Why is this web app running slowly?

Performance Engineering: Theory & Practice
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Web Application Performance

« Topics:
- Building scalable web applications
= YSlow scalability model: page composition
- Page Load Time and Round trips
- W3C Nav/Timing API
- Google Analytics & RUM
- ETW-based web application performance monitoring

= Case study
- a server-side ASP.NET application (with lots of buggy JavaScript)
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Web Application Performance

 Themes:

= The Value of Response Time measurements
- Service Level reporting

- Application response time measurements correlate with measures of customer
productivity & satisfaction

- Queuing models, decomposition & other analytic techniques

- Obstacles:
- acquiring important Measurement data
- Request-Response boundaries are blurred in many AJAX applications
- Understanding how to set good response time objectives

- Since human beings are adaptable, “Good” and “Bad” response times are often
relative to the application context

- See Engineering Time, by Dr. Steve Seow



SPE: Web App Performance 11/28/201

Web Application Performance

 Themes:

- Integrating software performance engineering into the software
development life cycle
- Create a positive feedback loop using instrumentation to measure performance
and reinforce software quality
- Understand the relationship between responsiveness and customer satisfaction

- Application code needs to be instrumented so that performance can be tracked
against the goals during development, test, QA testing, and Production
- Once the code is instrumented properly, any test can be a performance test

- The instrumentation remains useful in production (DevOps)
- Diagnose performance problems once the app hits production
- Uncover and diagnose performance regressions during subsequent development cycles
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Web Application Performance

» Themes:
- Web application programming models and fashion change faster than
tools can adapt
- AJAX
- e.g., Auto-complete in Google Search
- achieved using client-side JavaScript & Asynchronous Http web service Requests

- High Availability and Scalability using n-tiered architectures
- typically, a Presentation Layer, Business Objects layer, and a Data Access Layer

- the latest JavaScript frameworks
- HTMLS
- HTTP/2

- Effective performance tools are usually one or two releases behind emerging
technology
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Scalability models

- Fundamental concept in software performance engineering (SPE)

+ namely, f (x),
such that £(x) reliably predicts Response time or Thruput.

- Factors can be
> linear (m + n... )
= multiplicative (m * n )
= exponential ( m" )
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Why is my web app running slowly?
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Why is this web app running slowly?

- Database Query with graphical reporting
- MS SQL Server DB containing Windows performance counter data, gathered
once per minute
- # of machines scales to 10,000+ machines

- Developed using ASP.NET (Server-side controls) + JavaScript

<asp:DropDownList ID="ddlCurrentView" runat="server" Width="100">
<asp:ListItem Text="Single-day" Value="Single-day"></asp:ListItem>
<asp:ListItem Text="Multi-day" Value="Multi-day"></asp:ListItem>
</asp:DropDownList>

Note: runat="server" with autopostback=“true” requires Http GET
Requests to be sent to 11IS/ASP.NET for each Ul interaction
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Why is this web app running slowly?

- Developed using ASP.NET (Server-side controls)
- Multiple tiers: presentation/business objects/data layer

- Uses the Model-View-Controller (MVC) pattern

+ Key elements of the web Page
- data-rich Charting component (.NET Chart, based on the Dundas component)
- Chart definition used to generate the DB Query and the results are mapped to a
Chart instance
- Library of Chart templates
* Machine selection
- Date/Time selection
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hy is this web app running slowly?

Home | Grade | Components | Statistics |

imakh/yslow.htmi=1.
il

“.
Ll |
Rulesets| Yslow(v2)  |+| [Edit|

11/28/201

Ask an

Grade Overall performance score 75 Ruleset applied: YSlow(V2) URL: http://localhost/PSPortal/charts.aspx?...

Make fewer HTTP requests

expert:

Use a Content Delivery Network (CDN)

Avoid empty src or href

Add Expires headers

ALL (23) FILTERBY: CONTENT (6) | COOKIE (2) | CSS(6) | IMAGES (2) | JAVASCRIPT (4) | SERVER (6)  Tweet| [EJ Share

Grade E on Make fewer HTTP requests

This page has 11 external Javascript scripts. Try combining them into one.
This page has 5 external stylesheets. Try combining them into one.

Compress components with gzip

Decr ing the ber of comp ts on a page reduces the ber of HTTP r sts required
to render the page, resulting in faster page loads. Some ways to reduce the number of

Put CSS at top
w Put JavaScript at bottom

A Avoid CSS expressions

n/a Make JavaScript and €SS external

A Reduce DNS lookups

Minify JavaScript and CSS

Avoid URL redirects

Remove duplicate JavaScript and CSS

Configure entity tags (ETags)

Make AJAX cacheable

Use GET for AJAX requests

Reduce the ber of DOM el

Avoid HTTP 404 (Not Found) error

Reduce cookie size

Use cookie-free domains

Avoid Alphalmageloader filter

Do not scale images in HTML

PID(D|M|D(D[ M|D(D||D|>|®

Make favicon small and cacheable

include: combine files, combine multiple scripts into one script, combine multiple CSS
ﬁles into one style sheet, and use (SS Sprites and image maps.

»Read More

Copyright © 2012 Yahoo! Inc. All rights reserved.
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What is YSlow?

- Based on the influential work of Steve Souders®
= originally at Yahoo
= since migrated to Google
- Google Chrome extension
= Rule-based
- Influenced:
» Chrome PageSpeed Insights
- |E Developer Tools
- Fiddler
- Glimpse
- etc.

* High Performance Web Sites, O’'Reilly Media, 2007

H S o BasterJoading \Web Sites

High Performance

Web Sites_

Essential Knowiledge
Jor Front-End Engineers

O'REILLY"
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What is YSlow?

