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@ MHCTUTYT NporpaMMHbIX cucteM umenun A.K.AitnamaszsaHa PAH
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[lepecnaBnb-3anecckun.
VIHCTUTYT NporpaMMHbIX CUCTEM
nmeHn A.K.AnnamasgaHa
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MUNC vmeHn A.K.AnnamassHa PAH — Mporpamma «CKU®-rPua» °"“°r,,m

[lepecnaBnb-3anecckun

KpacuBbin ctapuHHbIN (860 ner)

ropoq Poccuun Ha bepery
[TneweeBa o3epa

LleHTp 3onoToro konbua

PoouHa Ce.AnekcaHapa HeBckoro,
pPoAMHA MHOIMX BENUKUX KHA3EN

3aechk [etp Benukuin cosnasan
CBOIO MEPBYH «MOTELLUHYIO
dNOTUNNIO» — MECTO POXAEHUSA
Poccuunckoro griota

[peBHnN ueHTp Poccumnckon
[1lpaBocnaBHou Llepkeu
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@ WNC umenn A.K.Aiinamassiva PAH — MporpamMma «CKM®-TPUA»  [ee

[ OcHoBaHune VHcTtutyTa ]

»¢ OcHoBaH B 1984 roagy no noctaHoBneHuo BIMK ans passutus
MHMPOPMATUKN N BbIMUCTIUTENBHON TEXHUKU B CTPaHe

’c Mepsbin gupektop (1984—2003) — npod. A.K.Anama3ssH
> B pekabpe 2008 NHcTuTyTy NpmnceoeHo umsa A.K.AiinamassHa
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@ NINC nmenn A.K.AnnamassiHa PAH — lNMNporpamma «CKU®O-rpna» °"“°

reva

[2009: OpraHusaunoHHasa CTPYKTypa UHCTUTYTA :l

iccneooBaTenbCKnMM LEHTP UCKYCCTBEHHOIO
NHTENeKTa

lccnepgoBatenbCKNUM LEHTP MegULMHCKOW
NHJOPMATUKK

iccneooBaTenbCKMU LEHTP MYIBTUNPOLECCOPHbIX
CUCTEM

lccnepgoBaTenbCKUM LEHTP CUCTEMHOIO aHanunsa
iccneooBaTenbCKNU LLEHTP MPOLECCOB YNpaBneHus

Hay4Ho-oOpa3oBaTenbHbIN LEHTP —

MexayHapoaHbIN OETCKUN KOMMBbIOTEPHbLIU Narepb
(MOKL) nmenn A.K.AnnamassHa

CKU®-IrPUO © 2009 Bce npaBa 3awmileHbl Cnanp 7
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[YHMBepCMTeT ropoaa llepecnasns :l

@ WNC umenn A.K.Aiinamassiva PAH — MporpamMma «CKM®-TPUA»  [ee

nveHun A.K.AnnamassaHa
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NINC nmenn A.K.AnnamassiHa PAH — lNMNporpamma «CKU®O-rpna» °"“°

reva

[rlporpaMMbl «CKN®» 1 «CKUD-TPUI»

¢ 3aKas4MKU-KoopaMHaTopbI
= HAH benapycu _m
= AreHTcTBO «POCHayka»

¥¢  [onoBHblE NCMOMHUTENM

"  O6beanHEHHbIN UHCTUTYT Npobrem SEE
nHpopmatukn HAH benapycu st ae SuaSMIS S

"  /HCTUTYT nporpamMmmHbix cuctem PAH
% WcnonHutenu
= «CKN®» 2000-2004 — 10+10 opranmsaumn benapycu n Poccum

= «CKND-TPNLO» 2007-2010 — 10+20 opraHunsaumn benapycu u
Poccun

“¢  2003-2008: 5 cynep3BM cemelictBa « CKND» B pentuHre Top500

CKU®-IrPUO © 2009 Bce npaBa 3awmileHbl Cnaunp 9
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YTto 3aTpypHseT adphekTUBHOE
ncnonb3oBaHue MPI B
cynepoBM onuxaunwero

oyaywero?
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NINC nmenn A.K.AnnamassiHa PAH — lNMNporpamma «CKU®O-rpna» °"“°

reva

[ Mpo6nemsi MPI ]

7¢ PocT yncna npoueccopos (1 saep) B cynepdBM byaet
NpoaoSKaTbCs

= CerogHsa 1 Pflops = 20,000 CPU = 80,000 agep

= YcrtaHoBku ¢ 1,000,000 aapamn NosiBATCS OMEHb CKOPO

v¢  TpyaHoctn adbdekTmBHOM peanunsaumm MPI ansa ruraHtckoro
4yuMcria BblYUCIIUTENBHbLIX Y3I10B

= [a eue n MmHoroaaepHbix!

7¢  TpyaHocTu 3 HEKTUBHOIO UCMONb30BaHUS

nporpammuctamun MPI ona cnyyas ruraHTCcKkoro ymcna
BblYNCNUTENBLHLIX Y3I10B

7¢ EcTb paspbiB mexay Tem, 4To peanunsyet annapatypa (SMP

+ O[JHOCTOPOHHNE OOMEHBI) 1 TeM, 4YTo nmeetcsa B MPI
fmRVIATARAT LTI~ ACEND PULO © 2009 Bee PPARSA 3aMdLLEHEL 1A 1 A \ Cnanpg 13
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NINC nmenn A.K.AnnamassiHa PAH — lNMNporpamma «CKU®O-rpna» °"“°

reva

[ T-cuctema (HedpopmarsnbHO) ]

dyHKUMOHaNbHaa Mogenb + nMneparuBHoe onncaHue Ttena
doyHKL MU
ApPHOCTb 1 KOQPHOCTb PYHKLINN

