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Counterfactual Interpretation Method for Database Configuration Optimization

ZHU Xiao, SHAO Xin-Yue, ZHANG Yan, WANG Hong-Zhi
(Faculty of Computing, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The database performance is affected by the database configuration parameters. The quality of parameter settings will directly
affect the performance of the database. Therefore, the quality of the database parameter tuning method is important. However, traditional
database parameter tuning methods have many limitations, such as the inability to make full use of historical parameter tuning data,
wasting time and human resources, and so on. The counterfactual interpretation methods aim to change the original prediction to the
expected prediction by making small modifications to the original data. The method plays a role of suggestion, and this can be used for
database configuration optimization, namely, making small modifications to the database configuration to optimize the performance of the
database. Therefore, this study proposes a counterfactual interpretation method for database configuration optimization. For databases with
poor performance under specific load conditions, this method can modify the database configuration and generate corresponding database
configuration counterfactuals to optimize database performance. This study conducts two kinds of experiments to evaluate the
counterfactual interpretation method and verify the effect of optimizing the database. The experimental results show that the counterfactual
interpretation methods proposed in this study are better than other typical counterfactual interpretation methods in terms of various
evaluation indicators, and the generated counterfactuals can effectively improve database performance.

Key words: counterfactual interpretation; database configuration optimization; Al for DB; neural network
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Bl 45 PR R 4 (database management system, DBMS) F T3 A8 DL e Bl 1, P R8s 1 5 28
SAHE S I R PEEAT #A. i DBMS 75 TAE R, B S hA R 2 S8 2T E MySQL A F i AMELE
Z44; M0 Oracle WA ETANACE S50, W KERE SR IX A7 KN, S SHIWBCE X T DBMS M fg
(RS IAAR K, T 1% 28 2 50 W R Z & AN BRI BB AT A, DAA S R TC L B R T 22 T 3%, B0 M T PR BT 4k B 4
I P o A I 2 — A NP R [

FTUREE 2 2], T JUAESR, FEVR AR M 2% (deep neural network, DNN) [IHES) R, IR 22 e G AL FL . HixR
TN DLAR R A AR OGS B BUAS T BB i R P8 4 0 X 448 J ) 1) — /S OB TR 35 42 2 1) R 48 L B 0K, A
Lb TAEGE VR JE ML A 2 SRR & m] DU R R AR 2 e R 2% J2 1 52 2 A A 3o TR AR B 7E 25 P 5 2 0 L 31 TR fiE
PRI, T F2 38 Hh 5 22 B S IR AIE. SR, 1T K 2 BOR B BBV B i S vk ARIE B B (e e, TR PR B —
Fe, BT A AT AR X AL e £ SR, A TS S A i 15 ) 4 2, [ N, % 8 2 SRR 1) IR AN T it A AR 22 40
SRR A VA U, AR [ 5 20 A ATk . Rtk B R AR 2 O RMIT N B3 TFUR E0U)) TR B 25 > R m] fi R
IR, R 35 SEARRE 7 12t R R iR 2 —

RS RERE A ) R A A AL TR A, T 4 IR A T AR A A R T PR R AR L,
A B FEBRST 0TI 1) 5040 I e A P s 2 S AR v, AR B AR R 52 2 T VR B 2% ST 5K 2 20 0.

A SCERIRFR S5, IRFAERS FEFVRR AR BB PE I A HE tH R, & T PR S 3 SRR 52, 43l 2 T EHE P 1Y I
SRR 70 DA S TRRAE T 11 S S SRR vk, AR SC SR BR 4y, A B MySQL ¥ P2 LU K YCSB 14 g
AR TR, SR TR R T 3R R & S R 2 SRR R ez s 4, #44. IIZRFAt 7 MLP Fil CNN P 2545
B, IR REAT T /0 B A LGS e AT T e 0 S5 AL 236 DA R A e 1 S A i e s R e e, sl 4 AR 3R
W: SR G S MVPASFRRR, AR SCHE IR S 3 SEARRE 75 ok BT T HoAth (¥ 28 Mt Js SR SIEARRE D7 vk, I HLAR i) I 3 S Re 8 1
SEA AR R A R R

A BT

(1) A SOREE B 2503 22 e O A AR 52 O B3 IR 3% 4 42 B databaseConfiguration ZH54E, v H HTZHIEST 5 )
2 TTURECR R ) J, 5 S e AR B SR AT — e, I R TR A Al 2 oA .

(2) ASCAESEI IR g . ISR B A 4 I SRR, I 38 N2 AN T TR T X Lo A, SR i B8
LA A 5 SRALEFH R PO 2R, AR AR R AN DA e Sk PR 5, ()BT B8 oy 77 SI2 56 1 v ff 2

(3) AL U e T3 SEARRE 71235 | N B0E FERC EARAL AR, JF B4 1 i T S pPAL S 06 30 E, SO B il
JSCPRY 52 2 SIEAH B T Ho At 6T B 77 3k S A A0 5T, 33X 4 I AR ST v R A S

(4) A SCHEAT 08 P 1 B A 5256 LAIRIF S F4 S ARSI R I A R, s g LB R, b TR VR AR i R
SO ECHE R I AN PE R R AR IR R B, 3K U W A SO VAR B e T A s ) T AT

ASCES 1T ARG A, 0055 2 PRI B DA (R AH 2C T 32 LA B S S SRR D i A DR BIT 9. 36 2 43k
ST KN, CLFE 028 I 2 A5 7Y DL R S S SEARRR T 70k, 55 3 T4 H T 5 A 0 s S SE AR R T ik, 0 2 TR P HE
JF 10 S5 = S AARE 7 LA B B AR A B B HE 1 1) S SR s, I BN H AR R 8. SRR RAR DL R 40 HT 3
ANJT TR SX PR 5 AT A28, 56 4 WA 4300 3OS, A4 S0 Bl A ) SR A, SR AR R R . IR AN, R
ESPPAL S8 DS S S S A R S 8. B 5 T R A SO R B ARk AR

1 #HxI{E

L1 BIEEEREMLNEXSEE

DA (Bl B 2 ik vl LLoY h 4 28, 0l L X T LT AR 2 0% A Bh ol 2 24l B T H 47
PRI )1 BT R RASEN M S R UL RHET N TR e 20513,

(1) BX T TR BEI T35 %7 i, Bl AU 0 & SR B IR Lk A RN T 2 20 6t e S 28 () 1 4 5
ZW B BRI M Ho—, BRSO 2, AGEI N T Bok i e 24 S B0 B 7 6, IRAEA B et e
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BT, TS ERE AR AT 5 8 S IR T I TR R, BT DU 2 6 KA B i 2 S 50 7 2 B I [l 7
K, XRS5t v, A R R SE B a8 s JEAN K.

() B R S8 B TR 773 s PER S50 B T2 3 TN AR 2 TR B T 2R R )i 2 T A

FE TR 2 T H R A=) RARYE SR AR 5 s st vk 1), X8 T H T DU M i s e 1 15 S
K P, R4 S 30 8. MySQLTuner B %28 T R IR, BREWWEEEHRE FE RS E B, R IX
S I, A PR s 0 U HE 2 5 e i ),

BT AR R S L K& 1WA b B 2l B0 R, PR 0 E0 Pk e 5 L B S 5 MR, AT
F WA B AT S HOUR R, Wei 5 A4 H A0S TR0 R0 R 08 T BT i 28 T R AR, Sy e B 3)
144 (automatic workload repository, AWR) $&HUEHRE B 285 AN [RITC B AN [F) S T, £5odi FE R 2 IR b 5 25
RO, d52 )5 5k T A B AR B A T T 1 S N HERE.

WA B LR ITVEM I T2 KT LIRS 7%, A3 250050 B 07 23000, FE I . (R 07
AFAE LR T8 A — 28 T B 0 ] 52, B 3258 R 5 — 2R C R R4S M BRI A B S AP, — B
AT Gy 5 DI et 5 2 SR AT S vt

(3) FT A R AEIEM Tk ST R R L B BN SR, Zhe 25 N R T AN E T
RKINAZ RS, A 0EE T HPT Ak 2%, Wi R0 50 mEEE, {884 N 4S80 [ S e, 4%
KU BRI 20 B ke B, 5 — B BRI — ML, IS M0 [k Ak il kY A SR A 2 ). 4R 5, A
A S A R B, REOE RN TR h BREA LI EL & MAEARIINR, 15 BRI LF I 5L Co. TREL Co ALl ot F—
DCIRE DX 8k, IXFEIE AR, L BIAS Re4F BTN T L7 1) R B 12k 1 B Ut P 161,

FET R R X EE R AR LG T B A S 4B T B 00753, N 5 )iz AR AR A 7R AU 1) AL, 1) G
ARSI RE, ANREA 2RI HT D s 8.

(4) FET N TR I SR ITER N TR Re 7%, GlURE i = 2], KA S 7. Zhang 558 A42 H
T TR B A E T SR KRS 53 (deep deterministic policy gradient, DDPG) M2 %4t CDBTune”, &4 T4F
. IESH MEREFR bR AL B A ot 22 W 26 T DU 5K &, SRS, 7EA R TAE 51480 R, Actor BI LAAR
TR IIRES S th A IE I S 4, Critic XF Actor FIAT WREATPFAY, Actor 24T Critic TFALEAT T8, £ )5, Critic
FETAF AT B S BHEEAT BT Li 25 N (10 QTune™ 256 TR Ak 22 S (I 2 R 48, ‘B A LE T CDBTune,
HUIFAEF: 1) QTune 75 A HITHRIZ A S BURAAEBEAT G, T HRAT JFA AU T, AT R T R S0 A [m] 48
TGN AEST. 2) QTune SR T — T 17 1 2 1m) 78 1A )5 i Ak 27 >) 5545 (double-state deep deterministic policy gradient,
DS-DDPG), #t— 47 T M2 £ L. 3) QTune ¥ 1 Query2Cluster Ak, B AF i AL T AR 2 % Bt FE v A 1Y)

TN LERERIP A 7%, B CDBTune 5 QTune, AHHGFHT 3 2575 74 REAS th B8 47 e A, T L b 136 5 47 b 1) P
P LS H . AR AR S E0R R FE b, 1T 8RS 5 S S R PR RE 1K 52w, Ty 2 TR AR S 1 S 40T Rg
SINTAEANERAE R BRI, W R G R IRIR . RATERERRAGEE, % 0 B AETE TR 3 2805k, A8 SO
WL S = SARARE 73k, SR IR AT T 20 A7 5 ek, FAR A B 7R 28 2.2 A i AT BRIA.

