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Main Goal:
Understand and Control the Performance

of Large-Scale Distributed Systems

e Systems
e Cluster Computing
e Grid Computing
e Cloud Computing
» Peer-to-Peer (P2P) Systems

« Applications
* E-Science
 File-Sharing
« Multi-media, esp. online gaming (MMOG, MSG)

December 14, 2011
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Approach: Real Traces, Models, Real Tools,
Real-World Experimentation (+ Simulation)

e Formalize real-world scenarios

e Exchange real traces

* Model relevant operational elements

« Scalable tools for meaningful and repeatable experiments
o Comparative studies, almost like benchmarking

December 14, 2011
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2.1. Performance Characterization and Modeling, Data
The Grid Workloads Archive

e Motivation: little is known about real grid use
* No grid workloads (except "my grid”)
e No standard way to share them

« The Grid Workloads Archive: easy to share
grid workload traces and research associated with them

« Understand how real grids are used

° Address the challenges facing i--. . ,

rid resource management
both research and praCtICE) H_[THE GrD WEIRI{LEIADE AR*E:HNE

« Develop and test o d J [ }""'""
grid resource management solutlons L‘.I, L“-
« Perform realistic simulations hittp: //owa.ewi.tudelft.nl

A. losup, H. Li, M. Jan, S. Anoep, C. Dumitrescu, L. Wolters,
D. Epema, The Grid Workloads Archive, FGCS 24, 672-686, 2008.

December 14, 2011
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2.1. The Grid Workloads Archive
Approach

« Standard data format (GWF)
- Share traces with the community
- Use extensions for specific modeling aspects
- Text-based, easy to parse for custom tasks
- Additional SQL-compatible data format (GWF-SQLite)

e Automated trace analysis
- Provide ready-to-use tools to the community
- Promote results availability and comparability

« Automated trace ranking
- Help non-experts with their trace selection process

A. losup, H. L1, M. Jan, S. Anoep, C. Dumitrescu, L. Wolters,
D. Epema, The Grid Workloads Archive, FGCS 24, 672-686, 2008.

December 14, 2011
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2.1. The Grid Workloads Archive

Content
Number of observed

ID System Period Sites CPUs  Jobs Groups Users
GWA-T-1 | DAS-2 02/05-03/06 | 5 400 602K 12 332
GWA-T-2 | Grid’5000 | 05/04-11/06 | 15  ~2500 951K 10 473
GWA-T-3 | NorduGrid | 05/04-02/06 | ~75  ~2000 781K 106 387
GWA-T-4 | AuverGrid | 01/06-01/07 5 475 404K 9 403
GWA-T-5° | NGS 02/03-02/07 4 ~400 632K 1 379
GWA-T-6° 206
GWA-T-7} http:/7gwa.ewi. tudelft.nl 18
cipT- ! o O traces
GWA-T-9% | TeraGrid | 08/05-03/06 | 1* 96 1.IM 26 121 online

Total | 135Lyrs | 136 >10000 >7M 191 2340 ||

Average I 1. 5 2 I'S I 15

115'1| >750K| 21|>250|

A. losup, H. Li, M. Jan, S. Anoep, C. Dumitrescu, L. Wolters,
D. Epema, The Grid Workloads Archive, FGCS 24, 672-686, 2008.
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2.1. The Grid Workloads Archive
Approach: Automated Trace Analysis

e General information

» System-wide characteristics
« Utilization

 Analysis for Top10 users
* Analysis for Top10 groups

e Performance
e # running/waiting jobs
e Throughput, # completed jobs

December 14, 2(
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2.1. Performance Characterization and Modeling, Data
The Failure Trace Archive

| System || Type || # of Nodes ||Target Cnmponent” Pariod || Year |
|SETI@home ||Desktop Grid ||226,2o8 ||CPU ||1.5 years||2co?—zoog|
|Dvernet ||P2P ||3,c::oo ||host ||2 waeks ||2r::-03 |
|Micrc::usoft ||Desktop ||51,E|E|3 ||host ||35 days ||1-;n;u; |
|LM~IL ||SMP, HFC Clusters”4?50 ||host ||-; Voars ||1-;|-;|6—2c:305 |

