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1.  #R

ASEIFARIER T AR SR YIBY GPU BB LfER MXMACA ML TTHRIZ, SERMARARF
AL AT GPU MBI ERIR, REMWEBCHINA.

B R GPU B RZFZRMWINE 1-1 PR

Applications Programmer and
System Tools

Deployment System
Manaement
MXMACA mcBLAS, mcFFT, mcSPARSE, mcSOLVER,
Libraries mcRAND, mcEigen, mcThrust, mcCUB, ...

System Validation
MXMACA
Language

MXMACA Program Porting
Drivers
os { OS Kernel ] Debugger
Hardware
Drivers
Profiler/Tracer

PCle PCle

Hardware

MetaXLink

1-1 REGi5RH

MXMACA® (MetaX Advanced Compute Architecture) BRRABAHITITEERAMAERITERENZ
MItETE, B8 THESERN (ISA). GPU HITHEREHSIZEN GPU GAARXTE, ERMHETIENK
HRIZZEO, B MXMACA IRohERHEMIEITE APIL MXMACA BERIRMEHNE C/C+H+REIEIES.

MXMACA EHREERMIALERENITEMEE, AEAFHES MXMACA 2, F£HTE GPU 2iEss +

BB taeET.

AXHEEZENE MXMACA IKapRIBHEREITE API, BRME T HEMNRRISENE. EEVNRFNIRE
NEzEfRaidE. WEMBS) GPU RS, BEEAEAZ MIENRSFIIEE.
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2. ‘RIEER

2.1 EFR4EH

2-1 BRT MXMACA 4RIzt B MXMACA 242 RE, MXMACARERFRZR—IMNEXT L FXHEE
MizF. — 1 MXMACA L FXHRAEERMTEIRE: —1 CPU REM—1 GPU 12&. B8 MtEIR
HEEEECHSBLNY, FIUERME<SIAY: —Z2EnA CPU BELFa <Y, Z—FEmEr GPU Y
BRFran<PhFl. A5 MXMACA BENEFEX —TMEFNR, XMEFNREFFERFAHE D MXMACA %
& (CPUM GPU) ERMZ, #THK MXMACA BENEFEXEFFAFNAFEWER, HEENIMREERA
ZISH, &fa, MXMACA BENEFR TN LT IRIITXERZ.

MXMACAZRTZHES CPU GPU

l l

Programs | Kernels | Memory Objects Command Queues

L l
?ﬁ«ﬁ@ﬁﬁnﬂ‘w

arg[0] value ’7In Order
Queue

arg[1] value

arg[2] value GPU CPU

Compile Code Create Data & Arguments Send to Execution

2-1 MXMACA EFE&eRE

MXMACA 4miZ(EAHE C/CHIESHT REMMVERABESHIERFETRITNAER. —TREHREE
2% CPUMGPU, &1 CPU # GPU #H—% PCle 24fRH, ALFEEIEXDIXRIAEA!

o FHl: CPUKRHERTEF (ENAE)
o &&: GPURHERWEF (REAHE)

1ZERER (kernel) = MXMACA RizREUMERLARERD, HABSE GPU £iE1T. ZEIER TENALUR
AT IR EHITIRIE, MAR—BER), EEMRRIIZRELEN, BKR CPU HITHMAIES. Eit
MXMACA {RiZiRE T BEFE T,

— P ERIRY MXMACA 2 B H TR SITREE, WMNE 2-2 Fiim. SBITABEEN CPU 1T, Mt
1THESTE GPU E#IT. ENABIREBITE C/CHRE, MigERIEEER MXMACA C/C++4RE, mxcc 4%
FERNENMILE LR AT,
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MXMACA C/C++18F MXMACA C/C++RIEFE&R

Serial Code >|CPU Platform ‘

1/0 between CPU and GPU \h
:

Parallel Code

Serial Code ‘ICPU Platform J

1/0 between CPU and GPU \\

Parallel Code

1/0 between CPU and GPU

Serial Code |" PU Platform ‘

2-2 MXMACA C/C++iZFFE 3B
— ARy MXMACA 2 7SS IURIZROEE N EAVRT:
1. BEEEM CPU RE#EIIE| GPU RF
2. ABZEEXT GPU AFHVEIRHITMIE

3. RBEIEM GPU RTFfLX[O CPU R

22 HITIRE

BB AR GPU RIZRVITIRELINE 2-3 F7R:

o GPU EHRHITAZNENEFIEXN—PIIES (work-item), FEF MXMACA EFEHN—1
GPU 2 (thread), T{EHIHEERSITEIFRILITRITIR, XLELITMZE TERNL/E Do

o GPU B &iBRItIE HERERATNG SAR— N TIERES, M2 ITEE (workgroup),
ZEF MXMACA B EI—MEIZHR (thread block)o TEAMREISE A THETHERAIE X AR
SSFE. REESHFIIZERY, BERTFRBINATENREBILE D MEENRETER
B, EitENTEREYTH R,

. TYRERMT N SEEEREN SR, BRE2RRGISE, TEERRARENA)
HE, XKML S LRI B AN, HITIEIEE—  E—8 1D, X4 1D 5T
(RN S ERNARE, NIIETUSE— B8 D, XAEE ID ETEADER—,
X SEEEE 278 1D B ME B 1D MTEA ID l—Hfia— TR,
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> — MY Grid @—1 N ERNERE, TAKENE, XN NERSIZEFHNTUZ 1. 25
3o — M Grid (OpenCL B9 ND-Range) G3E% 1 T{E4H (Work-Group), S IT{EAMS
T Grid IEEN— P TENE S,

2™ i GPU work-group GPU work-item
GPU device (1-+-N blocks) (1 thread)
(1-+-M grids)

2-3 GPU RiZRIHITIREY

MXMACA ‘RIERFABIESHEIE (SIMT) ZMREEMAITEIZE. & 64 NEEAN—H, BWITALKER
(wave), ZIZRFFIELERNMITERNIES, 81 %56 B CrESHUbTHESENFTERINRES,
FABSHIEBRITHRIES. BERY GPU B4 ERINMIRLIESS (Accelerated Processor, AP) #R5
A TENEEN D RLERT, ARTEIANEGRR LLBAERT. 64 MEEHARN— M EERRBET A
% GPU FEHR481%1T, # OpenCL B IERA/NE—EH (waveSize=64), ©EINRLIERS EA SIMD
FPAEIE B TERIE . MXMACA RHEMEFIZITHREE SR waveSize SREXLER A, AT

A LUSNLIERVIAFR, ATUEBABMFIA GPU &HiR.

SIMT 22195 SIMD ZARIN, MEEIGAERBIELT BA S M ITRITKERA1T. —PXREXFIZ,
SIMD BEXRFE—MENFMETHRE—TRFAEF—ERNIT, M SIMT NAVFE—LIZRHZSMNEIZRIIH
7o RE-—NEIERTAELIEEAERNIEF IR FFGEHT, E2RBRHLIENE IR NET
Mo SIMT HIRAI IR B IR BIEAZ R AT IRELIE. UKATMAZIZRVIHIEAH1TAE, SIMT &
BEE 3 SIMD FrR B &R X BHFHE:

o BMHIEEA B KIS

o BIMHIEEHBEBRCHNFFESNRS

o BPEARERRILIE—TMRIIATIITERIZ

23 RERRRE

MXMACA RIZRAFREXRENE 2-4 FiR, AEFEERIBEXRY, SHARRENRNEFZEEETERIE
. EaAPNEETN. E—MREF, BMEEHEECHNMERTE (Private Memory), &1

2 fRiEiRE ABREBEN=REFEHERE CSPG-23003-020-F3_V06 | 4
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SIERE BRI IEEXEZATE (Workgroup Shared Memory, WSM) HITRAMFFELEN L, —
HKENMEFNREEETR T LU RNEBRENEEARAE, HPEERNTFAREANETE. BRETETA
B% GPU ME4ZRH9HY MXMACA RERRIZEEY, BEhTEEN MXMACA it aNenE & 1577 RIS K
F+ MXMACA 1Z R ER B M BE,

(AP) Block x,y = 0,0

Registers

Thread(0,0)
Private
Memory

(AP) Block x,y = m,n

Thread(0,0) St

MXMACA App

Workgroup Shared Memory

L1 Cache / SMEM Read only

Workgroup Shared Memory

L1 Cache / SMEM Read only

MXMACAIZ{THTEEAPI

I‘ I

L2 Cache (SRAM)

System Memory
“ > Global Memory / Constant Memory (DRAM)

(Host) MXMACA App (Device) Kernel Grid

2-4 MXMACA REERNRTFERIZE
MXMACA {RiZfNEM GPU RIZEE —1F, RIEFHSED I URIEFRRES], APRED AMARE:
o TIRIEFMES . FEEITHIMESIERE I RERNEFT
o RAIYmIEFESS . TRERAEMLEMUEMEX LR MERT, BRRRAESIEEFESITIUE

GPU WRImiEFERTEELRTM, SEEM, HEEME, IMEFENTESS. MAIREEFES
TN EE—REE. “REEFF. HI CPU Ik (EWiR) FMERE, LUKk CPU M GPU RU@{EHEOM
BIEAANBEFM GPU ZFHITRIMERE,

2.4 ZRE

MXMACA #ZER#IEAEX C EE REARIEMRLEM, ZRBEHABENT:
kernel name <<<grid, block>>>(argument list);
HR<<o>>zBTFREZRBRHITEE

o F—NMERKIENISAEE, RIBSohEiERNEE

o FMERAERIAEE, EIENEERNLIEHE

W IEEAIZMBANEIZRAIA/), AIUREZRBPLENERRNENARENERBRE. ZHLEN
VAR R IE 2-5 Fik:

2 fRiEiRE ABREBEN=REFEHERE CSPG-23003-020-F3_V06 | 5



| 1 | <
7
B EC R TEAE GPU BT API Hi2is M — TA) L g

Thread Block 0 Thread Block 1 Thread Block (m+1)*(n+1)
(blockld.x=0, (blockld.x=1, (blockld.x=m-1,
blockld.y=0) blockld.y=0) blockld.y=n-1)

threadIlD
(inside one block) \

\

AL S S ey

2-5 ZEMEHRRG

HTHIET2RREREEAMEMEN, “HEEMSTLUERZZ(blockldx.x, blockldxy), Z#LkiziR
B LUEA (threadldx.x, threadldx.y):

o TELIEMIBPIRIRME—RILAE
o BIULERMBIETRZEMEI KR

2.5 ThESHT

MXMACA IS HATR— N BIIRE, BEfSTE GPU LEERIRBESMBEIFIRME, LT ENMIRE ZE
R MEBIENE R, I, KMFEIENHIT I UERREEREEHITRRNIFE, UATE
BB LUBRRE)D. AMNERENHERMTEGRT. BERATHEEZNEERNA ] UEED
BYRE,

MXMACA HITIREIETAIE. LiZRMMIEHETT, MREBEX T LZRMLEMIE RS MLERITH

B, HBMAZEREE, MERHNEERRNITEREERIR, ZEETE MXMACA REBRKIER. MXMACA £y
SHITT RTEE. BotfRXRETS HMNEEISE ETITRIZET], WE 2-6 Fim.

Grid_Y
child_grid
£ T M -
—"11 child grid child grid
parent_grid v finish
“
Qparemgrid
/1 finish

Time

2-6 ISHITTEE

EEEMB I MBI ELIER TN, BARIZIINEE FME. FMRBIIREBMTMEERRE
Y, XEREXMIBEHLZENFAEFRETRZBIASRIANZTEN, HEIKETITIRAIRED
BAHRIER PIAS AN F I8 Z [BIER B 2
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2.6 BEE

MXMACA ‘RIZPELMM BRI ERA<<<>>>1BZENEN, XN =ZRSIEEFERIBFNSTELR RN
MXMACA iz17B 2 tAY mcLaunchKernel ERE,

AXERNZRZ BN EREN, BEAEERNSHRA—TRE. MXMACA BElfRigRM T —MB T
HIAE, BIRARN—RIIREEXANESE, ATUREERENRS MXMACA APl BA (81ER
ZEn) AR TREERBHRED, JUBER L BHAERFRIENH, B 2-7 /H7T
MXMACA El4miZ 5428 MXMACA RMH R RIZMEEXR, Lok, @IRAT T BESEREDNTER,
MXMACA IXchiZFr eSS AR, HPA, XMIEREIRAE LURME RIEMENHMNAY: WRFLTH
EENLIER, M GPU HITHIFRET, Faeik[E CPU MLIRTE,

Without Graph

A B c D E Kernel Execution GPU Time

LaunchA | Launch B | LaunchC Launch D Launch E H Launch overhead CPU Time
Time
With Graph
1 I
A || B " C “ D " E ! Kernel Execution GPU Time
| I ] '
. ' ! .
: ?ulId_G_rafI:: — Launch Graph | ! Launch overhead CPU Tlme
[ —
Speed up

mcGraphExecKernelNodeSetParams |

2-T MXMACA B4Rz =6l

2.7 MPS Zi#HERS

feE GPU IHREMVEZERA, R—NAREFAREEUTELRE GPU NEEE . MXMACA Z#HIZIRSS
(MPS) B—Se#BINE, EFFSD CPU #ZRBETIRERITEESIATIEARE, £F— GPU
ESEMSNHABESHIH RN,
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3. fmiEE0O

