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WHY ARE WE BENCHMARKING?

Because my advisor told me to do 1t?
Because others are doing 1t?
Because I can’t get my paper published without 1t?

=
" THAT ONLY MAKES
SENSE IN A NARROW,
AND GENERALLY
ARCHAIC, SET OF
CONDITIONS.

~
(MY MANAGEMENT
PHILOSOPHY IS
"MEASURE TWICE,
CUT ONCE.”
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PERFORMANCE
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EXPERIMENTAL METHODOLOGY

Limiting performance bias

Producing Wrong Data Without Doing
Anything Obviously Wrong! —T. Mytkowicz, A.
Diwan, M. Hauswirth, P. Sweeney — Asplos 2009
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QOR A Professor’'s Negation Field is the unexplalned phenomenon whereby
M YOUR APW mere spatial proximity to an experimental set-up causes all working
N F/ﬂ demonstrations to fail, despite the apparent laws of Physics or how

MéA ﬂ many times it worked right before he/she walked into the room.
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The Sphere of Death. - Y

Allowing your experiment $

within arm’s reach of your §
Advisor risks the possibility

of immediate destruction. WWW.PHDCOMICS.cOM 4



EXPERIMENTAL ENVIRONMENT

Software used
0S
Libraries
Middleware
JVMs
Application version
Compiler / build options
Logging/debug overhead
Monitoring software

Hardware used
Cpu/ mem /IO
Network topology

CFSE - cecchet@cs.umass.edu



SCI NETWORK PERFORMANCE AND

PROCESSOR STEPPING
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OUTLINE

How Relevant are Standard Systems
Benchmarks?

BenchLab: Realistic Web Application
Benchmarking

An Agenda for Systems Benchmarking
Research

CFSE — cecchet@cs.umass.edu



SPEC BENCHMARKS

http://[www.spec.org

Benchmark groups

Open Systems Group
CPU (int & fp)
JAVA (client and server)
MAIL (mail server)
SFS (file server)
WEB

High Performance Group
OMP (OpenMP)
HPC
MPI

Graphics Performance Group
APC (Graphics applications)
OPC (OpenGL)
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TYPICAL E-COMMERCE PLATFORM

o Virtualization
o Elasticity/Pay as you go in the Cloud

Frontend/
Load balancer

g-': App.
Al ﬂ mlﬂ[ﬂlﬂ1 Servers
.. Databases
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TYPICAL E-COMMERCE BENCHMARK

Setup for performance benchmarking
Browser emulator
Static load distribution
LAN environment

Emulated
clients

App.
Servers

Database

CFSE — cecchet@cs.umass.edu
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OPEN VS CLOSED

Open Versus Closed: A Cautionary Tale —
B. Schroeder, A. Wierman, M. Harchor-Balter — NSDI'06

response time difference between open and close can be large
scheduling more beneficial in open systems
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New Amivals Queue (1 = p) leave system
Server

(c) Partly-open system
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TYPICAL DB VIEW OF E-COMMERCE BENCHMARKS

o Direct SQL injection

CFSE — cecchet@cs.umass.edu

o

Database




TPC-W BENCHMARK

Open source PHP and Java servlets implementations
with MySQL/PostgreSQL
Browser Emulators have significant variance in replay

Address IQ hitp: //sp18.c5.1ice.edu 8080/ TPCW /ShoppingCart. php

Yp .\@E Seaﬂ:hlv *Yahoo! Companion: Simh|®mvmooa v </News - 7 Entertainmert ~ (& Spots ~ () Shopping ~ i Finance ~ >~ Yahoo! [ Yahoo! Mail

TPC Web Commerce Benchmark (TPC-W)

T P TRANSACTION PROCESSING
PERFORMANCE COUNCIL

Shopping Cart Page

Chcl\ on one of our latest books to l'md out more!

l[’l p.‘ -\

bl
drlbAriEe
l'i R
"Lrlru il

Qty Product
[1_ Title: YEvhyKbA-bQOAR| LMK (OGaZhbM, ?tyX,/ - Backing: PAPERBACK
SRP. $316.56 Your Price: $208.9296
Subtotal price: 208.929600

|| Checkout '| Home '
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WHY 1S TPC-W OBSOLETE?

