3ano3HaBaHe 1 paboTa CbC
cynepkomnioTsp IBM BlueGene/P.

[lendo [leTKkOB
BaneHTuH ['laBnoB




Bwanoea kapTa

32 ynna 4x4x2
32 MayMcnuTenHu + 1 BX/3X Bu3NK

435 GF/s, 64GB

“Yun : ‘
4 npoyecopa
13.6 GF/s U3uyncnureneH ssvaen

. 1uun, 13.6 GF/s
2GB DDR2 RAM

Wkadp

1024 yuna 8x8x16
13.9 TF/s, 2TB

CynepKoMnTbp
2 wkadga (max 72)
16x8x16 (max 72x32x32)
2785 TF/s,4TB

32 BuanoBY KaP™M 4y 1 PE/s, 144 TB)

M3TONHUK IBM



TexHu4Yecku OaHHU

Property BGIP
Mode Mode Processors 4* 450 PowerPC
Properties Processor Frequency 0.85GHz (target)
Coherency SMP
L1 Cache (private) 32KBlprocessor
L2 Cache (private) 14 stream prefetching
L3 Cache size (shared) EMB
Main Store/node 2B
Main Store Bandwidth 13.6 GB/s (2*16B wide
Peak Performance i aFinode
Torus Bandwidth 6*2*425MBls=5.1GEB/s
Network Hardware Latency (Mearest 160ns= (32B packet)
Meighbor) 500ns(2568 packet)
Hardware Latency S5usz(64 hops)
I (Worst Case)
Collective Bandwidth 2*0.85GBfs=1.TGE/s
Network Hardware Latency {round trip 4us
worst case)
System Peak Performance (72k nodes) 1PF
Properties
Total Power 2.7 MW

==




IBM® System Blue Gene®/P Solution: Expanding the Limits of Breakthrough Science

Blue Gene/P Interconnection Networks

3 Dimensional Torus
Interconnects all compute nodes
Communications backbone for computations
—  Adaptive cut-through hardware routing
|~ — 3.4 Gb/s on all 12 node links (5.1 GB/s per node)
— 0.5 ps latency between nearest neighbors, 5 ps to the farthest

1 = MPI: 3 ps latency for one hop, 10 ps to the farthest
—  1.7/2.6 TB/s bisection bandwidth, 188TB/s total bandwidth (72k machine)

Collective Network
—  Interconnects all compute and IO nodes (1152)

—  One-to-all broadcast functionality

—  Reduction operations functionality

— 6.8 Gb/s of bandwidth per link

—  Latency of one way tree traversal 2 ps, MPI1 5 ps

—  ~b2TB/s total binary tree bandwidth (72k machine)

Low Latency Global Barrier and Interrupt
—  Latency of one way to reach all 72K nodes 0.65 ps, MP1 1.6 ps

Other networks
- 10Gb Functional Ethernet

/O nodes only
- 1Gb Pnivate Control Ethemnet

Provides JTAG access to hardware.
Accessible only from Service Node system

| IBM&E System Blue Gene&VP Solution & 2007 IBM Corporation




Blue Gene Hierarchical Organization

B Front-end nodes - dedicated for user's to login, compile programs, submit
jobs, query job status, debug applications

B Compute nodes — run user applications, use simple compute node kernel
(CNK) operating system, ship I/O-related system calls to I/O nodes

B /O nodes — provide a number of Linux/Unix typical services, such as files,
sockets, process launching, signals, debugging; run Linux

B Service nodes - perform partitioning, monitoring, synchronization and other
system management services. Users do not run on service nodes directly.

Argonne National i
- Laboratory Elue Gene/P Architecture




| Blue Gene/P

Execution Modes in BG/P per Node

node » Next Generation HPC
— Many Core
core| | core :
Software Abstractions Blue N Expenjsl'-.re Memory ]
core |l | core — Two-Tiered Programming Model
Dual Mode SMP Mode
Quad Mode (VNM) 2 Processes 1 Process
4 Processes 1-2 Threads/Process 1-4 Threads/Process
1 Thread/Process
PO P1 PO PO
PO |[ P2 T0 (||| TO TO | | T2 T0
1o |10 71 [ T T1 | [ T3 T1
P1 P3
10 ||| TO Po_|[ PT_] PO 0
T0 TO TO T2 TO
T
14 | 11/872007 @ 2007 IBM Corporation
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lpedumcmea

EHeprumHo edpeKkTmneeH
3aemMa Marnko MACTO (BMCOKa NNbTHOCT)

[Mpo3payHa, BUCOKOHAAEXAHA Y BUCOKOCKOPOCTHA
MpeXXa Mexay Bb3nuTe

[lporpamunpaHe nocpeacTBOM CTaHOAPTHU
nHtepdpencn MPI n OpenMP

Bucoka ckannpyemocT (xmnagu sapa)
Bucoka HagexgHocCT




BlueGene/P e BCL]

bbnrapcknar cynepkomnioTbpeH LeHTbp (BCLL)
ekcnnoaTtupa u OCI/II(XpFIBa OOCTbMN A0
cynepkomnioTep IBM Blue Gene/P, cbcTosu ce
oT 2048 nauncnurtenHu eb3ena (8192 PowerPC
aapa, 4TB RAM)

