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there’s this word…



Slow



What is slow?

10 ms ?



We need metrics! 
We need a budget!



What metric matters?
● DOMContentLoaded?
● FPS?
● Jank?
● First paint?
● Sunspider?









What is slow?



What is slow?
What does the user feel?



100ms

1000ms 

10 seconds 

In 1993,
based on research from 
1968 & 1991

Response Time Limits: Jakob Nielsen (1993)

http://www.nngroup.com/articles/response-times-3-important-limits/
http://www.nngroup.com/articles/response-times-3-important-limits/


100ms, 1000ms, 10s
100ms gives the feeling of instantaneous response 

Results feel immediate.

Any longer and the connection between action and reaction is broken.

1000ms  keeps the user's flow of thought seamless. 

Things feel part of a natural and continuous progression of tasks. 

Beyond it, the user loses focus and attention.

Beyond 10 seconds you’ve lost the user's attention.



Let’s look at the user’s journey

View video

https://dl.dropboxusercontent.com/u/39519/fluent%20fingers.mp4
https://dl.dropboxusercontent.com/u/39519/fluent%20fingers.mp4
https://dl.dropboxusercontent.com/u/39519/fluent%20fingers.mp4


What does the user feel?



Four phases of interaction

Page load Response to 
InputIdle Scrolling & 

Animation



Actions:

Response

Tap an icon or button
e.g. nav menu, action button

Drag finger for an action
e.g. swipe a carousel, pull to refresh

ˉ The input latency from tap to paint is short.

https://youtu.be/vOvQCPLkPt4?t=56


Animation & Scrolling
Actions:

User sees an animation
User scrolls the page

ˉ Full-fidelity 60 FPS smoothness



Idle 
Action:

User isn’t active right now…  but could be.

ˉ Page is ready for interaction when needed



Load
Actions:

User loads the page and sees the critical path content.
User loads the page and starts interacting.

ˉ The page is considered ready to interact with quickly.



RAIL performance budgets

Page LoadIdle
Response to 

Input
Animation
& Scrolling



RAIL performance budgets

LoadIdleResponse Animation

RAIL 
Performance Model



What’s the target goal?



RAIL performance goals

Ready to use in  
1000ms

Satisfy the 
response goals 
during full load

Tap to paint is  
< 100ms

Touchmove to 
paint is < 16ms

Idle      Response       Animation Load

Each frame 
completes in 
< 16 ms

Use idle time 
to proactively 
schedule work

Complete that 
work in 50ms 
chunks



Have a question on performance?



RAIL is a place to start 
the conversation



RAIL Performance Audits
on paulirish.com 

➢ CNet: input latency & scrolling
➢ Time.com: scrolling
➢ Google Play: infinite scroll
➢ Wikipedia: webapp startup
➢ ESPN: pageload, input
➢ more coming…



RAIL is a work in progress…

We want your feedback & ideas



Thanks!
@paul_irish

Google Chrome







Speed Index

2500

Pro-level:
1000

Recommended performance 
budgets

 
Milestone timings

e.g. 
● Time to top 

headline
● Time to 

inspected 
element

● Time to first 
tweet

Rule-based metrics

PageSpeed Insights:



It started as "Midnight Train"
Midnight Train: 

Developer Edition
This is Success: Why 
1000/100/6/50ms?

https://docs.google.com/a/google.com/document/d/1rKCDwLWxXLENGGIb8LE-5Trt1uboGeRCFy8uBRnaQIY/edit
https://docs.google.com/a/google.com/document/d/1rKCDwLWxXLENGGIb8LE-5Trt1uboGeRCFy8uBRnaQIY/edit
https://docs.google.com/a/google.com/document/d/1rKCDwLWxXLENGGIb8LE-5Trt1uboGeRCFy8uBRnaQIY/edit
https://docs.google.com/a/google.com/document/d/1rKCDwLWxXLENGGIb8LE-5Trt1uboGeRCFy8uBRnaQIY/edit
https://docs.google.com/document/d/1bYMyE6NdiAupuwl7pWQfB-vOZBPSsXCv57hljLDMV8E/edit
https://docs.google.com/document/d/1bYMyE6NdiAupuwl7pWQfB-vOZBPSsXCv57hljLDMV8E/edit
https://docs.google.com/document/d/1bYMyE6NdiAupuwl7pWQfB-vOZBPSsXCv57hljLDMV8E/edit
https://docs.google.com/document/d/1bYMyE6NdiAupuwl7pWQfB-vOZBPSsXCv57hljLDMV8E/edit


○ User productivity is not impacted by response times below 150 
milliseconds. This is therefore a good quantitative definition of crisp 
response.

○ In the range from 150 ms to one second, users become increasingly 
aware of response time. They strongly prefer response times well below 
one second.

○ Above one second, users become unhappy. When forced, users can 
adapt to response times over one second, but this is accompanied by 
frustration with the system and a drop in productivity



What is slow?



1. Milestone timings
2. Speed Index
3. Rule based metrics
4. Quantity based 

metrics

✔
✔

✔



Don’t use jQuery :hidden

Don’t use * selectors

Try/catch forces deopts

JS animation slower than CSS

translate3d() for the zoom!

Event delegation is good

Event delegation is terrible

Tell me more, JSPerf!

Performance advice abounds :/
Don’t use with() statement

Avoid for..in loops