3.1 wEEE

/\H}E‘Z%%EEM%?F—JL,{E%/P&%, k& B LUEE PCle 8(E MetaXLink #1Ti@(5, =AY GPU
RETEWMERIRENT A, BIXERZE, IEESENREHITES IR

3.11 EEKREER

FTMNEREATLUBT AR mcGetDeviceCount () N EBRILUERMN GPU #i2, HEIZEHA

mcGetDeviceProperties () EHEMEENEM,
REBREI

AfEALITRES, BEERERER:

int main( void ) {

mcDeviceProp prop;

int count;
HANDLE ERROR ( mcGetDeviceCount ( &count ) );
for (int i=0; i< count; i++) {
HANDLE ERROR( mcGetDeviceProperties( &prop, i ) );
printf( " --- General Information for device %d ---\n", i );
printf ( "Name: %$s\n", prop.name );
printf ( "Compute capability: %d.%d\n", prop.major, prop.minor );
printf ( "Clock rate: %d\n", prop.clockRate );
printf ( "Device copy overlap: " );
if (prop.deviceOverlap)
printf ( "Enabled\n" );
else
printf ( "Disabled\n" );
printf ( "Kernel execition timeout : " );
if (prop.kernelExecTimeoutEnabled)
printf ( "Enabled\n" );
else
printf ( "Disabled\n" );
printf( " --- Memory Information for device %$d ---\n", 1 );
printf ( "Total global mem: %1d\n", prop.totalGlobalMem ) ;
printf ( "Total constant Mem: %$1d\n", prop.totalConstMem ) ;
printf ( "Max mem pitch: %$1d\n", prop.memPitch );

3 fmigiE] ABREEN=ZRFEEER CSPG-23003-020-F3_V06 | 8
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printf ( "Texture Alignment: $1d\n", prop.textureAlignment ) ;

printf( " --- Multi-Processor (MP) Info for device %d ---\n", 1 );

printf ( "Multi-processor count: %d\n",
prop.multiProcessorCount ) ;

printf ( "Shared mem per MP: %$1d\n", prop.sharedMemPerBlock );

printf ( "Registers per MP: %d\n", prop.regsPerBlock );

printf ( "Threads in wave: %d\n", prop.waveSize );

printf ( "Max threads per block: %d\n",
prop.maxThreadsPerBlock ) ;

printf ( "Max thread dimensions: (%d, %d, %d)\n",
prop.maxThreadsDim[0], prop.maxThreadsDim[1],
prop.maxThreadsDim([2] )

printf ( "Max grid dimensions: (%d, %d, %d)\n",
prop.maxGridSize[0], prop.maxGridSizel[l],
prop.maxGridSize([2] )

printf ( "\n" );

}
RIFIETT LR AIAED, FTENEERIN NEFR:

3-1 k& E R ERITENRB

3.1.2 ERETISE

FNEETLUBT AR mcSetDevice () FERTIREEHRITIRENIKE . EHANKENRE LHITIREN
FREMRZEE, RS HFNREMNSEEXEIARMNESH. WREKIFH mcsetbDevice (), MZHHE]

RENEE
AR ERN

WA IR 7 10 B TR A SRR P £ BRI PO
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size t size = 1024 * sizeof (float);

mcSetDevice (0) ; // Set device 0 as current
float* p0;

mcMalloc (&p0, size); // Allocate memory on device 0

MyKernel<<<1000, 128>>>(p0); // Launch kernel on device 0

mcSetDevice (1) ; // Set device 1 as current
float* pl;
mcMalloc (&pl, size); // Allocate memory on device 1

MyKernel<<<1000, 128>>>(pl); // Launch kernel on device 1

3.1.3 #mbigsE

MXMACA miZAFEEHITIRENIBN, BEFITERFERSE—XIEA MXMACA BIZ1TES API X
HET TR .

MXMACA HIRENIEF ARATHEMEEEE MXMACA LT, ZETXRZIEENEELTX

(Primary Context) , tB2EE—XIAA MXMACA BIIE1TEY APl REES¥IAL, HBEENBRERFNME
FNEIRZEHZ, FHLETXRIEN—E9, RERBELERFTAREZFHMEESERNFH,
HIEE N 4.2 BTREIFMASIIH.

HENLIZEA mcDeviceReset () B, RWIFENAAZLAIRIFIRE (B 3.1.2 EEETIREPEXH
HAg®E) WELETX. BIgSEFEASRRENEMENLE, #1T P —RETRRERBRE LS
FEVEME LT

32 REEHE

B A5 GPU REFEATUD AENRLERZF (system memory) Fli&EATE (device memory)s

321 HNEFHBESEM

FRIERFZNFERN, {#H mcMallocHost () APlo
mcMallocHost (void ** size t sizeBytes, unsignet int flags)
HEEDIISEANFN:

1. 3BT mcSetDevice (deviceld) APl EBREFENEAENESE, BEAERTEEIRS, WEIADE
F| deviceId=0,

2. Bid mcMalloc (void **ptr,size t sizeBytes) APl DECIRENTF. FHLEREODEEHR
HIRFIA SVM ATE, Blig&H CPU 8] LAk,

ARAERNEFEMSENEFENER D 5EA ncFreeHost (void *ptr) Ml mcFree (void *ptr)oe
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3.2.2 REEN

B A5 GPU XFRAFAFSKRERNFZEHTEN, HERERFZEUMRFEANFZEEN. A7
BN AmmEE: HEENSRIEN,

o PHEENS glibc 2EM memcpy KM, PTLUER mcMemcpy () APl, BHE|EIHIBE TR, %
APl 7 =iR[al,

o RILEIKMT 3.3.1 1, BEEINKENESHEIRAYIG, APl BEiRE], FERAF @IS
TIHEETHRITRR. FF#EIEA mcMemcpyAsync () APl

3.3 RNEH

3.3.1 Wi

if

EERESARY GPU BY, BEHEZEET —IHEZ T RHITHEE (BERY GPU AT RUAEEBE) .
7t (stream) Z GPU RMRIZERMIZL, ERTE Host MALEHTE— Device LHITHIRIERY, #
ER T AMELPRHITRES B, Device 2B Host M A EEMIMFHITIIRIRIE, RIEER—MRLERIE
IR IER T NIT. SNE 3-2 FiiR, — R LENESRIEEE—NMESGTIERAY], RER ENESERG
FEZENSBAERRRNBEGHIENTIZF GPU E5H LT, BHREFENAgESEERIR—
W VRS BT AT,

] < A-B-c |

stream 1

I <o P-a-r_|

stream 2
s < x-v-z_|
Multiple hardware work queues stream 3

3-2 MXMACA I H A T EE
REBGIEAXNDZE, RAUDARIANRIMA R BESX .

WFRFEN (ncMemcpy) . AEWE (mcMemset) . RZBIFIRME, IREEEXIBEMN,
MXMACA FHBX AR EMN AR R To

NRESIRERIH %, WHFBEAAFBEX M. BARY GPU SR TRIFIRENIRIES,
B AR I H A 481 -

o FEENLHTIHE
o TFIRELHTIHE
o MEMNMIRENREFLHR
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M=ETA

o MIGEIIEHHAEFER

o TEATIRENFMHEBAHITIEMERER

o IGEZBINANEFEHE

REB5RE

ERRHTRES API F1FE API IREED, REBWTAR:

VA ESY ﬁiAPI Xk Kk kK [

mcMalloc () ;

mcMemcpy (..., mcMemcpyHostToDevice) ;
kernel<<<Dg, Db, 0, 0>>>(.);

mcMemcpy (.., mcMemcpyDeviceToHost) ;

VA ESY EiAPI x Kk Kk kK [
mcStreamCreate (&stream) ;

mcMallocAsync (&ptr, mem size, stream);

mcMemcpyAsync (.., mcMemcpyHostToDevice, stream);

kernel<<<Dg, Db, Ns, stream>>>(..);
mcMemcpyAsync (.., ncMemcpyDeviceToHost, stream) ;
mcFreeAsync (ptr, stream);

/* F, BRZAINRTIRF2HTR ~/

mcStreamSynchronize (stream) ;

T E R

B RS GPU IREAVREIREITE APl IR 3-1, ZHFEIE. HEM,
WE5RAT, REMERKE. REMEN, LARENREREIEFEE,

R 3-1B= R GPU REERE

IhaE EITHE APl BRI%K

mcStreamCreate

MLBERZERE, ROE

mcStreamCreateWithFlags

piinl=s e ATk N
mcStreamCreateWithPriority
mcStreamDestroy
LBz ERE mcLaunchKernel
mcStreamQuery
MNEIRSREY mcStreamSynchronize

mcStreamWaitEvent

MEMRIGE. RENAIEE D mcStreamGetFlags

3 wigiEO ABEEBMN=RERBER
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IhgE ZITH APl BRI%K

mcStreamGetPriority

mcStreamSetAttribute

mcStreamGetAttribute
mcStreamCopyAttribute
mENLEREKEE mcStreamAddCallback

332 EH

EH—RBIERTRIE, (FARRKENRY R. RIUERSARRITUTRNESES:

o RAZF
o mPEARRIERIITEHE
RED B

FERBMHITRESHMITHEZE, RBM TR

// create two events

mcEvent t start, stop;

mcEventCreate (&start) ;

mcEventCreate (&stop) ;

// record start event on the default stream
mcEventRecord (start) ;

// execte kernel

kernel<<<grid, block>>>(arguments) ;

// record stop event on the default stream
mcEventRecord (stop) ;

// wait until the stop event completes
mcEventSynchronize (stop) ;

// calculate the elapsed time between two events
float time;

mcEventElapsedTime (&time, start, stop):;

// clean up the two events

mcEventDestroy (start) ;

mcEventDestroy (stop) ;

FHEERI

o ARy GPU IRHMNFHEETITH APl REILE 3-2, ZIFEIR. HEEH, BRFEHRES, ERF
HFARED Fi8F

3RIEEN ABREEN=ZRFEEER CSPG-23003-020-F3_V06 | 13



B =CRTBAITE GPU IETTH API I21ER M TA) \ H§

& 3-2 BRI GPU B4 EEREK
ThEE EATEY APl I3
mcEventCreate
EHNOIRSHR mcEventCreateWithFlags
mcEventDestroy
mcEventRecord
EHMIER
mcEventRecordWithFlags
mcEventQuery
BEHNERSRES mcEventSynchronize

mcStreamWaitEvent

ELsiNESZ AN mcEventElapsedTime

333 BEHZE
3.3.3.1 AR RH#AITHE

EERABESARY GPU BY, AILUBERRERBEARNED R EUSSIRENFH R,

RS RA

AR MHITIRE KRR H &181F, BTN

#define STREAM NUMS 5

mcStream t stream[STREAN NUMS];

for (uint32 t i = 0; i < STREAM NUMS; i++) {
mcStreamCreate (&stream[1]) ;

mcnnExecuteAsync (ctx, network id, batch size, inputs, outputs,
stream[i]) ;

}

for(uint32 t i = 0; i < STREAM NUMS; i++) {
mcStreamSynchronized (stream[i]) ;
mcStreamDestroy (stream[i]) ;

}

3.3.3.2 Bz aHkHi

E-EERMNNAZRT, JEREE—MRFHEERABLEUSFHES —NRPIRERITRR, XY
FEIRE MBI,
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ERWT APl, E—PRFBEANZ—RPED R AR

mcError t mcStreamWaitEvent(mcStream_t stream, mcEvent t event, unsigned int
flags)

RED B
RERNANHEEIRES AEZENRNRER R, BN TR

mcStream t streaml, stream2;

mcEvent t sync event;

mcStreamCreateWithFlags (&streaml, mcStreamNonBlocking) ;
mcStreamCreateWithFlags (&stream?2, mcStreamNonBlocking) ;
mcEventCreateWithFlags (&sync_event, mcEventBlockingSync) ;
mcMemcpyAsync (dst, src, byte size, mcMemcpyHostToDevice, streaml);
mcEventRecord (sync_event, streaml);

mcStreamWaitEvent (stream2, sync event, mcEventWaitDefault) ;

mcnnExecuteAsync (ctx, network id, batch size, inputs, outputs, stream2);

Hrv, streaml X stream2 RSB AR=PEEFRLIE, B2 stream2 LRHIERIEREFRF streaml
THIRFE N TR GBI,

3.3.4 REAE

MENEAAFISERNER LARFE Rl EHRITIENE, BF—Mig&5 TN ZERED S, EiE
REHRIFEAERM. ERWMT APIZRMENAE:

mcError t mcStreamAddcallback (mcStream t stream,mcstreamcallback t callback,
void *userData,unsigned int flags)

BRfEA meStreamAddCallback AII—RENE, BIESXRHIT—R. ERITEIEN, =EEZHME
TER B ERVIRIERIT

ItE9h, userbata RIATFHEERRAEL BLALOIERBBIEIE.
5iBA

o flags HAEIKRER, FIREN 0,

o BE, FRELIFERERPRIMLE API HHXAIHED,
RESR6

TR A EAINEE, RS TFAR:

static my callback(mcStream t stream, mcError t status, void *userData) {
printf ("receive call back from stream[%p] with status[%d]", stream, status):;
mcStream t stream;

mcStreamCreate (&stream) ;
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mcnnExecuteAsync (ctx, network id, batch size, inputs, outputs, stream);

mcStreamAddCallback (stream, my callback, nullptr, 0);

34 @AP

MXMACA 2t 7 —teEH RIBR T 5 GPU 5 CPU Zialllk GPU REMEY, FBEAUT=MES
M

o RFLAL: 5TA CPU M GPU ZIBINRES

o HRRP/ARREFAS . TRl —MIER/EAERANFABLEZEBNES

o FAPANEHTES. AP UHMKEREXMRAS &I2A

3.41 ZRBFERES

MXMACA AEZRRR TR T 21 APl, BILUBRITARIHRIERIF 2 181F:

e mcError t mcDeviceSynchronize (void)
° mcError t mcStreamSynchronize(mcStream_t stream)

e mcError t mcEventSynchronize (mcEvent t event)

342 LIERB/IZERERAT

MXMACA REIERERTIRME T —LABERD R, tIUSTERAIBAANELXERANRES, BENE
TR .

