) max

3apskaemMcs
MEeTPUKAMI

Kak nameputb 6aTapenky




HeMHOro o6o mHe

3 roga B android paspaboTke

npenogaio 8 U TMO




3a4YeM HYXXHO
N3MEePATb
3HepronoTpe6eHne?

03

>
s MOX 3apsxkaemcs MeTpukamu. Kak nameputb 6aTapenky
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YHBEpPCAJNIbHOCTb

Tunbl c|>|/|+-

TexHnyeckune ) [MpoayKToBbIE )

Q MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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CerogHs B nporpamme

04 OunHanusnpyem
n nposogum Ab

03 HaéuBaem

LUMLLKWA
02 Hayuunmcs HA nNepBoM
C HUMW npucepaHnn
01 TlloaroToBuMm pa6éoTaTb
WHrPUANEHTDI

® MOAX 3apsxaemcs meTpukamm. Kak nsmeputb 6ataperiky



Ha yTo He 6yaeT
OTBETOB B 3TOM
poknape

() mMax

3apsxxaemcsa meTpukamu. Kak nsmeputb 6atapenky



07

Hukakunx best TonbKko doknap,
practices NPOrpAMMHbIN He NMpo «30J1I0TON
Mo oNTUMN3ALNAM noaxon MOJIOTOK»

S MOAX 3apsxaemcs meTpukamm. Kak nsmeputb 6ataperiky



A CKOJIbKO HaLle
NPUIOXEHNEe
NnoTpATUNAO 6aTapen?
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>
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Koroa MmeTpunka noka<et

cebs nyJlle Bcero

(L Max

09

DTO CTATUCTUKA, MOITOMY:.

7

.

o2

Yem 60onbLLe 3amMepoB,
TeM nydwle

~

A ﬁ I
Yem gonblLue KaxXkabliia
3amMep, TeM nyylle

\ Y

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky



[laBanTe NpocCTOo
NOCYNTAEM MPOLLEHTDI

>
s MOX 3apsxkaemcs MeTpukamu. Kak nameputb 6aTapenky



CnyJyanHble WyMbl METPUKN — TO, "
HQA YTO Mbl HUKOK HE MOXXeM MOBJINATD:

BHelwHne OnepaunoHHaAd

BeHpgopbl
daAKTOpPDI cncrtema

D MOAX 3apsxaemcs meTpukamm. Kak nsmeputb 6ataperiky



[loyemy BaXKeH

06DbeM AAHHbIX
N NX KKAYECTBO»?

() mMax

3apsxxaemcsa meTpukamu. Kak nsmeputb 6atapenky
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Mo>keT, BCE-TAKN NPOLEHTbI?

Manbin HO60P BO3MOXHbIX 3HOYEHUI

HennHenHasa ¢yHKLMA pa3paga OT peasibHOW SHeprnm

@ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky




[lopéunpaem gpyrmne
NHrpeguneHTbl

>
s MO X 3apsxxaemca MeTprkamin. Kak namepuTtb 6QTaperiky



OTnnyHble goknagbl
Npo aHepronoTpebneHne

(L Max

N

Huknta Bacuib4yeHKo

«AHQN3 3HEepPronoTpebneHns»

CCblJIKd

/

.

OmunTtpnin MenbHUKOB
«DHepronoTpedbneHne»

CCblJIKQA

A

15

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky


https://www.youtube.com/watch?v=aCbKq-UU8b0
https://www.youtube.com/watch?v=Gi4DCkFQj78

"3 W's of smartphone power consumption: 16
Who, Where and How much is draining my battery?”

4000

3500

3000

2500

2000

1500

=
2
o
3
0]
a

1000

500

B Cellular
Cowmpute

B Mewmory

M Display

[ ] Cawmera
Wi-Fi

[] Other

Standby

*MpU3HOH 3KCTPEMUNCTCKOM OPraHnsaLmen

1 3anpeLLEH Ha TeppuTopun PO

) max

Instagram* YouTube Clash-of-Clans Video Call

Different Applications

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky



CPU TnKkn

adb shell cat

(14)

(15)

(16)

(17)

