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Abstract: Database systems serve as critical infrastructure for big data, with their performance directly affecting the quality of service
(QoS) for upper-layer applications. With the rapid advancement of storage hardware technologies, traditional database systems increasingly
exhibit stability challenges under large-scale and high-concurrency workloads. Baseline evaluations reveal severe performance degradation
under intensive workloads, characterized by sharp throughput decline and noticeable jitter. Analysis of key operational metrics identifies
the root cause of instability in the database I/O read-write model, where delayed dirty page flushing and insufficient candidate pages for
backend threads reduce overall system stability. To address these issues, this study abstracts the database I/0O mechanism into a producer-
consumer model centered on buffer management and identifies inherent functional coupling problems. A novel functionally decoupled 1/O
model is proposed, featuring optimizations to the dirty page flushing mechanism and candidate page allocation strategy, thereby enhancing

the supply of clean pages. Furthermore, the improved NSGA-II algorithm is integrated into the flushing framework for multi-objective
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white-box parameter tuning. Comprehensive evaluations are conducted using TPC-C and sysbench benchmarks across multiple dimensions,
including data scale, testing duration, concurrency levels, and read-write patterns, supplemented by ablation studies. Experimental results
demonstrate that the proposed framework achieves significant improvements over baseline approaches and existing optimization approaches
in throughput, stability, and latency under high-pressure scenarios.

Key words: database system; large-capacity and high-concurrency; stability
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N T IT LA BB (1R AT 8] T popmain s TS B I VR RACIBATIN B T s SERLETHEREL £1v fon o3 SRIRHIRFE
(AR A RS ki FhEERN My XM p,; R p,;

S RIER I Pareto SALCHE F, .

1.T <0

2.if |P| = 0 and Tyemain < Tax then

3. P init(M, ) /ARG BRSSO R S ), U F WG 0 e B AT BT a4

4. end if

5. Update T

6. while T < T, do
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7. Poyens < P
Pepitgren < @
. for (x,,%,) € Ppysenss dO
10. AR (0, 1) Z T8 HIBEH L y
11. if y < p, then /2 BENLEUINT 32 XHER BIME, MI#E4T2E

12. (Vas V) < single_point_cross(x,, x,) /27 F B i A8 SR F= 42 3 1 14X
13. Pepitaren < Penitdaren Y {Vas Yo}

14. end if

15. end for

16. for y € P.gren dO

17. A0, 1) Z IR BEHLEL y

18.  if y <p, then /47 REHLEUN T A2 WL BIE, W BEAT 2S5
19. y  mutate(y) //% 5 AR ik DU A 0 2 B R A4
20. end if

21. end for

22. for xe P do

23, SRR o0 R 2 B A AT TR
24, S EUENEREUE £y A f

25. end for

26, Py Pt U Pyuens /185 TACRIARIEAT 253
27. {F,,F,,..., Fy) « fud_sort(P,) //JEEAESZFCHE T
28. P«

29. i«1

30. while |P|+|F,|< M do

31 crowd_dis_assign(F,, N) /IARE T 5

32. P— PUF;

33. i—i+1

34. end while

35. if |P| < M then

36.  /RAEIHEEMCRBINKT Fy AT HER

37 NF ks (M- |P) FEE B P

38. endif

39. Update T

40. end while

41. k «— kU{F}

42. return F,

SAEI A B AT BN RN 8] Tmin /N T T BEEL U 2 S5 B KT I 8, S5 Bl 15 56 7 R AG AL P, B
R R Z B SO b R R, SRS MR P A X A S S5 A B S R AT S S AR, =5 18 58 SO
SRR T R I SRR I0 R LRI, T LA ST 3045k P ] 0 1 B0 S8 SR AN B i AR 53k, BB AL % — AL it
TR AR, G0 2 IR, B 2K 28 SURER AN AR 7 W3 03 33 B BN 60% A 5%, 85 UK HAT Z 5URI IE T
PRIFEAR RO HE P A B B TS A A




PR F: REF IR T 538 AR HARAHT R 13

PIAGACTEEE B AU SHNE 2 B, 9 7 IR SRS, W4 A A58 P AL A A0 S B AR AR 45 & 10 i, ik
155 1 UOUR SIBENLAE I — B BB AR R 2, 25 RO g e 25 45 AP B e IR IR e b, S5 B U B W1 a6 R 2
MGG I RIAR R Fp s L SO I B PR Y, PR A e A DR R SRy G B 1 e A B AL A BRI AG IR A R
I A At b, SRR AR H AN T 42 28 1) L.

BOE 2. SRR IR AR IR RE I AR S0

BN BN M SRR EIRPE (7 SRR AE RES) «;
Bt RS R P.

1. function init(M, «)
P—o
if || # @ then
n — min(|M/2], |x])
choose {x,..., X} C K 113520 — - [ DR 28 M R P HR R B
P — PU{xy,...,x,} /I NSRRI (1 2 8] R m s g 8
end if
fori < |P|+1 to M do
x; < random_generate() IR RAARBENL A B
10. P« PU{x}
11. end for

12. end function

A e BN G

BT SRS TAPTRE ry 8 45 A A A R 0 D 8RR AT 22 0 R A 00 3K, A S L U 5 2 . 5 T — B4
M &, ¥ FATINRT, 0T 50 P 14 R R 500 75 LA\ 22 05 T AT %) .
@ AR ST HR bR CIE A E S HAE T 8] A B 25 PAT P 2 A B Throughput, $18)78 ¢ IS IER L (—
AL 95 S ), L s B EBAAAR AL BUR W B AR BB A =X (6) Fi:
Throughput — Throughput, Toax — T Lyx—L

— min + + 6
Throughput . — Throughput ;,  Timax = Tmin  Linax — Linin ©)

HH, Throughput  ~ Tin 1 Ly 7300/ T HCEE . B MBE LR, Throughput, ,, ~
AR E T R R PR &, Bal R MFELIER.