¢ void _ sync threads()

° vold _ sync wave (unsigned mask=0xffffffff)

343 RAP4ANEHITRT

BER—ESMNHITEEFERELXIEWME (threads cooperate) UKRIEZEIE (share data) 5T
E£&ItE (collective computations) . EHZHIE, XREEMASEREY, MEZNHEREEMS,
FItERRNEY NRERBRE, WA AETUEXMIEEEXZREY, XERTURFREFNR
2. PP MEFERKIET. BETIZEE, MXMACA RIERELIFTINELA (Cooperative Groups)
IS, UAFRIZIESELKLEARHRXLEEK, WE 3-3 Fimr.
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| tiled partition |

tiled partition

3-3 IMEAZIRRFLEANEXRAY

IMMEARIZIRILR M T MXMACA ZIZBRAMBAIERNAESERN, HRET—EEX. VIMNETE&IE
489 MXMACA &&1XE3 APl, BEXRIEMH T EHiR APl SRBEHRIAE, MISHIEIZERIERIEIHIT, UK
BHERNED, XERIETE MXMACA REBIBIMMEAITIRI, BREFE-HREHTHNERNARE
MIEEEZD GPUN2BERAD

RRBRTIN—FEFIRAUSGERAEIAS . FERETURAEXASERTEE54IZNH, TR

— N

MERE, EXYEBERMTER, EXDABXERTRENL, NADMIRBEREINZ, X

DAMRET BB FERBAABANESS, BN RFRNUNRE, HRSRARFREM,

IMERRIZIREL R LA T o R AR

RN ELAZER BB

FREXEH MXMACA Launch API & X B9pa S0 F2 LA RVIR1F

BT RIMBAL D ARHRERIRIE

RTFHEBoABVEAREE (5190 memcpy_async. reduce. scan)
B LR PR B LR AZ VIR 1

ELIZA R HAYIRE

NFHERF). FELBER REMINENERIRE

W ELR API

WEHE API B FENXFEL MXMACA 2R BV4izdH, BERMIEAE, BESHELM
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#include <cooperative groups.h>

MIEHAXBEMBZEORE cooperative groups CH+eip B T EI PR E X B, Fr LR LA
cooperative groups:: {fEAPABERMAK VAL, HEA using BB R TEIHHEILELE,

using namespace cooperative groups; // or...

using cooperative groups::thread group; // etc.

BEBREX—M5E, AXEENRFIP2AZIN T HaTEIE.

namespace cg = cooperative groups;

BE RN INELTIRER IR LUERA mxce IEE A RFIFo

IMERFREREERZ thread group, ER—ALENGOMR. ZOMREHTHAARNARMKZ AR,
FZIEANF—MARMNEO, TR size () HEREEEAENAN (FIER2E0):
unsigned size();

BEAPERARLE (WF 0 M size () -1 ZiB) BWERS|, BEFEALUT thread rank () FiE:
unsigned thread rank();

Ria, ERILMERZAE is_valid () EDHNEMME:

bool is valid();

SRR AR IRIRIE

SITAIRMH T EAPFREEIEZ BIHITEMIZIE (collective operations) BIRES ], EMIRIEREEE—
AIBEEMNERIEZRIFITRES HBENRE. ATHFERY, B8 MMRINIRANSE5EKIRENEZE LIRS
ZEKREHTLERR. RERENEMREME—NRRE, TMEREATE, RERTAEPRILIE

MXMACA 12 R r] LUBIE AR sync () A TER cooperative groups::sync () RERELSA, It
BARNIIFTE A2 Z B2 #H T —1TMEYE, E 3-3 FiR. XTHEM synthreads () BAl—1 block /3
BAD#HITREIY;,  syncwave () AI—1 wave RBEALHETTRED; M g.sync () ZIZARD LISE LT
HABMRITRID

g.sync () ; // synchronize group g

cg::synchronize(g); // an equivalent way to synchronize g

B RIICINEE MXMACA 2R eI 424, MEASINT —MiTRVEHERE thread block, &R
N AEVIEHREIR thread block SEfIE MXMACA Zi2IRPLEIZARI AR,

thread block block = this thread block();

5HE MXMACA F2F—1F, HITZITHNENMEESEBCHNTERLE], MXMACA REZTE blockIdx
BEHEENSEERTR—MEIZRE, BF—1 thread block M syncthreads () fEA—#, TH
JUTRSE R ME L 1E1E, AR NI ER—F,
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___syncthreads() ;

block.sync () ;

cg::synchronize (block) ;

this thread block() .sync();
cg::synchronize (this thread block()) ;

thread block BIEXBEGBEUTHRETRMNAEYT BT thread _group 2O, XEQFEETF
MXMACA EREFZIREA blockIdx M threadIdxo

dim3 group index(); // 3-dimensional block index within the grid

dim3 thread index(); // 3-dimensional thread index within the block
tMELR T BI
TEENB— T ERENNZ, FH reduce sum () RERITERNEATFRIEEN 2,

1. B%xBA thread sum() ATHEWZHOM, HRAS T EXEBIHA blockDim.x  *
griddim.x KNEIHE—HHHN (XECATRENNHEUREESHNREFHEBE) .

2. PAEfERA thread block LIFHMITMMERT, 713E1 block RAIKF,
3. ®/EEHA atomicadd () FEE block BIKF,
FTEMRFIAAS I N AR

#include<iostream>
#include<mc runtime.h>

#include<MXMACA cooperative groups.h>

using namespace cooperative groups;

__device  int reduce sum(thread group g, int *temp, int val)
int lane = g.thread rank();

// Each iteration halves the number of active threads
// Each thread adds its partial sum[i] to sum[lane+i]
for (int i1 = g.size() / 2; i > 0; i /= 2)
{

temp[lane] = val;

g.sync(); // wait for all threads to store

if (lane<i) val += temp[lane + 1i];

g.sync(); // wait for all threads to load
}

return val; // note: only thread 0 will return full sum

3 fmigiE] ABREEN=ZRFEEER CSPG-23003-020-F3_V06| 19
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__device  int thread sum(int *input, int n)

{

int sum = 0;

for(int 1 = blockIdx.x * blockDim.x + threadIdx.x;
i<n/ 4;

i += blockDim.x * gridDim.x)

int4 in = ((int4*)input) [1i];
sum += in.x + in.y + in.z + in.w;
}

return sum;

__global  void sum kernel block (int *sum, int *input,

{

int my sum = thread sum(input, n);

extern  shared  int temp[];
auto g = this thread block();

int block sum = reduce sum(g, temp, my sum);

int n)

if (g.thread rank() == 0) atomicAdd(sum, block sum);

int main ()

{

10 §572)" 1024 ;
int blockSize = 256;
int nBlocks = (n + blockSize - 1) / blockSize;

int sharedBytes = blockSize * sizeof (int) ;

int *sum, *data;

mcMallocManaged (&sum, sizeof (int));
mcMallocManaged (&data, n * sizeof (int));
std::fill n(data, n, 1); // initialize data

mcMemset (sum, 0, sizeof (int));

void *kernelArgs|[]={

(void*) &sum,
(volid*) &data,

(void*) &n,

3 wigiEO ABEEBMN=RERBER
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}i

mcStream t stream;
mcStreamCreate (&stream) ;
mcLaunchCooperativeKernel ((void *)sum kernel block, nBlocks,
blockSize, kernelArgs, sharedBytes, stream);
mcStreamSynchronize (stream) ;
mcStreamDestroy (stream) ;
std: :cout<<"sum="<<*sum<<std::endl;
return O;

b
B3 fR77EI gpuVectorAdd.cpp XXf, #AJSH mxcc RIFE:

$ mxcc -x MXMACA syncWithCooperativeGroups.cpp -0 syncWithCG
$ ./syncWithCG
sum =5120

3.5 REFAFSE
3.5.1 EAFEO

=R GPU ZFRFAEDES: mcMallocAsync IR[EIFEC, mcFreeAsync B EC. #™ APl #R
B RSHCRE X BB A B LUK ABHME LRI o meMallocAsyne REINVISHERRTHEN, A
BTFHERRNTIIE, EEMNEELE mcMallocAsync EE%E%EEE’\J{EEES‘%@%%ﬁﬁlﬁ%/J:TS(o
MK, mcMallocAsync HRIBIEENAF IR HERVRRAE B H1EE.

xiEPNEARARIE. EANBERAERIRE—MRF.

void *ptr;

size t size = 512;

mcMallocAsync (&ptr, size, mcStreamPerThread) ;
// do work using the allocation

kernel<<<..., mcStreamPerThread>>> (ptr, ...);

// An asynchronous free can be specified without synchronizing the CPU and
GPU

mcFreeAsync (ptr, mcStreamPerThread) ;

3.5.2 AREMHMAFHERIESR

REBERE T EPUYIEREFR R, RIEAGFHSYE (Attribute) FMEIE (Property) #1790
MEE, AEFENEEAEE CRMEERENHENMUE,

3RIEEN ABREEN=ZRFEEER CSPG-23003-020-F3_V06 | 21



| 1 | <
7
B ECRFEA T E GPU SE{THY AP 1845 M — TA) \ %

FraXt mcMallocAsync IR REERRNEANRR, EEXBIEERFANELT, mcMallocAsync
APl AR EMISENHFINFEM. AU FIER mcDeviceSetMempool M meDeviceGetMempool
FIGBEMETMEEMNHRINFM. RIANERT (88 mcDeviceSetMempool HA), HEIHNFMRIEE
HERIARTFEM. mcMallocFromPoolAsync APl #l CHEHATFRAFPIEEER T EMNM, MEFEHE
B NHFIM. mcDeviceGetDefaultMempool #] mcMemPoolCreate APl NP IRIERIF AV,

HEA
o KRENIMAFMBREZIZKENAIMATE. Eit, ENEERFHENER FHITDECRIRE™
ERmgBEN A E

® mcMemPoolSetAttribute Fl mcMemPoolGetAttribute RAILLUSE MR FMAIE .

3.53 RIARFH

AT LUER mcDeviceGetDefaultMempool APl KWFRIEEMEIANF M. KEIZEZRIARF M SEE
UFZI&E ENARERIRE DI, XEDERFRERTUMZIEERR. BRIARFBBYAIRE R LOE
14 mcMemPoolSetAccess HITIEEN, Hi#id mcMemPoolGetAccess HITEW, HTFAHEZINEIE
A, EEBERKENTARIUE, REMARFHRE IPC,

3.5.4 EREXRNEF

mcMemPoolCreate APl BIE—1MNEXREFM, BRIEXAFLREDEIRENTE, HNERB4EWPIE
TERARGFHRBEFZNKE. EXREFAMNEERGIZ IPC Ih8E,

// create a pool similar to the implicit pool on device 0
int device = 0;

mcMemPoolProps poolProps = { };

poolProps.allocType = mcMemAllocationTypePinned;
poolProps.location.id = device;

poolProps.location.type = mcMemLocationTypeDevice;

mcMemPoolCreate (&memPool, &poolProps))

3.5.5 YEIEZEFTH

NARFIUNRNEFEMREERRHERY (ncMemPoolAttrReleaseThreshold), ILRFEREDAD
BAZAFLREBEEXNWIERNEFSA, SRAPEFREZAFLHETMEDENEFRE, FTUEN
BOSYIEAFHRERGIFRIRE, RENABEFNE, RFEAFORSX N8R UM NYETTE
NEZETHRN. RINBAT, AFAEIEScZHARBE LNV ERNEFR NN, BRE
mcMemPoolAttrReleaseThreshold BAINMRE N 0,

REERNFHERAEAERRORERAZANARBNANEE (UFTHEM) . JAEFELFEE
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IRMHEEFTHAREN, PESBESRET—RARR. SHIKERTHERFEREIRIERS,
BREBEREIREN vINT64 MAX AIRFLIERIERR TR R ES E= XN gE .

mcuint64 t setVal = UINT64 MAX;
mcMemPoolSetAttribute (memPool, mcMemPoolAttrReleaseThreshold, &setVal);

¥ mcMemPoolAttrReleaseThreshold IRESEB S UERERRNEFHKRENNBEEFAIEFEER
WERFEMHNARFESH. mcMemPool TrimTo AVFILEN AR XIE M. EHEREML SB=E8T,
minBytesToKeep B AN BEFRE ETHAEESENITMEEENNES,

mcuint64 t setVal = UINT64 MAX;
mcMemPoolSetAttribute (memPool, mcMemPoolAttrReleaseThreshold, &setVal);

// Rpplication phase needing a lot of memory from the stream ordered

allocator
for (i=0; i<10; i++) {
for (j=0; j<10; j++) {
mcMallocAsync (&ptrs[jl,sizel[j], stream);
}
kernel<<<...,stream>>> (ptrs,...);
for (3=0; j<10; j++) {

mcFreeAsync (ptrs[j], stream);

// Process does not need as much memory for the next phase.

// Synchronize so that the trim operation will know that the allocations are

no
// longer in use.
mcStreamSynchronize (stream) ;

mcMemPoolTrimTo (mempool, 0);

// Some other process/allocation mechanism can now use the physical memory

// released by the trimming operation.

