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Abstract. The paper proposes a framework that implements predictive scaling of computational
resources for serverless applications in distributed computing using queues. The predictive scaling
mechanism is based on the DeepAR algorithm from AWS SageMaker. The proposed solution allows
dynamically allocating and releasing resources as needed while remaining within the serverless
computing paradigm. Testing results of the serverless application built on this framework
demonstrated reduced cold starts and unprocessed requests.
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Anomauin. Y pobomi npononyemvcst hpertimeopx, o peaizye nPoSHO3He MACUIMAOYBAHHS OOUUCTIOBATILHUX
pecypcié 013 Oe3cep8epHUX 000AMKI8 NpU PO3NOOINEHUX O0OUUCTIEHHAX 3 BUKOPUCNAHHAM Yepe.
Mexanizm npocnosnozo macwmadysannsa peanizosanuti Ha ocHosi ancopummy DeepAR 3 AWS
SageMaker. 3anpononosane piwiensi 0038015€ OUHAMIYHO UOLIAMU MA BUBLILHAMU PECYPCU 8 PA3i
nompeou 3a1UmaryUcs NPU YboMy 6 napaouemi bezcepsepHux oouuciens. Pezyiomamu mecmyeanHs
bescepsepHoco 000amkKy, CMmeoPeH020 Ha OCHOBI (DPEtMBOPKY, NPOOEMOHCIPY8ANU 3MEHULEHHSL KITbKOCTI
XOJIOOHUX cmapmis ma HeoOpoOaeHUX 3anUmis.

Knwuosi cnosea: Oezcepeepni 0OUUCHEHHs, NPOSHO3HE MOOENIOBAHHSA, NPOSHO3HE ABMOMAMUYHE
Macuimaby8aHusa, MauluHHe HaA8YAHHS, XMAPHI 0OYUCTIEeHHS.
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[IIBuaKe MOMMUPEHHS BUKOPHUCTaHHS O€3CEpPBEPHUX aPXITEKTYp IMpPH MOOYIOBI
pIlIeHb AJI PO3NOAUIEHUX 00YUCIIEHb BUKIUKA€E MOTPeOy B 30BCIM 1HIIMX MIAX0aX
JUIA  BHUPIMIEHHS NTPOOJeMH aBTOMATHYHOTO MAcCIITa0yBaHHS OOYHMCIIOBAIBHUX
pecypciB. Opniero 3 BiAMIHHOCTEH Oe3cepBepHUX IUIATGOPM € 3IATHICTD
azanTyBaTHCS 10 3MiH Yy HaBaHTaXEHHI. TakKMM YMHOM, OOUYHUCIIOBAJIbHI PECYPCH Y
KOPUCTYBAIIbKUX JOJAaTKaX MOXXYTh TOBHICTIO BUBUIBHSTHCS Bpa3l BiJACYTHOCTI
BXIJIHMX JaHUX 1 3HOBY BHUIUIATHCS MpU cruieckax y Tpadiky. Takuit miaxin
3abe3neuye HEOOXiAHY THYYKICTh Tmpu oOuuciaeHHax. OjaHak, MOpoOIeMor0
3aJUIIAE€THCS 3HAUYHUM Yac iHimiami3amii oOpoOHUKIB JaHUX, KU BUTPAYa€TbCA Ha
pPO3ropTaHHs Ta HAJAINTYBaHHS CEPeIOBUIIA BUKOHAHHS [1].

[IpoGnema TpuBasoi iHimianizaiii, BioMa sIK MpodjieMa XOJIOAHOTO CTapTy, €
HAJ3BUYAHO KPUTUYHOIO Il Oe3CcepBEpHUX JOJATKIB, J€ Yac BUKOHAHHS, SK
MPaBUJIO, € HE3HAYHUM Y TMOPIBHIHHI 3 YaCOM 1HIIIami3aIlli cepeoBrIlla BUKOHAHHS.
XMapHi mpoBaiaepH, 3a3BUYal, HE BHUAAIAIOTH CTBOPEHI KOHTEMHEpU MIiCIs
MOMEPE/IHIX 3aMyCKIB MPOTATOM IEBHOTO MEPIoly 4Yacy 3 METOK OOpOOKH HOBHUX
3aIUTIB, ajie TAKMK ITAX11 HE 3aBXKJIU € CKOHOMIYHO €()eKTUBHHUM, OCKIJIbKH KIHIICBUI
KOPUCTYBad CIladye 3a 4ac (aKTHUYHOTO BUKOPUCTAHHS PECypCiB 3aTHIIAI0YH
BUTPATH Yacy MPOCTOI0 XMapHOMY MpoBaitaepy [2, 3].

