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[MnaH

* [MObpnaHaa apxXnTekTypa

* lepapxna namMmaT, NpoL,eccChbl, MOTOKW

* GPU KOHTeKCT

* [IpuMmepbl Mmulti-GPU nporpamm

* ACMHXpPOHHbIe onepauunn, CUDA streams
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r'MbpuaoHasa apxurtekKTypa

DRAM

]

Dual 2.66 GHz X5550
SuperMicro X8DTG-DF
Tylersburg 36D chipset
12 x DIMM @ 1066 MHz

CPU 1

Fermi GPUs

U

DRAM

U

CPU1

U

LS
S

IOH

— ]
— e

2011



NMepapXxusa NaMATH

- Kew agpa, cokeTa

- bnnxxHaa RAM cokeTa

- NanbHAa RAM (4epes QPI)
- MamaTte PCI-E ycTponcTBa
- RAM opyroro BblY. y3J1a

- MamaTtb 4y>xoro PCI-E ycTpounucTBa
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Ponb CUDA

* CUDA - 510 API ona opraHnsaunm
BblyncneHnm Ha GPU, HO He Ha BCeM

KJlacTepe

» Ina paboTbl ¢ 6bonee CNoOXKHble CUCTEMaAMU
HeobXxo4MMO UCMOJIb30BaTb
NOMNOJIHUTEJIbHbIE MPOrpaMMHbIe MOaeNn
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OC: npouecchl

e CobCcTBEHHbINN KOHTEKCT B cnuctemMe
(namaTb, pannsl, ...)

* YnpaBseHune npoueccamym nponcxoonT
yepe3 CUCTEMHbIe Bbl30Bbl (CpaBHUTENbHO
Ooporo)
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OC: npouecchl

[Mpouecc Nel

[Mpouecc Ne2
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OC: noToKkmM

* OOLWKMIN NOCTYM KO BCEN NaMATHU
POANTESNIbCKOro NpoLecca, JIoKasbHas
NaMATb MOTOKaA

* B ynpasneHunn notokamum OC MoXeT
UrpaTb MeHbLUY POJb
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OC: noToKkmM

[ToTOK Nol

[TOTOK No2

[1pouecc
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KoHTekcT ycTpoucTtea (CUDA)

* KOHTEKCT - NMpuBSA3aHHada K onpegeneHHomMy
YCTPOWUCTBY ynpaBndtoLwaa nHpopmMmaumns
(BbloeneHHaqa device-namMmdaTb, pe3ynbTaT
onepauumn, ...)

* [1lpn obpalleHnn K yCTPONUCTBY MHOrmne
CUDA-BbI30BbI TPebyIOT CyLlecTBOBaHME
KOHTEKCTa
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KoHTekcT ycTpoucTtea (CUDA)

* I3Ha4YabHO NOTOK/MpoL,ecc He nMmeeT
Tekylwero CUDA-KOHTeKCTa

* EC/in B npouecce/rioToke HET TeKyLllero
KOHTEKCTa, TO OH byneT co3oaH HEeSABHO Mpu
HeobxoaMMoCTu

* OOHO YCTPOWNCTBO MOXET MMEeTb HECKOJIbKO
KOHTEKCTOB
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KoHTekcT ycTpoucTtea (CUDA)

[ToTOK Nol

[TOTOK No2

[1pouecc
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KoHTekcT ycTpoucTtea (CUDA)

* Ka>KObl NpoLLecc/noTOK MOXKeT MMeTb He
bosiee 0OHOro TEeKYLLEero KOHTeKCTa

* [lpouecc/noToK MOXKeT COo34aBaThb U
YOaJI9Tb KOHTEKCTbl, MEHATb TEKYLL NN
KOHTEeKCT
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NMpumepsbl Multi-GPU npuno>xeHun

* cudaSetDevice
 fork(), MPI, POSIX/thread, OpenMP, Boost
* CUDA streams

[TONHbIK NCXOOHBLIN KOO NPUMEPOB -
B MaTepunasiax K nekuyunmn
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ynpaBJieHUe KOHTeKCTaMm

* CUDA API:

» KOHTEKCT YCTPOWUCTBaA CO30aeTCcHd HesaBHO

> [lepekntoyeHne KOHTEKCTa:
cudaSetDevice(<HOMep yCcTpoucTBa>)

* Driver API:

» cuCtxCreate/cuCtxDestroy
» cuCtxPushCurrent/cuCtxPopCurrent
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NMpumep Nel

Co3paThb npoLecc, NCMOoNb3YOLWNA
oQHOBpeMeHHO HeckKoJIbKO GPU C
nomouwbio cudaSetDevice

Peannsaung: serial/serial cuda/
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cudaSetDevice

// Set curent CUDA device.

cuda status = cudaSetDevice(idevice);
if (cuda status != cudaSuccess)

{

fprintf(stderr, "Cannot set current CUDA device, status = %d

cuda status, cudaGetErrorString(cuda status));
return cuda status;

1 %s\n",
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Open Group / IEEE

 Co30aHne oovyepHero npoLiecca
fork

* ®anJsibl € o6LWLIMM O0OCTYMOM
shm_open, shm_unlink

* OTobparkeHne ansia B NaMATb Npouecca
mmMmap, Mmunmap, Mmsync

* CeMagopbil
sem_open, sem_wait, sem_post, sem_unlink
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NMpuMmep No2

Co30aTb HECKOJIbKO MPOoL,Eeccos,
obpabaTbiBalOWMNX HE3ABUCUMbIE OAHHbIE
Ha OOHOM N Heckonbknx GPU

Ecnnm B cncteme oonH GPU, ncnonb3oBaThb
ero BO BCex npoLieccax.

Peanusauunsa: unix/process _fork cuda/
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NMpuMmep Ne2

[1pouecc Neol

cudaSetDevice(0)

fork()

[Tpouecc No2

cudaSetDevice(1)

CUDA
kernel

CUDA
kernel
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fork()

// Call fork to create another process.