Bpb3kaTa Ha U34YNCIIUTENHUTE Bb3NN KbM
oCTaHanaTa 4acT Ha cucTtemara e rnocpeacTBoMm
16 kaHana 10 Gb/s

[TponassogutenHocTt. 27.85 Tflops
EHeprunHa edpektnHocT: 371.67 Mflops/W




OpeaHu3ayus Ha
CynepKoOMMIoOMBbPHUS KOMIMIIECK

OcBeH WKadoBETE C U3YNUCTIUTENTHUTE Bb3NN,
CynepkoMnTbpHATa cMCTEMA BKMNOYBA U CreOHUTE
NOBaXXHN KOMIMOHEHTM:

« Front-End Node (bgfen): cbpBbp, A0 KOUTO noTpedutenuTte
MMmaTt OOCTbM U OT KOUTO NycKaT 3agadunTte Cu.
ApxutekTypaTa Ha mawunHaTta € PowerPC 64, a.
onepaunoHHaTa cuctema — SUSE Linux Enterprise Server
10 (SLES 10);

« Service Node (SN): cnykebeH CbpBBP, KOUTO yrnpasnsBa
LsirnocTHaTa paboTa Ha cucrtemarta 2 panrnoBun CbpPBbPA,
nocpenctsom kouto FEN 1 naumncnutenHmnte Bb3NuU
OoCcTbMnBaT cnogeneH AUCKOB MacuB ¢ pa3mep 12 TB




Qausioeu cucmemu

danrnoBara cuctema Ha bgfen, ocseH ctaHgapTHuUTE Linux mecTa (/etc,
/root, /usr, /dev n T.H.) npucbCTBaT U CNELUNPUYHN MecTa, KOUTO
npeacraBnsaBaT UHTEPEC 3a notpebutenuTe:

« /sharedl — ocHoBHaTa noTpebuTterncka dannoBa cuctema ¢ obem
4.4TB. Bcekn noTpebuten pasnosnara ¢ nogavpekropusi B /sharedl,
B KOATO MOXE Aa ce pasnofara.

« /bgusr — ctapaTta ocHOBHa nNoTpebuTtencka gannosa cuctemMa.
Home aupekTopunTe Ha HSKOU OT NOTPEDUTENNTE ca Pa3nosioXeHU
B /bgusr, HO Te MaT U CbOTBETHA AupekTopua B /sharedl

« /bgsys — cucremHata gupekrtopus Ha BlueGene/P. Tam e
Pa3nosIoXKeH CUCTEMHUSA codpTyep, Komnunatopu, bndnnotTekn m
rotoB coqpTyep, KOMNUInMpaH oT ekuna Ha LeHTbpa.




lpedocmaesiHe Ha docmmbI

3a npepocTaBsaHe Ha JOCTbMN € He0DXOoANMO:

1)
2)

3)

4)

o)

Hanuyune Ha noapobHo 1 Hay4Ho 0bocHOBaHO onucaHue Ha
n3crniegosaTernckiTe JenHOCTH

CnocobHocT aa 6bae AeMOoHCTpUpaHa ckanupyemocT Ha NPUNoXKeHNeTo
Han-manko oo 512 agpa.

CnasBaHe Ha lNonutnkaTa 3a 4oNyCTMMO M3Mnosi3BaHe _ _ _
http://www.scc.acad.bg/index.php?option=com_content&view=article&id=
102&Itemid=125&lang=bg

N3npaTteTe 3anutBaHe Ha bgteam@scc.acad.bg n we Bu npegoctaBum
nogpobHa nHdopmauusa n opmMynapuTe, KOUTo TpsibBa Aa NOMbIIHUTE

ckaHunsiTa ce pasrnexgart u ogobpsiaTt oT pbkoBoacTtBoTo Ha bCL




OcnhwecmeasisaHe Ha docmmsbna

[Tpn ogobpeHne Ha Bawarta 3asaBka, we Bun 6bae cb3gangeH akayHT

 [ocTbnbT OO0 CynepkoOMMTbpa € oTAareyvYeH U ce oCblLUECTBABA
nocpencteBoM SSH npoTokon

 KmeTo Ha mawumnHaTa e
— bg-fen.scc.acad.bg
* [lpumepHa Linux komaHaa 3a goCcTb.

— ssh bg-fen.scc.acad.bg -l username
(TYK, 1 MNO-Hagony, username € UMeTOo Ha akayHTa Bn)

« SSH pabotn Ha TCP nopt 22. Ako umare firewall, BX. n n3x. tpadoumk Kbm
TO3M agpec/nopT TpssbBa Aa ce paspeLun




e R—
OcbwecmesieaHe Ha docmmbia
om Windows

* [lpMepHU KNnMeHTn

e ssh -> PuTTY
« scp -> WIinSCP




CmsaHa Ha naponama

I'Ip|/| NbpBOHa4anHo BfnM3aHe, cucrtemarta Le noucka ot Bac na cv cmennTe naponara:

vpavlov@linux-hoe5:~> ssh bg-fen.scc.acad.bg -I vpaviov
Password:

Password change requested. Choose a new password.
Old Password:

New Password:

Reenter New Password:

Password changed.

