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FBO: The Cloud Database Knob-tuning Method Based on Federated learning
YAN Yu, DAI Zhi-Yu, LU Ze-Kai, WANG Hong-Zhi

(Faculty of Computer, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In recent years, with the development of software and hardware, the cloud database has become an emerging
development trend and can reduce database operation and maintenance costs for small and medium-sized enterprises and individual
users. Furthermore, the development of cloud databases has brought huge market demands for database tunings. Researchers have
proposed many database self-tuning technologies to support automatic optimization of database knobs. To improve tuning
efficiency, existing technologies have shifted from focusing solely on the tuning problem itself to focusing on how to reuse
historical experience to find the optimal parameter configuration for the current database instance. However, with the development
of cloud databases, users have gradually increased their requirements for privacy protection, hoping to avoid privacy leaks while
having efficient data access efficiency. Existing methods do not consider protecting the privacy of users' historical tuning
experience, which may cause user load characteristics to be perceived, causing economic losses. This article analyzes the
characteristics of cloud database tuning tasks in detail, organically combines the server and the user, and proposes a cloud database
knob-tuning technology based on federated learning. First, in order to solve the problem of data heterogeneity in federated learning,
this paper proposes an experience screening method based on meta-feature matching to eliminate historical experiences with large
differences in data distribution in advance to improve the efficiency of federated learning. In order to protect user privacy, this
paper organically combines the characteristics of cloud database services and proposes a federated Bayesian optimization algorithm

with the node as the training center. We utilize random Fourier features to complete the protection without distorting the tuning
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experience. The evaluation results in extensive benchmarks present that our method could achieve competitive tuning performance
compared with the existing centralized tuning methods.

Key words: Cloud Database; Federated Learning; Knob Tuning
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P ACEL AR RFF D7 A, i1 545 S04 E WS B0 2K () = V2 cos (W' x + b) 5 A Z e B AN
W ST B K, 75 ) — A 1 i B B LA LA RFF. R T 45— 4% % 1 S R0 1 o4 EE, 9 FL3BE 40 B 42 4
RFF, % J 3 0] LA RFF V503 BRELE 0% & (x,x) = o(x) o(x') UGS N (v,.075 ) (AR 5), Witk
15 M AR B — AN RIRIXA AT M JERER o (BT 1) I 1R 55 35 AR B R 25 33X A 1 B o 74 7E 50
A A P PR 7 A B I SR LR B4 AR B £
SHR R, I 45 S ) P 10 £ 25 0160 2 th, 1T DR YR 0 S50 B0 K o (o) P S 0 0 A0 A R I 0L 8 307 4%
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ke(x,x') = (x) (") 2 BT LA 8 175 R S 2 30T AU AR £ ok DL I BT S8 £ (x) = ()" o0 T AE 5 345
M RO T G 55 % T R WO B 5L o (x) R TEIE R % P73 REF F R 8 AT GRAIE T
BB 122 A

autovacuum_work_mem backend_flush_after .. bgwriter_delay  Throughput
-1 4] 200ms 2204.84414
943719 ] 2591ms 2129.742962
= 19 2990ms 2624.321296 k1 k2 kM Throughput
819855 239 3409ms 2200.065027 1284 584 254 2209.884607
N BA w
BREL D
SHTENA "
AR AL
%
x X, x

¢(k) = V2 cos(wTk + b)

RFFIE {ik

-1
N N(V,UZZ )
= ¢UOTHM) + 02, v =3 $()Tm
St RN S IR R

K3 T YCSB 9% 7 b i f 40 56 B AL OR-37 s 1

i 55 3 F AR BN B) ACERE BRI A6 38 AT B 22 S AR S50 AR AL ) 17 B B, 4 R B 58 R 78 20 U
5, G L B 4% SR T8 A T D s 2R 8 O 4 A NG L, DA 7 20 R A R e A0 1 e, R A 31— A Al
(K28 RE AR BB IR AT, 4 R B R 22 5 22 6 B0 5, O 4 SRS Wl 0 ) e AL I B Sk RE 2 TR ) SR R AR
XA B, SR 18 5 4 S 1) 2 95 S R 9 1) 4 R B R SR AR BR K D T B G SR A A B SRS A R AR IR 2 DA — MR
AN I FEC B, 0 PR IC B2 () B2 PR 2R, AN T A B0 7T RE A9 20 W F v 1 ETC 2. SRS 06 56 ol — EL T S T L R
HoAl it 2 42 Ry A 5 P AR A S W80 SR AU BB R I T 4R T — R8s AR

ik 1. HER ) A REE 1 RFF RS

N %) TR R B (k, m) , BEHLEFGERCRE D

W 2% HIEER RFFER

U I RS 2 P AR w s b

2 x<GP(k,m) /1 % PR G T R 5 20 0, T ML B o SR
3 (pw(x)ex/icos(waer)