|@ J|I—IPC Clusters |256 10 |2.5 Fears |19-;|6—2c:305

120 o MONTHs||2001-2002
|DNS ||DNSservers ||62,2o1 ||host ||2weeks ||2r::-oq |
|F'lanetLab ||P2P ||2c::-o—4oo ||host ||1.53rear ||2c::-oq—20r::-5| 15 traces
|Grenoui11eo3||DSL ||4Br::-o ||host ||1 waar ||2r::-03 | .
|Grenoui11eo5||DSL ||4Br::-o ||host ||1 Fear ||2r::-05 | on I Iine
|EGEE ||Grid ||25r::-o queues”CE quens ||1 month ||2c-o';a' |
|Grid'5-c:uoo ||Grid ||12E|B ||host ||1.5 vears ||2r::-05—20r::-6 |

D. Kondo, B. Javadi, A. losup, D. Epema, The Failure Trace
Archive: Enabling Comparative Analysis of Failures in Diverse
Distributed Systems, CCGrid 2010 (Best Paper Award)

(; deugorg Desktop Grid 40 CPU imenth |[zoog

TUDelft | 9
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2.1. Performance Characterization and Modeling, Data
The P2P Trace Archive

Trace ID Community Measurement Period Sampling No. Files Nc.r. Traffic Contributor
Rate Sessions
T1'03 .
[153MB] SuprNova, (general) 06 Dec 2003 ~ 17 Jan 2004 2.5 min 12 28,423,470 n/a PDS, TU Delft
T2'05 ’ 06 May 2005 ~ 11 May .
[212MB] ThePirateBay, (general) 2005 2.5 min 4800 35,881,338 | 12 PB/year PDS, TU Delft
13'05 o i
[9.5GB] Filelist.org, (general) 14 Dec 2005 ~ 04 Apr 2006 6 min 3000 2,172,738 n/a
14°05 .
[6.5M8) LegalTorrents.com, {general) 22 Mar 2005 ~ 19 Jul 2005 5 min 41 n/a 6598 GB/
- 24 Sep 2009 ~ Feb 2009 5 min 1.1 TB/
9 GB/y
Ctpr//p2pit ILtudelfitml i~
hittp://p2pta.ewi. tudelfitn
143 GB/
735 GB/year PDS, TU Delft
16'09 . ; i
[28MB] tim-project.org, (Linux OS) 24 Sep 2009 ~ Feb 2009 10 min 74 21,529 15 GB/
[EZI\EI'E?] transamrit.net, (Slackware 05) 22 Mar 2005 ~ 19 Jul 2005 S min 14 130,253 258 GB :I ( ; t
[1;,;33] transamrit.net, (Slackware 0OS) 24 Sep 2009 ~ Feb 2009 5 min 50 61,011 840 GB races
18’05 . . . . -
[183MB) unix-ag.uni-kl.de, (Knoppix 0S) 22 Mar 2005 ~ 19 Jul 2005 5 min 11 279,323 |493 GB O n I I n e
[13321%] unix-ag.uni-kl.de, (Knoppix OS) 24 Sep 2009 ~ Feb 2009 S min 1z 160,522 |348 GB
T9°05 zerowing.idsoftware.com, (Game .
[26.5MB] demos) 22 Mar 2005 19 Jul 2005 5 min 13 48,271 19 GB/year PDS, TU Delft

B. Zhang, A. losup, J. Pouwelse, and D. Epema (2010). The
peer-to-peer trace archive: design and comparative trace
analysis. CoNEXT Workshops.

