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NCCL EZA&A 2B NCCL Introduction CUDA #1174y CUDA Kernels

NCCL #JI514 Init/Bootstrap FAE X FOFZUL Send/Receive
1B{SZE%3 Communication Architecture 1B=1MY. Communication Protocol

T |88 1= Inter-node Communication
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OPTIMIZED INTER-GPU COMMUNICATION

NCCL : NVIDIA Collective Communication Library

Communication library running on GPUs, for GPU buffers.

NVLink
PCI
Shared memory

T

Sockets
InfiniBand
Other networks

Binaries : https://developer.nvidia.com/nccl and in NGC containers
Source code : https://github.com/nvidia/nccl
Perf tests : https://github.com/nvidia/nccl-tests
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NCCL DL stack

® ZOMI

Frameworks (Tensorflow/Horovod, PyTorch, MXNet, ...)

|

|

CUDNN CUBLAS
4 4
CUDA
| |
NVIDIA GPUs

9
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MULTI-GPU TRAINING: Single-GPU

parameters

PN
\/

Database : GBs of
input data :
batch images, sound, ...

images)

Forward/

Update Backward
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MULTI-GPU TRAINING: Data parallel

parameters parameters parameters parameters

batch batch batch batch ~

local gradients local gradients local gradients local gradients

NCCL Allreduce : Sum gradients across GPUs
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INTER-GPU COMMUNICATION

————————————————————————————————————————

i
i Intra-node
- =
| PCI, NVLink :
e
PCl Gen3 JJ 12 100GbE, TCP/IP Sockets ] 10
PCl Gend [ 24 100Gb IB/RoCE [ 12
p100 (DGx-1) [ 62 ax 100Gb (DGx-1) [ 48
v1o0 (DGX-2) N 122 8x 100Gb (DGX-2) [N s2

A100 (DGX A100) [ 232 8x 200Gb (DGX A100) [ 192
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NCCL API Overview

// Communicator creation

ncclGetUniqueId(ncclUniqueId* commId);
ncclCommInitRank (ncclComm_t* comm, int nranks, ncclUniqueld commId, int rank);

// Communicator destruction / fault tolerance

ncclCommDestroy(ncclComm_t comm);

ncclCommAbort (ncclComm_t comm);
ncclCommGetAsyncError(ncclComm_t comm, ncclResult_t* asyncError);

// Collective communication

ncclAllReduce(void* sbuff,
ncclBroadcast(void* sbuff,
ncclReduce(void* sbuff,
ncclReduceScatter (void* sbuff,
ncclAllGather(void* sbuff,

void*
void*
void*
void*
void*

// Point-to-point communication
ncclSend(void* sbuff, size_t count, ncclDataType_ t type, int peer, ncclComm_t comm, cudaStream_t stream);
ncclRecv(void* rbuff, size_t count, ncclDataType t type, int peer, ncclComm_t comm, cudaStream_t stream);

// Aggregation/Composition
ncclGroupStart();
ncclGroupEnd();

ZOMI

rbuff,
rbuff,
rbuff,
rbuff,
rbuff,

size_t
size_t
size t
size_t
size_t

count,
count,
count,
count,
count,

ncclDataType_t type,
ncclDataType_t type,
ncclDataType_t type,
ncclDataType_t type,
ncclDataType_t type,

ncclRedOp_t op,

int root,
ncclRedOp_t op, int root,
ncclRedOp_t op,

ncclComm_t
ncclComm_t
ncclComm_t
ncclComm_t
ncclComm_t

comm,
comm,
comm,
comm,
comm,

13

cudaStream_t stream);
cudaStream_t stream);
cudaStream_t stream);
cudaStream_t stream);
cudaStream_t stream);
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NCCL BOOTSTRAP: Principle

Once (typically on worker0):

“
ncclUnigqueId id
q W

ncclGetUniqueld (&1id) ;
broadcast to all ranks(&id);

On all parallel workers:
get unique id(&id);

ncclCommInitRank (&comm, nranks, &id, rank);
ncclAllReduce (.., comm) ;