3.5.6 % GPU BNIS&ERIISAIMESZH

RFEADECAIIA R EFRIEE mcDeviceEnablePeerAccess B mcCtxEnablePeerAccess, MR, M
FRFDECEEM T ncMenPoolsetAccess AP T IR EME G & ] LAA R FEREFEAHN S EL. FAOA
BRT, AUMNRFREFEEDEFRERIRERRSE, HETERBLIARNE. ERAEMISERS
B, HAEEBNSRFMIIRENE, AJLUBEHKNE mcDeviceCanAccessPeer XEf, WRKK
EXEEE, MIREIHRAESAKHHER mcErrorInvalidbevice, WREEMMAHITHES, B
FIREFREXEFERET, mcMemPoolSetAccess BAWMAEERD; EXMERT, AEMPHNT—
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P ECR R Mo

B FENE, mcMemPoolSetAccess REMAFMPNFAERE, MANNERKRNDE. L,
mcMemPoolGetAccess IREMAIIAAIMEERTFHHPNFAE R E, MANNERFKNSDEC. Eiﬁ‘pﬁgﬁ
LERATE GPUNAFMEIARIMIZE, —BRLIMEATE GPU iFiRIREM, NRERFHRIEA
ERARES R LAMZ GPU #1T1hiRl,

// snippet showing usage of mcMemPoolSetAccess:
mcError t setAccessOnDevice (mcMemPool t memPool, int residentDevice,
int accessingDevice) {
mcMemAccessDesc accessDesc = {};
accessDesc.location.type = mcMemLocationTypeDevice;
accessDesc.location.id = accessingDevice;

accessDesc.flags = mcMemAccessFlagsProtReadWrite;

int canAccess = 0;
mcError t error = mcDeviceCanAccessPeer (&canAccess, accessingDevice,
residentDevice) ;
if (error != mcSuccess) {
return error;
} else if (canAccess == 0) {

return mcErrorPeerAccessUnsupported;

// Make the address accessible

return mcMemPoolSetAccess (memPool, &accessDesc, 1):;

3.5.7 IPCA7FEH

FREERNEFBNHARZEBHZERNFER MR, #EEAFTRRENFHNHZNRANR, AEHEX
BEZAFHRNREN . F—MEBRATEIHALEZ 2, FMERMIAS N HEZERERRIEMILLL
RBRESTE S N EZFAI R EG K.

HEEX IPC REMWNIFREAIRKLE IPC ATHMHNBERAELAN TR (F B
mcMemPoolExportToShareableHandle () APl), EREMBNRIERFLN IPC HHEIGAREZET

NHTE, HBSAB IPC REFEM (B mcMemPool ImportFromShareableHandle API), EBfF
mcMemPoolExportToShareableHandle ML, WEREARFMEMHLEIPIETEIFRDIRIERE]
BREL. TigE LlE— MR SENRNGED, HERRANHEZ BHZZAT, HIFAIESIL
TRBRE.
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// 1in exporting process

// create an exportable IPC capable pool on device 0
mcMemPoolProps poolProps = { };

poolProps.allocType = mcMemAllocationTypePinned;
poolProps.location.id = 0;

poolProps.location.type = mcMemLocationTypeDevice;

// Setting handleTypes to a non zero value will make the pool exportable
(IPC capable)

poolProps.handleTypes = mcDevAttrHandleTypePosixFileDescriptor;
mcMemPoolCreate (&memPool, &poolProps)) :;

// FD based handles are integer types
int fdHandle = 0;

// Retrieve an 0OS native handle to the pool.
// Note that a pointer to the handle memory is passed in here.
mcMemPoolExportToShareableHandle (&fdHandle,

memPool,

mcDevAttrHandleTypePosixFileDescriptor,

0)

// The handle must be sent to the importing process with the appropriate
// OS specific APIs.
// in importing process
int fdHandle;
// The handle needs to be retrieved from the exporting process with the
// appropriate OS specific APIs.
// Create an imported pool from the shareable handle.
// Note that the handle is passed by value here.
mcMemPool ImportFromShareableHandle (&importedMemPool,
(void*) fdHandle,
mcDevAttrHandleTypePosixFileDescriptor,
0)s

3.5.7.2 ESANHEERILEHRINE

SN IPC AFMRVIREMNEEHIZEIAR, AASNNRFARLEESHHIZZENERAHE)M,
MRS NN IPC AFEAMESAHIETEF AT RANEE, NBFPAIER ncMemPoolSetAccess API 3R
BAEE GPU Xtz IPC RTEARIAR
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3.5.7.3 MSHH IPC RFEFMEIEMAZE 7B

H=Z IPC AFME, BESHHEPFER ncMallocAsynce () MFEITH S BRI LS BES Nty E i
EHE, BT HNTE2RBEEMEFBIIMEIEN, RERAARFEZINIINIEREAREEN MR

e, waiEn, JUEREANFNESANNSEPIFERNARER ncMemPool PtrExportData &I
SA

£l

Sp

Hizo

ERBESHERBALHNERLT, RFAEIERHEIREHESHISAS — 1M #HIE. PTUEIHRRERN
FEREN, SANHESSHHELITUERERNMAMN, B, X2ENIHRMAREEDERFRERE
NiEZE. UWTRBARERIRT mcMemPoolExportPointer () #l mcMemPool ImportPointer () 5
IPC EHHENEC, % IPCEHRATFRIEDESHFHECZA, FSESNHIZFRIAIRISIE.

// preparing an allocation in the exporting process
mcMemPoolPtrExportData exportData;
mcEvent t readylIpcEvent;

mcIpcEventHandle t readylIpcEventHandle;

// IPC event for coordinating between processes
// mcEventInterprocess flag makes the event an IPC event

// mcEventDisableTiming 1is set for performance reasons

mcEventCreate (

&readyIpcEvent, mcEventDisableTiming | mcEventInterprocess)

// allocate from the exporting mem pool

mcMallocAsync (&ptr, size,exportMemPool, stream);

// event for sharing when the allocation is ready.
mcEventRecord (readyIpcEvent, stream);
mcMemPoolExportPointer (&exportData, ptr):;

mcIpcGetEventHandle (&readyIpcEventHandle, readyIpcEvent) ;

// Share IPC event and pointer export data with the importing process using
// any mechanism. Here we copy the data into shared memory

shmem->ptrData = exportData;

shmem->readyIpcEventHandle = readyIpcEventHandle;

// signal consumers data is ready

// Importing an allocation

mcMemPoolPtrExportData *importData = &shmem->prtData;

mcEvent t readylIpcEvent;

mcIpcEventHandle t *readyIpcEventHandle = &shmem->readyIpcEventHandle;
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// Need to retrieve the IPC event handle and the export data from the

// exporting process using any mechanism. Here we are using shmem and just

// need synchronization to make sure the shared memory is filled in.
mcIpcOpenEventHandle (&readyIpcEvent, readylIpcEventHandle) ;

// import the allocation. The operation does not block on the allocation
being ready.

mcMemPool ImportPointer (&ptr, importedMemPool, importData);

// Wait for the prior stream operations in the allocating stream to complete
before

// using the allocation in the importing process.
mcStreamWaitEvent (stream, readyIpcEvent) ;

kernel<<<..., stream>>>(ptr, ...);

RBDECR, FEAESNAETRRSE, ARERLERETERIE. UTREBREERTESA
MSFEHIZFRW mcFreeAsync BIEZIEIER MXMACA IPC EMREMENEY . SNHEERXDER
MR EARESANHZMFEPURIERRE, ERFEENE, ncFree AJATREHMNHIEFHINE, HE
Bl LUEREMRED API {8 MXMACA IPC S,

// The free must happen in importing process before the exporting process

kernel<<<..., stream>>>(ptr, ...);

// Last access in importing process

mcFreeAsync (ptr, stream);

// Access not allowed in the importing process after the free
mcIpcEventRecord (finishedIpcEvent, stream) ;

// Exporting process

// The exporting process needs to coordinate its free with the stream order
// of the importing process’s free.

mcStreamWaitEvent (stream, finishedIpcEvent) ;

kernel<<<..., stream>>> (ptrInExportingProcess, ...);

// The free in the importing process doesn’t stop the exporting process
// from using the allocation.

mcFreeAsync (ptrInExportingProcess, stream) ;

3.5.7.4 IPC FHAF RS

IPC REAMB I A Y IERBEREIRIER S, FIb, mcMemPoolTrimTo APl ZEH=181E, ENiZ API
KBNS mcMemPoolAttrReleaseThreshold ARER. MWITHARAERERES], MAREITIHE
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hll, BARRAIgERMEEIEF EfMMmAEZ K.

3.5.7.5 IPC S NATFPRHE!

AEZEFMNEANMPLE,;, BEAXARRE, SANMBAERENEITRNEDL, BARERE
mcMallocFromPoolAsync APl FfER, AL, DECERAREEEMXTXL IPC EARFMEERE N,

3.6 ZISRRARE
3.6.1 ZigRTHE

EERABEERY GPU BY, BNENAIEAUEESMEE. — KR, F—TEHERSNA BRI
MXMACA & &HIERE, RN TFRERE:

mcError t mcGetDeviceCount (int* count);
TEBCIENER T WAHEE (FEE MXMACA BNIZEHIE, XWXEGEHITEG, HE8EEE

int nGpus;
mcGetDeviceCount (&nGpus) ;
for (int i = 0; i < nGpus; i++) {
mcDeviceProp devProp;
mcGetDeviceProperties (&devProp, 1i);
printf ( “Device %d has compute capability %d.%d.\n”
i, devProp.major, devProp.minor):;

}

NFHAZ GPU —RI{E MXMACA L B#ERF, ®EINEEM T GPU BSHIFIE MXMACA IZERVE
o R TREIRE LRS!

mcError t mcSetDeviceCount (int id);

REGEBIRRT 1d FNZEIRENHFNIESE. ZRBEA5HEMEERYT, RHite—MEFENER.
@ﬁﬁlﬂ:‘ ¥, AIEERANEMNEAEVEEZERIEREEANILSE. ERENIEERRFEEAM 0 2l ngpus-
1o WIREED MXMACAAPI AR ZHI, XBENFHE ncSetDevice R, BAHFTIKEBESWBNEE
7912% Oo

—BIRET HENLE, FIEH MXMACA EBEEERAEIZILE L.

o HAMELEFNERNSENFF cMETTZIREL

o {EfIE MXMACA iz1TRIRER D ECHY ENAFE 2 E 5K ERXAEFE]
o (EBRENLAIEIENARXNFHAZSZIRERX

o HARENEIZEEHIAREIEIZIRE LHIT
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AR ME R R ERZ GPU:

o E—AMECPULRE
o E—EAMZ CPULRE
o HE—EAMZ CPUMRLE
o HEHIMFAMZ CPUMRLE
BT RRER T AT I R — B NIRRT AT D, ERERERHIRE:

for (int i = 0; i < nGpus; i++) {
// set the current device

mcSetDevice (1) ;

// execute kernel on current device

Kernel <<<grid, block>>>(..);

// asynchronously transfer data between the host and current device

mcMemcpyAsync (...) ;

3.6.2 RWRER

3.6.2.1 XA

RARIFERIFE GPU EZEIR—1 PCle IR = L, #—1 GPUIREEZSIBEFMEEEM GPU IREN
F LB9EE, WFBEANNZ, 5IRNEIEREE PCle B4FMEIERNEE L, RATEMER GPU
2R R0, FIUERERU TREEIMMNEIRERS TR R

mcError t mcDeviceCanAccessPeer (int* canAccessPeer,

int device, int peerDevice) ;

NRIGE device BEBBEIZIFIOXTHFIZE peerDevice WERBARTE, BAKRILTE canAccessPeer iR
EEANER 1, BNHRE 0,

EMNIREE, DIAERUTREER SRR RREFRR:
mcError t mcDeviceEnableAccessPeer (int peerDevice, unsigned int flag);

PR AT MERNREE] peerDevice HITRW RN, RE flag SHRUSKRER, BT
HIRBN 00 —BRI, ZXFREHINFFILAIE SRNKEHTTIAIR,

XPRBRNNEEREMAY, X PMREATFMEFIREE] peerDevice BYIGIE, BRRIFMA
peerDevice EISRNKERINR. MRAFENFRERERKNPHENEENARNT, WEESZ—IHRE
JhBYPLECIE Ao
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AW RIpREREBEARS, BEERUTREEMER:

mcError t mcDeviceDisableAccessPeer (int peerDevice);

3.6.2.2 R¥WRAEFEEF

MMREZEBARYRIARZE, EAUTERE, pTURSHERIRE EAEIE:

mcError t mcMemcpyPeerAsync (void* dst, int dstDev, void* src, int srcDev,
size t nBytes, msStream t stream);

XM GHIBEMNIZRE srchev HIEEARGFEHE KT dstbev WIKEFERNEFR. KK
mcMemcpyPeerAsync Xt FENHMFABEMGERRERT M. MR srcbev M dstDev HEHEEH
PCle IR REEHB MetaXLink %8, BAIELHEAE PCle RIEHREHITH, FREEZEIENRNE
FRig,

3.6.3 % GPUg&HIEINES

% GPU N AERF L, AJLUERMNE GPU BEFBRNFET R, ERVIFEEEGHIZHRIRSE. %
GPU N A2 R ERMME MRV TERZN TFIR:

1. EFNARERFBERN GPU &,

2. ABMTIKRELIBANEMS.

3. ABMRENERERR (WRERT).

4. BIMESD GPU LEmEES (BIdl, BUEERSRZIIT .

5. ERRNMEARERNERFHESTH.

6. BEFIBRIRENE R

RESZTARKNEER LRNLEN, TRPAREBEIN%, A UERFIEREN.