[OTOBbIE N HEIOTOBbLIE 3HAYEHMUS
BbizoB T-pyHKUMM — NnopoXxaeHne npoLecca

MokHO KONMmMpoBaTb HEFToTOBbIE 3HAYEHNA, B TOM YUCTIE U
nepenaBarb X Kak pe3yribrat

JTtobble MHble onepaumn ¢ HErOTOBbIM 3HAYEHNEM NMPUBOAUT
K «3acblinaHuio» npoLecca Ha gaHHOWN T-nepemMeHHOoU

[ToOyaka byner, korga T-nepemMeHHasa npuMeT rotoBoe
3HayeHune

CocCTOosiHME BbIYNCIIEHUA: CETb U3 NpoLEeccoB (pebpa —

OTHOLWweHune «I'IOCTaBLLI,I/IK-I'IOTpe6l/ITeJ'Ib»), npouecc
s CKIAAR-L P @12009-Bee ARABY 2ALLULLEHB] v ~ ™% o~ ~=—r1 & Cnaupg 15
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Open TS: an advanced tool for parallel and distributed computing.

T-System History

Mid-80-ies
Basic ideas of T-System

1990-ies
First implementation of T-System

2001-2002, "SKIF”
GRACE — Graph Reduction Applied to
Cluster Environment

2003-current, "SKIF”
Cooperation with Microsoft
Open TS — Open T-system

24
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@ Open TS: an advanced tool for parallel and distributed computing.

Comparison: T-System and MPI
High-level

a few
keywords

Low-level

hundred(s)
primitives

Sequential



Open TS: an advanced tool for parallel and distributed computing.

T-System in Comparison

Related work

Open TS differentiator

Charm++

FP-based approach

UPC, mpC++

Implicit parallelism

Glasgow Parallel
Haskell

Allows C/C++ based
low-level optimization

OMPC++ Provides both language and
C++ templates library
Cilk Supports SMP, MPI, PVM,

and GRID platforms




Open TS: an advanced tool for parallel and distributed computing.

Open TS: an Outline

High-performance computing
“Automatic dynamic parallelization”

Combining functional and imperative
approaches, high-level parallel
programming

T++ language: “Parallel dialect” of
C++ — an approach popular in 90-ies

28



@ Open TS: an advanced tool for parallel and distributed computing.

T-Approach

2 Pure” functions (tfunctions) invocations
produce grains of parallelism

a T-Program is
&  Functional — on higher level
& Imperative — on low level (optimization)

C-compatible execution model
Non-ready variables, Multiple assignment
“Seamless” C-extension (or Fortran-extension)

U O O

29



@ Open TS: an advanced tool for parallel and distributed computing.

T++ Keywords

tfun — T-function

tval — T-variable

tptr — T-pointer

tout — Output parameter (like &)
tdrop — Make ready

twait — Wait for readiness

tct — T-context

00000000

30
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Short Introduction
(Sample Programs)
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Open TS: an advanced tool for parallel and distributed computing.

Sample Program (C++)

#include <stdio.h>

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

int main (int argc, char **argv) {
if (argc 1= 2) { printf("Usage: fib <n>\n"); return 1; }
int n = atoi(argv[1]);
printf("fib(%d) = %d\n", n, fib(n));
return 0;



Open TS: an advanced tool for parallel and distributed computing.

Sample Program (T++)

#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 0;
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Open TS: an advanced tool for parallel and distributed computing.

Sample Program (T++)

WinCCS cluster,
4 nodes

CPU: AMD Athlon 64
X2 Dual Core
Processor 4400+ 2.21
GHz

Gigabit Ethernet

time% =
time, pp(N)/tImeta ) p(l)
CoE = 1/(nxtime%)



@ Open TS: an advanced tool for parallel and distributed computing.

Approximate calculation of Pi (C++)

#include <math.h>
#include <stdio.h>
#include <stdlib.h>

double
isum(double begin, double
finish, double d) {

double dl = finish - begin;

double mid =
(begin + finish) / 2;

if (fabs(dl) > d)
return isum(begin, mid, d)
+ isum(mid, finish, d);
return f(mid) * dl;

¥

double f(double x) {
return 4/(1+x*x);

¥

int main(int argc, char* argv[]){
unsigned long h;
double a, b, d, sum;

if (argc < 2) {return 0;}

a=0;b=1; h=atol(argv[1]);

d = fabs(b-a) / h;

sum = isum(a, b, d);

printf("PI is approximately
9015.15If\n", sum);

return 0;

35



@ Open TS: an advanced tool for parallel and distributed computing.

Approximate calculation of Pi (T++)

#include <math.h>
#include <stdio.h>
#include <stdlib.h>

tfun double
isum(double begin, double
finish, double d) {

double dl = finish - begin;

double mid =
(begin + finish) / 2;

if (fabs(dl) > d)
return isum(begin, mid, d)
+ isum(mid, finish, d);
return (double)f(mid) * dl;

¥

tfun double f(double x) {
return 4/(1+x*x);

h

tfun int main(int argc, char* argv[]){
unsigned long h;
double a, b, d, sum;

if (argc < 2) {return 0;}

a=0;b=1; h=atol(argv[1]);

d = fabs(b-a) / h;

sum = isum(a, b, d);

printf("PI is approximately
9015.15If\n", sum);

return 0;

36



Open TS: an advanced tool for parallel and distributed computing.

