Unlocking High
Performance Maps

With Mapbox Studio and Mapbox Vector Tiles




Personal Introduction

e Work at Mapbox since 2010

* Mostly do mobile SDK development

* Have help build large parts of GL native/mobile



Agendada

* \Why vector tiles”

 How do we style them?
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Considerations

 mapbox.cn is still being built

e Current Mapbox Studio performance in China



http://mapbox.cn

Assumptions

 Mercator projection

e Square Earth, polar distortion
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Slippy” Map Tiles

* Pioneered by Google Maps in 2005

* “Pyramid” structure for levels of detail
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Vector liles

 Replacement of source data (SHP,
GeodSON, PostGIS, etc.) with grid
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resentation

* “Vector’ refers to geometry, not actual vector

math such as Bezier curves




b
=
O
©
©
N
@
4




Allows Vector Rendering

 Rendering happens on the client




Rendering Advantages

» Client-side, so performant and customizable

 Allows for advanced features

e Always-upright text
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Mapbox

Root
version
name
metadata
center
zoom
bearing
pitch
light
sources
sprite
glyphs
transition
layers

Light
anchor
position
color

intensity

Sources
Vector
Raster
GeoJSON
Image
Video

Sprite
Glyphs

Transition
duration
delay

& www.mapbox.com/mapbox-gl-style-spec/

Mapbox Style Specification | Mapbox

Products Developers Showcase Pricing Help & Guides Blog ‘) studio B

GL Mapbox GL Style Specification Examples Plugins

Mapbox Style Specification

A Mapbox style is a document that defines the visual appearance of a map: what data to draw, the
order to draw it in, and how to style the data when drawing it. A style document is a JSON object with
specific root level and nested properties. This specification defines and describes these properties.

The intended audience of this specification includes:
e Advanced designers and cartographers who want to write styles by hand rather than use
Mapbox Studio

e Developers using style-related features of Mapbox GL JS or the Mapbox iOS or Android SDKs

e Authors of software that generates or processes Mapbox styles.

Root Properties

Root level properties of a Mapbox style specify the map's layers, tile sources and other resources, and
default values for the initial camera position when not specified elsewhere.

"version": 8,
"name": "Mapbox Streets",




° A @ @ www.mapbox.com/mapbox-gl-style-spec/#layers-line

Mapbox Style Specification | Mapbox

line

Layout Properties

color

intensity

Sources
Vector
Raster
GeoJSON
Image
Video

Sprite
Glyphs

Transition
duration
delay

Layers
Background
Fill

Line
Symbol
Raster
Circle

Fill-Extrusion

Types
Color
Enum
String
Boolean
Number
Array
Function
Filter

line-cap 4
Optional enum. One of butt, round, square. Defaults to butt.
The display of line endings.

butt

A cap with a squared-off end which is drawn to the exact endpoint of the line.
round

A cap with a rounded end which is drawn beyond the endpoint of the line at a
radius of one-half of the line's width and centered on the endpoint of the line.
square

A cap with a squared-off end which is drawn beyond the endpoint of the line at a
distance of one-half of the line's width.

SDK Support Mapbox GL JS iOS SDK Android SDK

basic functionality >=0.10.0

line-join
Optional enum. One of bevel, round, miter. Defaults to miter.
The display of lines when joining.

bevel

A join with a squared-off end which is drawn beyond the endpoint of the line at a
distance of one-half of the line's width.

round

A join with a rounded end which is drawn beyond the endpoint of the line at a
radius of one-half of the line's width and centered on the endpoint of the line.

miter
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Mapbox Style Specification | Mapbox

Filter

A filter selects specific features from a layer. A filter is an array of one of the following

color forms:

intensity

Existential Filters
Sources

Vector

Raster ["has", keyl feature[key]exists
GeoJSON
Image

Video

["'has", keyl feature[key]does not exist

. Comparison Filters
Sprite

Glyphs ["==", key, valuel -equality: feature[key]= value

Transition ["!=", key, valuel inequality: feature[key]# value

duration

delay [">", key, valuel greater than: feature[key]> value

e [">=", key, value]l greater than or equal: feature[key] > value

Background

Fill ["<", key, valuel lessthan: feature[key]< value

Line

Symbol ["<=", key, valuel lessthan or equal: feature[key]< value
Raster

Circle Set Membership Filters

Fill-Extrusion

Types ["in", key, vO@, ..., vn]l setinclusion: featurelkey]e< {vO, ...,
Color
Enum ["!in", key, vO@, ..., vn] setexclusion: feature[key] ¢ {vO, ...