4 RFF <[, (x).pp(x)] 1 SRR IT ik

5 return RFF

4 ETEBFIMNMHEHRAREX

AR Pl T IR 2 o B DU R I S e T IO A S OR A A DU AL R ARl i P E 2 R
F i 2 2 — A DU A R A T B 7 % 2 P o b ke 1 R B0 £R %

DU S AL A — L 38 R AR 2R A A, DURS AT RE A IO AR B R R B R S b A 1) B DR (9 77 9
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e AL A G2 B o ARBAR M RURAE MR AL acq(h; M) ARFEBEIRY B T4 52 H bR s EL £ (047 A RRAE, 1T R
SR BN I T 48 e R — R (A B DU )0 e 897 22 5 2R 0 it P 18 A HE 287 S SIS AR bl e R 4
BRI B IE FERE AR R AN I SR S AR PSR LU S e 1 IR

BT IR 2T 1 DU ST A ME SR, — RE AR J B ) Ay UM B o AR IZME SR R 55 o B 1 22 i 2
Hilgrid .

ik 2. TR VUi L5k

MO BA AN E R E I E D:{(k(l),m(l)),...,(k("),m("))} Ko X6k N TR AE {metal,metaz,,..,metan} JHT AR M
HIOVERERE & £ (k) KOCHHE meta ,JURFAETTIE BE y R AREEL

W mKELEm, ARELE L,

1 // Stepl. JTTRFAELHAC 2 F b, 25 J 3t v+ 55 REF 4FAE 7] &, A2 385 45 JIR 55 i

2 w«UO

3 Fori=1ton do /] V5 RN i

4 s=sim(meta,meta, ) 17 VLS 37 AR AR B TR AE R AR AR
5 If s>y do

6 ® — @ URFF (K", m")

7 End if

8 End for

9

10 // Step2. 5% S A1 4R 1 4 R A L A0 22 7 i AL 704

11 global model < init _model()

12 client _models < init _client _models(®)

13

14 // Step3. M55 bt FF 46 WA Y11 5 DU 07 410 A 2 2

15 Kyae < Kaggaun

16 m,,. < [(Kqepousr)

17  iter <0, history < Q&

18 While iter <n do

19 global _model < udpate _model (histary)

20 k < advise _configuration(global _model, client _models,iter)
21 /A5 P A TG U e P v e SR R L P AR R
22 me« f (k)

23 iter < iter +1, history < history U (k,m)
24 If m>m,, do

25 m,,. < m

26 by < Kk

27 End If

28 End while

29 return m k

max> "best

NS A 2, VR AR B G A TR S ST RS DL B e L R AR
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T 5 A3 T3 S SO TR 5 s R I SO TR AR R AT DT T AR A R ORI A ARV AE S A ST
(175 710 2256 & BESR (75 7 0 A L 55 3 45 IR B A R4 7 2O A4 b R A0 250808 Jon 25 40 2,4 RFF [ &A% 3 45 IR
% gt (1% 2 19 1-8 47)

SRIE IR S5 st 1 s A AR B A B AR5 4d 4 4 JR DL O A A AL DA R R FR B OB ) RFF i 200 24 5 (1)

w b ZHUE JE 2 i I S Y (B 2 1) 10-12 4T).