1.2 REXLHBRLENEERR

KT S B SEARFE T IR 9T, 35 J LA, IR B 27 ) A AR PR QUSRI 70 B AT th T AR 220 1) S S AR RS T 1k

Y T I SOk SR R S, Bt Le 25 AR H 9 GRACE J53k ), %07k 6 Je RHRRIE BEATHE, SR A X
T8 (40 AN BTt P 3 >R a2k 1 528 T 45 SR % H Y9 White 25 A4 HE 1) CLEAR J53k 1Y, %07 VR0 BE G i gy,
Xt et oK #. 4% [ 2525 Sharma 25 A HY ) CERTIFAT J53k MY, %07 Al 11 5 SUBAL ST, B0t BB Sopi iy, s
Hidi sk 22 46 S 525 Guidotti 25 A4 H 9 LORE 574", %07 VAR A E 0 BB G BERL, oh T8k 2 4 ) 195 bR T

[3& 712, Mothilal %5 A2 H ) DICE J57: U FIARE th 2 56T S0k SR AR I 592, I V00 3 SR A5 I 3 512 A T R
B, T HL SRS S 35 5 J e R B LR, R A B S B S AT RS AN LK
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AT 7 1R PR AL 7 2K R S 052, Bl Yang 45 A B MCS 7321, e A vt i
2% (GAN) KOS $odha 7 [V HEA T PR T, 38 3oL 24 Fle R TR A A 00 T, SR A A A B 1 S 2552 B IS T s el 25 ),
RXTTBORAF I S S 2 BT TS, (ER MR T SAI T EEAT L, IR i i S S (K e S AR %, T
LA B J 25t 4 B s M0 LA

2 fE IR

ARSCER I IFWTFT T I 1) s PR C B ) S S SR TS, R IRRE A 4L S AR SRR A 25
2.1 FREMLEIRE
FEVRPE S SIESS T, 3 AR T R AR 22 I 5 B 03 ) e 22 2 I 5 B8 I 29 LA S I A e 28 o 2%
(1) Z 2500 2 ZEENHL (multi-layer perception, MLP) 7 51 24 25 W 4% f 3mib b, 785 A2 R4 2 2 1)
FINT —AEEAFH)E (hidden layer)!™. [ 1 242 B EAHL L.
Hidden layer

Input layer d
"~ Output layer

1 MLP ~Ek
Z BRI R E A B R, TR EIEEMAE MG, TN EN T RO R E A W 4
ToEAU G AL Stk v 1 Bty 22 JZ IR ANHLE N T 05 BR A, K e e 2 PR i 30 o B R AT AR B AR B, IR
FIRee LA ARG PR U H I, H A0S R4 ReLU #i%k. Sigmoid %L, tanh BRELEE.
2 IR A L i L I SR 2 A 4R, a0 Adule 285 4E . German Credit ZUH54E 55
(2) BRI N 2% B FARZE M 2% (convolutional neural network, CNN) 7£ 2 J2 BAnHLIK AL 2 b, 8 in T &
JE R RS U 1] 2 JE— AN RN I % S

@ M

..... - . - s 9y A R

'""I_::::___.‘_I. i i ___,,,1115;:"'":. .... = HS.. . : y
Hy . 0,
Hd

Input layer Convolution layer ~ Pooling layer ~ Convolution layer ~ Pooling layer Fully connected layer Output layer
Kl2 CNN/REKE

GRINZE XL R TSR S SR« T A R DU P P T A DX A 2 S RS LR
e AR 75 3K, P LSRG — R AR L e 0N o, o R IR ETTEOE b I, R R AT IERR AN, Rk
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axb+b NSE BRINE W 25 T R E AR A AE R 7 3, K G — E Mg RS i — 2 i — /N RIX
WO AU T, X — NI N S BRI N2, RIEHSER T AR S, IR — R
LR, X AFER L M SO,

BRAIPG M HERE . Wik Z LR AERE 3 30 4. BRUZ /R 3 B RRESE I, thik 2 I0/EH 3=
BB BARAERE . AR ECE, i AR 2 IR F 2 B T 4 28,

BN 2R W 2 g i T RSB 4R, 90 MNIST $di 45, Fashion MNIST #4646, 1 JLAESK, DA ST
H R AT 42 P 288 N TE T 2 B SR R SCASE A 4R, i ELBCRANES, TR T IX P 2R 3dis 4, CNN g —
AN IIEFE.

(3) TEHRFNLE P 2% FEFFANZ M 4% (recurrent neural network, RNN) 3= 227E £ ERANNLINIERLZ b, ) B 2 1t
77— BE s, B 3 IR R 4 0 4% S 45

Output layer S
Hidden layer ‘ e
/i /L i - @

Input layer £t 2 3

3 RNN/p~EKE

PEER AR 0 2 3B T A R 5 I A5 S 388, 1X 2R3 2 2 2 I G HLRI A R 1 42 I 4 TEVE AL 3D, TR R
P 28 AN Z BV BIST., TEORAE I A5 R, TG AT 2 W 2 380 5 | ANGFR )2, Mk 73X — ] .

TEFRANLE P 2 P AR FR )2 h R — AP T, HORAE T ZHr A IIAE B, B an & 3 Wi i) Hy R4 T 1 IS R
Hy RAFT 1A L 145 A5, e e b BN 7, I, WTDARIA 1o B2 BT A NS 15 B, T PR fr 22 R 4% 11
FEI LA — A7 3, S TR N e BB R AL B

FEER e 22 P 2 5 1200 I A5 LR SO A a4

(4) TR ZE M %% R 2% (residual network, ResNet)! & ANl 1) CNN A g ({4 Y 5 2 P T e 0 2845
PRI . 1 23 3R AL i B D9 265 R B TR IR, B R U RO R AN AT AR G, ST AR A5 BB 22 . 4 Ji T B ok
U, W0 R E A (R U ZR R AN I (3, AT DL 38 2 I P 4% SR A5 28 e SR 1 47 I8 B8 22 AN I AR AL RS 2 11 5
R (RS P Z8 IR A ISR B AN A B, LR R, QR TR iR E Y O 48 e 8 1R I 0 I ) R PR 155
T, BRI R R 2%, BARIRIE Bk, RS SRR i) J2 R TE A AR, T4 IR 2 5 AR 2 2k S gt 25 45 [+
TR A A B B B AR, R X R R R A5 R, BEARRE S SR 1) )2 I R B AR e S AR AL, e R R
K, HRFEARMAZ], JrllA 2 B4R ILE.

1M ResNet il i 5] AFk 22 (residual) LR T W4 IR A0 1) 8, 5% 22 SR BT NEL 4 iR, BRZEE— A 82
NERZZ BN T —44#4L (shortcut connection)”, YEZS N T Fid£k 2 Ja, BB P~ 28 TR KA Lk JRATE
WAH LB T, A x, W HFEEZRINGRA TN H(x); MEE T EEE )G, Mg R 35245
BIRZEREF (x) = H(x)—x, 285 T RIBAS 2P H (x) = F () +x . R E— 2005 H W d X — E A x
DA EARE, WA KA HBEL NI T, TEINGRETE H () = x, KA G & 2R, s in T
g G, HTENGMATIMAN T F(x) = H(x)—x=0, XA E LR TR 2, B T2 sE
SR, VIZRIS O FRHE FEBE T AR 2

BRZEHIR T AT AR 00 25 3 Al 1 il R, 3 T AT 280 A s 135 ¥ S R SR 1) 1), DRA e 2 5 T2 2 Rl
A3y Xl BARAR A T 8. i, JEAR I R R IR 5 AT AR IR A H (x) = G(F (x)) , IERIZ 5 )2
ZARIERE T T AR N H (x) = G (x) + F (x) , TERRFEAR R R, I/ B0 B 2 18] (R e AR T LU 0GR it T
SR 5 AR T i) L.

ResNet 45T 250 (B RUZ R A3 82 10 )2 502 1) (AT, ST LA 4 ResNet18!'”, ResNet34, ResNet50.
ResNet101 LI ResNet152 3X 5 il JRCAY, X SRR 4 7 o A0 35 i 80 AR E A T E L
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x |
|

Convolution layer 1

\
F (x) X

Convolution layer 2

F(x)+x +

4 REHUREH

22 REXBRERE
(1) AR FRIE: BB BEBITTN R, Tk o g 0 &, 5 — G R4 R TR 2R, AR b x
TEBA FAB LA RS, Bedisk x (e SCR:
rn}ndist(x, x') st argmax(f(x)) # argmax (f(x")) 1)

HoHp, dist ORI B4 arg max KR I AR Y I T 5.

(2) Ty ik [ H IR Tk B A AR B A A, HR R R T Ak T T &5 RS R T s B, e f) i
Wi, A2 i B AT R D (R A o, AR RO 2 R AR O IR R T R B ARIRAE A 2K (1) TP dist AL
B min, TR0 &5 S FAILAE 2 3K (1) PP TIEL arg max A5, 5 HABARRE 5 EAN ], G5 MRE AN R i
[P35 R SR R Ay A3 53, e 4 A A8, Sk SR RE IR H 1. S 2 SR Al 3 FH 1 PR G AR (TR 7 e 52
AR Ty, AN AN SE AR £ P A R i B, L AR ELAT TN 14 B 0 B AT ), BT AN B TS TR 10 S e, e
AR R AT,

X AN a7 B PR T T S S S AR AT B U K Alice aEJE—FRAT, S SRAT S HRHT O,
TR E 215 [ Alice 35 SRAEAR KRS EIR T YRS ) 40 838, 1% KRB H R T Alice IWFFE &, BI (T,
5 FME, 5201, FEee ), 8 TH4E Alice HIE MDY, (HJE Alice X IHB B, th AZEAAIIE: © Rt beakudn
Y72 @ by DR HU LA [R] ) i, AT BT AR SR ARG AL HE? 1A i) ) LU A5 BB ORAR S (R AR R SR
(B, 3X 55 2K 2 BAL G IOMARE ik AL S5 A 1 B DU) TG ¥ A 58 P A R g VRt e, XA Bl T 5 3 S A R 1
filt: a3 Alice FRARFAE o) b AT )5/ (RIE 50, LA 7590 2 285 1) ) i A /2 528 K LR B B SO 1 n 1 )75
JUIRON, B 23R4T — AT R 2 07, a2 P38 T L. IXAME S5Ot A 1 s s SE AR, A8 5 )i 1)
TR 1)t AR A A PR S RS TR TR SR B B DA I, 1] O R 5 I Alice i KU 4
A7), 1 1l BRI 2 (T SEfiRe) ATt 755 B 1, ke, AATTRT DAAR Sk bt Ja 57 1) 2 g S g 1y 7 S 021,

SRR IR AT B Y, AR AR G G T R R 7 B PR TR I B A AT Bk Bt P 1) 1k e
W LLECR I S BT n AN, 82800 PE RO IC & S 8RR n e & x, |, B dEHARE A28 TR SR
H T x, B PRI REFE R bR Ly (R Yy I 00 Bl R R R RN, IEARZE AR RE L), Wit
TiC & 2O o, FNLAE S B08 xo SR TIN A KM REFabs y IR £ 2 F TN R 1K) y D SARRAE N, FedT)
AILOH vy 3RS X (BT R TR EOE R (WL & S BT 18 S LA PR Re b, T ARCIZAT x, SRR S S, x, X
P4 B AST R T ), M TASEAS 1R S0 45 2R b $b R 265 53R DA TE AR, 05 PR ) (K3 I 2 B 0 B P 1 0 B
ZHHATICE.