- Optimize for Page Load Time

- Makes specific recommendations on how to improve Page Load Time
for a specific web page
- Document Object Model (DOM) for rendering a web page

- Request.Start =~ DOM.Complete

- Standardization effort to wire performance timing data to the DOM &
create a consistent way to access it
- Navigation Time, Performance Timing & a High Resolution Clock

14
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Page Load Time

Http GET Request (Uri)

Browser \/

Http RESPONSE

Compose

&
Render Note: Http is a sessionless protocol



YSlow
Chrome
extension

e [ ——

Home I Grade | Components | Statistics |

Rulesets YSlow(V2) [~] [Edit] |(3) Help,

Grade Overall performance score 77 Ruleset applied: YSlow(V2) URL: http://localhost/Performance%20Sentry%20Portal/chart
ALL (23) FILTERBY: CONTENT (6) | COOKIE (2) | CSS(6)| IMAGES (2) | JAVASCRIPT (4) | SERVER (6) W Tweet| [ Share
E Make fewer HTTP requests
Grade E on Make fewer HTTP requests
F Use a Content Delivery Network (CDN) o
z This page has 11 external Javascript scripts. Try combining them into one.
A Avoid empty src or href This page has 5 external stylesheets. Try combining them into one.
F Add Expires headers
Decreasing the number of components on a page reduces the number of
A Compress components with gzip HTTP requests required to render the page, resulting in faster page loads.
Some ways to reduce the number of components include: combine files,
A PutCSSattop combine multiple scripts into one script, combine multiple CSS files into one
style sheet, and use CSS Sprites and image maps.
E Put JavaScript at bottom

A Avoid CSS expressions

n/a Make JavaScript and CSS external

A Reduce DNS lookups

B Minify JavaScript and CSS

Avoid URL redirects

Remove duplicate JavaScript and CSS

Configure entity tags (ETags)

Make AJAX cacheable

Use GET for AJAX requests

Reduce the number of DOM elements

Avoid HTTP 404 (Not Found) error

Reduce cookie size

Use cookie-free domains

Avoid Alphalmageloader filter

Do not scale images in HTML

D|DP(D|ITM|D(DP|®[D|DP|™(>D]|>

Make favicon small and cacheable

»Read More

Copyright @ 2013 Yahoo! Inc. All rights reserved.
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PageSpeed

r s 4 ' e~
c‘_lge;velope:rls htthﬂocthosUPerfgnnancﬁentryPoEﬁesth)allyc‘h.aiu.aspx ' . ‘
Chrome Elements Resources Network Sources Timeline Profiles Audits Console | PageSpeed |
Refresh Clear

®
eXteHSIon Overview “

B2 Minimize payload (3) Suggestion Summary

Optimize images Click on the rule names to see suggestions for improvement.
Minify JavaScript Minimi load
Minify HTML = Minimize payloa

Optimize images, (' Minify JavaScript, (L)Minify HTML

Minimize delay in page
Q yinpag = Minimize delay in page load

load (1) (L)Specify image dimensions
|
Specify image dimensions « Other
B Other (5) Defer parsing of JavaScript, (\/)Leverage browser caching, (L)Specify a cache validator, (L)Remove 1]

query strings from static resources, (L)Specify a Vary: Accept-Encoding header
Defer parsing of JavaScript

Leverage browser caching

Specify a cache validator

Remove query strings fro...

Specify a Vary: Accept-...

D Already done! (18)

Q%= Q
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Page I-oad Tlme Http GET Request (Uri)

ﬁ
Web Browser

Http RESPONSE

Compose & Render

Response message often contains embedded references to additional
resources needed to render the Page
e.g.,

image files

style sheets
JavaScript files



SPE: Web App Performance 11/28/201 19

Page I-oad Tlme Http GET Request (Uri)

ﬁ
Web Browser

Http RESPONSE

Compose & Render

- HTTP interacts with the underlying TCP/IP networking protocols
- HTTP Response messages > Ethernet packet size (~ 1500 bytes) require
multiple IP packets
 With large cookies and a large number of parms, GET Request messages can also
exceed the Ethernet packet size
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Page Load Time

* YSlow scalability model:

Render Time ~ RoundTrips * RTT

tpObjectSize,

RoundTrips = ).;- h

packetsize



M chrome-extension:/ninejcohidippngpapilmkglimakh/yslowhtmi#88 ==

_ Home | Grade | Components | Statistics | Rulesets YSlow(V2) [+] [Edit] (%) Help.

Grade Overall performance score 77 Ruleset applied: YSlow(V2) URL: http://localhost/Performance%20Sentry%20Portal/chart
ALL(23) FILTERBY: CONTENT (6) | COOKIE (2) | CSS(6) | IMAGES (2) | JAVASCRIPT (4) | SERVER (6) ¥ Tweet| [ Share
E Make fewer HTTP requests
Grade E on Make fewer HTTP requests
F Use a Content Delive =
s ow A Avoid emp This page has 11 external Javascript scripts. Try combining them into one.
This page has 5 external stylesheets. Try combining them into one.
F Add res headers
Decreasing the number of components on a page reduces the number of
A thpress components with gzip HTTP requests required to render the page, resulting in faster page loads.
Some ways to reduce the number of components include: combine files,
A CSS at top combine multiple scripts into one script, combine multiple CSS files into one
style sheet, and use CSS Sprites and image maps.
E Put\aScript at bottom
A Avoid CS ressions »Read Hore
n/a Make JavaScript a external

Copyright © 2013 Yahoo! Inc. All rights reserved.

A Reduce DNS lookups

Minify JavaScript and CSS

Avoid URL redirects

Remove duplicate JavaScript and CSS

Configure entity tags (ETags)

Make AJAX cacheable

Use GET for AJAX requests

Reduce the number of DOM elements

Avoid HTTP 404 (Not Found) error

Reduce cookie size

Use cookie-free domains

Avoid Alphalmageloader filter

Do not scale images in HTML

@|DP(D|I|DP[(DP|®|D[(D|™|D|>P|®

Make favicon small and cacheable
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YSlow scalability model:
Browser Render Time =~ RoundTrips * RTT

- Web Browser performs page composition using the Document Object
Model (DOM)

- YSlow Rule: Make fewer HTTP requests

- YSlow Rule: Improve cache effectiveness

- YSlow Rule: Reduce the number of DOM elements

= YSlow Rule: Compress the objects the page does need to load

- Tuning is a process that attempts to drive

RoundTrips = 0
RoundTripTime = 0
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YSlow scalability model:

Browser Render Time =~ RoundTrips * RTT

= Round Trip Time (RTT), rather than network bandwidth, is determinative for
internetworking across long distances

- Strategies to reduce RTT

= TCP session-oriented behavior requires that each packet sent must be ACKed
by the Receiver

- YSlow Rule: Use a Content Delivery Network (e.g., Akamai)
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YSlow scalability model

« Increase cache effectiveness

= Static content readily cached:
- Images files, Style sheets, Scripts

= Multiple caching services
- Browser resident (e.g., Temporary Internet Files)
- Content Delivery network
- IS

= Caching content generated dynamically by ASP.NET programs is more
difficult!

