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Abstract: One of the important features of multi-tenant databases in cloud environments is scalability. However, most elastic scaling
techniques struggle to make effective scaling decisions for complex workload variations. If workload changes can be predicted in advance,
resources can be accurately adjusted. In this paper, we propose a memory load-based elastic scaling method for multi-tenant databases,
including a cluster-level load prediction model and an elastic scaling strategy. The load prediction model integrates the advantages of
convolutional neural networks, long short-term memory networks, and gated recurrent units to accurately forecast the memory load
requirements of the database cluster. The elastic scaling strategy, based on the demand prediction results, precisely adjusts the number of

virtual machines to ensure that resource provisioning remains within a reasonable range. Compared to existing methods, this model
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reduces prediction errors by 8.7% to 21.8% and improves prediction fitting by 4.6%. Additionally, this paper improves the Bayesian
optimization algorithm for hyperparameter tuning of this model. It addresses the issue of poor performance of Bayesian optimization in
combined domains of discrete and continuous solutions, further reducing errors by 7.6% and improving fitting by 1.04%. Experimental
results indicate that compared to the most widely used scaling strategy in Kubernetes, the elastic scaling method proposed in this paper
avoids the latency and resource waste associated with elastic scaling. Response time is reduced by 8.12%, latency by 9.56%.

Key words: Multi-tenant databases; Resource management; Resource prediction; Elastic scaling
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A PR BTRCA ) CloudSim 7F HIERIHESL - IF R N B £ 1T T MR i 77 ik, AT ) 5 1) T 3 4 hn sl 2>
REAUNLETE CORIHLERL, D 1 £ 22 AL SR P 85 o 5 e 3t S BUAAE 7 5 128 Aef 45 S, A SCXS CloudSim IRk
TG 75 A0 1 R S 22 AL B A B A 1 A A i L )

A SRR AR SRS RO SE B M A ATy R BRAT DY AR M R R et T IR 2 R B
PESETE AR (0 2 P B IR bR, AR KB SULAE I DL U B D SE A8 I, ORAP A OB 2 e s Bt S ik b, IR
B3 TR T2 B AT TN > R 2 AR ] 2 — R A AR L 2.2 A0 2.3 A i isc i) 3% T HBO ALK Y
20 A IO ASE R FI 45 3] J= S N 8] 5 21 R A7 7 SR A5 R, Jm e 7 SR I A i £ TR 25 RS by 53—
(R FTZ AR A A2 OGS T B AU LR R A PR RE PR AR (10 S P2 2 H L AR A s M gt A T, RRAULER
FERIPEREAAL G DL, 5] o J32 I 1] 5 SE SR I TR A AR A, P T U Al 5604 A 45 % 1900 95 o R B 1) 2 24 i
BEAT ORHE, THRIBLHORE S BURT I B S5 R, IFARIE A S 2.4 5 B (2 T T 0 0 Aok 4 S Wi 2 1R
BEAT AR S, JF AR AR R 2 SRS BAR TR ZE L& L. sl L& RE AL an SR A e 7 2 kAT
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FPEMGE, PATE SR R AR Y AR AR S, B ARNT A SN E, #miHA CloudSim H
£ 345 11 58 U 3 RE AU DL A
SEG RS SSECE N:  Intel(R) Xeon(R) CPU E5-2650 v4 @ 2.20GHz 4bFE#%. 48 #%0», 2 3 RAM 16G
DDR4@2400MHz 7%, 1 3t NVIDIA Corporation GP104 [GeForce GTX 1070 Ti] KR ALH 3.
ASCUNGREEE . MAEER 1 5 BB E — AR R B T L, B4 S B — N0 fL B 5~ 9 i)
FF AR B ST A, . 100 RoRE 100 SR AL

3.2 CNN-LSTM-GRUFUMIRBISLIGER 5 3 4f

ARSI B R B SEUR B Bit-brain = IRSIREERT, A 1750 AN M AR T bR B8 S92 S 1 LURAT
HAKERRI, FITEFEAR CPU. WA, Wi, MRERFEMNSE ST HERSERHA (GUEE 58
http://gwa.ewi.tudelft.nl/datasets/gwa-t-12-bitbrains ) JEA LK TAEH, EBUZHIELE K ‘Memory usage” —
FUAE g S B PO AR B ) 5 R s, 28 OB T DL MB R SR AT 9 R P A A A A s B R AR B
FIH 26 FZ AR 60%ZE 80% TGl N, 5 A SCHIF 7t (e M A 4 3 FH B BAR 32 5

o FAE (P BTN Fe bR, AR SCIE PRI 77 1% Z (Mean Squared Error, MSE). “PH48 %} H 43 L i% Z (Mean
Absolute Percentage Error, MAPE). %) J5 #R % % (Root Mean Squared Error, RMSE). “F- ¥4 44 %} 1% % (Mean Absolute
Error, MAE). #E RER2HAEFF.