String
Combining Filters

Number

Array )

Function ["all", fo, ..., fn]l logical AND: fOA ... fn

i [“any", f0, ..., fn]l logical OR:fOv...v fn

Open #types-boolean on this page in a new tab




| ayout & Paint Properties

e [ayout: earlier in render process, can be shared
between layers using ref property

 Examples: 1ine-cap, line-join,
visibility




Constant Values

e Simple equality to numbers, strings, booleans,
colors, etc.




Function Values (Variable

"circle-radius':

"stops':

// zoom is 5 —> circle radius will be 1px
(5. 1l




Function Values

e Discrete values for layout properties

o Like previous circle-radius example
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Function Values
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o A @ & www.mapbox.com/blog/3d-features-in-mapbox-gl-js/

For example, when used with data-driven styling and the recent addition of building heights to

Mapbox Streets, you can now render 3D buildings:

© Mapbox © OpenStreetMap Improve this map

Hold control while clicking and dragging to tilt and rotate the map. On mobile? Tap here to see extrusions for GL JS in action.

The new extrusion properties together with data-driven styles make for a powerful combination.
Beyond 3D buildings, they can be used for 3D elevation profiles, 3D indoor floorplans, and more.

When you're building 3D visuals, you'll want the flexibility to control the light source. That's why we

box.com/blog/3d-teatures-in-maphbox-



http://mapbox.com/blog/3d-features-in-mapbox-gl-js/

o A O) & www.mapbox.com/blog/3d-features-in-mapbox-gl-js/

For example, when used with data-driven styling and the recent addition of building heights to

Mapbox Streets, you can now render 3D buildings:

© Mapbox © OpenStreetMap Improve this map

Hold control while clicking and dragging to tilt and rotate the map. On mobile? Tap here to see extrusions for GL JS in action.

The new extrusion properties together with data-driven styles make for a powerful combination.
Beyond 3D buildings, they can be used for 3D elevation profiles, 3D indoor floorplans, and more.

When you're building 3D visuals, you'll want the flexibility to control the light source. That's why we

box.com/blog/3d-teatures-in-maphbox-



http://mapbox.com/blog/3d-features-in-mapbox-gl-js/

(4] A @ & www.mapbox.com/blog/3d-features-in-mapbox-gl-js/

For example, when used with data-driven styling and the recent addition of building heights to

Mapbox Streets, you can now render 3D buildings:

© Mapbox © OpenStreetMap Improve this map

Hold control while clicking and dragging to tilt and rotate the map. On mobile? Tap here to see extrusions for GL JS in action.

The new extrusion properties together with data-driven styles make for a powerful combination.
Beyond 3D buildings, they can be used for 3D elevation profiles, 3D indoor floorplans, and more.

When you're building 3D visuals, you'll want the flexibility to control the light source. That's why we

mapbox.com/bloqg/3d-features-in-maphbox-



http://mapbox.com/blog/3d-features-in-mapbox-gl-js/

ECcosystem

e Tile creation (Studio, Mapnik, Tippecanoe

e Tile hosting (HTTP assets

o Styling (Studio







How Do We Make Th em?
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SImplify Shapes

 Reduce number of points in lines & polygons

 Reduce duplicate single points to one point

» Used where difference isn't noticeable in-



SImplify Shapes




SImplify Shapes




Binary Format

* Able to be compressed more easily

* Able to be parsed faster by code




Delta Encoding

 Happens after projection into 4096 point tile

* Only store differences (deltas) between
coordinates




El 0 ° A @ @ GitHub, Inc. github.com/mapbox/vector-tile-spec

O This repository Pull requests Issues Gist

mapbox / vector-tile-spec ® Unwatch~ 141 % Star 235
<> Code Issues 22 Pull requests 2 Projects 0 Wiki Pulse Graphs Settings

Mapbox Vector Tile specification https://www.mapbox.com/vector-tiles/s...