- ASP.NET
» Cache API
- Output Cache
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YSlow scalability model complications

- Web Browsers create multiple TCP sessions to download referenced
objects in parallel
- YSlow Rule: take advantage of parallel sessions by loading scripts last

» Accurate rendering of the DOM requires that downloading a JavaScript file
blocks parallel downloads

- Script may add elements to the DOM dynamically, call other scripts or reference
additional resources

- Browser assumes DOM rendering can only resume affer the Javascript code
executes

Page Load Time = Browser Render Time +
Script execution Time +
(RoundTrips * RTT)/Sessions
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YSlow scalability model complications

- RTT may vary across Requests (using different TCP sessions)

= Objects can be geographically dispersed
- Local cluster, remote, cloud
- e.g., referencing 3"-party, advertising services

= TCP adaptive window scaling and other network congestion avoidance
strategies

= YSlow never actually measures RTT, but other related tools can

- Ignores variability in the execution time of client and server-side code
= e.g., sort() alarge list of elements, or
= 3 hi-res visualization component that scales nonlinearly with the size of the
result set
- Compression recommendations can be at odds with code maintainability
Best Practices
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YSlow scalability model

- Despite the many complications, the YSlow scalability model has
proved very influential
- Browser Page Load Time is an end-to-end measurement of service time,
which is apt to be correlated with customer satisfaction
- see, for example, “37 Lessons I've Learned on the Performance Front Lines”
= or, even more important for e-commerce sites, fulfillment rates

- see, e.g., https://searchengineland.com/how-not-to-get-lost-in-the-
performance-oriented-web-303071

- Google, for example, practices what it preaches

- Uses very simple Response messages (although they have grown more
complicated due to competition from Bing)


https://www.slideshare.net/Strangeloopnet/37-lessons-ive-learned-on-the-performance-front-lines
https://searchengineland.com/how-not-to-get-lost-in-the-performance-oriented-web-303071
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'8 - .

Elements Resources Network Sources Timeline Profiles Audits Console | PageSpeed |

Google
sea rch Overview
Ianding £ Minimize payload (1)

Suggestion Summary

Minify JavaScript Click on the rule names to see suggestions for improvement.
page €3 Minimize delay in page i m:&mgi;zg;?p?
load (1)
PSS Ty o " (LIPul 0SS in the document head
£2 Other (1) .
Defer parsing of JavaScript (L)Defer parsing of JavaScript

D Already done! (24)

H = Q 06 04 Xt
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Google Search landing page

( o /fwww aooale com/<earch?a=web+anplication+performance+manaaement +tool<& o sh+aoplic n+perfor ~a+toolc E (=) i )
7.' ope! https:.//www.google.com/search/g=web+application+performance+manageme loolsdlog=we apr atio herforma p+tools... i A

Elements Resources Network Sources Timeline Profiles Audits Console | PageSpeed |

Refresh Clear
i Minimize request size
£ Minimize payload (2) Keeping cookies and request headers as small as possible ensures that an HTTP request can fit into a single packet.
Minify JavaScript Learn more
Minify HTML
& Winimize delay in page Suggestions for this page
load (2)

. . The requests for the following URLs don't fit in a single packet. Reducing the size of these requests could reduce
Minimize request size latency.

Put CSS inthe documen... o https://www.google.com/gen_2047... has a request size of 2.6KiB

£2 Other (1) o Regquest URL: 872B
, : o Cookies: 471B
Defer parsing of JavaScript o Referer Url: 238

o Other: 1.2KiB
o https://www.google.conV.../rs=ARRSTMNPIyXYwZbu6TKwmb1laiJbvd1hQ has a request size of 2.1KiB
D Already done! (22) o Request URL: 641B
o Cookies: 471B (note that this is a static resource, and should be served from a cookieless domain)
o Referer Url: 23B
o Other: 1013B
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YSlow scalability model

- Despite the many complications, the YSlow scalability model has
proved very influential
- Sparked development of web page performance tools that do measure
Page Load Times
- Browser-based Developer Tools
- Waterfall (timeline) graph
- e.g., Chrome, Edge “Network” View

- Note: simple analysis of network traffic cannot account for any JavaScript
execution time delays
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YSlow Scalability model assessment

File Find Disable View Images Cache Tools Validate | Browser Mode: IE10 Document Mode: St ds =]
HTML S5 Console Script  Profiler | Network Search Captured Traffic... P |
[y =% pturing.| | Goto detailed view | Clear I
URL Method Result Type Received ken Initiator Timings .
http: flocalhost/PerformanceSentryPortalTest/DailyCharts. aspx GET 200 text/html 1.44 MB 35 dick | i
[PerformanceSentryPortalTest/assets skins fsam/menu. css GET 304 textfcss 1616 ms <link rel="style... |
[PerformanceSentryPortalTest/assets fskins fsam/container. css GET 304 text/css 161E 5 <link rel="style... |
[PerformanceSentryPortalTest/assets fskins fsam/calendar. css GET 304 textfcss 1618 5 <link rel="style... |
[PerformanceSentryPortalTest/css/basic. css GET 304 text/css 159E 5 <link rel="style... |:|
[PerformanceSentryPortalTest/fcss fcharts. css GET 304 textfcss 1618 <link rel="style... D
[PerformanceSentryPortalTest/\MebResource. axd?d=RmpnlJ4_9... GET 304 applicationx-jagk 191E <srript= |
[PerformanceSentryPortalTest/ScriptResource. axd?d=fzMaGitek... GET 304 application/x-j=lk... 192B <script |
[PerformanceSentryPortalTest/SoriptResource, and?d=clazqGVD... GET 304 application/x-izk... 191B <srript= |
[PerformanceSentryPortalTest/SoriptResource, and?d=0Mv3HBE. ..  GET 304 textfjavascript 181E <srript= D
[PerformanceSentryPortalTest/SoriptResource . and?d=ompP7ihH...  GET 304 textfjavascript 182E <srript= |
[PerformanceSentryPortalTest/SoriptResource, and?d=6uslShxsG..,  GET 304 textfjavascript 183E <srript= |
[PerformanceSentryPortalTest/SoriptResource, and?d=6_4-WON.., GET 304 textfjavascript 182E <srript= |
[PerformanceSentryPortalTest/SoriptResource. and?d=_L|_NO3d... GET 304 textfjavascript 182E <srript= |
[PerformanceSentryPortalTest/SoriptResource, and?d=EaBDjWAc.., GET 304 textfjavascript 182E z <srript= |
[PerformanceSentryPortalTest/SoriptResource, and ?d=0MNnkMLW, ..  GET 304 textfjavascript 182E <srript= |
[PerformanceSentryPortalTest/SearchForMachinesWebservice.a...  GET 200 applicationx-ja 5.39 KB <srript= |
[PerformanceSentryPortalTestfimagesDemandTechHeader.jpg GET 304 image fipeg 164E <img= |
fPerformanceSentryPortalTest/Chartimg.axd?i=charts_0/chart_... GET 200 image fipeg 234.71KE <img = i
[PerformanceSentryPortalTest/Chartimg.axd?i=charts_0/fchart_... GET 200 image fipeg 33.63KB 5 <img= |]
fPerformanceSentryPortalTest/Glimpse.axd?n=glimpse_dient&ha... GET 304 application/x-java. 150B ms <sCripts |
[PerformanceSentryPortalTest/Glimpse.axd?n=glimpse_metadata... GET 304 applicationfx-java 159E ms <srript= |
[PerformanceSentryPortalTest/Glimpse.axd?n=glimpse_request&... GET 200 applicationx-java. 19,50 KB & ms <script> E
[PerformanceSentryPortalTest/Glimpse.axd?n=glimpse_sprite&ha... GET 304 image,fpng 1ms background-image

