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InceptionV4igEbatch size3321)l|Zx ImageNetFHFE 40GBEZFZIA] ;
BERTIHET768/\=i/E , fEBatch sizeik BHN6ATEET7IGBHEEFSA ;
{EAImageNet)l|ZWide ResNet-152 , 3 i&EBatch size I64FEEF7F180GB ;
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Tesla K80 Tesla P40 TeslaVI00 TeslaT4/T4S TeslaVI100S Tesla Al100
CUDA#ZILMY 2496 3840 5120 2560 5120 6912
BAYERE 2 S R 8.7 TFLOPS 12 TFLOPS 14 TFOPS 8.1 TFLOPS 16.35 TFLOPS ~ 19.49 TFLOPS
INT84 &€ N/A 47 TOPS N/A 130 TOPS N/A N/A
Tensor{4 g N/A N/A | 12 TFLOPS N/A 130 TFLOPS 312 TFLOPS
BERE 12GB 24GB 16GB 16GB 32GB 80GB
I 300W 250W 250W 70W 300W 300W
244y Kepler Pascal Volta Turing Volta Ampere
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Question®

IR — N R RS RS K HITZESIE) ?

BRIREAIEZIREEnERIMENE, MEMEHN— P AT EERET—ENEHoET
FRAVEE , LIk REEESREE. XERERNFTEAEBRZNTREFET, XEBIRMAESH
—F , ERAEET RSRIRERET R ABHEE.
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RF & A1ER—Static Memory

Static
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Figure 3: Computation graph for training the DL model in
Figure 2. Ovals represent tensors in which W stands for
weight tensor, O for In/Out tensor, and E for ephemeral ten-
sor. Rectangles are operators.” Dash lines denote weight up-
dates by SGD.
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Output Tensor - NEHREFHAIHIH Tensor
Workspace Tensor - MWE&HRIERD B FEITETEFRIIGETbuffer

BEINEAE | TIPSR | LTI BRI , RN |
RISt A
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RELBER—Dynamic Memory

Backward Propagation(BP)

,DQ

Conv2d BPZ

Forward Propagation(FP)

Operator

Tensor

C onv2d BP1

Dynamic

AvgPool2d_BP

03

I
Linear_BP,
4

Figure 3: Computation graph for training the DL model in
Figure 2. Ovals represent tensors in which W stands for
weight tensor, O for In/Out tensor, and E for ephemeral ten-
sor. Rectangles are operators.” Dash lines denote weight up-
dates by SGD.

Huawei Confidential. Ascend &


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

AFIRR

* ZeRO: Memory Optimizations Toward Training Trillion Parameter Models

POS

Memory Consumption Comm
. = Volume
Formulation Specific Example
gpuo gpul gpuN'l K=12 v=7-58 N¢=64
F T ﬁ op 4 2w 4 X2 31.4GB iia
“ee “ee N,
2+ K) ¥
Pos+g I I I 2Y + = 16.6GB i
I I I QRQ+2+K)*W¥ 1.9GB
N, 1.5x

P05+s+p

mn Parameters
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MobileNet v2

it LLU T TLELY L T Lt L T RLL e T

OMB 10MB 20MB 30MB

OMB 10MB 20MB 30MB
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PEAREEE

ERATF : WENEZEICPU (CPU Offload )

TTERARTE : &E1THE (Gradient Checkpointing)

1B ESE - ANE)II%% Quantification , BEIfFEEGREEIA

WEER : FlRAGRERENITEE PSRRI T . URITERRE
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B=2IR(E

* Inplace operation : IR—RRNFABFE , B T E(FRelement-wise , AJLURIBEZARF

A
B=sigmoid(A) B—sigmoid(A) A
C=sigmoid(B) A C=sigmoid(B) F=B+2
| | A A
E=sigmoid(C) E=sigmoid(C) \\\\\\
A o Che____
A . |

| Cannot do |
: inplace here :

_— e e e e e e e e e e

www.hiascend.com
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AFEHE

* Memory sharing : T EUBERRFAMER , BE— 1 SESSITERABER , G 1 8EYULUBE

BI—NEE
A
T /. "
B=Conv(A,W1) /A
A
/. -
A

C=Pool(B)

