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Intermezzo:
Tips on how clouds can
help computer science now!
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How Can Clouds Help? [1/2]
Heart-Beat-Based Resource Allocation
o BTWOI‘Id [LSAPlO] Sitestat:g E..;_.""...":) ---------------
« Observe global status _ Qe wse— i 2
« Global = 300+M users Y conisi ”r%
 Data collection failure ks
° 1'day, C|ty quarter, torrents : T ?\E a vz ar17 22 verz? u
Campus_wide pOWer_dOWn A EEEEEEEEEEEEEEEEEEEEEEEEEEEENN
e Cloud help
* Heart-beat monitor 3
 No update triggers - ! T
“ALLOCATE!" N ?
 (Can pay more) B | R
wojciechowskil, Capota, Pouwelse, and Iosup, ,‘
BTworld: Towards Observing the Global BitTorrent TUDelft 3
File-Sharing Network, ACM LSAP 2010, (accepted). et University of Technology




How Can Clouds Help? [2/2]
Dataset Storage for Computer Science

e Ciritical datasets in Dataset
computer science Size
e Grid Workloads Archive

« Failure Trace Archive

1TB/yr -

e Peer-to-Peer and Game
Trace Archives (soon) 1TB -
e ... ITA, CRAWDAD, ... 100GB -

* 1,000s of scientists
* From theory to practice

« Cloud help 1GB TRt

* Free storage
e (Can pay for processing)

10GB ~
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Agenda

1. Background on Massively Social Games
The Mission Slide... Actually, Slides

3. Challenges for Massively Social Games
(Opportunities for Cloud Computing)

4. The CAMEO Framework for Game Analytics
Lessons Learned About Cloud Computing
6. Conclusion

N
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MSGs are a Popular, Growing Market

« 25,000,000 subscribed players (from 150,000,000+ active)
« Over 10,000 MSGs in operation

 Market size 7,500,000,000%$/year

Number of Players [Millions]

25 e i s e e e b e e )
Other MMOGs —— 14 i - Games (ESA) = |
; Guild Wars s ] N 1 Movies (MPAA) == |
| World of Warcraft s Music (RIAA) == |
20 Lineage Il 12 _ I
Final Fantasy XI ] L
RuneScape 7,
1 Lineage > 10
15 4 m
] »n 8
] Q
J ©
10 - 0 6
I 41
5
i 2 1 |'
0 - 0 T T T T T T T T T T T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Year Year
Sources: MMOGChart, own research. Sources: ESA, MPAA, RIAA.
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What's in a name?

Massively Social Gaming 1. Virtual world
(online) games with massive Explore, do, learn,
numbers of players (100K+), socialize, compete
for which social interaction +

helps the gaming experience 2, Content

—— Graphics, maps,
puzzles, quests, culture
+

3. Game analytics
Player stats and
relationships

Romeo and Juliet
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Agenda

1. Background on Massively Social Games
2. The Mission Slide... Actually, Slides

3. Challenges for Massively Social Games
(Opportunities for Cloud Computing)

4. The CAMEO Framework for Game Analytics
Lessons Learned About Cloud Computing
6. Conclusion

o

Cloud Futures Workshop 2010 — Cloud Computing Support for Massively Social Gaming

eeeeeeeeeeeeeeeeeeeeeeeeeee




TU Delft and Massively Social Gaming

Mission
Enable the development, deployment, and operation of
Massively Social Gaming for small businesses and
amateur game developers

Strategy
* Be the first to identify MSG opportunities

 Design and build fully functional, cloud-based MSGs;
uncover fundamental operational laws in the process

« Broaden impact through multi-disciplinary, international team
 Educate academics and academic education

Launched Sep 2009, various funding sources
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TU Delft and Cloud Computing

Mission
Explore the capabilities of cloud computing to support

real applications with massive social impact, such as
massively social gaming

Strategy

* Do not run out of hyperbole when describing cloud prospects;
Apply decade-long grid and peer-to-peer systems expertise