// Standard: "Memory mappings created in the parent
// shall be retained in the child process."

pid t fork status = fork();

// From this point two processes are running the same code, if no errors.
if (fork status == -1)
{
fprintf(stderr, "Cannot fork process, errno = %d\n", errno);
return errno;

}

// By fork return value we can determine the process role:
// master or child (worker).
int master = fork status ? 1 : 0, worker = !master;

// Get the process ID.
int pid = (int)getpid();
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Message Passing Interface (MPI)

 Peannsayunsa - onbnmoteka, 1emMoH

* EQDVHBLIN KOO NCMNOJIHAETCH MHOXXeCTBOM
napajifieNibHbIX MPOLLeCCoB

* leMOoHbl MPl KOHTPOMPYIOT 3anycCcK "
COCTOSAHME NpoLeccoB Ha y3/lax
BblYNCINTENIbHOU CeTr

* bubnmnoteka MPI peannsyeT nHTepdenc
obmMeHa coobuieHnamMmm (OaHHbIE,
CUHXPOHWM3aLMS) ONd NMetoLencs ceTu
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Message Passing Interface (MPI)

* [lopoxoeHne MHO>XXeCTBa NpoL,eccos
mpirun, mpiexec

* NTHMUMann3auna, penHnynannsaumns
MPI Init, MPI Finalize

* OOMEeH OaHHbIMN
MPI _Send, MPI_Recv, MPI Bcast, ...

* CUHXPOHM3aUnA
MPI_Barrier, ...
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GPU-namatTb B KoMmaHpax MPI

[loooep>XkKa NCcnonb3oBaHUA aesanc-aanpecos B MPI
koMaHOax ¢ CUDA 4.0

HocTtynHa B OpenMPI trunk (Rolf vandeVaart)

[dmikushin@sm0@6
ompi-trunk

[dmikushin@sm0@6
[dmikushin@sm0O6
[dmikushin@sm0@6
[dmikushin@sm0@6
[dmikushin@sm0@6

forge]$ svn co http://svn.open-mpi.org/svn/ompi/trunk

forge]$ cd ompi-trunk/
ompi-trunk]$ ./autogen.pl
ompi-trunk]$ mkdir build
ompi-trunk]$ cd build
build]$ ../configure

--prefix=/home/dmikushin/opt/openmpi gcc-trunk --with-cuda

[dmikushin@smO6

build]$ make install
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NMpumep N3

C noMmowbtio MPI co3a4aTb HECKOJIbKO
npoueccos, obpabaTbiBalOLLINX
He3aBUCUMble OaHHble Ha GPU n

obMeHMnBaLWMXCa pe3ysibTaTaMn 4yepes
namaTtb GPU.

Peanusaunsa: mpi/mpi _cuda p2p/
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MPI_Init / MPI _Finalize

// Initialize MPI. From this point the specified

// number of processes will be executed in parallel.

int mpi status = MPI Init(&argc, &argv);

if (mpi status != MPI SUCCESS)

{
fprintf(stderr, “"Cannot initialize MPI, status = %d.n", mpi status);
return mpi status;

}

mpi status = MPI Finalize();
if (mpi status != MPI SUCCESS)

{
fprintf(stderr, "Cannot finalize MPI, status = %d.n",
mpi status);
return mpi status;
}
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MPI Comm _size / * rank

// Get the size of the MPI global communicator,

// that is get the total number of MPI processes.

int nprocesses;

mpi status = MPI Comm size(MPI COMM WORLD, &nprocesses);
if (mpi status != MPI SUCCESS)

{
fprintf(stderr,
"Cannot retrieve the number of MPI processes, status = %d\n",
mpi status);
return mpi status;
}

// Get the rank (index) of the current MPI process

// 1n the global communicator.

mpi status = MPI Comm rank(MPI_COMM WORLD, &config.idevice);

if (mpi_status != MPI SUCCESS)

{

fprintf(stderr,

"Cannot retrieve the rank of current MPI process, status = %d\n",
mpl status);
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MPI_Send / MPI_Recv

* B MPI_Send/ Recv - device-yka3aTtenu dinl/din2

float *dinl, *din2;
cuda status = cudaMalloc((void**)&dinl, size);

cuda status = cudaMalloc((void**)&din2, size);
MPI Request request;

int inext (iprocess + 1) % nprocesses;
int iprev = iprocess - 1; iprev += (iprev < 0) ? nprocesses : 0;

// Pass entire process input device buffer directly to input device buffer
// of next process.

mpi status = MPI Isend(dinl, n * n, MPI FLOAT, inext, 0, MPI COMM WORLD, &request);
mpi status = MPI Recv(din2, n * n, MPI FLOAT, iprev, 0, MPI COMM WORLD, NULL);
mpli status = MPI Wait(&request, MPI STATUS IGNORE);
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INonosnHUTeNIbHbIEe 3aMe4YaHus

* ECnm npouecchbl 3aBUCSIN U3-3a
HEKOPPEKTHOWN CUHXPOHU3aUWK, TO
nomoyxeT Bbi3oB killall &

[marcusmae@T61p process_fork cuda]$ ps aux | grep fork

500 6909 52.3 0.0 32988 1152 pts/7 R 16:50 0:46 ./process_fork cuda
500 6911 75.4 0.0 32988 1152 pts/7 R 16:50 1:03 ./process_fork cuda
500 6913 46.0 0.0 32988 1152 pts/7 R 16:50 0:35 ./process_fork cuda
500 7013 0.0 0.0103384 836 pts/7 S+ 16:52 0:00 grep --color=auto fork
[marcusmae@T61p process_fork cuda]$ killall -9 process fork cuda
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POSIX threads (pthread)

 Peannzaunsa - onbnmoTeka

* [lonb30BaTesib ABHO ynpaBnsgeT
co3faHneM, 3aBepLieHneM NOTOKOB U NX
CBONCTBaMU

* [lonb30BaTesb ABHO ynpaBnsgeT
B3aMMOOEeNCTBMEM MOTOKOB
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POSIX threads (pthread)

* [lopoxxpaeHne n oxxnaaHme 3asepLieHnd
MOTOKa

pthread create, pthread join
* Kputnmyeckasa cekuums
pthread mutex lock, pthread mutex unlock, ...

* bapbepHaa n ycnoBHas CMHXPOHMU3aLNA
pthread barrier wait, pthread cond wait
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Unified Virtual Address Space

* ObWwKMn amnana3oH agpecoB ond xocta n scex GPU
B paMKax O4HOro npouecca

cudaMalloc, cudaMallocHost
* Bo3MO>XHOCTb ncnosab3oBaHna Ha GPU xocCT-
namMaTn n namaTtm gpyroro GPU
cudaDeviceEnablePeerAccess

* OTobpakeHne n ncnonblosaHne Ha GPU xocT-
NaMATU, BblogeneHHON 0Bbbl4HbIM Mmalloc

cudaHostRegister, cudaHostGetDevicePointer
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[NMpuMmep N5

C nomowbto pthread co3gaTb HECKONBKO
NOTOKOB, NapasisienbHO obpabaTbiBatoOLLLNX
He3aBUCKMble OaHHble Ha GPU m

obMeHMnBaLWMXCa pe3ysibTaTaMn 4yepes
namaTtb GPU.