@ WEBGE X AR bR EAEARLH S T ) P9 IR TS N TR S Vi TS T AR Vi, L RBUEIPIX
PACKCR I B bR R Ecn A 3K (7) Brs:

E

1

Tmax *D Lmax

Vdirty - Vdinyimin Vc]ean - Vcleanimin

@)

Vdinyimax - Vdirtyimin Vc]eanimax - Vc]eanimin
FoH, Vigean max T Vi max 73 99 /NS 8T B50HE 2 (1034 D= 26 B2 DA R TS NP, Vigean min TH Viing min SIRZF
R AL BT DU AR 8 DI TS R

©® JRIEAHik VO Fohm: AL E A F e 1) P9 B0 REAE 5N FE Ve, BEDT Y %25 5 N BE DAL AL BRI H b
RN A (8) Ars:

Vwrile - Vwrileimin

= (®)

Vwrileimax - Vwriteimin
Fob, Vi max A fio TEIMAPAR ML PR B m BANEIL, Ve min NRE B ARMACHTRZ AL S N SE.
X AR AT IR AU A A b 23 S 3K (6)—~(8) B H bR B BUEL, #5556 F 7 AR AL SCACRD R b i i
AN, FEXEIE IR R AT PROE AR SCRCHE R, 275 30k [44] D ARRS 0553 3 P, B SR H AR 0T 5
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PPN TR R SCIE G 28, RV (S 17 ) Rl HE 238048 AT H s el i b 2200 59— M, IR AE SIS & FF
FEIS i e R B5E 1 AR SCRCHE, SRR KR 2 AT IEAR, S4T30 2 5 IR RE.

BOE 3. BIEZS U & Do E SCRCHE P 5.

N FFHEFRRIEE P
i B R FREE(F,, F,.. ).

1. funtion fid_sort(P)

2. forpepPdo

3 n, <0

4 S, —@

5. for g € P\{p} do
6 if f7> ff and f} > f7 and f > f7 then U SR g 2 DRI R 1 Al U3 L R BB KT p, W g SRR p

7 n, <—n,+1

8 elseif £/ < and f{ < £ and f¢ < f7 then /{15 p B BRI (V1T B B2 R BUE S K T g, W p SCHE ¢
9. S, « S, Ulq} IMF g I p SCRCHIFER RUAR & o

10. end if

11. end for

12. if n, =0 then

13. Py 1

14, Fy « F,U{p} /I TCHA R IR SCHE p, WK p IINER 1 S8R SC RS &
15. end if

16. end for

17. i1

18. while F; # @ do /MG R BAFE R AE ML S

19. Next — @

20.  for p € F; do /MUK AN FE DR B () S L AR 5 R AT Ab 3

21. forge S, do

22. n, < n,—1

23. if n, = 0 then //— F I BUR A SORE R Y, 5 HOIN R — S 3R S IE i 5
24, Next < NextU{q}

25. Oy < i+1

26. end if

27. end for

28. end for

29. i—i+l

30. F; < Next
31. end while /CAULZRHE, H & M RIS RN IECRLAE S T

32. end function

HEF SE A TSI BB S, WSk 4 PR, B RE R4 3K (6)+(8) B 3 A H bR sk B AL 56 44, A SCHE IR A1
g5 HbR et X HERAREEL VO B R KON 5 B BE B A RESEAT S0, 5 B L5136 SR5 RAE Pareto fIL 56
Pk AR BRI, GRS R AR U5 TR AR, T BRI A Fe AR A




PER F: KEEH LT 8B ERT AR 15

BE 4. TS EEH S5 BEH S S,

N HF S5 Pareto 2 Q = [q1.qa. .- .. qn]; EEUN;
it WEETIR C.

1. funtion crowd_dis_assign(Q,N)
sort(Q, fi) /MG T FE K U AE A bR B 4 Sy B REAT R
C\.dis « oo [IWIIRWAMHHEE B
Cy.dis «
fori=2to N—-1do
At s

C;.dis « éi.dis -: A
end for
sort(Q, f>) AP B B ph B L2 HE
10. C,.dis «
11. Cy.dis < o0
12. fori=2toN—1do
- So(Gis1) — ﬁ(Qi—l)

emax _ pmin

14. C;.dis « C;.dis+A
15. end for

16. sort(Q, f3)

17. C,.dis <«

18. Cy.dis « o0

19. fori=2toN—-1do

- 5(qie) = f3(qi1)

A

A ST i AR, VLA H RR R B 4ERE, BE RSN AU — AR

o ® =&

13. A

20 A 'max 'min

3 /3
21. C;dis « C,.dis+A
22. end for

23. end function

WRIIATEE 24 Ja, RIENE R, R E AT 2 IS AE A0 AT 7] — 2 5 R AT i ) 3o i 4
RKPATI [E], YONFE 1B RIS A, 15 1L TF HUS T Pareto S LK —HSHUE AR &L MILEE R,

5 SCILAMAR

T IIE IR R ATAT M, ASCAIR . SR, SRR R ORI 5 2 A4 B AT A sk
B, 58 5.1-5.3 WA GRS E . Bl LR IERR. 5 5.4 WA/ NE B TR Bk WAR R RITERE
B, 55 5.5 AT I AL, AL BT 1O Ak 7 AT R PEREUN 5 X 5 WAR J7 E RO L. 56 5.6 14
TR AE 2 BOR AR 502 5 A 7 SRR AR BN 28 5.7 WA T R IR R AN XAy ATz A k. 58 5.8 45 i@
o K WA B 1) 36 2B i e 7 28 P i R e
51 ZWRIMFRE

AR SEIGAE W G 35 Linux #:/E R 4L CentOS 7.9 W44 Ligtr, Frb— &1 MRS, 1217 openGauss
5 PostgreSQL ¥ i, — & 1E k257 /1 iy, 384T AR Sk, Wtk e B 1 B 12 BEPDU 5 AR 35 o B0 22 1) 45 FH 3
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5. R55 omHLAS %45 80 4% 160 ZEF211 Intel Xeon Platinum 8380 CPU, 512 GB 17, 3 #1425 &4 8 TB H.ff
PCle 4.0 £ 1) NVMe SSD. Jy 7 73 1/O, ASCHKE 3 LA [FI UM AORERL ALK raid0 HI T $ds 47, raid0 Bic B R H)
A7 LB, BRI S, f# /] Linux T RAID & # T H mdadm, $85E level 1 raid-devices Z5(HUE 750 0
HI 3. PUmHLAEIC A5 A 36 1% 72 LRFE K Intel Xeon Gold 5220 CPU 1 128 GB W77, %% benchmarksql 5.0 Al
sysbench W T B, Syl G X 28 AL 5 (R 2, AR5 o A0 2% 7 o 15 F RDMA 48 3E 47388 . 25 R B AT e 1t FH AL 38
RS J7 T I, (5 7E PostgreSQL K R 4t R I R IF 1 xfs {EARIE MR G, Hl E L EZ 0 XK/ E
4350 GB, Ui K/t —79 8 KB.
52 LIMHIEE

AR TPC-C Fll sysbench 1% P Fl B v MR VT A% 2o e AL 7 SR 1 1t B, Bl &R ke 1 o, ¥k &8
FANF BRI, BT IR B, BREE 5.7 14b, MHKIF B B 5 2 200 I K&, TPC-C a0k Hodis 122 &
FRIIELA G, S ZRI S, A 0% B A E K warehouses 3 (1k, 10k, 100k), f# F] 500 4~ loadworkers
A Az 5 A 100 GB, 1 TB #l 10 TB =5[] 4% 4E. Neworder. payment. orderstatus. delivery. stocklevel iX 5
T g5 5 BN ERINRY [45, 43, 4, 4, 4].