]
TUDelft

Delft University of Technology
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2.1. Performance Characterization and Modeling, Data
The Cloud Workloads Archive

 Looking for invariants

e Wr [%] ~40% Total IO, but absolute values vary
Trace ID  Total IO [MB] Rd. [MB] Wr [%] HDFS Wr[MB]

CWA-01 10,934 6,805 1,538

CWA-02 75,546 47,539 37% 8,563

o # Tasks/Job, ratio M:(M+R) Tasks, vary
 Understanding workload evolution

Decen
11
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2.2. Characterization: Grid Workloads
Single-Node Jobs

« Average job size is 1 (that is, there are no
coupled, only conveniently parallel jobs)

tightly-

Owerall job characteristics

System size [CPUs] Runtime [s] Memory [MEB]

GWA-T-1 33 (63) 370 (3.038) 36 (346)

GWA-T-3 1.1 (1.0) 80274 (284.300) 200 (307)

GWA-T-4 1.0 (0.0) | 25.186 (40.780) 206 (343)

GWA-T-5 14 (2.8) 2.925 (17.908) 30 (226)

GWA-T-6 1.0 (0.0) 14,509 (28.641) 195 (206)

GWA-T-7 1.0 (0.0) 4705 (14.488) 332 (276)

GWA-T-8 %1’5‘0 e i

GWA-T-10 ) I

GWA-T-11 1 § 50 r! LCG, one site Condor, U.Wisc/South -------
= H Grid3, one VO ———- NorduGrid --------
O 25 DAS-2 Condor, GLOW ——
- DAS-2, Grid ——--
8 0 T T T T T T |
O 0 20 40 60 80 100 120 140

No.CPUs

A. losup, C. Dumitrescu, D.H.J. Epema, H. Li, L. Wolters,
How are Real Grids Used? The Analysis of Four Grid Traces 3
and 1ts Implications, Grid 2006.




S
2.2. Characterization: Grid Workloads

VO, Group, and User Characteristics

« Top 2-5 groups/users dominate the workload

« Top groups/users are constant submitters

« The week’s top group/user is not always the same

. LCG, one cluster: Top10 grmups,ﬂwu%}nbt} and CPU Time

450000 ! .

400000 T+
350000 - Bes008
g o g
g zoomo o
150000 o Jerd03
102000 2a+008
s0000 1w+000
’ 54 =5 =3 G =2 =12 G =1 =13 G111 ’ = 55 G =2 G231 &5 =11 53 E12 10
DAS-2: Top10 groups, No.Jobs and CPU Time
250000 : . . : ' 3 5e+ 008 . : : L . : : . L :
200000 B Ez‘ﬁ
§ 150000 E .Eu+|:l]3
E 100000 l; 1.58+005
a 1w+ 05
sonng Sesl0T
’ G4 =2 =5 GT =1 e ] G:E GI11 E:‘Ei GI1III ’ =2 =1 G4 &5 GT e G:H GI11 G:El GI1I:I
A. losup, C. Dumitrescu, D.H.J. Epema, H. Li, L. Wolters,
How are Real Grids Used? The Analysis of Four Grid Traces 14

and 1ts Implications, Grid 2006.



Presenter�
Presentation Notes�
The graph represents stacked histograms of number of jobs/CPU time per group, over time

Besides the obvious “top 2-5 dominate”, the graph allows us to see that:

+ the top groups/users are constant submitters (almost no stack brick/layer (that is, the number of jobs/CPU time for the week represented by the brick) is empty)

+ the top group/user for a specific week is not always the same�


2.2. Characterization: Grid Workloads
Analysis Summary:

Grids vs. Parallel Production Systems

No. Jobs

Similar CPUTime/Year, 5x larger arrival bursts
Number of Running Jobs
Parallel Production and Grid Environments

250007
22500
20000
17500 Parallel Production
15000 Environments
125001 (Large clusters,
100001 supercomputers)
7500
5000- ‘\\‘\\\s‘
2500
8 VN T PH AT oL
? 01/94 01/96 01/98 01/00

NASA iPSC (Oct 93-Dec 93) -+--~
LANL CM5 (Oct 94-Sep 96) ------
SDSC Par95 (Dec 94-Dec 95) ——
SDSC Par96 (Dec 95-Dec 96) ——
CTC SP2 (Jun 96-May 97) ======
LLNL T3D (Jun 96-Sep 96) -

