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XCCL £ Al ZZXPRIE

xCCL
NCCL eilore MSCCL Megatron-LM (MindSpeed) User/API
ACCL RCCL oneCCL
PyTorch / MindSpore Framework
Collective +
All-Reduce || All-Gather || All-to-All e _T_e_fjf?_"_i Bucket {| Message
Broadcast Reduce-Scatter
Megatron-LM (MindSpeed) >>> AllReduce | | AllGather All2AlI P2P Controller/
Collective
P2P Communication
Hardware Topology MPI GLOO NCCL HCCL Data Transfer
Ring Torus Fat-Tree
Ring Tours Fat-Tree Topology
Hardware
CPU NPU(GPU/TPU)
RDMA NVLINK RoCE CXL PCle SHMEM Link
Highspeed Interconnect
Ethernet InfiniBand
CPU NPU (GPU/TPU) Physical
RoCE NVLink
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Devices and Streams 18 &#ll Sreams ifi :

NCCL RJLAEZ ™ GPU [E#ITIB(E.

[EHF NCCL 32§55 CUDA i (Streams) £pk, SEMRELBEHIFTITR,
Synchronization [@%:

PHRTES, ALEREXSEE,

NCCL IZHSZMELSRIE, eg barrier @8, LIRRHEEHITESBEN—BUAE.

Performance Optimization TEgE{{L :

RUEENEEEH. SURENHIELE. EERD. #UERD. BESUHEHITHNHAE
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BIEEPHE

Collective Operations EES1B(SIR{E:

NCCL SZHRFZMEGBEERIE, FLES GPU BT RIBITEURRIZHIGH.

eg. | & (Broadcast) . %Y (Reduction) . BBE (Aggregation) . AllReduce, AllGather 55,

Processes and Groups HiEF14H:
NCCL 2 (Processes) RS SBEITTET A,
HIEALABIRARE (Groups) , LMEEERNHITESEE.
Communicators B5H :
BEESSBEEHHEENERIEEERTE, EEX T —HiEREERHSIIHE,
HIZPE MHESW O E—NFS, FRME Rank, HFEESMHETISE Rank K TIE(S.
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eI/ Communicator

ncclResult_t ncclCommInitAll(ncclComm_t* comm, int ndev, const intx devlist) {
ncclUniqueld Id; 798 CUDAIZEIERE—" unique rank
ncclGetUniqueId(&Id);
ncclGroupStart();
for (int i=0; i<ndev; i++) {
cudaSetDevice(devlist[i]);

. ncclCommInitRank(comm+i, ndev, Id, i); @lzEcommunicatorfds2, &4 comminutor XEEEE Rank

ncclGroupEnd();
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eI/ Communicator

ncclResult_t ncclCommInitAll(ncclComm_t* comm, int ndev, const intx devlist) {
ncclUniqueld Id;
ncclGetUniqueId(&Id); ncclGetUniqueld() BlIEE unique ID, BT IBEFTBHEXAIEIHE
ncclGroupStart();
for (int i=0; i<ndev; i++) {  Unique ID fFIEHIEINSGIZES, LT HEZL
cudaSetDevice(devlist[i]);
ncclCommInitRank(comm+i, ndev, Id, 1i);

}
ncclGroupEnd();
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gliEZ 1 Communicator
ncclCommSplit X8 CommunicatoriF {75y, 1EEXS 22 sub-partitions;

int rank;
ncclCommUserRank(comm, &rank);
ncclCommSplit(comm, @, rank, &newcomm, NULL);

& 25— 1B Communicator, EEZ6IE—MEGE /D AranksAIE N communitor,

int rank, nranks;

ncclCommUserRank(comm, &rank);

ncclCommCount(comm, &nranks);

ncclCommSplit(comm, rank/(nranks/2), rank%(nranks/2), &newcomm, NULL);
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e1iE2Z 4 Communicator

PEREFEERIR communicator FRATE ranks —EIEA, BMEREL rank HABEIX communicator —7B7>, BFEEHR c
olor S#1ZE /9 NCCL_SPLIT_NOCOLOR EiEF.

int rank;
ncclCommUserRank(comm, &rank);
ncclCommSplit(comm, rank<2 ? @ : NCCL_SPLIT_NOCOLOR, rank, &newcomm, NULL);
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({EFHZ 4 Communicator

-« {EAZ"NCCL CommunicatoriEZ/NOBUHITRIZS, BUSIERMIEEL. NCCL kernel&E NFFEIERSRMEE, 7Tl
HAB{H A CUDABMEER S SR B EL, EHREEEFSITERINCCL kernel5Eh%.