Jlns BupimieHHs 1€l mpoOjieMu HEOOX1AHO 3aCTOCOBYBAaTH IMMIAXOAH, SKi
JT03BOJISIOTH MTPOTHO3YBAaTH MaOyTHI poOOYl HAaBAaHTAXKEHHS Ta 3aBYACHO PO3TOPTaTH
HEOOX1aH1 00UUCITIOBAJIBHI MOTYKHOCTI. L{e 0CO0IMBO KPUTHYHO JJIsl CUCTEM, JI€ TIOA1T
HAJXOJTh ACHHXPOHHO Yepe3 YEPTH MOBITOMIICHb.

Mertoto mociiKeHHST € Po3po0Kka 0e3CEepBEPHOIO PIMIEHHS IS PO3MOIIIEHOT
00OpoOKHM NTaHWX 3 BUKOPHUCTAaHHSIM 4YEpr IOBIJIOMJICHb, K€ Ha OCHOBI METPUK Ta
QITOPUTMIB MAIIMHHOTO HaBYaHHS 31HMCHIOE aBTOMAaTHYHE MacIITaOyBaHHS
00YHCITIOBAILHUX PECYPCIB.

Po3pobaenuii ppeMBOpK CKIaTAETHCS 3 HACTYITHUX KOMITIOHEHT:

AWS SQS nns ynpasiiHHS 00poOKoro mo/ii [4];

AWS Lambda s 00poOku nanux [5];

AWS CloudWatch st MOHITOpUHTY METpHK 4epru [6];

AWS EventBridge mst 3amycky oOpoOHUKIB JaHUX 3T1IHO po3kiany [7];

AWS SageMaker ny1st 10Oy 10BY Ta pO3ropTaHHS MO/IEJICH MAITMHHOTO HaBYaHHS [ §].

Jlist sikocTi Mojeni BUKOpUCTOBYeThesi DeepAR [9], anroputMm HaBuaHHS IS
MIPOTHO3YBAaHHS YaCOBUX PSIIB HA OCHOBI PEKYPEHTHUX HEHpOHHUX Mepex. [lepeBaroro
3a3HAYCHOT0 AJITOPUTMY € MOXKJIUBICTh BUBYATH TUIIOBY MOBEAIHKY HA OCHOBI KIJTbKOX
OB’ S3aHUX YaCOBUX PSI/IIB, IO COPUSIE MOKPAIIEHHIO TOYHOCTI TporHo3y [10].

[Iporno3yBaHHS 3A1MCHIOETHCA Ha OCHOBI IBOX 0OpaHUX METPUK:

» ApproximateNumberOfMessagesVisible — qoBxxuna uepru.

* NumberOfMessagesSent — KITbKICTh OTPUMAHUX MOBIIOMJIEHB [4].
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Puc. 1. ApxiTektypa ¢pperiMBOpKY 175
ABTOMATHUYHOTO MaciITa0yBaHHs OOPOOHUKIB JaHUX

Pe3ynbpTatu mporHo3yBaHHS BUKOPUCTOBYIOTHCS JIJIs 3MIHU ITapameTpiB Provisioned
Concurrency ¢yHnkiin AWS Lambda 3anexHo Bl 0O4iKyBaHOT'O HaBaHTa)KCHHS.

Jlnst TecTyBaHHS (DPEHMBOpPKY peasti3oBaHO Oe3cepBEpHUI OMATOK IS PO3IMOIICHOT
00pOoOKK JaHUX 3 pO3paxyHKOBUM HaBaHTa)XCHHAM | MiH. 3anuciB. HaBaHTakeHHs
eMyJTIOBAJIOCA 3a A0MOMOTor0 Locust — epEeKTHBHOTO IHCTpYMEHTA JJIsl HABAHTAXKYBAJIBHOTO
TecTyBaHHs po3mnojaiieHux cucrteMm [11]. Mogens DeepAR HaBuanacs Ha 310paHux
merpukax AWS SQS. MinimanbHUI 00CAT ICTOPUUHUX JIAHUX, SKUW MOJIETh TOBUHHA
BUKOPHCTOBYBATH JUISI IPOTHO3YBaHHsI CTaHOBUB 30 KpOKiB, a JOBXKHWHA BHUXIiTHOTO
nporHo3y — 50 xBusuH [12]. TouHICTh MOJIEII OIIHIOBAJIACA 32 3HAUCHHSIMHU CEPEAHBOT
abcomotHoi moxubku (MAE) Ta xopenst cepeqabokBaipatudaoi momuiaku (RMSE).

