VISUALIZATION ON THE WEB

Data Handling and Aggregation

m «r l Adapted from: http://learnjsdata.com/read_data.html Visua 622'5’3;2



DATA LOADING
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CSV FILE FORMAT

 Text-based representation of tabular data

* A file contains a set of rows/lines
 Each line has a sequence of fields, separated by commas
 Optionally, the first row of the file may contain field names

* By convention, the separator isacomma’,
« We may also have tabs ‘\t' (called TSV) or other symbolds (callsed DSV)

Visual Analytics
vab02aa




SV EXAMPLE

source,target,value, groupsource,grouptarget
Napoleon,Myriel,1,1,1
Mlle.Baptistine,Myriel,8,1,1
Mme.Magloire,Myriel,10,1,1
Mme.Magloire,Mlle.Baptistine,6,1,1
Countessdelo,Myriel,1,1,1
Geborand,Myriel,1,1,1
Champtercier,Myriel,1,1,1
Cravatte,Myriel,1,1,1
Count,Myriel,2,1,1
OldMan,Myriel,1,1,1
Valjean,Labarre,1,2,2
Valjean,Mme.Magloire,3,2,1

[...]
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JSON FORMAT

 Text-based representation of hierarchical data
 Used to encode structured objects
 Based on the definition of a key-value pairs
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"firstName": "John",

"lastName": "Smith",
JSON EXAMPLE "isAlive": true,
"age": 27,
"address": {
"streetAddress": "21 2nd Street",
"city": "New York",

"state": "NY",

"postalCode": "10021-3100"

s
"phoneNumbers": [
{
"type": "home",
"number": "212 555-1234"
s
{
"type": "office",
"number": "646 555-4567"
s
{
"type": "mobile",
"number": "123 456-7890"
}
1,

"children": [],

"spouse": null
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HTTP

* 3. Send
* HTTP Request

 Methods to tell server what the client need

e HTTP Methods:

Web Server
e GET; POST; PUT; DELETE; OPTIONS;...
DNS Server
EE .
a/‘ b\ Welcome
h‘
Client 1. DNS Lookup 2. Connect 3. Send 4. Wait 5. Load Client
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HTTP

Web Server

DNS Server
EE. '
é/ b\ Welcome
—
Client 1. DNS Lookup 2. Connect 3. Send 4. Wait 5. Load Client
* 4. Wait and 5. Load = HTTP Response Codes
e HTTP Response = 1xx — Informational
» Read Response Codes " 20csuccess
= 3xx — Redirection
* Read data = 4xx — Client Error

m bxx — Server Error
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DATA LOADING - PROMISES

« The most common file types are handled by specific functions in D3
* CSv, json, tsv, dsv

« CSV

d3.csv("/data/cities.csv»)
then(functlon(data) {

// data contains the whole dataset
console.log(data[@]);

})

.catch(function(error){
// handle error

)

;§3{c1§y "seattle", state: "WA", population: "652405", land area:
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DATA PROGESSING AND CLEANING

=> {city: "seattle", state: "WA", population: "652405", land area: "83.9"}

 All values are parsed as string. We need to do type conversion manually.

» We iterate over an array of values by using an iterator anonymous function with map ()
d3.csv("/data/cities.csv»)

.then(function(data) {

return data.map(function(d){
return {

city : d.city,
state : d.state,
population :

: +d.population,
land area : +d["land area"]
})
}) .
.c?;ch(functlon(error){
}s
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LOADING MULTIPLE FILES

« Toload multiple files that are needed for the application, we can use Promise.all() method
const files = ["/data/cities.csv", "/data/animals.csv"];
let promises = [];

files.forEach(function(url){
promises.push(d3.csv(url));

1)

Promises.all(promises)
.then(function(values){
analyze(values[0@], values[1])

1)

function analyze(cities, animals) {
console.log(cities[@]);
console.log(animals[0@]);
}
=> {city: "seattle", state: "WA", population: "652405", land area: "83.9"}
{name: "tiger", type: "mammal", avg_weight: "260"}
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STATISTICS AND SUMMARY

var data = |

{"city":"seattle", "state":"WA", "population'":652405,
"land_area":83.9},

{"city":"new york", "state":"NY",
"population'":8405837, "land_area":302.6},

{"city":"boston", "state":"MA", "population":645966,
"land _area'":48.3},

{"city":"kansas city", '"state":"M0",
"population":467007, "land_area'":315}
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STATISTICS AND SUMMARY OF DATA