Date/Time

KTH SP2 (Sep 96-Aug 87) -===--
SDSC SP2 (Apr 98-Apr 00)
LANL O2K (Nov 99-Apr 00)

OSC CLuster (Jan 00-Nov 01)
SDSC Blue (Apr 00-Jan 03)
DAS-2 grid ——

Grids |

01/02

e
iy
'
b

1

gL

T J 1
01/04

' 01/06

DAS-2 (Feb 05-Mar 06)

Grid3 1 VO (Jun 04-Jan 06)
LCG 1 Cluster (May 05-Jan 08) ------
TeraGrid 1 Cluster (Aug 05-Mar 06) ——

LCG cluster
daily peak:
22.5k jobs

A. losup, D.H.J. Epema, C. Franke, A. Papaspyrou, L. Schley,
B. Song, R. Yahyapour, On Grid Performance Evaluation using

Synthetic Workloads, JSSPP’06.




2.2. Characterization and Modeling: Grid Workloads
More Analysis: Special Workload Components

Bags-of-Tasks (BoTs) Workflows (WFs)
U I P U1 ; 5

A - =0 l
J2 b Y
J3 — 63 |
s G2 |
U2 (7S U2 |
J1 1" B
J2 i 1
J3 O e —— l': ot
01234567829 10111213% 1
Time [units] |
|
BoT = set of jobs... ]

W = {J;|user(J;) = u}
...that start at most As after the first job

ST(J') < ST(J)+ A

Parameter Sweep App. =
BoT with same binary 4,2011
eltt 16

Delft University of Technology

WF = set of jobs with precedence
(think Direct Acyclic Graph)




2.2. Characterization: Grid Workloads
BoTs are predominant in grids

e Selected Findings

: . . Trace Observed | Percentage From Total

e Batches predominant in grid D BoTs Tobe CPUTime
Workloads; up to 98% GWA-T-1 5TE | 97% T2%
CPUTime GWA-T-2 26k | 85% 30%
« Average batch size (A<120s) | GWA-T-3 0k | 94% 90%
is 15-30 (500 max) i el =
] A-1- [ 3o ‘o
* /5% of the batches are sized | oy 13 300K | 04 08%s,
20 jobs or less GWA-T-10 16k | 93% 02%
GWA-T-11 5k | 96% 07%
GWA-T-12 135K | 94% 06%
GWA-T-13 68K | 96% 86%

A. losup, M. Jan, O. Sonmez, and D.H.J. Epema, The
Characteristics and Performance of Groups of Jobs in Grids,
Euro-Par, LNCS, vol.4641, pp. 382-393, 2007.

—

A. losup and D.H.J. Epema, Grid Computing Workloads, IEEE
Internet Computing 15(2): 19-26 (2011)

17




2.2. Grid Workloads
Workflows exist, but they seem small

e Traces Trace Source Duration Number of WFs Number of Tasks CPUdays
i) DEE 09/06-10/07 4,113 122k legys
12 EE2 05/07-11/07 1,030 46k 41
e Selected Findings 100 T e e
E 75-_ R Sma“ S f—ﬂ’,_ﬁ_,._.__' - Large .
~ WFs /J | WFs
= N (number of nodes)
» Loose coupling L ; T4 |
° Graph with 3-4 levels o ' o 100 5000
number of nodes (logscale)

Average WF size is 30/44 jobs
75%+ WFs are sized 40 jobs or less, 95% are sized 200 jobs or less

S. Ostermann, A. losup, R. Prodan, D.H.J. Epema, and T.
w1 Fahringer. On the Characteristics of Grid Workflows,

<3

T CoreGRID Integrated Research in Grid Computing (CGIW), 2008.
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3.1. Grid Workloads
Modeling Grid Workloads: Feitelson adapted

Arrivals at

peak hours
Gamma

Y

daily cycle |—»
Gamma-+Cyclic shift

Arrivals

Job is parallel
Percentage

'

Parallel?

