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SEfRBYtransformerf, —/ | self s| (Bl [T 5| =6l Izl 5) .
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W.
Y=XW=[X;, X;] [W;] =X Wi + X, W,

X1 X2 *
2) XEWa
X=[bs, 1) Wi EFEHY]
seq_len,hidden_size] W=[1024,1024],1J]
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X1wi +

3) XIW1RE R
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X1W1=[32,1024,1024]

X2W2

3) X2W2Rh4EE £
X2=[32,1024,512]
W2=[512,1024]
X2W2=[32,1024,1024]
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forward:
_ = packward: 2L-2.
dY; 0dY
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X1A1 X2A2 A,
i i ~
X1 X2 X = [X1;X2]

Y =Y+ Y, (all-reduce)

) i} _
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* backward: Zi—[aaL :L] (all-gather)
X1 0% - AEm
X
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X ..

XW1 + XW2
2) EAWLIFW2RI1T 3) XWIHHER:
BT, AT RIEXFH 1) JFWIFIF151]] [32,1024,512]
W1, W2ig5k, MIXE W=[1024,1024],]] XW2H 4 2 -
AL 5e/aW1=[1024,512]; [32,1024,512]
X=[bs, W2=[1024,512]; MERE— MR RHER
seq_len,hidden_size] 15%1[32,1024,1024]

=[32,1024,1024]
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backward: % Ix, + v

(all-reduce)
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TransformerdaMLP, BN ME, 3£ 7 hidden_size -> 4*hidden_size -> hidden_sizeAZT#t
XA 2> RELU - XB - Dropout

XA XBRANEMEERFATHE? #E. 39 8. U

X1 X2 * = X1A1 + X2A2

Y=ax : ALAEXTATFOX2A2M8INZ R, SeiTy=ax, &
BEF|aX1A1F1aX2A2, B0

A
Y=XA=[X1, X,][, 1=X14, +X,A
v Xolly 15 X141+ X504, T gelu(X1A1)+gelu(X2A2) 1= gelu(X1AT+X2A2), =ETE

geluZBENRE— 1 EE R

XATRIXABE RE—MEEHEN, TSR uam

Y = XA = XAy, 4p] = [XA XAl = Gejy(xat)ingelu(XA2), AEEHIE
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Device 3 F. B. F. ' B. Unsate
F 1 = Time - B. | e
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o FiEMK: B8, #HE. HLINRTS (EX

o IN%k: M workerliHITT

R
e JZoptimizer state 537 2|
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o EF P workersr AZEITAERJoptimizerit &,
Memory
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Baseline - (2 F24K) e W
Poe 2% + 2% + 5
Pos+g 2W¥ + 7(2-'—;{:*‘}'
2+ 2+ K)+ ¥
Pos+g+p N,

Parameters Gradients

fEE]foptimizeriz

A ElEYworker_E

Optimizer States

zH, FELR

K=12

W=7.58
N,=64
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Fall-gather& 2 E #h
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, Step i Step i+
FWD & BWD p update FWD & BWD
Computation stream: GPU CPU GPU
Swapping stream: EPU-sCPY | | GPU-SCPU
g offload  p swap
GPUy GPUy LGP Uy GPU, GPUy GPUy
ﬁ ﬂ
DPy DP Py DPoy DPysz DPpay
CPUy CPUy

FParameters on| Gradients on
GPU memory  GPU memory

e 40TFLOPs/GPU on V100 for 10B model

Stream 1:

Stream 2:

[ Gradients on
CPU memory

S EHER

[ Optimizer States
on CPU memory

EWD BWD param update | FWD BWD | EWD BWD
GPU I GPU CPU [ GPU I GPU 11 GPU | GPU |
fpi6 param [smph-1) | fol6 param (steph-f) | P32 param || fp16 param (swspN) | fpi6 param jseph) ||| fpi6 param {steph) | fpi6 param sesd) |
fp3Z momentum | | |
fp32 variance | | |
stepii-1) | |
GPU->CPU CPUSGPU_] | —t U GPUSCPU_|[ CPUSGPU
fp16 gradient P32 _garam E fp16 gradient | fP;‘.F’, muFr'::‘nTum fpibipeadient 5 _E’aram
ELAE ] fp‘wgm | [step A) | | fp32 variance B T fpwgm
radient offlcad | | | stapfN] gradient offload
g param swap E gradient offload | “param updaie param swap
) i
©5Step N -1 ! ©step N | © Step N+ fime
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