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Abstract  Traditional relational database optimization techniques (such as join order selection,
node adjustment, cost estimation, index and view selection) can no longer meet the high-performance
demands of various businesses in the era of big data, especially those in the cloud. Due to the
artificial intelligence technologies have the capability of learning, it has shown great potentiality
and research prospects in the database field. This survey firstly outlines the advanced research
directions in which artificial intelligence has be applied to relational databases. Secondly, the
challenges that may be faced in the phase of learning-based database optimization are discussed.
Then, the research status and specific technology of relational database optimization are
reviewed, and the future development of database optimization technology is presented. This
survey focuses on configuration optimization and query optimization; (1) for database configuration
optimization, it mainly summarizes index recommendation, View recommendation and node
adjustment. Index recommendation includes static and the dynamic methods. Static methods rely
on the DBA (Database Administrator) to select the frequent queries from the query logs as repre-
sentative workloads, and use the workloads to select indexes; dynamic methods can use greedy
methods or dynamic planning, dynamically update the index scheme according to changes in
workload, and can also dynamically adjust based on DBA’s feedback. The learning-based dynamic
recommendation method can automatically learn experience from historical data instead of DBA’s
feedback. View recommendation primarily involves two tasks: candidate view generation and
view selection. Candidate view generation produces high-quality candidate views by analyzing
historical workloads or rewriting subqueries; view selection optimizes the materialization of a
subset of views under resource constraints to minimize query costs. Node adjustment includes
search-based methods, traditional machine learning methods, and reinforcement learning
methods. Search-based methods can get a better knob combination, but it may not be able to find
the optimal node value in a limited time; traditional machine learning methods can automatically
optimize knobs, but high-quality samples are needed; reinforcement learning can continuously
interact with the environment to improve the generalization ability, only a small number of
samples are needed for automatic parameter adjustment. (2) For query optimization, it mainly
summarizes cardinality/cost estimation and join order selection. First, cardinality/cost estimation
is divided into traditional methods and learning-based methods. Traditional methods include
histograms, data sketch, and index sampling. The existing methods are difficult to support join
queries involving multiple tables/multiple columns, and require additional space to store samples.
Learning-based methods can better obtain high-dimensional relationship between tables and
between columns, and can be appropriately combined with sampling methods to achieve better
results. Second, the selection of connection sequence includes traditional methods, static learning
methods and dynamic learning methods. The traditional methods select a better order through
enumerate method, greedy method or dynamic programming, but it is expensive and cannot
choose an optimal plan in a short period of time; static learning method can learn from historical
queries to improve future query performance; dynamic learning method focuses on using adaptive
query processing to learn the connection order, even when the query is executed, the connection

order can be changed.
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2] DI s AR AR ) i PERE . DQ BILYY il ReJoin
TR 4R R P M 2 T 4% 58 k2 2T SR AR AL i B2 It
J¥. DQ B A1 ReJoin B33 F) H Py 32 #0473 1R1 19
PN A R N 5 50808 Xof 1t 2 I 24 33647 U1 o DA T X 3
A EARIUT #HAT VAL . DQ B ] — 1> one-hot [
i VORFIR BN ERE . M A Itk RN
TEIEFER A — SR R FNRAE 45 K5 LAV iy Al
AR £ )2 B 4% (Multilayer Perceptron, MLP)
KVEAL A 7 B R A I DQN (Deep Q-Network)
KA RELIT ., —HAER T — ML %
TR AE S — D BRI aE M e, 5 DQ
ANTA] s ReJoin )y A 3 B2 ) & 70 A5 30 ) & 2H 5 1
B TRPE I KR R RAEE R IR EE L &
R G B . ReJoin i i fe T 5 ARG 467
K| REIFIER: . 45K KW, 5 PostgreSQL Y
Pk 2848t . DQ Fil ReJoin 4 fig LA AR #4948 Hr 2B i