Job Runtime
Hyper-GammaZ2

Correlated Job

<+—| Runtime/Size

8 x linear

h
Job Size
Hyper-Uniform2

No

Y

Job is 2"

Percentage

Job Size =1

< Job Size=2%*

<¢ﬂﬂ%iiﬂﬁh»

_{Job Size=2)e— Y5

e Adapted to grids: percentage parallel jobs, other values.
« Validated with 4 grid and 7 parallel production env. traces

A. losup, D.H.J. Epema, T. Tannenbaum, M. Farrellee, and M.
Livny. Inter-Operating Grids Through Delegated MatchMaking,

P ACM/1EEE Conference on High Performance Networking and

T

=

Computing (SC), pp- 13-21, 2007.

Delft University of Technology



2.2. Grid Workloads
Modeling Grid Workloads: adding users, BoTs

User
Zipf

BoT IAT
Weibull

BoT Size
Weibull

Independent
Job

|, New
Job

BoT
Tasks

—» New
S Jobs

 Single arrival process for both BoTs and parallel jobs

« Reduce over-fitting and complexity of “Feitelson adapted”
by removing the RunTime-Parallelism correlated model

« Validated with 7 grid workloads

A. losup, O. Sonmez, S. Anoep, and D.H.J. Epema. The
Performance of Bags-of-Tasks in Large-Scale Distributed
Systems, HPDC, pp. 97-108, 2008.

TUDelft

Delft University of Technology
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2.2. Grid Infrastructure
Resource dynamics in cluster-based grids

e Environment: Grid’5000 traces

e jobs 05/2004-11/2006 (30 mo., 950K jobs)
e resource availability traces 05/2005-11/2006 (18 mo., 600K events)

. Resource avallablllty model for multl cluster quds

100

SN T ll.. s

o Wil H{I Il rl" || Rl

sofi b

Availability %]

2°1Grid-level avaiIabiIity: 70% ‘

0
678910111717%45678910

A. losup, M. Jan, O. Sonmez, and D.H.J. Epema, On the
Dynamic Resource Availability 1n Grids, Grid 2007, Sep 2007.

December 14, 2011

“]
TU Delft 21

Delft University of Technology



2.2. Grid Infrastructure

Correlated Failures L I e
BT cFs
: 01234 (ngz 755 1011 1215™
 Correlated failure 27

Maximal set of failures (ordered according to increasing event time),
of time parameter A in which for any two successive failures E and F,

TS(F) <TSE)+ A
where 1'S(-) returns the timestamp of the event; A = 1-3600s.

- . P A = 60s
e Grid-level view / ------ B
. Range: 1-339 Lo e e |
 Average: 11 8 07 Average ‘ :
e Cluster span ------------ Al R A
* Range: 1-3 ‘ Grld IeveI view |
« Average: 1.06 04 ‘ o

* Failures “stay” within cluster S|ze of correlated fallures
& | A. losup, M. Jan, O. Sonmez, and D.H.J. Epema, On the
TJ

Dynamic Resource Availability in Grids, Grid 2007, Sep 2007.

Delft University of Technology




2.2. Grid Infrastructure
Dynamics Model

IMTBF [ |MTTR| |Correl.|

Site . | Cluster [ | [IAT | || Duration| || Size | | New

f, Z f, Weibull Log-Normal Weibull Failure

e« Assume no correlation of failure occurrence between clusters

« Which site/cluster?
o f,, fraction of failures at cluster s

o Weibull distribution for IAT

e Shape parameter > 1: increasing hazard rate
the longer a node is online, the higher the chances that it will fail

A. losup, M. Jan, O. Sonmez, and D.H.J. Epema, On the
Dynamic Resource Availability in Grids, Grid 2007, Sep 2007.

December 14, 2011
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2.2. Grid Infrastructure

Evolution Model

Numberof clusters overtlme WLCG

300 , -
" No. clusters -
Linear fit, 107 14 + 0 2205 x X -------

250

200

150

No. clusters

100 ¥

50

0 100 200 300 400 500

Day index (day 0 is 2005/02/03,

A. losup, O. Sonmez, and
D. Epema, DGSiIm:
Comparing Grid Resource
Management Architectures
through Trace-Based
Simulation, Euro-Par
2008.