Last login: Wed Oct 14 21:31:46 2009 from XXX. XXX.XXX. XXX

** BlueGene/P **

** This internal systems must only be used for conducting **
** |BM business or for purposes authorized by IBM management **
** Use is subject to audit at any time by IBM management. **

vpavlov@bgpfen:~>

M 3abenexeTe, Yye ce Hanara Aa BbBegeTe CTapaTta napona ABa NbTWU, KaKTO 1 [ja BbBeAeTe HoBaTa napona asa nNbTu




KonupaHe Ha OaHHU

e [1aHHM OT 1 KbM MalUMHaTa moraT a ce KonmpaT nocpeacTBoOM
secure shell copy KnueHT, Hanp. scp:

— scp somefile username@bg-fen.scc.acad.bg:

— Scp -r somedir username@bg-fen.scc.acad.bg:

« BbB BTOpUMA NpUMep Krto4va - CIy>Ku 3a yKa3BaHe Ha pekypCUBHO
AeucTBue, T.e. KonmpaHe Ha BCUYKM NoA-ANPEKTOPUU U pannose,
CcbAbpKalim ce B somedir




KomnunupaHe

. KomnunupaHeTo Ha codTyep (NnpunoxeHnst n BUGINOTEKN),
KOUTO Oa ce U3NbIHABA Ha U34YUCITUTENHNTE B3NN, CTaBa
nocpencTBoM cross-compiling: komnunaTopbT BbpBU Ha bgfen,
HO reHepupa Kog 3a U34YUCIUTESTHUTE Bb3NH.

« Cwuctemata pasnonara c 2 komnnekrta C, C++ n FORTRAN
komnmnatopun: GNU Toolchain n IBM XL komnunaTtopuTe.

. Komnunnartopute ce Hamupar B

/bgsys/drivers/ppcfloor/comm/default/bin/

| « 3aynecHeHue, MoxeTe aga gobasute To3m nbT B PATH
npomMeHnuneaTa BbB Bawunsa ~/ .profile pann, Taka ve
KOMnuraTopuTe aa ca AOCTbMHU Be3 N3NMcBaHETO MY :

export PATH=/bgsys/drivers/ppcfloor/comm/default/bin/:$SPATH




GNU Toolchain

« C komnunartop:
/bgsys/drivers/ppcfloor/comm/default/bin/mpicc

» C++ komMnunartop:
/bgsys/drivers/ppcfloor/comm/default/bin/mpicxx

« FORTRAN-77 komnunaTtop:

/bgsys/drivers/ppcfloor/comm/default/bin/mpif77

| . FORTRAN-90 KoMnunaTop:

/bgsys/drivers/ppcfloor/comm/default/bin/mpif90




IBM XL komnunamopu

« C/C++ komnunartop:
/bgsys/drivers/ppcfloor/comm/default/bin/mpixlc
/bgsys/drivers/ppcfloor/comm/default/bin/mpixlc r

« FORTRAN-/77 komnmnaTtop:
/bgsys/drivers/ppcfloor/comm/default/bin/mpixl1£77

/bgsys/drivers/ppcfloor/comm/default/bin/mpixl1£f77 r

« FORTRAN-90 komnunartop:
/bgsys/drivers/ppcfloor/comm/default/bin/mpixl1£90

/bgsys/drivers/ppcfloor/comm/default/bin/mpixl1£90 r

. Bepcuunte, konto 3aBbpluBaT Ha r, reHepupar thread-
safe kon

N e - SE——




KomnunupaHe Ha cogpbmyep

« /13xogHua koa Ha NpunoXeHue, KOETO M3Non3ea
MPI nnn OpenMP moxe ga ce komnunupa Ha
BlueGene/P, kaTo ce ykaxe komnunartopa, ¢ KOUTO
e ce nsnona3ea B Makefile-a unu B configure
ckpunTa (Mnu No Apyr Ha4YnH, B 3aBUCUMOCT OT
CaMOTO NpUIIoXeHne)

« Hawn-4yecTo 3a uenTa ce ycraHoBdaBaT
NPOMEHIINBUTE OT ODKPBXKEHNETO CC, FC, F77 "
CXX

» Hanpumep:
CC=mpixlc

Q _— ——




KomMmnunupaHe Ha cogpbmyep
(npoo.)

« KoraTto ce nsnonseart IBM XL komnunatopuTte,
MoraT [a ce yKaxaT onuuu, KouTo ga gosenart ao
no-ontTumareH kog cneunanHo 3a BlueGene/P.
ToBa cTaBa 4pes yka3zBaHeTO Ha cnegHarTa
nocriegoBaTeNnHOCT OT OMNuUMM Ha KoMnunaTopa:

CFLAGS="-03 —-garch=450d -gtune=450"

Tean onuum Baxkat un 3a C++ n FORTRAN, kaTto
OOMKHOBEHO Cce yCcTaHOBABAT CXXFLAGS U
FCFLAGS




llpumep

« B /bgsys/local/samples/helloworld ce Hamunpa
npumepHa nporpama, Makefile n LoadLeveler JCF

doamn, KouTo MoraT ga ce M3nosi3eart KaTto npmmep
3a komnunauua n nyckaHe Ha 3agava:

cd /bgsys/local/samples/helloworld
make

o [€e3n KkoMaHau cb3gaBaTt doann hello, KOUTO
MOXe Aa ce n3nbnHu Bbpxy BlueGene/P

« MoxeTe ga nsnonssaTte npuMepHUTE dpamnose
KaTo WabnoHu 3a cb3gaBaHeTo Ha Bawu
CKpUNTOBE 3a KoMnuniauusi U U3rnbiiHEHUE




N3nbiHeHuUe Ha 3adavume

3a pasnpegenenneTo Ha 3agadnte ce rpwxkn Tivolli Workload
Scheduler LoadLeveler

[TogroTBeHMTE 3a4aym ce nyckaT 3a U3MbJIHEHWE C KOMaHOaTa
11submit, kKOATO nosiyyasa T.H. Job Control File, konto onncea

N3NbNHUMUS ddain, OBKPBXKEHNETO N apryMEHTUTE MY.