P 56 commits v 4 branches © 1release 22 13 contributors

Clana ar doawnlasd
D D o[o Dad

Branch: master » New pull request Create new file = Upload files  Find file o

ﬁjfirebaugh Remove incorrect comment - Latest commit ab55f2b on Jun 6

s 1.0.0 update description alignment 2 years ago
= 1.0.1 Update README.md 2 years ago
20 Added back instructions to avoid linetos that do not result in the cu... a year ago
. 21 Remove incorrect comment 7 months ago
E CHANGELOG.md Fix my inability to do math a year ago
E) CONTRIBUTING.md Initial version 2.0 Specification a year ago

& README.md Add translation in README 10 months ago

README.md

Mapbox Vector Tile Specification

A specification for encoding tiled vector data.




El 0 ° A @ @ GitHub, Inc. github.com/jingsam/vector-tile-spec/blob/master

O This repository Pull requests Issues Gist

jingsam / vector-tile-spec *Star 25  YFork 63

forked from mapbox/vector-tile-spec

<> Code Pull requests 0 Projects 0 Wiki

Branch: masterv  vector-tile-spec / 2.1/ README_zh.md Find file  Copy path

K iingsam Update README_zh.md dee@35d on May 1

1 contributor

479 lines (345 sloc) 19.2 KB Raw Blame | History [J »° [T

KER R

ARIHERABA" . "BBAR" . & "ROZ" . AR "B "I, "ENETRIE XBRRFC 2119,

1. Bin

AXHEMET —MHEEFEZENRER FBERDBEN . IMBANATEFIRIRSHESERIEDERES.

2. BN

REF K XHFEGoogle Protocol Buffersi#{T48t8, Google Protocol BuffersE—M#ERZIES. ZFE. T ENKIER
FMERE=,

2.1. X1 R&

k= B YRS RBNiZ A mvt o filE0 vector.mvt .




Feature Property Querying

e Source data properties are retained

* Example: name, building number, POl details

+ Unique property names and values are stored



u o A @ — & www.mapbox.com/blog/population-inspector/ ¢
Tun usmg VIapDOX GL J55S NEW 33U TEeatures ana aata-arivern stylirg to snow tne remarkapile

concentration of people in areas like New York, where an average of over 27,000 people live in each

square mile.

View full-screen demo | Keep reading

Yerba Buena

Island

Presidio

VISUALIZATION

Golden Gate Park ASHBUR

-‘
San Francisco
_ il

Use the sidebar to find any U.S. city, or toggle between two- and three-dimensional views of the data.

Right-click drag (or hold down controt) to tilt and rotate the map. On mobile? Tap here to see extrusions
for GL JS in action

a)=1a =lalaB\Vil=1alal= =lallaYal’

mapbox.com/blog/population-inspector/



http://mapbox.com/blog/population-inspector/

Automatic Process

* Mapbox Studio’s feature for creating “tilesets” |
automatic

* Intelligent choices (compromises) are made

\ : o5 ) e 3 3 ¥ A [4 . ot oy "‘V

3 o i W 25 [ 4 W% i AR o 7|
oo b I S Al Y i ARG Sk 353 SRyl e i M & TR e A RGNSy S 5
FLERA e LRI A (e NG e (R e Sye e DHCE Al ZEa) (o, “'v- o A LA 9‘(m b _' T - Ry i fia "'( e A R 3} 3 s



More Custom Tools

 Mapnik backend (used by Studio
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O This repository

mapbox / mapnik-vector-tile

@ GitHub, Inc. github.com/mapbox/mapnik-vector-tile

Pull requests Issues Gist

® Unwatch~ 146 Y Star 424 YFork 72

<> Code Issues 21 Pull requests 4 Projects 0 Pulse Graphs Settings

Mapnik implemention of Mapbox Vector Tile specification

D 912 commits I 22 branches © 69 releases 42 17 contributors 5js BSD-3-Clause

Branch: master v New pull request Create new file  Upload files = Find file Clone or download

Latest commit 4e29fec on Sep 10

springmeyer bump to v1.2.2

O 9 months ago

| bench more fixes for open

8 bin also fuzz fill types and extents 8 months ago

B8 examples Remove errors on debug mode by default by changing them to warnings. ... a year ago

