SIHHEKC / Mobius

MeTPpUK NNaBHOCTU
MOOWIbHbBIX NPUTOXKEHUI

YTO Takoe nnaBHOCTb B MOBOUJIbHbIX MNPUJTOXXEHUAX N KAK Mbl €€ MEPUM

1aHun Kpucrtanes

Ctapwunii pa3paboTymk MOBUNbHbBIX MPUNOXEHUN,
[TepdokapThl




[1aHunn Kpucranes

Crapwmm pa3paboTymK MOOUIbHbBIX MPUNOXEHUN,
AHpekc KapTbl

» iOS pa3paboTymnk
s [Ipon3BoanTENbHOCTb MOOWUITbHbLIX MPUTOXXEHUNI

€ / Mobius



Performance feedback loop

Resolution

Slow navigation push

Broken animation |dentify cause

Spinning wait cursor




Performance feedback loop

Slow navigation push
Broken animation Identify cause

Spinning wait cursor

Real user metrics
—



https://developer.apple.com/videos/play/wwdc2023/10160/

CopeprkaHue

01 YTto Takoe NNaBHOCTbL?

02 T[1naBHOCTb B MOOUbHBIX MPUNOXEHUAX
03 MeTpukn NNaBHOCTU
04 [lpakTnyeckoe npMeHeHNe MeTpPUK

05 3a4yeM HyXHa NMaBHOCTb?



O1

UYTO TaKkoe niaBHOCTb?

Innto3mna BoobparkeHus



JIroon He BUOAT rna3amMmm



Mbl He BUOUM rMa3amu

| “UH y 4
‘ "'J{IIH

€ /Mobius
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€ /Mobius



[ lepeBepHyTbIN

€ /Mobius
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YMeHbLUeHHbIU

€ / Mobius
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NIMeHHO Tak BUAAT Halluu rnas3a

€ / Mobius CreHepupoBaHo
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€ /Mobius

JleBblin rnas , MpaBbiv rnas

CeTyartka

3puUTenbHbIN
HepB

3puTtencHEY
T T — e

JlaTepanbHOE
KOfleHYaToETeNno
Tanamyca

e &

3putenbHas Kopa 3puTenbHas Kopa
NeBOro nosnyLwapus npasoro nonywapus

CreHnepupoBaHo N

N300parkeHne nonyvyaemM acCCUHXPOHHO

YMNPOLWEHHASA CXEMA

@

CeTtyartka rnasa

}

'7"'3-7 ATON L uanpD
3pUTEeNbHbLIN HEPB
— i ettt et e~~~ el I~

S

3puTenbHbIN TPaKT

}
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100 Mmc

CpenHee BpemMe 3aaepP KKu




Flash-lag effect



Buoum



Ha camoMm pene



Jlroom BUAAT MO3rom



Mo3r BOCCTaHaB/1IMBaeT
KapPTUHY U3 CUTHANOB U
npencka3sbiBaeT oyayllee




€ /Mobius

OnTnyeckune Nnan3nu

https://stock.adobe.com/ru/search?k=psychedelic+fractal
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CneumanbHO obMaHbiBaem
MO3I







Apkoctb OLED gucnnees (LULNM)

de settings
Dark mode setting

Brightness

\ ;/
~ B e |
) :c = -)'._.\ ol
o p

€ / Mobius https://service.gadgetufa.ru/news/chto-takoe-shim-mercanie-displeja-kak-on-vlijaet-na-zdorove/
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Apkoctb OLED ancnnees (LLINM)

Period

0% 2.08 ms ‘ ‘ I

20%

100% ‘ ‘ ‘ ‘ | \







AHUMaUUS



€ / Mobius

https://www.youtube.com/watch?v=7AI-XT_vNms
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6 FPS

« Het owyuweHmnsa asmxeHus
« Habop otoenbHbIX Kagpos

€ /Mobius
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12 FPS

« [logBngeTcsa owyLieHNE ABMXEHUS
KapTUHKa

o JlepraHble ABUXeHUS

€ / Mobius
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24 FPS

« MuHMManbHOE KONMYecTBO KaapoB B
CeKkyHay Heobxoamnmoe anga co3gaHus
U031 OBUXKEHUS

o JPPEKT Pa3MbITUS
« llcnonb3yeTcsa B KMHO

€ / Mobius
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30 FPS

e MuHMManbHoe KONMYecTBO KafpoB B
CeKkyHay Heobxoamnmmoe nnaBHOM
KapTUHKN B6e3 pa3MblTUS