N3nbnHeHneTo Ha 11submit BOAU OO0 NOCTaBAHETO Ha
3aJavaTa B onaluka oT Yyakawum 3agadmn. Korato ce nosisu
Bb3MOXHOCT 3a U3NbIIHEHNE, 3aJa4aTta ce u3npatla Ha
BlueGene/P.

Cnucbka C Yakaluum 3agavm MoXe aa ce Buam ¢ komaHgarta 114.
AKo cTtaTtyca Ha 3apgadvaTta Bu e R, 19 e nycHaTta, ako e | —
n34yakBa, a ako e H, 3Hauu e Bb3HUKHAI HSAKaKbB Npobriem u

TpsAbBa Oa ce npemaxHe. [NpemaxBaHeTo cTaBa C KoMaHgaTa
llcancel.




CuoObpxxaHue Ha JCF

« /bgusr/local/samples/helloworld.jcf e npumepeH Job
Control File:

@

#
# @
# @
# @
# @
# @
# @
# @
# @
# @
# @
/bg

job name = hello

comment = "This is a HelloWorld program"
error = $(jobid) .err

output = $(jobid).out
environment = COPY ALL;
wall clock limit = 01:00:00
notification = never

job type = bluegene

bg size = 128

class = n0128

gueue

bgsys/drivers/ppcfloor/bin/mpirun -exe hello -verbose 1 -mode VN -np 512

. CnepgHaTta nocnegoBaTenHocT OT KOMaHau Boau A0
n3npallaHe Ha 3agadaTa 3a U3NbIHEHNE:

cd /bgsys/local/samples/helloworld

llsubmit hello.jcf

) IS




MNMapamempu e JCF

# @ job name = hello [lpon3BonHo nMe Ha 3agadvaTa

# @ comment = "This is a HelloWorld program"
[Tlpon3BosSieH KOMEHTap, 3a cobcTBeHa ynotpeba

# @ error = $(jobid) .err Wme Ha pann, B KOUTO ce npeHaco4Ba
cTaHOapTHUA doannos geckpuntop stderr. [leMoHCTpupaHa e
ynotpebaTa Ha $(jobid), npomeHnnBa, KOSTO AMHAMWYHO Ce NonbrBa C
nageHTndukaTopa Ha 3agadvarta. Hanp., ako LoadlLeveler nage Ha
3agavata ugeHtuukauma 4242, To ctaHgapTHUA geckpunTtop stderr we
Obae npeHaco4veH BbB (hanna 4242.out

# @ output = $(jobid) .out Wme Ha dann, B KOUTO ce
npeHaco4Ba cTaHOapTHUA pannos geckpuntop stdout

# @ environment = COPY ALL; YKasBa,4Ye BCUYK/ BanngHu rno
BpeMe Ha M3nbfIHEHNETO Ha llIsubmit npoMeHNMBM OT ODKPBIKEHMETO
TpsbBa Oa ce yCTaHOBAT M NPU NMyckaHeTO Ha 3agavaTa Ha
N3NBbNHUTENHUTE B3NN




MNMapamempu e JCF (npoad.)

# @ wall clock limit = 01:00:00 BpemeBa rpaHuua, crnen
N3TM4aHeTo Ha KoATo LoadLeveler we npekpat U3nbiHEHUETO Ha
3agavarta. Tasu rpaHMua He MOXe Ja Ha[BuLlaBa ycTaHOBeHaTa 3a
Kraca 3agaym rpaHuua (Bmx no-gony)

# @ notification = never TbWKaTO HE € U3rpageHa
NH(PACTPYKTYpa 3a n3npawliaHe 1 nosiydyaBaHe Ha noila, TyK ce 3anucaea
never.

# @ job type = bluegene To3u napameTbp TpsbBa Aa CbAbpXka
CToMHoCTTa bluegene

# @ bg size = 128 Lanouducno, kpaTtHo Ha 128 1 He No-ronamo ot
2048. Onpepgena dbposa Ha Bb3NUTe, KOUTO e 6baaT N3non3BaHu 3a
N3nNbiIHEHWE Ha 3ada4vaTta. TpssbBa Aa oTroBaps Ha Kraca Ha 3agadvaTa
(BUX No-gony)




.
[ J

“__uMHdopMauus 3a. npoueca Ha nyckaHe Ha 3agadata.

MNMapamempu e JCF (npoad.)