Delft University of Technology

Cluster size (log)

100000

Cluster 5|ze d|str|but|on over t|me WLCG

L Q1 QS —
Max ---®--
| Median —=—

Mean —¢— ¥

I PRI PRI AR RIS P SRR R S ST S
100 200 300 400 500 600 700 800 900

Day index (day 0 is 2005/02/03, day 900 is 2007/08/07)

1000



2.2. Cloud Workload Model
MapReduce Workload Model

| | Job | Task | Value |
Inter arrival time | X X Seconds
Executable ID X Integer 1D

Run time X Seconds
Number of tasks | X Count
Map/Reduce ratio | X Fraction: Maps/Reduces
Forced Quit Time | X Seconds

CPU’s X Count

Disk I+0O X Bytes

I/O Ratio X Fraction: Input/Output

Memory X Bytes

Network X Bytes

Exit State X X Integer Coded State

o Statistical model

e Traces (10s of millions of tasks) from:
» Leading Social Networking company
e 2 X Leading Search company

December 14, 2011
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3.1. MultiProbe
Observing P2P Systems at Large

‘Ws| Web Server | T Tracker [ Peerclient [ Modified client (O, Custom script @8 Database

Pre-processing E Overlay network Measurement - Post-processing

1 SiteStats - : Contact peer

@74—} WS <« l 2 GetPeers 3 PeerPlng

Site

’ : list of -
i -?’ ist of peers @7 d&‘i" l BelndWIdth

Geo mapping

size

torrents

IP addrs. :
Track peer (traceroute) :

MuLTIPROBE BitTorrent : MuLTIPROBE

 Environment:
« 700 BitTorrent swarms actively observed
e 300 computer nodes coordinated around the world

e Largest measurement from 2005 to 2010

A. losup et al., Correlating Topology and Path
Characteristics of Overlay Networks and the Internet, CCGrid
Workshops 2006.

M’ @ data .—-} AS mapping
4 ListenPeers 5 TrackPeers RTT, . Measured RTT

| . : chunks, -
4 \ IP addrs. - Connectivity
e

27



3.1. BTWorld
Observing the Global Public BitTorrent

Metric Value
Tracing Period Jan 03-09, 2010
Number of trackers 012
Number of alive trackers THY
Number of swarms 10,329,950
Number of hashes G.314.31%
Number of hashes with known size | 1,024,573 (16.2%)
Number of swarm samples ®09.537,250)

e Environment:
e Over 10M BitTorrent swarms actively observed
e Only 4 computer nodes coordinated around the world

 Largest measurement from 2011-

M. Wojciechowski, M. Capota, J. Pouwelse, and A. losup:
BTWorld: towards observing the global BitTorrent file-
sharing network. HPDC Workshops 2010.
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3.2. GrenchMark: Testing in LSDCSs
GrenchMark: a Framework for
Analyzing, Testing, and Comparing Grids

« What’s in a name?
grid benchmark — working towards a generic tool for the
whole community: help standardizing the testing procedures,

GrenchMark evelved frem
a grid-specific testing| framework

{0 a framewoerk for testing
large-scale distributed computing systems

 Easy-to-use tools to create synthetic grid workloads
* Flexible, extensible framework

Alexandru losup, Dick H. J. Epema: GRENCHMARK: A Framework
for Analyzing, Testing, and Comparing Grids. CCGRID 2006:
313-320

30



3.2. GrenchMark: Testing in LSDCSs
Architecture Overview

2

User

. 1

Test

Workload

> Modeler -

Manager <

Workload
Generator

_______ -

" | Workloads Models
Database Database

i

Applications
Database

The Knowledge Base

GRENCH MARK

Workload
Submitter

Data
Manager

>

Il

/él'ld Environment/Service
\?_DAS Grid’'5000/GridFTP

b
(Slte1 C Site 2 )( Site n )
J ~AS”
I N, _/

December 14, 2011
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3.2. GrenchMark: Testing in LSDCSs
... but More Complicated Than You Think