RIS EE A LIEE IR EITAFEN, TRERSHTAKERREKIIMRERT 4. BERNE
FE5ENREREX, WAUERHET N,

3.7 Th&EHT

MXMACA BIEIAFH1TIEO B U TR AR |
o A MXMACA C+HiESHREMIBE A RS BRI EL
o IREIMTITHY API

REIRIZITH APl 2EMIHIEITH APl NIheEF&, TERERRLBBH. RERNFEEFIEE.
MXMACA IXzpRA]REMRIESmIZIE O ENIRAMIRERAVEENENX, UETREABREEINIREIRHE
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1TRYER,

3.7.1 R

IS HITRIXERER B A LU LU R5ERL

kernel name<<< Dg, Db, Ns, S >>>([kernel arguments]);

o Dg MREN dim3, IEEMIEHILEEFA

e Db WA dim3, IEEESMEIFRIVEEFAN

o Ns HIEEN size t, BERTHESDENNEFZIN, SNEERDESDELBARNHEZANEKR
IN (UFTREAD), Ns BAESE, BIAK 0.

o s HYEARN mcStream t, 1STE WRZ BB s R EXRY R, s BRANESE, BIARNTR. BAl
MXMACA B9ig &sf TR E A FFEIER, WWEHER.

3.7.1.1 B¥B5

S5FENimBshzREER), FrBIREENZEHES BLER mTtEﬁE, <<<>>>TRBEIZRER
ZEBIERE, BHLEESLENTT, BEFIXRABY R (ZR¥LEERS) IEXBDT A

(mcDeviceSynchronize ())o

FIBBEEIRE, IR TREERT. FREALUERHEIEMEEIFFERT, EFRILEES
IR AR R Z B FHIEHAT,

3.7.1.2 BEIRIREE

2REERENMEIRE (flN, ERAXNFIEFRH) BSXNBEREF—H, TUEL
mcDeviceGetLimit () ORI TH—ECE,

NFENBINZ, MENRENZRBERERLET2RIKE, XEREERATMNREBIIZE
W TEMKEEMECEZRIRBIIFE,

3.7.1.3 Ai&&EmIZITH API BT

MEFHITIZREB A LUBT IR EIRISITH APl B, BPREFBAILERZER MXMACA IREhARHEHRY
mcGetParameterBuffer ( *[] mcLaunchDevice () , o & mcGetParameterBufferv2 ( 5FI]
mcLaunchDeviceV2 () BEEBohiZEE, TEXRIPERLT, BPEFRSIUZRBIELIEBEIIIERIE
FRAIE M ENEIES N, XEHELSMRIETREREE. 5ENKEHRRE—F, REHRZER
<<<>>>MEE|KE AP, HERIFSZ[F1IH T UG <<<>>>F N mcGetParameterBufferv2 ()
mcLaunchDeviceVv2 (), FRAFPSHEFELHEERENNNAIE,

REWMEITIS APl BEpZ RS EVREITE APl BEIZREARRE, HEXWT:
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extern device  void *mcGetParameterBuffer (size t alignment, size t size);

extern device  void *mcGetParameterBufferV2 (void *func, dim3 gridDim,

dim3 blockDim,

unsigned int sharedMemSize = 0);
extern device mcError t mcLaunchDevice (void *func, void *params,

dim3 gridDim,

dim3 blockDim,

unsigned int sharedMemSize = 0,

mcStream t stream = 0);
extern device  mcError t mcLaunchDeviceV2 (void *params,
mcStream t stream = 0);
void host launch (int *data) {
parent launch<<< 1, 256 >>>(data);
}

3.7.2 RFERE

KRB FRREZREN BN EERNEFME, EREFRANMENEZER.

3.7.2.1 REFAMEA

FERIREFIEITHN, EXHEREFER device B3 constant AETEIEBARFAEBRHANT,
HITA—%. TIRRBZVEHENERKESITIN BN, FIEZRHNEATLUZERHENKELTE,
B4, module FEIEZXEIEEEHERBNHNEMRE.

£ MXMACA C++H, AILIRHZEREFERANEEHSANNIXHERSEENRBIERAEEE, HES
BANSMNEEE, EX/NBAZRENERETETIEIRNRESHHE, XMMERNEREIRES
TR T EE

REWNTS BMFE_ device HITE) FAILIESMET JRERFMNAZFSIA, BAFMEERIRE
TEHERZA Nt E R, XWEA T  constant {5, REAXMBER TEFHIESIARIE
HiE.

EFSRIRT S UEES B, ALLs|BA/SH MXMACA Z1TET APl (5130, mcMemcpyToSymbol () 3%
mcGetSymbolAddress ()) IR, BAIEEEITHNAEZE. 518, BMEEFRZEIZE], 1
TEEEBITHRZPRENEEHIE, AN constant  FEIEIEFIRERIEMN,

3.7.2.2 2RRF

KRB FNIZEEN2BAEN—BORE, FRBMRMWIEZEN—BIERIERS. SFMEHNRE
REESREZE T, EFRBRHNAITIETRARDINEIR: KEZEHA TS SEFRIRES
Ao
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WTFFrR, 1EX kernel 5% f5 data[threadIdx.x] = threadIdx.x + 2

__global  void child launch (int *data, int tid) {
data[tid] = data[tid]+1;

__global void parent launch (int *data) {
data[threadIdx.x] = threadIdx.x;
___syncthreads() ;
child launch<<< 1, 1 >>>(data, threadIdx.x);
mcDeviceSynchronize () ;

data[threadIdx.x] = data[threadIdx.x]+1;
}

FIMARZIN TR, NENREFIEZENZSEFSBTETETNNER:

__global  void child launch (int *data) {
data[threadIdx.x] = data[threadIdx.x]+1;

__global  void parent launch(int *data) {
data[threadIdx.x] = threadIdx.x;
___syncthreads() ;
child launch<<< 1, 1 >>>(data);
mcDeviceSynchronize () ;

data[threadIdx.x] = data[threadIdx.x]+1;

void host launch (int *data) {

parent launch<<< 1, 256 >>>(data);
}

3.7.23 BEIRF

SENAGAEFS2RRNEFEEHEEN —BMN—RMERIE. AZTURSESERSENRNE, B
UERMENIEFEABIERZE NAYEH .

3.7.2.4 HEBRARE

FEEAARE, BEERXEMNFRRIZE, BAEMREPENR. BRI, EBRIZE, LM
I*ﬂlxﬁﬁﬁﬁ_cons tant_ﬁ%ﬁ"ﬂﬁo ERNTFHME FIZEBMESE BBIRIZER B oh4k .,

MAZRREL LR FZFIREX

T%“%W?‘ WREME, S5FFE MXMACA 2R EEHERMNEN. HEFETMRERE
BRI FRIMFRILZREIR

RRBRARH 1o
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3.7.2.5 HEREFENLERNE

HERNEFNMEREFED B TFAERHEIE, EREMNFRZEBRATREIFR—H, SE—UEFRHINR
EHEPTBEREZIMES IR, 1TAREX, FEFEFHER.

g0 mxcc fmiFaFAEBINEIE A RHZRNFIEHENAZBHNSHHERE, ERFHAEES,.
EiE1ThY, BFLRILUER_ isGlobal () RERBKRMEEH RE5IB2RAE, MAMAIUZEME
B F R

B3R, A mcMemcpy*Async () B mcMemset *Async () BIRESEIRT LABFHNFRIZ, URZBR
B, Alt, BEEZEHIAERNFETEEL XL API 2IEE2H, HAIEER[EITEIR.

3.7.2.6 FABRE

MEREFERIITERIENTREME, EREAREIINBAAIN. ERsITFRIZEY, FiEmLERENETEN
BoiB#EERIEEN. MTFREUHES | BXEFNAERFEHIETEREXER.

g0, AR child launch 3Rl x array, WATTRARIEER, BITARENX:

int x_array[10]; // Creates x _array in parent's private memory

child launch<<< 1, 1 >>>(x array):;
ErRENEERNREFSRANEEEMNLERNGF. —RH, FERLFAZNMEEEBRZMAE

FBREFHERENDE, IR mcMalloc ()« new (), WAILEEFETEERNERE  device T#fifo
Blan:

// Correct - "val" is global storage
__device  int wval;
__device  wvoid x() {

Vall =/57

child<<< 1, 1 >>>(&val);
}

// Invalid - "val" is private storage
__device  wvoid y() {
int val = 5;

child<<< 1, 1 >>>(&val);
}

3.7.3 k&EERE

MXMACA &I TINEAXHES GPU; 9B TIMNAEBEH HRIITRYISE L1R1F. AR, BEARX
FEIGEIHE I MXMACA & & HIE .
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3.7.4 H"MEH

MXMACA & BITR BRIIRMH T ReE (NULL) &R, BEFRFAPSIBRHAEAGRA, BITERE
R ENREIBREENRE L ER.

S$F MXMACA IZ&IETTH, — P ENRHARRBE—1FAR, F—HEREER—TSHITHZERE,
— MEFPEENRENF I BEIR NS HITHZR BB R =IRFHRIT.

MXMACA 1&&=1ThY B a8 A 21554,

3.7.4.1 HEMNHE.

FE—IWEH, MREETIHBEIRIFAZREIINBEIZIE—R (FRIAY NULL &) FRHLHIT
o HR—TEERBHZS MRBBAIERH AT, SFBE—MRRBESZ —MZRBERTTZE
1T, NBEBERMZEREZ BRI mcDeviceSynchronize () RRIERI—MAITE R, HE—RIEH
MENEEBHE M HERBARZREE, RPNHFEURTHERNERRRE, XalEd
___syncthreads () &0 mcDeviceSynchronize ()%ﬁ‘}f%@ﬂ%?’?ﬂo

WTFEBFTR, R parentKernel S NEIZEARIYRIE childKernelA £ childKernelB ZAIH
T, BRRIEMNEEZEB childKerneld # childKerneld RFE. WM N%EZ BN
childKernelAd M childkernelB i, WHFRIELIZEININE, MWEILfEA syncthreads () Fi&
Ho

__global void childKernelB ()

{
printf ("This is child kernel B\n");

__global = void childKernelA ()

{
printf ("This is child kernel A\n");

__global  void parentKernel ()
{
// launch child A
childKernelA<<<1l,1>>>();
mcDeviceSynchronize ()
// launch child B

childKernelB<<<1l,1>>> () ;

void host launch (int *data) {
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parentKernel<<< 1, 256 >>>(data);

}

5o, GFIBITIIE MXMACA BITIRE RSB SINFHNHLRIE. FEFRIETIEE LERBENTEL
BIRZEIF AT, RZHELZERIET REIRXNEREFMIE, SRMEBHFRIEE, —BREERK
HMMEHBEGRRAIBTENFRE, FREMRATUABRRT, EEXNEIERABL S5
mcDeviceSynchronize () ZBl, FEEFRIEFMEHIBEHIT,

3.742 A¥

ATEAXFESRMSEMN, MXMACA REEITRAXFARLIES NEMEIZ AN F Mg ZE/E
Z, BALEIRARINEEXFAT A AREAESHRANFRMEZENEY, HRIEFMEHRE
AV A SIS FHEYEAZE F) To

o RINEY: EMNEFRAELIENFIBRIHTRZE, MBHRITAHKRANTR. MRMIEHHFFE
LAEEFFB FRERZENRL, M B %REET#(F.

o EXFY: KBMEAEIZER MXMACA RETITIHR(E (BIEZREUSE)) EMIEFRBIFTELIZHE
A, XEREXMERNEARBKETURITRAY, UIEHIEMBERLE LANEEIRF.
MXMACA 1€ BI1E 1T mcDeviceSynchronize() APl BFRF, RIEHEINEFE
mcDeviceSynchronize () ZBIRIHFTE FMEEIHITTE, HRIEFNEREN2BEHUEL
HEXT RIS BT o
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3.7.5 API Kiinixes

TREMH T IEmIZTTH API M EVIRZITEY AP BIXS IR ER,

& 3-3 MXMACA SHERREK

IREFIRIETTE AP BiEA

mcDeviceSynchronize

mcMalloc

mcLaunchDevice

mcLaunchDeviceV2

mcMemcpy2DAsync N ENIHTITEIERAY AP {TH—3

mcMemcpy3DAsync

mcMemsetAsync

mcMemset2DAsync

mcMemset3DAsync

mcGetParameterBuffer BIASHEAXRPHITEHENF, HAREESHEATHNE N RERSE
mcGetParameterBufferV2 BEXTT, WFARNSEEMENNTTT. SREHAXNRKENR 4KB,

mcFree FEERMENIHER meMalloc O AT

S FPIER memcpy/memset EKEK:

o (NZFHRFPB memcpy/set EREX

o (NXFHREANAEFEN
ERMEREFRHZAFERATERRAN

mcMemcpyAsync

3.7.6 fEERH

UTREETRT — P EESHITIENRESIER:

#include <stdio.h>
__global void childKernel ()

printf ("This is child kernel\n");

__global  void parentKernel ()

// launch child
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childKernel<<<1l,1>>>();

printf ("This is parent kernel!\n");

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

{
// launch parent
parentKernel<<<l,1>>> () ;
if (mcSuccess != mcGetLastError()) {

return 1;

// wait for parent to complete
if (mcSuccess != mcDeviceSynchronize()) {

return 2;

return 0;

}
B EERAIAREERZER deviceHelloWorld.MXMACA, B LUERA U FepS4RiFHa:

S mxcc -x MXMACA deviceHelloWorld.MXMACA -o deviceHelloWorld

3.7.7 SeEDHh

SEMBHITEER I, TIEHRBETIFERANLERE, RARGMZREBBFFHEFEN, ZFHEK
BIREBTHAMFEESNRRULREREIZERE, AHESBERE TR, 88, XMTHIMHE
ERENSEBTRENNAEFERN.