# @ class = n0128 Knac Ha 3agadaTta. Han-BaKHUAT OT
napamMmeTpuTte, onpenens npuopuTeTa, ¢ KOUTO We obae nycHarta
3agadara, MakcumanHmsa Opon N3YNCNTENHU Bb3Nn, MakCUManHoOTO
BpeMeE 3a M3MbJTHEHNE (BUX MO-40MYy MHopMaLms 3a KnacoBeTe U
CbOTBETHUTE OrpaHNYEHNs)

# @ queue WHcTpykTtupa LoadlLeveler oa cnoxun 3agadarta B onallkara

/bgsys/drivers/ppcfloor/bin/mpirun -exe hello -
verbose 1 -mode VN -np 512 ChbLIMHCKATa KOMaHaa, KOSiToO BoAu
00 n3npalwjaHeTo Ha 3agadarta Ao U3YUCIIUTENHUTE Bb3NK Ha
BlueGene/P.

Hakou oT napameTtpute U ca:

-exe <executable file> —ykasBa dpaunna, KOUTO LLe ce
U3NbIHABA

-args “<arguments>” — aprymMeHTu, KOUTO We ObaaT nogageHn Ha
N3NbINHUMUA hann

-verbose 1 — MHCTPYKTUPaA mMpirun ga usnucea nogpoodHa




Q

MNapamempu e JCF (npo0.)

e -mode VN|SMP|DUAL — yKasBa pexuma Ha U3nbfiHeHne Ha 3agadara
(BUX no-gony)

« -np N - yKasBa 6posi NpoLiecopu, BbPXY KOUTO LLe ce cTapTmpa
nporpamara

. - env BG MAXALIGNEXP=-1 — MHOrO BaxeH (HeAoKyMeHT/paH!)
napameTbp, KOUTO yKa3Ba Ha BlueGene/P na HE mnancksa data
alignment. Nlonsima 4acTt oT rotoBusi copTyep He e npeasunaeH aa
paboTn Ha cuctemun, KonTo nsmnckeat data alignment 1 CbOTBETHO TOBa
BOAWN OO0 HEBBH3MOXHOCT 3a U3NbiNHEHMETO UM Ha BG/P. To3n aprymeHT
Kapa cuctemarta ga He obpblia BHUMaHWE Ha He-nogpaBHEHNTE AaHHU
N CbOTBETHO MO3BOJSIsiIBA U3NBJIHEHMETO HA TakbB COPTYEpP, BLMPEKU, Ye
TOBa BOAM OO HamaneHa rnpou3BoguUTENHOCT.

Note: Alignment is a property of a memory address, expressed as the
numeric address modulo a power of 2.




PexXumu Ha u3snsJiIHeHuUe

« Bcekn oT nauncnutenHuTe Bb3NKM pasnonara c 4
otaenHn PowerPC 450 npouecopa n obula nameT oT
2GB

o 3uncnutenHute Bb3NK morat ga paboTtaTt B 3
pa3nunyHn pexmnma Ha nanovnHenue: VN, DUAL n SMP

o Pexum VN: nsuncnnutenHunar Bb3ern ce pasgend Ha 4
oTAeNHn npouecopa. Bcekn npouecop nanwHABa
eHO KOMue Ha nporpamara, Kato T He MOoXe Aa
nonssa HULWKKW. [NameTTa ce pa3gens Ha 4 6noka, no 1
3a Bceku npouecop. B To3m pexnm 128 Bb3ena
n3nbHABaT 512 Konua Ha nporpamara, a uanara
cuctema — 8192 konusa. Bcako oT konuaTa nMma goCTbn
no 512MB nawmer.




PexXumu Ha usnnJiIHeHuUe
(npood.)

« Pexxum DUAL: nsyncnnTenHuaT Bb3en ce
pasgend Ha 2 ABOWKU npouecopu. Becaka aBowKa
N3NbIHABA €0HO KOMnWe Ha nporpamara, KaTo TS
MOXe Oa MyCHe 2 HULLIKN, BCSKA OT KOUTO ce
N3MNbIHABa HA CbOTBETHUA NMPOLECOP B paMKUTE
Ha ABoukaTa. [NameTTa ce pa3gens Ha 2 6noka, no 1
3a Bcska aBonka. B To3un pexxum 128 Bb3ena
N3NbIHABAT 256 KONMA Ha nporpamara, a uganara
cuctema — 4096 konusa. Bcako ot konuaTa nma
noctbn go 1GB nameTt n moxe ga nycHe no 2
HULLIKW.




PexXumu Ha usnnJiIHeHuUe
(npood.)

o Pexxum SMP: nauncnmntenHuaTt Bb3ern He ce
pasgend. Bcekn Bb3en nansiHABa €4HO Konme Ha
nporpamarta, KaTo T4 MoXe Aa nycHe 4 HULLKMN,
BCsiIKa OT KOUTO C€ U3MbIHSBA HA CbOTBETHUA
npoLecop B paMKkuTe Ha Bb3ena. [lameTta He ce
pasgensd. B To3n pexxum 128 Bb3ena nanbhiHaBaT
128 Konua Ha nporpamara, a uganarta cuctema —
2048 konusa. Bcako oT konusaTa nMma gocTtbn 4o
2GB nameT n Moxe ga nycHe no 4 HULLKW.