8% 3: RFF MEIEJFENE P a2 init _client _models()

BN BEFIREAR RFF HEGE o
Bl FFRIELERL client_models

1 global _model < init _model()

2 x<«global _model _sample() 11 N2 R e e A SR

30 p(x)« 2COS(WTx+b) /A JR B A oR 2 ) RFF 3L

4 client _models <~ &

5 For o in o do

6 1B PR BRI R B o(x) M RRAE ) DU 7 2k B o(x)
7 client _models < client _models U {(o(x)T a)i}

8 End for

9  return client _models

Horh Sy AR A Y 1) BLAR E LA

RIBIRF. 57T FE(Gaussian Process, GP) A & —ANBENL T AR, Fo 4G AR ATAT A BR 745 A0 BE AL S & #0
410G % 70 = T o0 A, BT R OK B 2R IA B8 27 RN AN B 8 M KRS I b TE, GP BB TE DU B Ak R iz AL E
AN B8 S M 75 UL, 320 R H2 (AL Tl 1 245 X 1, 3 0t T 2 ) A A B0 P W SR T 9 T

255 — WA D, = {(xl,yl),m,(xt,y,)} LGP 155 BRI FH 3 e 40 A B 36 100 25 v 0 43 AT P TR0 G T %)
18 p,(x) B T7 2 o] (x,x") W AR W0 F,

u,(x)= k,( ) (K +o 1) ]y, 3)
o7 (xx) = k() =k, (x)' (K, + 0°1) k() )
BP0 REFKT, (v,) R R M AT R 07 S0 K, =[ k()] A

k(x) [k X, X; ],1 "
B EBERY. R F & A [l (3 10] 5, IR 55 3 T DATE AS 1T S 06 5000 1 1 0 T S HR ST AR IR 2 P i
GP M 1 %6, % B A RFF JE UL R 5Lk (x,x") = (x) o(x") IR IE] GP ARFRHEAL W LR RE GP N ELA o(x) fF
SRR ) DU A E AR 7 (x) = p(x) @ R —AMFRHEEZ A @ ~ N (0,1) FEVLIIAE D, bl LU S
o 1) J5 S 22 43 A
P(o|D,)=N(v,,c”%;") (5)
o, T =0 (X,) O(X,)+0’L v, =(X,) 5y, ©(X,)=[p(x),0(x)] .
R, T B 50204 P D) R @ (HLE A2 % P 3 e [ 9 6 ), KO 1 RFF JIEABLIJS %0 GP 48070
F(x)=o(x)" @ Bdb, 3 TIRAT U & (0305 1005 3 1 26 25 07 4 A, B ¥ 0 ¥ J 2 7T AR 0
#(x)=0(x)", ©)
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o ()= p() = 0() %
FEMMSE D, b8t i+ B £ (x )*W&%lﬁﬁéﬁﬁmm%: 8 IR 9% R (Kendall’s Tau), if LLFA
TARATE b AR (B 4 11 21 17°).
BRGS0 2 () 14-28 47 W0AA A 4 R AR R 028 - i 5 Y 5 IR 55 i T e At 1 A8 R BOE R 70 R =08
PR S iR SRt PURIE V€7 hlstory={(k1,ml) S(kyym,_ 1)} A2 R BB E global _model ,FiH k,
R H OB PPAL T L, m, 0 RIS B 1 MR
2. RN R AR IR B R T SRV B B A B E &, = advise _configuration() (53% 4) TR
RERE AR AT =R Al 7 2 IRl — AN G B ME SR B pr R ORI A A OIS AR BE AT 1B 4%
S 1B 1) T A5 P 4 R R T A T
a)  ERAA R R KL k, = argmax,_acq(k;model ) K% 45 G A SR EC B (L 4 1 6-
9 1T);
b)  LRG & b AU (¥ SR B BR B A T ADUASE B A 2 1) e AR T B DA ALY S 2 A R AR R
R AR B2 I 37 B L, DR SR AN A3 281 I sk 4 56 41 7 O TG B (B0 4 119 9-16 17);
C) N T G AT RS R A, B A AR [ e MR B AL R L A SR IR R B AR R R e ) (BE
4 1 3-5 17).
3. fEHIPTERIECE k, PPAL OB R B m, IR S RN history = history U {(k",mn )}
T RZES N T R,

ik 4. W E advise configuration()

BN R global _model , % i A client _models , 4T LI IX iter
Bl HEERCE &

1 pt<—0.9><(l—exp(array(n)x(—l/c))

2 decider < randam(O, 1)
3/ ESFRRENIACE

4  If decider >0.9 do

5 k < generate _random _configuration()
6/ fi A R R HE A G B

7 Else if decider < pt[iter] do

8

9

k < argmax acq( global _model )