 Min, Max and Extent

var minLand = d3.min(data, function(d) { return
d.land area; });

console.log(minLand); // => 48.3

var maxLand = d3.max(data, function(d) { return
d.land area; });

console.log(maxLand); // => 315

var landeExtent = d3.extent(data, function(d) { return
d.land area; });

console.log(landExtent); // => [48.3, 315]
* Average, Median, Deviation
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STATISTICS AND SUMMARY OF DATA

 Min, Max and Extent

* Average, Median, Deviation
var landAvg = d3.mean(data, function(d) { return d.land area;

1)
console.log(landAvg); // => 187.45

var landMed = d3.median(data, function(d) { return d.land area;

1)
console.log(landMed); // => 193.25

var landSD = d3.deviation(data, function(d) { return
d.land_area; });

console.log(landSD); // => 140.96553952414519

Visual Analytics
vab02aa




ITERATION, MAP AND REDUCE

* Javascript map () function allows to transform our data into a new
dataset

 The function takes an array in input and produce a new array with
the result of calling a function on each element of the input
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MAP() EXAMPLE

var smallData = data.map(function(d,i) {
return {
name: d.city.toUpperCase(),
index: 1 + 1,
rounded_area: Math.round(d.land_area)
¥
})s
console.log(data[@]);
console.log(smallData[@]);

=> {city: "seattle", state: "WA", population: 652405, land area: 83.9}
{name: "SEATTLE", index: 1, rounded area: 84}
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FILTERING

* To select a subset of avaiable rows we use the function filter()

var large land = data.filter(function(d) { return
d.land area > 200; });

console.log(JSON.stringify(large land));

=> [{"city":"new
york","state":"NY", "population” :8405837,"land area":302.6

}s

{"city":"kansas
city"”,"state":"MO", "population":467007,"land area":315}]
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SORTING

* To sort rows of a dataset, we use the function sort()
 The sorting is done inplace (it modifies the original data)

* Sorting is done according to a comparator function. The comparator
is given two entries a and b of the data and should return -1 (if ais
smaller than b ), O (if aand b are equal), +1 (if a il larger than b))
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SORTING EXAMPLE

data.sort(function(a,b) {
return b.population - a.population;

1)
console.log(JSON.stringify(data));

&{ city”:"new
yor s state"'"NY","populatlon" 8405837, "land area":302.6},

{"city":"seattle","state":"WA","population":652405,"1land area":83.9},
{"city":"boston","state":"MA","population":645966,"land area":48.3},

{"city":"kansas
city","state":"MO", "population":467007,"land area":315}]
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REDUCING

A family of functions that takes a whole array and reduce it to a
single value

* Eg: sum, average, median

* Sum
var landSum = data.reduce(function(sum, d) {
return sum + d.land area;
}, 0);
console.log(landSum);
=> 749.8

More details here:
https://developer.mozilla.org/it/docs/Web/JavaScript/Reference/Global_Objects/Array/Reduce
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REDUCING

* Function reduce() takes two parameters

* A function to compute the aggregated value, that takes in input the value
computed at the previous step of the iteration and the current value

 Aninitial value of the aggregate. If this value is not specified, the initial
value is set to the value of the first element and the iteration starts from
the second entry.
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CHAINING

* The functional declaration of these transformation enable function
chaining

var bigCities = data.filter(function(d) { return d.population > 500000;
})

.sort(function(a,b) { return a.population - b.population; })

.map(function(d) { return d.city; });
console.log(bigCities);
=> ["bOStOn", "Seattle", unew yOPk"]
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GROUPING

Updated to D3.js v6
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EXAMPLE DATA

let athletes = [
{name: "Floyd Mayweather", sport: "Boxing", nation: "United States", earnings: 285},
{name: "Lionel Messi", sport: "Soccer", nation: "Argentina", earnings: 111},
{name: "Cristiano Ronaldo", sport: "Soccer", nation: "Portugal", earnings: 108},
{name: "Conor McGregor", sport: "MMA", nation: "Ireland", earnings: 99},
{name: "Neymar", sport: "Soccer", nation: "Brazil", earnings: 90},
{name: "LeBron James", sport: "Basketball", nation: "United States", earnings: 85.5},
{name: "Roger Federer", sport: "Tennis", nation: "Switzerland", earnings: 77.2},
{name: "Stephen Curry", sport: "Basketball", nation: "United States", earnings: 76.9},
{name: "Matt Ryan", sport: "Football", nation: "United States", earnings: 67.3},
{name: "Matthew Stafford", sport: "Football", nation: "United States", earnings: 59.5}
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SLIGE DATA BY VALUES