®1OSLIRHIEE

B B e R
1 100 GB TPC-C READ_WRITE
2 100 GB sysbench WRITE_ONLY
3 100 GB sysbench READ_ WRITE
4 1TB TPC-C READ_WRITE
5 10 TB TPC-C READ_WRITE
6 1TB sysbench WRITE_ONLY
7 10 TB sysbench WRITE_ONLY
8 1TB sysbench READ_WRITE
9 10 TB sysbench READ_WRITE

X F sysbench M, ASCHE R IAECH 10, 4 P B ) WRITE_ONLY (J5 X #N8 WO) fl READ_WRITE
(B SCRFR A RW) RS [5] ) 67 3R AR 43 A0 55 RN i3 5 TR A A, 5 Bh B30 tablesize 42138 #0417 %%, X
B339 5 FHAT 512470 50 ACAT, AR EUEHU N 100 GB. 1 TB 1 10 TB, 55 TPC-C M $4E & A4H .
53 SLIIFEIEHR

7 3 BN o A H B0 R 1) ST Ak B (throughput). B8R (jitter rate) FIHE 55 ZEIR (latency) 20NV 45 FRAx
DA R /O 75 FE A CPU I 28 SR RE A4 14 BE A 9 SE 30 Pl e Am. L Hxd T 44845, £/ nmon T BT Ma =1t
S, BER: VO iy 55 BT BUR TE AT T 5 O 58 2 . X TR RIS, & U EER FE R Sl 208 «,, °F
BB X, REESNEON o, BN MTHE A2 9) fis:

D -

i=1

T =

nxx ©)

AT (9) AR T A HE AR AR R E AR S5 O, B3 MUR MRS E . AT IE IR 95 7
£ %, HorR TPC-C MR R 247 neworder 3545 FPHAT ZEIR B AT,
54 NEETHIELZNK

T % LB AR AN TR B B R PR RER I, A SCE SRR R A S v 1-3 19 3 MUNVE B R T T
openGauss FIPERER I, ZEHs PEERUCR HIAR & 1/O B LU 5 B RIENLA]. i 12 AT LAE H/NVEE X T A
R4 %K, openGauss FF BRI RIF, Horh TPC-C MAFHEWEH THER, HEShHBUK, FHRE 6.4%, 4t
TENRERIRE.
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[F] B AR SCTE openGauss HHAR B T H BTHCASEHEN WAR 7%, BART S, fEEZE N IX 2 4MFRE T — BN
G S nh X TWB, B A5 FZ X 58] [F 25 (FBA RG] clock-sweep B EIES). X clock-sweep &
TR ARE 1932 T TUANE U, b 25 2R A2 B 40 50 L B NI T, 124 AR B i 5 v X oy, IXPRTE £ 2%
XA T DAST RIERAS AR 44 L (RIS, SR ) DT £ I N S 92 i X, R R RIS B B G e X
G PR EAT B, b 5% SRR AR TR I 2 PR S e e 5 e X b I DU A, T2 AT G i X R R A . A
12 iHHATS WAR 7 ZAE/NEE T AR TR T 39%, BH3h T H K 54%.

141 1.34x I Baseline 12+ I Baseline
I WAR I WAR

. 10+
[72]
9
< 8
° ~ 8}
) S
= <
= 2
= 2 6l
o =
45:0 £ 0.42x
° —
E 4r
[_4

2+

0.15% 0.81x
0

TPC-C sysbench WO sysbench RW
PR32 2
(a) MR AR XS

TPC-C sysbench WO sysbench RW
IS 2
(b) BBIRARRAS L

12 ANEENRA BB )X

55 1O Hfitt7 s RERTM

T fEu H AT 10 BRI Th RERRA 10 R SR AL H1 5 B0 R A R R Tl 55 2R R S 55 AT BHL2E i) i,
AR SO SR B B T g 4-9 T K2 O TE 50 2 R AT R I, SRS A HREE 4.1 R 4.2 TRTIA,
/O A6 TT SR I EHE 122 P EAT 5256, 5 BRI ol WAR 5 1R At b, 2560 M s 36 dt— S5 VP4l A e
(11 /O fefk 5 AR

Bl 13—K] 15 fkik 45 T TPC-C F sysbench MARTEA R8s A FIE4T 1 h BP0k s AR 3 25T Lt
B, Hor i AR B O FE LR MR 2 3 A8 (bt R B A SO R HE AR 1/0 A5 % DFM (decoupling flush model) 3l
IRGE R 2L AR BN MRS 1/0 #24 DFM KT B RIAEALE] FFM (front flush mechanism) [(I3R45 5 ; SR B
J9 WAR J7 E RIS .

3 f B o gt Bl
1.20% I DFM+FFM 70
7L 1 WAR
E 6L - 60
= <50+
2 Fl
24 S
= 8
EREY! 30} 0.95¢
2
E 53
T2 20F 0.484
1t 10 b
0 0
I TB | 10 TB 1TB 10 TB
A B
(a) FHEE AR L (b) PHEhFAMRAL G T

13 TPC-C #ll\F VO At s & (A it B AR sl 2 A A0 28 R L
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BAF AR o 5 R 5k )

8 .
7 ol I D 60 | 0.99x i D
| ' DFM+FFM
{ D T |
20 or 77
[: 0.99x _
200 X 40
3 S
Zal 2
é 5301
230 1.04x =
£ 102 1.03% = ol
sl 2L
452><><
Ir 10 - 04600-56><
0
wo RW wo R
WEIA ——
(a) Bt AR b (b) B R AL AR b

K14 1 TB sysbench #ll i\ T VO LAt T7 S Mtk B AR B A AR BN HE

1.40% : gzll:sl\e/lline 90 + 121% : ]B):il:sl\e/[line
1.2 | 1 DFM+FFM 80 L 123X| DEM+FFM
1.20% I WAR 2371 WAR
7 1.37x 20l
& 1.0
= 08 1104 360 ¢ .83
. x ~ 0.86x
?X: 0.83 2 50} i
= 0.85% & 70
£06 | 8 40
o 2 L
g = 30
=204t
20 |
02t
10
0
WO RW WO RW
BERA e
(a) TSR AR E (b) B ZARACBERRT L

