A ARE T 2024 4 55 34 B 5510 #:1036-1045

doi;10.3772/j. issn. 1002-0470. 2024. 10. 003

REFIREFNERNGEY

A RO

& A& F KO

(YERFRITEZAFRHAEZEEFAEFELLHE 3 100190)
(FEARFKAE 4L 100049)

i =

REFARFE ZFRBRTERRSY ATAABERTRIHATEN K

RRF EEG LK MSIE, AKX T 788 7 L IREAT I 54T KR
BAGERERBEYARR, REETHAIMNM G A EZ AR LN REEIRTF N
BT ik ERFAFEITES LB P 8.38% X TR Z, TUARTIE A

T ) P AL T By A AR R R ELE
Kbl REFA; BASM, AFTN

TERE IR F & AT BEUR H 25 1 v 2t
13K 5h A K — 5 50 FF U2 ST HE SR () PR IR
JEE 28 P £ AT 5T 5 0 T S T X R SR s, i
B4 H A TAEGHLE 7 T HOR | LI 2 M 2% 1%
O BRI A R P TR SR B T 2R B R i THE ML
BT TERMG A 260 B RS EE B A
Ik R BRI o o TR 110 G Y
PRI

N T IR 55 ST BB PR AT 3 | T AT R
RETF A TRERICR | BB 22 T K 3 1) 141
FEALBAR SRR B AT TR R D AT A R4, [R) st
WU By 3#h SageMaker | Bl B 5 ML %% 2% 2 F &5 PAIL
(platform for AL) LA K AHER Azure HLAF24 > 5 S5 IR
JiE27 ) AR 55 AR A 3R LN KA A, 3
BT BRI 252 5 25 04 M R 7 58, A IS TR
JE2 AT A 2 AR L) )2 v S RAEE

SR, AR TR 25 I 25 M IS AIF 5T 5% 1] 52 B 1
FHIEFR b, B B | 22 4 A 5 P ) R £ o7
B BEC ARG Tl FOCHE R M A )
o R Gk R IR AT e & 25
BRI K SR ] BE 2 S BUE 55 R W, OSSR

O EFARBEEES (62132020) FHWH,

RE AN, IR 2% T R AL BT ) A7 B o 445 55
BT, V6 EPATIREE = S BT Z 00, I
B WATOGE BT I AR 1) T A B PR T P A7 A T LA
o BER N AE 53 C AT BB S BT IR IR 2% TN AN 2
W) 25 S 3R PP AT R W, T R N 5 A 200 ] 8 9% U i
R T TR RUE, BUE hoR RY 2 L3 0 A
BT ok — o) 7 TG B 3 BRI AR, X IR B A )
PRI RS IREA TR AR, NUA B FIF & & W
T 0L T B S (R A TR IS TR | ST By T4 8 v 1) R B
S )RR BRI AG IU T 2L B &l B O R A R
B BLR BT LEBIRG , DI 0 2 B R Ak

HHTC 2 KR 80U TR 2 S BT
BRFE , 5 TR BT A 4 e TR B 2 ST R P F R AR
TR TR 8 4 26 R (O M . Zhang 458 AT IC8E T 8
AR 4 X StackOverflow FIJT P 3 H 4645 F &
Github b REAFFRE S I BRIT, 500 T iX LR 7
(BRLRE , R TR B Y kAR, Zhang 25 A
BEX RO TR EE 2% 2] & F 4 960 AT 2R KLY
TREE 2 SRR F AT T 4007, WHT 55 0 WO gk A5 7
48, I A 3 T B X T IR B 2 ) 1R 7 B
SENEANE A Y, T B X P T s | B R 3 ) e o A

@  H,1995 454 WA BF 505 ) B P 40 A 3 E-mail ; liuchen172@ ict. ac. en,,

©) W(EMEH  E-mail; lilian@ ict. ac. cn,
(Wki H 191.2024-02-02)

— 1036 —



X JRAE R I AR AT U i

50 TR &3, LLREARIT & 1Us iiA
S5 R AHEM,

BEXT BRI, AT SRR A G307 T -5 BOR B 2
255 iy R SR OBt A R R B 2 2] B
BT H b AR T T T RS AT
TITHLHI 26 S HRS AT EOR | JO 7 X R BE 27 > HE
A TR AVEI A AT, 85 [ 30 Ak B2 OR 43 BT I8
) PR v D 215 5., BB 8 T e (i P4 7 fit
HEATFUART , il BT 2 2 0 T 5 R 7 R A A
RSV LR TR BT B 37 0 A2 9 TR A LA Sl AR Y
AT , B Lk A A 1 R B 43T S A7 B U £ i B 5
I SARAL

AL EETTHA LT 3 £,

(1) AR SO Tl PRI R B 27 > B I3 M7 g5l
FRVEEAT TIRABINT , RGEVEHAR T T S BOR L2
TS5 PATRWOCHE R R | Ry P B ik 52 B v
R 28 2 P RE AR AL T B AR TN SSUE 43T

(2) ¥ A TR ST BLT Do 26 1o 1 IR B 2 2T By
(R AT ARG T, 30 T XU B 2 2 HE 2R 1) BB 4y
Mrad e, 30 T i R A [ Sk aK S, RERS iR 15
D 25 o 45 7 R AL BRES b W N A7 75K