 Understand the capabilities of the cloud paradigm by
designing and building fully functional applications

e Broaden impact through multi-disciplinary, international team
e Educate academics and academic education

Launched early-2008, various funding sources
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Agenda

. Background on Massively Social Games

2. The Mission Slide... Actually, Slides

o

. Challenges for Massively Social Games
(Opportunities for Cloud Computing)

1. Platform Challenge

2. Content Generation Challenge

3. Game Analytics Challenge

The CAMEO Framework for Game Analytics
Lessons Learned About Cloud Computing
Conclusion
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Research

Challenge:

Solve the Platform Problem of MMOGs

The Platform Problem of MMOGs

Scaling quickly to millions of pIayers eff|C|ent hosting
- 1M in 4 days, 10M in 2 months

- Up-front

and operational costs

- Response time & Scalability

25,000,000 bty e devveloper analytics.corm

) i
Farm Town - Daily Active Users 1l e - Daily Active Users il il i
IL\ Farmville 1hl] I
|

Houwudy a'lll Come on down to the Fam today I I i

and play with your friends. We got plenty of ime! 1

land for e i

lobal

& 1l
-------
aaaaaaaaaaaaaaaaa
15,000,000 ﬂ
i Ranl
Activ
5,000,000 - —
W Reach: Daily Active Users
=
2,819,419
2010-02-11
Fartn Towen - Daily Active Users BALmi® - Daily Active Users Farmille - Daily Lctive Uzers

By Slazhkey

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Daily Active Users: 2,621,906 (15

ACM SuperComputing 2008 + IEEE TPDS 2010 (1n print),

IEEE CCGrid 2009, ACM NetGames 2009 + IJIMCA (invited)
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Research Challenge:
Solve the Content Problem of MMOGs

The Content Problem of MMOGs
Generating content on time for millions of players
- Player-customized: Balanced, Diverse, Fresh
- Up-front and operational costs
- Response time & Scalability

A. Iosup, POGGI: Puzzle-Based Online Games on Grid
Infrastructures EuroPar 2009 Best Paper Award +

Elsevier CCPE 2010 (accepted)
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Research Challenge:
Solve the Analytics Problem of MMOGs

The Analytics Problem of MMOGs
Analyzing the behavior of millions of players, on-time

- Data mining, data access rights, cost v. accuracy, ...
- Reduce upfront costs o] ol

- Low response time & Scalable :
q
ROIA 2009 &888 888 oo,k
0'0X1Q151-01I I12-01‘ ‘01-01 02-0‘]I b3-01 04-01 05-01‘ ‘061-01‘7I
i 2007 2007 2008 2008 Da{qe(;)’gl'?me 2008 2008 2008
® worldofwarcraft.com @ mmo-champion.com ® thotitbot.com @ wowwiki.com

| Daity Unique Visilors Google Trends

Cloud F




Agenda

1. Background on Massively Social Games
2. The Mission Slide... Actually, Slides

3. Challenges for Massively Social Games
(Opportunities for Cloud Computing)

4. The CAMEO Framework for Game Analytics
Lessons Learned About Cloud Computing
6. Conclusion

o
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Third-Party Game Analytics

100,000s of

li MMOG P|ayerS daily unique visitors

Continuous MMOG Analytics
MMOG Online Presence

Player
Results Data
Reportin
5 Processing

Cloud Infrastructure

Continuous Analytics for MSGs
Analysis of raw and derivative MSG data s.t.
important events are not lost

« Millions of users for most popular games (WoW, RuneScape, *Ville)

 State-of-the-Art third-parties: analytics for 10,000s players
« Dynamic size of relevant data (user activity peaks)
« Users have different requirements (accuracy vs. cost)

Advertisers

&

Player
Data
Acquisition

Cloud Futures Workshop 2010 — Cloud Computing Support for Massively Social Gaming