« Workload structure * Measurement methods
» User-defined and » Long workloads
statistical models « Saturated / non-saturated system
» Dynamic jobs arrival » Start-up, production, and

» Burstiness and self-similarity cool-down scenarios

« Feedback, background load « Scaling workload to system

» Machine usage assumptions  Applications

. U§ers, VOs * Synthetic
e Metrics » Real

* A(W) Run/Wait/Resp. Time « Workload definition language

- Efficiency, MakeSpan « Base language layer

* Failure rate [!] « Extended language layer
 Notions e Other

« Co-allocation, interactive jobs, « Can use the same workload for

malleable, moldable, ... both simulations and real

environments




3.2. GrenchMark: Testing in LSDCSs
ServMark, a Distributed GrenchMark

Blending DiPerF and

[_] DiPerF 2 2

Test Manager User

GrenchMark l Tackles two orthogonal issues:

I:l ServMark [ S . . Multl_—sourced te_stlng N
Database (multi-user scenarios, scalability)

(MySaL)

ServM ark Centrallzer

DiPerF DB |-
Controller Modulef:

el R d> (real-world scenarios, flexibility)

DiPerF
Submitter

Adds

 Coordination and automation layers
« Fault tolerance module

ServMark Tester #1

DiPerF
Tester
Execute test send results
(pipe to stdout)
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: Watchd Fol : ServMark Tester #2

a ‘ ‘ alchdog L ervMark Tester

. % No blocking {\ O LR

= || 2§ GRENCHMARK Jobs rate - . . essaee

December 14, 2011 :lr
’_I 33




3.2. GrenchMark: Testing in LSDCSs
SkyMark, GrenchMark for laaS Clouds

User Scheduler

2. E
nqueue h—| | |

1. Submit Allncz.atinn
Policy |-
6. Dequeue
-F'} ‘

S
3 NS
: @)
"
laaS 4. Request 5. Provision

Provider | < Provisioning | ——————»

Policy >
8. Shutdown

* Provisioning and allocation queues + policies
e Short-, Many-Task workloads

D. Villegas, A. Antoniou, S. Sadjadi, and A. losup: An
Analysis of Provisioning and Allocation Policies for laaS

Clouds. Submitted to CCGRID 2012.




3.2. RTSenv: Testing Online Games

RTSenv: A Tool for testing RTS games

4 N 7 N |7
Data CPU Graphi Game Job Resource
rapnics Configuration Execution Management
; - 9
Memory
s N N
Game Client Job Fault
Analysis Server Generation Tolerance
- AN DA RN
Analysis RTS Runtime
Utilities ( Machine Configuration > C Profiler )

« Abstractions for RTS games: units, map structure, etc.

* Metrics for RTS game performance and experience

» Replayability

Sigl Shen, Otto Visser, Alexandru losup: RTSenv: An
experimental environment for real-time strategy games.

NETGAMES 2011: 1-6
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Throughput [jobs/h]

Number of Jobs

3.3. GrenchMark: Testing in LSDCSs
Testing a Large-Scale Environment

Performance metrics
system-, job-, operational-, application-, and service-level

System Goodput and Throughput
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3.3. GrenchMark: Testing in LSDCSs
Experiments: Testing Performance

e Testing application performance: test the performance of an
application (for sequential, MPI, Ibis applications)
» Report runtimes, waiting times, grid middleware overhead
e Automatic results analysis

Table 2: A summary of time and run/success percentages for different job types.

Job Job Turnaround [s] | Runtime [s] Run+
name type | Avg Range Avg | Range | Run | Success
sser seq 129 16-926 44 | 1-588 | 100% 97%

smpil MPI | 332 21 1078 | 110 | 1332 | 80% 81%
NQueens | Ibis 99 15-1835 31 | 1-201 0% 85%

« What-if analysis: evaluate potential situations
« System change

[ Load on the DAS2 - fs4  Total utiisation % '

« Grid inter-operability 5 "
» Special situations: spikes in demand 5 —|_L
bty December 14, 2011 2 spikeq | 1 spiez
‘Z\S GRENCHMARK ;