(3) BT LRI 5 i I e T %
E A T SEE0 2 2R R 1% T ELAE A7 T
PR IR ZEA N 8.38%

1 BEENA

TETR 27 2 AR I TR FE v, 5K 2 (ten-
sor ) M kg — Tl B A B4 4l 235 4 9 Y 4 2 OC T A A
B, — AR RIA A2, Y
ARAF B AOLHE T 2 B DA R A2 B ELAR RN i
BF (operator ) W] 2 4] B IR JiE 27 2] B2 P %O 1 B2
BRI FE I, AT — RIS R 5
B e sk HEIE A B
TR, HIAR 2k i 504 A R A i TR 2 )
MEZRFRA TR RIE 2, 158 i R S n st A (3K 5
ST R IAT

TERIE 2 R AT B v, O 3 e i {6 )
TR EDE AL BG4 T KB T LA T

B X RS T 2N 18 T ok U N = A
T2 EIE AL BREF NAE (R AE) th, T SR AE BB
AEFRER EIINEE R, A R R 2 A SR,
ALFEAAAN R T IR B 2 > HE SR AE )0 F e T [ A
el IXSHAR 7 BT B £k (0 P A7 45 SR 0 DA K 4 1R
KO E IO A A

A A SR B TR TR B = > R AT i f v
Jr i B AE R A B A% N AE /N 3 © A R Fe i
AR, TR B8 P R W, PERE A TR B 2 2 &
J& KT SO0 TR 2243\ Z2 5090 A 4R
FE2E A RRIPRCR AT . A2 TARE AR ATk
G bb KOO N AEAE B L 4 B [R5 e, 491 a0 A8 1
AR LA R I AT R R A AR s &R
DLl A 146 3k SR Ak 1 it (o A5 IR 2
Y NSO B sh A8 52 A%k, IF 35 M LUK
R T AR R AR B B, XA TR R I
WAFEAT EDUSIN . Ry 1D NAFEE S 4 i
TR A 12 T R B R R R T,
UN3E et S 56 I BR ATk e 3k Xk
HUVENE TR R 2B e
HATRLG , BT 2 90T T MR BE S AR

B RERFF T TAE 2498006 € .C ++ Java
P T NAE B T HEUS T 52 sk, B TR
JEE 2 SRR P R AT R 5 A T AR 1 B A e R
TR ERMEN R S 7 )2 T ER LRI R T 420 2
A5 2= B A DAk 5 4 T 78 B SR M F B PA T
H AR , HXE LR e L ) 28 30 A R 34T
R RN 22 S FEF 0 bk, Gao SF NP IR T
— PRI AL O MO T T RS B N AE
P T RULIUN DA B X6} B A2 PN 7 AL A 20 A 7 AL, X
a7 5 A U AR SCIF AT N AR50 B SRR
TG 5 RN 7 Xk B A £ Ak AT AR A 3
Jey R HERfR BT 72 T & Z E AL R 2 R el
PeAb 2L B IS W N AFEA T R 32 i 2 — T L PR AR i A
55, TOUINAR FE v BE AR T A 9 N B3 Xo) B s 44 3% R 4
W ERTREE AL BRE T B4 B 4 Hak A
BRI Rk 57735,

2 FEIEATR

ABFFEIEI T AR = £ BN ER A 7 T ARG
— 1037 —



BRI 2024 4E 10 H 4534 % 45 10

B IR B 2 ] BRI AT: 554 I8 X A FE— A
A& AR T St 12 289 AR T 55
S, X TR AN R WA 55 52 B 5 A R
P BRIEATIR R | ARILT 7™ A% 25 B0 3 )5 1) PR AR A5 1
BT H S G R . i T M AR 2A
VBRI FIBIL P | A A ST AT £ B U, R Xt
AAnT J5L by A KA R A T 3R

L JBIR T e R S AR RS 43 A (R Ge it
AT S =07 BEARE ) | AT DU 3] 4 R A
JE BRI XT BN ST R 407 A7 (50 B 1 B3
53) ERARBIFAS T 2355 1140,

H -

0 500 1000 1500 2000
1 BFRERES T (FAS=ITRIERT)

WFFE B SCEE T T H AR Pl BB R 1R B AT
FFAEAR O 2028 R4 1 A [ B R 1 B R B 5 3
) —2H ) e 4] o T 968 NRMUrEH, A T
PRI AE R A0 ] S A5 X0 o0 21 N A P R AT
T 630 YCHIFRIZ A% A £ , e TN [R] — 70 2L 9 1) 17
PR PP S 5 AR ) R R B A

AW 4 P XHE 55 R O IN 9 70 B 5 73 2 87 I

20%
18%
16%
14%
12%
10%

8%

6%

4%

N
0% X7 O X Y

WHREGR LR, 55 A 63.69% v LAHH T
FEF IR SR AR D2, X SE R R AN B TR B2 2= )
FEFF | [R5 A7 78 T 4% 2808 HI B AR P JT &
FEE 2 iR 432500 A v I 2R AR b o Lo A il — 2K
h Ry TR A E X, BVIF &6 E LEAN

