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|, IHIX NCCL i B 2 ARMRGPU &£8)I|I4XRE, BE EER TN X (
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Ring &% -- Fat ring

32 Ring &% -- Hierarchical rings
FNEEZNX X -- Native binary Tree
XN _—X ¥ -- double binary Tree

BE{RER 515%3% -- when Tree and Ring
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Baidu All-Reduce: P REIRHRIIGIE

- {3 Ring 5T, all reduce EiEIRE K Message {EHIRER (2017)
- {5 MPI-Send #[] MPI receive = 2|siES1=SCH all reduce EE;

- ¥R AP GPURIEHIRTIA, OpenMPl £ GPU TRIERIET,

Send

Reducer

Send

-«

Receive
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Baidu All-Reduce: P REIRHRIIGIE

Data transfers in the first iteration of scatter-reduce
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Scatter-reduce data transfers (iteration 2)

Arrays Being Summed i

Arrays Being Summedi

| ay | by | Co | dy | eg+ey |

|lao | by | Cj | dy | € |
ay

[+ [ [ = [ = [ =« |
I ag | by I C3+Cy | dy I e |
Lo [ = [ o« [ s | o ]

Scatter-reduce data transfers (iteration I)

Arrays Being Summed ;

I by | C | dy | egtey |
g
I by+b,y | Cy | d, | € |
g
ag | by | C3+Cy | dy | e |
g
a, I b, | [N | dy+dy | €y |

Scatter-reduce data transfers (iteration 3)

i

| ag | by | [ | dy+da+dy | egtey |
| a+a; I b, | c | d, | egte e, |

a+ayta, by+b, | c, | dy | e |

| ag I by+by+by | Ca+Cy | dy | e |
| a, I b, | Ca+Cy+Cy | dy+dy | ey |

g

sums after the first iteration of scatter-reduce is complete

Arrays Being Summed i

ay | by | Co | dy | ey |

i

a, | b, I cy | d, I e, |
g

a, | by | [ | dy | e |

g
ag | by | c3 | dy | ey |
g
R T S R BCw
&

Scatter-reduce data transfers (iteration 4)

| ay I by | Ca#+Cy+Cy+Cy | dy+dy+dy | egte, |
| a+ay I b, | c | dy+dy+dgtd; | epte +e; |
| a;+ag+ay I by+b, | c, | dy | egte +e +e, |

a‘+a0+a2+agl by+b,+by | Ca+Cy | dy I e |

| a, |b2+b‘*b3*b4| Ca#Cy+Cy | dy+dy | ey |

g

>
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Baidu All-Reduce: P REIRHRIIGIE

Final state after all scatter-reduce transfers

ay |b2+b‘+b3+b,+bal Ca+Cy+Cy+Cy | dg+dg+dy | egtey |

a;+ay | by IC3+Cz+°4+Cn+°|| d4+d3+do+d‘| g+ey+e; |

| a+agta, | by+b, | [ |d4+d3+dn¢d|+d2| €pte,te+e, |

| a,+agtay+a | by+b+by | Ca+Cy | dy Ieu+e4+e‘+ez+eal

|a‘+a0+a2+a3+a4| by+by+by+b,

Ca+Cp+Cy | dy+dy | e I

AllGather data transfers (iteration 2)

°3+°2+°A+°ol dy+dg+dy I egtey |

|a‘+ao+az+a:,+a4l by+by+bg+by+by

| a;+ay Ib2+b,+b3+b4+bﬂIcg+c2+c4+cn+c‘l dy+dg+dg+d; | eptete; |
| a+agta, | b,+by |03+c2+c4+c0+c| I dy+dgidgedy+d, | €gteste e, |
| a+agta tag | by+by+by | Cg+Cy | dg+dg+dp+dy+d, Ieu+e,,+el+e2+e‘.,|

Ia\*ao*32+33*34| b2+b‘+b3+b4| Cg+CytCy | dg+dy |eo+94+e‘+ez+93|

Data transfers in the first iteration of the AllGather

| ay |b2+b‘+b3+b4+b°| Cg+Cy+Cy+Cq | dy+dy+dy | eg+ey |
4
| a;+ay | b, |c3+cz+c4+c°+c|| d4+d3+do+d‘| eg+eyt+e; |
4
| a+agta, | by+by | Cy Id,+d3+do¢d|4d2| egte,te +e, |
g
| aj+agtaytag | by+by+by | Ca+Cy | dg Ie0+e4+e‘+ez+e3|
d