%
TUDelft 16

Delft University of Technology




The CAMEO Framework [ROIA09]
Continuous MSG Analytics on the Cloud

Formatted Analytics Results "R — Data flow

— = Cantrol flow
User e

+Hequeat for analytics results

» Data F'resentatmn? CR Steenng Cloud i Cloud Data Etcuragé?_ —

| Resource ! +

4J | | Management
Capacity Planning Resource Management > Cloud Resource

|
TMammrmg Information | o ormance Information
Analylics Resulls

e Use own resources for continuous or predicted load

 Use cloud (on-demand, paid-for, guaranteed)
resources for sparse or excess load

e Users (peers) may also provide service (future)

[ROIAO9] TIosup, CAMEO: Continuous Analytics for
Massively Multiplayer Online Games on Cloud
Resources. ROIA, Euro-Par 2009 workshops, LNCS TU Delft
604 op. 289--299. Springer, Heidelberg 2010 Delft University of Technology
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Sample Game Analytics Results
Skill Level Distribution in RuneScape

 RuneScape: 135M+ open accounts (world record)
« Dataset: 3M players (largest measurement, to date)

1,817,211 over level 100

e Max skill 2,280

 Number of mid- and
high-level players
Is significant
\/
New Content
Generation Challenge

Number of Players

6.0°10% -

Count |

CDF(SKIIL I}l -

S B _
1,807 141 .- Mld I ngh

L] LeveI Level.
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Cloud Futures Workshop 2010 — Cloud Computing Support for Massively Social Gaming

TU Delft

eeeeeeeeeeeeeeeeeeeeeeeeeee

- 100

r 75

—t 25

18




Cost of Continuous RuneScape Analytics

Billing Statement: April 1, 2009
Billing Cycle for this Report: March 1 - March 31, 2009
Expand All | Collapse All
Rate Usage Totals

[ Amazon Elastic Compute Cloud
Wiew/Edit Service

Amazon EC2 running Linux /UNIX

$0.10 per Small Instance (ml.smalll instance-

hour (or partial hour) At cltiehele
Amazon EC2 Bandwidth

$0.100 per SB Internet Data Transfer - all data £11.005 GE £1.10

transfer into Armazon EC2

$0.170 per GB Internet Data Transfer - first 10

TB ¥ moanth data transfer out of Amazon EC2 Steiasza el Cldnz
Taxes

67.83

Charges due on April 1, 2009+ 424.85

e Put a price on MMOG analytics (here, $425/month,
or less than $0.00015/user/month)

e Trade-off accuracy vs. cost, runtime is constant
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Sample Game Analytics Results
BBO Activity and Social Network

Bridge Base Online (BBO): 1M+ players top free site

Dataset: 100K players SRR o g |
I \ D % H d 2p BBO:F Eght\‘fer‘;t\c:al am;s ]
* 9K group o 8- Interaction |
« Social FEIationShipS ﬁ | A group-socnet I‘\, 7 g
from bridge pairing g 1o0000 4 ‘\ R4l .
= EEREREE L =
Large (~10K) online =T TIEEEIRLE I
social groups can oo L HHHINEHHH H {4 o
coordinate EEEHEEEEREEER N .-.:.-.-.....-..,.,.,:.- _

012345678 9 1011121314151617181920212223
Time [Hour]

Identified player behavior
community builder, Coordinated large-scale social group

community member, random player, faithful player
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Agenda

1. Background on Massively Social Games
2. The Mission Slide... Actually, Slides

3. Challenges for Massively Social Games
(Opportunities for Cloud Computing)

4. The CAMEO Framework for Game Analytics

9,

6. Conclusion
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The Real Cloud

http://www.flickr.com/photos/dimitrisotiropoulos/4204766418/

“The path to abundance”
On-demand capacity
Cheap for short-term tasks

Great for web apps (EIP,
web crawl, DB ops, I/0)

VS

Tropical Cyclone Nargis (NASA, ISSS, 04/29/08)

“The killer cyclone”

Not so great performance
for scientific applications!
(compute- or data-intensive)

Long-term perf. variability?

