MHCTUTYT NpOorpaMMHbIX CUCTEM

PoccMnckon akaaemMmm Hayk m K°

~ Open TS: apxuTekTypa u

peanusauusa cpeabl AnN
ANHaAMUYECKOoro

pacnapajanesimBaHus BblUUC/IEHUMN

AbpamoB C. M., MockoBckun A. A., PoraHos B. A,,
[lapamoHoB H. H., LLleBuykK E. B,,
LLleBuyk HO. B., Ymx O. I1.

Hosopoccuiick, A6pay-Atopco; 2005-09-20,

i 1! il i B

Woa = =i



@ Open TS: apxutekTtypa 1 peanu3aums
[lhaH agoknapa

KopoTKoe caMo-npeacrtaB/ieHne

Open TS: 0630p apXuTeKTypbl
CpaBHeHue noaxoaos: MPI vs Open TS
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T-Cucrema. Actopusn

CepeaguHa 80-bix
OcHoBHble nagen T-Cucrtemol

1990-bie
[lepBas peannsaunsa T-Cucrtemsl

2000-2002, Nporpamma «CKND»
GRACE — Graph Reduction Applied to
Cluster Environment

2003-cerogHs, NMNporpamma «CKN®»
Open TS — Open T-system
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CynepkoMnblOTEPHbIN NPOEKT
CKMN® Coro3HOro rocyaapcraa

a 2000-2004 g-

0 10 + 10 ucnonuutenen © -
2 $10M (Ha 5 net Ha 20 npeanpusaTUn)

2 WINC PAH — ronoBHble no Poccuun

a OUTNK HAH benapycu — ronoBHbIe MO
Poccumnckon ®epgepanumm

2 Hardware, Software, Applicatgions, AuX.
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NMukoBasi Npon3BOAUTENIbHOCTb 06pa3LioB
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Temnsbl pa3sutua oTpacnm (Linpack)
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<I>narmaH. «CKND K-1000»

lInkoBas NpoM3BOAM-
TenbHoCTb: 2,5 Tflops
N Linpack-npousBoau-
TenbHocTb: 2,0 Tflops
0 KINA=80.1 %

A

-
_—

/
-
/’ -
-

0 Ho;|6pb 2004 Haun6onee MOLLHAaSA
MaluuHa Ha Tepputopun CCCP

2 Hosi6pb 2004: N2 98 B Top500
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CpaBHeHue: T-Cucrema n MPI1

High-level
f n -System
ke?, few &ortra &Sys e
Low-level

hundred(s) sembler MPI
primitives % Qx

Sequential Parallel
15
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MoaobHble noaxoAbl

a Parallel Programming
Using C++ (Scientific and
Engineering Computation)
by Gregory V. Wilson
(Editor), Paul Lu (Editor)

ABC++, Amelia, CC++,
CHAOS++, COOL, C++//, = _ s |
ICC++I Mentatl MPC++I 'J' PARALLELP#OGRAMMING USINGc++
MPI++, pC++, POOMA, ITED BY GREGORY \ WILSON AND PAUL LU

TAU, UC++ Sy

16
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T-Cucrema B cCpaBHEHUM

Related work

Open TS differentiator

Charm++

TS ocHoBaHa Ha FP

UPC, mpC++

B TS HesiBHbIV Napannenusm

Glasgow Parallel
Haskell

TS ponyckaeT HU3KOYpPOBHEBbI
C/C++/ASM ontmMmnsauum

OMPC++ TS paeT n a3blKk U bubnnoTeka
C++ wabnoHoB
Cilk TS noapepxmneaet SMP, MPI,

PVM, u (B nnaHax), GRID
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Open TS: Ha ypoBHe JIO3YHIOB

J
J

J

U O

Hawa uenb — HPC

ABTOMaATU4YeCKoe ANHaMMNJeckKoe
pacnapannennsaHue nporpamMm

CoyeTaHue PyHKLMOHAIbHOU U
nMnepaTtmeHon napagurm (n OOIM)

BbICOKOYpOBHEBOE NMporpamMmMmmnpoBaHue

T++ 4a3bIK: «napannenbHbin agnanekT» C++
(He3abbIToe cTapoe: nonynsapHo ¢ 90-biX)

18
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T-IMoaxon

«Yuncrole» PyHKumnmn (tfunc) — mx BbI30BbI
CroCcobHbI NOpOoXAaThb rpaHy/bl Napannenm3ma
T-INporpaMmbl:

&  OyHKUMOHAsbHbI — HA BEPXHEM YPOBHE

&  WmMnepaTtuBHbI — HA HMUXHeM ypoBHe (C/C++/ASM
ONTUMM3aLINK)

C-coBMecTUMas Moaenb UCNOJTHEHUS

HerotoBble 3Ha4YeHnd, MHOIoOKpaTHbIE
NnpucBanBaHUA

[nagkoe paclimnpeHusa a3bikoB: C, Fortran, Pegan
19
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O 000 O

OO0

T+ 4+ HOBbIE KJIlDUYEeBble CJ1I0Ba

tfun — T-pyHKUMS

tval — T-nepemeHHas (T-3Ha4yeHue)
tptr — T-ykazaTenb

tout — BbixogHon napameTtp (aHanor &)

tdrop — Pa3opBaTb CBS3b NOCTABLUUK-
notpebutenb (caenaTtb rOTOBLIM)

twait — Peakoe: »xnaTb rOTOBHOCTU
tct — T-KOHTeKCT

20
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MpuMep nporpamMmm

#include <stdio.h>

tfun int fib (int n) {
returnn <2 ? n: fib(n-1)+fib(n-2);
}

tfun int main (int argc, char **argv) {
if (argc = 2) { printf("Usage: fib <n>\n"); return 1; }
int n = atoi(argv[1]);
printf("fib(%d) = %d\n", n, (int)fib(n)):
return O;

}
21
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Open TS: Cpepa

DEVELOPMENT TOOLS
Converte, Compiler TGDB Tracinng
T++ T++
e
WAD
LTDB
T-SUPERSTRUCTURE | | RUNTIME ENVIRONMENT Logging
T-entities ( G > _ K—/
(variables, obile Threads 4 B
references)

( Mobile References )
Access Control
(Read/Write)

22
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Open TS: Runtime

Q TpexcnovHas
apxutektypa (T, M, S)

2 Design: microkernel o e
CerogHs: 10 paclumpeHun ST
a «Supermemory>» .
2 Lightweight threads T
2 DMPI: Dynamic MPI -
&  auto selection of MPI m....s,ope:.m::..,.lm
implem_entatic.)n = =
& dynamic loading and P
linking

23
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Supermemory

1 Object-Oriented Distributed shared memory
(OO DSM)

1 Global address space

2 Cell versioning

24
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Multithreading & Communications

O Lightweight threads — npoBokauus
&  PIXELS (1 000 000 threads)

O Asynchronous communications
& Hutu A TpebyeTcs HerotoBoe 3HayeHue

o [epepaetcsa acuHXpoHHbIN 3anpoc (Active
messages & Signals) 4yTobbl CTUMYNUPOBATH
nepeaavy AaHHbIX K HATK A

& BbligensieTcs KBaHT Ha KOMMYHUKaUMK (HET Nn
yero B HalleM rnpoLieccope?) n nepexon
(context switch) Ha Apyrylo rotoByto HUTb

O Latency Hiding B KOMMYHUKaLINSX
25
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DMPI
a Dynamic MPI

&  aBTOMaTuyeckun noadbop peanusaummn MPI
&  AMHaMU4Yyeckas 3arpyska
(dynamic loading and linking)

0 Cemb peanmnsaummn MPI noaaepxxaHbl:
LAM
&  MPICH
&  SCALI MPI
&  MVAPICH
o IMPI
Dk
Dk
nu

Dt

MPICH-G2
PACX-MPI

Q aaxe PVM MmoxeT 6bITb ncnosib3oBaH sMecto MPI

26
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Debugging: WAD, LTDB

[var@skif tests]S cat fault.txx

void writeNull(unsigned long ptr) {
*(unsigned long*)ptr = 0;

}

tfun int main (int argc, char *argv[]) {
writeNull(7);
return 0;
}
[varaskif tests]$ ./fault
Open T-System Runtime v3.0, 2003-2004, PSI RAS, Russia.

Running under unicomputer MPI on 1-rank cluster:

3. 3Gf 22BM,0.86G1iB)

tfun main, good luck!

Starting
WAD: Collecting debugging information...

WAD: Segmentation fault.