Peannsauuna: pthread/pthread cuda p2p/
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NMpuMmep No5

CPU routine

OuyepegHas ntepauyms

-

cudaSetDevice(0)

CUDA kernel

L

cudaSetDevice(1)

:

cudaSetDevice(N)

‘ CUDA kernel

CUDA kernel

CuHXpoHM3auus
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pthread create

// Start threads.
for (int ithread = 0; ithread < nthreads; ithread++)

{
struct thread params t* t = thread params + ithread;
t->ithread = ithread;
t->nthreads = nthreads;
t->n = n; t->npasses = npasses; t->size = size;
t->prev = thread params + ithread - 1;
t->prev += ithread ? 0 : nthreads;
t->barrier = &barrier;
if (pthread create(&thread params[ithread].handle, NULL,
thread func, &thread params[ithread]))
{
fprintf(stderr, "Cannot create pthread thread\n");
return 1;
}
}

2011




pthread _exit, pthread join

pthread exit(NULL);

// Wait for threads completion.
for (int ithread = 0; ithread < nthreads; ithread++)

{
if (pthread join(thread params[ithread].handle, NULL))
{
fprintf(stderr, "Cannot join pthread thread\n");
return 1;
}
}
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pthread barrier_init / * wait

// Initialize threads barrier.

pthread barrier t barrier;

if (pthread barrier init(&barrier, NULL, nthreads))

{
fprintf(stderr, "Cannot initialize pthread barrier\n");
return 1;

// Synchronize after iteration.
pthread barrier wait(current->barrier);

if (pthread barrier destroy(&barrier))

{
fprintf(stderr, "Cannot destroy pthread barrier\n");
return 1;
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cudaMemcpyPeer

// Pass entire process input device buffer directly to input device buffer
// of next process.

status = cudaMemcpyPeer(current->din2, current->ithread,

current->prev->dinl, current->prev->ithread, current->prev->size);
if (status != cudaSuccess)

{
fprintf(stderr,

"Cannot start peer to peer transfer between device %d and %d: %s\n",
current->ithread, current->prev->ithread,
cudaGetErrorString(status));
pthread exit(NULL);
}

status = cudaDeviceSynchronize();
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OpenMP

* Peannsaumna - oUPEKTUBLI (paclunpeHmns
a3blkoB C, Fortran, ...), bubnmorteka

* Co3aaHmneM 1 3aBepLlieHnemM nNoTokoB
yrpasaseT runtime-bnbnunorteka,
HEKOTOPbIE CBOMCTBA NOTOKOB MOIyT ObITh
3a4aHbl NoJib30BaTesieM ABHO

* [lonb30oBaTeNlb ABHO ynpaBndaeT
B3aMMOOEeNCTBMEM MOTOKOB
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OpenMP

* [lapannenbHoe ncnojiHeHune
#pragma omp parallel
* 4Yncno NoToKoB
omp_get num_threads(), OMP_NUM THREADS

* [lapannenbHble LNKIbI
#pragma omp parallel for
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NMpumep N6

C nomowibto OpenMP co3paTb HECKOJIBKO
NOTOKOB, NapasisienbHO obpabaTbiBatoOLLLNX
He3aBuUcuMble aaHHble Ha GPU n CPU.

Peannsayunsa: openmp/openmp cuda/
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omp section-s, parallel for

// For each CUDA device found create a separate thread
// and execute the thread func.
#pragma omp sections

{
// Section for GPU threads.
#pragma omp section
{
}
// Section for CPU thread.
#pragma omp section
{
}
}
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omp section-s, parallel for

// Section for GPU threads.
#pragma omp section

{
#pragma omp parallel for
for (int 1 = 0; i < ndevices; i++)
{
config t* config = configs + 1i;
config->idevice = 1i;
config->step = 0;
config->nx = nx; config->ny = ny;
config->inout cpu = inout + np * 1i;
config->status = thread func(config);
}
}
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omp section-s, parallel for

// Section for CPU thread.
#pragma omp section

{

// In parallel main thread launch CPU function equivalent
// to CUDA kernels, to check the results.

control = inout + ndevices * np;

float* input = inout + (ndevices + 1) * np;

for (int 1 = 0; i < nticks; i++)

{
pattern2d cpu(l, configs->nx, 1, 1, configs->ny, 1,
input, control, ndevices);
float* swap = control;
control = input;
input = swap;
}

float* swap = control;
control = input;
input = swap;
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Boost

e Co3g0aHMe noToka
boost::thread, boost::bind

* CUHXPOHM3aLUNA
boost::mutex, boost::barrier
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NMpuMmep Neo7

C nomowibio Boost co3paTb HECKOJIbLKO
napajnenbHbIX MOTOKOB, MOLLUAroBo
obpabaTbiBalOWMNX HE3ABUCUMbIE OAHHbIE
Ha GPU n CPU c cnHXpoHM3aLmen nocne
Ka)Xaoro Lwiara.

Peannsayuns: boost/boost cuda/
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thread, bind, muteXx, barrier

static boost::mutex m;
boost::barrier* bl, b2;
boost::thread t;

// The function executed by each thread assigned with CUDA device.
void ThreadRunner::thread func()

{
}

ThreadRunner: :ThreadRunner(int idevice, int nx, int ny, boost::barrier* b)
t(boost::bind(&ThreadRunner::thread func, this)), b2(2), finish(0)
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thread, bind, muteXx, barrier

// Create a barrier that will wait for (ndevices + 1)
// invocations of wait().
boost::barrier b(ndevices + 1);

// Initialize thread runners and load input data.
ThreadRunner** runners = new ThreadRunner*[ndevices + 1];
for (int 1 = 0; 1 < ndevices; i++)
{
runners[i] = new ThreadRunner(i, nx, ny, &b);
runners[i] ->Load(data):
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thread, bind, muteXx, barrier

// Compute the given number of steps.

float* input = data;

float* output = data + np;

for (int 1 = 0; 1 < nticks; i++)

