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XCCL: XXXX Collective Communication Library

E51EEEE (Ring/ Tree / Torus All Reduce etc.)
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02. All Reduce
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All Reduce

All Reduce = Reduce + broadcast
All Reduce = Reduce Scatter + All Gather

NPU O NPU 1 NPU 2 NPU 3 NPU O NPU 1 NPU 2 NPU 3

All Recluce Sum
A C
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All Reduce = Reduce +broadcast

All Reduce = Reduce + broadcast

Il
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All Reduce = Reduce +broadcast

£ Reduce + broadcast B2, Reduce 5518 N 5K NPU #£/E reduce sum £l master Rank NPUO _L,
FHEIT broadcast & NPUO ARt EE S HIZIE i NPU:

e
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All Reduce = Reduce +broadcast

BISEHE: N Rank #3E reduce sum ElJ—"™ Rank, eg [BRIEA—1 T/ 8 1 Rank, & Rank &
I00MB, 8 /™ Rank 800MB, SEIXPUO ESRELRIEUE, HA Rank RS, SERISEK;

BE(EHEE: NPUO WMEH BRSO, ATA Rank #HEREEREIE NPUO i#1T reduce #[] broadcast, FHEE
IRAIAE NPUO T Eaf IiRZN. e.g Tensor Parallelism;

BExiGFr: NPU RA—EMRHEEEK, N ™ Rank HE—X Reduce B broadcast, ZRMZEZEEAMESCIN, &
XK ring/tree TREKIHIT reduce B broadcast, EEEFRER(K.
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Reduce Scatter + All Gather

All Reduce = Reduce Scatter + All Gather

AO BO
A1l B1
A & A2 B2
A3 B3

Al1+B1+
C1+D1

A2+B2+
C2+D2

A3+B3+
C3+D3
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Reduce Scatter + All Gather
B NPU RENaiEiESEdE, HaXEdEsRm, BEFED A
Reduce Scatter: 5 scatter IR EHEIREBIHATIT reduce, H3K NPU BB IE=EMSHIE%RHE;

All Gather: H{T2E Gather @, &EFTE NPU E<152I=2AIHE;
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Reduce Scatter + All Gather

T AFKEZR S EERF Reduce Scatter + All Gather?
FOEEE NPU _EETRURARIER, eg —MERE 400MB, reduce scatter YERESCHIRS B NPU NS, BRI&
TR NPU 29 8, 400MB #7793 8 {0 (8 50MB) , M NPU IHEEIURBLFEE,
Reduce Scatter EITEEUBIRDB/NE, FRTFH AT Reduce Scatter, MTTISIB{SHTAFSRTEITEREIN, HIES

All Reduce &,
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Ring BiX
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Ring &%

* NPUs arranged in a logical ring * NPUs Topology
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Ring &i%: Scatter-Reduce + All Gather

Partitioning of an array into N chunks Data transfers in the first iteration of scatter-reduce Itermediate sums after the first iteration of scatter-reduce is
complete

Arrays Being Summed Arrays Being Summed r Arrays Being Summed i
S S I B [+ [ = T « [ & [ o] Ibnlcvldaleiﬂ
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T w e e e |az|blz|c2|az|ez| Ibib‘lczldzlezl
= L= L= L= = | |aa|b3|c13|a3|es| Ivalcizldalesl
“ T % [ = [ « T « ] |a4|b4|a|5|u = [ = [ oa [ o]
L | S—

Scatter-reduce data transfers (iteration 4) Final state after all scatter-reduce transfers
i

[ % | b [ cooorn | doaom | e | [ [orovownen] avcones | aoowty | aves |
Lo L& Lo o] ooa | [Come [ 5 [rerenme] dotots, | oworer |
. RN st | ot | 6 [acsranars] secere, |

a‘+aﬂ+aQ+a3| by+b,+bs I C3+Cy | dy | e |

| ER |b2+b‘+b3+b,,| Cg#+Cy+Cy | dg+dy | ey |

2
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Ring &i%: Scatter-Reduce + All Gather