« MunHMManbHO HeOBXoaAMMbI NOPOr A
nrp

€ / Mobius
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60 FPS

e [1NaBHOCTb MNOYTU peadjibHasd

« Mano niopgen otnnyatot 6onee nnaBHyto
KapPTUHKY

« MobwunbHbIe NPUNOXKEHNS

€ /Mobius
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[ INaBHOCTbDb - 3TO XpynkKas
NNNIO3US



02

[11aBHOCTb B MOOWJIbHbIX
NPUIOKEHUAX

\V/Sync, VRR, Render Pipline
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\V/Sync n Render Server

Applica‘t?on
[
Render
Server
| A
E VSt/nc
v
D?SPIO\V 0 1 5 .
) o =
: Frame 'T—?wge_
' ~ 16.6 wms (60 Hz)
Refresh

€ / Mobius
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IOS Render Pipeline

Render Pipeline - Double-Buffer Mode

Begin time Commit deadline Presentation time

(il =0

Display

|
: Update : l

I
I
I
I
I
I
Render server |
I
I
I
I
I
I

Frame lifetime

vsync interval

@ / Mobius https://developer.apple.com/documentation/xcode/understanding-hitches-in-your-app
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1. HeT pa3pbiBOB KaapoB
2. be3onacHocCTb
3. AHUMaUUK
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€ / Mobius

User clicks

|

Hardware ———

OS event delivery

Your app

——vsync interval —

Begin time

\VETRGIGCEL!
work

Main thread busy

Commit deadline

Render server

Frame lifetime

Presentation time

Update display

Delay perceived by the user

https://developer.apple.com/documentation/xcode/understanding-user-interface-responsiveness
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3aBucLumne kaapol (Hitch)

Apphca‘t?on |
| |
q Lote
Render y
Server
/:\
: VSync
'}
:D\S(Dla\l/ 0 1 2 3
A <T--mco--m-m---- > < -----mmeeeee- >
: Frame Time Hitech
~ 16.6 ms (60 Hz)
Refresh

€ / Mobius
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120 '

A/ext mee

v

A(::phca‘tion
J
Render v v v
Server
Display Hitch Hitch Hitch
<---->

~ 8.3 ms (120 Hz)

€ / Mobius
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VRR

Next mee

\/

Apphca‘t?on

%

old

o(eao(hne E
RQV\O!QY' v «’ Y v

Server
Displav Hitch
== P —— >
~ .3 ms (120 Hz) ~ 12 ms (80 HZ)
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ProMotion
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Refresh rate and timing
120Hz (8ms)
80Hz (12ms)
60Hz (16mSs)
48Hz (20ms)
40Hz (25ms)
30Hz (33ms)
24Hz (41ms)
20Hz (50ms)
16Hz (62ms)
15Hz (66mSs)
12Hz (83ms)

T0Hz (100ms)

iPhone

<

S 8§ 8 8 s 8 8 | 8 88

iPad Pro

4

<
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FPS



(+) Mniocobl

1. NoHaTHaa MeTpuKa
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FPS

Frame Rates Happened to measure those

70

\

Frame rates

60 /
50

40

30 -

20

10 -

0

1 2 3 4 5 6 4

78 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Frames

€ /Mobius https://cgvr.cs.ut.ee/frame-rate-vs-frame-time/




CpenHum FPS

Frame Rates Average is 60 FPS

120 \

100
N
: \
©
O
=
©
L

20

0. = l | . | "N | | W]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Frames

€ /Mobius https://cgvr.cs.ut.ee/frame-rate-vs-frame-time/



OnTtummnsauumsa FPS
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A
60 -
Frame time
(ms)
40 - 16.67
Y
50
16.67
20 ' 33.33
16.67
10 30
- < . . : >
-20 0) 20 40 6]0) 80 100
Frame rate
(FPS)

https://cgvr.cs.ut.ee/frame-rate-vs-frame-time/
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(+) Mniocobl

1. NoHaTHaa MeTpuKa

/. [loka3biBaeT peanbHYIo
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Bpemsa kagpa

Sudden spikes. The wider the line, more variation.