— 1038 —

TATHE, TREMA T —E B WM, BT
TREETE RN S5 A M | ASBIFFE SR LT X 56 UF 3R
W, BT A 55 R IS 181 43 A 347 El 7 S A 3 A T Al 3K
T ST AT A XU, 3 38 o 5 R G T Kk 1 A
WHATHE— PRI, eAh RIS AT:
S5 TR GBS TR S A A 2 AR AR ) 4
B E TR T R &, K aiie s —
B SE AT T HACE- 6 RIARR T A% 0 i 322
TETHINTEREE 25 A B P A B 5 R B %, A X 5
V- AR B e B AR G Y R) R (BN AT FRBEAR OC ) i
FTIRAIRSE

FEFTCAE R BT T 12 289 NREAT S5 BEA T A7
1 612 {1 1y 5 P55 PR 28 AH G | 3K 28 5 M6 i
Bl 1 I B U 1) 2R I SR A R AR R 1R B 3 AR
586 1 K4 AR IR T BUT 55 AT R M, 25T
AW RO REE 22 2 Y B 5 WA S 800
P55 SR WA, SOkt 348 i F S0 R 5% A 28 sl A
BRI BT 5 & (A AT 55 2R L I AN AGHE — 545 5T
PRI 10 091 > XF G AE A KL T2 WU R 40l 43y
PRI . — NPT R LSR5 —
S R e 2 I R FP R A AR . 1 2 DIHRREDE R
EULEI T IX 10 091 A~ XF G AE AR A 2 i R 43 A7
5L, o AR T IR EE 2 R PRA HR, K
A R R T 5 2 1 B AR,

[ — P——
¢ A ol R R SN %
P N S O A S L
F 0\% x %
B\ & X

FEAERSER B HEAT T 5| FERAE IR 5 T
BRI 13.61% , RIS MRATIR N . “ SHCN
DERC” (A FH R BRI 2 B8 5 iR UE i
KRBURA—F) G 12.67% 3« AR E L (1B
IR W Z B AT ) di ke 12.51%



X JRAE R I AR AT U i

TEREE S IR P Re A Ao b o b e B R iR
A KAy AR, A 17.49% , JFEE
B R 2 AL A I R O B BRI A T A A
DU S S Z N 2k E AT e O i — 2k, 4R
TAEARE RSO R PR B i 2k A i SOk 5
T L8 ZE R AR C RIS DL, 2 Hh BR 2 s AR

“HREIPARAER IR X — 250 G TSR 55
8.82% ,MAE R Hh AR B U AE SR 45 11 pR 4%
W A ASFEETRAR 0 5K S A (A0 sk i 2 B2 AN 7T
BEF B E ) B 01 5] & P48 ke R
TF R AT REPRIME LA 58 42 S 40 DR HE SR ) T4 11 il 23
B I A0 SURPME | DL BN 52 % I 2% A 4 aot 78 v e 3o
Bt - R Y STe N OB [ R S & €5
HROU B B ) A

K3 (a) iR i FAT 55 o k& 1 250
TensorFlow 125 25 HEZL 1 “ reshape ™ 5. fith % 5k
IR RIS H G B E ., 28 T REAIEK
TR abIv- S8 G s Nl Tl N R 3 ST SN
WEAESEBRR F R R 8 DL, AEAZE B pr i K
T HEAFRF 1 29 A “reshape” BT 2 — % H T
BT — A5 1583 AL E sk, H b R
kR O f 5 1 820 UL EBYFK R, h TE
FIIERRB] A 18 7 IR AT e, I s T 5
IR RECT T,

tensorflow ... errors_impl.InvalidArgumentError:
Input to reshape is a tensor with 1583 values, but
the requested shape has 1820.

(a) TRETBRET RS R MBS 3 1 A R

tensorflow ...

errors_impl.Resource ExhaustedError:

OOM when allocating tensor with shape

[100000,141,200]
(b) A7 AR 5 R K R % RS A B

3 HIRESHEERHE

“ONAET 7RI B 2 o) 8 AT o R v T
ARG R T BB (15 25 SE PR PR . 7 3 (b) BR
SR T 2 e T A PR A7 R o ) Do 4% sf 45
(a5 HORAE B Z, R0 R 7 22 — IR
100 000,141,200 ] 55K 2 HE AT, {0 & B 4%

WAFA R LS 1Z7 5K I 7E S 45 T 0OM
(out of memory) HYHR/RFEL . B BOBEFEE AR FF4E
B EEE NIRRT N R I 2
BOIURE B JE R B TR 8 = S B DL SE B AR . 31X
— B BEIGTR I 2 ) R A A T A P o 5 fih e
JEREPFBE 8 PNAF BRI, DT S 509 77 3 ) TR

FATRPE 7 I R PP 5 A A RS R A Btk
(EAREC T (e 3R G pR B 7 A JE A sl A
SR R R (oh 2 AR R A
[7] 5 | A 5 PRI AR Ak B35 22 1) 43 £ P BT ) LA PELAS
SERE” (TER I AINAT T35 P e A v 1 B T A i ke
ENIEET )%