Pexxumu, npouecopu u bg size

. 3a Ja 6bae KOpeKTHO 3aJajeHa 3agadaTa, Tpadsa
a 6bae U3MbIHEHO CleJHOTO HEPaBEHCTBO:

bg _size >=np /km

« bg Size e cToMHOCTTa, YKka3aHa B LoadlLeveler
avupekTneaTta # @ bg size

e NP € CTONHOCTTA, YKa3zaHa B —np aprymMeHTa Ha
mpirun (O6posa KOMMUS Ha nNporpamarta)

« Km e koedunymeHT Ha pexunma: 1 3a SMP, 2 3a
DUAL, 4 3a VN

« OcBeH TOBa, bg_size TpsibBa na e kpaTHO Ha 128 u
Oa oTroBaps Ha yKasaHu4A Krac Ha 3agadaTta

Q — —




e e—

lpumepu 3a bg size

-mode VN -np 400 : bg size =128
-mode VN -np 600 : bg _size = 256
-mode DUAL -np 400 :bg_size = 256
-mode DUAL -np 600 :bg size =512
-mode SMP -np 400 :bg size =512
-mode SMP -np 600 : bg _size =1024




Neomempus Ha 3a0avama

« EANH WKam ce genun Ha gBe nonypaBHUHU
(Midplane) — ropHa u gonHa. Becaka
nofiypaBHMHA CbabpXxa 512 N34nCnnuTenHu
Bb3ena

» Korato bg_size >= 512 moxe Oa ce ykaxe
reomeTpudaTa Ha Bb3nuTe, KOUTO
M3NbHABAT 3agadvaTta. oBa MmoXxe Aaa
noBuLLK 6bP30AENUCTBMETO (HaNp. Npu
GROMACS). ToBa ctaBa 4ype3 cnegHuTe
LoadlLeveler aupekTmnsu:




Feomempus Ha 3a0avama

(npod.)

o # @ bg_connection = MESH | TORUS | PREFER_TORUS

MESH e HopmanHuat pexxum. BbanuTte ca
CBbp3aHu B Kyb (BCEKM CbC CbCegHUTE B).
CboOLyeHne oT NbpBUs OO0 NocrnegHus Bb3ern
npeMmnHaBa TPaH3UTHO NPe3 BCUYKU OcTaHanu no
NbTS MeXay TAX, KOeTO BOAU A0 U3BECTHA
NaTEeHTHOCT

TORUS - B nponbnHeHne Ha MESH, no Bcsako
N3MEPEHNE MbPBUTE Bb3NN Ca CBbP3aHU C
nocneaHnTe. Taka cbobLleHne OT MbpBUA A0
nocneaHua Bb3es1 NnpeMmHaBa QUPEKTHO (T.e.
CpeaHus NbT Ha CbOBOLLEHNSATA Ce CbKPpbLUaBa
NBOWHO.

PREFER_TORUS — Ako € Bb3MOXHO,
reomeTtpudaTta e TORUS, ako He — MESH
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Feomempus Ha 3a0avama
(npod.)

« # @ bg shape = XxYxZ — cboTBETHO X, Y 1 Z 6p.
[TonlypaBHMHM B CbOTBETHUTE MOCOKU, NN NepMyTaLns
Mexay Tsx (B n bg_rotate)

o # @ bg rotate = True | False — BbB Bpb3ka ¢ bg_shape,
paspeLwiaBa unn 3abpaHasa nepmytaymnTe.

« 3a HawaTa cuctemMa Te3n AUPEKTUBN MMaT CMUCHIT caMo 3a
cnydas bg_size = 1024 (npu bg_size = 512 nonypaBHnHaTa
e camo 1, a npu bg_size = 2048 ce nsnonseart n 4-te
nonypaBHUHU Ha 2-Ta WKadba, C KOUTO pasnosiarame), npu
ToBa 6€3 nepmyTtauusa (bg_ rotate = False). Toraea
bg_shape = 1x2x1 o3HayaBa, 4Ye OBeTe NoslypaBHUHU LLe
6bbaaT B 1 Wwkad, a bg _shape = 2x1x1 — ye we ObOaT B
pas3nuyHn WKadhose.




Knacoee 3ada4u

« KnacwT Ha 3agayaTta onpenens:

- [Npuoputnsayusata — no-rorneMmnTe 3agadu
ce nyckaT ¢ NnpeaAuMCTBO npes no-mMankute

- MakcumanHus 6pou Bb3nu, KOUTO MoraT
Oa ce usnonsear

- MakcumanHoTo BpeMe, KOeTo 3agadaTa
MOXe Oa ce U3NbJIHABA

« EQHOBpeMeHHO MoraTt ga obaar
N3NbIHABaHW onpegeneH 6pon 3agaymn ot
nageH knac

o [leduHMpaHu ca cnegHnTe KnacoBe:
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KnacoBe 3agayu (npoa.)

n0128long 16 7 oHn

n0512 24 yaca

n2048 2048 24 yaca

SN




n2048 — cneynanHo oTHoLeHue

‘BHUMaHue: 3agayum ot knac n2048, kouto
3aemar usnaTta MalluHa, ce rnyckat camo CbC
3HaHMeTO Ha AOMUHUCTPaTopa. AKO nmarte
Hy>XOa Oa NyCHeTe TakaBa 3ajada, Mo

NULLETE Ha
3rnoynoTpedba n Hecrna3BaHe Ha TOBa npanmo
MOXe Oa JgoBege oo bnokupaHe Ha akayTta Bu!



mailto:bgteam@scc.acad.bg

Advanced simulations
and
Software

Prof. Stoyan Markov
Dr. Peicho Petkov




Areas covered by the software and librarres
installed on the IBM BlueGene/P at Bulgarian
National Supercomputing Center

Computional chemistry, biochemistry, pharmacy
and material science.