L 1 1 1 L L] I
0 2000 4000 6000 8000 10000 12000 14000 1600C
Time [s]




3.3. GrenchMark: Testing in LSDCSs
Testing a Large-Scale Environment

 Testing a 1500-processors Condor environment

« Workloads of 1000 jobs, grouped by 2, 10, 20, 50, 100, 200

» Test finishes 1h after the last submission

e Results
e >150,000 jobs submitted
e >100,000 jobs successfully run, >2 yr CPU time in 1 week
596 jobs failled (much less than other grids’ average)
e 25% jobs did not start in time and where cancelled

e December 14, 2011 |:|
‘Z\S’ GRENCHMARK |—|‘
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3.3 Performance Evaluation in Real-World Environments
Raw Perf.: Performance vs. Res. Consumption

Middleware

MS [s]

DAGMan 1,327 4+ 138
Karajan 1,111 £ 154

Karajan performs better than DAGMan,
but runs quickly out of resources.

-
o
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20 4ecfl™
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orKIoa_d ty
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T T T T T T
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Time since test start [min]
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cpu-usage [%]
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DAGMan + Condor —e—
Karajan + GT4 + Condor --4--
Generic GWFE + Condor ---m--

Generic GWFE + SGE o~

C. Stratan, A. losup, D. Epema: A performance study of grid
workflow engines. GRID 2008: 25-32

Delft University of Technology




3.3. laaS Cloud Results 883

200 ——

Performance of laaS Resources |

160 [

« Many-Tasks Scientific Computing ol
» Identified proto-MT users from grid and PPEs L o

- 120 |
e Performance Evaluation of

Curation [s]

Four Commercial Clouds mn; AHT 1
« Amazon EC2, GoGrid, Elastic Hosts, Mosso * A= _é_%
- Resource acquisition, Single- and Multi-Instance e ==

benchmarking 01
 Low compute and networking performance 20 |

 Performance variability ol ='m é} é} = é}

EEER

e Clouds vs Other Environments EEECC

« Good for short-term, better perf. needed Ree Acouiiton

1- losup et al., Performance Analysis of Cloud Computing Services for Many
Tasks Scientific Computing, IEEE TPDS, 2011,

http://www._st._.ewil . tudelft_nl/~1o0osup/cloud-perflOtpds 1n-print.pdf

2- losup et al., On the Performance Variability of Production Cloud
Services, CCGrid 2011, pds.twi.tudelft.nl/reports/2010/PDS-2010-002.pdf



http://www.st.ewi.tudelft.nl/~iosup/cloud-perf10tpds_in-print.pdf
http://pds.twi.tudelft.nl/reports/2010/PDS-2010-002.pdf

3.3. laaS Cloud Results
Provisioning and Allocation
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» Tested in 3 real envs., including Amazon EC2
« Performance-cost trade-off
« New metrics: utility, cost efficiency.

D. Villegas, A. Antoniou, S. Sadjadi, and A. losup: An
Analysis of Provisioning and Allocation Policies for laaS 42
Clouds. Submitted to CCGRID 2012.




3.3. RTSenv: Testing Online Games
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« Assess performance
« Assess gameplay experience
* Main finding: performance and gameplay scale differently
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Conslusier lake-IHome Viessage

 Understanding how real large-scale distributed systems work

e Real traces
e Models for workload and infrastructure

« Building tools for performance observation and evaluation
» Observation: MultiProve; BTWorld; ...
e Evaluation: GrenchMark + ServMark + SkyMark; RTSenv; ...

« Performance evaluation in real environments
. Grids |
» IaaS clouds —
e Online Gaming
e ... and many others

« Much to be done, esp. in clouds

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

December 14, 2011
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http://www.flickr.com/photos/dimitrisotiropoulos/4204766418/

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.html

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

Do not hesitate to
contact me...

Alexandru losup

A.Tosup@tudelft.nl

http://www.pds.ewi.tudelft.nl/~iosup/ (or google |osup ’)
Parallel and Distributed Systems Group
Delft University of Technology

December 14, 2011
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