17

utime %1lu

Amount of time that this process has been scheduled
in user mode, measured in clock ticks (divide by
sysconf(_SC _CLK TCK)). This includes guest time,
guest time (time spent running a virtual CPU, see
below), so that applications that are not aware of
the guest time field do not lose that time from
their calculations.

stime %1lu

Amount of time that this process has been scheduled
in kernel mode, measured in clock ticks (divide by
sysconf(_SC_CLK_TCK)).

cutime %1d

Amount of time that this process's waited-for
children have been scheduled in user mode, measured
in clock ticks (divide by sysconf(_SC CLK TCK)).
(See also times(2).) This includes guest time,
cguest time (time spent running a virtual CPU, see
below).

cstime %1d

Amount of time that this process's waited-for
children have been scheduled in kernel mode,
measured in clock ticks (divide by
sysconf(_SC_CLK_TCK)).



CPU Tnkn -

IToro otcobinaem:

6 MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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LleHHocTb CPU TnKOB

AHONN3:

TexHundyeckune/

Kernel/user CTOpPOHbDI
NpPOoAOYKTOBble dn4n

D MOAX 3apsxaemcs meTpukamm. Kak nsmeputb 6ataperiky



"3 W's of smartphone power consumption: 20
Who, Where and How much is draining my battery?”
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Standby

*MpU3HOH 3KCTPEMUNCTCKOM OPraHnsaLmen

1 3anpeLLEH Ha TeppuTopun PO

) max

Instagram* YouTube Clash-of-Clans Video Call

Different Applications
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CpaBHeHMe pagunomopaynen

o, (MW/Mbps) ag (MW/Mbps) B (MW)

LTE 438.39 51.97 1288.04
3G 868.98 122.12 817.88

Wi-Fi 283.17 137.01 132.86

Table 4: Data transfer power model

ay/og

8.44

7.12

2.07

(L Max

21

CCblJIKA
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3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky


https://www.cs.columbia.edu/~lierranli/coms6998-7Spring2014/papers/rrclte_mobisys2012.pdf

BnnaHme cetesoro IO

RRC_IDLE(Screen off)
4000

RRC_CONNECTED RRC_IDLE(No data reception)
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BnnaHune ceteBoro IO

LTE DOWN —+—
LFEUP ~=-xo--

10

Throughput (Mbps)

>
| MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky



YTO B nTOre cobmnpaem?

W W
OTAaenbHo CKonbko
wifi/lte Tpaduk nony4yunu,

oTNPABUAN 6AINT

) max

24

W

CKOJIbKO Moaynu
obinn B idle pexunme

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky



Kak nonyyaTtb
BCe 3TN 3HAYeHnAa?

>
s MO X 3apsxxaemca MeTprkamin. Kak namepuTtb 6QTaperiky
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HealthStats

systemHealthManager.takeMyUidSnapshot ()

rxBytes healthStats.readMeasurement(UidHealthStats.MEASUREMENT _MOBILE RX BYTES)

healthStats.readMeasurement(UidHealthStats.MEASUREMENT MOBILE TX BYTES)

txBytes
idleMs = healthStats.readMeasurement(UidHealthStats.MEASUREMENT MOBILE IDLE MS)

s
b MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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TrafficStats

rxBytes = TrafficStats.getUidRxBytes(uid).coerceAtLeast(OL)
txBytes = TrafficStats.getUidTxBytes(uid).coerceAtLeast(OL)
idleMs = OL

s
b MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky



LleHHOCTb NHrpegneHTA
ceTeBoro Tpadpuka

Rx/Tx — Idle — oTcyTCcTBME
HEONTUMAbHbIN KeLl, 6ATUYMNHI A, HeYAAYHbIN
npo6aemHoe API NATTEpPH 3anNpocoB

L MaX

28

w

Wifi/Lte — nHcamnToB
He paeT

3apsxxaemcsa meTpukamu. Kak nsmeputb 6aTapenky
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[laBanTe npoLye

>
| MO X 3apsxxaemcsa meTpukamu. Kak nsmeputb 6atapenky
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/ITOroBbiA CKOPWUHT

score = a * cpu / time + b * network / time

>
| MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky



Measure Power Values

wifi.on

wifi.active

wifi.scan

e MAaX

Additional power used when
Wi-Fi is turned on but not
receiving, transmitting, or
scanning