Thinner line, more stability.

Frame times

1410 -
1488 -
1566 -
1644 -

1332 -

HEES

€ /Mobius https://cgvr.cs.ut.ee/frame-rate-vs-frame-time/



[ lpon3BOOUTENBHOCTb UTP

RYZEN 7.9800X3D/RTX 3070 121 [] RYZEN 7.9800X3D/RTX 3070
1440P BALANCED/HIGH + RT OFF | 1440P BALANCED/HIGH + RT. OFF
HIGH TEXTURES ™+ DEFAULT HIGH TEXTURES + MOD UNCOMPRESSED

€ / Mobius https://www.youtube.com/watch?v=A0OxLV2US4Ac 71



Hitch Time Ratio



Render piplene

Render server

——— vsync interval —

App: Your app code

CA: Core Animation commit
CPU: Render work on CPU
GPU: Render work on GPU

€ /Mobius https://developer.apple.com/documentation/xcode/understanding-hitches-in-your-app

/3



Render piplene

€ / Mobius

Begin time Commit deadline Presentation time

App

Render server CPU GPU

Display

Frame lifetime

—— vsync interval —

App: Your app code

CA: Core Animation commit
CPU: Render work on CPU
GPU: Render work on GPU

https://developer.apple.com/documentation/xcode/understanding-hitches-in-your-app

/74



Hitch Duration

€ / Mobius

Begin time Commit deadline Presentation time

CPU GPU

App CA

I
I
I
I
I
Render server :
I

Display

Expected frame lifetime

Actual frame lifetime

———- vsync interval —
y Hitch duration

App: Your app code
CA: Core Animation commit
CPU: Render work on CPU

https://developer.apple.com/documentation/xcode/understanding-hitches-in-your-app
GPU: Render work on GPU

75



€ /Mobius

No hitches

Duration: 30 frames at 60 FPS =0.5 s

Hitch time: O ms

Hitch time ratio: 0/0.5 = 0 ms/s

https://developer.apple.com/videos/play/tech-talks/10855/
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Many hitches

Duration: 30 frames at 60 FPS=0.5s
Hitch time: 100.02 ms
Hitch time ratio: 100.02/0.5 = 200.04 ms/s

https://developer.apple.com/videos/play/tech-talks/10855/
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Hitch time ratio
User impact targets

Critical

=10 ms/s

Warning

5.10 ms/s

Good

=5 ms/s

https://developer.apple.com/videos/play/tech-talks/10855/

/8



Hitch Time Ratio He nocTaTo4HO

HTR = 700 / 70 = 10 ms/s

Hitch 700 wms
<< >

Total 70 sec

€ / Mobius 79



Hang Duration
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CADisplayLink

let Llink = CADisplayLink(target:

self, selector: #selector(displayUpdated))

Link.add(to: .main, forMode: .common)

let lastFrameTimestamp = Llink.timestamp

displayUpdated

let expectedFrameTime

Link.targetTimesamp - link.tuimestamp

t?MQS‘taMP

€ / Mobius

‘ta\rge‘t’rimesta\mp

82



CADisplayLink

let actualFrameDuration = link.timestamp - lastFrameTimestamp
let hitchDuration = max(0®, actualFrameDuration - expectedFrameDuration)

IO\StFYO\MeTimesta\MP t;MQSta‘MP ta\rget'r?w\esta\mp
displayUpdated Hiteh |displayUpdated
O RO
gq@----"-"-"=-"=-=-=--- >
expecteo(mee.T ime
‘ ________________

actualFrameTime

€ / Mobius
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() Meal Planner

\A] Archives

3% Crashes
-\ Disk Writes
7 Energy

' Battery Usage
— Disk Writes
X Hang Rate

1) Launch Time
) Memory

% Scrolling

Scrolling

=W T Q & MonJun22 9:41AM

Scroll Hitch Rate

Details

7.2 milliseconds / second more

Lo

@ . . étv @ .a @’;’% “i"ﬁ

MacBook Pro

S o

https://developer.apple.com/videos/play/wwdc2020/10076/
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OS> <Android>
CADIs(alayLiv\kSmootlrme_ssProvio(er JoankStatsSmoothnessProvider
| Inject l Ir\ject