Sent: 10.74 KB (11,002 bytes) Received: 1) 4. C68 427 bytes)
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Developer Tools - h
Elements Resources | Network | Sources Timeline Profiles Audits Console PageSpeed

Name
 Path

A

e

| ScriptResource.axd?d=EaBDjWAGDU_jadYKXdQSIkKpsSE-jPHXZZ...

il l_ LJ L

4 L ]

=| DailyCharts.aspx

/PerformanceSentryPortalTest

container.css
/PerformanceSentryPortalTest/assets/skins/sam

calendar.css
PerformanceSentryPortalTest/assets/skins/sam

basic.css
/PerformanceSentryPortalTest/css

charts.css
PerformanceSentryPortalTest/css

menu.css
/PerformanceSentryPortalTest/assets/skins/sam

WebResource.axd?d=RmpnU4_985dsNDySTZf7Q4¢c_aAY4hwMET...

PerformanceSentryPortalTest

ScriptResource.axd?d=1zMqGiteKyFvMAoWrald78ESZuiol)-2Htyl...

/PerformanceSentryPortalTest

ScriptResource.axd?d=cUazqGVDfrOzcady-yd3wIUuF6Wg59gZz...

PerformanceSentryPortalTest

ScriptResource.axd?d=OMv3HBKeNf-jrgXHaMEmJdOuidS5WaZo...

/PerformanceSentryPortalTest

ScriptResource.axd?d=ompP7ihHuV_5zZ3KANuMdJi0BJoY1Tz_-XA...

PerformanceSentryPortalTest

ScriptResource.axd?d=6usIShx5Gxm_x6ikishBGQVzoxell mSKidu...

/PerformanceSentryPortalTest

ScriptResource.axd?d=6_4-WONXLnf1bExsOL_L8bOQXUUgrjxxeX...

PerformanceSentryPortalTest

ScriptResource.axd?d=_LI_NO9dbOm_2c2NtQAU3HF-C-NvjP-nT6...

/PerformanceSentryPortalTest

PerformanceSentryPortalTest

ScriptResource.axd?d=0ONnkMLWq1138j)-FkwdmcX97ZDkDesHP...

/PerformanceSentryPortalTest

Jsdebug

/PerformanceSentryPortalTest/SearchForMachinesWebService.asm

DemandTechHeader.jpg
/PerformanceSentryPortalTest/images

Chartimg.axd?i=charts_0/chart_0_1 jpeg&g=dfe3af6ce1434d93a...

/PerformanceSentryPortalTest

Chartimg.axd?i=charts_0/chart_0_2.jpeg&g=4925194d1222445a...

/PerformanceSentryPortaiTest

x| Q
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GET
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Status
[ Text
200
OK
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200
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200
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200
oK
200
OK
200
oK
200
oK
200
OK
200
OK
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® O ) | Documents Stylesheets Images Scripts

Type

text/ntml
text/css
text/css
text/css
text/css
text/css
applicatio...
applicatio...
applicatio...
text/javas...
text/javas...
text/javas...
text/javas...
text/javas...
text/javas...
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Architecting High-Performance web sites

« Scale: multiple-tiers, clustering
 Geographical diversity

- take advantage of parallel TCP sessions
- sharding monolithic content; HTTP/2 vs. HTTP/1

« Cache effectiveness

= Qptimizing for browser-based cache
- what about Mobile?
= edge networks (CDNs)

 Connected native applications vs. browser-based
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YSlow scalability model

- Despite its many complications, the YSlow scalability model has
proved very influential

= Evolved from a “Rules and Recipes” analysis of static DOM elements approach
to a dynamic, measurement approach
- Standardized instrumentation so developers could access the PLT
measurements reliably across Browsers

- Creation of standard DOM performance objects that are accessible using
JavaScript

= Once actual web application performance data becomes readily available from
the web browser, web developers face a problem of how to get that data back
to my data center for optimization & capacity planning?


http://mediatemple.net/blog/tips/low-hanging-fruit-web-performance/
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YSlow scalability model

- Despite its many complications, the YSlow scalability model has
proved very influential

- Evolved from a “Rules and Recipes” analysis of static DOM elements
approach to a dynamic, measurement-oriented approach

- But “Rules and Recipes” still has its adherents:
- see “The Low Hanging Fruit of Web Performance” for a recent example



http://mediatemple.net/blog/tips/low-hanging-fruit-web-performance/
http://mediatemple.net/blog/tips/low-hanging-fruit-web-performance/
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YSlow scalability model

* Addressing the limitations of the YSlow “Rules and Recipes”
approach was the impetus behind adding standardized
instrumentation to the browsers so developers could access the PLT
measurements

= Creation of standard DOM performance objects that are accessible
using JavaScript

= Once actual web application performance data becomes readily available from
the web browsers, developers then face a problem of how to get that data
back to my data center for optimization & capacity planning studies?
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Measuring Web application response time

- Applying the Rules and Recipes approach without recourse to
measurements is problematic

> How much improvement from implementing the Rules to
- cache all static content?
- compress all images files > packet size?
- defer all JavaScript loads?