X LR AT 59 A0 S g SRR vk QAT R T B P I A A — 2B U R A LA I Bl
9 MySQL %44 22, R4k 9 850 L & 2 400 innodb_buffer pool size. key buffer size. max_ connections %%,
Frpr, innodb_buffer_pool_size %75 InnoDB &R f1 R FNZR 51 (¥ 5 KD AT, IXAMEBROK, 25 6 PR B2 st 2o B P, (H2
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IXAME R KT 2 S RGO PERE. key buffer size FRRER 5IZEMIX KA, IAMEMOK, 7321 R 51 w2t
TP AR B, AH 2 X AMER KB i 4 5 30V R G B e 0L, BRI RSP BE. max_connections TR f 1/ 7% 8 5
MySQL Hd i (1 f5e K EUE:, IXAMEAE K, v CLSZ R EBAE SR 2, (02 243X AN KN, SR 2 A7 B IR
B FE MySQL IR S5 #HEFE. U5 bR IR E S HC8 50 {128M, 128M, 151, ... } (B -5 R AR & S50,
RIS 200 (R P00 4 S bR 2, TR FATTAT LASE T 1) SR S =92, (BRI 45 0 {256M, 128M,
151,... }, TROASE B (bR 2E AR BEAR N T IEARZE, it 2 1, 7T LA LKt innodb_buffer_pool_size FIEHE K 128M,
DASTAS Hds e R 4 A1 30 L AR TR B e, SRR, S = sz @i A4 FE 7R 25t PR G B AR H A3 3 T 78 40 M.

BbAh, S S B B B R R, I — 4R RIS AL A S5 R R4, T LU AT e 45 %2
P RE. £ L3RBT, FeAlTaT LU I, innodb_buffer pool size. key buffer size LA & max_connections (¥R ¥
BAREA, ARG TR s 2, NI PR RG D TEBE. MAEEE 1 1528 0 5088 e e B AR v 1L, B
B 2 R IXA ) {5, B AT R T SR O A B (R B, T 2 T B O T BE (R R, T RE S R SR M5
W) 7 S5 S S AR RS 5 V2 IR DAk 500t Rk B 1 [ B, SHE T 9% ), TR Ay e = SR A TR (0 RS 2. AT R AT g
A 1RGO DA B AR A B0 PR RE IR, MR 1 Jsi B din ) & 0 {128M, 128M, 151, ...}, 4 Eidis 1 24 {256M, 128M,
151, ...}, RAREE 2 9 {512M, 256M, 151, ... }, AARAEAE 1| FOORALE0A 2 # R AL TR 45 1 th Fubm B8 4 IEAR 2
B, S R S SE s R 1, B e AR TSR 2, %o TR (918 250 sE 20, 5 R W R K T FE AR 5E /D

1 LR, EIU R S SE AR v R U B A TR T AR 2 VP R 2 (0 Ha AR, LAl A i LR R iR G481 2012k
BT SE Fasfibh . REIHIE LA K SRk POV S A B AR S S .

o UM A REFR IS, B ST RERE TN £ SR e Dy R A A I RS H Y R B H P
e, A AR

o I FE: Pl BEAR V2, 25 I S 2 50 5 JROBOHR R 25 e A5 A0, e, Bl B e 3 1 7 S S 5 TR
PR BB 7R L1 Y. L2 Ju k. T EKHE B DA% R EG B B 4%

o Wik Mg R, A ) B S T U AR AR A B BRI AT e b, BRL g AT A5 S = ST A R B 1
iy SR TNERARSAINEE S (5 =i R IS RN (RBEEV T/

o FRIN P FEIN PR FR IR 2, A8 R 2 52 i 5 ZERE D TR I )5 A 2l I () BRI, FE N kBl . FEIN 13X — bR AR A0 T
NATEAR, B ANATT SR A B2 e A% S PR 15 3] J 3 St e

o SEBRPE: SEFRIEFR MR, 2 RN R SR A A I SE A TP (0 v R A LS, PR, X — AR R E
T, B0 ) S SR, AR 45 BAE N T 25 %, I BAREE AR R, B AN RSN H GRS, X
— 4 RS RRERTTAATISR B AR AR A AN E i H.

P JUANE bR 2 H A7 B0 FH (0 R 52 PG FR AR, JLSERR T Fakak st A7 Hofh — 2o fabr, SRR E 5t
A, B A LR iR ba e R L L E B R LR R, BT AAE LR B T P A,

3 RELBEFLENMR

AL S0 BERAEAT S SRR TTAIOWTIL, 3R 8 T PRl S S SR Ik, 6 R TR L HE I ¥ S g
SEARRETT 1%, IR TR T SRR P (4 S S SR T .
31 ETHEHFHRESEMRESE

ASCNH AR E AR LA SRR BE AT 3 A>3 TGS 3 T8 B HE Y 1 S S SRR ik b AT L.

(1) AbreRE: ST 5, STt & B S s i B0 2 LI L 28K,

o SERENS A SR UL TGN S, RIVAE S A 75 P 508, SRR R S S B MRAC ) .

o PE R S S 5 T B 2 1A) AR B AT BRI, X PRk S S SRR VA A B I AN R I, SR
55 I B AT SN sk B (i X

o MNHEAE AN TR AR AL, T2 DN DA S S SRR RS T3 VAT A TR PRI AN I U, 122 P 2 SRAE X R AR AT $E 5y
L, i B IEIX O H AT ERA R AT AN AT R AR R, 2R AT P L RS T HR AR RPALE.
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o N S S SIS 2 R PO AT 0, 35 2 TR I 0 SIS R BR 7 A 5 S B A e, 0 2 ) i
2 AR A A A RO AE I, 05 5/ 5 95 52 3 AT 0] 52 B 2 X
T RO SR, BRSO B T
o T R0 A I S B B AT 1 S ) 0, SRR B R T B LR 4
argmax (f (x)) # argmax (f (x)) @)
o, x JR RO x Jr U RS, argmax Fm B AR R R bR, £ 2m O F 000 B L
o T A BRI 5SRO 2 1) (05 35 ST RS ST, S5k 21y A B b T B 4 DA R )

m}n dist(x,x") 3)
Horb, x SRR, x R4 R 35 5E; min R R AU /MBI, x FIIUE;  dist 7R P02 R AL, H L BE R
PRECELHE L1 yudi. L2 v, 1 EGHE 1 DA SRR PGIE 2945, 70 16 R I M 28 R BN R FGIE 2, B A A K (4)
FiR.

dist(5,9) = (5 =1+ (2 =32+ (5= 3’ 4

Hh, x 5 y R EEATER EE AT P Wi, e I SR8 (e, a0 ) BA 010,25 30) -
h T ARUEAE B R = S A A8 O AT R VEARFAE, S5 28010 H AR ek 40 b 35 LA 5 DL R 43
changed (x,x") € changeAble (X) (®)]

orh, x RORIEEE, x FoRE RN R X RNITHEARES, changed X7 x5 x 1, RAESUEIIFHIE; changeAble
R X AT B U R AT
T ARUEAR I R 5 AR RS AT A & B RA AR, e 2800 H bR s B0rh 35 20 35 LU R iR 43
x' € dom(X) 6)

ﬁEP ¥ FoREBI R F, X FORITAEIRE S, dom FoR X AL FRHEIL.
b, A IR AR 4 pEER, A SR A E I H AR R A R
{ m;ndlst(x,x’)

s.t. argmax (f (x)) # argmax (f (x)), changed(x,x’) € changeAble(X), x' € dom(X) )

v, HEAN B B AR R T TR AR R . & AR IE AT G0 RERR AR 3 DA B R S0 & BSORRAIE 3 AN 4541 R,
SRR D B R B el I S RS Ho, st O subject to [I4E S, KR AW S E 1 = AL

(2) AR T Jeif e F5 BT I3 SR AR I B8, X S0l 75 B0 e — DR ER A AF: BRIt A S bR 2. IRk
AR SCIR H AT B Tk B 0 A, -t 3t o e e AR g B I P, ) SR SR AT 4y AR A R B AT f
SRR, TR A R R F L L A I A R AR B A I I RAR vy, I AR AT T T ER ).

FE T SRR A PRS0 P 10 s S AR 1 0] 328 8 B AT S S SR g, LR I s 1.

