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BBegeHue

e MobunbHbIe YCTPOUCTBA — HEOTHbEMIIEMAA YaCTb HALLEN XKN3HU
e YBenunyeHne BpeMeHn aBTOHOMHOW paboTbl YCTPOUCTBA
e [InaHnpoBaHue 3agay c y4ETOM 3HEPronoTpedbneHnst ycTponucTea
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Llenn n 3agaun

Llenb — co3gatb aHeproadekTMBHYO MoaAndUKALMIO akTyaribHOro niaHnMpoBLLMKa

3agay OC Android 1 npoTectnpoBaTtb €€ Ha peanbHOM YCTPOWUCTBE
3apayu:

e HauTtn akTyanbHbIW NNAaHNUPOBLIMK 3a4a4d U caenaTtb 0630p NPUHLUMMNOB ero
paboThbl

e [lpeonoXxutb N peannaoBaTb MOANMPUKALMIO AN NOBbLILLEHUS ero
9HeproadPEeKTNBHOCTHU

e Onpenenutb METOLOSOMNK TECTUPOBAHUS N co3daTb MHPPACTPYKTYPY ANs
TecTupoBaHNs MoaAnULMPOBaAHHON BEPCUK NNTaHUPOBLLVKA 3a4au

e [IpoBecTn TeCTMpoBaHME U CPABHUTL pe3ysibTaTbl 0OLIYHOMO U
MOANOULIMPOBAHHOIO MiTaHMPOBLUNKA
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Energy Aware Scheduling (EAS)

Mogudpukaumns nnaHmpoBwmka 3agady Completely Fair Scheduler
e PasmelleHue 3a4ay Ha OCHOBE TEKYLLEN 3arpy3kn U HEpPreTn4eckomn mogenm

MHoroknacTepHble reTeporeHHble CUCTEMBI
o  big.LITTLE

() SHepreTquCKaﬂ Mo4delb
O  9HepronoTpebneHne Anga Kaxaoro nogaep)kmsaemoro P-cocTosHUS
o  3HepronoTpebneHne ans kaxaoro C-cocTosAHUS

e \Window Assist Load Tracking (WALT)

O  HOBbIV anropuTM OLEHMBAHNS Harpy3ku 3agad

e SchedUtil
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[lyTb pa3melleHna 3agaydn

find_idlest_cpu()

Task wakeup select_task rq_fair() return target CPU

O

Y

find_best_target()

McTovHmK:
https://developer.arm.com/-/media/Arm%20Developer%20Community/PDF/Open%20Source/energy-aware-scheduling/eas_overview_and_integration_guide_r1p6.pdf 5/13



find_best_target()

3agaya, YyBCTBUTENbHASA K 3aepPKKe:

e BepHyTb nepBbi HAMOEHHLIN NPOCTanBatoLMU NPOLECCOP UITN aKTUBHbLIW
npoueccop ¢ Hanbornbluen cBO6OAHON MOLLHOCTBLIO, KOTOPbIE MOTrYT BMECTUTb
3agavy

3apaya, HeyyBCTBUTENbHASA K 3a0EpPXKKe:

e BniOpaTb akTMBHbLIM NpoLEeCcCop C HAaUMMEHbLLUEN MaKCUMaribHOM MOLLHOCTbIO U
HanbonbLwen cBob0aHON MOLLHOCTBIO B KQ4eCTBE OCHOBHOIO U
npocTanBarLLUn MPOLLEeCCOop C HaMMeHbLUeN MakCMMaribHON MOLLHOCTLIO B
Ka4yecTBe 3anacHoro
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Moandpukaunm EAS

o Learnlng EAS
Han at al. Performance improvement of linux CPU scheduler using policy gradient
reinforcement learning for android smartphones
o  IOwnHamunyeckoe BbluucrieHne TARGET LOAD n sched migration_cost ¢ nomoubto metoga
rpagneHTHOro obyyeHnsa ¢ nogkpenneHnem
o YnyJweHue aHepronotpebnenms Ha 2,3-5,7%

e WAEAS

Zhang at al. Waeas: An optimization scheme of eas scheduler for wearable applications
Ckonb3sauwas cpegHsasa ans pacyérta UCTOpPUYECKnX paboumx Harpy3ok 3agad

Ctparernsi KOMNOHOBKM 3aga4

[MepebanaHcnpoBKa 3agad BHYTPU Knactepa

YnyJweHune aHepronoTpebnenus oo 8%

O O O O O
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[MpennoxeHne No yny4ieHuto
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NeTouHmkm:
Capracos C.10., boraaHos E.A., BoxHiok A.C., Beiko [1.B., n Mpannumt O.H., Mpo6nemsl 1 nepcnekTuBbl UCMOMNb30BaHUS CTOXaCTMHECKOW annpokcumaLumumn Ans perynupoBaHns YactoTel npoueccopa B Android OS 8/1 3

https://www.anandtech.com/show/8718/the-samsung-galaxy-note-4-exynos-review/4



Peanunsauuga

target_cpu u best_idle_cpu
W3 knactepa LITTLE?