3 REFIBTFNFSN

UREE 22 IR AT R B9 i 1) 4% 5 )
A4 2 %0 BB, FERT I AL RE B B, i A B
b P 22 P Z8 B AT R AR B T T R AR E
&R T HEATIB DT, e LR It i R 25
TR AR NAE IR 3 28 T A dan A o 5080
sk DA MR SR i Bl R AR R B
TR BRBOC T4 O I BR B2, 48 NS
PEHT R 3 T4 8 BB FE AR DR T AR 2
BOEHT, TEIXBY B, WA BRI FE AL S In]
REFRH A SR B B i A SRk i DL R B AR
ik,

Bl 4 R T — ML B BRUZ I R A s 4
BEFTEPAT IS B P Sk i Ol I SR8 f
T RE 7R SR (R 0] TS 00, M £ 8 AR D7 HE SRR
B R AR Ay, Ty HEARR B Kk it 7R
AL 46 o & v 6 PR (conv ) $E U A 5K &
(inputs) , SAAISEIK I (W) HHSE A AT 6 FUR
VAR i kit (O1) | it aat e B v 2 7 A i I
(T, B i ik i 54545 5K 5 (labels) #%
— [FME AR SRR T (loss ) , DA 30 2 (R 5K &
(02) , [FIE = A 5 A0 i I B e o (T2) o 7 S A%
W B, THE B e 5K = I 4 3 ) i#04 T T RE R
FFRBE EE TR B (D1) |, XA S50k B R 17 55T
FEM R TR R LA 5 A e B, AT RE 237 A AN

— 1039 —



BRI 2024 4E 10 H 4534 % 45 10

[R)HCE B I s A2 8 (T3 T4)

‘ wi H TI H o1 | | labels ‘

(a) Hi 1A e B B Sk s

—_— [ ——
_— —__

(b) Sl e F5 B B KoKk B Rl

B4 REFIBFHIITIRTGREKEME LT

TERE 7 2 B85, 5k i A I THFE R 3 1 1Y
TS FEAARHELE S )y =0T 57 o BRI 7 A7 5
AL H A B AR S04 G T HL ks 52 I P 3
R 2R S ONANISE AU e S LE =) 4
E SURS AR M TN S NP e S A | , PyTorch HE
B “ reduce-overhead ™ TR I 38 1< 184 i1 N A7 DA [ 41K iz
rores . 4 R el AU S — BT
F— R BB, S S PR IT B AR
TEPATIN T BEVE S NAEFIOEAL 5 s 4T 2 A T
Kot PR 55, R, T & & e T
ek ¥ 14 17 0 S A3 11 3L 0 o AN DB ) 5% 235 44 3 47 4k
B R E T T KA B BN E T, BRAR T T RS
=,

XFFE 2 9 SRR ST BT B R, 24 R A
T EA R 2 A 5 ORI AR 2 i A
MAEST ,IF B e T BA RS 2L g S i b, X
TR EIPAR B R X R ), SCHR[ 17 14920 T
— M4 Pythia B ##S 04T TR i i iz 8o &
WIIE S Datalog X AR5 15K B S 331 #4770 4, A
A B R AR Y & A RS 1R, TEML R |, 3C
K[ 23 14 Hh 16T 20K A A6 5 ¥, R R
R b e AT R0 90 TE i S AR AR R R P TR AR 5 M )
RO, AT 8 25 5 T 1 0 5 TR AR B DR A A I A8CR
— 1040 —

SRTET X5 At TR) A, R — AP T
G5 T N A AL A O TR0 L B AR
JE 2 I REBLIR A A S SR BGRA R SO 2 R AR
Ty Bk PE R R 5 1 5 1) TRt DR b T 0 58 i A ik
A7 PRI B 7 IR M S A AT, (LRI bR K0
TR M ZORM AU XA T 1 AT
P B HE AT SRR A AR RO 0 1R 3R T 2R
HEZE R 45 T RESR U AL 5 587 — A B AR Ik
R, TR TR IS S2PRis AT O TE L, AR ek KL
AR Z X X LR A 1%, B e 2
W 5 SEBRas A7 I B TR SO — B0, AT A i
TRAVEER . BEAE TR 2 > HEZR B0 A Wk JRe BT
ST AL ] RE 2 B A 3l R
PR ZE IS FR S B A T 2B 4T R o2 3
PADRRF SHESR BT AOA — 2, IR, V48 T
JHEAER AR BT AT RESE 47 1 (HHIF AR — A
RII T RFEE R AP 7 58, mR ity — SO H Sk 5
TEAR BT A8 91U AR, Ak DRI 26 25473 75 S
A NG TP A T B A A7 114 10 ) AL, AR T it
FErP AT ENE,

4 REFARFAFTNF &

AR T — BT B 2L 2% 5 TR R
SRR FF A TN 75 3%, T B e P as A ad A
PR A B 25 L A TG, 207 B IR T A 0
T Qs fie s, 2 2R LA 0 PR B B, 1 502 1

<O
B =
/’?ﬁ_i\ﬁ_ o ‘..\_ Tl 45 A=
i UL F B i LR (™M
: Ariadne 4 A ] I
EEET R g ey
i Vi = \
i ¥ i — i
|| masnssg | | E%Z#ﬁﬁ I
i s I il |
i 2 I *

