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What is
cloud gaming?
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W h t : * Thin client approach
a I S * Laptops, smartphones, game consoles

cloud gaming?

* Video & control streaming

e Usually hardware is provided
e Easy to use — no setup required

* Subscription based (live-service model)
* Games might be included (i.e. Stadia)
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Measuring the latency of cloud gaming systems [Chel1]
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Are all games equally cloud-gaming-friendly? [Leel12]
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Game genre, screen fidelity and reaction time — all affect cloud gaming experience
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A Classification of Video Games based on Game
Characteristics linked to Video Coding Complexity [Zad18]

TABLE II: Quantification of game characteristics. i ) i )
Q 8 Affects bandwidth usage for service provider in theory

Name Class DoF MT CP ACM TD ON CD SA CR
CSGO_P1 3
CSGO_P2
Diablo_P1
Diablo_P2
Dota2_Pl1
Dota2 P2
Euro_Pl1
Euro_P2
FIFA17_P1
FIFA17_P2
H1Z1_P1
H1Z1_P2
HoTS_PlI
HoTS_P2
HS_P1
HS_P2
LoL_P1
LoL_P2
OW Pl
OwW_pP2
PC-P1
PC-P2
PUB_PI
PUB_P2
Rayman_Pl
Rayman_P2
SC_PI
SC_P2
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Somi_P2
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Fig. 2: Decision tree based on different coding complexity
groups and game characteristics (DF refers to degree of
freedom, ACM refers to amount of camera movement).
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Adaptation Under Different Network Conditions:
the Case of NVIDIA GeForce NOW [Suz16]
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Fig. 3: Adaptation with active gameplay in Dirt 3
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Adaptation Under Different Network Conditions:
the Case of NVIDIA GeForce NOW [Suz16]
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Adaptive GPU resource scheduling [Yad17] and
GPU virtualization technologies [NVI20b]
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Cloud gaming technologies timeline

Google Stadia launch

Sony acquires Gaikai GeForce NOW beta

Crytek cloud gaming research PlayStation Now laynch

OnLive stuggles|financially Parsec release
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OnLive shutdown by Sony Project xClpud launch
Gaikai founded Steam Remotg Play launch
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State of the art O <

e Service description
e Business model
* Features



e Steam is the largest video game store on PC
* Free (registration required)
* Cross-platform (Mac, Windows, Linux)

Steam Rem()te P/ay  Available on mobile (through the Steam Link app)

[Val20] * Only purchased games from the library (more than 30,000 games)
no ability to play games not in the store

* No hardware provided (player must have PC)

* Limited number of games support local multiplayer over the network

REMOTE PLAY

Stream games to your friends and devices
from your gaming PC, using Remote Play
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GeForce NOW

[INVI20a]

Cross-platform (Mac, Windows)
Available on mobile (Nvidia shield, Android)

Free 1-hour play-time period (longer wait times)
subscription-based otherwise

Hardware provided (with RTX-based GPU)

A limited subset of purchased games
Steam, Epic Games Launcher, Uplay

Integrated Shadowplay service
automatic replay recording in supported games




Wreckfest on GeForce NOW

Steam Login

@ STEAM

Account name

Password

Looking for next available rig...

v/ Remember my password
Estimated wait time: OGIN CANCEL

7 minutes

Need help with sign in? | CAN'T SIGN IN...
Upgrade to skip the wait and start gaming immediately.

Don't have a Steam account? CREATE A NEWACCOUNT...

27/08/2020 Distributed Multimedia Applications

17



* Cross-platform (Chrome web-browser)
* Available on mobile (limited number of Android smartphones)
Google Stadla  Hardware provided
[G0020] » Subscription-based (credit-card required for registration)
e Very small amount of games (around 50 currently)

* Must purchase games again even if already owned
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Parsec
[Par20]

Cross-platform
Mac, Windows, Linux, Android, Raspberry Pi 3, Chrome browser

Hosting only supported on Windows 8.1+

* No hardware provided

Free for personal use
Can stream both games and desktop

Some troubles with full-screen capture

Local multiplayer over the network




Computers

Connect to your computer or a friend's computer in low latency desktop mode.

GEGED

PC

Your Computer

Connect

You can find more people to play with in the Arcade!
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Arcade ™

Explore, host, and share games with everyone around the world.
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* Open source NVIDIA GameStream client

* Created by students from Case Western Reserve University during a
hackathon

e Cross-platform (Windows, Mac, Linux, Raspberry Pi and more)
MOOH/ight * Available on mobile
(M0020] * No hardware provided
e Can stream both games and desktop
* Nvidia shield game library
e Setup can become cumbersome (port forwarding)

e First released in 2013 — now seems to be obsolete

GitHub
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Experiments O <

* Adaptation patterns

* Responsiveness
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Choice of the service can be affected by
the distance and size of the country:

* Lower latencies across the Europe

* Higher latencies from Europe to further away countries (i.e. Russia) make noticeable
difference in user experience

Endpoints were discovered using Wireshark
100 Mbit/s 5GHz Wi-Fi was used

Latency comparison (relative to Osnabruck)

Google Stadia Amstelveen (NL): 19,7 ms

GeForce NOW 4 Frankfurt a.M. (DE): 17,5 ms

Moonlight Tver (RU): 64,1 ms
Parsec - Tver (RU): 64,1 ms
0 10 20 30 40 50 60

Average round trip time (ms)
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1e6 Bandwidth usage over time (10 seconds moving average)
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Self-hosted service comparison

Moonlight vs Parsec vs Steam (5 seconds moving average)
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Free services don’t usually use complex adaptation

In practice lower adaptation frequency
means lower responsiveness

Only Parsec uses complex adaptation patterns
(has the best user experience)

‘/—\J —— moonlight (mean: 0.70, std: 0.37)
——— parsec (mean: 1.14, std: 0.21)

—— steam (mean: 1.27, std: 0.33)
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Game is playable even with low bitrate




Comparison

Paid Free
GeForce NOW | Google Stadia | Steam Remote Play Parsec Moonlight
Bandwidth used 2,5 MB/s 5,0 MB/s 1,4 MB/s 1,0 MB/s 1,0 MB/s
Bandwidth adaptation Yes Yes No Yes No
Round trip time
(Osnabriick — Tver 17,5 ms 19,7 ms 60,3 ms 64,1 ms 64,1 ms
for free services)
Responsiveness High High Medium High Low
30 FPS only
Number of games 2,000 50 30,000+ unlimited unlimited
Local multiplayer No No Some games Yes No

27/08/2020
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* Highlight of previous research
* Currently available services reviewed

* Small test carried out to show
adaptation capabilities of the services

» Comparison was shown
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Benefits from such services:

* Higher centralization — majority of
the games can be played almost on all
platforms (consoles, mobiles, PC)

* More flexibility
» Affect game quality (on mobile market)
ability to play AAA games on your phone

* Speculation: further migration from
subscription-based business model to
“pay for what you use”? (like AWS)
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Thank you!
|
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