SR 1 S TR B HE IR S SRR S

I x, f.a,B,eps,times,domain ;

Bt x .
1. Initialize: x’ « x,cnt <« O #HIUEA S S 5E DLRAGIR IR EL

2. while cnt < times do

3. loss1,loss2 <« Loss(x,x, f)

4. loss — axlossl +Bxloss2 #5 K KA

5. gradient «— Backward (loss) #X & 1S BIRFIERS B2

6 gradient’ «— AdjustGradient (x', gradient,domain) #iJ] ELeviics
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7. if Max(Abs(gradient’)) < eps do #11K BELRNE M /M, 1B HHEE
8. break

9.  gradient’ « Sort(gradient’) #3&F B 5 4 HE RN ATRAEHE
10. x' « GD(x,gradient’) #3ATHHIE T %

11. ¥ « AdjustFeature (x’',domain) #5455 [R5 AE 3, (B HIVE D
12.  cnt—cnt+1

13. return x’

BE L, BN x RN JRERE, f RARBIALMTON R B, o AR E L loss] BINE S, g RRNEEL
loss2 AT Z, eps FRMEIRL I ERG LA, times Fentt KIFIMIREL, domain RN HEIE; S FR 1K) x Rn KR ig
1) 512 FEAN VIR P ) Loss() BRI R HREL, Backward() R WAL RS, AdjustGradient() R
FERIEREL, AbsOFNUSHERREL, Max(OFonB RIS SortOFHITREL GDOFRERE NIFREL AdjustFeature()
KON AL R AL

I 1 s IR AR P rh ) DU A SR IO D AR B R N I B UK R R AR SRR . BhE
N RRESE, HR A SCIRAE I ST SOR H R ILHET T B0, S ER anF.

TR 4 R K B R A S 2

1R

lossl=p,—p, 8)
Hrp, py HIRIEARZE BN, p, A B SRS TMER. loss] IIAERT & BEAR T4 ISR bR 25 A4 . B8 n 13
Tk S BRAE IR .
%2 WAk
loss2 = dist(x,x") )
Horp, dist ARRIREEERS BREL, x A JREEE, x A SRS loss2 [RIAE FH 2 ol B B0 R Js = sk 22 ) Fr) e
SRR R 2 5K (10) Fios:
loss = axlossl +BXxloss2 (10)
i, o Il g ESLEG & B S, HKRICHE loss] il loss2 MIH L. W o LEER. B LD, B loss] &7 LLIE
K, RV T AR TR SR @ PEA N B K, BEH loss2 oy BT, BRIV 1) Tl i Al AN s g 50 2 ) ) E 2
B BRI IR 45 RS B 2% eR BB A AR /IME (BB 5 ERR, B ent > times ), IXFERE T LUSEAS K
S RE NS B R PRIN 120 5, SORT LR AT e A A R O L e 2 TV E R R R K e R A BB R lossT, IR
SRS BEE Sy S S R TIPS, ST IR I B B H R, AR IR AT MR R B, ISt 2 73 28
DR AR 225 /N, Pe i, AR iy e 92 A AR SO AE 2 T e 0.49 F110.51 (0.49 A JR AR AR ZE (K LML 4, 0.51 A 34
ARSI TR ), IXRE RIS TN A A2 T 5, E 2 A TR TRV AH 220 /0, BLESOAT DL TG 181X 4 Hodla
BT R WA 7> SRR TS T SR AR, WAR, XA M45 RIEAFT S 0FTT H K, A SCAy SR RES LUBOR 342 T i 8t J 1
HIERRAE. WORBUR R ECBLE N loss1 A, R G AR AAHE O 450K bR BB IA AR /M, IS4 2% 3 BRI 1 1)
HEANBE LT P R A R T i B A S 5 2 Tl PR R . 450K eR BB A 3K (10), R AR AR K
PR R B BB ME (ERENE ISR D B, AVE 2 AR 73BT IR 1 B 34 2 IS0 9 0IE 1) AR BE DK, IS e 56 SR 1k 2
ASCHFTTE .
AR 6 BEATHR LRI K2 8 S FRAGFR LA RE S8 AN TR ERAAE . RAASR U  C 4 B i Rl Hid
K AR B (BREE/N T 0) IRFAE . T2 Bk d /M HIE K 4R B2k /)y (BB B2 KT 0) FRIRFAE LA B AN AT B AERFAE (LA
“workload-"F Sk [ LAE S EAFAE), 3X 3 JERFAEIIBRFEE 0 0, KT ma B0 L B O (¥ i R e S JEAIR R, MK AN ]
BRVERFAE B L O (1) Ji R] i b 6 168 SOAS W] B AEARFAIE.
R 9 T T B AR R /N AT RAEHE T 0 H IR 2 T ORAEXT S5 208k 18 U T g b, ZEARFRal B vy, B
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SUGEE— MR IEREATIE 0, b T BN R AE AT HE P, KB P 2058 | AT R B T B, i 2 TR HE P I )
SRR A LA 5 26 0 /N SR SR AEBEA T HE 7 (1, BRI R P 8 28 W fee K IRRFAIE,, R LA K (1 e 5 FAEAIG
k.

(3) BARSE A M MRBETRZEA n 48508 AR B 52, R S B I RF AR m s TR BUR BN, Joss2 FH2E
THE R R 5 S g SE TR RBE B, N E) 52 2% 00 O (m) 5 AR V5 1) A2 A3 M SR 32 1R IR ) 52 2520 O (V) 5 BB B T HE 110
I 8] 52 2% 152 O (m) 5 44 FEMH 15 a6 (BT AR AE AT HE 7 (W I 1B) 52 2% 05 4 O (mlog,m) , {HAZ, SEFR LAESEAN Tk AR
o R T HE P G BB 0 E, WS R S A i K B IG EE, BT CART DL B AR AL ) £ P i H AR AL, 1)
) 5L 2R 20 O (m) 5 H4 S5 S W [RIRF AE SR 10 I T) 52 24 B O O (m) 5 AR BESR AR S 92 P 1 TR B HAT IR IRECH T .

LR LU LA, AN IR B T S 2% O (T (m+ V +m+m+m)) = O(nT (V+4m)) = O(nTV +4nTm) , W
OnTV +nTm) .
32 ETHUEEEMHIFNRELBRSE

ASEMAHREIAR . TARRAR DL E AR 3 BT 3 AN J7 TN 2 TR AE E T e 3 1) S S SR 7 v A7 e i (H
B oA B U 5 1 T B P I S = S AR R AT ), X BN TR AT 250,

(1) AHSRHEAR: BB AT AR RE vl Aoy O BT AT AR . GBI A, @ A B S (L 5 )5 i B 1X
Tl JHG v =i AARE D AT A 43 DA R B 5 T 1k DA SABE BN W] A g 2. BRI AR AL R R AR
J7 R B T Ak 7 BEBYAN AT 107 A EEACR W AR L R AR i AR M T v LA AR Y
T 77 15 PO, 7 T AT 35 SR (% J7 vk oh 9T FH 3 £ LIME (local interpretable model-agnostic explanations, J&) % 7] 51
figt (4 S ABE R T 6 I AR B AR PV 5 i A2 I B AR AR W] 017 v v 1 R AR i vk (i T LA A SR AR T VAR
BRI AL TR EE ).

X 56T LA T A BEXT LIME J7iE8E47 23 47

o Local interpretable: ‘&3 B 4N 751 72 MR350 100 1 FE R s b AT i e

® Model-agnostic explanations: ‘& & WJHEAN 7 ik HRERUIG R, W LR T-4b 31 2R Sy

LIME J7 3 AR LA T

4G, SRR R AT HAR VI . B 2 i 78 PG 2 S TR TR s B 1] 5 P, i DX R RS €, X
()3 PR PSR T T (o S I R, 0 € D IURIR: €2 D3 T AR — /N T 2288, Bt i A IR AR R 1 2 24
X1, BEXIARN T HNK 2).

SR, B 58 PR R P B . BB s IO s s o B 6 AT, TR Jia 882 AR B O SRR A ATl TN A 25 2
(R €5 X 4l T AESE 1 G L X 38 1 BRI LIME J7 3R IR R T Bk, 45 tH — BOSURE— A AT 404K 1R H5cdls 23 b
P, FLRT 7R 7R T Ik P v S AR A PR VR P, A 6 TR 1 v £ O 2 S e L B PR T IR R Bl N 45

K5 YIZRAR R A K6 RiE A iFRE

© TEBREEEEIEDT  htp/ www. jos. org. cn



KT 5 B SR BB AL RE AR T ik 4479

1P 6 T UL, TR () R SR AR 2, DAL B A 4 R 1) 0 BE R BEA T MR S AT 24 IR (1. 2 K T 5 o0 il — A
AN ER Ay, RAVE S TRAIR 2. Ak, LIME J7 ik AR R Bt m LA T RAY, 1580 2 A8kl mi (W0 7
IR KT7R), A T PRAERAE RURFER IR S UK BT, LIME 77 3 RO 5 AR 2l s EAT PR B R RIBCR
B 7 30 RAE R BCR, W AL RAR TS LI 52

PR RO KA BT TN 70 2. P 8 P, YA € sl S i TN 0 258 2 PR e, TR €6 )2 AT
DA B R SR AR LR 5 A AR i L 1) R B (RS UM BT LR L1 Ve, L2 Vs, 5
PGB 2 A I G B 2 48 ), K AN [ (KOS R 5 0 AR R i e 0 P R R, AL 5 1 AP R e e 0 B R
BB (RBUAE IR 8 A B[ B BHBG, mUBOK; B EOZ, mUBD).

K7 RFEEE A K8 T ks

I Jr A — AT L R ARRE (KA, 6 A AR (B R RS R R Bl ) AT P, TRJIN, ARl el e
th, S SN EACE By, BRBE B A A R S S S, T 2 A ST A TR, T DAAS B SRR A
FIRVEE 24, R LIME J5 9 RO AR AR B0 5 K0 R 10347 SR, i LA DA Jd 08 14 40 JRE RO K s AT A
(K173, LIME Jy 325 - A Y (10 ] SRR Ze MRS (Gl 9 IR REZR TR ), B 045 50 IR 2R MRS AR o AP AE
BT PR, gt T DA DA A AR A (1 T 2, SR I S S B, LIME 5 VA At RS 75t AR AE T it i R e, S
B EIRLERAE. SEfr b, B TR PEBU, AR BRI AT R AR R (UL, 1wk S 45, WE 90 W] LU
SRR UK AT BT PRI HE.

Ko A RIRRER

LIME J5 3 A LA T8 AR (0 Al i, 4 K2 R M 2t 19348, LIME J7 3R] DAFS H 2 WP SR AR A #R SR Id
e RS T2 A AT G SR PR K 1A%, LIME Jy i3] LU H A2 LAMG 3 BAE e SR 8 e B4 2 R2 5
A (15, LIME J32a] S 208 ) LA S B ] 75 R SR A ot E 224 .
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LIME 55 BARAN & T I SR 5, B S REAR S M P 366 AR A T I 10 S < SR g 2.
(2) LAEVRRE: B S it LEBEAT S o SRR 0 B, 3K e B0l [ 0 S A S U Ay bR A O AU S 4 1F . 4%
ORI A P TR T B R 1) e SRS 5 R I A B AT I SR A, FEETRUR AR IS 2.