Bapto 3a3HauuTH, 10 3acCTOCYBaHHS MPOTHO3HOIO aBTOMAaclITaOyBaHHS
J03BOJIJIO 3MEHIIIMTH KUIBKICTh XOJIOAHMX CTapTiB A0 27% Ta KIUIBKICTh
HeoOpoOieHux 3anuTiB 10 14%. Ilpu iboMy noOy0BaHa MOIEIH MPOIEMOHCTPYBaIa
MPUIHATHY SIKICTh NMPOTHO3YBAaHHS 31 3HAUYEHHSIM CEPEeNHbOI aOCOMIOTHOI MOXUOKH
(MAE) 10019,21 ta kopens cepeanbokBagparruunoi noxudku (RMSE) 13140,91.

TakuM YMHOM, BUKOPHMCTAHHS 3alPOIIOHOBAHOTO (PEMMBOpPKY IMpU po3pooii
0e3cepBepHUX JIOJATKIB CIPHUSE ONTHUMAIBHOMY BHUKOPHUCTAHHIO OOYHMCIIIOBAJIBLHUX
pPECYpCIB HE BUXOSTYH 32 PAMKHU KOHIIETIII 0e3cepBepHUX OOUYNCIICHD.

Research Europe | 161



Proceedings of the 2nd International Scientific Conference

CnucoK BUKOPHCTAHMX JIKePeJT

1. Thumala, S. (2020). Building Highly Resilient Architectures in the Cloud.
Nanotechnology Perceptions, 16(2), 251-271.

2. Mampage, A. R. (2023). Autonomous Resource Management for Serverless
Computing [PhD thesis, The University of Melbourne], 248. http://clouds.cis.unimelb.edu.au/
students/AnupamaPhDThesis2023.pdf.

3. Alharthi, S., Alshamsi, A., Alseiari, A., & Alwarafy, A. (2024). Auto-Scaling
Techniques in Cloud Computing: Issues and Research Directions. Sensors, 24(17),
5551. https://doi.org/10.3390/s24175551.

4. Amazon Web Services. (2025). Amazon Simple Queue Service. https://aws.amazon.com/sgs.

5. Amazon Web Services. (2025). What is AWS Lambda? https://docs.aws.amazon.com/
lambda/latest/dg/welcome.html.

6. Amazon Web Services. (2025). What is Amazon CloudWatch? https://docs.aws.amazon.com/
AmazonCloudWatch/latest/monitoring/ WhatlsCloudWath.html.

7. Amazon Web Services. (2024). Amazon EventBridge. https://aws.amazon.com/
eventbridge.

8. Amazon Web Services. (2024). Amazon SageMaker. https://aws.amazon.com/
sagemaker.

9. Amazon Web Services. (2025). Use the SageMaker Al DeepAR forecasting
algorithm. https://docs.aws.amazon.com/sagemaker/latest/dg/deepar.html.

10. Januschowski, T., Arpin, D., Salinas, D., Flunkert, V., Gasthaus, J., Stella, L., &
Vazquez, P. (2018, April 23). Now available in Amazon SageMaker: DeepAR algorithm
formore accurate time series forecasting. AWS Machine Learning Blog. https://aws.amazon.com/
blogs/machine-learning/now-available-in-amazon-sagemaker-deepar-algorithm-for-more-
accurate-time-series-forecasting.

11. Heyman, J., Holmberg, L., Baldwin, A., Bystrom, C., Hamrén, J., & Heyman, H.
(2025). What is Locust? https://docs.locust.io/en/stable/what-is-locust.html.

12. Kyrychenko, O., Ostapov, S., & Kyrychenko, O. L. (2025, April 4). Predictive
autoscaling in AWS serverless by means of machine learning and SQS metrics. In The
6th International Workshop on Intelligent Information Technologies & Systems of Information
Security (IntelITSIS 2025) (Vol. 3963, pp. 77-87). CEUR-WS. https://ceur-ws.org/Vol-3963.

RD e

Mixgapopaui
HayKOBI 3axoau

RESEARCHEUROPE.ORG

162 | Research Europe