Calculation of Pi (T++)

120%

a

100% \
80%

40%

20%

0% l
0 2
CPU Cores

- Time(%) - CoE

WinCCS cluster,
4 nodes

CPU: AMD Athlon 64
X2 Dual Core
Processor 4400+ 2.21
GHz

Gigabit Ethernet

time% =
time, pp(N)/tImeta ) p(l)
CoE = 1/(nxtime%)



Open TS: an advanced tool for parallel and distributed computing.

Map-Reduce

----- Original Message -----
From: Alexy Maykov
Sent: Monday, October 02, 2006 11:58 PM

Subject: MCCS projects

I work in Microsoft Live Labs ... I have several
questions below:

1. How would you implement Map-Reduce
in OpenTS?

38



Open TS: an advanced tool for parallel and distributed computing.

cout << " Filling vectors..." << end]l;

Ma p- REd uce (C + +) for (inti = 1; i <= vector_size; i++)

{

a.push_back(i % factor);
b.push_back((vector_size + 1 - i) % factor);
c.push_back(0);

fa.push_back(0);

fb.push_back(0);

#include <vector>
#include <algorithm>
#include <functional>
#include <iostream>
#include <ctime>

using namespace std; ¥
int fib (int n) cout << " Mapping..." << end]l;
{ transform(a.begin(), a.end(), fa.begin(), fib);
return (n < 2) ? n: fib(n-1) + fib(n-2); cout << " Mapping..." << endl;
3 transform(b.begin(), b.end(), fb.begin(), fib);
int plus (int vall, int val2) cout << " Reducing..." << end|;
{ transform(fa.begin(), fa.end(), fb.begin(), c.begin(),
return vall + val2; ::plus);
>
int main (int argc, char *argv[ ]) cout << endl << " Result: (" ;
{ ostream_iterator<int> output(cout, " ");
const int factor = 23; copy(c.begin(), c.end(), output);
const int vector_size = 40; cout << "\b)" << endl;
vector<int> a, b, c;
vector<int> fa, fb; return O;
by
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Open TS: an advanced tool for parallel and distributed computing.

Map-Reduce (C++)

#include <vector>

cout << " Filling vectors..." << end]l;
for (inti = 1; i <= vector_size; i++)
{

a.push_back(i % factor);

#include <algorithm>
#include <functional>
#include <iostream>
#include <ctime>

il ya 4 ol LA H - A Y
)7

Fibonacci
_—

using namespace std;

N

int fib (int n)

{
return (n < 2) ? n: fib(n-1) + fib(n-2);

f

)
return vall + val2;

\Int main (int argc, char *argv|[ 1)

“w

J

()

const int factor = 23;
const int vector_size = 40;
vector<int> a, b, c;
vector<int> fa, fb;

J

cout << " Mapping..." << end]l;
transform(a.begin(), a.end(), fa.begin(), fib);
cout << " Mapping..." << end]l;
transform(b.begin(), b.end(), fb.begin(), fib);
cout << " Reducing..." << endl;

transform(fa.begin(), fa.end(), fb.begin(), c.begin(),
::plus);

cout << endl << " Result: (" ;
ostream_iterator<int> output(cout, " ");
. , output);

n

40



@ Open TS: an advanced tool for parallel and distributed computing.

cout << " Filling vectors..." << end]l;

Map- REd uce (C + +) (f(OI‘ (inti = 1; i <= vector_size; i++)

. a.push_back(i % factor); \
#include <vector> b.push_back((vector_size + 1 - i) % factor);
#include <algorithm> c.push_back(0);

#include <functional> £2 oush back(OS'

#include <iostream> fb.p h back(0):

#include <ctime> -push_back(0);

using namespace std; Q J

int fib (int n) cout << " Mapping..." << end]l;

{ inf),  a.end(), fa.begin(), fib);
HTH . .. << endl;

3 Filling vectors: egin(), b.end(), fb.begin(), fib);

in o bttt Bty | << endl

{ a [ k /0 23 I k [ 1 4 (), fa.end(), fb.begin(), c.begin(),

,|b=[ (41-k)%23 | kJ[1..40]]

int——mcaryccrrar—argvr Ty < Result: (" ;

{

const int factor = 23;

const int vector_size’= 40; Five veCtors: al bl fal fbl C

- ; %
vector<int> fa, fb; ] return 0;
[ ¥ 41




Open TS: an advanced tool for parallel and distributed computing.

caout <<~ Filling vectors..." << end]l;
Transform vectors: 11 <= vector_size; i++)
fa —_— map fib a pack(i % factor);

back((vector_size + 1 - i) % factor);

fb=mapfibb hack(0);

| back(0);
¢ = zipWith plus jaffM back(0);
using namespace std;

int fib (int n) ffout << "Mapping..." << endl; \

=|=I:=|=l:=|=|:=|=l:=|=l:

{ transform(a.begin(), a.end(), fa.begin(), fib);
return (n < 2) ? n: fib(n-1) + fib(n-2); cout << " Mapping..." << endl;
3 transform(b.begin(), b.end(), fb.begin(), fib);
int plus (int vall, int val2) cout << " Reducing..." << end|;
{ transform(fa.begin(), fa.end(), fb.begin(), c.begin(),
return vall + val2; ::plus);
} g y
int main (int argc, char *argv[ ]) cout << endl << " Result: (" ;
{ ostream_iterator<int> output(cout, " ");
const int factor = 23; copy(c.begin(), c.end(), output);
const int vector_size = 40; cout << "\b)" << endl;
vector<int> a, b, c;
vector<int> fa, fb; return 0;
by
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Open TS: an advanced tool for parallel and distributed computing.

cout << " Filling vectors..." << end]l;

Ma p- REd uce (C + +) for (inti = 1; i <= vector_size; i++)

{

a.push_back(i % factor);
b.push_back((vector_size + 1 - i) % factor);
c.push_back(0);

fa.push_back(0);

fb.push_back(0);