R I B 3% U T Ip DR R T 85 i 28038, SR T
ReJoin Fl DQ H (44 25 9 £ 45 #4) 6 5, S REAR 4
FOREAER B A5 AN BB ] AW TR ER .
S IR PIRN T AN BE SRR B RN T, T
o xX — A {5, RTOS(Reinforcement learning with
Tree-LSTM for join Order Selection)™™ il % 43
BT P B B il — BT R A 28 R 4 S5 AL
TEA AT IR 1 00T A iU G A By . o T il o
ReJoin Fl DQ Hr (1 B i 28 X 45 A g 4 4 31 3% $2 1)
i R, RTOS F ] Tree- LSTM KR i&EHaR3
A, RTOS 1§ 61t 1 41 3 R 3% 35 i m) &
Fon . TER B 8RR T IR Q RZok 5| 0%
BRI B A= . vk RTOS 15 56 F) AR X & 4f
2o 28 BEAT TR 2 L SR 05 ) I S 15 200 o 28 9 4% 3
TFTELN SR . S5 REH]IZ07E T DR BRI IE R T
A U R JE R . B 1 REOR T RTOS M4 &
B S AN M 22 M 28 3L 72 Join TreeDF'S (Node)
BRI R 366 I R B 3R 7 ok R B A TG 2 ) el 8 T
2% o HO A — A B Al — S R RIS RS, i Y
ST B R B o A T A — S P R R —
AR GZNFRT R A DA R (a0l fos Brsar)
A o Ty S A 5 A I ) T L B T B
RIEFE X RLIIF o a0 s Bos s an A2 07 B BBUS Y .
BH 748 N-ary Tree- LSTM" [l 51,

BiR L MR GRS A N 2 2

%E SUPRHL: JoinTreeDFS(Node).

B S S R A S L Neary B0

i T RS FROR
1. IF Node is a leaf
2 h=R(Node) ;
3 m=Zeros_init();
4 RETURN h,m;
5. ELSE
6. h»m, =JoinTreeDFS(Node>a)
7. haem,=JoinTreeDFS(Node>a)
8. Iy my = JoinTreeDFS(Node >f,)
9.y my = JoinTreeDFS(Node—>3,) ;

10. RETURN N-aryUnit Chy iy, « oy, By + )

XFF— ARG T A RN R
m; KonicfC oo . ZEEAT 3 NP

(1) Q2RI AR j R ZRs BRI M 7735 5, 0 by =
RG) ARG mp R a4k o 2 1) 5

(2) WY & R BI By 735 5 W by =
RG) S IRIG mp R 9w a4k o 2 1)

X TRREHEMT R . AF AN T
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W =AS KRR Z & A A JEBARAERT . Eddy 6
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Q-Learning" " e fift g iX — 0] 8, ¥ Q PREUE LA
A BAERU Z A R ME Q R R R
IR BRAERT . (HR . B O0 AL 4 A 25 43 #r il
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[ 45 5. &1 X b [a) 8, Trummer &8 A7 $EH T
44k Skinner-DB {9 3 {1k 2% M 2 & . Skinner-DB {ifi
AR R B 5 FFR UCT (Upper Confidence Bounds
Applied to Trees)™ i A& Q-Learning, [ 25 UCT
ATLL BT A ik B 2R A R AR L s M T e
Skinner-DB ¥ 2 #f) 17 %1 43 Z A~ 6] J 7254
R[] - o 38 43— A 3 2 IWUF P AT A1 T I 8] 7 o g
FENGy 1 56 B R BE U 25 UCT S48 5 0 4 19 % 4%
Pk $E . B )5 » Skinner-DB & F 434 (6] /o =
AR T DA R A R
2.1.3 RFEINEMNEY