I % P v A R HE R A
10 Else do
11 T <« D, configs < D

12 For model € client _models do

13 T TU {kendall(globalimodel,model, history)}
14 configs < configs U {argmax acg(model )}

15 End for

16 k « Z;Ti - configs,

17 End If

18 return k
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B 4 T G TR (1) SR A R HUE AN

REERH. RERLIHEALE T — BN TPl 5BoF A 8 1L E RS E SCRFE EI(Expected
Improvement) B 40, 1% iR %5 FH T 487 12 2 0 BB R F T 224 117 e £ 00 002 e ) 08 e i, G A 50,

E](x)z.[:max(y*—y,O)pM (y|x)dy (8)

Forpry" 2 H AT SR B (0 e VR, ET(x) B2 7ERC & x BHERE p ST IUIIER. T — OB R b il 5 S T
BN AEAS ELIA 3B KA x, = argmax EI (x) .

FEA, p(y|x) RACIEIE x TR, AT M R 55 3 6 4 R R L IR A SO A ] GP A B 1 f=
B o AR VH A ELAE N — P R R B A A M i 5 D% P i PR A M AR RS B U A6 FH SR A48 B 2
I A B AR AR T A — A ELIFE T — P I B % 5 M iAE 55 A L EAT AL R

5 X

N T SR AEAR SR WIS 2 21 R R AE R A FT AT E, ASCHEAT T SRR, BLPPAS IR 2% 3] B K IR AR P e
G, E 5 WA TSI MR E, S B SRR AR 3, X EESESS: baselines, SEIRMIVEAR bR, O T REIRIER
HRUR AL HE SR ) S FIVE A 80, A STt 7 =07 D6 BE S B6KE 2 1) B0 2 ST AU HE SR ) R $e TH A58 5.2 71,
R K B T IS 2 2T (1 DL ST ARG SR B At e T P A R SRR AT LA, VA HL A S B R e SR RIOR2)
FRFR 2 STHEQL R AR (K B 1 AE 5.3 749, AR 20 T 2 2 i 32 3 D S 00 ol 160 % 7 i 50 8 2 A g 0 38 1 2 3

TR;3) LIS B E B A AR A A B I 5.4 1T AR I TS T IR S 3T 1 DL 34 oA L B E 2 o, 2% O
DL 56 (B 2 B ik AR R 2 A, LIS IE i T TR A UG T5C PR 40 560 0 326 X 2 7 i 7 A i A PR A B8R
5.1 SLWIMRRERBIES

AAE Windows 10 #AF RS L#EAT 5258 JF KA BE Python 3.10 1 PostgreSQL 14.4. 5255 F: HLAC #
Intel Core i7-7700H 4b¥%%,32GB W AF A1 1.5TB k4. oy 1 B 12 B8 2 32 G2, A SOR LB B /21247 Ubuntu 45
R Linux ML L ZEMHICE T 4 0 CPU,16G AAEF 512G Bkt

WRBHRE. WNF 1 iR, ACRH T YCSB. TPCC Al TPCH = ANFE IR T H ok VP4l B 2 R 4 vk
fe. B AR KU, 7E TPCC a3k b, A W B 530 warehouse=10,loadWorkers=1 4=l (5 H 1GB 2= 0] fU 3 & 1L A1,
NT BRE AR SO R AE KRR S ER AR A 2k SE B0 i — 2P kAT T 8 R K HL 3R N AE IR ITE 4GB, FFiE I %
B TPCC Z#{ warehouse=80,load Workers=1 4= i 5 F§ 8GB 7= 6] #5442 LA AT A AL AR ZE TPCH kA
SCEET 19 AN A E RN LU AR B 100 AW FH S IR 8 MR B3 1GB RIS AT &l A
SCHEBR T ER 24 BB 17 ANGE 20 MUER, BRI N RE T X = AMSUNR AR BRI 1 AT IR (] BL AR AR AR I A E KA
Z AR ARHE BRI AR 32 S BA R A RA.YCSB 7 E A DL TAR 571 3028 2 A s s 4 (AN S a4
il 1GB % [A]):workloada(iL 5 $#7 % ,50%/50% Reads/Writes). workloadb(fi: %4 95%/5% Reads/Writes)
1 workloadc(Zli152 7 ,100%/0% Reads/Writes), &4~ TAE £ 248 1 2 % recordcount=900,000 A= il F % 4.