Ia,+a0+a2+a3+a4| b2+b‘+b3+b,,| Cg#Cy+Cy | dy+dy l e

L

AllGather data transfers (iteration 4)

Ia‘ +agtay+agtay I by+b+bg+by+by

Cg+Cp+Cy+Cy | dy+dg+dg+d,+d, Ieo+e4+e1+ez+e:,|
Ia|+ao+az+a3+aal by+by+bg+b,+by Ic;+c2+c4+cn+c| I dy+dy+dg+d Ieo+e4+e1+ez+e:,|

|a|+30+32*’33*’341 by+by+bg+by+by Ics+cz+54+co+c‘ I dy+dg+dg+d;+d, I €gt+ey+e,+e, |

ay+agtay+a, | by+b,+by+b,+by Ic3+c2+c4+:~4,+<:1 Id,+d3+d0+d‘+d2 Ie04e44e‘4e2493|

|a‘+ao+a2+a3+a4| by+by+bg+b, |03+cg+c,+cg+c‘Id4+d3+dn+d‘+d2

e+, +e +ey+e; |

\

AllGather data transfers (iteration 1)

Final

ay Ib2+b,+b3+b,+hol C3+Cy+Cy+Cqy | dy+dg+dy | eg+ey |
a;+3y | by |ca+cz+c4+co+c‘| d4+d3+d°+d|| €pteyte; |

I ay+agta, | by+by | [} |d,m3+du+d|+d2| egte +e +e, |
| a,+agta +ag | b,+b,+by | C3+Cy | dg Ien+e,,+e|+ez+eal

|a‘+a0+a2+a3+a4| b2+b,+b3+b4| Ca#+Cy+Cy I dy+dy | A |

\

state after all AllGather transfers

Ia|+ao+az+aﬁ+34 I by+by+bs+b,+by Ica+cz+c4+cn+c‘ Id,+d3+du+d‘+d2 Ien+eA+e|+eZ+e3|

Ia‘+ao+ag+a3+34| by +by+bg+by+by |°3+°2+° 4+Co+Cy I dg+dg+dg+dy+d, Ieo+eA+e‘+e2+e3|

Ia‘+ao+az+a3+a,,| by+by+bytb,+by Ica+c2+c4+c0+c‘ I d+dg+dg+d+d, Ieu+e4+e‘+e2+e3|

Ia‘+a0+az+a3+a,,| by+by+by+by+by |03+v?+c4+cu+c| I dg+dg+dg+d,+d, Ie0+e4+e‘+ez+e3|

Ia,+ao+a2+a3+aA I by+by+by+b,+by |05+02+c4+cu+c1 I dy+dg+dg+d+d, Ien+e4+e|+ez+e3|
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Baidu All-Reduce: B A HRIVIIEIHE
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1600 -

Data Transferred = 2(N — 1)K /N

1400 -

[
N
o
o

=
o
o
o

800 -

_ 3 {2250 LLM )| |70 AMBERVAEAREY
_ 25 GPU #E LG

Samples Processed Per Second

200 -

0 5 10 15 20 25 30 35 40
Number of GPUs

5@,2‘ ZOMI 10  Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

FRBERIBEX

https://space.bilibili.com/517221395/channel/collectiondetail?sid=3130927

1 2 3 4

s ugirgedmol I x@pci-gesee - HE ieuci-gedco: B xEUW-Sedes =

FoaE %&iﬂ BERE/EE f A ?ﬁ’%&iﬂ

RE N8 AR 5 095 e e [l EEERRESR?

¥ 08:30 v 16:00 T = 17:28 = 18:17

ARENEEBEATNA #X1R8 AT LBERSBERE? NCCLIZRM  REBEERE/RE/ B2 Al RS BEFERIFREHA?
B 485 #5K88E Bt AR? #KRE #BE #5858 4?7 #KRE #H8(E #R58E SEBERERR? #XRE 4@

12

5 6 -
"Txgwew-gadtos N xdusu-gedTos N xdwsw-gedEor " cdwcw-medEos

gomnn || #eBErsn BAEE BT

Rank
%ﬁm Procell Group I0-Die & Base-Die B & RoCE
B 22:08 F—— = 17:04 — = 14:07 — B 2218

ARBEHITHESBERERAFT BEEETA8EZ? PyTorch 2 MRARREE Al REFRVBIE, BFE 2 LKATETAREKBREEK, 7B
MATHYIR! #KIRE #REBE SMEEEE? #XRE #KE8BE  TRORAGEEKRAK? Yes! #X18  Atlas O00KEAT ! #ARE #5

| ( 3006 0-oU (») S662 /=2

11 Course https://chenzomil 2.sithub.io/



https://chenzomi12.github.io/
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Hierarchical Rings
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Ring HiZAE