#include <vector>
#include <algorithm>
#include <functional>
#include <iostream>
#include <ctime>

using namespace std; ¥
int fib (int n) cout << " Mapping..." << end]l;
{ transform(a.begin(), a.end(), fa.begin(), fib);
return (n < 2) ? n: fib(n-1) + fib(n-2); cout << " Mapping..." << endl;
3 transform(b.begin(), b.end(), fb.begin(), fib);
int plus (int vall, int val2) cout << " Reducing..." << end|;
{ transform(fa.begin(), fa.end(), fb.begin(), c.begin(),
return vall + val2; ::plus);
>
int main (int argc, char *argv[ ]) cout << endl << " Result: (" ;
{ ostream_iterator<int> output(cout, " ");
const int factor = 23; copy(c.begin(), c.end(), output);
const int vector_size = 40; cout << "\b)" << endl;
vector<int> a, b, c;
vector<int> fa, fb; return O;
by
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Open TS: an advanced tool for parallel and distributed computing.

cout << " Filling vectors..." << end]l;

Ma p- REd uce (T+ +) for (inti = 1; i <= vector_size; i++)

{

a.push_back(i % factor);
b.push_back((vector_size + 1 - i) % factor);
c.push_back(0);
fa.push_back(0);
fb.push_back(0);

by

#include <vector>
#include <algorithm>
#include <functional>
#include <iostream>
#include <ctime>
using namespace std;

tfun int fib (int n) cout << " Mapping..." << end]l;

{ transform(a.begin(), a.end(), fa.begin(), fib);
return (n < 2) ? n: fib(n-1) + fib(n-2); cout << " Mapping...” << end|;

} transform(b.begin(), b.end(), fb.begin(), fib);

tfun int plus (int vall, int val2) cout << " Reducing...” << endl;

{ transform(fa.begin(), fa.end(), fb.begin(), c.begin(),
return vall + val2; plus);

} L] s " .

tfun int main (int argc, char *argv[ 1) cout << endl << * Result: {*;

{ -
const int factor = 23; veCtor Of T ValueS
const int vector_size = 40; — 2

vector<int> a, b, c;

vectoar<ctvalints fa_fh- return 0;
¥ 44




Open TS: an advanced tool for parallel and distributed computing.

Map-Reduce (T++): “"Laziness”

SR sy Filling, mapping — all T-functions

TR R EEL Il rc invoked, no T-Functions
Starting tfun main, good luc Calculated: 0 ndS

Filling vectors..
Mapping. .
Mapping. .
Reduc1n3

Result: (2585 1599 990 619 385 246 165 123 110 123 165 246 385 615 990

1599 2585 4182 35422 286517 28657 3P2 4182 2585 1599 990 615 385 246 165 123 11
0 123 165 246 385 615 990 1599 2589

Tasks activated: 123253

Tasks exported:

Msgs sent:

Async Msgs: Calculating of all T

Msgs size: . .

Taskboard visits: 123253 prlntlng out: 8 seconds
Scheduler time: 0.979

MPI time: 0.0600

Idle time: 0.000

Tasks time: 3.980

Total time: 11.161

Press any key to continue .



Open TS: an advanced tool for parallel and distributed computing.

Map-Reduce (T++)
120% a  WiInCCS cluster,
00 4 nodes

\ a CPU: AMD Athlon 64

80% X2 Dual Core

k\ Processor 4400+ 2.21
60% GHz
30 :?. b.— a Gigabit Ethernet
200 Q time% =

time, pp(N)/tImeta ) p(l)
0% , , , —a CoE = 1/(nxtime%)
0 2 4 6 8
CPU Cores

- Time(%) - CoE
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Open TS: an advanced tool for parallel and distributed computing.

Open TS: Environment

DEVELOPMENT TOOLS
& A N \ ( ‘
Convertel Compiler TGDB Tracinng
T++ T++
@ ™

& b S N N WAD

LTDB

T-SUPERSTRUCTURE | |RUNTIME ENVIRONMENT | Logging |

varabies, ( weeme: | Supports more then
' 1,000,000 threads

references)

T-functions

(ReadIWnte)




U U O

Open TS: an advanced tool for parallel and distributed computing.

Supermemory

Utilization: non-ready values, resource and
status information, etc.

Object-Oriented Distributed shared memory
(OO DSM)

Global address space
DSM-cell versioning
On top - automatic garbage collection

49



@ Open TS: an advanced tool for parallel and distributed computing.

Multithreading & Communications

O Lightweight threads
& PIXELS (1 000 000 threads)
O Asynchronous communications
& A thread “"A” asks non-ready value (or new
job)
& Asynchronous request sent: Active messages &

Signals delivery over network to stimulate data
transfer to the thread “A"”

& Context switches (including a quant for
communications)

O Latency Hiding for node-node exchange

50
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@ Open TS: an advanced tool for parallel and distributed computing.

MultiGen
Chelyabinsk Statg University

Level O

Multi-conformation model
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Open TS: an advanced tool for parallel and distributed computing.

MultiGen: Speedup

National Cancer Institute USA
Reg.No. NCI-609067

National Cancer

(AIDS drug lead) p 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 Execution 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
53




@ Open TS: an advanced tool for parallel and distributed computing.

Aeromechanics
Institute of Mechanics, MSU




Open TS: an advanced tool for parallel and distributed computing.

Belocerkovski’s approach

flow presented as

a collection of small
elementary whirlwind
(colours: clockwise =
and contra-clockwise
rotation) |

§
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Open TS: an advanced tool for parallel and distributed computing.