Molecular dynamics , ab initio molecular
dynamics;

Structural bioinformatics, protein folding and 3D
structures predictions, mutant 3D protein structure
deformations, high resolution refinement, protein-
protein docking;

Virtual screening and computer aided drug
designs;




Areas covered by the software and librarres
installed on the IBM BlueGene/P at Bulgarian
National Supercomputing Center (1)

Computational fluid dynamics, large eddy
simulations, nuclear reactor cooling simulations,
gas combustions, coal combustions, pulverized
coal furnaces (optimization, slagging, pollutants),
semi-transparent radiation heat transfer,
lagrangian modeling for multi-phase flows;

Seismic wave propagation simulations, object
Impact and hazard risk calculations;

Preconditioning Techniques for Large Linear
Systems, Solving large sparse linear systems;

Multi-scale linear solvers for very large linear
systems etc.;




GROMACS

(GROningen Machine for Chemical Simulations)

Primarily designed for biochemical molecules
(proteins, lipids and nucleic acids) - a lot of
complicated bonded interactions;

Extremely fast at calculating the nonbonded
Interactions (that usually dominate simulations) —
research on non-biological systems, e.g. polymers.

Advantages:

Domain decomposition — particles;
PME 2D decomposition — long range electrostatics;
Leapfrog integration algorithm;

Variety of simulation box shapes; ~ NtP:/www.gromacs.org
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NAMD

(Not (just) Another Molecular Dynamics program)

A parallel, object-oriented molecular dynamics code
designed for high-performance simulation of large
biomolecular systems.

Developed using Charm++ - adaptive
communication-computation overlap and dynamic
load balancing.

NAMD pioneered the use of hybrid spatial and force
decomposition.

Scales to thousands of processors. NAMD is tested
up to 64,000 processors.

Simulation preparation and analysis Is integrated into
the visualization package VMD.
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LAMMPS

(Large scale Atomic / Molecular Massively Parallel
Simulator)

A classical molecular dynamics simulation code designed
to run efficiently on parallel computers developed at
Sandia National Laboratories.

Integrates Newton's equations of motion for collections of
atoms, molecules, or macroscopic particles that interact
via short- or long- range forces with a variety of initial
and/or boundary conditions.

Uses spatial decomposition technigues to partition the
simulation domain into small 3d sub domains.

Most efficient (in a parallel sense) for systems whose
particles fill a 3d rectangular box with roughly uniform
density.




DL POLY 4

DL _POLY is a general purpose classical molecular
dynamics (MD) simulation software developed at
Daresbury Laboratory by I.T. Todorov and W. Smith.

DL POLY 4 is based on the Domain Decomposition
(DD) strategy and is best suited for large molecular
simulations from 103 to 10° atoms on large processor
counts.

DL POLY 4 offers a selection of MD integration
algorithms couched in both Velocity Verlet (VV) and
Leapfrog Verlet (LFV) manner

It is relatively easy to adapt DL POLY 4 to user specific
force fields.




CP2K

(Car-Parrinello molecular dynamics 2000)

A suite of modules:

— variety of molecular simulation methods at different levels of
accuracy, from ab-initio DFT to classical Hamiltonians,
passing through semi-empirical NDDO approximation.

Used for:

— predicting energies, molecular structures, vibrational
frequencies of molecular systems, reaction mechanisms;

|deally suited for performing molecular dynamics studies.

Performs atomistic and molecular simulations of solid state,
liquid, molecular, biological systems.




CPMD

(Car-Parrinello Molecular Dynamics)

Ab Initio Electronic Structure and Molecular
Dynamics Program.

Includes ultrasoft pseudopotentials, free energy
density functional, wavefunction optimization,
geometry optimization,molecular dynamics:

constant energy, constant temperature and constant
pressure, path integral MD, many electronic
properties, time-dependent DFT,coarse-grained non-
Markovian metadynamics, response functions and
many electronic structure properties,hybrid quantum
mechanical / molecular dynamics




NWChem 5.1

(Northwest Chemistry)

Designed for parallel computer systems including parallel
supercomputers and large distributed clusters.

Scalable:

—  abllity to treat large problems efficiently

— utilization of available parallel computing resources.