{
// Pass iteration on device threads.
for (int 1 = 0; 1 < ndevices; i++)

runners[i] ->Pass();

int status = ThreadRunner::GetLastError();
if (status) return status;

// In parallel main thread launch CPU function equivalent
// to CUDA kernels, to check the results.
pattern2d cpu(l, nx, 1, 1, ny, 1,
input, output, ndevices);
float* swap = output;
output = input;
input = swap;

b.wait();
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CUDA Streams

[ToTOKWN (streams) - MeTOoA BblaesIeHNS
nocnegoBaTesibHOCTEN aCUHXPOHHbIX
ornepaunin, CBA3aHHbIX MOPALKOM OENCTBUN
B COCTaBe oa4HOro stream, HO He3aBUCUMbIX
onga pa3sindHbiX streams.
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CUDA Streams

N N
—A— —A—
N
—A—
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CUDA Streams

£ey -

Stream #1 Stream #2 Stream #3 Stream #N
2011




CUDA Streams

* [lapannenbHble Leno4ykn streams MOryT
SPPEeKTUBHEE HACbIWATb BblHUCINTEJIbHbIE
6/10KM 3a CYET nepenaydn OaHHbIX MaJibIMU
He3aBUCUMbIMUK BJIOKaMWN.

* ACMHXPOHHbIE onepaunn nepenadun
NaHHbIX TpebytoT pinned memory
(cudaMallocHost).
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NMpumep N8

boio4yHoOe nepeMHOXXeHne MmaTpuy, C
ncnonb3sopaHmem CUDA streams.

Peannsauna: gemm_streams/

[dmikushin@tesla-cmc gemm_streamed]$ ./gemm_streamed 4 1024 10251 N N 1.0 0.0 16
n time gflops test enorm rnorm

1024  0.013909 sec 154.390014 PASSED 0.018676 262177.187500

1024  0.011231 sec 191.204784 PASSED 0.018693 262323.812500

[dmikushin@tesla-cmc gemm_streamed]$ ./gemm_streamed 4 4096 4097 1 N N 1.0 0.0 16
n time gflops test enorm rnorm
4096  0.431783 sec 318.305308 PASSED 0.293618  4194287.250000

4096  0.396524 sec 346.609298 PASSED 0.293707 4194416.500000
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cudaStreamCreate / *Destroy

cudaStream t* stream = (cudaStream t*)malloc(
nstreams * sizeof(cudaStream t));

// Create streams

for (int 1 = 0; i < nstreams; i++)

{
cudaerr = cudaStreamCreate(&stream[1i]);
assert(cudaerr == cudaSuccess);

}

// Destroy streams
for (int istream = 0; istream < nstreams; istream++)

{

cudaerr = cudaStreamDestroy(stream[istream]);
assert(cudaerr == cudaSuccess);
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cublasSetVectorAsync

ACMHXPOHHaA 3arpy3ka gaHHbIX Ha
yCcTpouncTtBo (aHanor cudaMemcpyAsync)

for (int istream = 0; istream < nstreams; istream++)

{
int szpart = n / nstreams;
size t shift = n * szpart * istream;
if (istream == nstreams - 1)
szpart += n % nstreams;
status = cublasSetVectorAsync(n * szpart, sizeof(real),
h B + shift, 1, d B[istream], 1, stream[istream]);
assert(status == CUBLAS STATUS SUCCESS);
status = cublasSetVectorAsync(n * szpart, sizeof(real),
h C + shift, 1, d C[istream], 1, stream[istream]);
assert(status == CUBLAS STATUS SUCCESS);
}
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cublasSetKernelStream

YcTaHoBKa stream gna CUDA-agpa

for (int istream = 0; istream < nstreams; istream++)
{
int szpart = n / nstreams;
if (istream == nstreams - 1)
szpart += n % nstreams;

// Setup async operations
status = cublasSetKernelStream(stream[istream]);
assert(status == CUBLAS STATUS SUCCESS);

// Perform matmul using CUBLAS
cublas gemm(transa, transb, n, szpart, n,
alpha, d A, n, d B[istream], n, beta, d C[istream], n);
status = cublasGetError();
assert(status == CUBLAS STATUS SUCCESS);
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cublasGetVectorAsync

ACVNHXPOHHASA BbIrpy3Ka AaHHbIX N3
ycTpouncrtBa (aHanor cudaMemcpyAsync)

// Sync all
for (int istream = 0; istream < nstreams; istream++)
{

int szpart = n / nstreams;
size t shift = n * szpart * istream;
if (istream == nstreams - 1)

szpart += n % nstreams;

// Read the result back
status = cublasGetVectorAsync(n * szpart, sizeof(real),

d C[istream], 1, h C + shift, 1, stream[istream]);
assert(status == CUBLAS STATUS SUCCESS);
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cudaStreamSynchronize

O>XXunpgaHume BbINOJIHEHNA BCeX onepaL/nn B
3a4JaHHOM Sstream

cudaStreamSynchronize(stream[istream]);
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3aKJjilouyeHue

* Kog Ha CUDA Mo)eT B3anMoaoencTBoBaTh

C APYrMMmym NporpaMMHbIMN MOOENAMMN
napasefnbHbiX BblHNCNEHUIA

* MeTOoAbl U3 NPeasyIoXKEeHHbIX MPMepPoB
MOryT ObITb NCNOJZIb30BaHbI B Ballunx
MPUNOXEHUAX N NPOTeCTUPOBaHbI Ha
cepBepe tesla-cmc
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NMMnaH

* OCHOBHbIe cBeneHnsa ob oTnagke
* OTnagyunk gdb: npnmep NCrnonb30BaHUA

* OTnag4yuk cuda-gdb: ocobeHHOCTH,
TpeboBaHMSA, MpUMepsI

* InarHoCTUKa geBanc-namMmaTi C NOMOLLbIO
cuda-memcheck, npnmepsl
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OThapka: TepMUHOJIOIuA

*» Openm (stack frame) - “kKaap” cocToaAHUSA
PYyHKLMN B MOMEHT OCTaHOBa WM nepegayn
yrnpaBJIeHNA BO BJIOXKEHHYI0 PYHKLUUIO

* Tpacca - NonHaa nepapxma ppenmMoB OT TOYKU
BX0[a B nNporpaMmmy A0 NOJIOXXeHUs OCTaHOBa