EZERER P R P TRk S
LAY SQL A if), SQL ES ) HAn &4 SQL #
W R FEM B A SQL TS Tk KE R
JH 32 T 0 0] 7y A AR5 A g — 4 A I
R RV N 2 T DTS B i 1 DB U S O 7
U AL 5 A iy AR X T R AR Y & Rl A
G AT VAL B A AR AR G AR AR Tk AT
HEAL . T HL T 5 R0 55 07 T AR e s BE AR G Rt L Bl
ar e 2 ] LA 7 T R A4 SQL E5 . (1) KL
WEEEH TAVFZ IS AN, B nT DU A 5 e 2 >
FERDR AR 5 e . 7E 5D BB oh AU AR 2 Al
TEA TR E 5 5 25 1 ST LA I 2 B AN B I 7
B BEALERAE ES W5 R, R 8 45 R B

PEAERME . 1M Zhou NPV QI HT PE AR T —Fh R
W RS AHEE R A AE SR A T AU SR — A A fE Y A A
HEH,HH % H Monte Carlo Tree Search(MCTS) 5
RO 3 T % 3 B L) TS Y 8. i R A )
B2 R G AR A i) S R R A AT 515
18R %7 RE S i S AL S8 R TR 1 Jeg B dee A 1)
R R TR A ST A TR R A
AR A7 30 AT DA — 20 4 v 4 R0 5 (2) FLIN 2R
WIETEA [7] 37 5t 00 5 W 45 b, fiE ] LSTM
(Long Short-Term Memory networks) & %l 3 2% >
AU G S R RO R R R 0 2 ) A A S
SRJG T — B i 3 55, LSTM BB 4 4K 1] 54 0T
PR B SRR O SN > ) T AN B KR R
I (Large Language Models, LLMs) [ 7z i f ,
Liu % N9 HH] LLMs 3% A& IE /R 32 18— b
£ 7 GenRewrite W R G, 1% R4 vl WA H B K15
54T LLMs #f7 & W &S, v DLAE AT
MmN AT B EEANE, A I AEREIE
AR BBEIERET PR E G R, 555%
FEFHN A EE J kA e, GenRewrite L H
B Y S PE AR JE R TR A B AR A
Zhou % N T DB-GPT R4, % R4 5] A H
B A U AR 7R B T3 0 A 3 R S 1A 55 DLW
FNE R I Ak A B 38R DU g v LLMs i PEfE.
(7] N 368 2o D11 25 5 40 1 A OC Bl (e SQLL £ L $huAT
THRIEE) ok 2 o] B dl P AL

A DL DL 0 2 R R B M R A B R g, RAUTE
& R ] LS A i S B S o o e B A i)
M) B FERDE TR AR B ARG S B SQL A& ) 1Y B 4
550 . BUA W SCAR A BCRE J1 1k R RIE 5 BB R 65
A A5 Ak TR AR A 1) A R SR L 0k T AR 45 4 Ak B0 4
Mt iy s L A .

S R ATE R B 1 ABAE W T8k
W P PR GE I A I — 2e PR AR . RALE
R 1 i 7E A B 5 B AR 2R I 2 2R A A G 1 ) B
CHVEE o A AFREZE SO I M AFE R IR . LAY
HBE 7Y = SR % T S, M DA 4 T 2 5 A E
MRALTT R o o5 — A B Pk 2 Bds B RA 22 4
PEIRE ., F T RO R A AR A U B B, o] 7 fR
PR R AR R N A SOM R LT E AR T AT
SRR o i — PR R

LLMs g8 55 4 3l 2 A5 1) 1130w ) 181 485 4
P BRRE . FEOTTE AN RDRE P B2 AR B i A B R AL TR
&R O Ak AR s T DAAE B R R A A



7 TR NLH

REMLRE G 2R BB R AL B A - DR 5 R B 1653

A o AT LU IR 27 ~J 25 B BA DR 37 BOR 7 1 £8 2
36 PR 22 A O R BT Bk — 20 9 T i 5 R
TE SO PR AT 55 v B9 I 3 5
2. 104 o B v ) DL AR A
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R CEHETHRD