BR 2. TR AETE SRR ) S SR S

I x, f.a.B,eps,times,domain,tur_dis,tur _con,explainer ;

i x .

1. Initialize: x' < x,cnt < O,map_« {} ¥R I PHR RN SRR AR s i

2. while cnt < times do

W

loss1,loss2 « Loss(x,x', f)

4. if lossl <eps do #4512k 1 ISBIIHERES 4 A, 1B HHAF R

5. break

6. loss «— axlossl +pBxloss2 #¥ EIRRREL (DAE i it B0 e br)
7. f e Set(f) #HUCE T R %L

8 explanation < LIMEExplain (x', f',explainer) #3ZIfft R SCAR

9. features « Filter (explanation,map ) #ATHRHETT 1%

10. ' « Disturb(x', features,tur_dis,tur_con) #EH T K RHEEATYES)
11. X' « AdjustFeature (x',domain) #¥¢ fEWRS IR AE IS (KR HI1TE D

12.  map_ <« Update(map_, features) #5HIHFE1E 5% 7

13.  cnt—cnt+1

14. return x’

B2 N x RN R B, F RN BT R AL, o RIRWETE loss] BTN S, g RN KETT
loss2 HIMEZ:, eps RANIEIH L L loss1 fH, times Tt KIFEIRIREL, domain RANFEMEIL, tur_dis T B EURAE
PAMH, tur_con RRIEGFFAEMINE, explainer FINMRREDT HiHH rh ) o 5 SRAR H ) S 3555, AN B f v
(¥ Loss() RAIUR N SLREL, Ser() Fn TN E MREL, LIMEExplain() 3R REL, Filter() 375 R AE T 1% pR 2K,
Disturb() KB REL, AdjustFeature() RnFFIEAIEREL, Update() 375555 RS

IELYE: 2 FroR AR B R AT DU H A S0 K A% O AR N WG R I EAT PR3, B 30k B0 45 sR 4, 36
ENEA IR,

HRR 6 TP AR O BR BB B TR R HE I S S SRR iR AR ], RO A 3K (10) loss = ax loss1 +B x loss2,
AT AR BCR R B T R G KR, R AE D — MBS et

SPUR 7 R RCE LIME JriERI TR 5. 24 LIME 5 iEAER — ALl i AT RS AR R I, 5 BUR AL 2 AR AL,
SRS FH TR0 R H06) 1 L8 SR sUREA T TIUI 43 288, TR bt 3k L5 B0 FL kAT T . 3 L ) F0 o 4, R ResNet18 F) il
BRI, AN, Bk B R BUANR], 75 BN 1 R B AT 02k, R TR AT B HE S A e .

AR 9 RRAESRE IR H 5 TR0 RE AP R 6 ARIR], FRAE N Tk S SEAHER DL R IR o A T R AR RRAIE.

IR 10 2 NE R IHIE Y LIME MR SC A, 16 BURFAE B B0 f K IR AR EAT SR80, 15 56 T80 5 1) 5 AN [,
AR 2 AT — A A BERIE U BIRFAE, MATATIES 20 DA ORI 88 A4 2% 1) B 1.

PN BVERFERITEINGE KA N lossl DT eps (BARIHRXBOE R EIR). eps W EREDIIE, 2 FBUF S
5 IR E R B B0 eps BEARBORIIAE, X4 3 30000 73 2R MR A Al 220 /Ny ) L DRIt S 400 I 3 S, ok
BUT — A et i Hh 3P 5 T eps .

(3) AL BT R TR EE N n 4 B0 AR LR 812, A — 2R 80 TP AR AR B8R m s 700 BRI Doss2
I, 7 BT S R e 5 S S TR TR RS, I TRI B 24 FE O O (m) 5 TE3E4T LIME BT, T ERE LKA N, R
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JE LA AR, KA AN EIOR LIME R 1 52 2% B 5 i AR 86 K, 1% HUIREEAE 5000 AR 55 (LIME /7 1A BRIA
SRAE RSS2 5250 3 v 0 SR A SN B B LR, LIME @B I A1 2 248 O(X) ; 1T LIME
J7 552 ) AP S AR A B g A 44 HEURE I T MK BN TR 19, BT DO SR 5 B R R R AT HE T IR R I
(1Y IR 52 2% B R O (m) 5 4 I = SI2 BIURT B4R 1E 35 (4 B 1) 52 2% B2 20 O (m) 5 AR ¥ SR AF I o S - 35 75 BEAT IR AR R I
HoAT.

ZEA LAY, AR TR R 28BN O (nT (m+ X +m+m)) = O(nT (X +3m)) = O(nTX +3nTm), Bl O(nT X+
nTm).
3.3 EMAEERRTEE

o BT IR IR RN DX A s 0 B2 1 AN SRR T BRI 5, T A% O B AR — BRI, A A
T TR 45 SR 5 m B K (MR AE REAT H3h, LA B U TR B ). e A2 B AN R AL T EEbRHEA R 6T
o0 55 1190 73 2 S 08 2 bR BOHEAT I I A4 2 I, 8 UM T 245 3o L 05 K FAVRF HE A A i K FAVRFIE ;T 36 TR A1 E
PEI 2R A LIME J5 ik, SR A — UGS AU T2 2 AR AIE 1) S 20, IR AiE o 2k d K PR AR A DAy 5% T e
KIFAE.

o PR IR FE TR AE T (00 VR RN R TRR B 0 Ui, w2 5% R 1) O (X) A iEAT LIME i
(RIS T B2 R, PRI R v, TR ZERAT s LA R AU A e Y, TR 9k IS TG T S & B A Y O (T) 2 I ik
B RPN AL, BB BN T 0X) . BRI TRRAE 8 PR (K 2 e e 80 2 1 7 VA T B I H2 JS
SRAF RTI4TN, FE TR T B 1) 5 VR AR AR 2 1) S 4 SE IR A SO T TR I U vk, B AT sk
{10 J2 = S5 Py e A TN ) L 451 5

4 B

AT T 4B A (1) SE5 T B R 0RAE, /- A TR FEREHIE LR R 3 N
AT U, (2) SE50 Hr AR 5 2 . IIZRATINE, G40 % MLP Al ResNet18 PRI HEAT T 5250 LU (3) )
HSLVPAL S5, E N TS L ITVE . 2P RE BRIV AR BE R, RE AR SCHRE TR e S S AR 7 9 T A B e 2
AT T VAL (4) WA S B ST AR 5238, ek S B S FH B H0Hs ZETE 3, DU T e 0 S0 T a1k R LA 1)
RES
4.1 BUERE

BT H AT e PR B LA AR DG A R £, < W TR A G A A YA 5 50 o AR v S A FH 38 1% Hcafs
AT TT, T AS ST S B 7 A0 P Kk 1 25040 P T DA A A O 118 B0 SR b AT BB 1 N 2 DR S B SR SRARE, BT A Ay
T RESS TR 58 B 2R 525, AT E B CRHT O 1R AR, BT oRE S MR TR Rl URCR B0 3
T3 T B R AR AT B,

411 ffFHTH

A FEEAE ] MySQL 4 FEFN YCSB 4 BEMNR 1 HL R dh AT £t 2 1 SR AR AR k.

MySQL & YT T OC R B EE R 4L, 75 Web N 7 e 2 H TS RIS R B P B R 4L (relational
database management system, RDBMS) W ] 2 —. MySQL Hii #t MySQL AB A JF &, H )& T Oracle 4£ 4.
MySQL 1524 —AN 56 R BUHR FE R e, e Al S 5] 10 2 Sk SE IR (R A76h, 1T AN 2 1 0 4 S I #5221 P
L IX BN T R AR T R .

ASCAF ] MySQL s 2 A S KRB AAL sl it 4 ) 36k T, f 2 B JR R FE T AL B S HO L T oAb £
JEE KA A, 3% AT LK KA AR FE (MySQL A JL ML E 24, Oracle MIAT LT E S 50",

YCSB (Yahoo! cloud serving benchmark) #& Yahoo 2 7] [ —A F K% 2 B 45 AT JEAE A T . YCSB A&
G T 7 i, AN ) IR 25 38 RO SR, TRII 23 10 35 B0 50 Bk 603k Sk Bt ) 1 BE FR AR

YCSB X #f B it TAE Sk, TAEfAEm—Le% WS4 F.
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o recordcount: F#i & il H.

e operationcount: - 1E gk 1145 1E4L.

o readproportion: "AE S, SLERELUIT & B R ERUM L.

e updateproportion: T.YE 7, BUFEAELT B B e LL .

o insertproportion: LAEF A, 4l ARAEEIT 5 SR AERUY L.

o requestdistribution: T 4F 7 1% SR AE 825 18] H 193 41, requestdistribution 15 3 PSS HUHUE, 435142 zipfian.
uniform UL % latest.

