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BbluncantenbHble CUCTEMBI C pacnpeaenieHHON NaMATbIO
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KommyHuKaumnoHHas cetb (Interconnect, Communication network)

BoluncantenbHas cucrema c pacnpegeneHHoim namatblo (distributed memory computer system) —
COBOKYMHOCTb BbIYUCAUTENbHbIX Y3/10B, B3aUMOAENCTBUE MEXKAY KOTOPbIMM OCYLLECTBNAETCA Yepes
KOMMYHWKauMoHHYto ceTb (InfiniBand, Gigabit Ethernet, Cray Gemeni, Fujitsu Tofu, ...)

Kaxablii y3en MMeeT MHOMKeCTBO NMPOoLEeccopoB/aaep, B3aMMoAeNCTBYOLWMX Yepes
pasgenaemyto namatb (shared memory)

http://www.top500.0rg

http://www.green500.org

Mpoueccopbl MOryT 6bITb MHOFOAAEPHBIMUK, SAPA MOTYT NOAAEPKUBATb
OAHOBPEMEHHY0 MHOronoto4yHocTb (SMT, Hyper-Threading)

http://www.graph500.org

http://top50.supercomputers.ru
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BoluncnntenbHble cUCTeMbI C pacnpeaeneHHOW NaMsATb
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BoiuncnntensHble ki1actepbl (computer cluster)

Certb InfiniBand (BblMucnutenbHasi cetb )

! ! ! ! !
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Frontend (login node) I Compute node 1 I Compute node 2 I Compute node 3 I Compute node 4 I

Cetb Gigabit Ethernet (cepBucHas cetb: NFS, DNS, DHCP, ssh, ...)

BbluncamntenbHble Knactepbl CTPOATCA HA 6a3e cB0604HO AOCTYNHbIX ANA NPUO6pETEHUA KOMNOHEHTOB

BbluncnmtenbHble y3bl: 2/4-npoueccopHble y3nbl, 1 — 8 GiB onepatnBHoM namaTh Ha AAp0 (NOTOK)
KoMMyHMKaLMOHHAA ceTb (cepBUCHaA 1 Ans obmeHa coobueHnamu)

MoacucTtema xpaHeHUA AaHHbIX (AMCKOBBI MAcCMBbI, NapaniesibHble U ceTeBble GpanioBble CUCTEMDI)
Cuctema becnepebonHOro 3/IeKTPONUTaHUA

Cuctema oxnaxkaeHuAa

MporpammHoe obecnevenme: GNU/Linux (NFS, NIS, DNS, ...), MPI (MPICH2, Open MPI), TORQUE/SLURM



[lporpaMMHOe obecrneveHmne BbIYNCANTENbHbIX KNacTePOB

Frontend Service network (NIS, NFS, SSH, ...) Compute node 1
Internet
— | Memory | Compute network (MPI) | Memory |
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CeteBan (napannenbHan) ¢pannosana cucrema
(moctyn K /home co Bcex y3nos): NFS, Lustre, PVFS, ...

Cuctema moHuUTOpUHra: Ganglia, ...

CeteBble cepBucbl: DHCP, DNS, NIS/LDAP, backup

Compute node N

| Memory |




PentnHrn mowHenwwmnx BC

www.top500.0rg - peLueHne CUCTeMbl IMHENHbIX afirebpanyeckrx ypaBHEHUN

meTtogoM LU-¢aktopusaumu (High-Performance Linpack, FLOPS - Floating-point
Operations Per Seconds)

www.graph500.0rg - anropntMmbl Ha rpadax (nocTtpoeHme rpada, 06xos B LLNPUHY,
TEPS - Traversed Edges Per Second)

www.green500.0rg - rnaBHbIN KpUTEPUIN - IHEPTro3dpPeKTUBHOCTL
(06beM noTpebasemMon 3n1eHKTpo3IHeprum, kW)

http://top50.supercomputers.ru - PeNTUHT MOLWHEeNLWNX BblYNCAnUTeNbHbIX cnctem CHI
(Tect High-Performance Linpack)

Kak co3aatb CBOIA TECT MPOUN3BOAUTENBHOCTI?
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www.top500.org (Hosbpb 2014)