Creating space-born radar image from hologram

Sakect hologram o Image (- by e
Ple o ramad S, oneah reh \ Pty se SO [

£ A st iy A avn wp e (reveai § sewded

hd T ereiacy smvage | e ot sevd )

Space Research Institute Development




@ Open TS: an advanced tool for parallel and distributed computing.

Slmulatmg broadband radar S|gnal

Tooh
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. Sedec mktvmu age (" bewg
Yo - Browie Foolony e Sy
g s mctaagle Image Lymhess, Ve
Outpet hologram S no te
Outpet image the »a fe
¥ I — - Stan progen
W henp | Mo sved |
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:
:
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Graphical User Interface

Oumpnt irmage e 842

150, - A Non-PSI RAS development
100, team (Space research
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Open TS: an advanced tool for parallel and distributed computing.

Landsat Image Classmcatlon

[ l ] #) Madd Doat (Meta){MeowwyZ)

-_ Me Oveley Ddwce Took Widow

. Computatlonal Tw-ﬂww -
“web-service”

Avakatsn Vagore CF rvesest
on 01 Fled| | 877 powns
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|
|
B

u
r,
Performonce Groph
.........................
30 - X Linux
i . (" Computational )
- ! \/\{\ 1 bl process |
r . Windows Linux -
: : ~ p- '{ Computationad
i \ i TCP‘P-J s F(WSS "’,
c 20 — ENVI plugin gl Connector = =
_%:. i SCP\\.— . (XML-RPC client) ’(xr.n.-nvc Server) ‘ CON utationsl |
- I 3 \ ) process
_Q_; - . Ne—— S —
$ 151 i =\ _
("] ol )
s I 1 |
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i ; - — M ] User workplace Cluster front-end
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@ Open TS: an advanced tool for parallel and distributed computing.

Applications

Popular and widely used

Developed by independent teams (MPI
experts)

U O

O PovRay — Persistence of Vision Ray-tracer,
enabled for parallel run by a patch

O ALCMD/MP_lite — molecular dynamics
package (Ames Lab)

60



@ Open TS: an advanced tool for parallel and distributed computing.

T-PovRay vs. MPI PovRay:
code complexity

Program

Source code volume

MPI modules for
PovRay 3.10g

1,500 lines

MPI patch for

— 3,000 lines

PovRay 3.50c [~7—15 times]

T++ modules (for both
versions 3.10g & 3.50c¢)

—

— 200 lines
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210%

200% T

190%

180% T
170% T
160% T
150% T

140%

130% T
120% -

110%
100%

90% -

Open TS: an advanced tool for parallel and distributed computing.

T-PovRay vs. MPI PovRay:
performance

F\ - Time MPI/Time OpenTS |-

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,

Gigg, LAM 7.1.1
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Open TS: an advanced tool for parallel and distributed computing.

T-PovRay vs MPI PovRay:
performance

F\ - Time MPI/Time OpenTS |-

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,

Gigg, LAM 7.1.1
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@ Open TS: an advanced tool for parallel and distributed computing.

ALCMD/MPI vs ALCMD/OpenTS

a2 MP_Lite component of ALCMD rewritten in
T++

0 Fortran code is left intact

ALCMD ALCMD
MP _Liteynp, > MP_Litegpents

MP I OpenTS

64



<.?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 [~7 times

MP_Lite, ALCMD-related/ T ————— 500 lines
OpenTS
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eOZLCMD/ MPI vs ALCMD/OpenTS:
performance

110%

- Time MPI/Time OpenTS

100%

an A A

vn\vv \ V V \.

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, 512000 atog;ns



Open TS: an advanced tool for parallel and distributed computing.

LCMD/MPI vs ALCMD/OpenTsS:
performance

110%

- Time MPI/Time OpenTS

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, 512000 atoms o



Open TS: an advanced tool for parallel and distributed computing.

LCMD/MPI vs ALCMD/OpenTsS:
performance

110%

- Time MPI/Time OpenT$S

N Ry EE N Egaa _mg

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 MD,512000 at%)sms



Open TS: an advanced tool for parallel and distributed computing.

LCMD/MPI vs ALCMD/OpenTsS:
performance

110%

- Time MPI/Time OpenTS

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, 512000 atoms .



Open TS: an advanced tool for parallel and distributed computing.

LCMD/MPI vs ALCMD/OpenTsS:
performance

110%

- Time MPI/Time OpenT$S

N Ry EE N Egaa _mg

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 MD,512000 atoms
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@ Open TS: an advanced tool for parallel and distributed computing.

2006: contract with Microsoft
“Porting OpenTS to Windows
Compute Cluster Server”

a2 OpenTS@WInCCS

& inherits all basic features of the original
Linux version

& IS available under FreeBSD license

& does not require any commercial
compiler for T-program development —
it's only enough to install VisualC++
2005 Express Edition (available for free
on Microsoft website) and PSDK 72



@ Open TS: an advanced tool for parallel and distributed computing.

U O

OpenTS@WInCCS

AMD64 and x86 platforms are currently
supported

Integration into Microsoft Visual Studio 2005

Two ways for building T-applications:
command line and Visual Studio IDE

An installer of OpenTS for Windows
XP/2003/WCCS

¢ Installation of WCCS SDK (including
MS-MPI), if necessary

& OpenTsS self-testing procedure
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Open TS: an advanced tool for parallel and distributed computing.

Installer of OpenTS
for Windows XP/2003/WCCS

gﬂpenTS Setup !
Welcome to the OpenTS Setup
Wizard
&) OpenTS Setup MEET
Choose Install Location
hoose the Folder in which to install OpenTs. ?