' |
| I '
|| mmismEgm |G| EASREE |
\ ‘./: .'\_ .‘/

B5 REFIEFAFRNGEIERR



X JRAE R I AR AT U i

BB B i B B A ARR I DR AR o S O
g R v BT AT 100 T 24 24 B X TR R 2
FRPP AR E A T 1R SCAR R I, WSO B 45 s e 21 2 5
RAFTHAEMOCHE R R o R R 00 B B, e B B 4
WA ey o A B o s R B A e AR A R, R AT S
AR PR SE s A T AL 2 AT T SR
IBATI I N AR A HERR A T
4.1 REFIEFERIITEERR

FEFAL BB B, AR 5T 2R FH - Ariadne ™ (1 i 3
G3HT L HRRBE 2 2 B A TR AT A A Ak g b
M FRRIE, TP B A — 205 BRI

ST IR 2 )RR T R AL R 28 3 I v B
AFDRT 87 B ) 428 T AL 25 R R A, RO T o) g A At S
J B A AR OO TR R AT AT HLAERCR BT 4521
Mk

X IR 2 2] W 28 YR AR AT 7, oA il i 122
R A R B HEBLN TR 19— 238 HII 2542 10
VA, 5] AN 7E TensorFlow HE 22 i A BE A X session.
run JEEA I, T AR AT DL E A X S A R
B O A, I N D sk i S R, TR use-
def 5 5 1] AT U0 484

e Y] it A rh sRBOH T 2 gl N IR AR AL B
RV 2 81 FH o 5 [l E R A 1 e 4 A 31355 R
o, BE S AR 2 DB i aR [aIE 59 6 18 2 Y A R
S HUE ISk | 30 X A 7 2OF pR R DG RN
ANBAAE . 2 X — R R, A 512k
BAZE AR OC Y 1 ki M i S5 O T R AR
Vvl R G R G AR T H S IR 2 rp ) AT S5 300 TR i
SRR T NAEA T A DGR 3R 1 A THT
4.2 ETHIEENVHMELIEERN B

FE B B, 35 T 00 4 BB B A A5 0 Y 5
FIE R i 223k [ R AL 45 2 Sl R
DRIE 5 PP T 3 A rh B8 5 50K ) i O oG
R, T AT A A7 SR R 0

TERZAAIHEAE BT R 2 S B P TR is AT
Eﬂﬁ%ﬁ‘]ﬁf%ﬂz&% iz B SR BRI
S s 722 DA R S 1) A 9 v el B T AR i X SR
iﬁﬁﬁﬁ WA [ R/ NS5RT A B2 HORIRA T2
L E RHAAC, B, ERFPIT 2R R R

TFEF AR T AE B R SO O T {E B3t
() =T 1 24 Hi 58 B i A RS, IR AR A A
SITCSRENE | XF >4 N A7 E AT 35 I i T A
Zoad — RAVALTE It 5 , 1155 B R 2 58 A e A A=
AL, P ST IDUT 28 H A5 M R 24 AT
RAEVREE AR 3 TE SR st 23 Bl B 42 TR AT
ROR SRR 00/ KB . 7RI oL T,
X FE R SR HEA TR i T 5 25 42 Jmy R A, o)
AR TEI AT AT R HEAT HI T, A RE 6 O) 52 A2 2R
5 R MERRAG T,

HEE S ALGME 7 IR T B 5 B rh T A
JTLRMEEST, RETE R T X HMEE 2 MU TR
(A AR AR OC R AT VA ik, B T h H Ay
B, R REAS Zh A5 b B X 51> 0 3R 43 TCAH R AL %
T, X AR T A AR AR RS A S A T
TIFE B FRIOCE T U RO T &2 A HAS
WS A ) AT SR AT g TR

FEI 2 AL 2% 22 i, T 5 SR ey
W IR Ak o X 45 BE B8 A7 R0 31 ) 32 ) 971 T
A, B, FIH MG TS (one-hot encoding ) X .+
RV T I i A A B[] 3t

O =10, 0, 0y ] (1)

B R E L B G OCHE S B B (T
BREF PRI (padding) K (stride ) BRI
(kernel) ROSF Bl 26 88 oA de 2888 S it A1k 7
55 IR EESHON WA AT A A B, X

B X Se SN 55 T P R 45 B E AR TR
Py BRI

Arg = [a, a, a; -] (2)

IR ik 2 KR PHE B RIRG TR
TG RV R SBUE B RTR SRR ]

E =10, 0o, 0y =~ a, a, ay ***] (3)

TSR, &R Vi E R b
KAMER, 1 RE T B H 26 M 25 AL A5 ] E i —
JE R FE R %

TEAS AR b A ¥ 8 1 Sl it &
AL S Wi S 22 38 (Query ) VB (Key ) FIE (Value )3
AR, BUFRIR T

Q=ExW K=ExW' V=ExW (4)

— 1041 —



BRI 2024 4E 10 H 4534 % 45 10

Horp, WO g Rt Wk g Rimderxl yyV g Rlmde
g 3 TSR RS, . AR m YRR,

P TR A 3 DR 5 A B SRR (LR
FEHEATART , Zoad pR B — A5 A5 33 2 A 43
A7 o I A XA 23 A3 X T A (EREA T IAGR A
DA i i 1) o, O ERIB AT