ASCARYE R 1 BT I )RR S SO0 TR Y 3 47 I 25,

*1 HAENESHE

S SHUE
WHEE . K 3
CNN # K/ 2
5 —JZ LSTM B 5 o051 64
55— 2 LSTM Kyl 2 7T 44 64
5 = JZ GRU B2 ¥ e % 64
dropout Lt 0.4
2SR 0.001

) CNN-LSTM-GRU 4 A #E RS T I 7 2 i P &5 i 5 frow.
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Prek U 27 MR M B SR IR TR, B R AL AR R s AR S P (I 7 SRR AR, YA AR R A A7 F 3K 11
SRAB. B0 4 7 LS 2 PURERNS S, LA TGS S0k, B&RE RS, R kAR
ot 8 e AR S L, T B AT 1 BRBE T 5 WE TR I AR R A AR R — B, R AR SO R AR R )
BURFAE 5 78 Ak T

T YAE CNN-LSTM-GRU & R T A0SR, AR SCSEB T K J B e 12 4 (LS TM) AT T3 0 26 56
(GRU)FFIUAR R, I 53X e o — KR g R B HEAT 7 % L SCBR[16] P it T — Fh RS T 35 A0 o 2 X 48 K 4 It
L7 M4 I A E] CNN-LSTM, B 75 3T 5 AW FUAR L i 5 S 3 TUNAT 55 AR SCAB s L 7 i 2,
FHAR SCHe) 22 ) B0 SR AT T IR R.

R4 SEIh 45 R, 4 i DU 4 9256 () MSE. MAER. MSE. MAPE. R2ZTiAMEks, - Hidx&E4H
SIS RIS ], 45 R 2 FIoR.

® 2 BERVFM ARSI

TR MSE MAE RMSE MAPE(%) R2 )%~ O)
LSTM 12.425 2.853 3.525 8.299 0.938 61
GRU 16.587 3.012 4.073 8.096 0.918 40
CNN-LSTM 9.131 3.313 3.022 6.419 0.955 51
AR 8.337 2.232 2.887 5.992 0.960 48

R¥ER 2, HETHILE LSTM 5 GRU #8Y, AL 1T CNN-LSTM-GRU 2H & 155 84 7 DU AN 4 B2 48 45
T35 B M R ) TR P A, AR H A AR R I AR LA FEEE (R2) AR SR — B [ F
48 TR NN T L SO R AR A I ) R AR S v TS GRU AR, 3% 2 RN GRU SR T % N L1
W% &), ik T v SR AR DU B B D I GRid B, HAR SO B R RS B 4R TH A AR b T 1% — FE AR5 SCik
[16]H & H A4 A CNN-LSTM HEAT X LG, ARSCRIRREARIAE LG B D7 T 5 FEAH IR, SRTIE R ZE i ds AR
RN IX — AR TR F A A 5| N T GRU #iHe, MMTE— @ RE R TR E 685, A
SEP T B RGE BN GRS )25 E TR, AT B9 CNN-LSTM-GRU 4 &8 % 4y Bl 7 CNN 7E 3R BN e 4k
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YEIR PR AE 5 T AR B . LSTM 76 & Tl RS B LAt , PLE GRU 78R Il 5 5 T A0 4 o5 AR 8 T 57 A
RUFI AT A A AR, SRR A EF oA, Hrb, TMRRZERET 8.7%%E 21.8%, i il
BERET 4.6%. 570L, A SCERLA] DL 3 T G A8 TIN5 ek 4 SR e v 1 B e 6 3 T A
3.3 ETSEAMNMTNERSNERS SR

{5 I et 5 B DU 346 22032 HBO %f CNN-LSTM-GRU &M B MBS, #S3H0E5: (D
B WAE OB, 3K, dropout ELFl;  (2) BEGEZSH. B i, B N K.
NN HE S R AR B R AR W3R 3 BT,

® 3 HMETELR S HE

A IR IUE B Y8 /7 8
RIRE O, Bk 8 [5,20]
53] H 0.001 [le-5,1e-1]
dropout 0.4 [0.1,0.5]
I8 B TG 2 64 (32,64,128,256)
HEAL K A 16 (16,32,64,128)
RN 2 (2, 3, 5

TERB SR 1), AR SO e TR AR 1 BRI IR BN S0 /E R —F0 i AR, &1 % U RTF R IS BURCR
FEsD 5 SRR H T A SCHE H 1 CNN-LSTM-GRU ZHA 4587, FRHEAT 20 WINSR, Bl 5 V150 24 5 % BV 14 6
Tebri iR E (MSE) , DAVHG SRR 5.8 7 T SL3e 5T L, AR SOEBESTHRR[17] 3 AR 46 2t 1) DL e fk
L BO MR AN G0 50 B2 5, WiRP RO RS IR AR AR W3R 4 FToR.

®4 RILESHRH

2 H HBO A fift BO & ALf#
RGN RIS 19 11
R 0.001 0.0087
dropout L] 0.41 0.46
(S8 256 64
R OEE NN 32 32
RN 3 2

T BAIE A S AT DU R AL SR (HBO) ST AR ERMIAS MR, NA LR P B S 5w
## CNN-LSTM-GRU #L8Y, HEAT ISR G 3 T B R A I 28 AR AR 5 3.2 19 AH — B30 47 R TR0 45 SR 1 5 L
ZWE 6 AN bR HE ST R, AT ZE (MSE) . P45tz (MAE) « ¥ Ei%% (RMSE) .
THLa T E iR ZE (MAPE) « BLRURE REC (R?) , WIER 5 Fis.
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CNN-LSTM-GRU 8.337 2.232 2.887 5.992 0.960
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HBO 1k 5.006 1.742 2.237 4.544 0.97
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AR T SCHR 2] BT AR 551 ol 40 SRS A Dy oxe B SIZ B0 R B, DAV AR S L A 28 T 7 i T o v



A R TE QR TARARA 0 2 A P AR R SR 4 7 ik

3
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