- BINCCL kernelfE EFEEEISRERBIUN R BIHAICUDA operationt N TRAFIFIS S8, EANCCLBESHITCUDA
JEF, TINCCLAYCUDAERSHABAGIFERGFRI— 1N CUDARIFRIT 5.

____________ 11

I
FIFO |
I

Reduction

o
¢

Previous GPU(s) Next GPU(s)
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Finalizing a communicator

ncclCommFinalize =38 —NcommunicatorMncclSuccessiAZSEE2 nccllnProgressikax, FFIBTEAkbackground PRV FHE{E
HE5EH tranksZ [BlF1TEIZE,

ncclCommFinalize =& AT R FTAHVIRIELAN 5iZ communicaotr FT/EHI M LB RAIR RS HiflushedFF R IGE. —BRT
BRINCCLIR{EERST T, communicator& RS EE B ncclSuccess, BJLAEIE ncclCommGetAsyncErrorSEEIAAZS,

ncclCommpFinalize

ncclResult_tncclCommFinalize(ncclComm t comm)

Finalize a communicator object comm. When the communicator is marked as nonblocking,
ncclCommeFinalize is a nonblocking function. Successful return from it will set communicator state as
ncclinProgress and indicates the communicator is under finalization where all uncompleted
operations and the network-related resources are being flushed and freed. Once all NCCL
operations are complete, the communicator will transition to the ncclSuccess state. Users can query
that state with ncclCommGetAsyncError.
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Destroying a communicator

—/CommunicatorfiFinalizeZ 5, T—HERMGEETHENEERE, BACHCHSHER. ncclCommDestro
yERESFEEE—> CommunicatorfY A EFT/E R

A ncclCommDestroy BHEINERXT N, E’JCommun|catorE’JJk,u\EnchSuccess, AT LMFIEX MR EEIEEZE, SN
NMERRIEESBEE., SFFBEE— > CommunicatorfUFTE RIFEIAGIRE], XFMHICommunicatortB ANBERHB{H.

ncclCommbDestroy

ncclResult_tncclCommDestroy(ncclComm_t comm)

Destroy a communicator object comm. ncclCommDestroy only frees the local resources that are
allocated to the communicator object comm if ncclCommFinalize was previously called on the
communicator; otherwise, ncclCommDestroy will call ncclCommFinalize internally. If
ncclCommFinalize is called by users, users should guarantee that the state of the communicator
becomes ncclSuccess before calling ncclCommDestroy. In all cases, the communicator should no
longer be accessed after ncclCommbDestroy returns. It is recommended that users call
ncclCommFinalize and then ncclCommDestroy. This function is an intra-node collective call, which all
ranks on the same node should call to avoid a hang.
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SR HLE

int ncclStreamSynchronize(cudaStream_t stream, ncclComm_t comm) {
cudaError_t cudaErr;
ncclResult_t ncclErr, ncclAsyncErr;

while (1) {
cudaErr = cudaStreamQuery(stream);
if (cudaErr == cudaSuccess)
return 0;

if (cudaErr != cudaErrorNotReady) {
printf("CUDA Error : cudaStreamQuery returned %d\n", cudaErr);
return 1;

}

ncclErr = ncclCommGetAsyncError(comm, &ncclAsyncErr);

if (ncclErr !'= ncclSuccess) {
printf("NCCL Error : ncclCommGetAsyncError returned %d\n", ncclErr);
return 1;

}

if (ncclAsyncErr != ncclSuccess) {
// An asynchronous error happened. Stop the operation and destroy
// the communicator
ncclErr = ncclCommAbort(comm);
if (ncclErr != ncclSuccess)
printf("NCCL Error : ncclCommDestroy returned %d\n", ncclErr);
// Caller may abort or try to create a new communicator.
return 2;

}

// We might want to let other threads (including NCCL threads) use the CPU.

sched_yield();
}
}

® ZOMI

FTERINCCLERESIREI—1NCCLIFIRE (e

rror code) ,

NEREANNCCLERIR[EIRerror codeA~EncclSuc
cessE & ncclinternalError, FFEINCCL_DEBUGIE
B AWARN, NCCLEFTEJH human-readablefd
SEENEIRE T HASKIZERIRE.
YNERNCCL_DEBUGIZEHNINFO, NCCLtEEF]
ENESEZERAVER, LB AR T

