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B OB KA IR F IR ST E AR IZZ BB A 6 KR, A R AR RS BT L
A E ARG LRI B AL, BRRMIBRBI R, — ARS8 F I AR BRI T A% 2 05k
FH R RE AN A4SIE. WA BOINSHE R FHFIRARMBERA RN TR LR RETATERAFI
8- &k F 3] B FIMRAL BV AIER AlphaQO, RATHRE|F 3] AL BMCTR4F4 530, AR ST I ARMENE
ek, AlphaQO ¥ HEMNEEIH S THAEREAF I ERE. THE RSN I RZER A FR(IERRL
T BHAFAF, 122 5 3 AL B R M MAF AT 49 290, 3 3 RURAG 25 ) B 3 2 A A% 49 30 HEAT I KA 45, IR
BERATIE B A R B HATEH . AAERREWET LRAANES, R #TIN% BOETERBRAZVNE
Al ARG N BT R TR ERAS X 095 B R LA BB RAL BV %, DRFHF I ARMEEHE. £
BRI T GA BRI BN F S R E; BT, X E G A A5 RS 3 B B e AR,
R FIAKAE, LAk AlADB; 3B E; RILFE T BHA R

FEESES: TP31L

s AR R, SERGE, TKoET, B, IME, R R, AlphaQO: B AE S B ALk . RIEAEIR, 2022, 33(3):
814-831. http://www.jos.org.cn/1000-9825/6452.htm

B3 5] A% Yu X, Chai CL, Zhang XN, Tang N, Sun J, Li GL. AlphaQO: Robust Learned Query Optimizer. Ruan Jian Xue Bao/
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AlphaQO: Robust L earned Query Optimizer

YU Xiang', CHAI Cheng-Liang®, ZHANG Xin-Ning?, TANG Nan®, SUN Ji, LI Guo-Liang*

(Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China)
?(College of Computer Science and Technology, Zhejiang University, Hangzhou 310027, China)
5(Qatar Computing Research Institute, Hamad Bin Khalifa University, Doha, Qatar)

Abstract: Learned database query optimizers, which are typically empowered by (deep) learning models, have attracted significant
attention recently, because they can offer similar or even better performance than the state-of-the-art commercial optimizers that require
hundreds of expert-hours to tune. A crucial factor of successfully training learned optimizers is training queries. Unfortunately, a good
query workload that is sufficient for training learned optimizers is not always available. This study proposes a framework, called
AlphaQO, on generating queries for learned optimizers with reinforcement learning (RL). AlphaQO is a loop system that consists of two
main components, query generator and learned optimizer. Query generator aims at generating “hard” queries (i.e., those queries that the
learned optimizer provides poor estimates). The learned optimizer will be trained using generated queries, as well as providing feedbacks
(in terms of numerical rewards) to the query generator. If the generated queries are good, the query generator will get a high reward;
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otherwise, the query generator will get a low reward. The above process is performed iteratively, with the main goa that within a small
budget, the learned optimizer can be trained and generalized well to a wide range of unseen queries. Extensive experiments show that
AlphaQO can generate arelatively small number of queries and train alearned optimizer to outperform commercial optimizers. Moreover,
learned optimizers need much less queries from AlphaQO than randomly generated queries, in order to well train the learned optimizer.
Key words: learned optimizer; robustness; Al4DB; database; reinforcement learning; query generation

AU RV P 5 O P 5 | AT — S A s TR I B Uy 8, R v AR E R GRS R A O
PR3 f 5 1 A i Ak s T 3 A (A AR I T i A — A SQL AT, PiAk s e s AR Y
AR AT J5 28, ARG A Gl vh B340 TH AN O R HAT A, 3k s AN IRy 6. AR R TR
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K TTEAR— B BEEUS B I 45 AR
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SRR A AT AUE AT, ATEh 5 ) B A2 I 25, 4R LA k2

N AR AR (AR R A R B W BE ML A, T REHTE o6 A 1S ol AR, X MBE S T i FERT
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o DTk

PEX G SCEE R, AR T — N M SR VIZAHESE AlphaQO, H 12 5 T I 5 3 4k 2% 2] (deep
reinforment learning, DRL)& 2% ] BUOL AL A8 A AN IF ) A5 040, I DA w27 ) BUARAL 2R R - bk 1 1 g
T BATTAlphaQO [ RGELEM, K& — MR A, TEAE T — A4 g (32 14, agent) Fl—A4 2= > Bl
28 (A 5T, environment). 75145 B A% 1% AR AL BR AT U0, ZT4Y 2 M B AS . 2% 2 AR Ak 2 4 A A Ay 1)
Fres O R I 22 (i (reward), T 48 S 2004 Beas (04 i 1), 208, FXEedf il g A e mtkae. HR
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(3) 12T AlphaQO A= B Az BRI BLAY, JFAR U T e B ik Fl Zhad 72, SR I A voe 45 £ if)
AR AR T, A AlphaQO TR 4. FRATHR I T 2T LSTM BRI S ms A 24 (W28 3.1 1Y),
T B MR (LA 3.2 ), 45 T AT B b B BT A v 4R v AR RS AR A TR Y
LA 3.371), HAH TEANRFEVNEG HILELE 3.4 7).