& 70MI 15 Course https://chenzomil 2.github.io/
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NCCL BOOTSTRAP: Principle

Once (typically on worker0):

ncclUniqueld id

ncclGetUniqueld (&id) ;
broadcast to all ranks(&id) ;

IP/port info .

| o e
On all parallel workers: ";‘/,,p? L"? ";érp ”n'k"§°

get unique id(&id);

ncclCommInitRank (&comm, nranks, &id, rank);
ncclAllReduce (.., comm) ;

& 70MI 16 Course https://chenzomil2.github.io/
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NCCL BOOTSTRAP: Principle

Once (typically on worker0):
ncclUniquelId id

ncclGetUniqueld (&id) ;
broadcast to all ranks(&id) ; IP/port/info for all ranks

On all parallel workers:

get unique id(&id);

ncclCommInitRank (&comm, nranks, &id, rank);
ncclAllReduce (.., comm) ;

& 70MI 17 Course https://chenzomil 2.github.io/
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NCCL BOOTSTRAP: Principle

Once (typically on worker0):

ncclUniqueld id
ncclGetUniqueld (&id) ;
broadcast to all ranks(&id);

On all parallel workers:

get unique id(&id);
ncclCommInitRank (&comm, nranks, &id, rank);
ncclAllReduce (.., comm) ;

Allgather rank information
Allgather ring/tree information
Exchange connection information as
needed (ports, IB queue pair, ...)

% ZOMI 18  Course https://chenzomil 2.github.io/
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NCCL BOOTSTRAP: Principle

NCCL Bootstrap {E[E— MEZH {5 TCP/IP sockets KiEEZAERY Ranks, FAGIRHE— 1N IMSIETE Rank
s [BfERIAEIHVEE.
NCCL Bootstrap uses plain TCP/IP sockets to connect ranks of the same job. It then provides an out -of-band ch

annel to exchange information between ranks as needed.

Bootstrap #2{FfE NCCL BN AHANERZ R ERY, NEEZRTHIEM (Init) iR, ZZAWEILART
FSIERERT send/recy 181,

Bootstrap operations are available during the entire life of the NCCL communicator. They are mostly used durin

g init, but can also be used for dynamically connected send/recv operations.

2 ZOMI 19  Course https://chenzomil 2.github.io/
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NCCL ARCHITECTURE: Optimized kernels for all platforms

HFME SN EERE Kernel 147
Topology detection Graph search Graph connect CUDA Kernels
Build graph with all Extensive search to Connect graphs Optimized
GPUs, NICs, CPUs, find optimal set of between nodes. reductions and
PCl switches, rings or trees. copies for a minimal
NVLink, NVSwitch. Connect GPUs with SM usage.

Performance intermediate
Topology injection for prediction of each FIFOs, using PClI, CPU threads for
VMs. algorithm and auto- NVLink, GPU Direct network
tuning. RDMA, ... communication.

Input  Output
buffer  buffer

Previous Next
GPU(s) GPU(s)

= = B m
HE
= = =&
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¥aIMEED: Extensive support for all platforms

PCI topology, speed . IB speed, multi- VM topology from
EPHEBRCTIE VEor  and (CPU aiffinity NYkInk port, socket-direct  cloud hypervisor

cpuid/arch NVML IB Verbs " z(LMTlc-)P? lFeILE

Build topology § Raw XML §
graph topology
NCCL_TOPO_DUMP_FILE

o

H B

S

PCI DGX-1

DGX A100
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MIGFAZREE]: Intra-node graph search

o
SR EE
=J- -

DGX-1

© TRAHITSE
=R, =XR
BitiRETRKW
TP RIEEE

EI
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- FR#E Channel £§
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e = EE D
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P REE(S: Connect rails together SHLER

|

I .F.« =' o XIS Rings T

Fiz=iEies Yl P HEEERE

uumﬁnunﬁlmuiu||||ﬁn|||lnlnﬁlmlﬂu|u||
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I TR AT
e ' B