Setup will install OpenTs in the folloming Folder, To install in a dfferent folder, chick Brosse
and select another folder, Click Install to start the nstallation,

—Destination Folder

| C:\Procram Fies\OpenTs| Browse. .. |

Space requiced: 1021.0K8
Space available: 15.0GE

Copyrioht (C) P.CMS PSTRAS

< Back Install Cancel 74




Open TS: an advanced tool for parallel and distributed computing.

OpenTsS integration into
icrosoft Visual Studio 2005

20 7-Solution - Microsoft Yisual Studio

Fle Edt vew Prowct Bfd Debag  Todls  Test Wndoa  Community  Heb

1 R RS = I Ga - - FE-E| b rebae - x4 ~ | [ esCpunfc G e B P o R
b A2 | 3F ) & A5 o) R
SoltionExplorer - T-A00 v B3 X Smalintpp =5
1 - - —

L l 1, firclude <stdio.h> =
= Schiin T-5oktien (1 progect) firclude <atdlib.h>
=~ I r-app

[ Header Fies crfun int fib (iat n)

=} Ly Source Fise g
<] main.top if |n ¢ 2| retura 1;

recurn (LiDin-1) + Lib(n-2)!:

Jonn & W N

4
cifvn int wain (inc srge, chary segv(l)

10; ¢
11 int n = atoi(argwiil):
12 prantf ("Fib(id| ==3d\n", n, (ant| ik (n));
1 recurn 0O
(R )
Cutput -t X
Shaav oulpd- Trom: Bakd - ) = | =
1r—————— Build started: Project: T-App, Configuration: Release X64 -——--- =i

1>Campilang T-program. ..

12" T+4+->{C++,TSS) Converter v3.0, 2003-2006, PSI RAS, Russia."

1=Converting: occ -v -n -E -SIXX -- "d:\VS2005projects\T-Solution\I'-App\main. tpp*

1>Load TXX.411l.. Done,

1>[Iranslate... d:\VS2005projects\I'-Solution\T-App\main.tpp into: d:\VS2005projects\Y-Solution\I'-App\main.occ]
1>[done.]

1-Registered metaclass 1XX,

1> tfun int Tibh:

1> tfun int main:

1>: 2 T-Tunctions

1>Campiling: ¢l 'd:\VS2005projeots\T-Solution\Y-App\main.oce' Jo fFo'x64\Release\main.ohj' [fnologoe /T fTP /W0 fEHso fEItrt
1>matin.oce

1-Linking... —
1>Build loyg was saved at 'file://d:\UsS2005projects\F-Solution\T-App\x6d\Relcasc\Bulldliog. htm' [
1>T-App - 0 wrror(s), 0 warningi(e) >
4 | 4

Erm 75
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Open TS: an advanced tool for parallel and distributed computing.

Web-services, Live documents

/4@ Microsoft Yisual Basic - WorkBook.xls -

i% File Edit View Insert Format Debug Run

‘ME-d % 2R

Project - fibDemo

= @ fibDemo (WorkBook.xls)

(=3 Microsoft Excel Objects
B8] Sheet1 (Sheet1)

tfun int fib (int n) {

returnn<2 ? n:
fib(n-1)+fib(n-2);

B8] Sheet3 (Sheet3)

#
X]
=

[Module1 {Code)]
Tools | Add-Ins Window Help

Type a question for help

> I @ @ References... ol 1 g
[ ]
|(G—eneral) | Web Service References. .. I
Function TF|
Dirm tfi Macros... ice
' debug.pri Options tator {"Sawple Input")
TFib =

LIRSl B Microsoft Excel - WorkBook

} - S%dﬂl‘z‘f‘forkbook E‘_‘] File Edit View Insert Format Tools Data ‘Window Help
vv&{Modulel _]_:"z“s__,l j_l ?u $ 52 (3B~ = ‘QJE'
= [#-[ 7] Class Modules .
twsgen Perl script T R
1

. . 2 |T-Fibonacci weh-service (insert arguments into "A" column)
<operation name="wstfib"> 3 1 il
<SOAP:operation style="rpc" soapAction=""/> 4 2 1
<input> 5 3 -
<SOAP:body use="encoded" namespace="urn:myservice" ? ;.1 g
encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"/> 5 : 5
</input> g9 7 13
<output> 10 8 21
<SOAP:body use="encoded" namespace="urn:myservice" 11 9 34
encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"/> 1 g 10 55

</output>
</operation>
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Open TS: an advanced tool for parallel and distributed computing.

Trace visualizer

©99
File Help
t-graph Erom O --> to 1
0 Collect trace o = o
S All msgs: 10 (912 b)
ctrl msgs: 10 (912 b)
Drc msgs: 0 (0 b)
3 Data msgs: 0 (0 b)
-_— '3
1 Memo msgs: O (0 b)
+Scdl msgs: 0 (0 b)
- Ly
1
execution I
- ] 1
2 Visualize :
1
1 1
performance =
t . f
]
O el l I ; rl II ItII I le statistics
general info aggregated tasks info proc 3 info
task cmdline:  fib 10 spawned: 117 spawned: 52
start time: 27.04.2006 15:58 |prenatal: 5 prenatal: 2
procs: 4 exported: 6 exported: 1
mem (mb): 1004 imported: 6 imported: 2
mflops: 2323 active: 17 active: 6
suspended: 15 suspended: 6
finished: 89 finished: 43
slices: 23 msgs sent: 191 msgs sent: 64
current slice: 21 msgs sent (bytes): 14368 msgs sent (bytes): 4700
time elapsed: 0.197586 msgs received: 184 msgs received: 64
msgs received (bytes): 13928 msgs received (bytes): 4768
arcs type: exported tasks tasks time: 0.036328 |tasks time: 0.015561
idle time: 0.168568 |idle time: 0.005500
sched time: 0.065202 |sched time: 0.011553
mpi time: 0.023290 \mpitime: 0.007147




@ Open TS: an advanced tool for parallel and distributed computing.