HANE: SEISCIEEET Ring All Reduce, NVIDIA NCCLvI XBSEXRBEIZEL, B8R
IREPIIAN T R TEE, SRXEEEIREEERN 1N,

EAMGF,: Star, Tree T/ INHUREERF, BEZE: 2xX(N — 1) Step;

%"ﬁ

fim=: SLMEER, RS FAEN RN LT T

R BEEREET REEIEEN, 532X T/ MEIBRENECEBARE ) RingZKK, Ring All

Reduce EFEHBSTEIRK.
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5| Tree Hi%

All reduce B{EFRTFITEZA GPU ERIBRESKFN, 1@EERIA Ring LWL TEm. MHIEE)Z:
(FEERERY GPU NUENN, ring all-reduce FEIRSZR 4T ;

FHatHI ARSI T30, KADERN"HIREX (Hierarchical Rings) BV T ¥R
(Flat Ring) , LEKSEIFHTE, FRIREELER,

D EIMBIA T HRRXNERE, NCCL 2.4 fRAS|INT tree HiA, Bl double binary tree; 2.4 by
ARfa, NCCL [ERfE® Tree 1 Ring &iZ;
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PR

- AP (Native binary Tree) EEIGATE NPU T Rafaidk— R, %FF broadcast, re

duce, BULRF,

Level O

Level 1

Level 2

Level 3
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PR

{BRI% root THFAEE broadcast —MEE M %5FF 8 NPU T35, root &8 M RIXGMMIFTR, H
rETRKEIEE M EBAEXEFIR, HTRRASEFIR, biHERRSEK M,

Level O 1
/\
Level 1 2 3
/\ /\
Level 2 4 5 6 7
/N /N /N /N
Level 3 8 9 10 M 12 13 14 15
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IR EAMAFT?

% M 093 /8 k1™ block, MFesFlFRZET

o (Stream 2) , BHATAILUFVKEFITIEE,

Level O
=
Level 1 2
//\
Level 2 4 5
/N /\
Level 3 8 9 10 1
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MPI 5|\ Double Binary Tree &iX

2009 & MPI 5|\ double binary tree §i%, SEEIAFT BHFLEENETE (AJLLASHK—
A all reduce, FEHATIAZY, REHRITT 1) FOXTERERAVLE, FH15E/NE or pEY CPU £
HNESEEEREL4EEETF.
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Double Binary Tree %7148

Rig—3HE N PNk, MPIHEFBA/NAIANK TIF T2, TI FETHRE T2 AHTA, T
M T2 FEEE, SERREEMI—F, XESIT RIS A LIRS ARZ.

LAN =10 730, ME2HAIEME0T:
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Double Binary Tree Hixi5=

ALBTRETI A T2 fiEFIRTAORENEMERE, 0 node A £ T FiEIH LI EANILERIR
TR, 3 T2Fh A —EEE EEANERIRT A,

AeBEHEERFHERNEEEE, U node B £ TI hEEHE, 1R B BT EHIE
AFER, 34 B —EEdEENNERGF A,
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Double Binary Tree HiZlIisk

FERNER T(E, 5PN RFRETE, A8 L2 lEINgiERX e TR, W
R RPERICN, FHTEPERERN, — M PERFILIENER, MmFIR T
D %ﬁo
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Double Binary Tree &R

T2 fRRRFR I
shift BB\Z, & rank [E7C shift —{i, 0 rankl0 Z5RK rank9, RIS TI (RIF—EL, (18 T1 1 T2 &G
TE—H;
mirror, 1§ rank ${&, %0 rank0 $RR9 rank9, {F15 T1 0 T2 WEERBREINIFR, A mirror AR
REFAFiR®E (NPU/GPU) #ABHMZE, BUSFED REMERHERMHTIA,
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Z(E1X Double Binary Tree Hi%
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Z(E1X Double Binary Tree Hi%
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Z(E1X Double Binary Tree Hi%