DGX-1 DGX-2

% ZOMI 25 Course https://chenzomil2.github.io/



https://chenzomi12.github.io/

P HEE(F: Rings vs Trees

of
gl
ZL
fZL
W
S
ya
0
3]
7
%
op
T
i

Latency = O(n) Latency = O(log2(n))
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. Dual binary tree
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T =BE(S: Dual binary tree

3] (6] [0 4 69 P2 @9 Bo () (5] () (3 {7 P 25 [

[1]3]5]7]9 |11|13|15|17|19|21|23|25|2\7|29|31| \ o|2 |til|.‘6 | 8 |£o|1;_|i4|1é;|i8|26|£2|2;|£6|2é|§o|

13| 15| PREAHN-NH, 3—&ENeE (2 — |
12 14 13| —FHIEUE, ROABNEHE (7 A — 5

Half the data goes through each tre

T 0 16 30—31}-—{15

e, achieving full bandwidth
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GPU &{5t%/»: Principle

Input Output
buffer buffer

- GPU %I\
____________ 1 t el ________ - i®ZGPUM FIFOBAFI

MELtE GPU HzIgFIA
IREE

FIFO

T™I T
111
111
| A .
S S S S Eaw e e e e ol

Reduction p L__1 o (ERAARHFNTIZE P XA
I
: 1T reductions F[] copy ¢
1E
Previous GPU(s) Next GPU(s)
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B REhE

GPU T
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GPU Direct RDMA

fERES
EER

11

ERA*%
EER

FIFO

r
I I

I I

: | Infiniband w/

: :GPU Direct RDMA

IRZAE

CPU 2
A

FEbts Rak
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GPU 5=
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Communication semantics E(SIEW

ncclGroupStart();

ncclSend(sbuf, ssize, sdtype, peer);
ncclRecv(rbuf, rsize, rdtype, peer);
ncclGroupEnd();

Create any operation involving sending and receiving to/from different peers. Grouping operation tog

ether is needed to guarantee forward progress and no deadlock.

sendrecy gather scatter alltoall neighbor
N 7
NV N V7 Ve ” ” Ay LAy v | v o '
AN AN rd A d 2T AT
S~ - |~ '7 /// ’//,/// - N
*’%\. « 7 A1 N

® ZOMI
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Alltoall latency Alltoall Bandwidth
1400 50
1200 45
40
1000
— — 35
5 800 —_—278 F30 N Ttteeen, — 2.7.8
S N LT O P —— 2 8 4
£ 600 —— 0 .8.4 > 25
= @ 20 — eeeses Ideal
400 x
15
200 10
0
8 16 32 64 128
GPU Count 16 32 64 128
GPU Count

- BB REUEIN, MSETIE SR - iR ERLAEs Utam

1]

& 70MI 35  Course https://chenzomil2.github.io/



https://chenzomi12.github.io/

PILE{RAL

© A BN, RAREMINBEHE
Alltoall BW
60
50
- 40
o
2 30
=
%
< 20
10
.
2.7 2.8
DGX-1, 8x V100

& 7Z0MI 36  Course https://chenzomil2.github.io/



https://chenzomi12.github.io/

07. @IS

Communication Protocol
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NCCL &£ 3 FARRYMY LL, LL128 F0 Simple :
Ho Al EBARERER (~lus, ~2us F[] ~6us)
HoplBEAETE (50%. 95% F1 100%)

AR Bt M EERIER.
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LL 173)

LL, Low Latency {H¥:
T NEIEEER . NUBEEBR T, FI TR mmAd, RS HRATER,
HEAHRAEIR . 8 bit [RFFEEE, IREERES.
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LL128 {i1Y

LL128, Low Latency 128 {1HY{&HRHE{4 NVLink SEHQ:
BRAMY : LL128 BESLABYRIEIRIA RIS KT RS, NCCL 21EHA NVLink B4 EERAERIZINY.
(REER: 128 S5 EFIFHE,
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Bring Al System to every person, home and
organization for a fully connected,
intelligent world.
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