[ BenchLab Dataset Edit

% [ localhost:8080/BenchLab-... %/ T°C TPC-W - Homepage

TPC

EHome

Results
TPC-C
TPC-E
TPC-H

B penchmarks
TPC-C
TPC-E
TPC-H
Pricing Spec
TPC Energy

Nhenlota

€« C  © www.tpc.org/tpow/

Transaction Processing
Performance Council

TPC-W

TPC-W is a transactional web e-Commerce benchmarl

View Results

I The TPC defines transaction processing and database benchmarks and delivers trusted results to the industry.

« Top Ten TPC-W Results By Performance
« Top Ten TPC-W Results By Price/Performance
« All Results

By Hardware Vendor
By Database Vendor

|

Advanced Search

SEARCH

(Obsolete as of 4/28/05)

o HTTP 1.0, no CSS, no JS...

===

Advanced Search

Last Version

The last version of TPC-W is
Version 1.8. Click on the
preferred format below to
download:

o And seriously... did you recognize Amazon.com?

CFSE — cecchet@cs.umass.edu



RUBIS BENCHMARK

Auction site (a la eBay.com)

Many open source implementations

PHP
Java: Servlet, JEE, Hibernate, JDO...

Everybody complains about it
Everybody uses it

CFSE — cecchet@cs.umass.edu

Why?
It 1s available
It 1s small enough to be able to mess with i1t
Others are publishing papers with it!
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WEB APPLICATIONS HAVE CHANGED

Web 2.0 applications
Rich client interactions (AJAX, J8S...)
Multimedia content

Replication, caching...
Large databases (few GB to multiple TB)

Complex Web 1nteractions
HTML 1.1, CSS, images, flash, HTML 5...

WAN latencies, caching, Content Delivery
Networks...

CFSE — cecchet@cs.umass.edu
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MORE REASONS WHY BENCHMARKS ARE OBSOLETE?

Benchmark HTML CSS JS Multimedia Total

TPC-W 1 0O O 5 6
amazon.com §) 13 33 91 141

wikibooks.org 1 19 23 35 78

wikipedia.org 1 5 10 20 36

Number of interactions to fetch the home page of various web sites and benchmarks

CFSE — cecchet@cs.umass.edu
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STATE SIZE MATTERS

o Does the entire DB of Amazon or eBay fit in the
memory of a cell phone?
» TPC-W DB size: 684MB
 RUBIiS DB size: 1022MB

o Impact of CloudStone database size on
performance

size in GB rOwWS with 25 users
3.2 173745 8%
12 655344 10%
29 1151590 16%
38 1703262 41%
44 1891242 45%

CloudStone Web application server load observed for various dataset sizes
using a workload trace of 25 users replayed with Apache HttpClient 3.

CFSE — cecchet@cs.umass.edu




OUTLINE

How Relevant are Standard Systems
Benchmarks?

BenchLab: Realistic Web Application
Benchmarking

An Agenda for Systems Benchmarking
Research

CFSE — cecchet@cs.umass.edu
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BENCHMARK DESIGN

Traditional approach (TPC-W, RUBiIS...)

Workload definition Web Emulator Application under Test

BenchLab approach

Real Web Browsers

HTTP trace o
Application under Test

http://...
http://. .. — = =
http://... S=cl=cl=
http://... m Tl =
http://. .. i m m m (=
http://--?_% N TS VI
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BENCHLAB: TRACE RECORDING

Record traces of real Web sites
HTTP Archive (HAR format)

N
@

¥ _ [ = HA Proxy recorder

Frontend/
Load balancer

CFSE — cecchet@cs.umass.edu
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BENCHLAB WEBAPP

JEE WebApp with embedded database

Repository of benchmarks and traces

Schedule and control experiment execution

Results repository

Can be used to distribute / reproduce
experiments and compare results

~

Web Frontend ‘

\

o 7 [ ][ .| ——
o o c .
= = EG| |2 ®
0 g = = o Traces (HAR or access_log)
£ El |2 @
> Q S g &6 > Results (HAR or latency)
2 @ L = Experiment Config
= Benchmark VMs

|\Experiment scheduler | /

_ QUpload traces / VMs
>

UDefine and run
experiments

r7- hdCompare results
wez || Distribute

benchmarks, traces,
configs and results

CFSE — cecchet@cs.umass.edu
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BENCHLAB CLIENT RUNTIME (BCR)

