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BIEExE

BEHER
E5BEEME BERIE(RIE)
BEEERE
oA - BR5ES
SEEFRR(EEYS [ BN - SEREERt
. $:‘ E . . MPI/OpenMPI
Collective communication
WRIBEE - GLOO. MSCCL, HCCL, etc.
WRESBEE ]
EFNCCUBEE -  ACCL. TCCL etc.
NCCLZEMEE
Tree All Reduce&j%
“— NCCL SSH@T (©
RIMHRRS B
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XCCL: XXXX Collective Communication Library

BEE. #HE. #HEHES Rank [BIXFR
PyTorch (S IIBEAHESEE
PyTorch HiITHITESEBEHTEERE
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T4 =28 (s
- BEEE MPI EERLS:

MPI B {SEESERIEHIFI4ER TR T

FrEMPIEBSES A BRI AR ARBEEHX—24

X BEEAVEHEY 7 A LS ESSIES IS
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42 &St
BSEE MPI EERLS:
{518 (communicator) B— M REHIBEEMS. HEE LT (context) , #HFEAH (group) , FEHA

SCIEZEHRIN (topology) . HEFRHEHERIVRERMIME, RABEHPAAEGHIENSS. —MBEE
IR — iz,
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ta=#izSiHEH
HIE (process) S5HIEAH (group) K&K:
BMHEEM EE—R (—NHEXIMN— Process ID) ;
E—MNEETUUETZNHER (BN EHEEAREEEHE1ZHE Rank ID)
E—NMEETLUETFARREES (PID) , Fittal BFARRESHE.
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BEESHIEEZANXR
F—HE, AT ARIERES:;
F— N, AR SARBEHAEE, EATR.
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* Pipeline Parallel
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* Tensor Parallel
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Data Parallel
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DP && MP i&{

> Hybrid Parallel
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02. PyTorch
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PyTorch 3 %nzliJllE5 ki

PyTorch 30 TUi)I|ZRE{SHKER torch.distributed fRERSCIN, HiZ{H P2P 1 CC MFES S
Point-2-Point Communication: 2 send ] recv 1IN, HFHESELE(E;

Collective Communication: 2{it scatter/broadcast/gather/reduce/all reduce/all gather 1B{SH2{E;

/N[E] backend TEIRHAIEEIEN LEE—EHESRM

& 70MI 14 Course chenzomil?2.github.io
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PyTorch 53Rzl

* PyTorch AP BEZRAAIZE distributed.py FIEN AVZLHESEEY DDP :class:torch.nn.parallel.Distribut
edDataParallel’, [0 NCCL/MPI/Gloo ZFn T B{SEEEXIAY ProcessGroup 514,

distributed.py

reducer.h comm.h

ProcessGroup.hpp

vt || oo el
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RimEEEZITE

GLOO MPI NCCL HCCL
Device CPU GPU CPU GPU CPU GPU CPU NPU
send v X v ? X v X v
recv v X v ! X v X v
broadcast v v v ? X v X v
all_reduce v v v ? X v X Vv
reduce v X v ? X v X v
all_gather Vv X Vv ! X v X Vv
gather v X v ? X v X v
scatter v X v ? X v X Vv
reduce_scatter X X X X X v X Vv
all_to_all X X v ! X v X v
barrier v X v ? X v X v

& 70MI 16 Course chenzomil2.github.io
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P2P Communication IE{E Step1

Step| #1851t :
PyTorch DHIVBEIRIE ([RIE) FAR1, FEXNDMHIVERHITYVISEN

PyTorch 3T HRIRIEBIT torch.distributed.init_process_group K55

def init_process(rank_id, size, fn, backend='gloo'):
" Initialize the distributed environment.
os.environ['MASTER_ADDR'] = '127.0.0.1"

os.environ| '"MASTER PORT'| = '29500°
dist.init_process_group(backend, rank=rank_id, world_size=size)

17 Course chenzomil2.github.io

@ ZOMI


https://chenzomi12.github.io/

P2P Communication I£{E Step2

Step2 1B(F1Z4E:
BT rank_id SR HBINIZHITHR— rank A S51245;
PyTorch 1#1d torch.distributed.send() 3L tensor &1X, B send Z[EIEEREY isend EFEEREYL;

PyTorch F1@1d torch.distributed.recv() KSCH tensor UL, B recv 2R ERE] irecv 2R EEREYL;