3.7.8 PREIFEREM

SSHITRIET AXEFRARAEEN. B2, REEHRFENRGLASREIERIREEITIRE
AR, 1EREM HAthE Mo

3.7.8.1 RTFPRH!

MXMACA IREEBITINEMMRENZHEEBNRERNE, FRNRENREGFLENKFRBRE
MRBARZF. BFAEELREBTIIA/N, Er]gmRELRHRE, BXFMAER, BSH TEAIER
Bk,
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A (e RV

LR EE oY, RIRERFTEHEXNEEENSEEIUE, HBIZRHTN. ZIEGHRERASIENBI
AR,

AHEIE MENEA mcDeviceSetLimit () FHEE mcLimitDevRuntimePendingLaunchCount 3REC
BRsiM (BEXD) 89K

[Gy—gvia]

REIEITRIRE AR R D ECEd EAIEFRY mcDeviceSetLimit () APL#EITIER. EEMERAL
ZRIIUSERS], FHES GPU EEE TIZFR A aeE R,

A LIS B 3-4 BFR5IB9an & PR -
& 3-4 AFRHEE

PR 1 =R

ERIZRMBMEXTRNKE, BERDENNANENX, 7K
BRHXANZRBAEXRE R SEAXERN, FIRERAZBE
HAE D ECEEhER R HIR trap, I—RTAFEUILEE. BIAKNNA
2048,

mcLimitDevRuntimePendinglLaunchCount

1ZHIE GPU ZAZMHABERN UFTTRELAL) . MXMACA IXzh
mcLimitStackSize EFRIEFE BB NS XARBMBSEIEERA/ . 8RB
&, KRN FEERIRIAE,

126 GPU A/ (AFTIARM) . MXMACA IREBITIITER X
mcLimitMallocHeapSize RN FE-LEFIMNIAEFTE, SRIVER—I0HEAT, MNRE
AFERRE, FIEESEBEMNZEERKK.

RESEMERER

mcMalloc () Ml mcFree () EENMIZFIMEZ BIABRENENX . SMENIEABY, mcMalloc () K
*ﬁﬁﬁﬁ@iﬁ%ﬂﬁqﬂﬁﬁﬂ—/\%ziﬁo SMRFBITIRERN, XERHBRIEIRER nalloc ()
free (), XEMREFEIRENIRETR, IDENSAEFRIRFINIZE nalloc () RN, ZA/NETENTFHE
ﬁﬁﬁ"]ﬂi@ﬁﬁlx%ljﬂﬁo tb4h, EHIEEE mcMalloc () DECHVIER £, MEVIERIBR ncFree () B
w8, RZIFA

& 3-5 REFESECTHREMRFIER

_ mcMalloc() on Host mcMalloc() on Device

mcFree() on Host Supported Not Supported
mcFree() on Device Not Supported Supported
Allocation limit Free device memory mcLimitMallocHeapSize
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3.7.8.2 AP| #izMBEhRK

5 MXMACA ENIREBITH—#, EARHEATEREIHEIRAN, #HRABEEREN ncError to
MXMACA 1& & IB1TITE A2 #08d mcGetLastError () WAKERES M EENEIRE,

S5FENmREmEMN, REBBHUERSHERER (EREHF) MEAK. EREREEERHAERKRE
FARZMINTER. BRIEHIIERHNERER trap #HITHRT.

3.8 HEmERO
3.8.1 EXBEHEERO

BRI GPU 2iFERIEZEO, 11U VectorAdd X MHEESHFI, ERESEME 3-4 Fimk.

PN &

Kernel(C=A+B) @
Memcpy(C) @

3-4 VectorAdd £ H

WS, FREXERZEZEOECIEZE VectorAdd E5E:

// Create a graph with graph API - it starts out empty
mcGraph t graph;
mcGraphCreate (&graph, 0);

// Add two memory copy nodes into the graph
mcGraphAddMemcpyNodelD (&a, graph, NULL, 0, &nodeParams):;
mcGraphAddMemcpyNodelD (&b, graph, NULL, 0, &nodeParams):;

// Add one kernel node into the graph
mcGraphAddKernelNode (&c, graph, NULL, 0, &nodeParams);

// Add one memory copy nodes into the graph
mcGraphAddMemcpyNodelD (&d, graph, NULL, 0, &nodeParams):;
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// Now set up dependencies on each node

mcGraphAddDependencies (graph, &a, &c, 1); // A->C
mcGraphAddDependencies (graph, &b, &c, 1); // B->C
mcGraphAddDependencies (graph, &c, &d, 1); // C->D

3.8.2 WERESREREO

EREREEORE T —MYlE, BIMNIIEETREAPISIRESE, BT EIERhERPRBA
X (BFEWBEMRE), aJLIAE mcStreamBeginCapture () M mcStreamEndCapture () JARIEER,

WS, FRMEIAERZEZOLE VectorAdd E£5E:

// Create a graph with Stream Capture API
mcGraph t graph;

mcStreamBeginCapture (stream, mcStreamCaptureModeGlobal) ;

mcMemcpyAsync (device A, host A, size, stream);
mcMemcpyAsync (device B, host B, size, stream);
vectorAdd<<< ..., stream >>>( device A, device B, device C...);

mcMemcpyAsync (host C, device C, size, stream);

mcStreamEndCapture (stream, &graph) ;

3.83 LBILEER

BaARY GPU R T M EMSLOICESEBING], AIBEEHNE TN TREN. BEEHAITHRFR
HIEIMEBRY mcGraph_t WK, ETREEEFNSR, B IMTREFAITAPEAEREMNT RS
W YAEBTREAENN, NELHFRLANEERI (B, FRBIRMERF-ENE) B, £8
FEHB mcGraph_t. HEHHAERVERAFAEREEMNTREVERE, RFEAENTTREN,

3.8.3.1 EEFEHM

mcGraphExecUpdate () XFFHB— P ELRFIUHNRIGESE, BISWENLER S I —TRIMERBYHT
ESE, AIE—LRH:

o HMESEMRIIMSIS AT LRI mcGraphExec t RRIAESEER;

o b4, HRAMEIRBESEIMRGBESEFBERNIRFLOAST R AMEFESE (SMHE
SEDERR) NIRFELE, Hit,

> HFRAREREREZEON, BALAERNINERERT =
> HERAEXERERON, KIURER VIR AN /SR T =

INFRESFR, ERARBRBERIEZEOENRLAESE:
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mcGraphExec t graphExec = NULL;

for (int 1 = 0; 1 < 10; i++) {
mcGraph t graph;
mcGraphExecUpdateResult updateResult;

mcGraphNode t errorNode;

// use stream capture to create the graph.
// You can also use the Graph API to produce a graph.

mcStreamBeginCapture (stream, mcStreamCaptureModeGlobal) ;

// Call a user-defined, stream based workload, for example

do MACA work (stream) ;

mcStreamEndCapture (stream, &graph) ;

// If already instantiated the graph, update it directly

// and avoid the instantiation overhead

if (graphExec != NULL) {
// If fails to update, errorNode will be set to the
// node causing the failure and updateResult will be
// set to a reason code.

mcGraphExecUpdate (graphExec, graph, &errorNode, &updateResult) ;

// Instantiate during the first iteration or whenever the update
// fails for any reason

if (graphExec == NULL || updateResult != mcGraphExecUpdateSuccess) {

// If a previous update failed, destroy the mcGraphExec t
// before re-instantiating it
if (graphExec != NULL) {

mcGraphExecDestroy (graphExec) ;
}
// Instantiate graphExec from graph. The error node and
// error message parameters are unused here.

mcGraphInstantiate (&graphkExec, graph, NULL, NULL, O0);

mcGraphDestroy (graph) ;
mcGraphLaunch (graphExec, stream) ;

mcStreamSynchronize (stream) ;
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}

HAN TIERRERMFEREREZONEXEREZOCIENIE ncGraph t; FABM ncGraph t K
Bl HEERD. MREE, ERAE5RABESEHRHRANAEEZCIEHRN mcGraph t, HIEH
mcGraphExecUpdate () o WREZBEEFMI (W0 LERHIFE updateResult SEFAR), NEEH
E# B mcGraphExec to MIREHAEMERKXMK, ¥ B A mcGraphExecDestroy () M
mcGraphInstantiate (), MIHEREIGHI mcGraphExec t HEFML—DHRY,

3.8.3.2 BEANTLSEHRH

KAMEBIE T RS A LIEREH. XHER T KA HUREER ncGraph_t BIFFH. MRFEE
HOTRBEEANTEFHNTREERD, IRFERENTR. U THEAABTER

mcGraphExec t RE)=W

e mcGraphExecKernelNodeSetParams()

e mcGraphExecMemcpyNodeSetParams()

e mcGraphExecMemsetNodeSetParams()

e mcGraphExecHostNodeSetParams()

e mcGraphExecChildGraphNodeSetParams()

e mcGraphExecEventRecordNodeSetEvent()

e mcGraphExecEventWaitNodeSetEvent)

e mcGraphExecExternalSemaphoresSignalNodeSetParams()

e mcGraphExecExternalSemaphoresWaitNodeSetParams()

3.8.3.3 BA#®EZEAT S (Individual Node Enable)

S EHH kernel. memset 1 memcpy T = AJ LU mcGraphNodeSetEnabled () APl BT
. XartlB—1 B, ZESEMFEENEE, ZBEUHNERBMEITEEX . AIUER
mcGraphNodeGetEnabled () APl T 2B RIRES.

FEMERAZA, RRANTRAVNELFETENR. TREBZFAREA/ZBRT RN, BRANRST
RENTREMBER mcGraphExecUpdate () HITEEEHRNF N, ZAT REBSHENKEER
BATREER.

3.8.3.4 SEBILEERTHIRE

E R EN—ERFIET REEFRAZBFRES:
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o Kernel "R TRAIARHEEA MXMACA BhHITHIRERT R TTEER NER MXMACA BhSHITRIRER
TR

e mcMemset f1 mcMemcpy T =
> OER/BRETEI MXMACA IRE T AT Ko
> RAE EETRNE) AIMSRERRE (SERRE) BENIgEFDE.
>  HEEFER 1D mcMemset/mcMemcpy T 5.

> AZFECERFHEIRHNFNER (B) mcPitchedPtr. mcArray t F) SfFHER (B

mcMemcpyKind) o

e external semaphore HXT= (UMIESITEFHTAMIERTR) . FEXHERESENHE,
e host TmEflevent BXTH (BFHERTRFIEMHZFFTR) BEFLERE,

3.84 ERENIEFEM

BREEFLAEEEBIRBRASHIENSZ, BEIMRREBER—MESE, SREHHE

[, ESERIHRET S MERBENER, ERR—RIRXEE. BitL, BRAEZNZEHKESS

BRI T A RKEZREIRIZNFHE. AT, BRFEAPILEHBRE:

o [EEM: BHFE APl HRITERZ MESETFA—TMEENRBHITAS, XBHKE—BREL
2, HSHNENNERFEM™&EE 3.8.3 LA EERAIMEX RS,

o LHMLFH: BALLMCEIRBAIIZATEEREN, BNRZESEIREBHZRINIT, BAYIEHE
Bl IE AT AR B BE Rt

o FKEMMFRME: MR—ESEFEEWFSHERBNEST R, ARSATEGZRIRS (40
BIROEGPATI M) MSEHASEE RS, XFEEEI KRN REEERRE IR ER
BEA. Alt, BREENESERIMINRBIVEZRERERERR, ARERTEEALNERFHER
EREESREREN (BIIZEBEFIETE export MACA GRAPH LAUNCH MODE=1), FH#{T7:H
MAFIIE, REAEERTESTEAEMERIREAN, 7REREFHEFREAERETSEIEL,

Fit, BHERORMT —MMRK GPU ESHITHTGE, EREFAZEHERENIIERERISEIRF .