E=Conv(C,W2)
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REFEETEE
Inplace operation : IR—RRNEFABHFE | B T E(FRelement-wise , AJLURMBZARF
Memory sharing : M EURERREA/IMER , BE—EIESSITEEAERE | F— 1 8URLIES=

AI— 1 EE

A Possible Allocation Plan

Network Configuration Gradient Calculation Graph
input input input-grad input input-grad
, memo
|nplac§ sharinry
operation sharing
fullc-forward fullc-forward fullc-backward \. fullc-forward fullc-backward ;'
\\ ]
sigmoid-forward sigmoid-forward sigmoid-backward sigr;oid-forward sigmoid-backward |
fullc-forward fullc-forward fullc-backward fullc-forward fullc-backward
!
/
softmax-forward softmax-forward softmax-backward softmax-forward softmax_backward'
log-loss label log-loss label

[ ] Memory allocation for each output of op, same

——— data dependency
color indicates shared memory.
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Question?®
- B BeIEEtt B RTE ?

- BSEGmESRSFee o ECAFEREI , BNITLUERRSEE
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RFRICTE

it EEIFHITDHT , #El Inplace operation 1 Memory sharing :

A 5 J5]
i E
I 1 0
B = sigmoid(A) EYJ\Z\ F = Pooling(B) mT--. ‘& .
P = Pooling N
_ g; cE t‘ 1 mP1 1 e 0 1 0
C =sigmoid(B) &1 1 . ! | ! ' ! !
E = Pooling(C) 5‘""'&1 5— = E;"“EI E:""? N "“ﬁ 0 1.
1 G=E*F 1 1 1 1 1
Initial state of step 1: Allocate step 2: Allocate tag step 3: Allocate tag step 4: Reuse the tag step 5: Re-use tag of E,
allocation algorithm tag for B for C, cannot do for F, release space in the box for E This is an inplace
inplace because B is of B optimization
. still alive
Final Memory Plan
[C]  internal arrays, same color indicates shared Tag used to indicate memory sharing on :
memory. L allocation Algorithm. :

count ref counter on dependent operations that
: yet to be full-filled

Box of free tags in allocation algorithm.

——— data dependency, operation completed

----» data dependency, operation not completed
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Question®

- MIZDEZIEEERSITH , BREIFHTEEAR ?
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HATIEE LB

« LISBITHTUETMALIZIAR] , BBiXAtt B AR EH. A, MBS ESES INESAIKRE
BRERNAREUFATANETARIFIAGIRIE | MARRLUETT.

A[2] = conv(A[1])
A[3]=pool(A[2])

A[5]= pool(A[1])  A[2]= conv(A[1]) A[5] = pool(A[1])

A[6]=conv(A[5]) A[3])=pool(A[2]) A[6)=conv(A[5))

A[4]J=conv(A[3]) A[7}=pool(A[6])

A[7]=pool(A[6]) Al4]=conv(A[3))

A[8] = concat(A[4], A[7]) A[8] = concat(A[4], A[7))
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RERFESHHIT

- RESMELEZHTHRZEBMAFELER , IED B EIZFIEI— 1 REXRE , SR=HIKE—
MNEIPHRIKEEE , B TInplacefco-sharefZE(F.

1
1 1
'
1
1
1 1
1
First the Longest Reset the Reward of The final node Color
Path visited Nede to 0. Find

the next longest Path
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SEIOEERMILL

Inplacef(lco-sharefIE E R AR KRB ERFER. KRB SRR LIE)IIZRTR2=REEER | 70
RIATLAUR NERFER. 5589 , BIER&EERA0vegnet , RIERSKE FHTIGNRT , RFEZE | 6MBERSH
RF.

8 | |l naive . g | | Il naive

\

inplace inplace

- co-share . co-share
% 6 || MMinplace & co-share ) g 6 || IMinplace & co-share
> >
S4t - c4r
£ =
@ @
Eol ; Eonl

O _- ! P I 1 . 1 L O J 1 -

alexnet  googlenet vgg alexnet googlenet
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o [ERAIZRIERRFIA Graph IR RILAISYHNIERRHES ECATE.
o BITREFIHEIERILREFZIGHIRFEHEREDES.
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