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LOTR + Rings of Power
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Lots of performance goodies:
- Connection Migration 
- Head-of-Line blocking removal
- Better packet loss recovery

- ACK ambiguity, SACKs, PTO/tail 
loss, fast handshake retransmit, …

- Better stream prioritization
- Faster handshake
- Fine-grained flow control
- Congestion control flexibility
- ECN, RETRY, delayed ACKs, … 
- DATAGRAM and unreliable traffic
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https://www.smashingmagazine.com/2021/09/http3-practical-deployment-options-part3/

How to tune your pages for HTTP/3?
Tune them for HTTP/2 

Consolidate on 1-3 
connections 

in critical path

Fewer 
Domains

10 - 40 files should 
be fine

(inlining CSS still ok)

Less 
Bundling

Async / Defer JS
Preload / Preconnect

Fetch Priority
Lazy loading

Help the 
Browser

Use 103 Early Hints 
instead

No Server 
Push
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The Black Box

The Network
Protocol
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Poking the Black Box

Resource Hints
(preload, preconnect)

The Network
Protocol

Fetch Priority

Lazy loading
Async / Defer

Server Push
103 Early Hints
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Poking the Black Box Dangerous Artefact!

Resource Hints
(preload, preconnect)

The Network
Protocol

Fetch Priority

Lazy loading
Async / Defer

Server Push
103 Early Hints
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Congestion Control



14 |   © 2023 Akamai

ONE DOES NOT SIMPLY

KNOW THE AVAILABLE BANDWIDTH
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Congestion Control

10 packets
~14 KB “Initial Congestion Window”
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Congestion Control

Wait full RTT for receiver to send 
back acknowledgements (ACKs)
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Congestion Control

20 packets
~28 KB
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Congestion Control

40 packets
~56 KB
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Congestion Control

1 or more packets didn’t get acknowledged
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You have no idea how deep the hobbit hole goes

https://dipsingh.github.io/TCP-Congestion-Experiment/

Cubic, BBR Pacing, Chirping

Bufferbloat, AQM

Fairness
HyStart++

ECN, L4s



21 |   © 2023 Akamai

Slow Start is common

Default 10 packets 14.6 KB

Most CDNs + hosting +- 30 packets 44 KB

Largest observed 100 packets 146 KB

https://sirupsen.com/napkin/problem-15
https://www.cdnplanet.com/blog/initcwnd-settings-major-cdn-providers
https://developers.google.com/speed/pagespeed/service/tcp_initcwnd_paper.pdf
https://www.comsys.rwth-aachen.de/fileadmin/papers/2019/2019-rueth-iwtnsm.pdf

1 TCP packet = 
+- 1460 bytes
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Persistent Myth

https://twitter.com/tunetheweb/status/1563130446841450497
https://endtimes.dev/why-your-website-should-be-under-14kb-in-size

25 August 2022
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Data you can send in the first HTTP Round Trip

 14 KB

Unencrypted HTTP, 
without TLS
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Data you can send in the first HTTP Round Trip

 14 KB

Unencrypted HTTP, 
without TLS

Initial congestion window starts here
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 14 KB  22 KB

Data you can send in the first HTTP Round Trip

TLS handshake 
uses some data, 
but not the full 14KB

Initial congestion window starts here
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 14 KB  22 KB  19 KB

Data you can send in the first HTTP Round Trip

Early QUIC packets 
are smaller:
~1280 bytes
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 14 KB  22 KB  19 KB  4 KB

Data you can send in the first HTTP Round Trip

Amplification 
limit
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Key Takeaways

Loading critical resources in as few RTTs as possible
= Excellent idea!

Loading everything in 1st RTT 
= Utopia

Minification, compression, dead code 
elimination, tree shaking, route splitting, 

image formats, font subsetting, …

https://csswizardry.com/2020/04/real-world-effectiveness-of-brotli/
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Simple page we’ll use

<head>
<script main.js>
<link core.css>

</head>

@font-face(font.woff2);
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First RTT is always just HTML
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How to fill 20 packets / 28 KB?

- 30KB: Remainder of HTML
- 200KB: main.js
- 60KB: core.css

What to send first?
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JS and CSS need to be 100% loaded to be used

BAD

GOOD
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How to fill 40 packets / 56 KB?

- 30KB: Remainder of HTML
- 200KB: main.js
- 32KB: core.css
- 50KB: font.woff2

What to send first? Round two!
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Send order has a big impact on 
Web Performance Metrics!

How to fill 40 packets / 56 KB?

- 30KB: Remainder of HTML
- 200KB: main.js
- 32KB: core.css
- 50KB: font.woff2

What to send first? Round two!
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Browsers send priorities with each request

- HTML:     Most important
- main.js:   Third most important
- core.css:  Second most important

How to fill 20 packets / 28 KB?
Send most important resource first, simple!
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(HTTP/2) Servers often don’t listen to browsers…
Browser instructions:

https://www.researchgate.net/publication/347519865_Debugging_Modern_Web_Protocols
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Worst case for web 
performance

(HTTP/2) Servers often don’t listen to browsers…

https://www.researchgate.net/publication/347519865_Debugging_Modern_Web_Protocols

Browser instructions:
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Browsers decide resource priorities

2 Problems:

1. They don’t agree on what is most important

2. It often works differently than what you’d expect
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Browsers don’t agree

https://calendar.perfplanet.com/2022/http-3-prioritization-demystified/
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Browsers don’t agree
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Guess what this does!