Add vtile-fuzz - refs mapnik/clipper#3 8 months ago

s gyp

B proto pull in the vector tile v1.0.1 spec (+ experimental raster) + separat... 2 years ago

Bl scripts ccache+convert coverage to linux 9 months ago

| src

B test
B .gitignore
B .gitmodules

B .npmignore

B .travis.yml

E) CHANGELOG.md

port to protozero v1.4.2

port to protozero v1.4.2

Added make testpack, added mason to ignores
Add geometry visual tests for cutting geometries
Added new npm ignore [skip ci]

xutils dev for g++ build too

bump to v1.2.2

3 months ago
3 months ago
a year ago
a year ago
9 months ago
4 months ago

3 months ago
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O This repository

mapbox / tippecanoe

@& GitHub, Inc. github.com/mapbox/tippecanoe

Pull requests Issues Gist

® Unwatch~ 117 Y Star 442 Y Fork 60

<> Code Issues 19 Pull requests 4 Projects 0 Pulse Graphs Settings

Build vector tilesets from large collections of GeoJSON features.

0 1,108 commits 1 39 branches © 43 releases 42 11 contributors 5js BSD-2-Clause

Branch: master v New pull request Create new file  Upload files = Find file Clone or download

Latest commit 8ab5bb4 4 days ago

% ericfischer committed on GitHub Merge pull request #341 from mapbox/choose-first-tile

B catch

| jsonpull
@ man

B8 mapbox
8 protozero
Bl tests

B .gitignore

B .travis.yml

[E) CHANGELOG.md

&) LICENSE.md
E MADE_WITH.md
& Makefile

[E) README.md

Make UTF-8 checking into a unit test with Catch

More careful JSON parsing thanks to http://seriot.ch/parsing_json.html

Dot-dropping doesn't apply if there is a per-feature minzoom tag
Update to wagyu-0.2.1 (eec53a6)

Use protozero for tile decoding

Merge branch 'master' into wagyu-clean

Create .gitignore

Add libstdc++ packages

Choose a deeper initial tile than 0/0/0 if one contains all the features
Add license

Punctuation and capitalization

Merge branch 'master' into wagyu-clean

Dot-dropping doesn't apply if there is a per-feature minzoom tag

3 months ago
2 months ago
14 days ago
6 days ago

8 months ago
6 days ago

a month ago
7 months ago
4 days ago

3 years ago

2 years ago

6 days ago

14 days ago




El 0 o A @ @ GitHub, Inc. github.com/mapbox/vector-tile-js

O This repository Pull requests Issues Gist

mapbox / vector-tile-js @Unwatch~ 105 W Star 99  YFork 31
<> Code Issues 7 Pull requests 2 Projects 0 Graphs Settings

Parses vector tiles with JavaScript

D 84 commits LY 4 branches © 14 releases 42 11 contributors 5js BSD-3-Clause

Branch: master v New pull request Create new file  Upload files = Find file Clone or download ~

m tmcw committed on GitHub Merge pull request #48 from nyurik/patch-2 - Latest commit b7abef2 on Sep 26

i lib Make VectorTileFeature#id a public property 5 months ago

| proto initial commit 3 years ago

Bl test Make VectorTileFeature#id a public property 5 months ago
B .eslintrc Add eslint 11 months ago
B .gitignore add gitignore 3 years ago
B .travis.yml Drop all but node 4 from test matrix 7 months ago
B CHANGELOG.md 1.3.0 5 months ago
[E) LICENSE.txt Update LICENSE.txt 3 months ago
E README.md Make VectorTileFeature#id a public property 5 months ago
B fixtures.js Classify polygon rings to distinguish inner polygon rings and multipo... 7 months ago

B index.js Expose all classes, not just VectorTile 3 years ago

[E) package.json Update package.json 3 months ago




El 0 o A @ @ GitHub, Inc. github.com/mapbox/vector-tile-py

O This repository Pull requests Issues Gist

mapbox / vector-tile-py @ Unwatch~ 93 ¥ Star
<> Code Issues 0 Pull requests 0 Projects 0 Graphs Settings

Parses vector tiles with Python

D 21 commits I 2 branches © O releases 42 6 contributors sfs BSD-3-Clause

Branch: master v New pull request Create new file  Upload files = Find file Clone or download ~

m tmcw committed on GitHub Merge pull request #4 from AndreMiras/patch-1 - Latest commit 342f7da on Jul 25