NAME SPECS SITE COUNTRY CORES pRiax,  POWER
Tianhe-2 (Milkyway-2) NUDT, Intel Ivy Bridge (12C, 2.2 GHz) & Xeon Phi (57C, 1.1 GHz), Custom interconnect  NSCC Guangzhou China 3,120,000 339 17.8
Titan Cray XK7, Opteron 6274 (16C 2.2 GHz) + Nvidia Kepler GPU, Custom interconnect DOE/SC/ORNL USA 560,640 176 82
Sequoia IEM BlueGene/Q. Power BQC (16C 1.60 GHz), Custom interconnect DOE/NNSA/LLNL USA 1,572,864 17.2 79
K computer Fujitsu SPARCE4 VllIfx (8C. 2.06Hz). Custom interconnect RIKEN AICS Japan 705,024 105 12.7
Mira IEM BlueGene/Q. Power BQC (16C. 1.60 GHz), Custom interconnect DOE/SC/ANL USA 786,432 8.59 3495

CpeaHee KONNYecTBO BblYMCAUTENbHbIX AAep B cucteme: 46 288
CpeaHee Konn4yecTBo Aaep Ha cokeT (npoueccop): 9 (4, 6, 8, 10, 12, 14, 16)
CpeaHee sHepronoTpebneHue: 836 kW

KommyHMKauunoHHasA ceTb: Infiniband (44%), Gigabit Ethernet (25%), 10 Gigabit Ethernet (15%),
Custom (10%), Cray (3%)

Mpoueccopsl: Intel (> 80%), IBM Power, AMD Opteron, SPARC64, ShenWei, NEC
Yckoputenu (14% cuctem): Intel Xeon Phi, NVIDIA GPU, ATI/AMD GPU, PESY-SC
OnepaunoHHasa cuctema: GNU/Linux (96%), IBM AIX (11 wT.), Microsoft (1 wT.)



CtaHpapT MPI

Message Passing Interface (MPI) - 510 cTaHAapT Ha NPOrpaMMHbIN MHTepdeinc
KOMMYHUKALUWOHHbIX 61bnOTEK ANs CO34aHUSA NapaafielbHbIX NPorpamm
B MOJenn nepejaydn coobuieHnii (message passing)

CTaHpapT onpegensetr nHTeppenc 419 A3bIkoB NnporpammuposaHua C n Fortran

CTaHpapT Ae-GaKTo ANA CUCTEM C pacnpejeneHHON namaTbro (“accembnep” B 061acTu
napanfieNlbHbIX BbIYNCIEHNI Ha CUCTEMAX C pacrpeiesieHHOW NaMATbH)

ObecneynBaeT NepeHOCUMOCTb MPOrpaMM Ha YPOBHE NCXOAHOr0 Koga Mexay pa3HbiMu BC
(Cray, IBM, NEC, Fuijitsu, ...)

MPI1.0 MPI1.1 MPI1 1.2, 2.0 MPI1.3,2.1 MPI 2.2 MPI 3.0
w
1994 1995 1997 2008 2009 2012

http://www.mpi-forum.org

http://www.mpi-forum.org/docs/mpi-3.0/mpi30-report.pdf
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CtaHpapT MPI

i: 3.2 Blocking Send and Receive Operations

3.2.1 Blocking Send

21

22 The syntax of the blocking send operation is given below.
23

MPI: A Message-Passing Interface Standard 24
- MPI_SEND(buf, count, datatype, dest, tag, comm)
Version 3.0 26 IN buf initial address of send buffer (choice)
o IN count number of elements in send buffer (non-negative inte-
* ger)
Message Passing Interface Forum j: IN datatype datatype of each send buffer element (handle)
:11 IN dest rank of destination (integer)
September 21, 2012 32 IN tag message tag (integer)
= IN comm communicator (handle)

34

35
int MPI_Send(const void* buf, int count, MPI_Datatype datatype, int dest,

int tag, MPI_Comm comm)

36

a7

38 MPI_Send(buf, count, datatype, dest, tag, comm, ierror) BIND(C)

39 TYPE(*), DIMENSION(..), INTENT(IN) :: buf
40 INTEGER, INTENT(IN) :: count, dest, tag

4 TYPE(MPI_Datatype), INTENT(IN) :: datatype
42 TYPE(MPI_Comm), INTENT(IN) :: comm

http://www.mpi-forum.org/docs/mpi-3.0/mpi30-report.pdf
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Peannsaunn MPI