- BT EEERIRRAE T RN, MM, NCCL H tree RBTTRZIE,

_%gﬁo 0 31
§] 24 7] 23]
ST AN o
e o™ - ™ N = - P Mg
4 12 20 28| 13| 11| 19| 27
LN / \\'-\ /// \ // \\\ 3 '
2] [6] [10] [14] [18] [22] [26] [30] 1| (S| [9] [13| [17] [21] (25| |29
A 'K' K X ,"\‘ 'j [" ’ .‘4 v v
1]3[5 [7[9 [11[13[1s[17[19]21]23[25[27]29[31] [0 ]2 46 [8 [10]12[14]16]18]20[22[24]26[28[30
13 15 2| [1]
12 = 13 7 S s 5
1} 0 16| 30—{31}--{15

& zom

TRAZE

29  Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

Z(E1X Double Binary Tree Hi%

- BT EEI SRR T AN, AT XA, NCCL 1 tree REFTHRZIE, TTRAZE

—SREE,
NICO NIC1 NIC2 NICO NIC1 NIC2 NIC3
GPUO GPU1 GPU2 GPU3 GPUO GPU1 GPU2 GPU3
NVSWITCH NVSWITCH
GPU4 GPU5 GPU6 GPU7 GPU4 GPU5 GPU6 GPU7
ey KT o
DGX-A DGX-B
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Z{E1X Double Binary Tree HiEWER

INRBFXFRNEINER, FRTIRSRRAE—NTREIM—DFRI, FiEFREEFH LRI
M FR, MRERXFRNFIET—IRRLE—Fr0E0E, WEINFRESSIER—FHY
SRR, AE—FREHRERIR, ERXARNEIEL ESIA—R .
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P RIRRX, FESEHAPRE

24,576 > GPU, Trees BEXN=IE NCCL latency
B, 5 Ring ZRBEEHERTT X Allreduce, Sbytes
51200
Mgk, £ 24k GPU FHEES0JE Jsg0p | — NCCL2.4 - Trees
= 180 1ﬁ s NCCL 2.3 — RINgS
12800

(£F DBT WRISRHE, TME o
£, HFRAE InfiniBand LEFIHEE 3200
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L3S, WEARE TR,
ATREEERT NCCL IB{EEA Infi 100

niBand EEHEIAZZ BAIRERE T 200
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GPUs
,w% ZOMI 33  Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

NCCL BEENE

* NVIDIA &£518(5E (NCCL) 2—1°3E MPIE(SEE, ALl GPU NESBERABEXIEE:

* all-gather / all-reduce / broadcast / reduce / reduce-scatter / point-to-point send and receive

& zom

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 PCl, CPU threads for

VMs. algorithm and auto- NVLink, GPU Direct network

L

i

tuning.

=

- =

RDMA, ...

communication.

Input  Output
buffer  buffer

Previous Next
GPU(s) GPU(s)

15 <ANVIDIA.
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PRIEEX, HERRABPE

T RIRIERTEIRE /)N, BD
FEREARIER T, &
A ~HBB BRI, B
B, SZEASHFEREKX
i, NCCL =BzitRER,

& zom
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ringFltreeAdikiE
FAF{&EN n Bytes IKIEEE, SFERY:

time = latency + n Bytes / algo_bw

Echannel#l) , PASSIRYESE

2

algo_bw A& Ew, BiliE%&m e dbus_bw (B channel /7
MRYEFEX R T —EMZIE, 4 Tree 3R 0.9,
ITTEEIATE, Tree BIPRLL2, L1T7—IR, MMTRBEISTREREEIEE, Ring BRLA

2x(nranks — 1) / nranks,

NCCL st B NS AR ZA T e bR (R F 2 bandwidthsFlatencies, = FHF#1Tallr
educe apifYR RSB getAlgolnfol t EH B E I AF MY B ERINITHIE], 1FEHEIURY,
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Ring #l Tree A9 EIE
FAF{&EN n Bytes IKEEEWE, SFFEHT:

time = latency + n Bytes / algo_bw

NCCL FitEHIESFMYFIE L, EEEFIUE FTH R RIEIR{RFZ] bandwidths F[] latencies,
HFFEEHRIT allreduce API BF1E1T getAlgolnfo TR HBMEZFNMYABSEIHITRIE], THE
VWSES
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Bring Al System to every person, home and
organization for a fully connected,
intelligent world.
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https://blog.csdn.net/KIDGIN7439/article/details/ 135102930

https://developer.nvidia.com/blog/massively-scale-deep-learning-training-nccl-2-4/

Baidu Allreduce https://github.com/baidu-research/baidu-allreduce

Horovod https://github.com/uber/horovod

Xianyan Jia, Shutao Song, Wei He, Yangzihao Wang, Haidong Rong, Feihu Zhou, Ligiang Xie, Zhenyu Guo, Yuanzhou Yang, L
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