8 vector_tile some vector tiles contain MultiLineString data. add support for these. 2 years ago
B .gitignore Initial commit 3 years ago
[E) LICENSE.txt GeoJSON to MVT PB2 functions and tool. 3 years ago
E README.md Update README.md 2 years ago
B example.py change VectorTile.to_geojson to return a dict, not a string 3 years ago
B requirements.txt Create requirements.txt 11 months ago
B setup.py GeoJSON to MVT PB2 functions and tool. 3 years ago
E) tests.py Add more complete test for tile creation 3 years ago
B tile-info.py change VectorTile.to_geojson to return a dict, not a string 3 years ago

B tile-raw-info.py add a tile-info script showing raw pbf data 2 years ago

README.md




Tile Uploading & Transport

e MBTiles format is most efficient

 SQLite disk-based database of tile data




El 0 ° A @ @ GitHub, Inc. github.com/mapbox/mbutil

O This repository Pull requests Issues Gist

mapbox / mbutil @® Unwatch~ 119 % Star 299 1M

<> Code Issues 5 Pull requests 1 Projects 0 Wiki Pulse Graphs Settings

Importer and Exporter of MBTiles http://mapbox.com/developers/

D 113 commits I 7 branches © 3 releases 42 22 contributors 5js BSD-3-Clause

Branch: master v New pull request Create new file  Upload files = Find file Clone or download ~

AFieldThomas committed with tmcw Enabled support for ArcGIS Cache Format. (#77) Latest commit 463970f 11 days ago

B mbutil Enabled support for ArcGIS Cache Format. (#77) 11 days ago
Bl test Add test for utfgrid callback 2 years ago
B .gitignore gitignore 6 years ago
B .travis.yml Add Travis Cl support 3 years ago
[E) CHANGES.txt Updates to v0.1.0 5 years ago
B LICENSE.md Version 0.0.1, setup.py compatibility, another xy fix. 6 years ago
E MANIFEST.in Version 0.0.1, setup.py compatibility, another xy fix. 6 years ago
E README.md feat(output): Support compression 23 days ago
& mb-util Enabled support for ArcGIS Cache Format. (#77) 11 days ago
E) patch Add patch 5 years ago

B setup.py Bump version 3 years ago

README.md







Studio Overview

e Data sources (tilesets

o Style layers
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00 (< www.mapbox.com/studio/styles/justin/ciwpmahqb00ap2qqy2lky08jc/share/

Mapbox

# Home

& Styles

3+ Tilesets

WeWork Shanghai Dark ® Preview

2 View style details

S Datasets

Share your style with friends, integrate it into an application, or use it with other

il Stats 2 Editstyle

mapping software:

= Classic
Pick an access token

¥ Admin Share and preview
Default Public Token

Share URL: ® A
Use tokens for better access control
https://api.mapbox.com/styles/v1l/justin/ciwpmahqb@@ap2qqy21
ky@8jc.html?title=true&access_token=pk.eyJ1lIjoianVzdGluliwi
YSI6Ijh1RmhSN2cifQ.-R7zSJ3g1f2uXy5XzMWYnA#7.5/31.349522/120

.922066/0

and analytics.

Attribution
Share your design with your friends and coworkers. Everyone will be

able to see the latest published version of this style through this
P y & © Mapbox © OpenStreetMap
share URL link.
When using this map style, you must
include attribution. For details, read

the FAQ.
Develop with this style

mapbox://styles/justin/ciwpmahgb@0@ap2qqy.. E

?«‘a Account = pk.eyJ1lIjoianVzdGluliwiYSI6Ijh1RmhSN2cif.. E

B> signout Note the style URL and access

started:




var map = new mapboxgl.Map({

container: 'map', // container id
style: 'mapbox://styles/peterqliu/ciug@32my@08f2ipmlzlrfl5q', //stylesheet location
center: [-122.4232292175293,37.784282779035216], // starting position
hash: false,
zoom: 12, // starting zoom
minZoom: 12,
maxZoom:16,
attributionControl: {

position: 'bottom-left’




map.styleURL = URL(string: "mapbox://styles/justin/ciwvnp7wi®@bm2pm3c59c914b")
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