YCSB % % PEHEAT MRS, 432 B ANB BE: load A run™.

load B BUR WA IR B B, SEBR_ bl 2 25 s P 5 i B8 — Lot LAy 85 2 run I B IRHRAT . £,
40 2R run B B RE EEHAT SRR TR 18, 0 T s, AR RIS SR A S, bl YCSB 4
7E load i BXHE T 45 44 e — Lo 4l

run {T BOZ AT B, B S CAE S B, o B RS W A 161 3K, JFad s Eodls EE R 1k R 9,
S TAE SR B B A& recordeount 4 1000, operationcount 24 1000, readproportion 24 0.5, updateproportion 4 0.25,
insertproportion 24 0.25, requestdistribution 4 zipfian; H54 run fy BEE-SHAT 500 45440 0 EHRAE, 250 & A4
B, 250 K740 AR N BRAE, IR SL0 SR AE 3 () T 1K1 4340 8 zipfian.
4.12 FEREHEE

PSS T ER AR 3 BB, A H PR s . AR s LU R M R

MySQL ##ls FEH TC B S 8 2 0k EEAS, W R ARG, B0 2 Ja B8 1) fl 37 LR I 3 52 1) SR i 1l
AR RIAE, A KA B 2 800 2 2 S B N 4 BB ) M NRHIE I 20, e S MR RIS T 00,
WA 3 2 LN RIS TR) AR 15 S G BRI Z A, RAEHOE 2 00 45 3307 )5 SR AR S S SE i R, 5 22
PRI S 5227 [A) A K, SR AR oo 2SI (18 I TR) AR Oy 7 3 A DA b i i, A S ke 1 s 2 v B A T2 1) 26 ANLE
SHGIAT AP

A, AL Bt PRI B ZHOHAT B SUR L R ORI, B2 S8 BB ARESER) (9140 innodb_buffer_pool
size, B 1] LARBAE A 8388608 16777216, {H & HIA T A4 8388609, 8388610, 16777217, 16777218 45), iX
R R R SHAT I R b, R A SR, T A% R B S 4

53 B T SR SE BB W4 1 .

£1 WA ESEELER
ZHE T FA! HEE
8388608, 16777216, 33554432, 67108864, 134217728, 268435456, 536870912,
1073741824, 2147483 648, 4294967296, 8 589934 592
ES: 0-10002 [ [F AL %L
£ 0-950: 1] I BEA LR AL
% o0,1,2

32768, 16384, 8192, 4096, 65536, 131072, 262 144, 524288, 1048576, 2097 152,
4194304, 8388608, 16777216, 33554432

T
C[]:

00 innodb_buffer pool size B

01 innodb_thread sleep delay

&
02 innodb_thread_concurrency 4
2

03 innodb_flush log at trx commit

04 binlog_cache size B

ASCEXT YCSB F 5 HH I 6 Bl TAE 1% 544, Bl recordcount. operationcount. readproportion. updateproportion.
insertproportion B J% requestdistribution, it T 16 FFH Tl MySQL ¥ e 1) TAE Sz, 5> TAE S dk s
K2 PR,

T REN IS B A B A AR 1 B R, Bt B T AL BN s s R M RE TR 4R AR, 10 YCSB 7EIAEL
PRIV, 2k (DR S PR B P TR e fia b, AR SCREIX S8 Fig b R A B Bl B v VR 1 e A

o Throughput: 7¢It Ze &BOK, 1 BT

e RunTime: Sz T [a); Sz 17 i fa) Rk, P Ae ik
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o ReadLatency: BEARAF (K11 I 4T ; T A - 1 I A e, 8 e
e UpdateLatency: SBR[ BN AE; 5B B AF (10 124 I SRR, P b
o InsertLatency: i A#R A1 9P 2 GE; 4 A\ A5A (K11 2 I A i, L R

R2 A TR R

name recordcount operationcount readproportion updateproportion insertproportion requestdistribution
workload000 1000 1000 0.5 0.5 0 zipfian
workload001 1000 10000 0.4 0.3 0.3 latest
workload002 10000 1000 0.5 0.5 0 zipfian
workload003 10000 10000 0 0.5 0.5 latest
workload004 10000 10000 0 0.95 0.05 uniform

413 REERR

B AER AR RURE - (1) AR 50 122 T 8 2 0 R JC UM 8 8 25000 1225 (2) 384T YCSB i 1 84N 1A # 8oxt
HOH FEEAT IR (3) R Hdh PR S S s . AR 5 s DL Y CSB i sk ) 1 e At AR S5 £ v (4) 7
BB e v g sk, DR PR (1),

AR (D), REIUHa S A G AR E M, BRI 5 B8 & 2085 . g4, R4
BSHCE 3 IR, EHZ N ITE S G R LIS, 7 AN S EO 4L e iE ) 2000 B, AR5 FE
IR, BRI S ARR R, T HAEXAE LN, SEA BRI EEHA LR A S U 7 AMESE, A
ESHOE 3 FMERIERS). Bl b TS HH IS N, [ R RS A 2 K, A S e SRECBEHL
AT, BIRE— R IEAT B FERC B B, 45— ANECE S50 B — AN IS P9 R BEATLARL, S B T AORIE B
LR, BRI EAE TR

PATLIR (4) 1R &, YCSB [¥] load Bt BE s 3% — e bk, WA run B BESS O, AN IEIX S50 175 bk
FHIAE, A4 J5 SEHAT B % YCSB A, load B Beb 8k 50 T g2 55 2 B OB 2 28 it vh e,

BATHs B L R Bl B2 6y 44 00 databaseConfiguration i, HALEr 13088 48, £ 4800 th 26 N3
P PEIC B S HURFAE 7 A LAR SRR LA S 5 ANTPERETR R AR L.

4.2 EBERE. YIZGFNIE

BET5 2.1 Ao T I S AT IR A 44, [ I 2% 18 30 Sz 50 B #ha 42, BV databaseConfiguration 504 £ Fe4% 4
WA, A sE Ay A . YNGR MLP A1 CNN, 55 P 24T 2 M A b

XtF MLP, A 3Cf# ] PyTorch HEAY, ¥4 T Wil 10 BrosposEsL,

. Hidden layer 2
Hidden layer 1

‘ o Hidden layer 3
,.. < Hidden layer 4
»“ § < H,_ Outputlayer
n N\ S 0
;‘( - <A< ,"' :
' <H a—— 0,

2 A ! L

€
: wH,

K 10 MLP &#E

i 10 143, i% MLP — 3565 1 NMRAZE, 4 DBOEZE U 1 AN E. Hob, SN2 030l 169; B2
FHEE T 9 500, 1000, 400 LA K 50, 45 45 Bl 2= 2 1A o050 5 AR B A5 LR 2%, J& h T e B i
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(IR B i 2 o 0k 2.

MLP IR R, KRBT LA A 3 NI FRAETRALER . FRBETRALEE LA 2 52 B () I 2R

(1) FFAETIAL T databaseConfiguration FUHE4E L7 33 AMREAE (26 A~ LA“parm-"TF 3k [ 44 1 L ' 2 BURFAIE LA
K 7 /> Lh“workload-"JF 3k i) LAE S8 REAE) AT S MARZE (LL“metric-"TF Sk I VE R FE biAR25), Jorh, REAE o) Ay i 4L
AR B HURFAE, 6 T IX PR SR AIE R A 3 75 2 43 TR EAT

T B HURHE, A8 308 H one-hot 4 i Ab 3, RIAEH UH — A8 0 1, HARALE 24 0 1) R R R 14 25 1L
{H, one-hot Zi 4 LERFAEZOE N, iXAE1F MLP 5 NFFAESCA IS 33 142 169 (34T one-hot AbH I J5 4R 1E4L);
T TIESRFE, BT S IE 2 A R ZE FEAOK, S T b7 1R T 45 A R AE 1, i LA sssx i 43
FEEEAT 10— B

(2) FREETALEE: T 5 ANPEBEFR AR b2, BT Throughput. RunTime. ReadLatency. UpdateLatency A%
InsertLatency, HUEL# R 1% SH, 10 e F+ SEMRRE 72 BEEE 0] 70 AT 45, Ji DA TR 400 S hR 28 A BE RN AR 25

AR SCRBA AL B E Ay - id AR B AN TR 028N Pk BRHE AR (K v A7 4k, SRS REAH Y 47 8T IR dids /s 155 T
PrEURRBEE N 7328 0, KT R A B AR 2R 0 402 1.

(3) VIZRFIIMAR: W5 22 o o HE FoAL B A B 122 1 3 1 A BRI R 20 DI 2R AR 2, SR T B 2 B ATk A2 S
LR K/NEE Ny 256 1) DataLoader 74 7, 28 J5 Al /N AR S R FR 50 (MBGD) #H4T MLP 19I5

EI X #54 Throughput, MLP I ZRHERG A 0.85 2o, WRRAERIZE R 0.81 2, T HAE N ZRad FE o 43 -1t
[E Pl 11 .
WP 11 7R, MLP PR R AL BB A I B0 (ARSI R BRI, AN FE s Ja B B b Thia 3.
X T CNN, A SC g #4543 ResNet, 5310 B A 10 2 ResNet18, H 451 Bl il 12 Fros.
Input layer
7x7 Convolution layer
Max Pooling layer

3x3 Convolution layer

Repeat 2
times

3x3 Convolution layer

3x3 Convolution layer

0.68 8 1x1 Convolution layer

0.66 E 3x3 Convolution layer

0.64 @
20.62 3 3x3 Convolution layer
g o
~0.60 2 —

0.58 3x3 Convolution layer

0.56 2

054 L. | J | 1 || . ' Avg pooling layer

1 3 5 7 9 1 13 15 17 19
step Fully connected layer
K11 MLP 453 K- A] [ 12 ResNetl8 £t [l

A 12 AT A WG 2, ResNet18 —JEA0 5 17 A (142x2+3x4) HAUZ . 2 MBLZE . 1 AEERZ DK
— 7 ] A TR S 2 ATL)S — 4L (batch normalization, BN ) 2.

ResNet18 YN ZFNNREFE L MLP B00L, 4 A REAEFUAR IR . B8 Ti kb 51 DL R SEBR I R FNIAA 3 AP IR,
{H2Z M1 ResNet18 [FRZETHALEEH 7315 MLP FEAAH R, i A Ak FOGHREAE T0 Ak BEFA 52 B 11 25 R0 08 A 20 Bk
AT,

o FFAEFAL L ResNet18 F-TACBE MG, M NLEIE AN 4 48, /il b2, WiEd:. KJEgEbl L5 )E
7, R b 4 v CLZE VIR R Aol i % B batch size 15921, W8 4EYI4A 7 LA E D 1 4E, [T LAZERAE Fiil A BB
BTG HAR L 2 2 4 (KB4 DL FEFEYE), AR SCREUW AR B I 322, 5 — 42048 H#2 reshape B 4EHHE, 1X
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Tl b ¥ 75 AR S5 0 S o i v i I A K.

o YIZRFAA: 5 MLP 2881, ResNet18 f Il Zr 2 Rl il 48 /) Eb B K1 4> by 3: 1, DataLoader 25 8% L & K/ ik
N 256, BN BRSLEALE R MBGD.

B AR throughput, ResNet18 I ZRvERZ Ny 0.83 A4, MNRUERI R Ny 0.81 244, i HeAE I 2R B o A 35
- gl 13 fros.