* Breakpoint - To4Ka OCTaHOBa B Ko4e NnporpamMmmmbl

* Watchpoint - To4yKa oCcTaHOBa MO YCJ/IOBUIO
OOCTUXXEHUA 3a4aHHOIro COCTOAHMSA
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OTnapka: OCHOBHbI@ BO3SMOXXHOCTM

* [IpOCMOTP 3HAYEHUWN NepeMeHHbIX U
BblYMCJIEHNE HECNIOXKHbIX Bbipa>XeHUn

* Ha3Ha4YeHne To4YEeK N YCJI0OBU OCTaHOBA
* [lepemMelleHne No cTeky ppenmoB
* OTNnaakKa HEeCKONIbKNX NOTOKOB

* AHa/In3 oTNago4vYHoro gamna (core dump)
B offline-pexxunme

2011



UcnonHaeMmbin dopmMmaT ELF

* CekUnKM - pasaoenbl ncnonHgaemoro canna
B KOTOPbIX MH(POpMaUMAa CrpynnmpoBaHa

Mo TUuny:

> text - NCMNOJIHAEeMbIN KO[,

> .bss - HEMHNLUMANN3NPOBAHbIE AaHHbIE
> .data - MHUUMANN3NPOBaHHbIE AaHHblE

.debug - oTnapo4yHasa uHdpopmMmauus

’

2011


http://www.skyfree.org/linux/references/ELF_Format.pdf

OTnapo4yHaa uHdopMauuna

« Tabnnua cooTBeTCTBUSA OObIYHbLIX UMEH
CMMBOJI0B geKopupoBaHHbLIM (mangled)

* Tabsinua COOTBETCTBUSA apecoB
NCMOJIHAEMOr o KoJa N CTPOK NCXOOHOro
KoJa

* Jltobasa gononHuTenbHad nHpopMaLmns
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GDB: ploLwlKu

* CokpalleHHble nMeHa KoMaHAa: b -
breakpoint, wa - watchpoint, ...

* B koMmaHgHOM cTpoke GDB B fitoboM mMecTe
MO>HO Ha)aTb <TAB>, 4T0obOblI NOKa3aThb
BapuWaHTbl aBTO3anoJIHeEHUSA (U coenaTb
ero cpasy, ecsim BO3MO>XEH TOJIbKO OO UH
BApPWaHT)

2011



GDB: koMmnunauus

 ®nar -g Angd BKAOYEeHNA oTNnano4Hou
NMHOPMaLIK

[marcusmae@T6lp samples]$ cd multigpu/pthread/pthread cuda/
[marcusmae@T6lp pthread cudal$ make

gcc -g -std=c99 -I/opt/cuda/include -c pthread cuda.c -o pthread cuda.o
nvcc -g -c pattern2d.cu -o pattern2d.o

gcc pthread cuda.o pattern2d.o -o pthread cuda -lpthread
-L/opt/cuda/1lib64 -lcudart -1m

2011



GDB: 3anyck

* 3anycK oTnag4ymnka ogHOBpeMeHHO C
3aMNyCKOM MPUJIO>XKeHNS

[marcusmae@T6lp pthread cudal$ gdb ./pthread cuda

GNU gdb (GDB) Fedora (7.2-51.fcl4)

Copyright (C) 2010 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later
<http://gnu.org/licenses/gpl.html>

This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying"
and "show warranty" for details.

This GDB was configured as "x86 64-redhat-linux-gnu".

For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/>...

Reading symbols from /home/marcusmae/Samples/cuda-
training/samples/multigpu/pthread/pthread cuda/pthread cuda...done.

(gdb) 2011




GDB: 3anyck (attach)

* [looknw4eHne K paHee 3anyweHHOMY
NPUNJIOXKEHWUIO

[marcusmae@T6lp pthread cuda]$ gdb pthread cuda 3346

Reading symbols from /home/marcusmae/Samples/cuda-
training/samples/multigpu/pthread/pthread cuda/pthread cuda...done.
Attaching to program: /home/marcusmae/Samples/cuda-
training/samples/multigpu/pthread/pthread cuda/pthread cuda, process
3346

(gdb)
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GDB: breakpoint

* YcTaHoBKa breakpoint no nmeHn pyHKUUmM

(gdb) b pattern2d _cpu

Breakpoint 1 at 0x401675: file pattern2d.cu, line 34.

(gdb) r

Starting program: /home/marcusmae/Samples/cuda-
training/samples/multigpu/pthread/pthread cuda/pthread cuda
[Thread debugging using libthread db enabled]

1 CUDA device(s) found

[New Thread Ox7ffff6f44700 (LWP 3349)]

Breakpoint 1, pattern2d cpu (bx=1l, nx=128, ex=1, by=1l, ny=128, ey=1,
in=0x7ffff6f65010, out=0x7ffff6f55010, id=1) at pattern2d.cu:34

34 size t size = nx * ny * sizeof(float);

(gdb)
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GDB: breakpoint

* YcTaHoBKa breakpoint no HoMmepy CTpoKu
* YnaneHne - d <Homep>

(gdb) b 36

Breakpoint 2 at 0x40169b: file pattern2d.cu, line 36.
(gdb) b pattern2d.cu:37

Note: breakpoint 2 also set at pc 0x40169b.
Breakpoint 3 at 0x40169b: file pattern2d.cu, line 37.
(gdb) ¢

Continuing.

Breakpoint 2, pattern2d cpu (bx=1, nx=128, ex=1, by=1, ny=128, ey=1,
in=0x7ffffof65010, out=0x7ffff6f55010, id=1) at pattern2d.cu:37

37 for (int j = by; j < ny - ey; j++)

(gdb)
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GDB: watchpoint

* YcTaHOBKa watchpoint no agpecy B naMaTn

(gdb) b 38

Breakpoint 4 at 0x4016a6: file pattern2d.cu, line 38.
(gdb) c

Continuing.

Breakpoint 4, pattern2d cpu (bx=1l, nx=128, ex=1, by=1l, ny=128, ey=1,
in=0x7ffff6f55010, out=0x7ffff6f65010, id=1) at pattern2d.cu:38

38 for (int 1 = bx; 1 < nx - ex; 1++)

(gdb) p &j

$1 = (int *) Ox7fffffffdf3c

(gdb) wa *(int*)Ox7fffffffdf3c

Hardware watchpoint 5: *(int*)Ox7fffffffdf3c
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GDB: watchpoint

* locTnxxeHune watchpoint

(gdb) d 4

(gdb) c

Continuing.