#13 O0x08049945 in ?7()

#12 0x40170a67 in __libc_start_main()

#11 Ox0804bd65 in unsigned long()

#10 Ox0804aS511 in ts::start_threads(void* (*)(void*), int)()
#9  Ox0804b7cl in ts::thread_worker(void#*)()

#8  Ox08050445 in ts::Service::doAllWork()()

#7 Ox0805e56a in ts::MacroScheduler: :work()()

#6 Ox08061ffe in ts::MacroScheduler::runLocalTasks()()

#5 Ox0805057c¢ in ts::ThrH::yield(ts::ThrH*)()

74 0x0804ad6f in ts::ThrH::hwSaveRestore(ts::ThrH*, ts::ThrH*, void*)()

#3 0x0804b139 in ts::SThread::newTask(ts::SThread*)()

#2  Ox0806b5d9 in ts::TFun<int, tfunmainTFunCtxt>::work()(this=0x8c1583¢c)

~ in , at line 5063

#1 0x0806a28e in tfunmainTFunImpl::body()(this=0x8c1583c)
~ in , at line 6

#0 0Ox0806alae in writeNull(unsigned long)(ptr=7)
~ in , at line 2

[var@skif tests]S$
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C60p cTaTUCTUKM

[alexanderm@skif demos]$ mpirun nl,2,3,4 ./fib 29
Open T-5ystem Runtime 3.0, 2003-2004, P35I RAS, Russia.

Running under LAM MPI on 4-rank cluster:

([3.1G£,3060BM,0.86G1iB]+([3.1GE£,3060BM,0.49G1B]+[3.1G£,3060BM,0.86G1B]*2)

2.2G£,12240BM,3.08G1E]

starting tfun main, good luck!

fib(29) = 514229
Tasks activated:
Tasks exported:
Msgs sent:

Async Msgs:

Msgs size:
Taskboard visits:
scheduler time:
MPI tine:

Idle time:

Tasks time:
Total time:

~ . ™ - . -

[407582/416020/420993 ]
[33/35/40]
[1534/1577/1639]
[0/0/0]
[114472/118405/124576 ]
[408080/416657/421748]
[1.188/1.219/1.234]
[0.031/0.033/0.035]
[0.011/0.013/0.015]
[8.942/9.059/9.190]
[16.368/16.375/16.380]

- a

28
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CoobLeHnsa n3 pasHbixX MeCT

A var @ skif:-/autoinstall OpenTS/openTS/demos .
Eile Edit View Teminal Go Help

[4,0] -> [7]: ts::Datagts::cantrolbandler:{readBn.@0¥8a3906¢M601 ad
[9,0] -> [10]: ts::Dat<ts::controlHandler>/readRq @0x8a9906¢[60]

[9,0] -> [14]: ts::Dat<ts::controlHandler>/readRq @0x8a98164[60]

[4,0] -> [7]: ts::Data<ts::controlHandler>/readRq @0x8a9906c[60]

[9,0] => [7]: ts::Data<ts::controlHandler>/readRq @0x8a98164[60]

[9,0] => [8]: ts::Data<ts::controlHandler>/readRq @0x8a98164[60]

[1,0] -> [14]: ts::Data<ts::controlHandler>/readRq @0x8a9948c[60]

[7,0] —> [13]: ts::Data<ts::controlHandler>/readRa @0x8a98d5¢[601

[5,0] -> [15]): ts::Data<ts::controlHandler>/radRq @0x8a98164[60]

[8,0] -> [1]: ts::Data<ts::controlHandler>/readRq @0x8a98164[60]

[1,0] -> [S]: ts::Data<ts::controlHandler>/readRq @0x8a9948c[60]

[7,0] -> [4]: ts::MControlData<ts::Resource> @0x8a9887c[80]

[5,0] => [7]: ts::MControlData<ts::Resource> @0x8a987ac[80]
[8,0] -> [4]: ts::MControlData<ts::Resource> @0x8a98114[380]
[5,0] -> [8]: ts::MControlData<ts::Resource> @0x8a987ac[80]
[1,0] -=> [7]: ts::Data<ts::controlHandler>/re20x8a98f04(80]

|

[6,0] -> [10]: ts::Data<ts::controlHandler>/r @0x8a98114[80]
[5,0] => [I4]): ts::MControlData<ts::Resource> @0x8a987ac[80]
[1,0] => [6]: ts::MControlData<ts::Resource> @0x8a98f04[80]
[6,0] -=> [8]: iteratorTFunImpl @Ox8a9d544[328]

[8,0] -=> [12]: ts::MControlData<ts::Resource> @0x8a98114[80]
[8,0] -> [13]: ts::MControlData<ts::Resource> @0x8a98114[80]
[6,2] -> [10]: ts::DRCObj::DRCData/retrieve @0x8a98cac[68]