Kl 15 10 TB sysbench WA T 1O ik 77 S 00 A i A8 22 AR A BUR T EE

5.5.1 RS VO BEACR PPA
5.5.1.1 {E openGauss I [{ll

M 13 %o EE 25 2R 7T 1, B PEAE TPC-C R A E 0 47 8 T~ AL i 7k & 3 2 K@ #1580, 1 TB A 10 TB
HAEPLBh R IGLE 30% LA L, HAFHEE 5 AT 602419 TPS Fil 186047 TPS, 55 5.4 1I/NE&E T ML R EHR K.
AR SCHE PR AR 1/O A58 by Tk 2D 7 b 55 2 RS R I 2 A5 7V 2 8 i K 5 5, 32 T IE DU B N80, — e 18
JEEIESE T 5 DURES AN ) 50, DR L R 05 A5 19 5040 PR OR 35 K IR 1) R RS 8 38 AT, A SRRE, £ 1 TB #1110 TB
Bl MR FTCE, FIEETFIRT T 13%, BIEhRPERET 29%.

HHIE] 14 R 15 255 W] %0, sysbench X5 TPC-C ML, Al RS &7 8 T B 302 1R &, WA SCH)
fifE R /O BAIRRTE | TB M BIR &G B T EE R B A0, HAR R REIA — e 52Tt Frha-Fiaiert
T 16%, B BRI TRE T 22%. Wik e R R, RIL 1 TBIRG S T EENR % 1R FER, i3t
— 354001, AT RE A2 1T sysbench MR BRI 15 B FIVR &1 5 3N select:update:delete:insert=14:2:1:1, 5 Ni&HA] 5
EeA b, [FIBS 1 TB BRI AR, AROCAGET IR RE 77 2 A2 LSRR EOHE 22 1R 55 55 A 38, DR AR AR R I AN
B 0 FA 5 SR T MR MU B 5 Nt — 20 B, MRS 31 T B RAR T, AR B 8.
5.5.1.2  7£ PostgreSQL H¥s i L IR E @ ME B IE

FREEE 2.1 TR SE TS 3.3 TR AL T T 0, /O AR & S B R B B m R K N AU 2 1) KA ) i
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£ PostgreSQL+ openGauss. MySQL S5¥i e i XA I, VIR e Al 1/O BB M2 AL B. 71, A SCHE PostgreSQL
Hdh e A RIRESE I T RS /O R, IFEE R RRA B A E TN, B 16 ME 17 A4 0 T AR a) %
St b ARARAL R0 45 R EE. B B R BB T %0, f45 1 TB sysbench VR &2 578 N I FTE KRB E 1% T, PostgreSQL
O 2 A AR SR I AR, S, BRI T 21%, B3R R T 34.5%, ek
H RS /O AR BY A0 AR B — s I I

8
1.18x I Baseline 55 I Baseline

71 I DFM 50 I DFM
2 6 45 F
[ 40
S5t S35t
z Q
= 4 g 30 0.59x
£ 525}
5 3t = 0.39 0.64
e = 20 i X X
=
=2t 15+

X 1.32x 1H3x 10 b

5t

S
B S 2R B S 2R
(a) TR ARACRCRRT (b) BB FRAARRAS L

B 16 7E PostgreSQL H N MRS /O BE24HT /5 1 TB MR AR X E

1.6

1 Baseline L 1 Baseline
1.18% By, 80 1 DFM
1.4+ 70+
7n
e 12 60}
z o . o.68x
%’ 1.0 f 557 50l 0.82
~ o
= 5 0.81x
2 08} = a0t
E) 1.19% £
E 0.6 B = 30)
=
=04t 20
0.2 + 10

GRS 2 GRS 2
(a) B RALACRRS H (b) $HENEA L BCRAS He

K 17 7E PostgreSQL H N A fEHE 1/0 B HT 5 10 TB IR AT EE

5.5.2 A BRI BER VT,

FEEE 5.5.1 TifRHE 1/O ARV IR A0 IRl b, 25309 openGauss S BRIIEL H1 e 9 15 BRI AR KL ) 33547 I3,
13- 15 g5 R EoR, M A 1O FR R HEAT AR AR 1 &5 31, N BT B RIIELHI S B T3 Ui = A AR AR 8 T
B EIRTE, W55 R AR B0 S 45 B 70 B 00 45 0L, B 55 BT R Mt — 2B 4R v, R BRI T 31%, BH3)
TP B PR 36%. FII, ELEE 13- 15 s T4, WAR J7 R=74E 1 TB B B 78 N RIS B R, 24
e LA 10 TB B EEMM T RBILS, 5t B0 th 3L 265 Bk, HEshig ARk, @it iz h R E
1 TWB Fl 2 K/NEEAT 42, RILBT A KA B U3 R 2 A7 2 M FE R, iz RIHLEI AT, KBEET
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A R B o R A (AR AR 1) R R AR B B, SRR b X FR AN TWB (1951 AN BE 53 4%, B4E7E TWB
A PR HOE DT DL 2L 8 [XORT TWB 2 [ AR5 (5048 5 DL A4 /e s SR M 4. 2 TWB #ER 5, WAR 7%
i SR I PE RIS AR SEBR B LT, RO I PR 4 A T 34 DT = A 3 B, DR M 7 A SC IR KRS 471 28 b R B
ANEE. FHECT 5, 4808 00 B AR 1/O RSB A0 T R AR AL 1 28 e i 1/O DAY 5 SR 7E R s 41 30 RS 7
S B A R
5.6 MARIBEESEEAREES RIFEMEHR

TESE 5.5 FTREERN b, AR SORERIIE 2 0 U8 138 & B0 B 19 1/0 ik /5 R+, 76 openGauss b il 4k 77
FRIPERERIL, R 2 A BT RAEENFTIET | h MRS IR G T4 R, 22 MUEEE No. FIX R 1 HHELEN
G, TGRSR PR BlEhE. FE R 95 A E LK S TR AR IR L T SR RIS TH L. A4
KE, VO otk )5 R4 GRS ORI G, FrtEG R T — DR F, S R P B8R T L6y 85%, A
PE T Lh A5l il 50 RS R S5 N (5 e 0 BT T BT MR E S R IR S 6%-20% Z 1A], P BEAK LB 72%,
Hrb 1 TB TPC-C MR 045 5 C L AT 45 2.1 T openGauss 7E/N A S T BRI R, WFSKEIR 95 2043
MR RE, AT BT KB IR 0 BT, Py BRIy 33.6%. 555 5.5 TS RAAL 1 TB B &~
sysbench 1125 VR A RT3 B ik B3R TR B R B &, JR IR T % S 3T B R I AR e/, 38 3 4 T X
Rif¥] CPU FI| i S ARERL 1/O 715 58 AV AR (- F8 bR 1 PR AL S8R, WA SR A A &k R 5 G 508 2 1 W 5P A
RHERNT — T, HN T RE 70 5 R T NI . - H AT B 7 ZAE1S CPU R 2P 142
- 93.16%, 1/O s B 454 T+ 56.23%.