new_util =
curr_cap(target_cpu)

pacyutatb pacuutatb
BEpHyTb Hanbonee
3HepronoTpedneHne cUCTeMLI 3HepronoTpedneHue cucTemel 3Hep (\){T U
C Y4ETOM Nepexoaa Knacrepa C YYETOM aKTMBaLMK pfnpaomume ce cop
Ha ©Gonee BbICOKYHK Y4acToTy npocTaneaiolLero npoueccopa
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TecTupoBaHue

CmapTtdoH Xiaomi Redmi 9A

Pa3brnoknpoBaH 3arpy3yuK 1 rnosy4vyeHbl Npasa cyrnepnonb3oBaTens
HangeH opuymanbHbIv peno3nTopun ¢ UCXO4HbIM KOLOM s4pa YCTPoOUCTBa
Anpo cobpaHo 1 3arpy>XeHo Ha YCTPOMUCTBO
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TecTupoBaHue

MeToaonorns ocHoBaHa Ha paboTax Mo CXoXel TemaTuke npeablayLmx net

e ABTOMaTM3auuda TectuposaHus - MonkeyRunner

e MeTpuKkn cpaBHeHUd

o notpebnsemas aHeprna (MAY)
O  KONMMYecCTBO YCNOBHbIX eanHuy, (6annos) ot AnTuTu Benchmark

e TecToBble cueHapun (OCHOBaHbl Ha TecTax AnekcaHgpa boxHioka)
o  Wrpa B Flappy Bird

Nrpa B Trial Xtreme 3

Cbemka Bmnaeo

Bocnpon3seaeHvne Bnaeo

Habop TekcTta

o O O O

MNcTouHMKM:

Dynamic voltage-frequency optimization using Simultaneous Perturbation Stochastic Approximation Bogdanov, E., Bozhnyuk, A., Bykov, D., Sartasov, S., Sergeenko, A. & Granichin, O.

60th IEEE Conference on Decision and Control, CDC 2021. Institute of Electrical and Electronics Engineers Inc 1 1/1 3
https://github.com/bozhnyukAlex/dvfs_testing



CpaBHeHune ¢ 6asoBbiM EAS

Basosbit EAS MoanduumpoBaHHbii EAS
camera test 21.598 21.007 (-2.7%)
flappy bird test 5.459 5293 (-3%)
trial xtreme test 15.667 15.230 (-2.8%)
typing test 5.244 5177 (-1.2%)
video test 4.959 4949 (~0%)

3Hepror|0Tpe6neH|/|e NnaHNpoBLLUMKOB 3ada4y, 3Ha4E€EHNA yYKa3aHbl B MUIIIMamMnep-4acax

CPU GPU RAM 10 UX Total
O6blyHbIN EAS 15008 12148 6599 3126 | 8396 45277
MoandumumpoBaHHbin EAS 14927 12021 6715 3012 | 8531 45206

Bannbl AnTuTu Benchmark
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Pesynbratbl paboThl

e CpenaH 0630p NpUHUKMNOB paboTbl akTyanbHOro ninaHMpOoBLLWKA 3a4ay U ero
Moandoukauum

e PeanusoBaHa mogundumkaumsa ansi NOBbILLEHNS €ro AHEProadPdPEKTUBHOCTH

e OnpeneneHa MeTogonorMa TeCTUPOBaHUS N co3daHa MHPaCTPyKTypa 4SS
TecTupoBaHUs MoaAnULMPOBaAHHON BEPCUK NNTaHNPOBLLVKA 3a4au

e [lpoBedeHo TeCTMpoBaHNEe U CpaBHEHUE ABYX BEPCUI NITaHNPOBLLIMKA

o MoauduumMpoBaHHas Bepcus ynydlaeT aHeprodddekTMBHOCTb Ha 1,4-3% 6e3 notepu
NPON3BOANTENBHOCTM B CPABHEHUN C HEMOAMMDULIMPOBAHHON BEPCHEN

Github:
https://github.com/thofyb/eas_improvement

https://github.com/thofyb/eas_testing 13/13



CyulecTByrouime aHeproad@eKTUBHbIE NNAaHNUPOBLLVKX 3a4au

e Energy-aware scheduling algorithm for time-constrained workflow tasks in
DVFS-enabled cloud environment
o Monire Safari, Reihaneh Khorsand

e A GA based energy aware scheduler for DVFS enabled multicore systems
o Neetesh Kumar, Deo Prakash Vidyarthi

e Energy-aware Scheduling of Jobs in Heterogeneous Cluster Systems Using
Deep Reinforcement Learning
o Amirhossein Esmaili, Massoud Pedram
e Energy-aware scheduling for improving manufacturing process sustainability:
A mathematical model for flexible flow shops
o A.A.G. Bruzzone, D. Anghinolfi, M. Paolucci, F. Tonelli a

e Energy Aware Scheduling (EAS)
o ARM 14/13