(How) does this change the image priority?
1. Higher priority / more important
2. No change / default importance
3. Lower priority / less important
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Guess what this does!



51 |   © 2023 Akamai https://web.dev/fetch-priority/#using-preload-after-chrome-95

Guess what this does!



52 |   © 2023 Akamai https://web.dev/fetch-priority/#using-preload-after-chrome-95

Guess what this does!
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Preload by itself doesn’t bump 
priority → only sends request earlier

⇒ Combine with fetchpriority!

Here Be Dragons!
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Tell browser which image will contribute to 
Largest Contentful Paint

Fetch Priority

https://web.dev/fetch-priority
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Deprioritize (initially) invisible carousel images,
but make the visible one load faster!

Fetch Priority

https://web.dev/fetch-priority
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https://bugzilla.mozilla.org/show_bug.cgi?id=1797715
https://twitter.com/tunetheweb/status/1653879920026693633

https://github.com/WebKit/WebKit/commit/69a182bca140bcc4d604dd6eba4ea48a16e9d00a 

Coming to a Browser near you!
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In tight mode, low priority 
resources are only loaded if 
there are less than 2 in-flight 

requests

tight mode  = until all 
blocking scripts are 

executed

https://www.debugbear.com/blog/rel-preload-problems
 Chrome priorities - https://docs.google.com/document/d/1bCDuq9H1ih9iNjgzyAL0gpwNFiEP4TZS-YLRp_RuMlc

Watch out! Browsers also Artificially Delay Resources
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Key Takeaway

Resource Loading Behaviour 
is inconsistent and unpredictable across

Browsers
Servers

Network/loading conditions

Just looking at Chrome / CWV is not enough
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Preload is weird enough on its own

<head>
<preload image.jpg>

<script bundle.js>
</head>

img.setAttribute(“src”, image.jpg);
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Where will you fit 
the image data?

40 packets
~56 KB
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Where will you fit 
the image data?

40 packets
~56 KB
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Bad 
prioritization

TERRIBLE 
prioritization
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Bad 
prioritization

TERRIBLE 
prioritization

GOOD 
prioritization
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defer.js defer.js

Preload only helps in certain situations

https://www.debugbear.com/blog/rel-preload-problems
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defer.js

https://www.debugbear.com/blog/rel-preload-problems

defer.js defer.js

Preload only helps in certain situations

https://www.debugbear.com/blog/rel-preload-problems
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Preload is often misunderstood

Brainteaser:
What happens if you preload 
an async/defer JS that’s on 
the bottom of the HTML?
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Server Think Time
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} Render page

Server Think Time
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} Render page{Server 
Think 
Time

Server Think Time
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CDN: Origin Fetch Delay
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{
Server 

Think Time
+ 

Edge to 
origin RTT

small RTT larger RTT

CDN: Origin Fetch Delay
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Server PUSHes data 
during wait

critical .CSS and .JS

small RTT larger RTT

The Promise of Push
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1. PUSH cached data
2. PUSH only 1st party data
3. Many implementation 

bugs/inconsistencies

https://jakearchibald.com/2017/h2-push-tougher-than-i-thought/

The Problems of Push
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1. Deprecated in Chrome for 
HTTP/2

2. Never implemented for 
HTTP/3

The Decay of Push

https://developer.chrome.com/blog/removing-push
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103 Early Hints
- Don’t PUSH data, but send 

links to resources
- Browser determines itself 

what to request and when/how
- Caching!
- Prioritization!

A New King Arises

https://developer.chrome.com/blog/early-hints
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In HTML:

In 103 Early Hints HTTP response headers:

How it works
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103 Early Hints
- Don’t PUSH data, but send 

links to resources
- Browser determines itself 

what to request and when/how
- Caching!
- Prioritization!

A New King Arises

https://developer.chrome.com/blog/early-hints
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103 Early Hints
- Supports 

secondary 
domains
and 3rd party 
resources!

The Killer Feature

https://developer.chrome.com/blog/early-hints



90 |   © 2023 Akamai

103 Early Hints
- Supports 

secondary 
domains
and 3rd party 
resources!

All that Glitters is Gold

https://developer.chrome.com/blog/early-hints
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103 Off 

103 Early Hints impact
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103 On 

103 Off 

103 Early Hints impact
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<preload font.woff2>
<preload hero.jpg>

In HTML: preload late-discovered resources

Preload vs Preload



94 |   © 2023 Akamai

Link: <core.css>; rel=preload;
Link: <main.js>; rel=preload;

<preload font.woff2>
<preload hero.jpg>

In HTML: preload late-discovered resources

In 103 Early Hints: preload critical resources!

Preload vs Preload
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Preload HTML
Preload HTTP Headers
Preload nopush
Preload 103 Early Hints

Preload Scanner
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0-RTT + 103 Early Hints : a Match made in Heaven!

 4 KB
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Be careful with protocol-related features
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Network (protocol) configuration is important!

Congestion control
Initial congestion window size

Prioritization
HTTP/3 + 0-RTT support

…

Use a CDN
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LOOKS LIKE MEAT’S BACK ON THE MENU!
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@programmingart
rmarx@akamai.com

Would You Like To Know More?
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HTTP/2 best practices still apply

Limited data during start of connection
Prioritization is a dark art

Preload makes your head hurt

103 Early Hints are the coolest thing since Server Push

Lord of the Rings is the best movie trilogy

Take Home Messages