®2 BT R\ FIRRITEAIALRCR

Throughput Jitter rate (%) Latency
No. Baseline (TPS)  Ours (TPS) Increase (%) Baseline Ours Decrease  Baseline (ms) Ours (ms) Decrease (%)
4 602419 936325 55.43 30.65 7.81 74.52 0.019 0.010 47.39
5 186047 288134 55.87 39.83 12 69.87 0.129 0.117 9.30
6 52281 96423 84.43 59.78 12.89 78.44 14.46 2.61 81.95
7 9030 28991 221.05 71.22 20.15 71.71 36.24 22.15 38.88
8 24083 24219 0.56 12.65 6.19 51.07 10.7 10.2 4.67
9 7641 14818 93.93 60.37 7.55 87.49 97.55 78.39 19.64

E: I SR AR

23 BARTT REEHR AR VR AL AR

No CPU utilization (%) 1/0 bandwidth
Baseline Ours Increase Baseline (GB/s) Ours (GB/s) Increase (%)

4 44.30 61.32 38.42 2.79 3.24 16.13
5 30.62 68.25 122.89 3.39 5.52 62.83
6 30.5 58.3 91.15 2.80 3.34 19.29
7 21.0 66.0 214.29 1.95 5.13 163.12
8 71.4 83.5 16.95 3.69 4.04 9.49

9 44.9 78.7 75.28 3.73 6.21 66.49

IR RO R R LA R

57 EEHFATHARRLER

R IR BOX — 4k FESHREATIZ AL, EE R IR (500 IHR) N REEMAM AL T R1E openGauss I F k4T
1 h R, DIVTAG Sk & Tyt — 25 LT a7 RO acR. B 18 FIE 19 43 7)5& TPC-C Ml sysbench 7E 500 Jf & T
BN SE R WAR IR AL TG, Ak 7 AR 23 PR, Bk BRI T 71%, it sh -5 k%
KT 62.5%, 39 10 TB sysbench 1 R SR ik 7 Rk i L& 0] LLUABIEE LR 7 I 2.2 5.
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40
1.0} 1.6% I Baseline I Baseline
. I Ours 35t 0 Ours
2 o8t 30t
~[: —~ 0.70x
S £25
Z 0.6 Q
5 s 20
£ 5
%‘) 04t E1st
=
= 1.72% 10k
0.2
51 0.15%
0 0
1TB N . 10 TB 1TB N .
BRI B
(a) TR BR (b) FHENFAA R
Bl 18 HEMA T SRALE 500 H1 K TPC-C PR N ¥ 77 kSRR Bh S A A0 8 R
1.2
2.10% I Baseline 70 ¢ I Baseline
I Ours I Ours
60
3
5 _ st
= =X
x 3 40
5 g
2 A 0.49x
) S 30} 0.44x
5 =
=
= 221x 1.15x 20 1
II 1.48x 10 | 0.18x 0.29x
II ml 0
1TBWO 10TBWO 1TBRW 10TBRW 1 TBWO 10TBWO 1 TBRW 10 TB RW
BRI 2T BRI 2R
(a) Fit S RALRCR (b) FHENHAARR

B 19 AR T7 ZRAE 500 H K sysbench MR (7R ik & A1EL 2 A0 A0 AR

5.8 A RKHEREMITM

SR A P P v AR ) T S PN T — AR SR e, TR R RN IR, SRR SR TR, W AR
FUHH R R GUAE I IR 7 S0 4E R 1 F e e R AR, A SRR T 8 h (A BT ) SR AR A4 7 S I K R v e kAT
PR, AR5 R 30 min T AR T 46 22 1% %) openGauss £ 2 77 ik &2 ) R 1R ah .

20 FTE 21 43545 T AR T J& TPC-C A1 sysbench I3 o 4% 47 8k 34 20 2 i i 1) 9 28 Ak i 28 %o b &%
B, NN BRI LR G, A7 SRR BT Ao A TR B AR B BRI R AP S IR B A
BYBERIFFAGR T 1 h 2 W, S 58 T4 8 3h 10 VO Rk, $12h 5 2B H PR BTk ds, Byt ) fi 5 %
PERUBEIE LE, SR )5 HE NN AR T2 B B, #5300 BT Rl 2k gD, i B T80 = R AR . 2 idid
JEE T B 5 S R, 000 T R AR T R 2 A TR IR AR B eR A 3 T RS 3 5, 1847 A SO 7 2 )i B 12 1
RETE BRI 18] N T DUOREFRR IR AS; W TSR & ik, RiRhahae R H 0% EIHE s, ik b EEAD fR R
1E 5% 2, HAEA DRI L b (K8 3 2318 TAH [ SOBoR g 8] R 25 B B 4 7 R IR 8l % iZ st — P I E
TR TT AR ER () GBI RS 1813 H0 P OR R A e ) (e e 1.
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£ 50 N 1 TB L 12 1 TB
S M\ ~ 10TB % /\ ~ 10TB
P L [ - -] L
8 40 r" 47*\‘\*—\M s y;'\ TS
5 30 [~ . te——— . .. B 8r [~ ee———— .
Z | e 2 6l SRS
g20r 2 4l /
= / =
—5 LU ‘—é 2| |
L
8 0 e, S or ¢
0 60 120 180 240 300 360 420 480 0 60 120 180 240 300 360 420 480
Time (min) Time (min)
(a) tRALHT (b) oAb

20 fRALETfE 8 h TPC-C ik R it-Blsh R AR h £&

S S

< < 20

PR 8

< <

E 60 b g 15+

o0t 210

2 2

22 E st

E E :