[ <KMP> ]
CommonSmoothnessMeasurer
A
Ao(a(at DI-inject
Observe
OS> < Android> View {Android>
[ PlatformSmoothnessMeasurer J [ FeatureSmoothnesMeasurer J< [ OnScrolllistener ]
A
DI-inject provide view E DI-inject

Y

$0S> <Android>
UIWindow Feature

A

view.window

OS>
UIScrollVIewbelegateDecarator

T Use
OS>
Feature

86
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R . resdence

3sepen MOCT o Benrpau

¥ Mouck n BbIGOP MecT (]

Dnasac ¥ 3uma & Cperbmu Moects Boinu

Kaderepuja Sushi Factory
M. Benrpan-U... - 1,27 km m. Benrpan-L...- 1,34 km

Jovanovic [J Hakapre
m. Benrpan-U... - 1,36 n... i wynwB=CNO... - 2,08 kM

P90 = -0 ms/s

11:59 " HUBCd B
Creitk Xayc ByTtuep * N x
O6z0p MeHio doto 394 Ot3biBbl 1811 Ho

Bugeo - 50 Nanopama -1 Buytpu - 23

POO =5/ ms/s

p
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A
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Q Fpe noecrob o

prpe {® Xopowee mecro BuaHec-naHy OTKpbITC

LAl N

Kodeithn  Pecropanbl bBoicTpoe nu- Bapbl KanbaHH
TaHue

Lecarré ®
% 4,9 (1187) i@} Xopowee mecto 2026

OTtkpoiTo go 23:00 - PecropaH, KoHautepckan - ™ 1 MUH

Cp.yex 2500-3000 #
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[_-6 BpoHb ('{) {. @ D

Munsnep ®
* 4,6 (7905) {®% Xopowee mecro 2026
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o HpasuTCs NOXOXKUM Ha Bac NOASM

Cp.4yex 2000-3000 P

POO = /0 ms/s
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Kodennn PecTopat

BpaTtbs KapaBaeBbl

* %Kk 4,1 306
OT1kpbiTO A0 23:00 - Ka

Cp.4yek 700-750 P

iPhonel8, 3
[1206x2622] 120Hz

Last Scenario
Serp.Shutter.LevelChange
HTR=C150.63 msi/s

Min: —

Max: —

OveralldPexrformance
p50: “36.12 ms/s
p90: “404.17ms/s

Recent HTR

Serp.Shutter.LevelChange Hi..
p50: 50.63 ms/s
p90: 50.63 ms/s

Recent HTR

100% kew 63k Gannamu 3a NepBbIA 3aKas. v
)
e o & ® [
Byprep Kunr #

%k K& 4,2 422 oueHku

OT1kpbITO 0 21:55 - BbicTpoe NuTaHue - = 12 MUH
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iPhonel8, 3
[1206x2622] 120Hz

Last Scenario

TTI.Serp
HTR=C179.49 msi/fs
Min: 43ms

Max: 95ms

OveralldPerformance
p50: ‘9.00 ms/s
p90: “79.49 ms/s

Recent HTR

TTI.Serp History (1 runs)
p50: 79.49 ms/s
p90: 79.49 ms/s

Recent HTR

100% kew 63k Gannamu 3a NepBbIN 3aKas. v
v
MeHio @ \. @ m
Byprep Kunr ®

R KK 4,2 422 oueHku

OT1kpbITO A0 21:55 - BbI

Cp.4ek 300-300 #

CTpoe nNuTaHue - & 12 MUH

PO9O =25 ms/s

P70
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Log [>¢|

90%
® EXPERIMENTS-248519 - 1477243 - KoHTpONb 70.34
EXPERIMENTS-248519 - 1477246 - Diffable data .. 35.61 (-49.38%) |
_ - - - 0 [] . I I I

40 45 50 55 60 65

Quantiles

Name Average Total Filtered Infinite Sampling Visible Hide All Rows Hide Legend
e EXPERIMENTS-248519 - 1477243 — KOHTpONb 24 .47 2 009 706 0 2] No Hide
EXPERIMENTS-248519 - 1477246 - Diffable data source + Background thread ~ 12.92 (-47.19%) 2 004 557 (-0.26%) e No Hide p-value