Hardware watchpoint 5: *(int*)Ox7fffffffdf3c

Old value =1

New value = 2

Ox00000000004017a2 in pattern2d cpu (bx=1, nx=128, ex=1l, by=1l, ny=128, ey=1,
1in=0x7ffff6f55010, out=0x7ffff6f65010, id=1) at pattern2d.cu:37

37 for (int j = by; j < ny - ey; j++)
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GDB: KOHTEeKCT

* [ist - NpOCMOTpP NCXOOQHOIo Koda B MecTe

OCTaHOBa
(gdb) list
32 float* in, float* out, int id)
33 {
34 size t size = nx * ny * sizeof(float);
35 memset(out, 0, size);
36
37 for (int j = by j < ny - ey; j++)
38 for (int 1 = bx; 1 < nx - ex; 1i++)
39 ouT(i,j) = qrtf(fabs(IN(l j) + IN(i-1,j) + IN(i+1,j) -
40 2.0f * IN(i,j-1) + 3.0f * IN(1i, ]+1))),
41 return 0;
(gdb)
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GDB: KOHTEeKCT

* Ctrl-x-a - “okOHHbIN" TUIl-pexxunm

—pattern2d.cu
33 {

B+ (34 size t size = nx * ny * sizeof(float);

35 memset (out, 0, size);

B+ |36

B+>|37 for (int j = by; j < ny - ey; j++)

38 for (int 1 = bx; 1 < nx - ex; 1i++)
39 OUT(i,j) = sqrtf(fabs(IN(i,j) + IN(i-
40 2.0f * IN(i,j-1) + 3.0f * IN(
41 return 0;

42 }

43

44 // GPU device kernel.

45 __global void pattern2d gpu kernel(
i,j+1) |
multi-thre Thread Ox7ffff In: pattern2d cpu Line: 37 PC: 0x§011
(gdb)




GDB: MHOIronotTo4HOCTDH

* info th - nHopMauma o 3anyLeHHbIX
MOTOKaAX

* { <HOMep> - nepeknyeHme B NOTOK

(gdb) info th
2 Thread Ox7ffff6f44700 (LWP 3349) 0x0000003befed8997 in ioctl ()
from /1ib64/1ibc.s0.6
* 1 Thread Ox7ffff786c740 (LWP 3346) 0x00000000004017a2 in pattern2d cpu (
bx=1, nx=128, ex=1, by=1l, ny=128, ey=1, in=0x7ffff6f55010),
out=0x7ffff6f65010, id=1) at pattern2d.cu:37
(gdb) t 2
[Switching to thread 2 (Thread Ox7ffff6f44700 (LWP 3349))]#0
0x0000003befed8997 in ioctl () from /lib64/libc.so0.6

(gdb)
2011




GDB: Tpacca

* bt - Tpacca

(gdb) bt
#0O0 Ox0000003befed8997 in ioctl () from /l1ib64/1libc.so0.6
#1 Ox00007ffff710b923 in ?? () from /usr/1ib64/1libcuda.so

#10 0x00007Ffff70e7b4l in ??
#11 Ox00007ffff7daa82e in ?7?
#12 Ox00007ffff7daad7b in ??

from /usr/1ib64/libcuda.so

from /opt/cuda/lib64/1libcudart.so.
from /opt/cuda/lib64/1libcudart.so.
#13 0x00007ffff7dab764 in 7?7 from /opt/cuda/lib64/libcudart.so.
#14 0x00007ffff7da@9b6 in ?77? from /opt/cuda/lib64/1libcudart.so.
#15 0x00007ffff7d98659 in ?? () from /opt/cuda/lib64/libcudart.so.
#16 0x00007ffff7dbdf88 in cudaMalloc () from /opt/cuda/lib64/libcudart.so.4
#17 0x0000000000400dea in thread func (arg=0x611cf0) at pthread cuda.c:68
#18 0x0000003bf0206cch in start thread () from /lib64/libpthread.so.0

#19 0x0000003befeedc2d in clone () from /1ib64/1libc.so0.6

(gdb)

-I>-I>-l>-l>-l>
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GDB: nepekniodyeHue ppemma

* f <HOMep> - nepekNYNTbL ppenm

(gdb) f 17

#17 0x0000000000400dea in thread func (arg=0x611lcf@) at pthread cuda.c:68
68 cuda status = cudaMalloc((void**)&config->in dev, size);

(gdb) list

63 }

64

65 size t size = config->nx * config->ny * sizeof(float);

66

67 // Create device arrays for input and output data.

68 cuda status = cudaMalloc((void**)&config->in dev, size);

69 if (cuda status != cudaSuccess)

70 {

71 fprintf(stderr, "Cannot allocate CUDA input buffer on device %d,
status = %d\n",

72 idevice, cuda status);

(gdb)
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OTnag4yuk: orpaHMYeHus

 OTNnagynmkm MmoryT paboTtaTb 1 6e3
OT/1ago04YHON MHOopMaLLUK, HO
BO3MOXHOCTEN byoeT MeHbLue

* ECQin KOA coaepXuTt onTtuMmmsauyumm, 1o
OTNlaKa MOXET bblITb MeHee TOYHa
(no3nymnoHnpoBaHMe No Koay,
HeOOCTYNHOCTb 3HAYEHUWN NCKTIOYEHHbIX
onTUMM3aumnen nepemMeHHs.lx, ...)
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CUDA-GDB

* BapnaHT GDB ¢ pacwmnpeHnamm gns
oTnanku aoep CUDA

* [loogoep>xkKa oTnagkm Ha ogHoMm GPU mnnn
multi-GPU

* Cneny4a GPL, nocTtyneH B UCXOOHUKaX:
ftp://download.nvidia.com/CUDAOpen64/

2011


ftp://download.nvidia.com/CUDAOpen64/

CUDA-GDB: TpeboBaHus

* TpebyeT ognH ceoboagHbIN GPU

fatal: All CUDA devices are used for X11 and cannot be used while debugging.
(error code = 24)

= B GNU/Linux B TEKCTOBOM pe)xmmMe MOXXHO paboTaTb C cuda-oTNaA4MKOM Ha
MawunHe c ogHumMm GPU

* MOXXHO 3anycTuTb He Bbonee ogHOro
ceaHca cuda-gdb

Found an already running instance of cuda-gdb. If you believe you are seeing
this message in error, try deleting /tmp/cuda-gdb.lock