Molecular calculations including:

Periodic system modeling;

density functional, Hartree-Fock, Muller-Plesset, coupled-cluster,
configuration interaction;

molecular dynamics, mixed quantum mechanics, geometry
optimizations, vibrational frequencies, relativistic corrections;

ab-initio molecular dynamics;
extended DFT




Quantum Espresso

Quantum Espresso can currently perform the following
kinds of calculations:

Ground-state energy and one-electron (Kohn-Sham)
orbital’s;

Atomic forces, stresses, and structural optimization;

Molecular dynamics on the ground-state Born-
Oppenheimer surface, also with variable cell;

Nudged Elastic Band (NEB) and Fourier String Method
Dynamics (SMD) for energy barriers and reaction paths;

Macroscopic polarization and finite electric fields via the
modern theory of polarization (Berry Phases).
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GAMESS

(General Atomic and Molecular Electronic Structure
System)
General purpose electronic structure code

Primary focus is on ab initio qguantum chemistry
calculations

Density functional theory calculations
QM/MM calculations
Energy-related properties

Numerical Hessians from finite differences of analytic
gradients

Molecular dynamics Effective fragment potential
(EFP) method
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DALTON

Powerful molecular electronic structure program, with
an extensive functional for the calculation of
molecular properties at the HF, DFT, MCSCF, and

CC levels of theory. QbOX

First-principles molecular dynamics (FPMD) — atomistic
simulation method that combines an accurate description of
electronic structure with the capability to describe dynamical
properties by means of molecular dynamics (MD) simulations.

Specific attention paid to the requirement to distribute nearly
all data structures on a platform as large as the Blue Gene/P
platform.




ROSETTA 3

(High - Resolution Protein Structure Prediction

Codes)

Library based object-oriented software suite which
provides a robust system for predicting and
designing protein structures, protein folding
mechanisms, and protein-protein interactions.

RosettaDock,
RosettaNMR,
Rosettaligand

Rosetta Functionality Summary: RosettaAbinitio,
RosettaDesign, RosettaEnzymeDesign,

RosettaAntibody, RosettaFragments,
RosettaDNA, RosettaRNA,




MpPI/BLAST and ScalaBLAST

BLAST (Basic Local Alignment Search Tool) —

the tool most frequently used for calculating sequence similarity.

— Search large databases.

— Comparison of nucleotide or protein sequences from the same or different
organisms is a very powerful tool in molecular biology.

— Finding similarities between sequences, scientists can infer the function of newly
sequenced genes, predict new members of gene families, and explore
evolutionary relationships.

MpIiBLAST is a parallel implementation of the Blast algorithm.

ScalaBLAST: A Scalable Implementation of BLAST for High-
Performance Data-Intensive Bioinformatics Analysis. A typical
guery list might contain thousands or millions of individual
sequences, each of which is meant to be scored against a
large database of publicly available sequence information,
such as the non-redundant protein sequence database (nr).
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SPECFEM3D

(seismic wave propagation)

Unstructured hexahedral mesh generation is a critical
part of the modeling process in the Spectral-Element
Method (SEM).

An advanced 3D unstructured hexahedral mesh
generator that offers new opportunities for
seismologist to design, assess, and improve the
guality of a mesh in terms of both geometrical and
numerical accuracy.

The main goal is to provide useful tools for
understanding seismic phenomena due to surface
topography and subsurface structures such as low
wave-speed sedimentary basins.




Code Saturne / Syrthes1.3.2

Code Saturne:

— Solve the Navier-Stokes equations in the cases of 2D, 2D axis
symmetric or 3D flows.

— The main module is designed for the simulation of flows which may be
steady or unsteady, laminar or turbulent, incompressible or potentially
dilatable, isothermal or not. Scalars and turbulent fluctuations of scalars
can be taken into account.

— Includes specific modules for the treatment of: lagrangian particle
tracking, semi-transparent radioactive transfer, gas, pulverized coal and
heavy fuel oil combustion, electricity effects (Joule effect and electric
arcs) and compressible flows.

— Engineering module ( Matisse ) - simulation of nuclear waste surface
storage.

Syrthes — conjugate heat transfer and transparent radiative heat transfer,
Independent FE solver with tetrahedral mesh and arbitrary fluid-solid interface,
Thermal shock, striping, fatigue Fuel combustion, ionic mobility under
development.

S .

—wi—




Aster
(Structural mechanics code)

A general code directed at the study of the mechanical behaviour of
structures.

For the expertise and the maintenance of power plants and
electrical networks

The main range of application is deformable solids: explains the
great number of functionalities related to mechanical phenomena.

—  behaviour of industrial components — influence of physical
phenomena (internal or external fluids, temperature,
metallurgic phase changes, electro-magnetic stresses ...).

Can « link » mechanical phenomena and thermal and acoustic
phenomena together.

Provides a link to external software, and includes a coupled thermo-
hydro-mechanics Kit.




Code Salome

A generic platform for pre and post processing and code
coupling for numerical simulation with the following aims:

Supports interoperability between CAD modeling and
computation software;

Facilitate implementation of coupling between
computing codes Iin a distributed environment;

Makes easier the integration of new components into
heterogeneous systems for numerical computation;

Sets the priority to multi-physics coupling between
computation software,;

Pool production of developments (pre and post
processors, calculation distribution and supervision) in
the field of numerical simulation P




Avallable libraries

v PETCs v ParFE

v ParMETIS v" GOotoBLAS
v LAPACK v FFTW

v' Linpack v GlobalArray
v ScalaPAck v PVFS2

v SuperLU v LUSTRE

v MUMS v' Trilinos

v HYPRE
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Conclusions

< More than 16 software packages and
more than 10 libraries are installed on the
IBM BlueGene/P at the National
Supercomputing Center

< The software installed covers scientific
areas like life science, computational
chemistry, material science, environmental
science, computational fluid dynamics, transfer
simulations, etc.