- But simple measurement approaches have their own limitations:
- Measure the impact of caching at the client & using a CDN?
= RTTs vary geographically!
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Web Application measurement & tuning

- Web Pages contain: - Page Load time can be

> Html improved using parallelism
= Hyperlinks - loading a JavaScript file requires
= CSS serialization because the script can
0 lavaScript modify the DOM
- Images - see Souders
- Audio = AJAX: foreground-background
= Video = web browser support for multiple
- 3rd party Ad servers TCP sessions that execute in

- Banner ads parallel

= HTTP/2

o etc.
 Browser = composition, layout


http://www.stevesouders.com/blog/2010/12/15/controljs-part-1/
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Web Application measurement & tuning

- consider the web app Scalability model:

PDT =~ client render time +

script execution time +

httpObjectSize, .
RTT* (X4 CPTBjectoze, )/ sessions

packetsize

« Measuring Page Load Time
= Time to First Byte
= Time to Ready (for User Input/ Interaction)

- Measurement tools
- Network Monitor capture tools
- browser Developer tools
* RUM & other external tools
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Web Application measurement & tuning

* A survey of measurement tools
= Network Monitor capture tools
- 3r4 party ETE monitoring tools
= browser Developer tools

= external developer tools
- RUM
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Web Application measurement tools

 Network packet trace capture tools
= Extensions to existing network monitors
= Stitch together all network traffic associated with a single web
request into a coherent set of measurements
- Network timeline (or waterfall) view

- identify multiple sessions associated with a single, originating IP
address

= Limitations:
- data is captured from inside the web server network
- large amount of packets captured



i e t\Documents\VRTA-2012-05-02-22.05.38.cap
Eile OQOpticns Help ReportBug!
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2)50035 L l l 192.168.0.150
3) 50036 L I I 192.168.0.150
4) 50037 L | E 192.168.0.150 I
5) 50038 L |:| SSL
6) 50039 L |:| S5L I
7h 50040 L D 192.168.0.150 I
8) 50041 } : 4 ; } 4 4 ' |4 ; 192.168.0.150
2 = 6 8 10 Seconds
i
Kbps "
14947 T I
11958 T '
8968 T L]
5979 T I'
2989 , ' , ; , . , Average: 445 Kbps
2 4 & 8 10 Seconds
"
KBytes Potential vs. Actual Kbps
504 14947.19 Kbps __(@444.85 Kbps
403
302
202
101
2 < 6 8 10 Seconds
Bandwidth Efficiency Rate = 2.98% "
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Web Application measurement tools

» End-to-End (ETE) real-time monitoring tools
- 31 party tools that generate and analyze synthetic Requests
- monitor availability and performance
- using geographically distributed client machines

- see, e.g., Dynatrace Digital Experience Insights product
- formerly Keynote Systems

43


https://www.dynatrace.com/capabilities/digital-experience-insights/
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Web Application measurement & tuning

- consider an enhanced YSlow web app Scalability model:

PDT =~ client render time +

script execution time +

httpObjectSize, .
RTT* (X4 CPTBjectoze, )/ sessions

packetsize

« Measuring Page Load Time
= Time to First Byte
= Time to Ready (for User Input/ Interaction)

- Measurement tools
- Network Monitor capture tools
- browser Developer tools
* RUM & other external tools
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Web Application measurement & tuning

- consider an enhanced YSlow web app Scalability model:

PDT ~ clientrender time +

script execution time +

RTT * an httpObjectSize, sessions
i=1

packetsize

* Rule violations that do not assess how much improvement to expect
from following them are not very useful

 Measuring Page Load Time complications
= RTTs are dependent on where the client is located
= client execution time depends on the capability of the client machine
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Web Application measurement tools

- web browser Developer tools
= Chrome
- Edge
> etc.

- related developer tools
> Fiddler
= Glimpse
- external developer tools
- WebPageTest : a direct outgrowth from YSlow



https://www.webpagetest.org/
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Real User Measurements (RUM)

- Leverage instrumentation in the web browser
- the DOM’s window.Load() event handler
- retain the value of the previous Page’s window.unload() event

« the role of Google Analytics

- evolved from the need to help buyers of Google Ad words understand
how effective their ad buys were

- inject the analytics.js script into web pages to instrument them
= transmit the measurements back to Google using web beacons

438


https://whatismyipaddress.com/web-beacon
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Google Analytics

- Leverage instrumentation in the web browser
- the DOM’s window.Load() event handler
- retain the value of the previous Page’s window.unload() event

« the role of Google Analytics
= evolved from the need to help buyers of Google Ad words understand how
effective their ad buys were
- inject the analytics.js script into web pages to instrument them
= transmit the measurements back to Google using web beacons
= report client visits, referrers, landing pages, bounce-backs, conversions,
and abandonment



https://whatismyipaddress.com/web-beacon
https://searchengineland.com/7-conversion-rate-truths-will-change-landing-page-optimization-strategy-191083
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https://analytics.google.com/analytics/web/#/report-home/a57610107w91355509p95066315
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Google Analytics

- JavaScript instrumentation in the web browser
> hook the DOM’s window.Load() event handler
- retain the value of the previous Page’s window.unload() event
= transmit the measurements back to Google using web beacons
- Chrome extensions to make gathering web application timing data
easier and more reliable
- subsequently adopted as W3C standards

» Google’s “Need for Speed” initiative attempts to correlate Pageload
times with other browsing behavior (like conversions)


https://whatismyipaddress.com/web-beacon
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Web analytics

- Google Analytics is free for small volumes of data
= Large customers need to pay for the reporting service

- Alternative products exist for large web sites whose owners do not
want to send their usage information to Google

» Or, you can roll your own...
- see, e.g., boomerang beacons project



http://akamai.github.io/boomerang/index.html#toc2__anchor
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Web analytics using web beacons

