.

Forces are calculated using Lennard-Jones potential taking into account pairs
of particles separated by a distance less than the cut-off radius R,. It is assumed that
1<R./b<2, where b is a cuboid side length. The motion equations are integrated by
Verlet method.

In contrast to the classical approach based on the creation and maintenance of
neighbor lists, in the midpoint method in each model cycle each home cuboid imports
states of all the particles of the import region that extends to 26 neighbor cuboids.
Synchronization relies only on pairwise interactions between neighbor cores.

The implementation in PDCS has a level of granularity to particles, i.e., the
state of each particle is passed as a separate token with the data field of some 32
bytes. A particle is first passed to the two neighbors over Z, each copy is then passed
to neighbors over Y and finally over X. This way, the network communication load is
saved. The forces are summed up over interacting particles inside each core and then
passed back, if needed, to the home core of each particle. Particle migration between
cores is unified with the particle import phase and does not require a separate com-
munication phase.

Since particles are passed individually, the synchronization is ensured by
counters. The sender calculates the amount of particles sent to each neighboring core
and passes the number to each that core, which, after the receipt, completes the calcu-
lation of interactions and the preliminary summation of forces. The returned forces are
added finally, and the completion is determined asynchronously on each particle,
which allows us to start the calculation of motion equations and the subsequent cycle
for each particle independently.

Our work at this stage is aimed not to obtain meaningful applied results, but to
identify opportunities and effectiveness of using the PDCS for molecular dynamics
problems. We are going to hold a series of runs in a cycle-accurate model of the
PDCS as well as in its emulator in a cluster supercomputer. The results will be pre-
sented at the conference SMM-2014. A similar question for other application tasks
was considered in [5].



It is interesting to compare the capabilities and effectiveness of the developed

PDCS "Buran" as a universal programmable superprocessor applied to molecular dy-
namics with those of the dedicated machine Anton [4] constructed by D.E. Shaw Re-
search. Built of highly specialized chips, this machine showed a 100-fold speed-up
against the traditional cluster supercomputer. Given that Anton has some similarities
with the PDCS "Buran" (e.g. dataflow organization of computation and communica-
tion), we hope that the PDCS "Buran" will occupy an intermediate position between
the traditional universal systems of the cluster type and narrowly focused special pur-
pose supercomputers.
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