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TPC-W BENCHMARK

Online bookstore emulating... amazon.com!

Reference benchmark still in use today in the Systems
community

Address |€| hittp: //5p18.cs.rice.edu 8080/ TPCW /ShoppingCat. php
Y7 N &R (search [ vahoo! companion: [Signin| @My Yahoo! + <FNews « 7 Extertainmert ~ &USpats ~ (7)Shopping ~ d Fiance + 7~ Yahoo! [ Yehoo!Mad

TPC Web Commerce Benchmark (TPC-W)
'T P TRANSACTION PROCESSING
PERFORMANCE COUNCIL

Shopping Cart Page

Qty Product
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Subtotal price: 208.929600
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TYPICAL E-COMMERCE BENCHMARK AVAILABLE
TO THE RESEARCH COMMUNITY

Setup for performance benchmarking

Browser emulator
Static load distribution

Missing features
Content: Javascript, AJAX, cookies, ...
Network: HTTP 1.1 request pipelining, caching, SSL
Latencies: WAN, rendering time...

Emulated clients

App. Servers Database
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BENCHMARK DESIGN

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

Workload definition Web Emulator

Application under Test

TPC Web Commerce Benchmark (TPC-W)
pe==

==

BenchLab approach

HTTP trace

http://...
http://...
http://...
http://...
http://...

http://..gg

Real Web Browsers

Application under Test

(@n |
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OUTLINE

What has changed in WebApps

Benchmarking real applications with
BenchLab

Experimental results

Demo
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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 interactions

HTTP 1.1, CSS, images, flash, HTML 5...

WAN latencies, caching, Content Delivery
Networks...
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EVOLUTION OF WEB APPLICATIONS

Applications 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
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Replay !

HTTP, &)

N

HTTP vS BROWSER REPLAY

ET jquery-ui.css
ET main-ltr.css
ET commonPrint.css
ET shared.css

ET flaggedrevs.css
ET Common.css

ET wikibits.js

ET jquery.min_js
ET ajax.js

ET mwsuggest.js
ET plugins...js >

GET home page and receive HTML (0.25s)
Parse HTML (0.06s)

GET CSS and Javascript on 6 connections in
parallel (Firefox)
Starts rendering and execute Javascript

ET Vector.css
ET raw&gen=css —_—
ET ClickTracking.js —
ET Vector...js —_—
ET js&useskin send
ET WikiTable.css

GET additional Javascript imports €T ComonsTicier. css fifes
. . . ET Infobox.css €
Complete Javascript and continue rendering ET essageboxcss [
ET Autocount.css D S—
ET toc.css D S—

ET Multilingual.css
ET mediawiki_88x31.png

Download images
More rendering

@ Rendering + JavaScript

ET Naviéaiioﬁ.jé
Download final images

ET EditToolbar.js
ET BookSearch.js
ET MediaWikiCommon.css

e Rendering + JavaScript

Browsers are smart renderi
Caching, prefetching, parallelism... £ e

ET external-link.png

ET bullet-icon.png

Javascript can trigger additional requests ET user-icon-pno

ET tab-break.png
ET tab-current.png

HTTP replay cannot approximate real i DR e
Web browser access to resources

g @i k¥VpAgWI - PNd
GET pertal-break:png
ET arrow-right.png

w + 2.21s total rendering time

Total network time
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TYPING SPEED MATTERS

Auto-completion in search fields 1s common

Each keystroke can generate a query

Text searches use a lot of resources

GET /Zapi
GET /Zapi
GET /Zapi
GET /Zapi
GET /api
GET /api

-.php?action=opensearché&search=W
-php?action=opensearché&search=Web
-php?action=opensearché&search=Web+
-.php?action=opensearché&search=Web+2
-.php?action=opensearché&search=Web+2.
-.php?action=opensearché&search=Web+2.0
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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.
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OUTLINE

What has changed in WebApps

Benchmarking real applications
with BenchLab

Experimental results

Demo
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BENCHLAB

Capture application workloads

Replay captured traces in real Web browsers

Store detailed performance results

Method Status

Name

& site-wide-5674991483.css._V183552863...
websiteGridCSS-websiteGridCSS-358...
;| navPackedSprites-US-22. V183711641 ...

| transparent-pixel._V192234675_.gif
site-wide-13640146130.js._V183531323...

wWww.amazon.com

4| 51skuPkUrxL._SL500_Plsitb-sticker-ar...
_ | s9-widget-combined-min._V183012506...