Log [o] 7

lllllllllll'lll||||
40 45 50 55 60 65 70 75 80 85 90 95 99

10 15 20 25 30 35

Quantiles

Name Average Filtered Infinite Sampling Visible Hide All Rows Hide Legend
e EXPERIMENTS-248519 - 1477243 — KOHTPONb 100.63 277 026 0 2 593 No Hide

EXPERIMENTS-248519 - 1477246 - Diffable data source + Background thr...  70.84 (-29.60%) 111 442 (-59.77%) © 177 (-93.17%) No Hide p-value




OCHOBHbIe NPUYNHDbI 3aBUCAHUIN

SERP-Optimization-Review
Run 3

DanWs}Phone(78(}2)> YandexMaps (3334 00:00:17 f’

nstruments | Responsiveness  Hit @I1) INSTRUMENT CONTAINS v Hitches INSTRUMENT CONTAINS v Hangs DISPLAY CONTAINS

YandexMaps (3362)

Display 1 Display

(Display J VSync

> YandexMaps Hangs
[[pracassil. 3362 CPU Usage

Profile ¢

[NaBHbIM MOTOK 3aHAT

Nnn yem-T1o A0J1rmMm, UJinm odeHb Y4YacCTto

02 [naBHbIN NOTOK 3a6N0KUPOBaH

0x1bbf61f07
0x102aecd63
0x197ebca27
0x197ef1273
0x1e22f5453
0x1954cfadb
0x1954ce393
0x19552ac2f
0x19d469c6b
0x19d469d2f
0x19d4915c7
0x19d474583
0x19d45aaab
0x198bcf163
0x19911b68f
0x199147c37
0x19911b3bf
0x19911b4e7
0x19823631b
0x197df12b3
0x197dd2b77
0x197059¢c13
0x197de20...

. |0x152f1911f
..|0x10d74df1f

0x10d74c46f

.|0x152f43d77

0x152f91c23
0x152f43dc7
0x10d74c827
0x10d699f57
0x10d699cdb
0x14eabc367
0x14eacf613
Ox14eacd953
Ox14ea2eae3
Ox14ea2edcb
0x14ea29c9b
Ox14eacee2b
0x14ea%e11f
0x14ea9dd07
Ox14eafab9b

0x1954cdf1f

0x1954cd59f
0x1954cd743
0x1954cd92b
0x197dc01e3
0x197dc4ab3
0x197dc5403
0x197dc5e0b
0x197dc5e6f

0x19705a937
0x19705acbf

0x19705b7f...

0x19705958...
0x197059c1...

0x197de20...
0x198...
0x198...
0x198...
0x19...
031C)
0x19...
0x19...

0x21f95caab
0x21f95calb
0x19d46dabf
0x19d46e1db

0x19d463dab...

0x19d46...
0x19d47...
0x19d4...

0x21f95cab7

. |0x21f95f343
..|0x117c01b7b
... 0x117bffb43

0x117c10c4f
0x1178d297f
0x117e3502b
0x117e35083
0x118161893
0x118160a7f
0x1181482d7...
0x1187911b7...
0x11882b98...
0x11882...

D 00 00 00 @O ®

Input filter S Call Tree Call Tree Constraints Charge, Prune, Flatten Callers [ Callees
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3a4yeM Hy>KHa NJ1aBHOCTb?

MoTumBauus



NccnenoBaHUA

Ypep)xaHue OueHKU B MarasmHax npunoXxeHun

10 30% 6onee BbICOKUI OntuMmsauumm nogHanm ¢ 3.7 no 4.8
nokasaTeslb




[ lpogyKTOBbIE METPUKUN ONTUMU3ALLIUN

+ 0.5% - 0.4 %

KonnyecTBo ycnewHbIX cecCum Bpems ceccunum
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https://www.youtube.com/watch?v=MnrJzXM7a60
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AHpekc

Cnacnb6o!

Performance Meter
Performance Matters

NaHunn Kpucranes

Crapwmi pa3paboTymk MOBUNbHbBIX MPUNOXEHUN,
AHpekc

€ / Mobius



AHpekc

Bonpochbli?

Performance Meter

Performance Matters

NaHunn Kpucranes

Crapwmi pa3paboTymk MOBUNbHbBIX MPUNOXEHUN,
AHpekc
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