. OK'
Attention( Q,K,V) = Softmax( /(T) -V (5)

k

s, SOftmax<%§> B 75 A A 4 T4

MEE Sk R [ Al A
Attention, = Attention((Q, ,K,,V,) (6)
RBEIEA H A IATERE 3k 2Tk
AR 1 AT B Ol 2 55 — A Al I ZRAS R A
Frieise , Fm iy

M = Concat(Attention, ,--- ,Attention, ) + W

(7)
Horr w? e R™ e F A AR R, R
(i H 5 AR o e R I P 45 A R A G T
B O 25 PR PO e (L PR A (e DS T £

5.1 EWigit REERIE

TN ST R R R e B2
FEAL IR , S0l A T — AR ML AR JOR BE 27 2]
ZMRIT R BTE R G A B A R 5
Pt . N T RS BRI F R B 2 S AR R ) 2 2
AN, 256 b 25 BB T R[] X 45 5006 25 7 (46
float32 5 float64 ) . A [F] W 25 A AL 2% (€245 SGD F
Adam) Pk K¢ PyTorch HE4E 1Y “ reduce-overhead ” 4 15
AL D5 GO ACIB T T RCR I L T AT BE &
HEIIAE AT T ) DR A R R RE A% i e 2
P P AEAE FHRRAE , AT v i R

A AR U R R AR 6 s, REIRBE
B B — A G5 1 W 2% 2540 5 S 4000 & IR
— IR ML KNS EUE BT IR 86 S
VR I AR R T AT B B P S LI A
FHAH B MR AR5 R It i KON IF AT — %8

— 1042 —

IC3%, i A B IR 2 R

PR
</>

X 4% 85 KA 21 i é}m e

S HU b R

HRAR L5 R AR 2

B6 HIBEMTIE

R T ARUERR P R AR Bt 1 34 4 , i — 20 X i
A5 B R 7 e BEOAS R 48 B b B30 A R4 T AN TR
FEAIBEAILAIAE 491 an At X ST 50 v AN ] S 26 8, %)
TR float32 ZEHY ) W 4% 5 L & T float64
RV IR 265 (5 LY, 78 28 0k B BL O 5% S 09 9 3 ol 1L 43
SR 53.3% 5 46. 7% B0 T ¥t BRI SCE
AAFRN T 97 242 ASBEYLAE B H B W 26 52451 K2
Xof o7 WAL PN A58 , -4 LU BRI o R I 4R 50
TEAE AL

ARSI 2R FH 1Y DG B VE A 8 B by - 24 A0 X 15 22
(mean relative errors, MRE) , D) it 3 & 4k P4 77 F )
PERE , HA A A 0E LT .

|y—y|
AME_—Z;lyl (8)

Horb, oy, FORE § A BEALA: B B 2 I 46 S B 1 0L
I F WA N AE T RVIN, y, 3R T LTI X iz
Do 245 (1) AR /N, 1 2R R 45 22 (BRI, R
MZE RS Bz 2 5N, R T HAAE
e TRUIN A

1T A AR A 4 A S EA T 2B 0 A7
TH L BR T 5 SCHR[ 22 ] H B T BN L2 4h, S2 o
WML T —A H 6 241 42 2 F LB I 45 4 S 3
XTI,
52 ZEWER

B 7 R T AR T H S 2 32 M LEALE -
R X 15 22 43 1 0, S 30 KA 2 P R (R SF- 2 4 %
RN 8. 38% , 1M 434 12 22 W 445 1) F- B AR X iR 25
{ER 81.13%  J45 4t 42 J22 W 28 A 350 4 Bl 1 1
Fr Ty i v fE SR AR R 22 BB /N T 100 %




X JRAE R I AR AT U i

R i e R 68. 50% , HAEZ S 70 it F -2
HARFIRZEA 33. 71% ,(HIEBEARPERE I B R T4
TH,

700%
— XPITH 1
600% | — — st }
i
500% i
I
i
ﬁg 400% I
;
£ 300% F
]
200% Y;
/
V4
100% e
( . »,
0% lam===2 77
E ¥ N il

E7 AIAES2EENKZEMNIEER EHENRES S

SEg e 2 AMEERIBEAT T 20N 2k, N ST
FEA AT ATGETTo0 BT , 25 3R I 2 AR 11 o
BRAFTE 5 25 5, R 2 A PEREAR T REAS 2
M BB R, ST BRI DA — i
BEM AT IS (X TR BTN & % TH
SR T AER 280 50T ] Sk 50 R0k, o
(B A7 26 205 e 10 TR 100 5, BB M A U R I
AR IR 2% I T R TR B AR
SCHLAR ) AR R T 2850 i T |7
KB 0.023 46 s (T AT FHAE 25 NVIDIA A100) ,
REAE [ iof 7R HH Z2 A I 45 118 PN A7 TRIA T 55

1 BR T THAAF R EERR s L
FAFERACTT IR 5 A5 50T R BN R,
D32 5 D64 4B FE I AN float32 5 float64,
SGD 5 Adam 183 2 Fpifb s, 2% FH 0 4w 0040 7
75 A PyTorch HE 42 1) “ reduce-overhead " 75 I 25 K 4

F1 HESEHETHRNURIER (%)