1- Iosup et al., Pertormance Analysis ot Cloud Computing Services for
MTC-Based Scientific Computing, (under submission).
=2 - Tosup et al., on the Performance variability of Production Cloud

Services, Technical Report PDS-2010-002, [Online] Available:
http://pds.twi.tudelft.nl/reports/2010/pPDs-2010-002.pdf




Cloud Computing [1/2]
Low Performance for Sci.Comp.

« Evaluated the performance of resources from four
production, commercial clouds.
« GrenchMark for evaluating the performance of cloud resources
e Four production, commercial IaaS clouds: Amazon Elastic
Compute Cloud (EC2), Mosso, Elastic Hosts, and GoGrid.

* Finding: cloud performance low for sci.comp.

S. Ostermann, A. Iosup, N. Yigitbasi, R. Prodan, T.
Fahringer, and D. Epema, A Performance Analysis of EC2 Cloud
Computing Services for Scientific Computing, Cloudcomp 2009,
LNICST 34, pp. 115-131, 2010.

N. Yigitbasi, A. Iosup, D. Epema, S. Ostermann: C-Meter: A
Framework for Performance Analysis of Computing Clouds.
Proc. of CCGRID 2009: 472-477

. more under submission ...
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Cloud Computing [2/2]
Cloud Performance Variability

« Performance variability of production cloud services

e Infrastructure:
Amazon Web Services

 Platform:
Google App Engine

Amazon S3 GET US HI operatlons

E == :::: :ﬁ:ﬁ:"'"""""""ff:ﬁé - uu LA} f

I Quantlles —.
Median =
| Mean N

Throughput [MBps]
N

Jan Feb Mar Apr May Jun .JuI Aug Sep Oct Nov Dec
Time Reference [Month/Year]

* Year-long performance information for nine services

* Finding: about half of the cloud services investigated
in this work exhibits yearly and daily patterns; impact
of performance variability depends on application.

A. TIosup, N. Yigitbasi, and D. Epema, On the Performance
variability of Production Cloud Services, (under submission).
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— wses

o Million-user, multi-bn market

e Content, World Sim, Analytics

Current Technology [ OURVISION ]

e Upfront payment e Scalability & Automation
e Cost and scalability problems Economy of scale with clouds
« Makes players unhappy [

ONgoINGgWW oK ]
Publications Gaming and Clouds

2008: ACM SC, TR Perf e Content: POGGI Framework

2009: ROIA, CCGrid, NetGames, «  Platform: edutain@grid
EuroPar (Best Paper Award), '

CloudcComp, TR variability « Analytics: CAMEO Framework

2010: IEEE TPDS, Elsevier CCPE
2011: Book Chapter CAMEO Ithe Future
Graduation Forecast

2010/2011: 1PhD, 2Msc, 4BSc » Happy players
 Happy cloud operators
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Thank you for your attention!
Questions? Suggestions? Observations?

More Info:
- http://www.st.ewi.tudelft.nl/~iosup/research.html

- http://www.st.ewi.tudelft.nl/~iosup/research gaming.htmi

- http://www.st.ewi.tudelft.nl/~iosup/research cloud.html

Alexandru Iosup

A.Iosup@tudelft.nl bing
nttp://www.pds.ewi.tudelft.nl/~iosup/ (or geegte “iosup”)
Parallel and Distributed Systems Group

Delft University of Technology
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Additional Slides
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FarmVille, a Massively Social Game

ZYNGA GAME AVERAGE NUMBER OF PLAYER PROFILE
EarmVille ACTIVE PLAYERS NIA average age
27 million daily / 75 million monthly ~ 80% female, 40% male
Zynga Poker
Fish\ilke
Mafia Wars
$\p __ﬁu‘\b .gﬁ'a -&*ﬁ aﬁ. Cafe World
& e o o ot | | i |
oF & ,1;3;:9" 15 20 25 30
Age Range
LT B MOST POPULAR TIME TO PLAY (EST)

Source: InsideSocialGames.com

Farm\ille boasts 118 millicn total installs
It has more manthly active users than the

Zynga Poker

population of France, FishVille
Mafia Wars
Cafe Waorld
AVERAGE SESSION FarmVille [ 8-9 AM
i ' I
33 minutes . AN e