TPCC. TPCH 1 YCSB #2412 P TAF S sl AR, 1 o e v WU B 4 28 7 30l 4R 0 1A £ 3, A R s 4
T B I S B P R G AL T2 B0 I A AR SRR S R AR R R B 1 7 SRR TR S 5 8 i Al SO BERT 4 A
SER AT T AT SR A R AN, 18

XFEC T EE. LA AR A R e L AR AR U5 v R Ry D = () AR T R I 5 L) B T sR AL
(Reinforcement Learning,RL) /5%, A J (iii)2& T DU #7144k (Bayesian Optimization,BO) I /7 % fE A T H &
(¥ 77 12 7 BestConfig** & — i A (¥ 7 9. 6 K5 48 22 25 1A R o Sy 22 A0 43 B 0o 4 S 5 PR E IR R AR % 7
AT DL B VR )R AN S AN IE SR 56 SR e M R A2 B T PR ),

SEUG HH A SR BT B S ST 1 L SR AR S 5 LR R AR S0VE E4T TR (1) DDPG(Deep Deterministic
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Policy Gradient)!": 7 F VR B fff 52 M S M KR B 035 Actor J£T DBMS P &#B48 b5 I 2R IR B #2248, JE 3 Hi S 45
PR R AR H K Bic &.(2) BO(Bayesian Optimization)®: UL i 40 803k, JE T 238 DL 30 4 ke 546 500 7 i
£ E .(3) CBO(Centralized Bayesian Optimization): 4 A 3 DU #ir 8 00 595, 76 B AL B0 22 A DU i de 4k 3
AL 1) 77 50 22 B HEAT PR A, T B8 F 5 T IR0 2% 30 1) DL I 37 908 0 B R K

1 LB

No. Workload Scale Transaction Ratios
1 TPCC 1GB [45, 43,4, 4, 4]
2 YCSB-A 1GB [0.50, 0.50, 0, 0]
3 YCSB-B 1GB [0.95, 0.05, 0, 0]
4 YCSB-C 1GB [1,0,0,0]
5 TPCH 1GB [3,0,5,6,5,5,5,3,5,3,8,4,5,

5,8,5,0,5,5,0,5,10]
6 TPCC-8G 8GB [45,43, 4, 4, 4]

WiRFeFR. 76 DBMS AL 5F, 22 H b 2 2 f KAV AR, 51 2 2 ik A BB (W 95% 4EIR ), iX Lu 45
b B (L7 B DBMS 7 3K A FE K &8 T4 St 8k sk 2 1) 1 8 7. S50 AR R 7 A TR N AR 36 A ST T (1 IR 2 5 1
HRAE HE 1) S bR R B AR SO 58 T — R A I (1 5256 Fa b A% 0 3 b 2 B B (Throughput) FIE AR F B
(Runtime). 7 A< SE46 o 75 ik B B AR F8 S090E 2 78 AL B 5 T 1E SR 3k i A R0 8 e 08 AT 48 1R 2 i X R 1 B
T i 1) B A 1T A A D D) 2 7 ik 38 A A A e T AR 1 B 1) e e 0 A SRR L 1 g I e g
P, A B B 8% 4 TR O\ b DAy A [R] T 4 1 08 J7 ¥k, DT A bt 8 s L TR AR SR I 25
5.2 (ARG RBEREENIT LSRR

K B AR = R OR [ B8 e B HE TR (TPCC 3. YCSB H# Al TPCH #3%)_b il 2k = b e £H 8 40 A
74:DDPG,BO,FBO.5& 2 JE/n T = AL 77 ¥ 76 SE 30 1 20 %, 5 optimal-throughout(# I 7 ik &)
optimal-runtime (i 2 At 77 i & A 35 8 1 I () ). ELAARSK U6 A SCB T FBO 7 v REIE R R4 i 2= 5408 i 1 5t
T AL YA O 28R B T A B (R R R34 B T R (6 R R & B, 7E YCSB-A 3 FBO AN TH
¥E 145.46s BRAEAZIA T 1714.32 ops/s WM, M2 T8 BO F1 DDPG i fiAk 1Y 75 Z VAR TE £ (Wi (8] ok
SERR L.

