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Model Parallelism, MP f2EYF1T

Tensor Parallelism 5KEFF{T
Principles F{T/RIE
Matmul EFF1T
Loss #RKEFHT
Transformer 21T

Tensor Redistribution 5K&EEHE ( MindSpore )
Stochastic Control FBEH1FEE

Pipeline Parallelism 77K & T
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Data parallelism #3EFH1T

. Data parallelism, DP 256 x 256 x 3
2. Distribution Data Parallel, DDP
Fully Sharded Data Parallel, FSDP

24599 x 35688 x 256
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MP(1): Pipeline parallelism 7{7KZF 1T

Model divided layers into different devices, which we called pipeline parallelism

KE&FHT | imiRBlayerEI D EIARIRE | BIEEFT
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MP(ll): Tensor parallelism 5§KEF1T

Divide parameters in the layer into different devices, which we called tensor model parallelism

SKEFHT | BT EEFHERNSHSREIARIRE , BIERHT

Device 1 Device 2 Device 3 Device 4 Device 1 Device 3

p
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MP(ll): Tensor parallelism sKEF1T

Divide parameters in the layer into different devices, which we called tensor model parallelism.
How to segment the parameters to different devices, i.e., the segmentation mode? W{a[tJ]55 ?

How to ensure mathematical consistency after segmentation? Z0{A[{RIFIERRE ?

Device 1 Device 2 Device 3 Device 4 Device 1 Device 3
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Mathematical Principles #{=/R1E
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Mathematical Principles #{=/R1E
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MatMul FB[FSREFFH1T
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MatMul FB[FSREFFH1T

X{ERGERAN , MEAEFNE | 5 A DERITUID
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Transformer: MLP

Y = GeLU(XA)

A
X=[X;,X,],A = [All
2

Y:GeLU(XlAl + XzAz)
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Transformer: MLP

Y = GeLU(XA4)
ST N
E Pl X = XA m%@l:if
x|t f - =
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i = | X (= XA, d% @lr::
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Transformer: MLP

L e e e = — — — — — —— — e e —————

& Y = GeLU(XA) " Z = Dropout(Y B)
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Transformer: Self-Attention
Z=Dropout(Self—Attention(XA4), 5)
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Transformer: Embedding

ie. GPT-2 used a vocabulary size of 50,257. iZREIARV4EEY] S , AIEKERFMEESIEARESRK ,
SREIBIT All Gather TS MEE LA TEMELER | NMTESRI=EHRES
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Recommender: Embedding

Table-wise split mode is when each GPU stores a subset of all Column-wise split mode is when each device stores a
the embedding tables subset of columns from every embedding table

Categorical EEENNES Embedding table 0 Embedding 0 output

. ’ - | -
Categorical Embedding Embedding feature 0 Columns 0-63 Columns 0-63
feature 4 table 4 4 output GPUO
Categorical Embedding table 25 Embedding 25 output

feature 1 Columns 0-63 Columns 0-63

Categorical . Embedding

|
GPUO feature 2 Sl D 2 outpuit |

Categorical Embedding table 0 Embedding 0 output
feature 0 Columns 64-127 Columns 64-127

Categorical , Embedding
feature 0 Embedding table 0 0 output GPU 1

Categorical Embedding table 1 Embedding 1 output
feature 1 Columns 64-127 Columns 64-127

Embedding
3 output

Categorical
feature 3

Embedding table 3

GPU 1

Categorical
feature 1

Embedding

Embedding table 1 1 output
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Cross Entropy Loss

EXIEIRANESERET | logits MEIXZ! [bs*seq_len, vocab_size] FFENMRF LITER AR , BFATEE
EEBXRAFRFDEIZMRE LHITITE ;

DEMBERG—E—IEIER softmax #] cross entropy Kt ERK, WMRKFIHEIFEX , 2EHERE
FREFMEFITE logic 780F |, LWASRTLURERSERISLERE YD ;

L = Loss(logits, labels)
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Cross Entropy Loss

DRERT  NFENERFUEZRS p F 1 —p |, LATRENSD ¢
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Cross Entropy Loss
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Cross Entropy Loss
Step2 input(logits) Ex AX{ERIZ : input(logits) EEEHEEHZA(EGK softmax , All Reduce (Max) #{E(FRIE T
REIEEBRREAE , BRhEEE.