0.65F |
0.60 |
0.55 |
2 050 -
2045}
0.40 |
035
0.30 |

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
step

& 13 ResNet18 451 J-s) a] &

QI 13 Pros, ResNet18 3451 2 J2 b ] 18] 252 BOHERS T T B, 55 MLP AN[A) 92, " e dm Ja B BOTR e
T

%} MLP fl ResNet18 BEATF Lt MAERG R I BERE, ‘AT IHERG R A 22 HAK, 5 T452 Throughput, MLP
VI AEAERG 2R N 0.85 Zid7, MREEMENGZ N 0.81 Zo47; ResNetl8 MIYIZREAEM RN 0.83 Zida, WARLEAER R
9 0.81 ZE A5, N ZrFnmmiaa iy 3 55 1) £ BE SR, EATII ZE B K, ResNet18 ¥ I 253805 J& MLP I 2R B 1) 3 £
B 4 4%, KL FE ResNet18 VE K 5 SEIBLEY, GBS A 523615 29 R I (8] I ZR AR e PR R A1 BEOR A, AT I AT
Z=8E, MLP R il FE s R I B, A7 L FHadA, 1T ResNetl8 A MR RAE M. &id ik 3 i
1 Lz, AR S5 24 8 {f FH ResNet18 A4 TS 2.

43 REXIFL

ARICMNEEITTIERA S VP TR DL EL g8 R 3 J7 T s S S PP A SEE R4 T 15 0.

(1) SER TR A SCIEFET 4 B S SARREITVEAE N SBT3, Horp 3 Bl i LA SRR H i AR 8 HAy
BUBH R 7, I BAES B IR SCR S Edli &R v, #E A T 0 KR I, 53 4 — Pl AR SCTE R A TR 7
(1) S S SRR RIS, ERIE AR T4 5K i BORG ER 28 14 AR IR S 0. A S s BAIX 4 B )7 2:7E databaseConfiguration
Holn B 1 AR I S SEAE Dot B, SR BRAT B R 18 7 VR AR 1) S 2 ST EAT VR A

4 Fp ST HE O E TN ERAT 5 ik, AR SC—SEFRERTLUR 6 P AT s vrAl.

o CEM"7!: JH 75 30 it 4% B A5 MR S0 A5 10 PP (58 /0 A2 DIAIE e X 0 S (M A B (TN 32, 5 2, Fdme Bt
ROAEREB A T PP A B S0 4 A7 Y 43 28) Fl PN (TEAf 5 I A A3 25 I), Al D BRI 2R, #0552, AR 4
P 215 RN PN, A S B 00 A AH Y43 285), Sk BB HEA T e . 7R S id F v, RS F 21 PN, DR Js s
N -E CEM 4311 PN, A2 AR N IR S 355, 3 B A FH 12 5 2 SIE AR DA ot EE kv

o Proto™: W75 AT W R K s, 6 A 34t % (autoencoder) 5k K-D #4 (K-D trees) A ANk Jil
B4, AR5 5 S T T AS [ 5 () 2SR 5 R SRS TR SR A AR, AT A5 30 A B 1 5.

© GRACE"): It 5 v AF S 3 SR AR AR A, 10 AR R SO0 A AR 1) SR b AT HE P, S BRI T 1) & A O L
(1) k 233 W88, 1% 5732 6 IS U D IR EHOR SR AT ) 9450) FRIEUEA T3], LASCE R T,

e Ours_Gradient_Contrast: FET B0 B HE 7 S SRR 7 T (R 6 LU RRCAR, %7 725 B M s 53 R R B B8 N loss T,
PRI G R G5 U Ay 2 SR TN 4 A s

o Ours_Gradient: FTF S HE 7 1) [ 4 SEAR R 772

® Ours_Importance: & TRFAIE 5L PR HE 7 1) J 35 SEARRE 7 1%,

© PEBEERKCEIFR  htps/www. jos. org. cn
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DL, CEM. Proto. GRACE DL Ours_Gradient Contrast /25256 Xt bt 77%; Ours_Gradient DA & Ours_
Importance A& A< SCHEH (1) 7772,

(2) VHALHRR: Z5 G A SCIIRE LTS 5, BRAMERAT 5 AN FEARAE A SER Pl B SE IR

o TR i S SR BT TR i, T o3 S AN LAt 4y 2 TR I E B ZE(E S TR RN

o RNk BEECIEAE TIOI 25 SR oA S S EE 25 SR S = sz, o T s 1) b R RO

© TR AR S 2SI 5 i R T [ R A AT A

o RIS PE: A A S 5 i 75 L 2l IR I IR) A TR 4 2

® SEBRPE: A UK R SR TS PR L.

PLEFRFRH, 55 1 ANFbs, RIATSE0E, 2 A SCHI I s = S (0 S Br B FH B2 Hh PR A 4. 7RSSR i i, L8 e &
SR BB SO R TN, AR R 2, A SR T R N A 26 2 22 K0S, SERRE SCAN K, B 432 1) 3 4 491, 4 T
A [0.51,0.49] 50774 [0.49, 0.51], BEARBIRTIIN 73 M 1 S r KA T 2 %5502, (R 1, 2 50 PN 22K
/N, PRSI 4% B0 T0 18 4 T g WA 23 288 TE w] JE AR, RITIMAN G AT 5. 551 LA B 08, Yoz 5INPT S I — R s
Stk e EA T Al A

T I 4 AN Fabs, RIARCME BB FEIPE LA S PRk, AN SORRIR 91 5 52 B 1 00 A B a5 LA 1)
AHIRTT 5, PPN S 552 1) 88 b o Pkt Hi ke .

(3) XL &E gL SIS AL e ¥R 4 A Throughput (FHEE). RunTime (GE1T & K). ReadLatency (E2H#AFE
I %E). UpdateLatency (50T EE/EIN ZE) LL K InsertLatency (Ff A BAFIN ZE) 5 5 25, £ 56— 2R b iahs, A&
BUHIEL 30 4% B EAT I FH 5L ISR MR, SR &5 AT Ch T Re TP SR AR H S 552, T80 BEHE PP 1) S = Sl Ry
EREIR 2L ST AESERR SE e b, B R 3 2 R BRTE AR IME BN T2 5E 1H).

PR3 332 73X 5 AR L5 I A% 1, Method_name /35250 7 (M 4 85 Avg_fidelity S T By &
A AR 1) S S ST o LA Avg dif SRR FETIIN Bl OB TR T, loss [SFIAME; Avg_distance 7l Tt
DB S5z =052 15 DL 0 a2 Ta) (1) P38 BR EG R 59, B Joss2 (1)°F341H; Avg_time_cost 7~ 78 A2 Jl ) 5 5 S o) i AR A6
BITUIN IR T, HAE BT AR (1 P I TA) (72 00 min 00 s 278 1% Avg_time_cost A2 1 s).

o Throughput: £13%f Throughput F&45 IR L SE 545 R Uk 3 Frok.

# 3 Throughput S350 bG 52060 45

Method name Avg_fidelity Avg_dif Avg_distance Avg_time_cost
Ours_Gradient Contrast 1.0 —0.001995025 1.959150452 00 min 22 s
Ours_Gradient 0.8 —0.381859413 2.185275010 00 min 42 s
Ours_Importance 0.933333333 —0.395551437 2.095657835 06 min 51 s
CEM 1.0 —0.221581434 2.347991063 00 min 35 s
Proto 1.0 —0.078611674 2.136516186 03 min 01 s
GRACE 0.466 666 666 —0.336858919 1.417664253 00 min 00 s

® RunTime: £/} RunTime FEAR X} LESEI6 45 R nk 4 s,

# 4 RunTime J FF 0] Lh s 25 31

Method name Avg_fidelity Avg_dif Avg_distance Avg_time_cost
Ours_Gradient_Contrast ~ 0.966 666 666 —0.002305337 1.569737253 00 min 26 s
Ours_Gradient 0.833333333 —0.372228517 1.818955804 00 min 35 s
Ours_Importance 0.9 —0.363 759469 2.087755354 07 min 39 s
CEM 1.0 —0.225119666 2.251033532 00 min 35 s
Proto 1.0 —0.026 153 548 1.773651919 02 min 54 s
GRACE 0.433333333 —0.310911325 0.838141195 00 min 00 s

e ReadLatency: %1%t ReadLatency a5 [1%F LLSZE0 45 R0k 5 Fios.
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#* 5 ReadLatency X JFsiint LU SEgG 45 5

Method name Avg_fidelity Avg_dif Avg_distance Avg_time_cost
Ours_Gradient_Contrast 0.966 666 666 —0.003 486569 1.776 159210 00 min 24 s
Ours_Gradient 0.8 —0.365956 849 1.874996736 01 min 05 s
Ours_Importance 0.9 —0.427493422 1.516062 605 02 min 57 s
CEM 1.0 —0.247041918 1.819862623 00 min 46 s
Proto 1.0 —0.051833037 1.361167536 02 min 04 s
GRACE 0.7 —0.060 104960 1.694 645555 00 min 00 s

o UpdateLatency: £} UpdateLatency & #r [11%] LSS 45 AR 6 TR,

% 6 UpdateLatency [z 20} bb 5256 &5 1

Method name Avg_fidelity Avg_dif Avg_distance Avg_time_cost
Ours_Gradient_Contrast 0.966 666 666 —0.003801 067 1.476 540842 00 min 19 s
Ours_Gradient 0.833333333 —0.397313281 1.657900735 00 min 31s
Ours_Importance 0.9 —0.397028 084 1.412871501 01 min 49 s
CEM 1.0 —0.223 959004 2.626857125 00 min 32 s
Proto 1.0 —0.044401 870 2.073417938 02 min 25 s
GRACE 0.366 666 666 —0.356390335 1.407531528 00 min 00 s

o InsertLatency: £ %] InsertLatency $EAx X LE S I 45 J =k 7 Bk,

% 7 InsertLatency Jx HF 36 Lh s 45

Method name Avg_fidelity Avg_dif Avg_distance Avg_time_cost
Ours_Gradient_Contrast 1.0 —0.002727061 1.729411528 00 min 38 s
Ours_Gradient 0.866 666 666 —0.336224 151 1.815373890 01 min 09 s
Ours_Importance 0.966 666 666 —0.348 820760 2.011119552 05 min 56 s
CEM 1.0 —0.228429800 2.358683969 00 min 45 s
Proto 1.0 —0.044 245 669 1943359036 02 min 13 s
GRACE 0.466 666 666 —0.455742501 1.345421793 00 min 00 s

gia UL ESERAE R, A SOOI EEE . R BT FRIN I A RCSERR IR 5 AP RR I A RO &
ANTTEHAT VAL T EE.
o Ours_Gradient_Contrast: A\ 5 24 S25640HE 7] LA B9 31, BARE P4 BR IGHE B L Ours_Gradient /)N, 3K