R
e e D32 +SGD D32 + Adam D64 +SGD D64 + Adam
SR

RIS
9.40 8.83 8.67 9.61
it
Uis
7.01 6.75 7.51 9.35
it

P oy 4% 00 R, T Y o7 A X 5 22 9 [ A 7
6.75% ~9.61% Z i), KW T HAEFEARML S 2
SCHG R OL T BERE AT 880 21 I 38 WA [R]85 55 1Y AR
Wy AT AR T | i — 2P SE T A TR AR AL B
O Z TR 2 2] T 4% T A 55 v ) 3 7 1 R A A
P

K2R T THYSF TS AN SN T
AP HEM 4 VGG16 Fl ResNet50 F X H A 45 5 78
ResNet50 #R81 | BT W25 B 32 20 H 930 0 36 21
BT F LS N B 88CR], WAE VGG16 Bl
L PRI

®2 AREEEETEMTNFEHEITREN (%)

HIRIAA TR AL TH X H T E
VGG16 8.2 9.8
ResNet50 9.5 17.4

X1 2 IR KA 109% S T 45 547 T
ARG BRSSO ELAE N I 268 0N (R 45 580408
P A IETR L BRI I 4 A1 b i 25
PIRRBU B AOHRAE . X R 1t — 4R e il
IR , AT RERT B — 2B AR A A B S X
A e, LA SOt e Al i G B (5 B 1t
b, XoF 2% 45 K AR S 50 E— AP A Akt mT RE AT Bl
THRATHEAREAITERE

6 % i

ARSCEEXHRBE 22 I Ry R MU N HEAT T IRABT
FE, 00 T BRI AR S BRas AT R BUE 55 ATk
DU L TR e B R . B SR SRS ] LR 3R,y bt AN A TR
B2 S Ry AR EAR B T IR BB AR . R
fifi b AR SCHR I T — AR T A TR T AL R 4 i
(E AN T 1 1207 125 RE A8 MG 1 3t P00 7 1 7 )
JE AR EEAR b I A e (PN A7 75 R, A ki ke 1 I
NGRS RO 24 ] AR5 By ) R, S 50 40l
TS, FEXT 2 I 25 WAL P9 77 SR 2 E A T B0 PR A 55+
T HAFR XS R 2EA N 8. 38% , HAEA RSB T
RIFSE , W TR BE 2 2 7852 B IS, A A 3 2 A i
Tt A A

— 1043 —



AR E TR

2024 4F 10 H %534 % %10

ARSI BT R H A TR A AR B 3

& LB NAFEAT I ST X T 2 A8 1 P R 5 Tl

Y Tk

AR 1] AE R AR B g Y 5 1

AR R Al FE . AR AR T LA AR 2k
T3 NI P 245 A 2 S S BT THT i — 24 e PN
ARSI

[ 1]

[ 2]

[ 3]

[ 4]

[5]

[ 6]

[ 7]

[ 8]

ABADI M, BARHAM P, CHEN J, et al. TensorFlow: a
system for large-scale machine learning[ C] // The 12th
USENIX Symposium on Operating Systems Design and
Implementation (OSDI 16). Savannah, USA; USENIX
Association, 2016 :265-283.

JIA Y, SHELHAMER E, DONAHUE J, Caffe ;

et al.
convolutional architecture for fast feature embedding[ C ]
// Proceedings of the 22nd ACM International Conference
on Multimedia. Orlando, USA:ACM, 2014 .675-678.

PASZKE A, GROSS S, MASSA F,

et al. Pytorch: an

imperative style, high-performance deep learning library
[C] // Proceedings of the 33rd International Conference
on Neural Information Processing Systems. Vancouver,
Canada; Curran Associates Inc, 2019 :8026-8037.

HE K, ZHANG X, REN S, et al. Deep residual learning
for image recognition[ C] // Proceedings of the IEEE Con-
ference on Computer Bision and Pattern Recognition. Las
Vegas, USA: IEEE , 2016.770-778.

DONG L, XU S, XU B. Speech-transformer: a no-recur-
rence sequence-to-sequence model for speech recognition
[C]//2018 IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP). Calgary, Cana-
da: IEEE, 2018.:5884-5888.

DI GANGI M A, NEGRI M, TURCHI M. Adapting
transformer to end-to-end spoken language translation
[ C] // Proceedings of INTERSPEECH 2019. Graz, Aus-
International Speech Communication ~Association

(ISCA), 2019:1133-1137.
OUYANG Z, NIU J, LIU Y, et al. Deep CNN-based re-

tria:

al-time traffic light detector for self-driving vehicles[ J].
IEEE Transactions on Mobile Computing, 2019:19(2) .
300-313.

LEE C, LIU Z, WU L, et al. Maskgan: towards diverse

and interactive facial image manipulation[ C ] // Proceed-

— 1044 —

[12]

[14]

[15]

[16]

[17]

ings of the IEEE/CVF Conference on Computer Vision

and Pattern Recognition. Seattle, USA. IEEE, 2020.
5549-5558.

ZHANG Y, CHEN Y, CHEUNG S C, et al. An empiri-
cal study on TensorFlow program bugs[ C] // Proceedings
of the 27th ACM SIGSOFT International Symposium on
Software Testing and Analysis. Amsterdam, Netherland:
ACM, 2018.:129-140.