Xmar = MAX, (MAXk (xk>)

Step 3 exp sum Ssoftmax ITE : exp sum BJ softmax ITTE A EESS , All Reduce (Max) H{E{RIUE T3k
2 £ B9%0,

max exi —X

zj o ZJ_ o Fmax — Zp Zk %X max

max

softmax (xl-)
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Cross Entropy Loss

| Step 3 exp sum Ssoftmax I8 : exp sum Bf softmax
ITEFRIDEER . All Reduce (Max) #{FRIUE T 3%
2= Br9F0,

softmax (xi)
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Cross Entropy Loss

|. Step 4 ITE Loss : input (logits) 5 one_hot t83EFHKFN , B2l label fIE{H im , FH1T all_reduce (Sum)
2BEE | REITE log softmax BEHIN LRSS , BEIS B EHIIRAEE loss,

logits labels
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Review: Deep Learning Fundamentals

L. XY —MHE RIS

O

2. EXMALERR

3. -L-'—%*%g#%%ﬁ*yi%ﬁ . derror derror derror derror derror
dw; dw, dws dw, dwe ‘

T i T T i
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Stochastic control(1): Computational SEJeR{LBENE

SEWIIRER MIRENSER =R
WOHEIRIEIE , FIERIRE ES 2 E 24
FAFN , KRETEIERETIE

Random seed P

Random seed P
E 1

Device 1

----ET----

Random seed P

Device 1
E 1

Device?
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Stochastic control(1): Computational EFITERIFEHIE

- MBI EE TR , FHHTERIRE R

* i.e.: Dropout, TruncatedNormal, StandardNormal, Multinomial, StandardLaplace, Gamm. et. al.
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Stochastic control(lll): Effective

accuracy

1.05

1.00
0.950
0.900
0.850
0.800
0.750
0.700
0.650
0.600
0.550

0.000 10.00k 20.00k 30.00k 40.00k 50.00k 60.00k 70.00k 80.00k 90.00k

ra
o

..
Name Smoothed Value Step Time Relative
1SS

loss

i

250e+3

2.00e+3

1.50e+3

1.00e+3

500

29 Huawei Confidential. Ascend & MindSpore www.hiascend.com

www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

+
Summary 545

ST NREF TR GET | KEFTEZEERFT. WKEEEREHT , —K

KR ERKEFT , TEEREEHT |

SKEFTEERXNEWREHI TS | YD HTVETT (Row ) H153F051 ( Col ) Y153 , MEEEH!
BERILAERESTEEE L |

sKkEFTERENRIE MatMul EFH17 , 813 MatMul BJLAFAEZ! Embedding, MLP, Transfor

i Tl
HES 71717 ,

KEFTHRRESTISHIEBIIETR , FEIEHEETIESFRIETIM FIRE |

mer

BUILDING A BETTER CONNECTED WORLD Ascend & MindSpore 30


http://www.hiascend.com/
http://www.mindspore.cn/

https://zhuanlan.zhihu.com/p/450854 172 £ ExE-HBAIEE+ STV IGSRIEF 1L IS

2 https://developer.nvidia.com/blog/training-a-recommender-system-on-dgx-a | 00-with- 100b-parameters-in-tensorflow-2/
3. https://developer.nvidia.com/blog/fast-terabyte-scale-recommender-training-made-easy-with-nvidia-merlin-distributed-embeddings/
4. https://www.mindspore.cn/docs/zh-CN/r|.7/design/operator_parallel.html

5. https://www.mindspore.cn/docs/zh-CN/r|.7/design/distributed_training_design.html
6. https://colossalai.org/zh-Hans/docs/features/2D_tensor_parallel/

7. https://zhuanlan.zhihu.com/p/507877303

8. https://zhuanlan.zhihu.com/p/450689346

9. https://zhuanlan.zhihu.com/p/497672789

BUILDING A BETTER CONNECTED HORLD Ascend & MindSpore 31 www.hiascend.com
www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

BUILDING A BETTER CONNECTED WORLD

[HANK YOU

www.hiascend.com

www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