Data transfers in the first iteration of the allgather

| ay |b2+b‘+b3¢b,§b0| Ca#+Cy+Cy+Cq | dy+dg+dy I egtey

g

| a;+ay | by |c3m2+c4+cn+c‘| dy+dg+dy+d, I €gtey+e;

i

| aytagtay | by+by | C, |d“d3¢dﬂ+d|4d2| e,)+e4+e‘+e2|

g

g

| a,+agtay+ag | by+by+bs | Ca+Cy | dy len+e4+e|+e2+e:,|

Ia‘+ao+az+a3+a4l b2+b‘+b3+b,,| Cg#CytCy | dg+dy I A

'
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Allgather data transfers (iteration |)

I ay |b,+b'+b3+b4+bn| Cg+Cy+Cy+Cy | dg+da+dy | ep+ey

g

| a;+ay I b, |03+02+04+co+c1| dg+dg+dg+d, | €p+eyte;

g

| a+agta, I by+by I C, |d,¢d3+dn¢d‘+d2| €gtey+e1+€, |

g

g

| ay+agtayta, I by+b+bs I Cg+Cy I dy Ien+e,,+e|+e2+e3|

|a|+a,,+a2+aa+a4| b2+b|+b3+b,,| Ca+CytCy | dy+dy | ey

\

Allgather data transfers (iteration 4)

Ia‘ «ao+az+aa+34l by+b+by+b by | Ca#Cy+Cy+Cy | dg+dgrdgrd;+d, |en+e‘+e‘ «ez+e3|

|a‘ +aﬂ+az+aa+a4| by+by+by+by+by | Cg+Cp+Cy+CoH+Cy l dg+dg+dy+d, Ien+e4+e‘ +e2+e3|

|a‘+aﬂ+a2+a3+a4| by+by+bytb+by |63+02+04+00+C‘ I dy+dgtdgtd;+d, | eg+e e +e, |

g

| a+agtayta, | by+by+bgrb,by Ic5+c2+c4+co+c| I dy+dgrdyrdy+d, Ie°+e,+e,+e2+e3|

Ia‘+aq+az+aa+34l by+by+batb, |cs+c2+c¢+cn+c|Id‘+d3+du+d|+d2|en+e‘+e‘+ez+eal

L

Allgather data transfers (iteration 2)

|a,+ac+az+aﬂ+a4lb2+b‘+b,+b,+bol Cg#+Cy+Cy+Cy | dg+dg+dy | eg+ey |

g

| a,+ag |b2+b|+b3+b,,+bnIc3+c2+c4+cn+c‘| d4+d3+dn+d‘| egte e, |

g
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g
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Ia‘+aﬂ+az+a3+34| b2+b|+b3+b4| Cg+Cy+Cy | dy+dg Ieu+e4+e|+ez+e:,|

Final state after all allgather transfers

|a‘¢an+a2+aa+a4| by+by+by+b,+by |cg+q+c4+co+c‘ IdA+d3+du+d‘+d2 Ieﬂ+94+e‘+e2+e3|

|a|+aq+az+a3+a4| by+by+by+b,+by

C+Cy+Cy+Co+Cy I dytdgrdytd,+d, |e0+e4+e‘+e2+e3|

|a‘+aﬂ+az+a3+a4| by+by+bgtbytby |cg+cz+c,,+cn+c‘ I d+dgrdgrdy+dy |en+e4+e‘+e2+e3|

| a, +ao+32+33+34| by+b+bg+b,+by |03+c2+c4+c°+c‘ I dy+dg+dg+d+d, |en+e4+e‘+ez+93|

|a‘ +ao+az+a3+a4| by+by+by+b+by |c3+c2+cé+cﬂ+c‘ I dy+dgrdyrd,+d,

egtey e, +e2+e3|
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Halving-Doubling &%
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Halving-Doubling &%

* Communication with doubling

* NPUs Fat Tree Topology
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O N

GPU1 GPU2

NVSWITCH
GPU4 GPU5 GPU6 GPU7
o B
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NSl

ZOMI
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Halving-Doubling Hi%

* Reduce Scatter * Reduce Scatter
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* All Gather * All Gather
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Halving-Doubling Hi%: #IRE51E(E