» the beacon is a trivial GET W(:)t;) page
Request sent from the browser
to an interested 3l‘d pal'ty <script src=“/Boomerang/boomerang.js"
- often for a one-pixel transparent type="text/javascript”></script>
gif :
= the parms in the Request carry the ‘ I
data payload 1

- Beacons are the technique used
by web usage tracking
programs to transmit data
from the client machine

Tracking

Web Server )
site
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Boomerang web beacons

» boomerang.js
= JavaScript, embedded in an HTML document, that gathers browser timing data
and returns it to a specified URL using a web beacon
= originally developed at Yahoo

= adopted by SOASTA for use in mPulse, a web analytics reporting tool
- Akamai, a leading 379 party CDN, then purchased SOASTA

<script src="boomerang.js"></script>
<script src="plugins/rt.js"></script>
<script>

BOOMR.init({

beacon_url: "http://yoursite.com/beacon/"

})s

</script>


http://akamai.github.io/boomerang/index.html
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Page Load Time Measurements

- Http Request/Response and Rendering events

navigationStart
redirectStart
redirectEnd
fetchStart
domainLookupStart
domainLookupEnd
connectStart
(secureConnectionStart) loadEventEnd
connecténd loadEventStart
requestStart
responseStart
/ / f / responseEnd 7

Prompt App
for redirect t DNS TCP Request Response Processing load
unload
unload DOMContentLoaded L
/ domComplete
domContentlLoadedEventEnd
domContentLoadedEventStart
dominteractive
domLoading
unloadEventEnd
unloadEventStart

Navigation Timing spec: https://dvcs.w3.org/hg/webperf/raw-file/tip/specs/NavigationTiming/Overview.html#processing-model



https://dvcs.w3.org/hg/webperf/raw-file/tip/specs/NavigationTiming/Overview.html#processing-model

SPE: Web App Performance 11/28/201 56

Page Load Time Measurements

- Http Request/Response and Rendering events

» Web Performance Working Group

« Performance Timeline, Navigation Timing, and High Resolution Time
specification
- Supported in all major browsers

- Event timings are used to calculate Real User Measurements (RUM):

- Network latency (from the standpoint of the web client)
- Page Load time (once the page components are received from the server)
- Entire sequence from navigation to page load completion:

Navigation Timing spec: https://dvcs.w3.org/hg/webperf/raw-file/tip/specs/NavigationTiming/Overview.html#processing-model



http://www.w3.org/2010/webperf/
https://dvcs.w3.org/hg/webperf/raw-file/tip/specs/NavigationTiming/Overview.html#processing-model
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responseStart

navigationStart fetchStart
| redirectStart domainLookupStart responseknd
,' redirectEnd | ,' domainlLookupEnd
b | , ' | loadEventStart
[ [ ] | | connectStart _ loadEventEnd
,' : . | secureConnectionStart
,' | ' , connectEnd |
.' f [ requestStart
vy vy . vvvy vy v ' 8
Prompt for : App :
rlea redirect Giche DNS TCP Request Response Processing load
o 4
A unload A “| DOMContentLoaded
# E | X s
unloadEventStart ‘ , ‘ /
unloadEventEnd " dominteractive
. , I domComplet
domloading | SOREOIMBIER:

domContentLoadedEventStart
domContentLoadedEventEnd

Calculate network latency:
responseEnd - fetchStart



58

|

|

SPE: Web App Performance 11/28/201
navigationStart fetchStart responseStart

| redirectStart domainLookupStart responseknd
|| redirecttnd | | domainLookupEnd
koo | | | loadEventStart
| .' | CORDRGESENE _ loadEventEnd
' . | secureConnectionStart
" | | .| | connectEnd
| f [ | requestStart
‘ )‘ | ‘w ‘J /

r ' [ | [ |
vy - v v v v i‘ vy v , X \

Prompt for : App :
Gnlead redirect ke DNS TCP Request Response Processing load
4
unload /' | DOMContentLoaded N
# 7 X -
unloadEventStart * , ,
unloadEventEnd /" dominteractive
domLloading | dumComplese

domContentloadedEventStart
domContentlLoadedEventEnd

Calculate Page Load Time:
loadEventEnd - responseEnd
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navigationStart fetchStart responseStart
| redirectStart domainLookupStart responseEnd
,' redirectEnd | domainLookupEnd
. | ' ' | | loadEventStart
" - | connecstart ) loadEventEnd
“ [ | secureConnectionStart ‘
,‘ || : | connectEnd j ;
.' [ ] ,’ o | requestStart
( | \ ‘f ‘f / “
| | | | “ “‘ »‘
1‘ | | [ [ ’\‘ "‘ “‘3 “,
vy vy v vey o by . ' i :
Prompt for : App :
Snlead redirect ke DNS TCP Request Response Processing load
‘— _‘
/x unload “| DOMContentLoaded N
« - B -
unloadEventStart , ‘ /
/" dominteractive
domComplete

unIoadEventEnd |
domLloading

domContentloadedEventStart |
domContentLoadedEventEnd

Calculate entire sequence:
loadEventEnd - navigationStart
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window.performance.timing

navigationStart 1380736168062 Time after the previous document begins unload.
fetchStart 1380736168064 2 Time when the resource starts being fetched.
domainLookupStart 1380736168065 1 Time just before domain name lookup.
domainLookupEnd 1380736168065 o Time after domain name lookup.
connectStart 1380736168065 o Time just before server connection begins.
connectEnd 1380736168065 o Time when server connection is finished.
requestStart 1380736168065 o Time just before a server request.
responseStart 1380736168065 o Time just before the start of a response.
responseEnd 1380736168065 o Time after the end of a response or connection.
domloading 1380736168065 o Time just before readiness set to loading.
unloadEventStart 1380736168071 6 Time just before the unload event is fired.
unloadEventEnd 1380736168071 o Time after the previous document is unloaded.
domlnteractive 1380736168077 6 Time just before readiness set to interactive.

domContentLoadedEventStart 1380736168107 30 Time just before DOMContentlLoaded starts.

domContentlLoadedEventEnd 1380736168107 o Time after DOMContentlLoaded event completes.
domComplete 1380736168107 o Time just before document readiness completes.
loadEventStart 1380736168112 5 Time just before the load event is fired.
loadEventEnd 1380736168115 3 Time when the load event is complete.
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Boomerang web beacons

o boomerang.is <script src="boomerang.js"></script>

i _|§ plllg-ill gathers the performance <script src="plugins/rt.js"></script>
timing data and maps it into a series
of name:value parameters added to

the GET Request
bam  Vawe
t_done Perceived load time of the page
t_page Time taken from the head of the page to the page_ready event
t_resp Time taken from the user initiating the request to the first byte of the response
r URL
r2 Referring URL

rt.tstart start timestamp

rt.end Note: t_done = rt.end - rt.tstart


http://akamai.github.io/boomerang/index.html
http://akamai.github.io/boomerang/BOOMR.plugins.RT.html
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Boomerang web beacons

- Intercept the beacons
directed to your Web server

- Process the timing data passed
via the parms

= In ASP.NET, e.g., implement

the IHttpModule interface

- generate ETW events

- an ETW Listener that transforms
them into performance counters
and generates Alerts

Add Counters

Available counters
Select counters from computer:

<Local computer> v Browse...