3.8.5 BE4ERRARED

BRZARZEORMT —MREFENGE, ATLUERUTAREORNESENERER, SHMESE
PRSI ET R KRB KBTI

e mcGraphGetNodes

e mcGraphGetEdges

e mcGraphHostNodeGetParams

e mcGraphKernelNodeGetParams
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tb4h, EdRigiRidEOM e O eI NMERENSEEHAN DOT B, BREFAESEHITHMNLEAM
KE, BEEA mcGraphDebugDotPrint APl B LB ERIRSSAMLERIEAME], ERThihg.
THRJVAESE. BEHEENSHE, LT — 1 MXMACA £5E, eRdE—1 DOT B, HA DOT 2—#
BERES. ZENFAMNEGEEESZIRGBAENEERD, HeBolES FIERNEIRIRS, HE
HMABTARAEXRR, B RFEREEINFET R, it AP SNBSS T LA %,

mcGraphDebugDotPrint (mcGraph t hGraph, const char *path,

unsigned int flags);
1403833 JEF mcGraphDebugbotPrint API HIHEIX{E 8 /5, vectorAdd {£5 Bl m] LURIR R UNE 3-5 Fir
HY DOT &,

MEMCPY MEMCPY
ID 1 ID
node handle 0x00( 0225e510 node handle 02 30
kind | H2D (HOST PAGEABLE to DEVICE) kind | H2D (HOST PAGEABLE to DEVICE)
pitch pitch 0
ptr 0x000000002b0fab00 pt X de0
srcPtr - srcPtr
xsize 0 xsize
ysize ) ysize
pitch ) pitck
ptr 0x00007£c80c400400 ptr 0x00007£c80c400000
dstPtr - dstPtr -
xsize 0 xsize 0
3 0 ysize 0
srcPos dstPos i Extent srcPos dstPos [ Extent
x|v|z|x|¥y|z]| Width | Height | Depth x|v|z|x]|y|z| Width | Height | Depth
oj(of{O|0|0]|0Of 1024 1 o|o|O|0[0] 1024 1 1
L1 ¥
KERNEL

D | 2 | _Zisvectoradd_floatPKS0_Pir<

node handle

func handle

node handle 0x0000000002417ec

kind I D2H (DEVICE to HOST PAGEABLE)
pitch
pr

Xs1zZe

srcPtr

Vsize

pitch

tr 0x000000002601900
dstPtr P

Xsize

ysize 0
srcPos dstPos Extent
Height | Depth

Ed
~N
"
olN
(=3
=

3-5 vectorAdd £ ER DOT
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3.9 MPS Z#HIZRS
3.9.1 MPS Z#HIEIRSIEH

£ MPS Zi#i2BRSSAY, AJLUENE MACA MPS MODE MEZT=MTIES], REREHIZER GPU iHE
ESATIEERE, EFE— GPU LSEMBNHIZESHH LIRTMMIT:

e 0 (EXCLUSIVEMODE, JhEE) . —MEIEXTERIBERIRY GPU MY queue TR EEA, HE#IZ
AILUESEE A AR GPU BEH queue AR GPU 23X TR,

1 (SHARED MODE, £Z#&=): ZMN#HERURENERAEZH GPU BH queue, BI—PEZAN
H=8) GPU B4 queue [ GPU 1R T1E

3.9.2 MPS Z#HERS1T A

TRBAERSRAEZHEZRNT, MPS SHERSHZFEFRI, HiREEMREAZL, BT
=T
o ZFHFRI
> MPSASTAPHEDEKT ZEREMN GPU thit=(a,
> SHMHENAZRHZHNBEIEHIHNEFN, R8RS ASBAIEMAFHENEFR
s, EARE5IR5EIR,
> RIZEREETIETHITHEB L SEEIREURIE, T EAHRS—MHIZEMNER, AFEFRX5I
REIRHFSBRE XITHo
> fEF MXMACA APl (#l mcMemcpy) ARSHEFERIAE, FA MPS KRSIXERIELNE
fts MPS AR #IEN E1F,
o HBRENEIRREE
MER— MPS AP #HIZFEE T MR GPU BE (5110, A THEM), X mEHEMHE=EE
— GPU I RRRIA P #IE, A, AH=E GPU EHZHRIVHEZENR 2 M,
o IRAIAL
SEp@d Ctrl+C BES KA LE MPS AP #12, XAIgeaEIEmEIERAHEE GPU B4 ZRAAEX
pEid =
MPS Zi#12ARSS B 511X32HF MXMACA IXzhHIZRIA QoS BiZ.

tesh, H—NEEERZ MULRBIRE, REMALITRZENEERESERRE:
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o TERAEAT, HEATBMRALIIRSTBIZBUARETE D, BB, RESMALAT
EBERFTHRIES, RMARRFRESRASWEEFBEERIT,

o TEHERAT, H#EAFRBRARNATBEIMAENERX DM TR, BMESRAERRFEIFSZR
FERRIES, (RRERRPRESHEE —ENNSHK GPU BEHIRS.

3.9.3 MPS Z#HEIRSB SRS

MPS Z#HIZARSZNZHF Linux T8, FTERAFA—ENTUE (UVA). BRI GPU $95%#F UVA B
%kl}\a:l:)_l_;lo

o UNR Linux Wi &B/ZA CONFIG DRM SCHED, M MACA MPS MODE fX3#f 0 (JREGHET). BIE
AFE&EZMEEEN 1 (HERER), MXMACA IRehi5iE AR SR,

e MR Linux W% =% DRM SCHED, fBE metaxko M % id#E H I unknown symbol
drm_sched xxx BNFHF, BHFRARD—LAHSH, FELE linux-modules-extra,

B#IF%Z#F DRM SCHED BV Linux RTZA
> ucloud RHEL7 5.10.0-19-el7.ucloud.x86_64

> alios74.19.91-007.ali4000.alios7.x86_64
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4. miIFEMAL

4.1 BEEEFNBHSIET

4.1.1 Makefile &HFMTH

LAE 4-1 FrRpy— a8 MXMACA RIS B X 4B RAH1:

v my_program
~ include
C ah
C b.h
7 (e
G+ a.cpp
> b.cpp

G+ main.cpp
M Makefile

4-1 —NEIER MXMACA ERBIEXHBER

//a.cpp:
#include <mc runtime.h>
#include <string.h>
extern "C"  global = void vector add(int *A d, size t num)
{
size t offset = (blockIdx.x * blockDim.x + threadIdx.x);
size t stride = blockDim.x * gridDim.x;
for (size t i = offset; 1 < num; i += stride) ({

A d[i]++;

}

void func a()

{
size t arrSize = 100;
mcDeviceptr t a d;
int *a h = (int *)malloc(sizeof (int) * arrSize);
memset (a_h, 0, sizeof (int) * arrSize);
mcMalloc (&a d, sizeof (int) * arrSize);
mcMemcpyHtoD(a_d, a h, sizeof(int) * arrSize);
vector add<<<l, arrSize>>>(reinterpret cast<int *>(a d), arrSize);
mcMemcpyDtoH (a_h, a d, sizeof(int) * arrSize);

bool resCheck = true;
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for (int i; i < arrSize; i++) {
if (a_h[i] !'= 1){

resCheck = false;

}

printf ("vector add result: %$s\n", resCheck ? "success": "fail");
free(a_h);

mcFree(a_d);

//a.h:

extern void func_a();

//b.cpp:
#include<mc runtime.h>
__global  void kernel b()
{
/* kernel code*/
}
void func b ()
{
/* launch kernel */

kernel b<<<l, 1>>>();

//b.h:

extern void func b();

//main.cpp:
#include <stdio.h>
#include “a.h”
#include “b.h”
int main ()
{
func a();
func b();
printf ( “my program!\n” );
return 1;

}

LARTEFREE main.cpp, a.cpp, b.cpp = NEXH, HF a.cpp FEE vector add 1ZHKE,
b.cpp FEE kernel b K. HERZIERMERNTRITXMN, TREBUITAERE Makefile X!
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Makefile NXf#:

# MXMACA Compiler
MXCC = $ (MACA PATH) /mxgpu_ llvm/bin/mxcc

# Compiler flags
MXCCFLAGS = -xmaca

# Source files

SRCS= main.cpp src/a.cpp src/b.cpp

# Object files
OBJS = $(SRCS:.cpp=.0)

# Executable
EXEC = my program

# Default target
all: $(EXEC)

# Link object files to create executable
$ (EXEC) : $(OBJS)
S (MXCC) $(OBJS) -o S (EXEC)

%$.0: %.Cpp

$ (MXCC) $(MXCCFLAGS) -c $< -o $@ -I include

# clean up object files and executable
clean:

rm —-f $(OBJS) $ (EXEC)

BERFESNE, 1T make IR ZAI, FEERKEFZTE, DUREREMUE (/opt/maca) Hfl:

$ export MACA PATH=/opt/maca

$ export LD LIBRARY PATH=${MACA PATH}/lib:${LD_LIBRARY PATH}

PAIRTE Makefile BRE R THIT make 83%, SE 4-2 FiR, B
2, IR a.cpp 12T —MF BZ RS I R E M ARV HEE AL,

I $147F2F my_program, %L
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CA_PATH}/lib:${LD LIBRARY P.

/my_programs$ I

4-2 Makefile 4RiFM=HI

4.1.2 CMake &iFMRH

PR IE 4-1 FrRBIIm B /5], NRA cmake TEARMWEINE, NFETE main.cpp BLEBERTEIE
CMakelLists.txt X1, ATLUZRERINT S 4RE CMakeLists.txt >4 :

# Specify the minimum CMake version required

cmake minimum required(VERSION 3.0)

# Set the project name

project (my program)

# Set the path to the compiler
Set(MXCC_PATH $ENV{MACA_PATH})
set (CMAKE CXX COMPILER ${MXCC PATH}/mxgpu llvm/bin/mxcc)

# Set the compiler flags
set (MXCC COMPILE FLAGS -x maca)
add compile options (${MXCC COMPILE FLAGS})

# Add source files
File (GLOB SRCS src/*.cpp main.cpp)
add executable (my program S{SRCS})

# Set the include paths

target include directories (my program PRIVATE include)
EIE, cmake ZHIMEFEBEMSEMELTE, UHRAEALTEAME (Jopt/maca) Hfl:

$ export MACA PATH=/opt/maca
S export LD_LIBRARY_PATH=${MACA_PATH}/lib:${LD_LIBRARY_PATH}
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WE 4-3 Firn, 7£ CMakelLists.txt [F4k B R TEIZE build 243, #A build BR1T cmake 87, B
1T make 89, BIRI1SEIAIHITIZF my_program,

H} /mxgpu_llvm/bin/

rogram/builds I

4-3 CMake &iFMRE

4.2 EBITREIFMNESNE

=AY GPU ZRHETIRRIZNISINEINEE, BORBWE 4-4 Fiin. HPIEITHRH#HITENRIF
(Just-In-Time, JIT) XA7T LLVM bitcode XX, BEXZEHNFHAARNSR, SNEAXENA
https://www.llvm.org/docs/BitCodeFormat.html,

AP EFRREESI AKX merte.h, BIEIfERA MCRTC {RIERIFRBTNRE

e MCRTC BRI C+HEJER MXMACA 188, B3 mcrtcGetBitCode EOYRIFER bitcode 1&
B9 IR,

o FHAERIBY bitcode XY, B mcModuleload #H1TINE, =AY GPU IR (B1TBYEAPI) =
PR 1T I MIFEHERIREMBIATHITRE, AP EIAA ncModuleLaunchKernel APl O
MR XEEIGFMATITREEN GPU #1117,
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itAE2 T TR RIE

(mcrtcGetBitCode)

B ThY R

g I:I1
(mcLinkXxx) e

IEfTEI0E:
(mcModuleLoadXxx)

4-4 BB 4miE A2
e ERN

RPALE device RBBH host BB RISERBBIXMAR, ERAIHITERE, R4F host D,
device KBBTERRFIZTTRIRIF. UUTNAT XMRIZTARE R LMo

1. device RFEEESIRAIMFH:

//my kernel.cu:
extern “C° _ global  void test kernel ()
{

/* kernel code */

printf( “my kernel\n” );

}
2. host KB ERIMISHH:

host X FF PesSt . cpp:
#include <fstream>
#include <vector>
#include<mc runtime.h>
#include<mcrtc.h>
static inline std::vector<char> load file data (const char *filename)
{
std::ifstream file(filename, std::ios::binary | std::ios::ate);
std::streamsize fsize = file.tellg();
file.seekg (0, std::ios::beg);
std: :vector<char> buffer (fsize + 1);
file.read (buffer.data (), fsize):;
buffer[fsize] = “x0 ;
file.close();

return buffer;
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void rtcTest ()

{
/* load kernel file to buffer*/

std::vector<char> buffer = load file data( ‘my kernel.cu” );

/* Create an instance of mcrtcProgram */

mcrtcProgram prog;

mcrtcCreateProgram ( &prog, // prog
(char *)&buffer[0], // buffer
-, //name
0, // numHeaders
NULL, //headers
NULL) ; //includeNames
const char *opts[] = {"-xmaca"};

/* Compile the program */

mcrtcCompileProgram (prog, // prog
1, // numOptions
opts) ; // options

size t codeSize;
mcrtcGetCodeSize (prog, &codeSize) ;
char *code = new char[codeSize];
/* get binary file */
mcrtcGetCode (prog, code);
mcrtcDestroyProgram (&prog) ;
mcModule t module;

mcFunction t kernel addr;

/* load binary file to buffer */
mcModulelLoadData (&module, code) ;

/* get kernel function point */

mcModuleGetFunction (&kernel addr, module,

/* launch kernel function */

mcModuleLaunchKernel (kernel addr, 1, 1, 1,

NULL, NULL, NULL) ;
mcModuleUnload (module) ;
delete[] code;

}

int main ()
{
rtcTest () ;

return 1;

}
3. EMREMRTE (LREREME/opt/maca Hfl):

$ export MACA PATH=/opt/maca

"test kernel");

0,
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S export LD_LIBRARY_PATH=${MACA_PATH}/lib:${LD_LIBRARY_PATH}
$ export PATH=${MACA PATH}/mxgpu llvm/bin:${PATH}

4. TEIRXMH rtc_test.cpp AKB R THITUT <, BIRISEIRIHITXH a.out, WIE 4-5 Fimro
mxcc —-xmaca rtc test.cpp

ItbBY device 153 my_kernel.cu #&E%1%% a.out F, MEEIZE{T a.out FIEHZRIFZ device X
o

4-5 AT AT a.out ZREX

43 HKEFEE (Binary Cache)

EARRIAIZE binary cache (cache XHRTFHEUMPIZIFXHAR/NIRBERINE, THKEFRED

8),
RSB

#include<mc runtime.h>

~ _global void vectorADD(const float* A d, const float* B d, float* C d,
size t NELEM) {

size t offset (blockIdx.x * blockDim.x + threadIdx.x):;

size t stride blockDim.x * gridDim.x;

for (size t i

C d[i] = A _d[i] + B d[il;

offset; 1 < NELEM; 1 += stride) {

int main ()
{
int blocks=20;
int threadsPerBlock=1024;
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int numSize=1024*1024;

float *A d=nullptr;
float *B d=nullptr;
float *C d=nullptr;

float *A h=nullptr;
float *B h=nullptr;
float *C h=nullptr;

mcMalloc ((void**) &A d,numSize*sizeof (float));
mcMalloc ((void**) &B d,numSize*sizeof (float));

mcMalloc ((void**) &C d,numSize*sizeof (float));

A h=(float*)malloc (numSize*sizeof (float))
B h=(float*)malloc (numSize*sizeof (float)):;

C h=(float*)malloc (numSize*sizeof (float))

for (int i1i=0; i<numSize;i++)

{

Q W o>
s o s
[T
0o
O:B(A)

mcMemcpy (A d,A h,numSize*sizeof (float), mcMemcpyHostToDevice) ;

mcMemcpy (B d,B _h,numSize*sizeof (float), mcMemcpyHostToDevice) ;
vectorADD<<<dim3 (blocks),dim3 (threadsPerBlock)>>>(A d,B d,C d,numSize);
mcMemcpy (C_h,C d,numSize*sizeof (float), mcMemcpyDeviceToHost) ;
mcFree (A d);

mcFree (B _d);

mcFree (C_d) ;

free (A h);

free (B _h);

free (C_h);

return 0;
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IR BIED block BIELIEHEART 512, SAERIFoIE, FAttth=f% binary cache IhgE, HmIFiE
170 REPITUT®HZL:

$ cd ~/.metax/shadercache/
S 1s -1

LRI TEFR, AIUERIHRFEITEMD cache X, sa2MNA 4.2 mTTHRIFMEISMETEA—
o

4-6 Binary Cache %R

4.3.1 FEfZ Binary Cache X#43#F Size

EERENETE: MACA CACHE MAXSIZE

1. 4giE~/.bashrc X
$ vim ~/.bashrc

2. AEXHREMAUTAR:

export MACA CACHE MAXSIZE = xxx // FMEBEMXHX/N, BAFT
3. REFEERITU <!