MPICH (Open source, Argone NL, http://www.mcs.anl.gov/research/projects/mpich?2)

[MponssoaHble oT MPICH2:
MVAPICH2 (MPICH2 for InfiniBand), IBM MPI, Cray MPI, Intel MPI, HP MPI, Microsoft MPI

Open MPI (Open source, BSD License, http://www.open-mpi.org)

MpounssoaHble ot Open MPI: Oracle MPI

BbicOKoypoBHeEBbIe UHTEPDEUCHI

 C++: Boost.MPI

 Java: Open MPI Java Interface, MPI Java, MPJ Express, ParJava
d C#: MPI.NET, MS-MPI

d Python: mpidpy, pyMPI


http://www.mcs.anl.gov/research/projects/mpich2
http://www.mcs.anl.gov/research/projects/mpich2
http://www.mcs.anl.gov/research/projects/mpich2
http://www.open-mpi.org/
http://www.mcs.anl.gov/research/projects/mpich2
http://www.mcs.anl.gov/research/projects/mpich2
http://www.mcs.anl.gov/research/projects/mpich2
http://www.open-mpi.org/

Otanumna peanmsaunm MPI

CnekTp nogaep>XUBaeMblX apXUTEKTYpP NPOLLEeCCOPOB:
Intel, IBM, ARM, Fujitsu, NVIDIA, AMD

Tunbl noaAep>XMBaeMbIX KOMMYHUKaLUOHHbIX TeEXHONOTMA/ceTen:
InfiniBand, 10 Gigabit Ethernet, Cray Gemeni, IBM PERCS/5D torus, Fujitsu Tofu, Myrinet, SCI, ...

MpoTokosbl AnpPpepeHLUpPOBaHHbIX 06MEHOB ABYCTOPOHHUX 06MeHOB (Point-to-point):
XpaHeHue cnucka npoweccos, noareepxaeHuvie rnepegaun (ACK), bypepunsauyma coobLueHumy, ...

KonnektmnBHble onepaynm o6MmeHoB MHOpMaLMen: KOMMYHMKALMOHHAsA CIOXHOCTb
aJITOPUTMOB, YYeT CTPYKTYPbI BbIYUCINTENBHOW cncTemMsl (torus, fat tree, ...),
HebnokMpyroume KonnekTueHble obmeHbl (MPI 3.0, MmeToabl XpaHeHue collective schedule)

ANropuTmbl BNOXKEeHUA rpadoB nporpamMm B CTPYKTYPbl BbIUNCIINTE/NIbHbIX CUCTEM
(MPI topology mapping)

BO3MO>XHOCTb BbiNo/IHeEHUA MPI-pyHKLUIA B MHOFONOTOUYHOM cpeAe n nogaep)xKa
yckoputeneu (GPU NVIDIA/AMD, Intel Xeon Phi)



Monaenb nporpamMMnUpoBaHKA

[Iporpamma coctouT 13 N napannenbHbIX MPOLECCOB, L/_\

KOTOpble NOPOXAATCA Npu 3anycke nporpammbl (MPI 1)

N MOTYT 6 PO = P1 = P2
YT 6bITb AVHAMWYECKN CO3JaHbl BO BpeMS BbINOJIHEHUSA

(MPI 2) T T T

Kaxxabln npouecc nMeeT yHUKaabHbIn naeHtuoukatop [0, N - 1]

N N30INPOBaHHOE ajpecHoe NpocTpaHcTBo (SPMD) M M M

[Tpouecchbl B3aUMOAENCTBYHOT NyTeM NepeAaydn COObLLEeHWNA
(message passing)

Process/thread/task
[Mpoueccbl MOryT 06pa3oBbIBaTb rPynmnbl A5 peannsaLnm

o o Memory (address space)
KOJITEKTUBHbIX onepaunini obmeHa nHpopmaumei

<—> Message passing

«<—> Memory access



[ToHATNne KoOMMYHUKaTopa (communicator)

= KommyHuKaTop (communicator) - rpynna npoueccos, 06pasytoLLas A0rnyeckyto 061actb
ANS BbINONHEHUS KONNEKTUBHbIX Onepauni Mexay npoueccamu