Http Server Response Times

Avg. Server-side Response Time per Request (miliseconds)
Requests
Requests/sec

HTTP Service

HTTP Service Request Queues

HTTP Service Url Groups
Hyper-V Configuration

Hvner-\ Mvnamic Memorv Ralancer

Instances of selected object:

http://localhost:80/demandtechportal/bocomerang.gif
http://localhost:80/demandtechportal/default.aspx

http://localhost:80/demandtechportal/scriptresource.axd
http://redhook:80/
http:/fredhook:80/ipc$
Search
[_] Show description

Added counters

Counter Parent Inst.. Computer

Http Server Response Times

Remove <<

OK Cancel



https://msdn.microsoft.com/library/7787d5be-40a4-4072-9075-c2b767428453
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window.performance.timing

Network latency: responseEnd - fetchStart
Page Load time: loadEventEnd - responseEnd
Entire sequence: loadEventEnd - navigationStart

navigationStart 1380736168062 Time after the previous document begins unload.

fetchStart 1380736168064 2 Time when the resource starts being fetched.

domainLookupStart 1380736168065 1 Time just before domain name lookup. N etwo rk &
domainLookupEnd 1380736168065 o Time after domain name lookup.

connectStart 1380736168065 o Time just before server connection begins. server I.ate“cy
connectEnd 1380736168065 o Time when server connection is finished.

requestStart 1380736168065 o Time just before a server request.

responseStart 1380736168065 o Time just before the start of a response.

responseEnd 1380736168065 o Time after the end of a response or connection. A\ 4

domLoading 1380736168065 o Time just before readiness set to loading. ]

unloadEventStart 1380736168071 6  Time just before the unload event is fired.

unloadEventEnd 1380736168071 o Time after the previous document is unloaded.

domlInteractive 1380736168077 6  Time just before readiness set to interactive. Pa ge l 03 d 'I'im e
domContentLoadedEventStart 1380736168107 30 Time just before DOMContentLoaded starts.

domContentLoadedEventEnd 1380736168107 o Time after DOMContentLoaded event completes.

domComplete 1380736168107 o Time just before document readiness completes.

loadEventStart 1380736168112 5  Time just before the load event is fired. \/

loadEventEnd 1380736168115 3 Time when the load event is complete.
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window.performance.timing

see, for example, http://kaaes.github.io/timing/

Page Load Time Breakdown

| 0ms navigationStart
- 0-183ms redirect
| 183ms fetchStart

| 183-183ms domainLookup

| 183-183ms connect

| 356ms domLoading
| 468ms domlinteractive
. 468-536ms domContentLoadedEvent
| 1393ms domComplete
| 1393-1395ms loadEvent

What does it all mean?

64


http://kaaes.github.io/timing/
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performance.now High Resolution Clock

see https://developer.mozilla.org/en-US/docs/Web/APl/Performance/now

<html>

<head>

<script type="text/javascript">

// Add load event listener.
window.addEventListener("load", loadTime, false);

function loadTime() {
// Get current time.
var now = window.performance.now();
// Calculate page load time.
var page_load_time = now - performance.timing.navigationStart;
// Write the load time to the Fi2 console.
if (window.console) console.log(page_load_time);
}
</script>
</head><body>
<!- Main page body is here. --> </body>
</html>



https://developer.mozilla.org/en-US/docs/Web/API/Performance/now
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Additional RUM resources

« W3C Web Performance Working Group
- see http://www.w3.0rg/2010/webperf/ for latest docs

- IE doc:
- Timing and Performance APIs: see http://msdn.microsoft.com/
= coding examples:

- http:/ /msdn.microsoft.com/en-us/library/ie/hh673552(v=vs.85).aspx
- http://ie.microsoft.com/testdrive/Performance/msPerformance/Default.html

- see http://www.html5rocks.com/en/tutorials/
- see also Andrea Trasatti’s blog
« see also http://kaaes.github.io/timing/info.html



http://www.w3.org/2010/webperf/
http://msdn.microsoft.com/en-us/library/ie/hh772738(v=vs.85).aspx
http://ie.microsoft.com/testdrive/Performance/msPerformance/Default.html?loaded=0
http://ie.microsoft.com/testdrive/Performance/msPerformance/Default.html?loaded=0
http://www.html5rocks.com/en/tutorials/webperformance/basics/#toc-introduction
http://blog.trasatti.it/2012/11/measuring-site-performance-with-javascript-on-mobile.html
http://kaaes.github.io/timing/info.html
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Case Study: IE Developer Tools

DailyPerfonm%— GV A— 7 N
File Find Disable View Images Cache Tools Vglidate| Browser Mode: IE10 Document Mode: Standards =
HTML  CSS  Console Script Profiler :Networki‘ Search Captured Traffic... PJ
h w = [ Start capturing ] [ Back to summary view ] [ < Prev ] 1/20 Next > Clear

‘| URL: http:/flocalhost/PerformanceSentryPortalTest/DailyCharts.aspx
'|| Request headers | Request body | Response headers | Response body | Cookies | Initiator | Timings l

Name Offset Duration 0Oms 292s
Wait Oms <1lms

Start Oms <1ms

Request Oms 1.40s

Response [ +140s  [265ms |

Gap + 1.66s 1.25s

DOMContentLoaded (event) +2.37s -

Load (event) +2.92s -

=

265 ms
\

Response: -
| The time taken to receive the response data from the server.