L L - 10 TB RW
0 60 120 180 240 300 360 420 480 0 60 120 180 240 300 360 420 480

Time (min) Time (min)
(a) TRALHT (b) etk )=

K21 ARAGEGTJS 8 h sysbench it 2t} 3 2 25 1k Hh 25
6 B 4

AR R e I A (R RE R e 95 X — I BUEEAT T RIETE, 15X H AT AR R i /O A vk ik Tk
BEAT VR, SR 5 R LE I AFE AR B %, 20 BT 15t R MR s 12 11 J DR £ T B30 28 1 WO IR A7 6 B o, 30 1T 48 Y
AR 1/O ALY L i LR AL A 30 o AR R R R R R RO UR BE AL, el 1 AN B SRR S 4, $ v T Bt T
UL AR, A2 T NSGA-IL 2 H AR Z 500 B2 B0 AT AR, A 280808 T IETTE NIRRT
I . 3 I A% P K S BG E , _EIR A 5 SR AEAN R M 77 T 3R I 0 A

LUK, ASCHE L RS 1/O B 55 i BRI HE AL 5 2R 0 XU A7 AH 1 PostgreSQL ¥4 R 4¢. (H
X T B RAE BRI HUIE e (nfi A InnoDB A#4% 51 2 (¥ MySQL 4l i), o2 i [X A B85 X% A7 BRI A AE AN T 22 5,
ARSCHLH AT BE 51 NASL B [F]5 FF4. 1% F-25F LSM-Tree (%R E (1 RocksDB), B 'S AR A compaction
WL 58 S AN 7] A% S0 DT R AEE, AR ST AL S Je BB M 7 55t AR, TR 3 PR PR A 1A A6 o™ S5 17 A7) Bl e 2
FITE 1/O AbBRHLE L AR A 22 53, AR B T A SORSRAIAIT L7 18] PRZH AR R AR I 28 I AR 8 M mT e A, AR
PR A 48— /O TRALHESR. 53 AhASC I 7T B mi A A 2508 B /0 R AR 9 sm LAk, ARkt E
YR B e (VBT FE A1 L e, 5 2 ST TR AL BORAR B A (T AR A 9 3 R 0 2l 8 TR B A 77 3 i ) A Pl B, SR
RE PR A7 38 -1 Bl ek B A S, b i SRl P 1) 4 R VO 15T 8, FEARAS ISR AT B (K e K AL

References

[1] Wu Y], Park K, Sen R, Kroth B, Do J. Lessons learned from the early performance evaluation of Intel optane DC persistent memory in
DBMS. In: Proc. of the 16th Int’l Workshop on Data Management on New Hardware. Portland: ACM, 2020. 1-3. [doi: 10.1145/3399666.
3399898]

[2] Park SY, Jung D, Kang JU, Kim JS, Lee J. CFLRU: A replacement algorithm for flash memory. In: Proc. of the 2006 Int’l Conf. on
Compliers, Architecture and Synthesis for Embedded Systems. Seoul: ACM, 2006. 234-241. [doi: 10.1145/1176760.1176789]

[3] Jung H, Shim H, Park S, Kang S, Cha J. LRU-WSR: Integration of LRU and writes sequence reordering for flash memory. IEEE Trans.
on Consumer Electronics, 2008, 54(3): 1215-1223. [doi: 10.1109/TCE.2008.4637609]


https://doi.org/10.1145/3399666.3399898
https://doi.org/10.1145/3399666.3399898
https://doi.org/10.1145/1176760.1176789
https://doi.org/10.1109/TCE.2008.4637609

#

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]

[26]

[27]

R KA G I A T 438 AR AR, 23

Wang YY, Yang YW, Qiu XL, Ke YQ, Wang QG. CCF-LRU: Hybrid storage cache replacement strategy based on counting cuckoo filter
hot-probe method. Applied Intelligence, 2022, 52(5): 5144-5158. [doi: 10.1007/s10489-021-02567-0]

Jin PQ, Ou Y, Héarder T, Li Z. AD-LRU: An efficient buffer replacement algorithm for flash-based databases. Data & Knowledge
Engineering, 2012, 72: 83-102. [doi: 10.1016/j.datak.2011.09.007]

An MJ, Song 1Y, Song YH, Lee SW. Avoiding read stalls on flash storage. In: Proc. of the 2022 Int’l Conf. on Management of Data.
Philadelphia: ACM, 2022. 1404-1417. [doi: 10.1145/3514221.3526126]

Lee B, An MJ, Lee SW. LRU-C: Parallelizing database 1/Os for flash SSDs. Proc. of the VLDB Endowment, 2023, 16(9): 2364-2376.
[doi: 10.14778/3598581.3598605]

Wang XL, Jin PQ. Adaptive multi-grained buffer management for database systems. Future Internet, 2021, 13(12): 303. [doi: 10.3390/
fi13120303]

Zhang C, Marcus R, Kleiman A, Papaemmanouil O. Buffer pool aware query scheduling via deep reinforcement learning. In: Proc. of the
2nd Int’l Workshop on Applied Al for Database Systems and Applications, Held with VLDB 2020. Tokyo: ACM, 2020.

Yuan YG, Jin PQ. Learned buffer management: A new frontier: Work-in-progress. In: Proc. of the 2021 Int’l Conf. on
Hardware/Software Codesign and System Synthesis. ACM, 2021. 25-26. [doi: 10.1145/3478684.3479252]

Liu MY, Kang JB, Wang K, Zhang L, Chen HB, Li XC, Ding TH. ScaleCache: Scalable and production-grade buffer management for
disk-based database systems. Proc. of the VLDB Endowment, 2025, 18(12): 5073-5085. [doi: 10.14778/3750601.3750628]

Pan W, Li ZH, Du HT, Zhou CC, Su J. State-of-the-art survey of transaction processing in non-volatile memory environments. Ruan Jian
Xue Bao/Journal of Software, 2017, 28(1): 59-83 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/5141.htm [doi: 10.
13328/j.cnki.jos.005141]

Oukid I, Booss D, Lehner W, Bumbulis P, Willhalm T. SOFORT: A hybrid SCM-DRAM storage engine for fast data recovery. In: Proc.
of the 10th Int’l Workshop on Data Management on New Hardware. Snowbird: ACM, 2014. 1-7. [doi: 10.1145/2619228.2619236]
Kimura H. FOEDUS: OLTP engine for a thousand cores and NVRAM. In: Proc. of the 2015 Int’l Conf. on Management of Data.
Melbourne: ACM, 2015. 691-706. [doi: 10.1145/2723372.2746480]

van Renen A, Leis V, Kemper A, Neumann T, Hashida T, Oe K, doi Y, Harada L, Sato M. Managing non-volatile memory in database
systems. In: Proc. of the 2018 Int’l Conf. on Management of Data. Houston: ACM, 2018. 1541-1555. [doi: 10.1145/3183713.3196897]
Zhou XJ, Arulra J, Pavlo A, Cohen D. Spitfire: A three-tier buffer manager for volatile and non-volatile memory. In: Proc. of the 2021 Int’1
Conf. on Management of Data. ACM, 2021. 2195-2207. [doi: 10.1145/3448016.3452819]