" B pamkax kKoMMyHKKaTopa npoueccbl umeroT Homepa: 0, 1, ..., N -1

" Bce MPI-coobuieHnsa A0KHbI 6bITb CBSA3aHbI C onpejesieHHbIM KOMMYHUKAaTOPOM

Cetb InfiniBand (BblvuncnuTtenbHasi ceTb )
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KommyHukatop MPI_COMM_WORLD sKAto4yaeT BCe npoLecchl



[TporpamMmmHbIin nHTEpdenc MPI

3aronoBOYHbIN Garin mpi.h
#include <mpi.h>

OYHKUWN, TUMbI AaHHbIX 1 UME@HOBaHHbIe KOHCTaHTbl UMeroT npedukc «MPI_»
MPI Init, MPI Init thread, MPI _Send

OyHKUMn Bo3BpatuatoT MPI_SUCCESS nnu koA oLmnbku

Pe3ynbTaTbl BO3BPALLAOTCA Yepe3 apryMeHTbl QYyHKLMN

int MPI_Send(const void *buf,
int count,
MPI_Datatype datatype,
int dest,
int tag,
MPI_Comm comm);



Hello, MPI World!

#include <stdio.h>
#include <mpi.h>

int main(int argc, char *argv[])

{

int commsize, rank, len;
char procname[MPI_MAX_PROCESSOR_NAME];

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &commsize);
MPI_ Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Get_processor_name(procname, &len);

printf("Hello, MPI World! Process %d of %d on node %s.\n",
rank, commsize, procname);

MPI Finalize();
return 0O;



Komnunayna MPl-nporpamm

[iporpamma Ha C
mpicc -Wall -o hello ./hello.c

[i[porpamma Ha C++
mpicxx -Wall -o hello ./hello.cpp

[ilporpamma Ha Fortran
mpif90 -o hello ./hello.f90




3anyck MPI-nporpammsbl Ha kKnhactepe (cuctema SLURM)

. PecypcHblii 3anpoc
$ cat task.job

| . nodes=2 — fBa Yy3/a Kknacrepa
#: / b1 n/ bash ntasks-per-node=8 — 8 npoLeccoB Ha y3ne

man sbatch

#SBATCH --nodes=2 --ntasks-per-node=8
#SBATCH --job-name=MyTask

mpiexec ./hello

$ sbatch ./task.job
Submitted batch job 4285




3anyck MPI-nporpammsbl Ha kKnactepe (cuctema SLURM)

$ squeue
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)
4285 debug  MyTask mkurnoso R 0:01 2 cn[3-4]

$ cat ./slurm-4285.out

Hello, MPI World! Process 12 of 16 on node cn4.
Hello, MPI World! Process 13 of 16 on node cn4.
Hello, MPI World! Process 14 of 16 on node cn4.
Hello, MPI World! Process 15 of 16 on node cn4.
Hello, MPI World! Process 8 of 16 on node cn4.
Hello, MPI World! Process 9 of 16 on node cn4.
Hello, MPI World! Process 10 of 16 on node cn4.
Hello, MPI World! Process 11 of 16 on node cn4.
Hello, MPI World! Process of 16 on node cn3.
Hello, MPI World! Process of 16 on node cn3.
Hello, MPI World! Process of 16 on node cn3.
Hello, MPI World! Process of 16 on node cn3.
Hello, MPI World! Process of 16 on node cn3.
Hello, MPI World! Process of 16 on node cn3.
Hello, MPI World! Process of 16 on node cn3.
Hello, MPI World! Process of 16 on node cn3.

NWNREOO UV A




const int a
const int b

int

{

int

[loocyeT KOJiIn4ecTBa

1;
10000000,

is _prime_number(int n)
int 1limit = sqgrt(n) + 1;
for (int i = 2; i <= limit; i++) {
if (n % i == 0)
return 0;

return (n > 1) ? 1 : ©;

count_prime_numbers(int a, int b)

int nprimes = 0;

if (a <= 2) {
nprimes = 1; /* Count '2' as a prime number */
a = 2;

) .

if (a % 2 == 0) /* Shift 'a' to odd number */
a++;

/* Loop over odd numbers: a, a + 2, a + 4,
for (int 1 = a; i <=b; i +=2) {
if (is_prime_number(i))
nprimes++;
}

return nprimes;

NPOCThbIX Yncen (serial verion)