Case Study:
IE Developer Tools
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r

rElemens Resources Network Sources Timeline Profiles Audits | Console | PageSpeed

Developer Tools - http:/, erformanceSentryPortalTest/DailyCharts.asg —

> performance

¥ Performance {onwebkitresourcetimingbufferfull: null, memory: MemoryInfo, timing:
PerformanceTiming, navigation: PerformanceNavigation, getEntries: function..}
> memory: MemoryInfo
» navigation: PerformanceNavigation
onwebkitresourcetimingbufferfull: null
v timing: PerformanceTiming
connectEnd: 1388827288475
connectStart: 1380827288475
domComplete: 138082733134
domContentlLoadedEventEnd: 138827382923
domCententlLoadedEventStart: 1380827302873
domInteractive: 1380827382873
domLoading: 1380827300241
domainLockupEnd: 1388827288475
domainlLookupStart: 1380827288475
fetchStart: 1380827288475
lcadEventEnd: 138@8273@3135
loadEventStart: 138€8273@3134
navigationStart: 1388827288475
redirectEnd: ©
redirectStart: @
requestStart: 1388827288479
responsetnd: 1380827308433
responseStart: 138827299501
secureConnectionStart: @
unloadEventEnd: 138827299504
unloadEventStart: 1380827299524
» _proto__: PerformanceTiming
» __proto__: Performance

B, > Q © <topframe> v <page context> v ¥ @ | Errors  Warnings

m

-

Lo 63 £p




SPE: Web App Performance 11/28/201 69

Proposed PerformancePaintTiming Interface

- Latest Google initiative:
- https://w3c.github.io/paint-timing/#sec-PerformancePaintTiming
- adds new timing data to the DOM Performance object
= browser First Paint
- browser First Contentful Paint

- first time when users can start to consume page content - they understand
that the Page is responding & something good is happening

- Available in Google’s PageSpeed Insights tool
= https://developers.google.com/speed/pagespeed/insights/



https://w3c.github.io/paint-timing/#sec-PerformancePaintTiming
https://developers.google.com/speed/pagespeed/insights/
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Page Load times

Is it happening?  Has the server responded? First Paint
Is it useful? Has enough content rendered that users  First Contentful
can engage with it? Paint
Is it useable? Can the user interact with the page? Document Content
Load

Is it delightful? Are the interactions smooth and natural? Animations, video
streaming, etc.

* New browser instrumentation:
» PerformanceObserver, PerformanceEntry, DOMHighResTimeStamp

« See User-centric Performance Metrics



https://developer.mozilla.org/en-US/docs/Web/API/PerformanceObserver
https://developer.mozilla.org/en-US/docs/Web/API/PerformanceEntry
https://developer.mozilla.org/en-US/docs/Web/API/DOMHighResTimeStamp
https://developers.google.com/web/fundamentals/performance/user-centric-performance-metrics
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YSlow scalability model complications

- JavaScript interactivity makes it difficult to fix the Request:Response
boundary

- e.g., self-contained script code to handle mouseover or button click events

- e.g., AutoComplete script used by the Search engines

- self-contained when the Search history can be cached in local storage on the
client machine

- autocompletion hints based on input data required accessing frequent search
result sets from the web server (AJAX)

- Naturally, any Requests for long running web tasks should not tie up the
foreground Ul (and should use AJAX instead)
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YSlow scalability model complications

- JavaScript interactivity makes it difficult to fix the Request:Response
boundary

- AJAX techniques

- Asynchronous JavaScript and XML

- Asynchronous XMLHttpRequests for JSON or XML objects run in
background threads

- while JavaScript interactions can continue to run concurrently in
the foreground



AJAX techniques

Web Browser

&

i
i
i
i
Compose :
i
Render I

v

Execute
JavaScript code
attached to
DOM elements
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Http GET Request (Uri)

Http RESPONSE

11/28/201
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YSlow Scalability model assessment

* The YSlow rules do apply to many commercial apps & portals...

- Pages composed of many, rapidly changing, modular elements
- Different page elements may be retrieved from different web servers (e.g.,
ad servers)

- Customization based on identity and location

= Implications:
- More frequency, but smaller, Request/Response sequences
- Caching strategies

- Size of client-resident cookies and other techniques for managing the state
of customer interaction
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YSlow Scalability model assessment

- The YSlow scalability model is useful, but it is not adequate
for many web applications
= Applies mainly to traditional web browser client interactions

- May not be adequate for many ASP.NET applications that generate
Http Response messages dynamically

= May not be adequate for web browser apps that make extensive
use of web services (AJAX)

- Not adequate for animation and streaming apps

- Does not apply to native client apps that make use of web services
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YSlow Scalability model assessment

- Page Load time is a measure of end-to-end response time

- Navigation Timing measurements decompose overall response time into
Network, Server, and Client (i.e., web browser) components

- YSlow is silent:
- the scalability of server-side components

= the diversity of web client hardware (PCs, tablets, phones) & software
(i0S, Android, Windows)

- the performance of the client’s network connection
- e.g., Internet vs. Intranet connections
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What if we need to look at the
performance/scalability of server-side
components?

————

URL: http:/flocalhost/PerformanceSentryPortalTest/DailyCharts.aspx
[Remestheade's | Request body | Response headers | Response body I Cookies | lnitiaborl Timings l

11/28/201

Name Offset Duration 0Oms
Wait Oms <1ms

Start Oms <1ims

Request Oms 1.40s

Response  [+140s  [265ms

Gap + 1.66s 1.25s

DOMContentlLoaded (event)
Load (event)

+2.37s
+2.92s

292s

Response:
The time taken to receive the response data from the server.

Note: results are from testing against LocalHost: minimum network latency

< | 1 | »

77
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Assignment

- Evaluate the waterfall graph of Page Load time from:
= Developer Tools in your favorite web browser, or
= WebPageTest

to measure Page Load times for three of your favorite web sites

* Report back to the class on your experience

= Clear Cache and compare cold-start to warm-start Page Load times
= Things to Look for:

- YSlow Best Practices in min.js, image compression, etc.

- parallel TCP sessions

- cached content in edge networks (CDNs)
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Questions
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References

« Friedman, “Why is this web app running slowly?”

- Steve Souders, High Performance Web Sites: Essential Knowledge for
Front-End Engineers.

- Steve Souders, Even Faster Web Sites: Performance Best Practices
for Web Developers.