=l
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SR HLE

int ncclStreamSynchronize(cudaStream_t stream, ncclComm_t comm) {
cudaError_t cudaErr;
ncclResult_t ncclErr, ncclAsyncErr;

while (1) {
cudaErr = cudaStreamQuery(stream);
if (cudaErr == cudaSuccess)
return 0;

if (cudaErr != cudaErrorNotReady) {
printf("CUDA Error : cudaStreamQuery returned %d\n", cudaErr);
return 1;

}

ncclErr = ncclCommGetAsyncError(comm, &ncclAsyncErr);

if (ncclErr !'= ncclSuccess) {
printf("NCCL Error : ncclCommGetAsyncError returned %d\n", ncclErr);
return 1;

}

if (ncclAsyncErr != ncclSuccess) {
// An asynchronous error happened. Stop the operation and destroy
// the communicator
ncclErr = ncclCommAbort(comm);
if (ncclErr != ncclSuccess)
printf("NCCL Error : ncclCommDestroy returned %d\n", ncclErr);
// Caller may abort or try to create a new communicator.
return 2;

}

// We might want to let other threads (including NCCL threads) use the CPU.

sched_yield();
}
}

® ZOMI

—Ebcommunicator fE1R, TLEHEMBSEIR, S8
& ncclCommGetAsyncErrorfREIRES .

RES DRIV ER BB EH T N RFH
Bz {FE KA gesThk. EILSFREERARE
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rrorB{Zk destroyXJ M AYcommunicator,
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bool globalFlag;
bool abortFlag = false;
ncclConfig_t config = NCCL_CONFIG_INITIALIZER;
config.blocking = 0;
CHECK(ncclCommInitRankConfig(&comm, nRanks, id, myRank, &config));
do {
CHECK(ncclCommGetAsyncError(comm, &state));
} while(state == ncclInProgress && checkTimeout() != true);

if (checkTimeout() == true || state != ncclSuccess) abortFlag = true;

/* sync abortFlag among all healthy ranks. */
reportErrorGlobally(abortFlag, &globalFlag);

if (globalFlag) {
/* time is out or initialization failed: every rank needs to abort and restart. x/
ncclCommAbort (comm) ;
/* restart NCCL; this is a user implemented function, it might include
* resource cleanup and ncclCommInitRankConfig() to create new communicators. x/
restartNCCL (&comm) ;

}

/* nonblocking communicator split. *x/
CHECK(ncclCommSplit(comm, color, key, &childComm, &config));

do {
CHECK(ncclCommGetAsyncError(comm, &state));
} while(state == ncclInProgress && checkTimeout() != true);
if (checkTimeout() == true || state != ncclSuccess) abortFlag = true;

/* sync abortFlag among all healthy ranks. x/
reportErrorGlobally(abortFlag, &globalFlag);

if (globalFlag) {
ncclCommAbort (comm) ;
/* if chilComm is not NCCL_COMM_NULL, user should abort child communicator
* here as well for resource reclamation. x/
if (childComm != NCCL_COMM_NULL) ncclCommAbort(childComm);
restartNCCL (&comm) ;
}
/* application workload x/

® ZOMI

NCCLIZH T T Zfeature K1 FAIBIN FAM™=EERY
ERPIREZIEE, tLAINSEREAN. TRE
MIAR RIS, BXEFRIERRERRE,

R FBRIZBERZVE AR ncclCommAbort J3 A RETE
RIHY communicator RYSRIR, FAFREUE—1NHTRY co
mmunicator 2REEZ BIAVESS., N T{RIUE ncclComm
About BEIETE(E(AIRYBIR#IERE, FTBHAINCCLE
FIEBRILARIAEEEE (5F20) HUIRME.

AT IEMRIFA, Z— " communicator {EE—4
ranktH$E 7 RIENR, ATEEtAIrank&BFREEA nc
clCommAbort SEERE(18 28 NCCL communic
ator, FAFRJLASEI S EZRREMHARHRLIUKREES
H XL communicator FHEFHFIEHFIHINCCL
EE.
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RAIR(E

EE(R2(E (Collective Operation) FTEEME rank VAR, MITIZB—/REEIFRURIE. WNERAWANERTRE
SEHH rankf g NTTRHIFT.
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Group functions

BREF LIRS MAREHR—. B=MAE, BiBrLIESEX
ER— 1 SEEEZS 1 GPU
ROBEET, Mmigriiee

B FZ N send/receiveSBYAY XS RIRAE,
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