Replay traces 1n real Web browsers
Small Java runtime based on Selenium/WebDriver
Collect detailed response times in HAR format

Can record HTML and page snapshots
Upload results to BenchL.ab WebApp when done

CFSE — cecchet@cs.umass.edu

Web page browsing HAR results

and rendering

Qan230I2

€):
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WIKIMEDIA FOUNDATION WIKIS . & » J

WiKIZEDIA
Wikimedia Wiki open source software stack

Lots of extensions
Very complex to setup/install

Real database dumps (up to 6TB)

3 months to create a dump
3 years to restore with default tools

Multimedia content
Images, audio, video
Generators (dynamic or static) to avoid copyright issues

Real Web traces from Wikimedia
Packaged as Virtual Appliances

WIKIBOOKS
Open books for an open world

CFSE — cecchet@cs.umass.edu
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WIKIPEDIA DEMO
Wikimedia Wikis

Real software
Real dataset
Real traces

WIKIBOOKS

The Free Encyclopedia Open books for an open world

Packaged as Virtual Appliances
Real Web Browsers

Firefox

Chrome

C

Internet Explorer

Hame Method Status Type Size Time Timeline 7825 11.722 15835

| site-wide-5674991483.css._V183552863... GET 200 texticss 3015KB  141ms ,I*—ssms
websiteGridCSS-websiteGridCSS-358... GET 200 texticss 2136KB 148

e i - | DNS Lookup 25ms

. navPackedSprites-US-22._V183711641_... GET 200 image/fng 711KB 200

i . Connecting 28ms
transparent-pixel._V192234675_.gif GET (from cache)  image/gif (from cache) Ser as 5

= L
site-wide-13640146130.js._V183531323... GET 200 application/x-javascript 13361KB 403 e 5

— ending
WWWw.amazon.com GET Pending Pending 0B 1d .

] | Waiting 35ms

4| 51skuPkUrxL._SL500_Pisitb-sticker-ar... GET 200 imagelpey 7106B 170 KRGl 3Bms

= s9-widget-combined-min._V183012506... GET 200 texticss 865KB 127,

T
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HTTP vS BROWSER REPLAY

Browsers are smart

Parallelism on multiple
connections

JavaScript execution can trigger
additional queries

Rendering introduces delays in
resource access

Caching and pre-fetching

HTTP replay cannot
approximate real Web browser
access to resources

Replay

HT T

COMPONENTS ! AKIPO0IS,
0.25s W 0.25s GET /wiki/page |3 generate
| D — page
I 0.06s nalyze page
'
GET combined.min.css
GET jquery-ui.css
GET main-ltr.css
GET commonPrint.css
GET shared.css
GET flaggedrevs.css
GET Common.css
GET wikibits_js
GET jquery.min.js
GET ajax.js
GET mwsuggest.js
GET plugins..._js >
GET Print.css —>
GET Vector.css —>
1.02s 0.67s GET raw&gen=css —_—
GET ClickTracking.js —_—
GET Vector...js —_—
CeT NikiTante. send
ikiTable.css A
GET CommonsTicker.css ¢ files
GET flaggedrevs.js ¢
GET Infobox.css
GET Messagebox.css <
GET Hoverbox.css D —
GET Autocount.css S
GET toc.css S
GET Multilingual.css
GET mediawiki_88x31.png
y
i 0.90s V(:) Rendering + JavaScript
GET ExtraTools.js
GET Navigation.js —>
GET NavigationTabs.js >
GET Displaytitle.js (—_)( S_end
1.19s 0.14s GET RandomBook.js —> files
GET Edittools.js =
GET EditToolbar.js <———%
GET BookSearch._js > IE—
GET MediaWikiCommon.css <€
' - -
E 0_975‘((:) Rendering + JavaScript
GET page-base.png >
GET page-fade.png >
GET border.png <——
CET 1.png (—) S_end
1.13s | 0.70s GET external-link.png [e———> files
GET bullet-icon.png 3_)1
GET user-icon.png €
GET tab-break.png <
v GET tab-current.png
! X -
' O'ZSSi A1) sBarwhe fddg png
. search-ltr_png
—>
ET ﬂI’Ki’WpHgW”-PnQ €«——= send
0.27s | 0.12s ET portal-break:prg [E———=> files
7 ET arrow-right.png —
«—