Additional power used when
transwmitting or receiving over
Wi-Fi

Additional power used when
Wi-Fi is scanning for access
point

2 MA

31 MA

100 mMA

31

®
o
5

CCblJIKA
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)

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky


https://www.cs.columbia.edu/~lierranli/coms6998-7Spring2014/papers/rrclte_mobisys2012.pdf

/ITOroBbiA CKOPWUHT

score

(L Max

+

+

32

cpuLoad-1.0
wifiTxLoad:-0.35 + wifiRxLoad-0.25 + wifildlelLoad-0.03
mobileTxLoad-1.20 + mobileRxLoad:0.85 + mobileIdlelLoad-0.08

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky
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[TpenmyLliecTBA CKOPUHIA

CunbHoO pexeTcs B pasbl YyBCTBUTENbHEE
CJIYYAWHDbIN LLUYM K N3BMEHEeHNsaMm
Pe3ynbTaThbl

Jlerko nHTepnNpPeTNPOBATb
cpaBHeHWd B 14ncne

Yot MOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTtaperiky



HaynHaem co6unpaTb

>
s MO X 3apsxxaemca MeTprkamin. Kak namepuTtb 6QTaperiky



35

Tpeb6oBAHUNS

[leBanncoB y HaC o4eHb MHOro
CobunpaTtb HEO6XOA4MMO BCIO CECCUIO

Heo6xognmo MNHNMN3NPOBaTb CUCTEMaTUNHECKIE LLUYMbI

Yt MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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ApXnTeKkTypa céopa

@ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky




CncremaTmnyeckme wymbl o

PasHble cueHapumn PasHble geBanchbl PasHble 6aTapeun
NCMNONb30BAHNA Nno Xenesy NO COCTOSHUNIO

D MOAX 3apsxaemcs meTpukamm. Kak nsmeputb 6ataperiky



Cambi rABHbIN pa3pes — s
BUANMOCTb NPUIOXEHNS

Y HOC CAMbI BbICOKWI OC HaQ4YMHOET HacC
NPUOPUTET C TOYKWN NeccnMmmn3npoBATb
3peHuna OC

72NN
H  MAX 3apsxxaemca MeTpukamu. Kak nsmeputb 6aTapenky
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ApXnTekTypa céopa V2

VIHTepBanbHbIN C60pP («CNANC»), MOKA MPOLLECC XINB

CoxpaHsieM NepCUCTEHTHO B 6A3Yy

BoccTaHaBnmeBaem samepbl, arpermpyem, oTCblideM B AHANTUTUKY
Jo6asnsgem cnancol npun nepexoae ns FG s BG, n 06paTHO

OcTaHaBnAMBaeM CO60p NP O6HAPY>XXEHUN 3APSAKN

>~
| MO X 3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky



/I3 yero coctTonTt cnanc??

public data class BatterySnapshot(

val
val
val
val
val
val
val
val
val

(_ Max

sliceTime: Long,

utime: Long,

stime: Long,

batteryPercent: Int,

healthStats: HealthStats,

trafficStats: TrafficStats,
isBatteryOptimizationsEnabled: Boolean,
isBackgroundActivityDisabled: Boolean,
processes: ProcessMask,

40

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky



/I3 yero coctont cnanc — CPU

public data class BatterySnapshot(

val
val
val
val
val
val
val
val
val

(L Max

sliceTime: Long,

utime: Long,

stime: Long,

batteryPercent: Int,

healthStats: HealthStats,

trafficStats: TrafficStats,
isBatteryOptimizationsEnabled: Boolean,
isBackgroundActivityDisabled: Boolean,
processes: ProcessMask,

41
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13 yero cocTonT CNanc — rnpoLeHT 6aTapen

public data class BatterySnapshot(
val sliceTime: Long,
val utime: Long,
val stime: Long,
val batteryPercent: Int,
val healthStats: HealthStats,
val trafficStats: TrafficStats,
val isBatteryOptimizationsEnabled: Boolean,
val isBackgroundActivityDisabled: Boolean,
val processes: ProcessMask,

7
b MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky



bonb 1. LlanbHbie 300 npoueHTOB i
NOTPAYEHHOro 3ap[aaa

[MpoueHT 3apaaa KAk NaKMycoBas 6ymMara BCKpbls1 OCO6EeHHOCTU c6opa:

4 N 7 I
IHorpa BeHgop Mor Cny4danuncb
He npucnaTb 6poakacT nepekannépoBKH
O Havarne 3apsgKun KOHTPOJIIIEPOB 6aTapen

- N A

Y 4
Va‘ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky



13 yero coctTonT Cnamc — ceTepble NAapamMeTPbl

public data class BatterySnapshot(

val
val
val
val
val
val
val
val
val

(L Max

sliceTime: Long,

utime: Long,

stime: Long,

batteryPercent: Int,

healthStats: HealthStats,

trafficStats: TrafficStats,
isBatteryOptimizationsEnabled: Boolean,
isBackgroundActivityDisabled: Boolean,
processes: ProcessMask,

44
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bonb 2: ®Donb63K Ha TrafficStats

e

HealthStats

He OBbHOBFET CBOU
CYETUYNKN, OaxXe
npw onpoce pas

B MUHYTY

~

.

MO X

-~

Tepsem goporyto
NHPOPMaLMNIO
Npo Tpadunk

~

A

45

e

.

CHumMmaem yepes

oba noaxopaa.

Ecnn HealthStats

HE N3MEHWCS,
NblITa€MCSH HapaCTUTb
ondod yepes TrafficStats

~

A

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky



13 yero coctonTt cnamc —
pa3pes no HacTpoukam B OC

public data class BatterySnapshot(

val
val
val
val
val
val
val
val
val

) max

sliceTime: Long,

utime: Long,

stime: Long,

batteryPercent: Int,

healthStats: HealthStats,

trafficStats: TrafficStats,
isBatteryOptimizationsEnabled: Boolean,
isBackgroundActivityDisabled: Boolean,
processes: ProcessMask,
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/I3 yero coctTonT cCnanc —
pas3pes no npoLeccam

public data class BatterySnapshot(
val sliceTime: Long,
val utime: Long,
val stime: Long,
val batteryPercent: Int,
val healthStats: HealthStats,
val trafficStats: TrafficStats,
val isBatteryOptimizationsEnabled: Boolean,
val isBackgroundActivityDisabled: Boolean,
val processes: ProcessMask,

7
b!‘ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky



ProcessMask — 64 BO3MOXXHbIX NpoLuecca -

@JvmInline

public value class ProcessMask(public val rawValue: Long) {
public val hasUpload: Boolean get() = hasFlag(lL shl 0)
public val hasDownload: Boolean get() = hasFlag(lL shl 1)

(L Max

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky



49

ProcessTracker — peecTp npoueccoB

private val counters = AtomiclntegerArray(64)
Bce onepauunm atomapHbl, 3agn3aniHEH AJie MHOronoToKa

ABHbIN start/stop pgna Kkaxxgoro npouecca

Yt MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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[Mpoueccbl — camMbin
BaApunabenbHbIN paspes

Standalone npouecc: KoméuHauwuun STANOH:
00010 PO 00000
01000 01010

01001

D MOAX 3apsxaemcs meTpukamm. Kak nsmeputb 6ataperiky
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[lpouecchbl — Heo6XOoAMMA KANN6pPOBKA

@ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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OTnpaBKa co6bITUSA

OTnpaBka
AKKyMynaumnsg
Bannpauus o6orawaem
NOCTOSAHHbIMW
paspe3amu
N OTNPABNASEM
HOKAMNJIMBAEM
oT6pAacbiBAEM CYEeTUUKN
CKQAYKM
batteryPercent

® MOAX 3apsxaemcs meTpukamm. Kak nsmeputb 6ataperiky
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AKKYMYNauna HaQ npumMmepe npoLeccosB

ORVIS 1000 ms 2000 ms 3000ms
HealthStats rx 0] —_— 500 500 —_— 500
TrafficStats rx 0] 500 —— 200 900
N N N
+500 +400 O

Y A4
b,‘ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky



AKKYMYNauna HaQ npumMmepe npoLeccosB

Processes

(L Max

ORIV

0]0]0

010

1000 ms

010

54

2000 ms 3000wms

0]0) 0]0]0

\/ \/
O11 O11

NTor: O11

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky
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Pa3pe3sbl, KOHCTAHTHbIE MeXAay cecCuamin