Fault-tolerance

O Recalculation based fault-tolerance

(+) Very simple (in comparison with full transactional
model)

(+) Efficient (only minimal set of damaged functions are
recalculated)

(=) Applicable only for functional programs

O Fault-tolerant communications needed
(eg.: DMPI v1.0)

2 Implemented (experimental version on Linux )
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@ Open TS: an advanced tool for parallel and distributed computing.

U O D

U O D

Some other Gadgets

Other T-languages: T-Refal, T-Fortan
Memoization

Automatically choosing between call-style
and fork-style of function invocation

Checkpointing
Heartbeat mechanism

Flavours of data references: “norma
and “magnetic” — lazy, eager and
ultra-eager (speculative) data transfer

III \\

glue”
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UMNC nmenn A.K.AitnamassHa PAH — NMporpamma «CKU®-rPUa» |°K"°m

[ FEB ]

A ¢

i

Moaenb BbIYNCNEHUSA:

= «obuwas namATb»

" J1erKkOBECHbIE HUTH

= FEB — 6uT cnMHXpoHn3aumnm Ha Kaxgoe CrioBo

TOHKOCTU: dobloYepsl

AnnapatHaga peanusauua: Cray XMT, MTA, T3D (2001 w
naree)

NMporpammHan peanusaumsa: Sandia National Laboratories:
Qthreads — www.cs.sandia.gov/gthreads

CKU®-T'PUA © 2009 Bce npaBa 3awmileHbl Cnanp 82



MHCTUTYT NnporpaMMHbIX cucteM umenu A.K.AvnamasssHa PAH
\‘//;Z'\"II{U-HIL’.\‘]{IIllL’('l{gl}I npozpamma (Coro3nozo zothz;wnzmz “CKI/IqD-['PMA” gﬁ

MOHOTOHHbIE O0OBLEKTbI, KaK
be3onacHoe pacwupeHue
dyHKUMOHANbLHOU MoLenu

SR CKU®-TPUL © 2009 Bce npaga 3awmtiieHs:



@ WNC umenn A.K.Aiinamazsiva PAH — MporpamMma «CKU®-TPUA»  [fome o=

[ oen paclumpeHud ]

7t MoHoTOoHHbIe 06beKTbl — 0b6naaarT cBorcTBOM Yepua-
Poccepa

v  TunnyHas >kM3Hb MOHOTOHHOIO OObEKTA:

= (Co3gaHue n nHuumanusaunsa oobekTa

= [loToK obOpalleHuin No OOHOBNEHUIO («3annUCb») U
CUMTbIBAHUNIO TEKYLLErO COCTOSHUS («4YTEHMEN)

= OuHanusauusa v yganeHne obbekTa
[TpMepbl MOHOTOHHbLIX OOBLEKTOB (Knacca CyMmMaTophbl)

[MTpmepbl NPUNOXEeHNA C MOHOTOHHBIM OOBEKTOM

X o

CnocoObl MmacwTabupyemon peanmsaumm MOHOTOHHbIX
OObLEKTOB

* CKU®-T'PUA © 2009 Bce npaBa 3awmileHbl Cnawnp 84



MHCTUTYT NnporpaMMHbIX cucteM umenu A.K.AvnamasssHa PAH
3//;1'\“{HU-HIL’,\‘]{llllL’('l{c]ﬂ npoepamma (Cor3H020 zm‘ydzpunmz “CKl/qu—rPI/lA" fg

Bnonuorekn ogHOCTOPOHHUX
oomeHoB — SHMEM, Gasnet,
ARMCI

=5 "‘f— S CKU®-TPUA © 2009 Bce npasa sawmiieHb! : Cnauk 85 :



e

WUMNC nmenn A.K.Aiinamassiva PAH — Mporpamma «CKU®-TPUL»  fome 2

[ OcHoBHbIe 4epTbl TexHonormm SHMEM ]

«Yyxune» gaHHble He obpabaTbiBalOTCA Ha MecTe, a

K/CI)FI')I;/IpyI-OTCFI npeaBapuTtesribHoO Tyaa, roe OHU Hy>KHbI — KaK B

[MpeobnagaoLLnm pexnm KonmpoBaHUs — 3arnmchb,
BO3MOXXHO, MeJIko3epHuUcTas

CuHXpoHn3auunsa — bapbepHas
BaXHbl

= BbICOKMIN message rate (Hanpumep, Ans NPUNOXEHWUIN CO
CMNOXXHOWN opraHu3aLmein AaHHbIX: HECTPYKTYPHbIX CETOK U T.M.)

" HK3Kada NoANMHHAagA NaTeHTHOCTb (A9 CHMXKEHUs pa3mepa
3epHa napannenuama, He3aBUCUMO OT TOrO, CITOXXHO UK
NPOCTO OpraHn3oBaHbl JaHHbIE)

OgHopoAHOCTb AOCTYyNa He BaXkHa

Message rate MokHO obecnevnTb NporpaMmMHO, rPaMOTHOW
bydepunzauymen

HW3Ky0 NOANIMHHYIO NTAaTEHTHOCTb MOXET AaTb TOSMbKO
annaparypa

S R

2 B
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NINC nmenn A.K.AnnamassiHa PAH — lNMNporpamma «CKU®O-rpna» °"“°

reva

[TeXHonorvm SHMEM ]