[6,0] -> [8]: ts::Data<ts::controlHandler>/readRq @0x8a9904c[60]
[1,0] -> [7]: ts::MControlData<ts::Resource> @0x8a98f04[80]
[13,0] -> [2]: ts::Data<ts::controlHandler>/readRq @0x8a9892c[60]
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Open TS Ha TeppuTOpUaNIbHO-
pacnpeaeneHHbIX YCTaHOBKaX

1 Meta-cluster messaging support
(MPICH-G2, IMPI, PACX-MPI)

2 Customizable scheduling strategies
(network topology information used)

30
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KoHTpakT ¢ Microsoft:
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U O

NpunoxxeHusn

[lonynsapHble U LLMPOKO UCMOJIb3YEMbIE

PaspaboTaHbl HeE3aBUCcMMbIMKU MPI-3KcrnepTa-
Mn (6e3 nopoyalumx cea3en ¢ T-Cucremon)

PovRay — Persistence of Vision Ray-tracer,
C-naket + C/MPI-patch
ALCMD/MP_lite — monekynspHas
onHammka (Ames Lab)
dopTpaH nporpamma + MP_Lite/MPI

32
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KnroueBoMn BONpoOC:

a [Mo3sonset nu T-Cucrtema y406HO cO30aBaThb
NpuKnagHble CUCTEMBI?

DKOHOMUTCS NN TpyA, NporpaMMucTa’?

[encTBuTEnbHO NN Bonee YntabenbHbIU U
6onee komnakTHbIKM KOA? (less space for
bugs)

2 W npu 3TOM Mbl HE CUJTBHO XXepTBYyeM
npoun3soauTenbHOCTbO (A0 30% oT MPI)?

U O

33
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T-PovRay vs MPI PovRay:
C/NI0OXKHOCTb KoAia

NMMporpaMmMa

0O61beM Kkoaa

MPI modules for
PovRay 3.10g

1,500 cTpok

MPI patch for 3,000 cTpok
PovRay 3.50c
T++ modules (for both 200 cTpok

versions 3.10g & 3.50c¢)

34
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T-PovRay vs MPI PovRay:
Nnpon3BOANTESIbHOCTb

210%
%883’ T - Time MPI/Time OpenTS
0

180% T
170% =
160% T
150% T
140% T

130% T
120% T
110% T
100%

90%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Number of processors

16 dual Athlon 1800, AMD Athlon MP 1800+ RAM 1GB,
FastEthernet, LAM 7.0.6 354
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T-PovRay vs MPI PovRay:

NpoM3BOAUTENIbHOCTDb
%gg - —= Time MPI/Time OpenTS -
180% I \\
170% T \

160% T
150% T
140% T
130% T
120% -
110%
100%
90(%) I T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Number of processors

2CPUs AMD Opteron 248 2.2 GHz RAM 4GB,
GigE, LAM 7.1.1 5,
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ALCMD/MPI vs ALCMD/OpenTS

ALCMD

M P_LiteMp|

ALCMD

MPI

5 |
_theOpenTS

OpenTS

2 bubnnoteka MP_Lite (Kyco4yek) nepenncaHa

Ha T++

a Fortran ko4 ocra/sicd HETPOHYTbIM

37
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KnroueBoMn BONpoOC:

a [No3BonseTt nu T-Cucrtema y406HO co3naBaTh
6unbnuortekn (nogo6bHobie MP_Light) ans
nanbHenwen pa3paboTkn NpUKNaaHbIX
CUCTEM?

JKOHOMUTCS 1 TpyA NpOrpaMMmncTa?

[euctButenbHO nu 6onee yntabenbHbIN U
bonee koMnakTHbIN kKoAa? (less space for
bugs)

a W npu 3TOM Mbl HE CUJTBHO XXepTBYyeM

npounssoanTenbHocTbio (A0 30% oT MPI)?
38
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(.f? Open TS: apxutekTtypa 1 peanu3aums
LCMD/MPI vs ALCMD/OpenTS :
code complexity

Program Source code volume
MP_Lite total/MPI ~20,000 lines
MP_Lite,ALCMD-related/ ~3,500 lines
MPI

MP_Lite,ALCMD-related/ 500 lines
OpenTS

39



6.2 Open TS: apxutekTtypa 1 peanu3aums
LCMD/MPI vs ALCMD/OpenTS:
npon3soanTesZibHOCTb

110%

- Time MPI/Time OpenTS

100%

an A A

VF\V\I’VVV\.