Du MZ, Scott ML. Buffered persistence in B+ trees. Proc. of the ACM on Management of Data, 2024, 2(6): 226. [doi: 10.1145/3698801]
Kuschewski M, Giceva J, Neumann T, Leis V. High-performance query processing with NVMe arrays: Spilling without killing
performance. Proc. of the ACM on Management of Data, 2024, 2(6): 238. [doi: 10.1145/3698813]

Wang Y, He JJ, Sun KY, Dong YH, Chen JX, Ma CL, Zhou AC, Mao R. Boosting write performance of KV stores: An NVM-enabled
storage collaboration approach. In: Proc. of the 40th Int’l Conf. on Data Engineering. Utrecht: IEEE, 2024. 2082-2095. [doi: 10.1109/
ICDE60146.2024.00166]

Ansel J, Kamil S, Veeramachaneni K, Ragan-Kelley J, Bosboom J, O’Reilly UM, Amarasinghe S. OpenTuner: An extensible framework
for program autotuning. In: Proc. of the 23rd Int’l Conf. on Parallel Architectures and Compilation. Edmonton: ACM, 2014. 303-316.
[doi: 10.1145/2628071.2628092]

Zhu YQ, Liu JX, Guo MY, Bao YG, Ma WL, Liu ZY, Song KP, Yang YC. BestConfig: Tapping the performance potential of systems via
automatic configuration tuning. In: Proc. of the 2017 Symp. on Cloud Computing. Santa Clara: ACM, 2017. 338-350. [doi: 10.1145/
3127479.3128605]

PGTune. 2009. https://pgtune.leopard.in.ua/

MySQLTuner. 2009. https://github.com/major/MySQLTuner-perl

Duan SY, Thummala V, Babu S. Tuning database configuration parameters with iTuned. Proc. of the VLDB Endowment, 2009, 2(1):
1246-1257. [doi: 10.14778/1687627.1687767]

van Aken D, Pavlo A, Gordon GJ, Zhang BH. Automatic database management system tuning through large-scale machine learning. In:
Proc. of the 2017 ACM Int’l Conf. on Management of Data. Chicago: ACM, 2017. 1009-1024. [doi: 10.1145/3035918.3064029]

Kunjir M, Babu S. Black or white? How to develop an AutoTuner for memory-based analytics. In: Proc. of the 2020 Int’l Conf. on
Management of Data. Portland: ACM, 2020. 1667—-1683. [doi: 10.1145/3318464.3380591]

Cereda S, Valladares S, Cremonesi P, Doni S. CGPTuner: A contextual Gaussian process bandit approach for the automatic tuning of IT
configurations under varying workload conditions. Proc. of the VLDB Endowment, 2021, 14(8): 1401-1413. [doi: 10.14778/3457390.
3457404]


https://doi.org/10.1007/s10489-021-02567-0
https://doi.org/10.1007/s10489-021-02567-0
https://doi.org/10.1007/s10489-021-02567-0
https://doi.org/10.1007/s10489-021-02567-0
https://doi.org/10.1007/s10489-021-02567-0
https://doi.org/10.1007/s10489-021-02567-0
https://doi.org/10.1007/s10489-021-02567-0
https://doi.org/10.1016/j.datak.2011.09.007
https://doi.org/10.1145/3514221.3526126
https://doi.org/10.14778/3598581.3598605
https://doi.org/10.3390/fi13120303
https://doi.org/10.3390/fi13120303
https://doi.org/10.1145/3478684.3479252
https://doi.org/10.14778/3750601.3750628
http://www.jos.org.cn/1000-9825/5141.htm
http://www.jos.org.cn/1000-9825/5141.htm
http://www.jos.org.cn/1000-9825/5141.htm
https://doi.org/10.13328/j.cnki.jos.005141
https://doi.org/10.13328/j.cnki.jos.005141
https://doi.org/10.1145/2619228.2619236
https://doi.org/10.1145/2723372.2746480
https://doi.org/10.1145/3183713.3196897
https://doi.org/10.1145/3448016.3452819
https://doi.org/10.1145/3698801
https://doi.org/10.1145/3698813
https://doi.org/10.1109/ICDE60146.2024.00166
https://doi.org/10.1109/ICDE60146.2024.00166
https://doi.org/10.1145/2628071.2628092
https://doi.org/10.1145/3127479.3128605
https://doi.org/10.1145/3127479.3128605
https://pgtune.leopard.in.ua/
https://github.com/major/MySQLTuner-perl
https://github.com/major/MySQLTuner-perl
https://github.com/major/MySQLTuner-perl
https://doi.org/10.14778/1687627.1687767
https://doi.org/10.1145/3035918.3064029
https://doi.org/10.1145/3318464.3380591
https://doi.org/10.14778/3457390.3457404
https://doi.org/10.14778/3457390.3457404

24

[28]

AR SAR wrre b v

Wei RK, Liu Y, Hou YF, Cui H, Zhang YQ, Zhou K. TopTune: Tailored optimization for categorical and continuous knobs towards
accelerated and improved database performance tuning. In: Proc. of the 41st Int’l Conf. on Data Engineering. Hong Kong: IEEE, 2025.
613-626. [doi: 10.1109/ICDE65448.2025.00052]

[29] Zhang XY, Wu H, Li Y, Tan J, Li FF, Cui B. Towards dynamic and safe configuration tuning for cloud databases. In: Proc. of the 2022
Int’l Conf. on Management of Data. Philadelphia: ACM, 2022. 631-645. [doi: 10.1145/3514221.3526176]

[30] Wang JX, Trummer I, Basu D. UDO: Universal database optimization using reinforcement learning. Proc. of the VLDB Endowment,
2021, 14(13): 3402-3414. [doi: 10.14778/3484224.3484236]

[31] ZhangJ, Liu 'Y, Zhou K, Li GL, Xiao ZL, Cheng B, Xing JS, Wang YT, Cheng TH, Liu L, Ran MW, Li ZK. An end-to-end automatic
cloud database tuning system using deep reinforcement learning. In: Proc. of the 2019 Int’l Conf. on Management of Data. Amsterdam:
ACM, 2019. 415-432. [doi: 10.1145/3299869.3300085]