NEO b /& —F 3 F ReJoin MBS 23 k™, 5
RTOS ™ 2l NEO o ffi Fl Tree-CNN f fifi #2 45
{5 B, AT I =k R /818 17 » A one-hot [ 73k &
7N 2 0 2% v g ) AR AR AT R R 51 R T
A BT . SR JE  NEO 31T B 28 1 28 5] 5 1Y)
R AW DL /IME 29T R AR A F R B e
R HeAh, NEO 78 3% A AT A 48 4 B 50 £ 8L A 1 B0
T 22Kk PostgreSQL 1 11 %l %t 4 28 ) 2% it 17 351 1)1
G, FF LA IE A Sy 45 ok X i 48 o 4 E AT 2R, X
ol iy 3] 3 149 77 1 DA IS SEE 2% 2 A B AN AT R
A DA AT 3085 L IF HOG Ak 1R 25 BT & etk
AR AL S EEE 12 fiR
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2.1.5 BFRITRMAERGR

Wil A 2 1T B PR R R = B B Al
R B TR . o B R A B R R RTE T
3 A IR 0 22719 0 A 5 kol A B A i A
AR IE 2 A 0 B gE T T4t 1 8 s iy mp
oA AT FEME . Kaseb 48 AW A M M8 T 4
B P, o3 A AR R B SR A AT R T
PE AWML BR FE AL (D HBRITR F &M
HIFEZENE LM E iy HEE 7&K U
WD PRAT IR 8] 5 (2) R 22 /2K QAL B . Bl 4 3z 47 I ]
FHECHE B9 35 A B E =X A O Ak S5 R 1R 2k
WE P AR AR A AT IR 5 (3) G AE Al 45 2R . H 3=
B RE 2 G A7 M S i AR Y P Rl AE R DU S
i PERE U H X T EE A (4 Bk Bk
AL A7 it 0 5 3 55 1 A R 4 2R bk TR R A i)
FREAAT 8 32 0 HC J2 B X A B A A 15 (5) i K 4k
MapReduce Online & £ R #E AL 55 2 0] ;= 4L & 3B
245254, 5 1% 58 1 MapReduce J7 ¥ AH F 1800 T 47
i M 45 TF 85 . Wang % AP 2 1 T ReOptRL 55
2 sk 2 ST TE AT 3 2 b 2l 25 08 R A i AT
THRI 3 T 5% G 0 T RUAS (9 5 YA AR DG I T
B T A W7 55 E‘J%ﬁl?ﬁ%ﬁ“’ﬁﬂl?ﬁ ReOptRL i
ik AP s A P AT o R SR PR RE L DL AL T AR

HR TRz AT A AN R = 5 0 GE R0 B A SR A T 7
Ao BAh, ReOptRL e 5 Mg o6 B A e £ doc fE 4 A
0 3z 2 il o K HE AT PP [R] IR 2% R I 8] A BAR S - i
FELP i A 5 B0 B PR 8y BAA T 3 B2 5 A BE AR AR AR
2.2 ETEINEEMML

BT o o 19 Bt P C B F AR R FEBLAR 2 ) SR
oK 1 3 A6 B A C L AR 51 IR L I A A

MR,
2.2.1 FFEIMERTIHELE

PR A B R G rh, R 5] 4R A R AT
JEM G R A E MR RS ERNEREXE

B3R 3R TR GIEAE 5k AL
£3 TERNEFHEL

Jr Yk Ji ik I8 TR
AR 0 25 2 1% 1%
B RGIHERE AL Gl T
AR EIEOY 1T # +
JE T2 K EIEoyiE 5 5