FE4% 2 ", TPCH Gudf b i A A AH Ll 3 b 5 v I BE O 2848, = R IR /E T TPCH f 31 25 i) $h AT 4
I 5 K% B R 0 2 R A S AN B AT AN o TR O AR T S I R, I LR A AR 1) A
R T KRN E %, TPCH 5 22 NEEEAEW,ME T S MAMNE RSN AFRESER. E%E
. BETEWEH,Q1 M Q10 Hih F KB/ HAE LB, M Q20 Ml Q22 MAE L EMKMiRETH
)Xol 53 A A5 95 KA b e A 2 I 5 B A D AR AN TR 1 T L TRC B T A o A I ) 9 7 AR R e 3
U TPCH 5 v I I 2 Bt 0 2 1 28 2, BT/ 5 T AN #5360 o5 B T R 20 (R0 B AT F ] A A 3k 6K )2 7 i 3
WU 2 1) e L, 7 B R 22 A I R R B R, T SO A0 B M A KA [ A A TR R A LA L W T R R
CPU #AER I by — S T R/ /O B 4EAY, 5 B0 LA ST BLGE — ) HeHL U0 10 SR m XA (U8 I 1 e e 1 X i
5 22 VS IR AT At LAt 7 9 F M Rl R A T R

&2 AL TT R AR A R R S B

Default Knobs DDPG BO FBO

Benchmark Throughput Throughput Runtime Throughput Runtime Throughput Runtime

(ops/s) (ops/s) (s) (ops/s) (s) (ops/s) (s)

TPCC 2462.27 2479.02 155.09 2602.25 174.38 2566.45 161.76
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YCSB-A 1609.50 1708.02 851.38 1727.71 499.33 1714.32 145.46
YCSB-B 2763.59 2914.97 841.44 3002.22 323.76 2999.53 294.56
YCSB-C 3274.39 3511.31 402.03 3522.98 445.61 3525.31 385.98

TPCH 0.106 7.068 6240.38 7.096 1168.55 7.144 2267.91

EE 4 FIERT TPCC S H R A RIVAL 77 15 7 43 1) 1) B R 8 ik i DA B 0s 380 e 0 A ok 2 19 Y ) 5256
SERAILLE TR FBO BAUMHTAM G, A G FIXF| T 2566.45 ops/s, # LLERIATEAIEC B H) 2462.27
ops/s ¥ 4.2%MIR T IX 15 HEREE T T BO #AL 98.6%. 185 TPCC L 11 M Xt 2 4% AR R &5 i 4
BABRME G N, FBO Al 68 7 25 2 {154 B85 2 8 B2 3@ YA 0L 77 e A L2 T, DDPG AL EE T i
AN EE A 2462.27 ops/s BEIEEE 2479.02 ops/s, HEREFE TN 0.68%,1X 1 fE H1 T AT {5 FH f 4 48 I &% () R 2%
P, F RL f7 1500 75 228 2 /%A,

FEIERIT I B W22 3] FBO I B B8 T BO M HL.IX A M T FBO SEPLIE T Ji L &6 (2
], R 7 A B IR) N R 2 30 SRR AR MR RE I BB 3 )5 0T 2 KRR M@ 1 BO J7VEiE 7 A SR IR 3L
PEFFUR I A A R AR AR B AR 5 AT B AR R, IR Ik HE T GG T B 1k R 22

TR () 30 b AR ST 1) FBO A AL 7 38 Bl fie K & i 52 i 75 (W [R1AH LLF 8L B BO 1 174.38s kb T
#)7.23%,3X Ut W IBEFR 2 31 10 7 SR 20645 26 R PR A0 IR 3% A% 5 A2 S Bl m 2.

Throughput Optimizations (TPCC)

2800
—— DDPG
- BO
—— FBO

2600

2400

Throughput

2200
2000

18000 20 40 60 80 100 120 140

Iteration

Kl 4 TPCC fa kb iy et i fe i A v 7 ok e il K AR A2 4K

WmE s BE 7 FiowENTRRT &8 YCSB S gk b 2 Fh e A 1 A1 7 ¥ (4 £ 0K 7 i 5 R T 75 1 (). LA
YCSB-A A, FTLLE H FBO A2 i i KRR SR E R ik & BiE F T 1714.32 ops/s, b TEIABLE ¥ 1609.50
ops/s T4 6.5%KIPEBE R BN | BO 9 1727.71 ops/s.'5 TPCC 25180, T FBO T PAZ# & J7 SR 24256,
IR LA FF 43 AR 3t T AR RIE BIAHIE T BO S & MBI UR, F B (R RR e e I 8. b4, DDPG 1 1708.02
ops/s MEE R IZFHLT 6.1%, AL 7EG BR ME AR BN SR A IR A1k 25 T T B840 8 1 J7 v 1) P e I 1) 3%
Z | ,FBO HIK 145.46s, /0L BO 11 499.33s A BH R H&Ft,1X 5% B HAE B4R R % PR 802 B RT IR SICIRES . [R]
i BO AR ST R ILAL L DDPG B H 0, J5 #1583 e K Ak B 7 B 851.38s, thENIIE 1 R DL e
BT DL G i 22 0 4 A 2 5 BRI S R 1
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Throughput