HaIving-Douinng EEHIT 2xlog, N &, 1 EHEEN1 Wﬁ B PR VSUE, 224
B9 2 (IR MHIERR P/4 RIEHE, 56 3 ZHEE /I 4 IR 5&?5& P/8 HUZUE, L,tht*?ﬁ
E—F—ysﬁﬁeﬁ’ﬂéﬁ)ﬁiﬁ P/N., EIE, B1MHEREEIRES ;;73 2(P/2+ P[4+ P/B+ -+
P/N) = 2P(N —1)/N
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Efth All Reduce Eii%

Swing: Short-cutting Rings for Higher Bandwidth Allreduce

A schematic illustration of Butterfly All-Reduce

device 1

device 2

device 3
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¥ MEED All Reduce Ei3%

T AIl reduce B/ ZAVLALBIESRER/D>, THRE SEZHEETZE] 7 #hFNED All Reduce BN
(FFEFMILILAIN ReduceFi%, EiE BRI All Reduce EE)

{5130 Torus ¥$h (F3TF AIPSZ8#9) , Dragonfly #hfh (RITEER HPC) .

7 SR AT
? Q\‘}?{";‘%
\ 4.",'»‘.«'«‘.

Z A A=

Torus ¥G#H Dragonfly #f$p
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All Reduce Hi%

ZHESIB(=E%58 2D-Ring All Reduce,  Hierarchical Ring All Reduce, Halving and Doubling Al
Reduce, Butterfly All Reduce, 2D-Torus All Reduce, 2D-Mesh All Reduce, Double Binary TreeZs,
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Collective communication

MPI/OpenMPI
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ARBESSEEMEES

BHEIME, FHTEREAR, FEEFEMSIZEIREEFINHITRE,

A100

A100

PCle x16
Gen4

600GB/s
NVLINK

NVSWITCH

HGX A100 8-GPU Baseboard
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HGX A100 8-GPU Baseboard
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£Mit5 (In-network Computing)
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NVIDIA Spectrum-X

NVIDIA BlueField-3 DPU 2—* 400Gb/s EIRIEITHEFE, RIXERMAENXBIMES, FiEFiRd
R B TEIEAE,

Spectrum-4 BlueField-3 DPU
Dynamic Routing Orderly Data Delivery
Memory Memory
BEA —— ——
o He | — — B —
BlueField-3 BlueField-3
=3 —— [ ]
v
| essgsgss =)
Memory A
M
L e emory
ofcls
oo 1 oo 1
B e | — L— 5 Os
BlueField-3 BlueField-3
D | ey e

2 ZOMI 48  Course chenzomil2.github.io


https://chenzomi12.github.io/

@@@@@



https://chenzomi12.github.io/

IMESRE
THE=TABRE

E51BE58E (Ring/ Tree / Torus All Reduce etc.)

BSEIATE Fat-Tree MEIAFNEM NERETISE, NV XA DBT, Ascend XA HD/NHR;
BEFXENFENGS, SIHERMGSEERERETTAIIR (Flash Attention) ;
BEFZFEREN, EARME (BRTRAORHER) . AEHEH (Fat-Tree/Tours) %55,

& 70MI 50  Course chenzomil?2.github.io



https://chenzomi12.github.io/

NCCL 5 HCCL XJtb

PO [ Al NCCL HCCL Xtk
RoCE vs IB RoCE v2 & IB RoCE v2 UKFREMT, £85I
N, NCCL FHR HCCL Text FHR :
FriRIsI (173 CUDA FFE) (HCCL (KFSFFE) AIRITIR
TRREF NvSwitch BE£ Full-Mesh TP8 NE(=SIMEEEIE R

Reduce iIzEBEN]

JEiT SHARP fRARIZY
AR Z

DMA 5| ZEREEERLY
AR

BIESTTEFHT overlap

B =T33

IB MY FEEIEA NV 155
RoCE 1Y 3785 =75 3&HRA1,

HEEENSHEMETLE
B =T 32

BEINES

D REINS

BHHMH

JRIZRY-R

EERIRE AR

EREM. DR

¥ ZOMI

51  Course chenzomil2.github.io



https://chenzomi12.github.io/

BARFKHEABMTTAE. §IRE.
FNMER, WESYERAVEREHRA

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.

@ ZOMI

Course chenzomil 2.sithub.io

GitHub github.com/chenzomil 2/AlSystem



https://chenzomi12.github.io/
https://github.com/chenzomi12/DeepLearningSystem