& 70MI 18 Course chenzomil?2.github.io
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P2P Communication I£{E Step2

f run(rank_id, size):
tensor = torch.zeros(1)
if rank_id ==
_tensor += 1
dist.send(tensor=tensor, dst=1)
print('after send, Rank ', rank id
dist.recv(tensor=tensor, src=1)
print(Tafter recv, Rank ', rank_id,
else:
dist.recv(tensor=tensor, src=0)
print('after recv, Rank ', rank_id,
tensor +=1
dist.send(tensor=tensor, dst=0)

print('after send, Rank ', rank_id,

has data

has data

has data

has data

, tensor([0])

, tensor[0])

, tensor[0])

, tensor[0])
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P2P Communication IE{E Step3

Step3 {ES3/2EN:
{85 torch.multiprocessing KN HE, EHEXT python FEF multiprocessing /3% ;
multiprocessing.set_start_method FHF8I%E child process FI,, BIIFE(E/Y fork. spawn F[] forkserver,

{853 spawn, child process (NS48 parent process FJWEE resource, file descriptor ] handle IJAS4RIE,

& 70MI 20 Course chenzomil2.github.io
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P2P Communication IE{E Step3

if __name__ == "_main__":
size = 2

_processes = |[]
multiprocessing.set_start_method("spawn")
forrank in range(size):
p = mp.Process(target=init_process, args=(rank, size, run))
p.start()
processes.append(p)

for p in processes:
p.join()

21 Course chenzomil2.github.io
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03. PyTorch 11825
BEHT
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Stream & Event EAHES:

|
» python (pid 118898): CPU
v thread 118898 (python)

0ms X X X X 120 ms X X X X 140 ms ) X X X [60 ms X X X ) ]30 ms

‘ DistributedDataParallel.forward

i

7832 items selected. Slices (7831) Instant Event (1)

v thread 120411 (python) ¥ 10d:allreduce

Name 7 Wall Duration ¥ Self time ¥ Average Wall Duration ¥ Occurrences ¥ Event(s) Link
ProfilerStep#1 96.521 ms  58.020 ms 96.521 ms 1 Outgoing flow ac2g
DistributedDataParallel.forward 34.452 ms 7.193 ms 34452 ms 1 Outgoing flow ac2g
c10d:allreduce_ 14.961 ms 0.048 ms 2.992ms 5 Outgoing flow ac2g
ncclall reduce 14.767 ms 0.360 ms 2953 ms 5 Outgoing flow ac2g
record param comms 15.205 ms 0.202 ms 1.689 ms 9 Outgoing flow ac2g
aten:unflatten dense _tensors 2.455 ms 0.674 ms 1.228 ms 2 Outgoing flow ac2g
Optimizer.zero grad#SGD.zero_grad 0.592 ms 0.592 ms 0.592 ms 1 Outgoing flow ac2g
aten:flatten_dense_tensors 0.964 ms 0.388 ms 0.482ms 2 Outgoing flow ac2g
autograd:engine:evaluate function: AddmmBackward0 0.282 ms 0.029 ms 0.282ms 1 Outgoing flow ac2g
autograd:engine:evaluate_function: ConvolutionBackward0 13.116 ms 0.830 ms 0.247 ms 53 Outgoing flow ac2g
ConvolutionBackward0 11.755 ms 0.383 ms 0.222 ms 53 Outgoing flow ac2g

2 ZOMI 23 Course chenzomil2.github.io
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Stream EAHES:

{§5F3 CANN/CUDA FUREF—iREEAMEEEEUE, ATETREESMATERM,
11T Stream CANN/CUDA BVFEFRR] LABRUISRFEIFMMBEEEF (1T, BAEETIE.

CANN/CUDA Stream 25— L Kernel 322/E, BEIZBE host (XIZREIBINSEHITIE device L,

= ZOMI 24 Course chenzomil?2.github.io
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Event EAHES:

Event &£ CUDA fgfE2F FBFAJ[8EF0 Stream [EZ—FH415,
FO1F CUDA Stream HEIEIRICR, 1CR4FERE Start and End time, MTMINIEIXLE Kernel H4THTE;

Event BJLAMIAA—FEZ 2R EEHE, A0 GPU HUTIEE, EABFHITIHER RAFRICRATE.