ZHANG R, XIAO W, ZHANG H, et al. An empirical
study on program failures of deep learning jobs [ C] //
2020 IEEE/ACM 42nd International Conference on Soft-
ware Engineering (ICSE). Seoul, Korea; ACM, 2020
1159-1170.

NIU W, GUAN J, WANG Y, et al. DNNFusion: accel-
erating deep neural networks execution with advanced op-
erator fusion[ C] // Proceedings of the 42nd ACM SIGP-
LAN International Conference on Programming Language
Design and Implementation. Copenhagen, Denmark:
ACM, 2021 .883-898.

ZHAO J, GAO X, XIA R, et al. Apollo: automatic par-
tition-based operator fusion through layer by layer optimi-
zation[ C] // Proceedings of Machine Learning and Sys-
tems. Santa Clara, USA: IEEE, 2022 ,4.1-19.

XIA CW, ZHAO J C, SUN Q Q, et al. Optimizing deep
learning inference via global analysis and tensor expres-
sions[ C] // The ACM International Conference on Archi-
tectural Support for Programming Languages and Operat-
ing Systems ( ASPLOS). San Diego, USA: ACM, 2024.
RARBH, AR, BR/hie, 4 —Fis 580 o [a)
PEALATRIE A I G PFAESR [ 1] & HORIE IR, 2020,30
(2) :120-125.

TR, £SO, kR, & TE T B AR A R
ZMBATTIELT]. mEOREIN, 2022,32(3) :227-
238.

BRAVENBOER M, SMARAGDAKIS Y. Strictly declara-
tive specification of sophisticated points-to analyses [ C]
// Proceedings of the 24th ACM SIGPLAN Conference on
Object Oriented Programming Systems Languages and Ap-
plications. Orlando, USA: ACM, 2009 :243-262.
LAGOUVARDOS S, DOLBY J, GRECH N, et al. Static
analysis of shape in TensorFlow programs[ C] // The 34th

European Conference on Object-Oriented Programming.

Berlin, Germany: Schloss Dagstuhl-Leibniz-Zentrum fiir



X JRAR R SRR T AT U i

(18]

[19]

[20]

[21]

[22]

Informatik , 2020:1-29.

ALBERT E, GENAIM S, GoMEZ-ZAMALLOA M. Para-
metric inference of memory requirements for garbage col-
lected languages[ C] // Proceedings of the 2010 Interna-
tional Symposium on Memory Management.
Canada; ACM, 2010:121-130.

BLIN A, COURTAUD C, SOPENA ], et al. Understand-

Toronto,

ing the memory consumption of the mibench embedded
benchmark[ C ] // International Conference on Networked
Systems. Marrakech, Morocco: Springer, 2016 :71-86.
CHU D H, JAFFAR J, MAGHAREH R. Symbolic exe-
cution for memory consumption analysis [ C ] // Proceed-
ings of the 17th ACM SIGPLAN/SIGBED Conference on
Languages, Compilers, Tools, and Theory for Embedded
Systems. Santa Barbara, USA. ACM, 2016.62-71.

HEO K, OH H, YANG H. Resource-aware program
analysis via online abstraction coarsening [ C ] // 2019
IEEE/ACM 41st International Conference on Software En-
gineering (ICSE). Montreal, Canada. IEEE, 2019.94-
104.

GAO Y, LIU Y, ZHANG H, et al. Estimating GPU

[23]

[24]

[25]

memory consumption of deep learning models[ C] // Pro-
ceedings of the 28th ACM Joint Meeting on European
Software Engineering Conference and Symposium on the
Foundations of Software Engineering. Virtual: ACM,
2020.1342-1352.

LIU C, LU J, LI G, et al. Detecting TensorFlow program
bugs in real-world industrial environment[ C ] //2021 36th
IEEE/ACM International Conference on Automated Soft-
ware Engineering. Melbourne, Australia; IEEE, 2021
55-66.

DOLBY J, SHINNAR A, ALLAIN A, et al. Ariadne:
analysis for machine learning programs[ C] // Proceedings
of the 2nd ACM SIGPLAN International Workshop on Ma-
chine Learning and Programming Languages. Philadel-
phia, USA: ACM, 2018:1-10.

VASWANI A, SHAZEER N, PARMAR N, et al. Atten-
tion is all you need[ C ] // Proceedings of the 31st Interna-
tional Conference on Neural Information Processing Sys-
tems. Long Beach, USA: Curran Associates Inc. , 2017
6000-6010.

Memory estimation for deep learning program

LIU Chen, LU Jie, LI Lian

(State Key Laboratory of Processors, Institute of Computing Technology,
Chinese Academy of Sciences, Beijing 100190)

( University of Chinese Academy of Sciences, Beijing 100049 )
Abstract

Deep learning programs have achieved tremendous success in a wide range of fields. However, internal errors

in these programs can lead to significant resource wastage and even result in catastrophic failures. This paper analy-

zes typical defects that cause task execution failures during the practical operation of programs, as well as their key

influencing factors. A deep learning program memory prediction method is proposed based on static analysis and a

self-attention mechanism network. This method achieves a mean relative error of 8. 38% in memory estimation

tasks, effectively preventing memory overflow issues and assisting in the rational optimization of hardware resource

allocation.

Key words: deep learning, static analysis, memory estimation

— 1045 —