2011




CUDA-GDB: koMmnunauus

 ®nar -g Angd BKAOYEeHNA oTNnano4Hou
NMHPopMaunm Ha xocTte, -G - Ha GPU

[marcusmae@T6lp pattern2d]$ make

nvcc -g -G -c pattern2d.cu
gcc -g -std=c99 -c -I/usr/include/ImageMagick

draw diffs.c
nvcc -g pattern2d.o draw diffs.o -o pattern2d

-lMagickCore

2011




CUDA-GDB: 3anyckK

(cuda-gdb) b pattern2d gpu_kernel

Breakpoint 1 at 0x4032ba: file pattern2d.cu, line 38.
(cuda-gdb) r

Starting program: /home/dmikushin/Programming/cuda-
training/samples/multigpu/pthread/pthread cuda/pthread cuda
[Thread debugging using libthread db enabled]

[New process 26320]

[New Thread 139849021003584 (LWP 26320)]

8 CUDA device(s) found

[New Thread 139849009342208 (LWP 26324)]

[New Thread 139849000949504 (LWP 26325)]

[New Thread 139848992556800 (LWP 26326)]

[New Thread 139848984164096 (LWP 26327)]

[New Thread 139848975771392 (LWP 26328)]

[New Thread 139848899884800 (LWP 26329)]

[New Thread 139848891492096 (LWP 26330)]

[New Thread 139848883099392 (LWP 26331)]

Device 6 initialized

Device 0 initialized

Device 7 initialized 2011




CUDA-GDB: 3anyckK

Device 5 initialized Events
Device 3 initialized 4/

Device 1 initialized

[Launch of CUDA Kernel 0 (pattern2d gpu kernel) on Device 6]
Device 4 initialized

Device 2 initialized

[Launch of CUDA Kernel 1 (pattern2d gpu kernel) on Device 1]
[Termination of CUDA Kernel 0 (pattern2d gpu kernel) on Device 6]
[Launch of CUDA Kernel 2 (pattern2d gpu kernel) on Device 2]
[Launch of CUDA Kernel 3 (pattern2d gpu kernel) on Device 7]
[Launch of CUDA Kernel 4 (pattern2d gpu kernel) on Device 4]
[Termination of CUDA Kernel 3 (pattern2d gpu kernel) on Device 7]
[Launch of CUDA Kernel 5 (pattern2d gpu kernel) on Device 0]
[Launch of CUDA Kernel 6 (pattern2d gpu kernel) on Device 7]
[Switching to CUDA Kernel 5 (<<<(0,0),(0,0,0)>>>)]

Breakpoint 1, pattern2d gpu kernel<<<(3,7),(32,16,1)>>> (bx=1l, nx=128,
ex=1, by=1l, ny=128, ey=1, block length=32, block height=16,
1in=0x100000, out=0x110000, id=0) at pattern2d.cu:52
52 int 1 = blockIdx.x * block length + threadIdx.x + bx; 2011




CUDA-GDB: pacwuupeHus

* OTnaaka anpa: BbiBOO MHOEKCOB U
pa3MepHOCTEeN

(cuda-gdb) b 57

Breakpoint 2 at 0x7fdbac085e98: file pattern2d.cu, line 57.
(cuda-gdb) c

Continuing.

[Termination of CUDA Kernel 8 (pattern2d gpu kernel) on Device 4]

Breakpoint 2, pattern2d gpu kernel<<<(3,7),(32,16,1)>>> (bx=1, nx=128,
ex=1, by=1l, ny=128, ey=1, block length=32, block height=16,
in=0x100000, out=0x110000, id=0) at pattern2d.cu:57

57 OUT(i,j) = sqrtf(fabs(IN(i,j) + IN(i-1,j) + IN(i+l,j) -

(cuda-gdb) p blockIdx

$1 = {x =0, y =0}
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CUDA-GDB: pacwuupeHusn

* OTNagka aapa: nepekayeHne Tekylliero
bn1okKa/noToKa

(cuda-gdb) cuda block 2,1 thread 15,4,0
[Switching to CUDA Kernel 1 (device 0, sm 15, warp 4, lane 15, grid 2, block

(2,1), thread (15,4,0))]

57 OUT(i,j) = sqrtf(fabs(IN(i,j) + IN(i-1,j) + IN(i+1,j) -
(cuda-gdb) p 1

$2 = 80

(cuda-gdb) p j

$3 = 21

2011




CUDA-GDB: DDD

File Edit Miew Program Commands Status Source Data

0 |§na1’ n

Lookup Finds Break Liatch

Print

Display

e

SHo

{}-

Fotate

¥

Jf GPU device kernel.
_ global__ woid pattern2d_gpu_kernel{

int br, int nx, int ex, int by, int ny, int ey,

int block_length, int block_height,

float* in, float® out, int id)
@

Af Compute absolute (i,3) indexes for

/¢ the current GPU thread using grid mapping params.
int i = blockIdx.= * block_length + threadIdsz.= + bx
int j = blockIdw.y * block_height + threadIds.y + by

/f Compute one data point — a piece of

// work_for the current GPU thread.

OUT(1,33 = sqref(fabs(INGi 30 + INCI-1,30 + INCiH,30 —
2 2.0F * INCE,3=13 + 3.0f * INCT,3+1300;

£f Perform some dummy 2D field processing on GPU.

int patternzd_gpuf
int bz, int nx, int ex, int by, int ny, int ey,
float* in, float® out, int id)

/4 Configure GPU computational grid:
hi = nblocks_x * block_Tength
Afony = nblocks_y * block_height

Set

0%00007fcf940a3c40
0x00007fefI40a3c48
000007 fcf940a3c50
0x00007fcf940a3058
0x00007f<f340a3cTc
0x00007fef940a3<60
0x00007f<f940a3cE8
0x00007fcf940a3c?0
0x00007f<f940a3¢c74
0%00007fcf940a3c?s
0x00007fef940a3c80
0%00007fcf940a3c88
0x00007ff940a3:30
0x00007f<f340a3c38