= ZOMI 25  Course chenzomil2.github.io
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Stream & Event [BE1TE5FH1T

PyTorch IBE51TEF1T, FEET Stream (FHTEES]) SEvent (FFES]) X MEHAIE
EBEIRsCIL:

1T H1T

LTI T TS S EEEssEsEEEEEEEEEEEeS . ST T T T TS T ST TS TS T ST SIS TSI e EEEEEEEEETETESS ,

| : : |
&R OPI OP2 : | OP3 OP4 OP5 :

: : : :

T ] ; ] >

| : | !

| | ) |

| | 0 |

] 0 ] |

| 0 | |

| 0 | |

| 0 | |

| 0 | |

| : : |
BER | XCCL | ! ! XCCL?2 :

i i i >

——————————————————————————————————————————————————————————————————————————
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Stream & Event [BE1TE5FH1T

9379 host N&S device 11T, ZHBAFZ:
ZE— query Z55R not ready, /9 OPI IRRHATIEE, event EESF
OP2 A& Stream2, EHF OP2 B F/AT wait stream?
BB wait Stream?2 [ FAR{ESFENINEZE event SSREA T
synchronize() 2R, FTLA host [HZEEZ! event 5ok 4R E]
Z AR query, IREIAYNIZ ready

& 70MI 27 Course chenzomil2.github.io
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Stream & Event [BE1TE5FH1T

Not Ready Ready
Host Launch Q’; Launch :
y Synchronize Query
Oﬂ - OP2 >
Device:Stream | OPI Even
Device:Stream?2 Notify Wait OP2

= ZOMI 28  Course chenzomil?2.github.io
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Stream & Event [BE1TE5FH1T

ProcessGroupXCCL FEGSESEOSER ProcessGroupXCCL::collective [, 1z =W —
MERELFN: XCCL EESBEENERRE. N TREIESEER (xccStreams) FESE(E
ERAE,

1% Inputs/outputs EEE2ENAITEIRL Tensor, ABA: OPI HiH{E/9 HCCLI % Tensor, IEHY

1Z Tensor RIFHBESIHTEMRLAFE, PyTorch FRERE, S OPI 5R7F, M HCCLI

FEREDNEE

EEHITESEED Tensor HRTF, 27 Stream EREB EEIE (PyTorch W7FES Stream 4B3E)

29  Course chenzomil2.github.io
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Stream & Event [BE1TE5FH1T

Host Launch OPI Launch xccl
\\ — >
-l«-l_""‘/nt[, \ OPI
g , >
! 0
! :
| >
! 0
! 0
]
BER XCCL |
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Stream & Event [BE1TE5FH1T

collective() EIY syncStream() ERENFERECAIRN: TEIR FA& event, EEEIR FA— notify
wait 545 OP| 58hk, Tensor ToEfGIE, HRFHRKIEE(RE,

Host Launch OPI Block Launch xccl
S~ —— >
TER OP event
BER notified wait XCCL |
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- FEECEGEMBFENTERLEEFIEAN, EAT7?
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Stream & Event [BE1TE5FH1T

work.wait() JﬂLUﬁ&t%EIaT“ =, wait() BRESUAFZ! ProcessGroupXCCL:WorkXCCL:synchronizeStr
eams(), 1EBIJ block {18 currentStream ¥ AT EIRMIFEE .

ABA record 2TEWFEEMLAFAAY? collective() HIEIY xcclEndEvents £ xcclStream & record,
FHF work.wait() EREZH1T block,

& 70MI 33 Course chenzomil2.github.io
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Stream & Event [ B(EiTt5H1T

xcclEvents xcclEndEvents_
Host Launch block Launch block Launch
TTER Event Notify Wait OP2
\ >
BER Notify Wait xccl | Event
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IMNESREE
THE=TRAARRE

PyTorch ESBESITEFHT
BEE. HE. HEAS Rank [@XHR
PyTorch (73 IIREAAESERE
PyTorch HUTEHTRSBEHITERIRE
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Bring Al System to every person, home and
organization for a fully connected,
intelligent world.

Copyright © 2023 XXX Technologies Co., Ltd.
All Rights Reserved.

The information in this document may contain predictive
statements including, without limitation, statements regarding
the future financial and operating results, future product

portfolio, new technology, etc. There are a number of factors that
could cause actual results and developments to differ materially
from those expressed or implied in the predictive statements.
Therefore, such information is provided for reference purpose
only and constitutes neither an offer nor an acceptance. XXX
may change the information at any time without notice.
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