[32] Li GL, Zhou XH, Li SF, Gao B. QTune: A query-aware database tuning system with deep reinforcement learning. Proc. of the VLDB
Endowment, 2019, 12(12): 2118-2130. [doi: 10.14778/3352063.3352129]

[33] Bianchi A, Dolores R, Chai A, Corvinelli V, Godfrey P, Szlichta J, Zuzarte C. Db2une: Tuning IBM Db2 with deep learning. In: Proc. of
the 41st Int’l Conf. on Data Engineering. Hong Kong: IEEE, 2025. 4540-4543. [doi: 10.1109/ICDE65448.2025.00347]

[34] Trummer I. The case for NLP-enhanced database tuning: Towards tuning tools that “read the manual”. Proc. of the VLDB Endowment,
2021, 14(7): 1159-1165. [doi: 10.14778/3450980.3450984]

[35] Trummer I. DB-BERT: A database tuning tool that “Reads the Manual”. In: Proc. of the 2022 Int’l Conf. on Management of Data.
Philadelphia: ACM, 2022. 190-203. [doi: 10.1145/3514221.3517843]

[36] Sun WW, Pan ZC, Hu ZR, Liu Y, Yang CC, Zhang R, Zhou X. Rabbit: Retrieval-augmented generation enables better automatic database
knob tuning. In: Proc. of the 41st Int’l Conf. on Data Engineering. Hong Kong: IEEE, 2025. 3807-3820. [doi: 10.1109/ICDE65448.2025.
00284]

[37] Kang WH, Lee SW, Moon B, Kee YS, Oh M. Durable write cache in flash memory SSD for relational and NoSQL databases. In: Proc. of
the 2014 Int’l Conf. on Management of Data. Snowbird: ACM, 2014. 529-540. [doi: 10.1145/2588555.2595632]

[38] Huang P, Subedi P, He XB, He S, Zhou K. FlexECC: Partially relaxing ECC of MLC SSD for better cache performance. In: Proc. of the
2014 USENIX Conf. on USENIX Annual Technical Conf. Philadelphia: ACM, 2014. 489-500.

[39] LiZC, Yin S, Ruan XJ. Optimizing parallel I/O performance in NVMe SSDs by Dynamic cache partitioning. Performance Evaluation,
2025, 168: 102479. [doi: 10.1016/j.peva.2025.102479]

[40] Koutsoukos D, Bhartia R, Friedman M, Klimovic A, Alonso G. NVM: Is it not very meaningful for databases? Proc. of the VLDB
Endowment, 2023, 16(10): 2444-2457. [doi: 10.14778/3603581.3603586]

[41] Dong SY, Kryczka A, Jin YQ, Stumm M. Evolution of development priorities in key-value stores serving large-scale applications: The
RocksDB experience. In: Proc. of the 19th USENIX Conf. on File and Storage Technologies. Santa Clara: USENIX Association, 2021.
33-49.

[42] CouchDB. 2005. https://couchdb.apache.org/

[43] Jeon J, Kim J, Noh SH, Seo E. AWUPF rediscovered: Atomic writes to unleash pivotal fault-tolerance in SSDs. In: Proc. of the 23rd
USENIX Conf. on File and Storage Technologies. Santa Clara: USENIX Association, 2025. 27.

[44] Deb K, Pratap A, Agarwal S, Meyarivan T. A fast and elitist multiobjective genetic algorithm: NSGA-IIL. IEEE Trans. on Evolutionary
Computation, 2002, 6(2): 182—197. [doi: 10.1109/4235.996017]

Mt e 3535 SRk

[12] &3, 200, AL TS, R, 750, B LaE 5 SR AP PR 50 48 55 T 0h B B BRI . 8P 2441k, 2017, 28(1): 59-83. http://www.
jos.org.cn/1000-9825/5141.htm [doi: 10.13328/j.cnki.jos.005141]

fEH‘ N

HATEEE, W 2, CCF 22242 0, BRI U KB 5 1 5 A he R

BE, L, B, CCF £k by, BT G R BE S HoR, Bl s R AN TH ST, WAETHSE, A oo B8, BT AU PR35 T B i 2.
SiEH, [, CCF 2 E &, BT AUON K En i 1L S MR,

B, Wi h Ak, RGO R E B S TR

FEBR, WA, 3B SO R B E S TR

FEELIR, T, 0, MR S, CCF Mgl A, 2 0T e U KB B B A, it (5 SAF il R AL


https://doi.org/10.1109/ICDE65448.2025.00052
https://doi.org/10.1145/3514221.3526176
https://doi.org/10.14778/3484224.3484236
https://doi.org/10.1145/3299869.3300085
https://doi.org/10.14778/3352063.3352129
https://doi.org/10.1109/ICDE65448.2025.00347
https://doi.org/10.14778/3450980.3450984
https://doi.org/10.1145/3514221.3517843
https://doi.org/10.1109/ICDE65448.2025.00284
https://doi.org/10.1109/ICDE65448.2025.00284
https://doi.org/10.1145/2588555.2595632
https://doi.org/10.1016/j.peva.2025.102479
https://doi.org/10.14778/3603581.3603586
https://couchdb.apache.org/
https://doi.org/10.1109/4235.996017
http://www.jos.org.cn/1000-9825/5141.htm
http://www.jos.org.cn/1000-9825/5141.htm
http://www.jos.org.cn/1000-9825/5141.htm
http://www.jos.org.cn/1000-9825/5141.htm
https://doi.org/10.13328/j.cnki.jos.005141

	1 数据库I/O稳定性相关工作
	2 数据库的I/O瓶颈问题
	2.1 不同负载下数据库的性能表现对比
	2.2 数据库性能抖动原因定位

	3 数据库抖动问题的理论分析
	3.1 数据库的I/O读写流程
	3.2 I/O读写模型抽象
	3.3 模型分析

	4 基于解耦模型的数据库I/O优化方案
	4.1 生产者-消费者模型的功能解耦
	4.2 数据库刷脏机制的深度优化
	4.3 基于NSGA-II的刷脏参数白盒调优算法

	5 实验分析
	5.1 实验环境设置
	5.2 实验数据集
	5.3 实验评估指标
	5.4 小容量下的基线测试
	5.5 I/O优化方案效果评估
	5.5.1 解耦I/O模型效果评估
	5.5.1.1 在openGauss上的测试
	5.5.1.2 在PostgreSQL数据库上的解耦模型普适性验证

	5.5.2 前置刷脏机制效果评估

	5.6 加入刷脏调参算法后整体方案详细效果
	5.7 更高并发下的方案优化效果
	5.8 方案长期稳定性评估

	6 总　结
	参考文献