(4)  FATE I 7E P S FLSE H e 48 JOB A JOB-ext HEAT SLIG M SE, WE T AlphaQO R& A R, X thAE
M, AlphaQO REMS 25 H Jk B 5] BUARAL B3 U AN I i Aol 42 T 2% ) BURAK 38 7 R LA iy
FHRBL, BIR T RS AN, S5 G /MEECSERE(10%) S OL R, AT DU A S AR A s PR RE S T &
Al FH R 552 62 (70%) Y R IR 00 (L 56 4 74Y).
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o HundE
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attr(T) &G A AE S, TEFERNE, WRAFRHIHAZIN A FAH R (D T8 AZUF T 0 A5, e
BRI S, K5 R AEL T M (PK-FK)RER, X Lebl ] T AT E SR 1.
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FEIRRS SCE R, FAl 2 R AL R I B - B R - E B (SPY) & ). GroupBy 1E AU RN M IR G #E1E Agg=
(max,min,count,avg,sum) {F > w3 #0842 e 2B R B 2 REbE . SRSEIRE — I S IR AT, AT
X m L b, SPI Arif st SQL & ity h 2 H B A AR — A T4, TEEE AT R 2 A, bt
AT 3 g A i) TR AR A . A IR AR AR SPY A T L I Y AR R B B,
R AR AT 55 7 BT (OLAP) 3% 5. BT AR 20t vy L@ i 4R 177 B 00 40 o LAP=2F 50 0 42 Z= (K 25 0, (0 1) R 0%
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o FJMIANEE
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THRll 22 8] AT B R R IRk e 22 B
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LRI 35 7 14 25 S TN Ak o 0 4 P 77 32 TR B 2 2D (R 71 Redoint AN DQU 5 5 37 11 48 FHT v B 5 Ak 27 >3 A
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R, 2 3 A Ak 3 B0 T AR T U S A v 0 T R (L SR S ) A S O R R, R
HRGE B EINT. TH AR T B A, R AR, A S A — e W AR
XL P S AR o5 T B0 2 B AN A8 AN BEAR L 1 %8 2 oK 1 B I A 4.
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A4 Q LB F D h i nl kR SPI 7 if.

o [

ZE—NEEE D — A E WA E G ULAE LS P, #0 — AN S AR ES fo 8 SCA )AL 0] 8k
FIH D, G, PHits— AN i) T4 QOcQ, IX LA XS T f ot R ME (1. oAk 28 25 M EAT I 5, e Xt AR 1 25
WAE AT R, Bl G MEWES P W XA T U A4, eI LA gl (ke PK-FK
FERR)ECE A il w B TR (He A R e B ARSRET SRAEIEIA). D, G, P AN REE Bl PR ET iR, 2
AlphaQO KIfii .

ST IR AEA QA 8], EHUAE AT q AHy faE %S, XA 7RSS W B I A AR P 1)
(1) WRFRZEERE, TATHELIEZS; (2) AMZHARTRN, —&£EMT R NI —FERNAS, B0
P B W AR R WK S, ) B2 T — S B WM 5 UM 75 /b — 4 &, 4 T X
S ] R, AT I 2 T R B 4 A R A 4 R 2 1) (Q) R A A A (QO) A AR i .

o HTEAKE

T HTFRATT T I Tk A SPI A ) 7 1] (1) Hidh 45 4 —— & 58 2 18 G(V,E). G(V,E) e XA — N #di 2 D
b, ZEEETAES VRLES E LA PA RN S AU R Ve AR S Vo, VEVeUVG.

(1) FHIFAF ceattr(D)HR L — 1 45 vee Ve.

(2) 4 O={Project,Predicate,GroupBy,Agg} K 7~ JIT H £ /E 1 s 4R G, TN EERF 0eO 22— A0 AT

Voe Vo.

A 3MARINIL: E=ErUE VB, Hoth, Er, By Ml Eq 43 il X B A5 36 A T4 L JE BETU IR AR AT IL. HOE LT

(1) TN uveEr % uMv RS R (uve V), JEHENKEBR KL,

(2) EHED uveEy X u v EGEFIN A(uve V), IR ENRBAFEREE, ©AOTAT DAB /%52 4.

(3) HAEFFIA uveEo. M uZ— NI AL ue Ve, FEH v = —MEAERFIT AL ve Vo, IRRIBAERT v 1T LAY

EHTES u k.

R A Er MR Ey HOR IR T BRI, TRATEE— PRI I8 FEAERT I B, % IEHRAERTIL ey M AN D
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H AR S R

(@) M u4l(GroupBy) ™ Ri: u il EARGE SR AL — sl 2 A8 i (Fe s AMA B) I, FRosfEixs L
HEAT—ANr 41#4E, L GroupBy(AB).

(3) 4 uEiEid(predica) 15 s u A LI AR A AL ¢ b, RORAHRSHEAT — AN PHRAE. 20
RIZ, BATRATAER T HAR5) Ll igmde s, s PP TR, BEANTT A Ve ZIX
TEFAR W N, AT 2 AR W AT A R AE.

(4) M u &4 (aggregation) i s FISRE I RAIIET s ¢ BT T — AR A A

ue { max,min,count,avg,sum} .

Bl 2: FE—AN/INEEHR B, R AT W R AR To(name,id) 1 To(id,score).

LKW (Tename Toid)Al(Toid, To.score). A — 4 E B (Toid, Toid) ALH AL — SRR 0. XA e KR
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mame
™

K2 —Afppiiseer

o K
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@l 3 K 3, JAVAEMRT A SQL &L Ak, WAL A E R B AR5, AT T E
T AL R AN I 43 Sl 2 To.id>100 A Mike” . G RLIX D, BATTEE AR BT A HAR ) A ).

@ Subgraph Enumeration @- Predicate instantiation An SQL Query

SELEGT T1.name

FROM 71, T2

WHERE (T1.id = T2.id)
and (T1.name = “Mike")
and (T1.id > 100)

’ N A

T ."_? — T_.’ 1

\ «Mne v d y .y
- e

L -
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B3 ML 1 A i
AT BARIIFT S 205, FATRHE A BAR 82 i A i i Bl .
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PRt QY M AR, BB E AW Q° =Q ... UQY . HBEIR A EWBAT LG, ¥ Bk
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