Throughput
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M7E YCSB-B #l YCSB-C LAE % T, FBO B8 {1 fe & AR R AE B L & E 3 HliA 2] 1 2999.53
ops/s. 3515.31 ops/s, HELERIAEC B 1 2763.59 ops/s. 3274.39 ops/s X MARTF4 8.5%. 6.9%[K 1A, [F] I,
VAR (8] XIS AR T BO, 3R MR IX WA TAE S gk b, R A 25 17 52 YR AR 2 56 1K) FBO mI LA S 3 58 PR 1) i Whe k.

Throughput Optimizations (YCSB-A)

1800

——— DDPG
- BO
—— FBO

L

o= .

~——— DDPG
—— BO
— FBO

1600 F

1500

1400 /J

1300 U

12000 20 40 60 80 100 120 140
Iteration

Bl 5 YCSB-A fi# ERIIEEL A TS AR o nk 2k AR AL
Throughput Optimizations (YCSB-B)

3100

3000 l /
|

2900

2800

2700

2600

25000 20 40 60 80 100 120 140

Iteration

Kl 6 YCSB-B i b i) gt i ffo i 2 v 7 vk B Bk AR AR 4K
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Throughput Optimizations (YCSB-C)

-~ DDPG
- BO
—— FBO

3600

3400

Throughput

3300

3200

0 20 40 60 80 100 120 140

K| 7 YCSB-C f# Fiedl AR 8wk 2 BEIE AL

B 8 A SCHE— B0 T TPCH Sk rh DU e AT R D 75 ik (1 45 R 7 ek 8 0 T 3 I 1 1 A B0 M S B
LT LA W, T TPCH 7 # A8 44 1k, BRI\ e A0 2 A0 1k 8 O AN R AR I, T 280 25 18 £ 7 v i e Ak, 1
SERMIAR B A A BRI AR BT, ASCH FBO BAIE & MM RUR LSZI T 7.144 ops/s HIF
& T B D i fE 4k BO (1) 7.096 ops/s Fli# Ak 5 2] DDPG (1) 7.068 ops/s, /L5 4+ & )37 5t R I R 4T

TERS I 2 - FBO AT KR AR FEI 8 2267.91s, W & /0 F DDPG H 6240.38s. AR FERS KT BO R {H
J2 16 WL 2% 30 75 3% AR A B BE T T 2% ST AE 42 18 0% 1 J5 1) 1) P9 U 4 38 SRS A I MR RE B B B 3l B B 7R 2 IR
Z R, FBO RIFIA 2 5 BO AHIE 20 % AR f5 AHIT B AR 2R

Throughput Optimizations (TPCH)

——— DDPG
— BO
- FBO

7.4

7.2

Throughput
~

6.8

6.6

Initial Point: 0.106
0 20 40 60 80 100 120 140

Iteration

K8 TPCH 438 b (e HL A It i 7 o 7 ik B ik AR 1
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F+& 3 IR IS B b AR L X L Se 38

Default Knobs CBO FBO
Benchmark Throughput Throughput Runtime Throughput Runtime
(ops/s) ( ops/s) (s) (ops/s) (s)
YCSB-A 1609.50 1729.68 530.82 1714.32 145.46
YCSB-B 2763.59 3000.69 264.13 2999.53 294.56
YCSB-C 3274.39 3538.77 401.77 3525.31 385.98
TPCH 0.106 7.207 1994.52 7.144 2267.91
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Benchmark Throughput (ops/s) Runtime (s)
DDPG 3443.46 11263.06
BO 3452.58 8767.62
CBO 3451.03 6647.43

FBO 3456.70 5530.60
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Throughput Optimizations (TPCC-8G)
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Client Weights (TPCC)
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