DevicePerformanceClass BatteryManager.EXTRA_HEALTH
VERSION_CODES.BAKLAVA: VERSION_CODES.BAKLAVA:
BatteryManager.EXTRA_CYCLE_COUNT BatteryManager.EXTRA_CAPACITY_LEVEL

| MO X 3apsxxaemcsa meTpukamu. Kak nsmeputb 6aTapenky
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IToroebin HO60P AAHHbIX

Foreground: Background:
* Bpewmd * Bpewmd

« Score « Score
 Twukn CPU  Twukn CPU
« Cetb « Cetb

* Pa3spesbl * Paspesbl

@ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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IToroebin HO60P AAHHbIX

Bpems [ToCcTOSAAHHbIE KOHCTAHTDI
ceccuu pa3pesbl OoC

@ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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[eryctupyem

>
| MO X 3apsxxaemcsa meTpukamu. Kak nsmeputb 6atapenky



CkopuHr B FG & BG

(L Max

Score dist

0.3
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0.15

0.1
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|||
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[ X N )

@ fgScore @~ bgScore All Inv

15

16

17 18
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[MpoueHTbI
o6aTtapeun B FG & BG

(L Max

Battery dist

12

10

60

|||
N
[ X N )

@ bgBattery -@- fgBattery All Inv
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15

16 17
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BnnsHne HacTpoikm o GOHOBOI OKTUBHOCTI 4

0.05 I
~__ |
I
|
ONOK |
o
|
0.02 |
I 2026-09-16
0.0] I ® BG, ®oH paspeweH  0.0399
: l BG, ®oH 3anpelseH  0.0274
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BnnaHmne device performance class

(L Max

0.35

(ORC

0.25

0.2

0.15

0.1

62

S S

14

15

16

2026-09-16
® FG,1-camble gewesble 0.2713
FG, 3 - cambie Tonosble  0.2229

17
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BnnaHmne device performance class

(L Max

0.35

(ORC

0.25

0.2

0.15

0.1

14

15

63

2026-09-16
® FG, upload 0.3043
FG, download 0.2495

17
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CpaBHEHNEe CKOPUHIra C 3TAJIOHOM

(L Max

0.18

0.15

0.12

0.09

0.06

0.03

64

14

2026-09-16
® FG, upload
FG, download

15

0.3043
0.2495

16

17 18
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[MToka3zaTenbHbiN Ab e

Mbl B pennse JlormpoBaHue 'MnoTesa —
He BbIKJIlOUaEeM npunBogunuT BbIKJIlOYEHUE
NoJsib3OBATENIAM J1IOrn K YBENNYEHUIO NOrMpoBaAHNS
NCnoJIHeHNs Koaa YMEHbLUNT
HQa npoueccope 3HepronoTpe6bneHne

Yt MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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CpaBHeHNe No npoLueHTam 6atapen

FG p95 BG p%5
A (norn ectb) 5 13
B (noros HeT) 5 13

>
b MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky
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CpaBHeHME NO CKOPUHIyY

FG p95 BG p%5
A (norn ectb) 0,222 0,025
B (noros HeT) 0,217 0,023

® \"[®),4 3apskaeMcst METPVKAMI. Kak N3MepirTb 6aTaperiky
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CpaBHEHMEe NHIrpeaAneHTOB

FG p95 BG p95
A (noruv ecTb) 91948 19280
B (noros HeT) 20670 17908

Y
v“‘ MAOX 3apsxaemMmcs MeTpukamu. Kak nameputb 6aTaperky



VITorm

Monyunnn cTabunnbHbIA
NHCTPYMEHT

AJ19 CPABHUTENIbHOIO
aHanmsa
3HepronoTpeobIeHNS

() max

Hanncanmn mHoXeCcTBO
nepencnosiblyemMbix
MEeXAHU3MOB, Hanpumep,
Ang MeTpukm NnamMmsaTn

69

[axke npu nepBbiX
KANM6pPOBKAX METPUKN
Haxoguam Nnpo6siemMHble
MeCTd HALlero
NPNAoXeHNs

3apsxxkaemcs meTpukamu. Kak nsmeputb 6atapenky
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[OTOB OTBEeTUTDb
HQ BOMpPOCHI