Onpegensart, ABAAETCA U
YKMCNO N NPOCTbIM
O(sqgrt(n))

[ToacumnTLIBaET KONNYECTBO
NPOCTbIX YnC/e B MHTepBane [a, b]



[ToocyeT Konm4decTBa NpPocThix Ymucen (MPI version)

const int a
const int b

1;
10000000,

int is_prime_number(int n)

{
int limit = sqrt(n) + 1;
for (int i = 2; i <= limit; i++) {
if (n % i == 0)
return 0;
return (n > 1) ? 1 : ©;
}
int count_prime_numbers(int a, int b)
{
int nprimes = 0;
if (a <= 2) {
nprimes = 1; /* Count '2' as a prime number */ Pacnpejennm utepaumm unkna
a=2; Mexay npoteccamm MPI-nporpammbl
}
if (a % 2 == 0) /* Shift 'a' to odd number */
a++;
/* Loop over odd numbers: a, a + 2, a+4, ... , b */

for (int i = a; 1 <=b; i += 2) {
if (is_prime_number(i))
nprimes++;
}

return nprimes;



[ToocyeT Konm4decTBa NpPocThix Ymucen (MPI version)

int main(int argc, char **argv)

{
MPI_Init(&argc, &argv);

// Start serial version in process 0
double tserial = 0;
if (get_comm_rank() == 0)

tserial = run_serial();

// Start parallel version
double tparallel = run_parallel();

if (get_comm_rank() == 0) {

printf("Count prime numbers on [%d, %d]\n", a, b);

printf("Execution time (serial): %.6f\n", tserial);

printf("Execution time (parallel): %.6f\n", tparallel);

printf("Speedup (processes %d): %.2f\n", get_comm_size(), tserial / tparallel);
}

MPI_Finalize();
return O;



[ToocyeT Konm4decTBa NpPocThix Ymucen (MPI version)

double run_serial()

{
double t = MPI _Wtime();
int n = count_prime_numbers(a, b);
t = MPI_Wtime() - t;
printf("Result (serial): %d\n", n);
return t;

}

double run_parallel()

{
double t = MPI _Wtime();
int n = count_prime_numbers_par(a, b);
t = MPI_Wtime() - t;
printf("Process %d/%d execution time: %.6f\n", get_comm_rank(), get_comm_size(), t);

if (get_comm_rank() == 0)
printf("Result (parallel): %d\n", n);
return t;



[ToocyeT Konm4decTBa NpPocThix Ymucen (MPI version)

void get_chunk(int a, int b, int commsize, int rank, int *1lb, int *ub)

{

* This algorithm is based on OpenMP 4.0 spec (Sec. 2.7.1, default schedule for loops)

* For a team of commsize processes and a sequence of n items, let ceil(n ? commsize) be the integer q

* that satisfies n = commsize * q - r, with 0 <= r < commsize.

* Assign q iterations to the first commsize - r processes, and q - 1 iterations to the remaining r processes.

*/
intn=Db-a+1;
int ¢ = n / commsize;

if (n % commsize)
g++;
int r = commsize * q - n;

int chunk = q; /* Compute chunk size for the process */
if (rank >= commsize - r)

chunk = q - 1;
*1b = a; /* Determine start item for the process */
if (rank > 0) {

if (rank <= commsize — r) /* Count sum of previous chunks */

*1b += g * rank;
else

*lb += g * (commsize - r) + (q - 1) * (rank - (commsize - r));

}
*ub = *1b + chunk - 1;



[ToocyeT KomyecTBa NPOCThIX Ynucen (MPI version)

Count prime numbers on [1, 10000000]

Process 0/8 execution time: [0.466901 Mpobnema 1

Process 1/8 execution time: |0.780994 HepaBHOMepHas 3arpy3ka npoueccos
Process 2/8 execution time: |1.126007 (load imbalance)

Process 3/8 execution time: |1.125990

Process 4/8 execution time: |1.556572

Process 5/8 execution time: |1.358095

Process 6/8 execution time: |1.556561
Process 7/8 execution time: |1.556546
Execution time (serial): 8.970650
Execution time (parallel): 0.466901
Result (parallel): 664579

Result (serial): 664579

Speedup (processes 8):

Mpobnema 2
YckopeHue B 19 paz?