PaccuymTtaHa Ha NoSfIHOCTbI0 OAHOPOAHbIE
MHOrONMpoLEeCcCOpHbIe BblYUCTUTENMN (OBLLIHOCTb CUCTEMBI
KOMaH, MaLllMHHOIo npeacTaBneHns Yncern, ogmHakoBas
ornepaumoHHasa cuctema, OAguH N TOT e UCMNONHAEMBbIN

doaunn)
[Tlporpamma Ha C, ncnonb3yowaa SHMEM, gornxHa
BKMoYaTb pann 3aronoskos shmem.h.

shmem_init() — nHnunanmnsauyms
my_pe() — cobCcTBEHHbIM HOMEpP npoLecca;
num_pes() — 4mcrno npoueccos

CKU®-T'PUA © 2009 Bce npaBa 3awmileHbl Cnawnp 87



reva

[ SHMEM: OgHOCTOPOHHME OOMEHDI ]

@ NINC nmenn A.K.AnnamassiHa PAH — lNMNporpamma «CKU®O-rpna» °"“°

Y¢ put --- 0JHOCTOPOHHSASA 3aMUCh B YYXXYI0 NaMATb
¥¢ get --- OQHOCTOPOHHEE YTEHME U3 YY>KON NaMATH

v¢ lMopaepkaHbl NnepenayYm AaHHbIX pasHbIX TUMOB, OJHOMO
3Ha4eHus, cnsioWwHOro Maccmea UM Mmaccuea,
PAacnonoXXeHHOoro B NnaMATK € larom (Hanpumep, ctonbeu
oBymepHoro maccumsa B C)

% shmem_double p( addr, value, pe)
shmem_float_put( addr, src, len, pe)

7¢  MoxxHO 0OMeHMnBaTbCs obnacTaMm NamsaTK cTaTudeckmx (Ho
He aBToMatuyeckux!) nepemeHHbix. W gaxe nogaepxaH
cneuuanbHbi malloc
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[SHI\/IEM: Onepaunm CUHXPOHM3aLNN ]

A

X

BO3MOXHOCTb BbINONHUTL BapbepHY0 CUHXPOHM3ALMIO BCEX
VI NULLIb YKa3aHHbIX NPOLIECCOB.

[1pY BbINONTHEHUN CUHXPOHU3ALMM FrapaHTUPYETCS, YTO BCe
BblaaHHble 40 Oapbepa 3anpockl TMna put oyayT
3aBepLLEHbI.

shmem_barrier_all()
shmem_barrier( start, stride, size, sync)
- step — zstride

" CMHXPOHM3YHTCS MPOLIECCHI C HOMEPaAMMU
start, strat+step, ... strat+step*(size-1)

= sync — pabouunin maccus (pacnucatb Hynamu!) Tuna long,
onnHon _SHMEM_BARRIER_SYNC_SIZE
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reva

[ OXxngaHune nepeMeHHoOW ]

¥ shmem_wait( &var, value ) — Ha «==»

% oxmpaHue &var == value

v shmem_int_wait_until( &var, SHMEM_CMP_GT, value)

= oxumgaHue &var > value

v shmem_fence() — rapaHTupyerT, 4TO BCe BblAaHHble paHee
N3 JaHHOro npouecca 3anpockl Tuna put oyayTt 3aBepLUEHHbI.
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@ MHCTUTYT NporpaMMHbIX cucteM umenun A.K.AitnamaszsaHa PAH

]
: ‘ T \ckuo
Hayuno-mexnuuecKasn npozpamma Cor3H0z20 20cyoapcmed C K M qD-['P MA :3 —

Moaenu PGAS (Partitioned Global
Address Space),
DSM (Distributed Shared Memory),
A3blkn Co-Array Fortran, UPC...

&
el | | . Seegie
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[ Monenb namaTu ]

% Pasgensemas (shared) namsaTtb

= Jliobon npouecc MOXET NCMNOSb30BaTb ee NI yKasblBaTb Ha
Hee

% [puBaTtHasa namaTb

= TonbKo «JIOKanbHbINY» NPOLIECC MOXET UCMNONb30BaTh €€ UMK

\ WAV VYl | W e A | L1~ L 1A
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reva

[ Yto Takoe UPC ]

Unified Parallel C

Pacwwunpenne ANSI C npummntnBamu 3agaHusa ABHOro
napannenmama

OcHoBaH Ha «distributed shared memory»

I

OcCHOBHbIE Naeu
= CoxpaHutb dounocoduto C:
= [IporpaMMmMCT YMEH N akKypaTeH

" Bnu30ocTb K Xenesy (HacKonbKo BO3MOXHO) NS NyYLlen
9 PEKTUBHOCTU (HO MOXXHO MONYYUTb U NPOONemMbl)

= [lpocTon N NpUBLIYHLIN CUHTAKCUC
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reva

[ Monenb ncnosiHeHus ]

Heckonbko npoueccosB (HuTen 0..THREADS-1) pabotatot
HEe3aBMCUMO

MY THREAD onpegenaet Homep npouecca
THREADS — vuncno npoueccos

A

Korga HeobxoauMo Ans CUHXPOHM3aUMn NCNONb3YOTCH
= Bbapbepbl
= bBnokmposku

= YnpasneHue noBegeHUeM NamsaTu
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reva

[Flpvu\/lep 1

/Ivect_add.c
#include <upc_relaxed.h>
#define N 100*THREADS
shared int a[N], b[N], c[N];
void main(){
int i;
for(i=0; i<N; i++)
if (MYTHREAD==i%THREADS)
c[i]=al[i]+bl[i];
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MHCTUTYT NnporpaMMHbIX cucteM umenu A.K.AvnamasssHa PAH
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BmMmecTo 3aKnrouYeHus
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