FBIZELT [0.5001, 0.4999]. [0.5002, 0.4998], X 46 [z F Sz 7F 92 e v F i AR ¥ A 7 3.

e Ours_Gradient: A\ 5 41 SZ56E0HE v LA BT 15 21, © AT M (Avg dif 1R/ 1R iy, 40K 2 i vl F Honl Sk
Yj Ours_Importance {7 T/ 2 47, T EZL 1, B REFEIRIE AT SEPE L2 =, RIRE RIS U B B 0L T, iEREfR
UESFRRK IGRE 5 5 CEM J7¥E LA K Proto JiiEAHIE £ K T WA FP /5 v, “FH4 T REIT (B0 = T CEM ik ik
T Proto Jik. T HU T2 SRR, A 5 3 58 IR B ANRHIE R AT & %5 BRFIE I, & AN A AR TE T 3RS AIK,
BILPIE E R T 80% th 5 A SEI I TRAIAHAT.

e Ours_Importance: M 5 215256504 7T LA #4381, B P EEME S Ours_Gradient 28480, [FIFEIR i, 10 HLAR REFE
PRUF AT SE P B LT, [ CRIE T3 K G BE 2 5 CEM /792: L Proto 77 VAR IE L 22 T i Rl 7323 10 H. Ours_
Importance [RIFE 2% FE R T sEhrth. SIS 32002, & E AL T Ours_Gradient, B 2433 T 2438, ~FIH
BAEIR BT 90% DAL HHE— (R B 28 TSR AR s 2 S Vi A (1) P s TR K.

o CEM: A\ 5 45250 250408 vl LA T 43 21, & 5 KIALIAAE TG Rk, BEf8 I8 3] 100%, 1l FLET I FE 1 P24 Bk i) 45
A R e, o E7E T T SEMEA A, ‘B Avg dif 5 Ours_Gradient. Ours Importance LA & GRACE J777%AHLL
AN /), B AT B SR 0 45 R RABLT [0.61, 0.39], 75 SERR B H A Bt R B 73 2% 7 it A 25 B 31 s
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Bk, B WA R RFAIE (1 EUE i DA B .

® Proto: M\ 5 41 S50 £5cd vT DL A3 21, & i RHIAEH S CEM kgl th27e T-H 100% a2k, Hikia
HIRZ, BN, 1 Avg dif {{/NT Ours_Gradient Contrast, 445 31 (1) 2 25 52PN 45 AT [0.52, 0.48],
TS B B A AR ORI SR BR s LR, 1207 1R I A J s 2 S AP 3) Y R N B AR, SEP38 R AT Ours_Importance;
W, STERRRR A % B B

® GRACE: M 5 2155650 vl Lo BT 3 3, & A RUHARAK, KA E LT, BB RS T 50%, AT
PIRTSEME . B B, REIT PR R €, JF B THEAE AR S BRIt A 25 18, (H, SL (AT S #0m 5 A
JREI AR A AT e A G S A A AU A g Al b, B RE I 1, A5 et 21 PR a0 v R R A o s =iz, B
SRS DA 45 A, FP TR BT R A AR S, BT DAL (A i m] St L B2 5 DA BORE I M5 T A S vk
M, HEAKRZ RS2 E L

2545k %, Ours_Gradient. Ours_Importance P}z CEM 5286 35 B i, =& SK I e S B, 5344 3
T 7 2 SR it ) S B S AEAE S5 5 R A TR) AL 1 Ours_Gradient £ Ours_Importance 73 A28 56 180 L HE 7 14 7
R T RAAT BB HE P R 773, XS B R A BE U6 T AR ST AL S
44 REIZMUBR

TEXT B ST T 0 EE VP AL 2 5, s H Y 380 50 e il H AU RO

PATE B S T B B B e vp, SRS R BT 3 IR A0 S A B 0 VR Re R R AR S TR I
SR B B EAE R, SRS AT 3 RS i s s PR I M e FR A SRR e LU R PN SR AR AT
REFSAARSIITAS.

FeA' 143741 %+ Throughput. RunTime. ReadLatency. UpdateLatency DL & InsertLatency X 5 FSfuAbLEHx, 1
FH BESK AR H A 80 TS 0 300 04T 20 FE PR R AR, 1t T 2o FERE R bhAsc A&, P DLIX TR I ek /b 7 R 2 s 1)
HH, YorE AR S ABEE AT IR, SR KA Ch T RS PR SR AR 1 R TS, JE TR B HET
S SRR T I I 26 B4 AR S B S B v, R0 O 40 2K R R TA AR/ ME B/ D T g {H).

ELAT 5 415280, Index A2 1 TR, loss1 IRRARS ARES 3.1 1 pdhAT 7 300, IX AT HATHOR; 4k
SR JETE, B TSN A RO E MR REAEN T SR BC B A (19 T 43 L, BA Throughput D481, B 5 7E I A s i
H T A Throughput 2 100 ops, 75X FF55AC E T 5 Throughput 24 120 ops, A5 A2 F- 1T 75 LEIU A 20%.

® Throughput: 1'%} Throughput F&r 1550 45 R 41k 8 P,

% 8  Throughput HL4k 525 45 5

Index BT RR REFE T (1 752 FE TR L A B HE 5 00 5
loss1 AR loss1 AR
7777 —0.400122076 0.126329787 —-0.322029620 0.880924 855
2307 —0.400043 874 0.644456347 —0.495669305 0.173376623
12962 -0.128905177 0.811584 800 —0.354268343 0.624917439
860 —0.401 102900 0.556818181 —0.307937800 1.454918032
10515 -0.270163714 0.259673258 -0.378724306 0.254693877

® RunTime: £I-%} RunTime $5¥5 525 45 Rk 9 Frow.

% 9 RunTime AL 5256 45 F

Index T TR EHE P 1Tk B I e IR IRV
loss1 AR loss1 AR
10666 —0.406378 186 0.221 881838 —0.359302401 0.874733096
10247 —0.414033949 0.295483 870 —0.463 038 802 0.296796319
781 —0.400023 698 0.237314279 —0.320414781 0.421840159
2192 —0.303 177505 0.473002 159 —0.338426828 0.138220694
7233 -0.315031230 0.206377102 -0.335196971 0.319809069

© P EBEEG T
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o ReadLatency: £1'%] ReadLatency Fi#m 5246 45 F 5% 10 s,
%10 ReadLatency fifb 5256 45 1

Index BETRR REHE 1 752 BT REIE BB 1 52

loss1 AR loss1 PR
7468 —0.402473300 0.194 160583 -0.371997505 0.156 186612
8173 —0.340446472 1.331746090 —0.607533931 0.290 184049
5134 —0.401119828 0.925777331 —0.304987788 0.157190635
9054 —0.405579411 0.828981233 —0.355726003 0.253521126
5986 —0.400072157 0.132530120 —0.337020218 0.364116094

o UpdateLatency: %1%} UpdateLatency 845 K1 SEH60 45 F ik 11 Pior.
% 11 UpdateLatency {1k 5256 45 R

Index BT BRI IR 5 TR B 1 5

loss1 AR loss1 LR
7403 —0.400559276 0.629058839 -0.319986 134 0.551268386
2586 —0.281378954 0.485623302 —0.305473 685 0.618708477
4818 —0.400020301 0.121991701 -0.371130734 0.666 066232
1792 —0.401402384 0.084411384 —0.309923380 0.327360355
6049 —0.251310497 0.145746296 —0.390573203 0.156270847

o InsertLatency:

EFX InsertLatency Fihn f1SE 5 45 w4k 12 s,

% 12 InsertLatency fi4b 5256 45

Index B TR 7 FETREE BT

loss1 AL IR loss1 AR
6360 —0.402474552 0.396219060 —0.436734437 0.505225893
7108 —0.400243 461 0.421 673606 -0.573916137 0.282921543
1839 —0.400008916 0.380540349 -0.512798309 0.541462590
5032 —0.402076750 0.133856722 —0.376900732 0.152998 622
983 -0.401136219 0.604202988 -0.418213367 0.710371747

4489

B BG 45 B loss1 FIARALRUIAE Jy x FhRD y Bl 2250 e Pl 14 s aios B K sz o6 45 S AR 3R, 45
IR & 15 Fros B K.

141 :
12}
1.0}

0.8 .

~ .

= .

\—06_ ! - .
04} t
02} . ¢t .t

'0. s * .
0.6 -05 —04 —03 02

loss1

K 14 ARAEER-loss1 HL A K

~02 0 02 04 06 08 1.0 1.2 1.4 1.6
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X 14 BEAT 081 R IR, loss1 FARALAL R Z M FEAAFAE FUH IR R, Bl loss1 8/, DAk B Rk AT 1% 5 S 567
gt A, AT TRALE, loss1 R/, B g5 SR TS B, 54 0 A s R B0 AT, (H % S0 IF B i AR VE 2
RN, it — D00, 1 T LU T AR loss 1 /N, J o SEIR Rl Stk ff S 4 B v, (RS i ] ik 2 4, RS
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U TR MR B S TOE TR, IX R 2 BT loss1 FILAL R Z A] (1R TG R 1

S 1S BAT TR, KIS AR EE R ALE 0-60% 2 11, #3 PEALBURTE 60%-100% 2 11, F 245 SRR
BRI T 100%. 1% 1 BH 5256 AF BRI S 0 Sl SE Re i ke SO EE ek Re IV, 9 BRI 3R B0 5.
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AR USRI AR E T 3 AT HEAT T X EE M 2 )5, 186 T ResNet18 454 Jo S48 A AO TN RY, Pk 1
TR RIBT TN BT T PP S 2 SEARRE ik, 0 a2 B T BEHE 1 PR S 0 SRS 5 VA AN B TR AR T B 10 S
SRR T332 focJe Sk SRR, S 7 T2 REAE AR R P38 2 S A TR ORFEHR P S 1 2 Kl v K 4 BURe AL, SR A AT
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AT TR T EE R (K S 2 S RE T VR IR I 1) SR 2% B DL K SRR 9 1) il AN 23 S il UG A by 22 932K i)
FEAT 2B EIR.
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