[ToocyeT Konm4decTBa NpPocThix Ymucen (MPI version)

int count_prime_numbers_par(int a, int b)

{

int nprimes = 0;

int 1lb, ub;

get_chunk(a, b, get_comm_size(), get_comm_rank(), &lb, &ub);

/* Count '2' as a prime number */
if (1b <= 2) {

nprimes = 1;

1b = 2;
}

/* Shift 'a' to odd number */
if (1b % 2 == 0)
1b++;

/* Loop over odd numbers: a, a + 2, a +

for (int 1 = 1lb; 1 <= ub; 1 += 2) {
if (is_prime_number (1))
nprimes++;

}

int nprimes_global;

Process 0: O,
Process 1: 4,
Process 3: 8,

, b */

1
5
9

I

I

I

Mpobnema 1
HepaBHOMepHas 3arpy3ka npoLeccos

2
6
1

, 3
. 7
0, 11

is_prime_number

MPI_Reduce(&nprimes, &nprimes_global, 1, MPI_INT, MPI_SUM, 0, MPI_COMM_WORLD);

return nprimes_global;

= O(sqrt(1))



int main(int argc, char **argv)

{

[ToocyeT Konm4decTBa NpPocThix Ymucen (MPI version)

Mpobnema 2
MPI_Init(&argc, &argv); HenpaBunbHoe BblUMCieHME

KO3dduLMeHTa yCKOpeHMs
// Start serial version in process 0

double tserial = 0: Speedup = tserial / tparallel
if (get_comm_rank() == 0)
tserial = run_serial(); tparallel — Bpewms npouecca 0
// Start parallel version 3a tparallel Hago 6paThb
double tparallel = run_parallel(): Haubosibllee BpeMsi BbIMONHEHWS MPOLLECCOB

if (get_comm_rank() == 0) {

printf("Count prime numbers on [%d, %d]\n", a, b);

printf("Execution time (serial): %.6f\n", tserial);

printf("Execution time (parallel): %.6f\n", tparallel);

printf("Speedup (processes %d): %.2f\n", get_comm_size(), tserial / tparallel);
}

MPI_Finalize();
return O;



[ToocyeT Konm4decTBa NpPocThix Ymucen (MPI version)

double run_parallel()

{

double t = MPI_Wtime();
int n = count_prime_numbers_par(a, b);
t = MPI_Wtime() - t;

printf("Process %d/%d execution time: %.6f\n",

get_comm_rank(), get_comm_size(), t);

if (get_comm_rank() == 0)
printf("Result (parallel): %d\n", n);

PeweHue npobnembl 2

g — T*srrr'rrf
B max(7p. 71, ....Tn_1)

// Cobupaem B npouecce 0 MakCuMManbHOE€ N3 BPEMEH BbIMOJHEHUS

double tmax:

MPI_Reduce(&t, &tmax, 1, MPI_DOUBLE, MPI_MAX, 0, MPI_COMM_WORLD);

return tmax;



[ToocyeT Konm4decTBa NpPocThix Ymucen (MPI version)

int count_prime_numbers_par(int a, int b) PeweHue npodnembi 1

{

int nprimes = 0; Linknuyeckoe pacnpeneneHve ntepauuli

round-robin
/* Count '2' as a prime number */ ( )

int commsize = get_comm_size();
int rank = get_comm_rank();

1f (a <= 2) {
a = 2;
if (rank == 0)
nprimes = 1;

}

for (int 1 = a + rank; 1 <=b; i += commsize) {
if (1 % 2 > 0 && is_prime_number(i))
nprimes++;
}
int nprimes_global = 0;
MPI_Reduce(&nprimes, &nprimes_global, 1, MPI_INT, MPI_SUM, 0, MPI_COMM_WORLD);
return nprimes_global;



3afaHune

PaspaboTaTb Ha MPI napannesnbHy0 BEPCUIO NPOrpaMmbl NoAcHeTa KOJIMYeCTBa NPOCTbIX
Yyncse B 3alaHHOM MHTepBaJie — HanmcaTb Ko4 pyHKUMK count prime _numbers_par()

MpoBeCcTN aHaAN3 MaclTabupyemMocT napannensHon NporpaMmsi

LLIabnoH nporpaMMbl HaxoAUTCS B KaTanore _task
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