<pattern2d_gpu_kernel{int,
<pattern2d_gpu_kernel(int,
<pattern2d_gpu_kernel{int,
<pattern2d_gpu_kernel(int,
<pattern2d_gpu_kernel{int,
<pattern2d_gpu_kernel(int,
<pattern2d_gpu_kernel{int,
<patternzd_gpu_kernel(int,
<pattern2d_gpu_kernel{int,
<pattern2d_gpu_kernel{int,
<pattern2d_gpu_kernel(int,
<pattern2d_gpu_kernel{int,
<pattern2d_gpu_kernel(int,
<pattern2d_gpu_kernel{int,

int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,

int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,

int,
int,
int,
int,
int,
int,
int,
int,
int.
int,
int,
int,
int,
int.

int, int, int, int, float*,
int, int, int, int, float®,
int, dint, int, int, float®,
int, int, int, int, float®,
int, int, int, int, float®,
int, int, int, int, float®,
int, int, int, int, float®,
int, int, int, int, float®,
int, int, int, int, float®,
int, int, int, int, float*,
int, int, int, int, float*,
int, int, int, int, float*,
int, int, int, int, float®,
int, int, int, int, float®,

float*,
float*,
float*,
float®,
float*,
float®,
float*,
float*,
float*,
float*,
float*,
float*,
float®,
float*,

int)+96o:

inta+104»:
inty+1120:
int)+1200:
inti+124»:
inti+128s:
inti+136>:
inti+144s:
inta+148»:
int)+152v:
int)+160>:
int)+168>:
int)+1762:
inti+184»:

MOV, 16 ROH, g9 [0=7].U18
MOW. U16 ROH, ROH
I2I.U32.016 R1, R1L
IMUL32.U16.U16 RS, R4L, R1H
IMAD3Z2.U16 RS, R4H, R1L. RS
SHL RS, RS, 0z10

IMAD.U1E R1, R4L, R1L, RS
IADD3Z R1, R3, R

IADD3Z2 R1, RZ. R1

MO R1, R1

MU R2, Oxlc

R24 A1, RZ

MOV R2, g [A1+0x0]
I2I.U32.016 R3. ROL

[Launch of CUDA Kernel 0O (memset32_alignedi1D<<<(128,1,13,(128,1,1)3>>) on Dewice 0]

[Termination of CUDA Kernel O {memset32_alignediD<<<(128,1,13,(128,1,13>>>) on Device 0]

[Launch of CUDA Kernel 1 (pattern2d_gpu_kernel<<<(3,7,1),(32,16,1)>»>] on Dewice 0]

[Seritching focus to CUDA kernel 1. grid 2, block {0,0,00, thread (0,0,0), device 0, sm 0, warp 0, lane 0]

Ereakpoint 1, pattern2d_apu_kernel<<<(3,7,11,032,16,1)2>2> (bu=1, nu=128, ex=1, by=1, ny=128, ey=1, block_ length=32, block_height=16, 1n=0x110000, out=0%120000, 1d=0) at pattern2d.cu:52
Current language: auto; currently o+

(gdb) n

(adb)

A
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CUDA-GDB: emacs

G { = & @ .

[Switching focus to CUDA kernel 1, grid 2, block (0,0,0),

thread (0,0,0), device 0, sm 0, warp @, lane 0]

Breakpoint 1, pattern2d gpu kernel<<<(3,7,1),(32,16,1)>>> (bx=1, nx=128, ex=1, by=1, ny=128, ey=1, block length=32, block height=16, in=0x110000, out=0x1200=
<00, id=0) at pattern2d.cu:52
Current language: auto; currently c++
Bl (cuda-gdb) n
(cuda-gdb) n
~ ({cuda-gdb) J

-U:**-  *gud-pthread_cuda* Bot L35 (Debugger:run [stopped] ) ----------omamiaam oo iie e eeeeeeeeeemeamecececeemeceeeceeceece-a-- 9
Locals| Registers
~dd @parameter int 0

out @global float * @parameter (@global float * @parameter) 0x120000

in @global float * @parameter (@global float * @parameter) 0x110000 &

block height @parameter int 16

block length @parameter int 32

v ey @parameter int 1

-U:%*- *locals of pthread cuda* Top L1 (Locals:pattern2d gpu Kernel) - - - - -ooomm oo e icieenccocoooioooon
~ // GPU device kernel.

~ global  void pattern2d gpu kernel(

int bx, int nx, int ex, int by, int ny, int ey,

int block length, int block height,

float* in, float* out, int id)

// Compute absolute (i,j) indexes for
// the current GPU thread using grid mapping params.
int 1 = blockIdx.x * block length + threadIdx.x + bx;
int j = blockIdx.y * block height + threadIdx.y + by;
// Compute one data point - a piece of
// work for the current GPU thread.
] OUT(i,j) = sqrtf(fabs(IN(i,j) + IN(i-1,j) + IN(i+1,j) -
2.0f * IN(i,j-1) + 3.0f * IN(i,j+1))});

-1--- pattern2d.cu  28% L57  SVN-9 (Fundamental) - - - - - - cmmmmmmmm oo eeeeieceoceieoooo-o-
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CUDA-MEMCHECK

* InarHocTtuka owmnbok B CUDA-aapax

* BbigsB/N1eHne KOHKpeTHOW npunydnHbl “Kernel
launch failure”

* MoXeT ObITb 3anyLWeH OTOe/IbHO NN
BHYTPW OTNag4YnKa

(cuda-gdb) set cuda memcheck on

2011



CUDA-MEMCHECK

* AOgpec BHe A0oNYyCTUMbIX rpaHuL

[marcusmae@T6lp pthread cudal$ cuda-memcheck ./pthread cuda
========= (CUDA-MEMCHECK

1 CUDA device(s) found

Device 0 initialized

Cannot execute CUDA kernel #2 by device 0, status = 4
Cannot execute pattern 2d on device 0, status = 4
========= Invalid global read of size 4

========= at O0x00000170 in pattern2d gpu kernel
————————— by thread (0,0,0) in block (1,0,0)

————————— Address 0x00100ef4 is out of bounds

========= ERROR SUMMARY: 1 error

2011




3aKJjilouyeHue

* [lpencTaB/EeHHbIN MeTod OT/IaAKW
YH/BEpCabHO NMosie3eH, Tak Kak Kpome
GPU npumMmeHnM K LLNPOKOMY KJlaccy
BCTpanMBaeMblX CUCTEM

* YeM paHblUe Bbl CTONKHETeCh C
0OCTaTO4YHO cepbe3Hon npobnemon,
4TOObI NPULLJIOCL OCBOUTbL OT/AA4YUNK, TEM
nydwe! ©
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