A D~ ) JER T R B R i L%

E— 3. ik Col F£Rix s (54 m‘ize(col)
TR col RGN, Hp col € Col , 25 — P&

1 TAENZ Q.2 reuard(q,col)%‘zﬂ*ij? col B N
i) g BRI B E ., BVLE col 3] A &5 %
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74 Col " SRFANLZRG] MELER T B RN RFFAE
S LA B0 T 203 R e kAL
R=MaximizeZ> reward (q€ Q,col €Col™) (1)
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(D # SR GIHETE : DBA 5 2 M\ A ) H &k
et UL A )1 S AR Y 67 280 30K 26 97 R TT LA ST Ik
Bl e 2R G000 H o 1 A A 0L 56 Tk 28 A 140
DBA W] DU D5 e 55 38 19 R 51 R A0 1k A i 1
fit., Chaudhuri 25 AP T — 444 4 AutoAdmin
MRGIEEE TR, L1710 SQL Server 4 & Bt it.
FOAZ 0 U 2 38 3 03 B A R R R L B R 51 7
S8 TG A A T P fE L AR R S A D = A P R
O £ 70 Hr R g€ Q. R TR Tk T H.
PRICT Z R 515, LR A i) A 9 w15 1) 5
T uERY S s @ R e e A i IZ R Tl £ T A
B FEA T REM RS H A D HGHEAR
R T107 % @ K51 EHF, AutoAdmin 7E i 1 4
ARG H A R MR TS . Valentin
S NDHNE R G e R ) U A O 5 f ) L 2 ) DB2
Advisor, H5GBERGI TR LR R )5 AR
G VEHE ) U A O A ), BE B U B A
MR R T T7 FBAE R — A% H I B RANME R 5
H BB . J5 5 09 R il F o 2% H A (6. S8 J5 DB2
61 P 250 285 L0 Of A sk A [l 8 3 25k ) e
AN R TR B TAE s p sh S22k SR,
P10 0 TAE LRSS I DBA i fifH. BHRSx
S ] B0, AR SCHE A28 AR JURD Bh 25 A e 05 125
() BRI SR B ERL AT
Porh =2, RN RTIESETNECEASR
SIREFE Ty AL T AL = T Rk ik . L5
(Bl AR 51 B 7 1 22 20 A 580 I AR 4 T
ER IS S EH R F R, Yu AR
T —Rh g & M 5 i Al 2 ) SOk R I ETE R T
B T = e A TR g e ik
A UE TR FR 51 2 A 9 Ak o 2] RE AR
ol 2 A5 AL S PR R R G BB A S S T
LT VEAE A [) B8 P AR Y M R o A
Gu B W T 07 T iR A 2 20 AR S e 5 o 33t
FEAIA BT LA AT 7E# E R-Tree I 73 B 9 51
A 2 MO T 18 ¢ 2RI L 32 07 12 A8 AL i o > A
TIRENS A AR E &2 M R-Tree B M AE. Qiao %§
NP A AP-TS A7 U ) 5T RO R U R 2

2 2] 53k (APE-X DQN) 8 B 3 #3515 N 7] B 45 5L
ARG, AL B R &l P RE . AP-IS %
T B R G4 G i R SQL 8 ) g L 5 vk o 1 4545
TR 136 A% R 310 0 L A 5 ) R A AR o DTG 2 B A T
B BRI 2 A s R o [ R
TEA BRI HE T, LAk . AP-IS I FH 5 45 B A
AL 5 BUBHLE] B AR TE B 8 TAE R = T g
g DR 2 o] TR RE 2R 51 BE & DA N AS W42 £k 1) R
Wi, TR R AP IS EE LG k%
RS B 42 0 i Pk BE B AR TS R G By
W oA L S T MR k. Sadri AR AN
PR T —FE TR I RGBT, e E
Tob H BT 97 2R AE R S e A 98] 7 A 5 R 43 A [
388 8 A7) AR A Ofe Al et 45 5] 76 A o) P i R R
7 B A SRR P it 8 (Markov Decision
Process, MDP) £ Y 6 2 5| S B0 — A4~ )5 91 phe 3
[*) R, 30 2ok 2 > A5 1) 2N A R R R — 4 Bk
T B 2% 51 RO . Bl T AR 28 A8 b, MDP £ Y
[ ASREANE N FE S N TR P R (Y € R
g, XA BRI T AR R E T A8
RZ G B TN T W o, i — 2 R T
RGN R AE P RIR X e A R e ) . @t b
WAFGE 0] LA R AR O R B0 T b, N A RE AT LA
ST AWM AR EMA MySQL iy R 51454,
W, mT L SR B0 R B 228 B T A R AR IR
X B A B 2 ) B S R T T S 2 B e A R
AE. MLAh, N B RE R AR R AR s AL I vl DL T
F 303 £ R IS A Y 1 A AL R 91 O 3 A o
EKIILE.