M + 2.21s total rendering time

Total network time

CFSE — cecchet@cs.umass.edu
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TYPING SPEED MATTERS

Auto-completion in search fields 1s common

Each keystroke can generate a query

GET /Zapi

-.php?action=opensearché&search=W
GET /Zapi.
GET /Zapi.
GET /Zapi.
GET /Zapi.
GET /Zapi.

php?action=opensearch&search=Web
php?action=opensearch&search=Web+
php?action=opensearch&search=Web+2
php?action=opensearch&search=Web+2.
php?action=opensearch&search=Web+2.0

CFSE — cecchet@cs.umass.edu
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JAVASCRIPT EFFECTS ON WORKILOAD

o Browser side input validation
o Additional queries during form processing
Emulated Browser Real Browser

J\l’

Time

Hyus Bsy Bip

i‘l i ‘Ilulll il h bk | lth.un.uul.J 1
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LAN VS WAN LOAD INJECTION

o Deployed BCR instances in Amazon EC2 data centers
o As little as $0.59/hour for 25 instances for Linux
» Windows from $0.84 to $3/hour

o Latency
» WAN latency >= 3 x LAN latency
» Latency standard deviation increases with distance

o CPU usage varies greatly on server for same workload
(LAN 38.3% vs WAN 54.4%)

* us-west

* us-east

s, a a & A a
12800 g - S —_— asia
A a a a a 4 . x A

- . a® Ls
s s s
. s .
R s PR . ey
s aats #AML 2t o x

|| USEast | USWest | Europe | Asia

latency
Stal.ld?:ll‘d 5926 776 906 1670
deviation

0 500 1000 1500 2000 2500
Time in seconds |
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OUTLINE

How Relevant are Standard Systems
Benchmarks?

BenchLab: Realistic Web Application
Benchmarking

An Agenda for Systems Benchmarking
Research

CFSE — cecchet@cs.umass.edu
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OPEN CHALLENGES - METRICS

1=

Manageability

Online operations

Autonomic aspects

HA / Disaster recovery
Fault loads
RTO/RPO

Elasticity

Scalability
Private cloud

Internet scale

Cacheability
Replication

CDNs “Now that desk looks beﬂer Everything's squared away,
6 yesslr squaaocaared away."”

CFSE — cecchet@cs.umass.edu



OPEN CHALLENGES - WORKLOADS

Capture
Quantifiable overhead
Complex interactions
Correlation of distributed traces

Separating trace generation from replay
Scaling traces
Security

Anonymization
Content of updates
Replay
Complex interactions
Parallelism vs Determinism

Internet scale

CFSE — cecchet@cs.umass.edu
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OPEN CHALLENGES - EXPERIMENTS

o Experiment automation
» Capturing experimental environment
» Reproducing experiments
» Minimizing setup bias
o Experimental results
» Certifying results
» Results repository
» Mining/comparing results
o Realistic benchmarks

» Applications
» Workloads

» Injection
J “It's time we face reality, my friends. ...
We're not exactly rocket scientists.”

CFSE — cecchet@cs.umass.edu




CONCLUSION

o Benchmarking 1s hard

o Applications are becoming more complex
» Realistic workloads/interactions
» Realistic applications

o BenchLab for Internet scale Benchmarking of real
applications

o A lot to explore...

CFSE — cecchet@cs.umass.edu




Q&A

http://lass.cs.umass.edu/projects/benchlab/

[ HAVE A
STUPID
QUESTION. ..

DILBERT™ by Scott Adams

THERE ARE NO
STUPLD
GUESTIONS.

THAT'S RIDICULOUS... If
THERE ARE NO STUPID QUES-
TIONS THEN WHAT KIND
OF QUESTIONS DO STUPLD
PEOPLE ASK? DO THEY GET
SMART JUST IN TIME YO
ASK QUESTIONS °

WERE YOU  sge. ., Now

G&N&m THERE'S A
OTUPLD Ques

SOMETHING ? TION.

(
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