Sources: CNN, Zynga.
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Cloud Resource Consumption Control

2,500
' Dynamic Analytics ' Steady Analytics '
—_—
§ 2,000 1 I =
g | | |
79}
< L 500 [ | |
(QV )
O | | _,_,—' |
c [ [ [
(@]
N 1,000 | [ [
g | | |
i s00 |} I
> | |
[ [
|
3/6/2009 3/13/2009 3/20/2009 3/27/2009

Date

e Control how many resources are consumed: bursts
e Control how resources are consumed: dynamic vs. steady
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The New Content Generation Process

‘

\ Players
Concept, 1 Monitoring
Algorithms . Data
. \
Puzzle Algorithms n Players Data
| = F=
t F' | %
Generate Solve | Activity Ability
Instance Instance [ Record (computed)
!
i Development,’
—-\ —————— P — _ —
W rI:fI Runtime * ﬁféencéii
il s Match
Execution

D
h 4

Computing Platform

Puzzle Instances Data
Generated

O O O instanoes; E:ﬁ fj E:,

Grids Clouds Resource Pools

Raw Difficulty

Freshness
Data

Data

Only the puzzle concept, and the instance generation and
solving algorithms, are produced at development time

Data
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The POGGI Framework

Execution Engine

Workflow

for
Puzzle Game
Generation .

Generic
Player ¢ Puzzle Use |4 Capacity RMS
Activity Monitoring Planning .
N 4) Bag-of-Tasks
A - :
Perforsqunzc!g 1 Performance Steering Execution Engine
\_ Analysis 5 L 6 Environment
—~ * = Monitoring
N
Game CerJlfezLet & Post-processing |4- Conﬁguration_ _
Content o, 2 3

$

Real-Time Game Operation

Puzzle Game Generation

Focus on game content generation on grids

« Use existing middleware

« Control MMOG-specific workload demands and variability (soft
guarantees for low response time by pre-generating content)

... but do not forget lessons on system design
e Add components for capacity planning and process monitoring
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Workflow Execution Engine for
Puzzle Instance Generation

Cstart )

Generic engine for puzzle generation
e Can plug-in different puzzles
e Can plug-in different solvers

j>‘ﬁerate @

He_|

Setu :
p 5

( FindandVerify)

Solution

e Can plug-in different policies for
instance generation

Reduce execution overheads

e By-pass RMS (similar to Condor glide-
ins, Falkon/Swift, etc., but for WFs
instead of tasks)

« Execute on single resource (current
implementation, simplicity)

Cloud Futures Workshop 2010 — Cloud Computing Support for Massively Social Gaming
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Yes
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Optimality/Suitabilit

if
Passed
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Yes

Record \
Setup and Soluti oy
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Difficulty Settings
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Puzzle-Specific Considerations
Generating Player-Customized Content
o Target: ] Pins: KA BIEIDI[E]

Puzzle difficulty D]
« Solution size
e Solution alternatives []] E
 Variation of moves B []
 Skill moves

XRight A‘Right B:Up X:Up
(Best solution: 4 moves)

Player ability @

« Keep population statistics and generate 5:Up X.Up B-Let C Down C Left
enough content for more likely cases e Right B-Up AUp B:Left &.Down
h | bl th | dff I C:Right E:Downxxl:_ljtﬂ E:Left X:Down
* Matc p ayer a I Ity WI puzz e I ICU ty (Best solulibn:Q’l moves)

e Take into account puzzle freshness
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Why Not Let Players Generate Puzzles?

How to control production pipeline?
After all, game developers sell content not technology.

How to select content?
Ranking problems, diversity problems.

How to avoid game exploits?
Virtual currency = Real currency

sarver faction 100 Gold
Aegwynn Alliance £0.57 | |5mn Gold $15.90 Buy now! OgPal

porde | #%] Source: mmobux.com, Aug 2009

User-generated content is clearly an interesting
research area, but that’'s another story.
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