(3) BEAE LLMs f£ 45 F AT 55 b 22 B0 A0 1
TERGIMEHFE T WS AT LLMs DI BRI 8K,
LLMs A DA 43 87 oK & Iy s #5900 9 SQL 15 ) F1 I 4
FET1RI - 38 2o 2% = O [R]85 96 0 A A B0 T 1 1 ()
AR U A IS R 51 . A, LLMs i % 38 i
) N AR A A RN SR ) 06 2R . A B HE AE T L 3]
NZAEER S . 38 il A I 4E AR AR LLMs B
% i 00 W6 26 37) 22 [i) £F A 58 O R M L O 4l L fE fk R 5
45Ky . LLMs ifn] DLJE T Scaf 25 9 07 2028 16 B 3l
R G175 LARE R 80 Bl R B A R AR A
B, Zhou % AST R H T —Fh 3k TR ANE F A
B PEFE SR DB-GPT, JB/R T KiE & R 7E $%
JE 25 IR v i 1 P 38 5 AR LR BB AT 55 4R 4 R
%l . DB-GPT #81% [ h b A= il A AL Bl i & 51 - $2
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Hb R BIRME 2xt 2 Al AT A A PR
Wit —F Ll L iF LLMs 2k A8 K51 K . B
FAF AR, N T L R 5] kB, ROk
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2.2.2  FeFEE )0 EIHERE

WAk R P B0 T A B R v Y — A R
F 43 R HIRL AT DA G 4R s A vk g . G Bl
YR B AT DATE AT H2 52 10 T4 P9 8 35 4 o A oA
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oy RMER . B J7 KM T DBA O AR BN 4
PR . RS B 2 DBA 78 4k B K R
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B HFERCE T P B = R 1 . Rt fil A
HEAE 2% B 0 45 22 1Y 20 1) T A 7 28 i 0 24 A R
ETaALEN. MEEESRCEMR TREZE,
Oracle 48 2 Fl DB2 B4 72 45 3R 6 2 8088 /7
R T S AR g T B R A
P EZAT 55 (1) ok 00 161 26 B, 400 4 7 8 A
DI TAE a8 & B vk AL IR s (2) MLk #%.
F 2 G0 U Y BRI JIr A 2 400 11 R AN T R LA AL
TR A 7 25 0 95 A 30 0L 61 1) 1 4 4 o L IR R LI
BXCRE ] LA R R B b e P

(1) i 3 A0 I A= = Fy T TR 1 U ] 2
RIEBEIG K P A A B B AR A R — 4
J it L, A TR A, EEAW
For vk . O e 48 HE TAE b a7 &
], Dokeroglu 28 A\MW T —Fls R ik, 8
FE 4y 3 LA R ILRNR A s i el 5 k. B A
B — A i 2 A WPATIH R KA 5 i
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PO B g EER P A | e /N S 2 A g ]
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FRANASE A A T, A A 2 2 R A T A
FHRE T RA T A AR A . SRS, FE 3% 28 1] 36 3 &) o
R 28 34T 55 IF 48 R B AT AR 19 42 R 3 4l
@ 5 F A i) DL A e R TR 2 A A, B A
T AR B A A AR O L A B Ok B i
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L 080 T BRI AR {5 22 1 A i ] LUR A A .

(2) WL e 4 -l T 28 48 5 5 10 BIR ) i 3k 400 1]
ANBETRYIAL . Ut A0 I A 7 2 0k B —
fiE R4 10 W0 (8] 7 45 O 20 25 Hi 0 JE R A7 Py Ak e 3
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T LA ¢ PATRIARAN . M) 2L o 1 4 b
s Lol R o b HIRE A2 [0 B R r J2 1
s ] B A PRt 32 e A0 Y B RN e M AT s
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