GET
GET
GET
GET
GET
GET
GET
GET

200
200
200

200

Pending

200
200

Type Size
texticss 30.15KB
lexticss 21.36KB
image/png 711KB
image/lgif (from cache
application/x-javascript 133.61KB
0B
imagefjpey 710KB
texticss 8.65KB

Benchmark repository
Store virtual machines of applications under test

Time

Timeline 7825 11.72s

141ms lg—‘ 3Bms
L

148
200
86
403
10
170
127,

DNS Lookup 25ms

Connecting 28ms

SSL 0

Sending 0
Waiting 35ms
Receiving

Lo

Store test traces, configurations and results

Repeat experiments

Compare results

15.63s

36ms
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RECORDING HTTP TRACES

3 options to record traces in HTTP Archive (HAR) format
directly in Web browser
at HA proxy load balancer level
using Apache httpd logs

HA Proxy recorder

Frontend/
Load balancer

A =
&l

L

\| ——uiil
K

(G

Recording in the Web browser

. Databases
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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
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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
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Web page browsing HAR results

and rendering

Qan230I2
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WIKIMEDIA FOUNDATION WIKIS . }

WiKIPEDIA
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
Opent books for an open world

BenchLab — cecchet@cs.umass.edu
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RUNNING AN EXPERIMENT WITH BENCHLAB

Use your own deployment framework and monitoring

Real browser replay

Full rendering with AJAX, JS, multimedia...

Emulate human typing speed while filling form, click buttons...

Analyze, compare & share results

Detailed Network and Browser timings

B

Uploa
" resulfs l_

X

1. Upload traces
‘;“! 2. Define experiment

3. Start experiment
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(e
] #

o

* Repeat experiment
» Export setup/traces/

ko] o
S|l & | = c
s c(lc8ll&s
S B EG| 2 ®
" (=} sl 25 Traces (HAR or access_log)
4 © o el 3@
5 @ S8l 5> Results (HAR or latency)
0 o X » 1) .
o & w = Experiment Config
= Benchmark VMs
|\Experiment scheduler
\_/
_/

) VMs/results
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OUTLINE

oWhat has changed in WebApps

oBenchmarking real applications with
BenchLab

oExperimental results

oDemo

“It's time we face reality, my friends. ...
We're not exactly rocket scientists.”
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EMULATED VS REAL BROWSER

o CPU and IO usage varies greatly on server for same workload

o CloudStone with 25 users workload from Amazon EC2 East
Coast to Umass Amherst
» Avg CPU emulated: 63.2%
» Avg CPU real browser: 77.7%

o Resource access pattern affects file caching on server

Emulated browser Real browser

100 i 100 I -

c c
£ 60 = 60
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JAVASCRIPT EFFECTS ON WORKILOAD

o Server side resource usage varies greatly
o Additional queries during form processing
Emulated Browser Real Browser

J\l’

i‘l i ‘Ilulll il h bk | lth.un.uul.J 1

Time

Hyus Bsy Bip
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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 CPU usage varies greatly on server for same workload

(LAN 38.3% vs WAN 54.4%)

+ us-west
25600
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CONCLUSION

Web Applications have changed

Real browsers needed for modern WebApp
benchmarking

BenchLab provides

Infrastructure for Internet scale Benchmarking of real
applications

Virtual Appliances of real applications
Repository of traces, benchmarks and results

A lot to explore...
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COME AND SEE OUR POSTER AND DEMO

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

DILBERT™ by Scott Adams

[ HAVE A THERE ARE NO
STUPID QTUPID
QUESTION...  QUESTIONS.

bl L L

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 10
ASK QUESTIONS °

ey ¥} 3 Al

WERE YOU
GOING YO
ASK. ME
SOMETHING ?

SEE... NOW
THERE'S A
OTUPLD Quty
TION.
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