$ source ~/.bashrc

4.3.2 BENX Cache XHHEEE

FEIREIMET S MACA CACHE PATH

1. #Ri8~/.bashrc XXff
$ vim ~/.bashrc
2. EXHREMALULTAR:

export MACA CACHE PATH=your/specific/path //FAFBENXEE

4.3.3 3@ Binary Cache IhgE

1. #Ri8~/.bashrc XXt

S vim ~/.bashrc
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2. EXHREMAUTAZR:
export MACA CACHE DISABLE=1
iR
¥ MACA _CACHE DISABLE RYERNAN 0 SNERNRBEBIRIZ#EA binary cache Thik.

44 WNIETE

BRI GPU X EREFEHRIAIMREEEIT—EREFEITITA, BITRRENCISNETIRE, i
E’JI$1R227 =, %4 1,

R4-1HFETE
FMETE REE AR
IRENEME S

ATLEE GPU UUID, 30 export
MACA VISIBLE DEVICES= GPU-ad2367dd-

MACA_VISIBLE_DEVICES GPU UUID. Device NodeID | a40e-6éb86-6fc3-c4da2ce92cTe; WAILIE
EIKETRID, 580 export

MACA VISIBLE DEVICES=0, 2o

FASTEST_FIRST: #RIBIGEITEEESI NIRFIEHE
FASTEST_FIRST. PCI_BUS_ID
MACA_DEVICE_ORDER Fo
(BRIA FASTEST_FIRST) ‘
PCI_BUS_ID: 1R4E PCl 8% ID AFHITEE.

R

WRILEN 1, WEH binary cache,
"EN 0 HEER, BA binary cache,

MACA_CACHE_DISABLE 081 (FRIkAF0)

$E7E cache XHEENME.

MACA_CACHE_PATH filepath LRIGER, cache XHEMEERIAERT
(<user home>/.metax/shadercache/).

SR AEETEIIEA cache HIIRA size,
YR cache EHBITXMAR, MIR#ITE
7.

WARIGERY, BikJ 256 MB. MNPIGEIB 4
GB, MR 4GB £

integer

(desktop/server FE& RIS
268435456 (256 MB) Bf&K
79 4294967296 (4 GB))

MACA_CACHE_MAXSIZE

HATES
BN 18, Stream EBEHRIZERMARD,
MACA_LAUNCH_BLOCKING 031 (BRikA0)
IEE N 0B, Stream EEEIAZERIMARD,
SEMNOHR 7] t FiRINEE, t ot
MACA_TRAP_HANDLER 0-2 (BiAm 1) WER 08, XM trap IRIFE, trap FLEH

R snop FESBEAITE kernel 2o
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HETE g EE ARE

REN 1B, FE trap LIRIIEE, XX Fatal £
SEHIT ER.

BB 2B, B trap LIRIIEE, XT Fatal 2£%
B Numeric KR E##HT LR,

KWEN 1K, ZMHEUENEREZM GPU
B queue, BE—PHEZPMHZM GPU B
queue @ GPU 232 Tk,

WEN OB, —PNHEXRIEEIN GPU B f
queue HTIM G R, HE#EALBEIHER
FEfY GPU BB ¥ queue EIFYME GPU 3R T 1k

MACA_MPS_MODE 081 (BRINK0)

REN 1, BRENEISEIXAETSERR

&2

MACA_GRAPH_LAUNCH_MODE | 031 (BAiAA90) i
REN 0K, BRENESRIIRBINEZRE
RRHET

ARZSIFETE, MRSS LEHAMBERFHEE
Mo TF insmod ko BY, fEM:

pri_mem_size 0-36 (ERiANF 4), B KB insmod metax.ko pri mem size= XX
(xx WEBEIREN private memory size, BA{I
79 KB)

4.5 EHABARER

o Ry GPU XFnBEMETE MXLOG_LEVEL K& MXMACA BB HEREFR, rIEFR
T

o off: XHHTHH

o error: {Y4TEN error &3HE

e warning: HitH warning & error RFIBE

e info: it information. warning X error &3 HE

e debug:. WEEZAE

B A% GPU L4R2, B FEEFERREN printf BTGNS, HaTLUER) MXMACA IRshE 4+
HAEEESZRE, mcanalyzer sh&SE, &Mt mcLog API, WNE 4-7 FiR:

o fFRAmcLogAPIZE], FEinclude BRI, mxlog.h fiiF MXMACA R BEMINIZE/S include
BHRXHFE=R mxlog;

o IRIBNAREFNTHESFENENX, HEAMEMNA ncLog APl: LOGE/LOGW/LOGI/LOGD/LOGV;
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o fFA mxcc HIFH, FEIBTE-1mcanalyzer HIFEN;

o fEFAMRETEMxLOG LEVEL, ALUSKEHERHRREFR. NRZIMELERIGE, MXMACARI(E
_/|\$ké Bl‘JE/u\EHUHjH_{EEgFQ&5 _HXZE error _‘Z% infoo

o mcLogDemo

4-T7 mcanalyzer zh&EERALAY mcLog API /Rl

4.6 IHERBRERHER

4.6.1 {EF GPU printf

WEEmESEMAREHEREEN, BERS GPU SIS S IZRMEBEER print £ RKEFTENFEX
=84

KRG

£/ GPU printf, REMLEBIT:

__global void vectorAdd(const float* a, const float* b, float* c, int
width, int height)

{

int x blockDim.x * blockIdx.x + threadIdx.x;

int y = blockDim.y * blockIdx.y + threadIdx.y;

int 1 g
if (i < (width * height))
{

c[i] = ali] + b[il;
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printf ("c[%d]:%f \n", 1, c[i]);

}
£ kernel BEEAINT printf /5, WITIER, [EMHBLEREIBOUWE 4-8 Fir.

4-8 printf K4 R

ME] 4-8 REATFILIEL, SAEZRHREEEER printf MBERN, — 1M EIERER 64 MEIZRIZR
MR ORITENS R, BRTARIELIERSLIZRZBINFTENNF, &b, FiIFEERITENME BRIRAE
FARIAE FRIATI

4.6.2 fFH GPU Trap Handler

IR =ZR418 GPU BIREHSZH54E Shader iTHREIF 4R E S # TRAP_STATUS FF289, HERRIREZEM
WIERE R ERIEN—% trap 389, Trap 892 fF Shader LIESHIERSIHAT trap kernel, 7E trap
kernel AT LAE MALRAE WA ZZRE, WIBERZNE 4-9 Fmo
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shader

Y

R SEINED > trap handler

&iXinterrupt signal,
‘H{sshader g

KMD

cookie:

MXMACAEREIE#ZHIForceDestroyQueueffishaderiEsR

UMD

E—

4-9 GPU Trap Handler %2772

v
N
® i&&mcr:g_final_error
v

ZFEESTAIAPI

BT trap kernel IhaE, HEFPEREFMAENEEESI, MXMACA R#{THER A EH 4 HAEXIERE

BUHA P #TIEF A EE.
RS RA

/8 GPU trap handler, REIARIZINTREAR:

#include<mc runtime.h>

typedef struct

{
alignas (4) float f;
double d;

} attribute ((packed)) test type mem violation;

__global void trigger memory violation (test type mem violation *dst)

atomicAdd (&dst->f,1.23);
atomicAdd (&dst->d, 20) ;
dst->f=9.8765;

int main ()

{
test type mem violation hd={0};
test type mem violation *ddd;

mcMalloc ( (void**) &ddd, sizeof (test type mem violation));

mcMemcpy (ddd, &hd, sizeof (test type mem violation)

;mcMemcpyHostToDevice) ;
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trigger memory violation<<<dim3(1),dim3 (1)>>>(ddd) ;

mcMemcpy (&hd, ddd, sizeof (test type mem violation),mcMemcpyDeviceToHost) ;
mcFree (ddd) ;

return 0;

}
MRBTULAERERIUTHIRER:

[17:00:27.516][TDR][D]client_id 8, type 1, excp_type 4

[17:00:27.5161[TDRI[D]===== set exception (dev 0. gpu id 0x3573) =====

H17:00:27.608][MCR][E]mxﬁdevi(e.(pp :1729: Memory violation exception happened in the shader, the mcruntime api will be disabled
[T7:00:27.868[[MCRI[EJmx_signal.cpp 215 Failed signal [Ox7TT514ac5480] wait

[17:00:27.868] [MCR][E]mx_device.cpp :3255: submitReadMemory failed!

[17:00:27.868][MCR][E]lmx_command.cpp :63 : command Oxb9dba60 status invalid! Current status : -1,try to set status : -1

[17:00:27.868][MCR][Elmc_runtime_api.cpp 721 : 36901: [7ff3f4aad580] mcFree: Returned mcErrorlllegalAddress
[17:00:30.263][TDR][D]kill compute queue: device id is 0, queue id is 0.
[17:00:30.264][TDR][D]destroy sdma queue: device id is 0, queue id is 16.

4-10 trap FHIRER

BERXFAERNLEES, MCR BAHIETREE “[MCR][EImx_device.cpp:1729:Memory violation
exception happened in the shader, mcruntime api will be disabled” Hi&&E7T g final error,
NN EIEERE: NZRHALLTFEXE 3—Memory violation, SRt ESERETLUNE, K
ITAVZ R E RS T BEF R R AERIRIZE/NT 0, R EIBERIZERITTT.

CERBAILZIM: BFELSIE test type mem violation Hl alignas (4) Xt float H{T5RFIXTFT
MR EEFMA#HIT T attribute ((packed)), FTASMIR test type mem violation HY size /g
double:8 fl.E float:4 FF 12, HTF 64-bit #Y atomic IRIEERYIEILIR 8 FTXTF, HXEML
MRLBERBERITT, FALAEIKRT trap.

A2 il TMECR BN AT AR 1% R -

#include<mc runtime.h>

typedef struct

{
float £f;
double d;

}test type mem violation;
__global  void trigger memory violation (test type mem violation *dst)
atomicAdd (&dst->f,1.23);

atomicAdd (&dst->d, 20) ;
dst->f=9.8765;

int main ()
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test type mem violation hd={0};

test type mem violation *ddd;

mcMalloc ((void**) &ddd, sizeof (test type mem violation));

mcMemcpy (ddd, &hd, sizeof (test type mem violation),mcMemcpyHostToDevice) ;
trigger memory violation<<<dim3(1),dim3 (1)>>>(ddd) ;

mcMemcpy (&hd, ddd, sizeof (test type mem violation),mcMemcpyDeviceToHost) ;
mcFree (ddd) ;

return 0;
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5.1 ARiB/%BIEE

—MEERES, FAEETSN:

DOT

https://www.graphviz.org/doc/info/lang.html
Grid 5 ZELY
IPC Interprocess Communication HIZENEE

R T BN IERE X HRRIEIRT. FFN.
Makefile Makefile EECHBEERIN. XEF. K, AILUE
FAZ4E shell FrigftByE I ap < KT B EM T

MCRTC MetaX Runtime Compilation BT MXMACA C++UiB1TAY4miRE

MetaXLink KB& GPU D2D #0024

MXMACA Bift%H, £XF MetaX GPU BYREHZR4GF0TH

mxcc
BESFMEIR TR & T B4R 1328
MXMACA MetaX Ad h te Architect RBSHEHEY GPU %1%, B8 7 AR GPU KRR
etaX Advanced Compute Architecture
P . BIER. WEEREERHTAEH
Peripheral Component Interconnect-
PCle P P SRR T BN RASATE
Express
SIMD Single Instruction Multiple Data B, SR
SIMT Single Instruction Multiple Thread BIE<. HHIE
SVM Shared Virtual Memory HEEUNEF
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