80%

1 7 8 9 10 11 12 13 14 15 16
Number of processors

16 dual Athlon 1800, AMD Athlon MP 1800+ RAM 1GB,
FastEthernet, LAM 7.0.6, Lennard-Jones MD,$12000 atoms
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LCMD/MPI vs ALCMD/OpenTS:
NPOU3BOAUTENIbHOCTDb

110%

- Time MPI/Time OpenTS

N

90%

80% — T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Number of processors

2CPUs AMD Opteron 248 2.2 GHz RAM 4GB,

Gigk, LAM 7.1.1, Lennard-Jones MD, 514000 atoms
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LCMD/MPI vs ALCMD/OpenTsS:
performance

110%

- Time MPI/Time OpenTS

Vg g B Egaa _ sg

90%

80% — T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Number of processors

2CPUs AMD Opteron 248 2.2 GHz RAM 4GB,

InfiniBand,MVAMPICH 0.9.4, Lennard-Jones M{3,512000 atoms
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[punoxxeHusa, HanmcaHHbIe
Ha Open TS
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Open TS: apxutekTtypa 1 peanu3aums

T-INMpunnoxxeHuns

MultiGen — oueHka 6Monorn4eckom akTMBHOCTHU
BeLlecTB

[ncTtaHunmoHHoe 3oHamnpoBaHune 3emnu ([133)
MoaenmpoBaHue nnasmbl

MopaenupoBaHue 6ekoB

A3poMexaHuKa

Query engine for XML

NN-npunoxxenunsa (3 LWTYKN)

n ap.

44
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MultiGen
YenabuHckumn FocynapCTBelggHblﬁ YHuBepcurter

Level 0




(.9 Open TS: apxutekTtypa 1 peanu3aums
- MultiGen: Speedup

National Cancer Institute USA
Reg.No. NCI-609067
(AIDS drug lead)

National Cancer

V. Institute USA
TOSLAB company (Russia-Belgium) Reg.No. NCI-641295
Reg.No. TOSLAB A2-0261 (AIDS drug lead)

(antiphlogistic drug lead)

Substance Atom Rotations Conformers Exectution time (min.:c)
number number
1 node | 4 nodes | 16 nodes
NCI-609067 28 4 13 9:33 3:21 1:22
TOSLAB A2-0261 82 18 49 115:27 39:23 16:09
NCI-641295 126 25 74 266:19 95:57 34:48
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U0 U

NanbHenLlIue NnNaHbl

bonee rnybokas noaaep>xka MHorosiaepHoix CPU

(TeppuTopuanbHo-) PacnpeneneHHble CUCTEMBI

o  [naHmpoBlWKK

&  [pyrme KOMMyHUKaUWOHHbIe peanu3aumn DMPI

&  WHTepdencol k Web-cepsucam

Fault-tolerance

OnTMmM3auma nopa pasnnyHblie coepemMeHHble CPU

CkeneTbl afiropnuTMOB, WabnoHbl U napannenbHble
6MbNMOTEKN BLICOKOIO YPOBHS:

& sum = fold +
o minimum = fold min
& prod = fold *
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3a paMKaMM Aoknaaa

Opyrne T-ananekTbl: T-Refal, T-Fortan
Memounzauus (TabynmpoBaHme) dyHKLMN

ABTOMaTu4eckoe nepeknoveHue mexay call-
ctuneMm un fork-ctmnem npu BbizoBe T-DYHKLMN

Checkpointing
Heartbeat-mexaHun3m

ApoMaTbl (Flavours) tptr-ykasaTteneun: “normal’,
“glue” and "magnetic” — neHuBble, XXaaHble U
cynep)xaaHble nepeaayn AaHHbIX
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bnaroaapHocCTv

1 CynepkoMnbioTepHbi NpoekT CKUOD
2 [lporpammbl PAH

&  OUBTC: «Bbicokonpon3sBoauUTeNbHbIE BblUNCIUTESbHbIE

CUCTEMbI C HOBbIMA MNMPUHLUKXIMAMUN OpraHn3aunmn
BbIHNCJTUTESIbHbIX NMPOLECCOB>»

o  [lpe3smauym: «Co3gaHue OCHOBbLI A1 BHEAPEHUS
pacripeaenieHHbIX HayYHbIX MHPOPMALMOHHO-
BblUMCNUTENbHOW cpeabl Ha GRID TexHonormnsax»

a POOU: rpaHT 05-07-08005-0pn_a
1 Microsoft — koHTpakT «Open TS vs MPI case study»
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