* Group rows by value
let athletesBySport = d3.group(athletes, d => d.sport)
=> athletesBySport = Map(6) {
"Boxing" => Array(1l) [Object]
"Soccer" => Array(3) [Object, Object, Object]
"MMA" => Array(l) [Object]
"Basketball" => Array(2) [Object, Object]
"Tennis" => Array(1l) [Object]
"Football"™ => Array(2) [Object, Object]
<prototype>: Map() {}

¥
athletesBySport.get("Basketball")
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SUMMARIZE DATA BY VALUES IN EACH GROUP

d3.rollup(athletes, v => d3.sum(v, d => d.earnings), d =>
d.sport)

=> Map(6){
"Boxing" => 285
"Soccer"” => 309
"MMA" => 99
"Basketball” => 162.4
"Tennis" => 77.2
"Football” => 126.8
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CROSSFILTER.JS

https://github.com/crossfilter/crossfilter
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CROSSFILTER

* Crossfilter is a library for multidimensional filtering

* Two basic concepts:

» Dimension: a property of the data to exploit to split items (i.e. a columnin a
relational table)

* Groups: to aggregate rows by values in a dimension (i.e. like a groupby in

SQL)
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EXAMPLE FROM VC 2008

[

{"EncounterDate":"2005-04-

26", "NumDeaths":0, "Passengers":6, "RecordNotes" :null "RecordTEpe":"Interdiction","USCG_Vessel":"Cun
ningham","VesselType":"Ra t","year":2095,"Month":"2é@5—04"," ncounterCoords": [ -
80.14622349209523,24.53605142362535], "LaunchCoords" :[null,null]},

{"EncounterDate":"2005-05-
15","NumDeaths":@,"Passengers":11,"RecordNotes":null,"RecordType":"Interdiction" "USCG_Vessel":"Fo
rthriﬁht" "Vessengpe":"Rustic"," ear":2005, "Month": "2005-05" 'EncounterCoords":g

80.75 962?1688965, 4.724838285544 3],"LauncﬁCoords":[—79.65932674368925,23.7@743

"EncounterDate":"2005-02- o

5", "NumDeaths":0, "Passengers":6, "RecordNotes" :null, "RecordType":"Interdiction"”, "USCG_Vessel":"Pom
pano","VesselType":"Raft","year":2005, "Month":"2005-02", "EncounterCoords":[ -
80.32020594311533,25.02156920297054], "LaunchCoords" :[null,null]},

{"EncounterDate":"2005-04-

13", "NumDeaths":0, "Passengers":6, "RecordNotes":null, "RecordType":"Interdiction","USCG Vessel":"Tri
poteur","VesselType":"Raf ","year":Z@@S,"Month":"20é5—94","EncounterCoords":[—
80.15149489716094,24.57412215015249], "LaunchCoords" :[-79.65999190070923,23.73619147168514 ]}

]

356230521},
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BASIC STATISTICS

var cf = crossfilter(migrants);
console.log("num reports", cf.groupAll().reduceCount().value());

console.lo§2"num passengers”,
cf.groupAlI().reduceSum(function(d){return d.Passengers}).value())

console.lo§2"num deaths”
cf.groupAl

) .reduceSum(function(d){return d.NumDeaths}).value())
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DIMENSIONS AND FILTERING

 Define a dimension by providing a function to select a value for each row
var dVesselType = cf.dimension(function(d){return d.VesselType});

dVesselType. filter("Rustic");

console.log("num reﬁorts
(Rustlc)",c .groupAll().reduceCount().value());

console.lo§g num passengers (Rustic)",
cf.groupAll(). reduceSum%functlon(d){return d.Passengers}).value())

console.lo§g"num deaths éRustlc)"
cf.groupAlI().reduceSum(tunction(d){return d.NumDeaths}).value())

var countVesselType = dVesselType.group().reduceCount();
console.log(countVesselType.all());
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RESTFUL AND APIS WITH EXPRESS.JS
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API RESTFUL LAYER

 \/isualization on web browser can not have a direct access to DBMS
or other persistence layers

 The only data available should be reachable via HTTP(s) protocol

* To expose data from the backend to the web, we implement a
RESTful API layer
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APPLICATION PROGRAMMING INTERFACE

» Definition of a series of endpoints to let other programs to use or
iInteract with a service

» Acronym REST stands for Representational State Transfer

 Defines a set of guidelines to allow a web service to expose internal
functionalities to the internet
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API RESTFUL INTERFACE TO ACCESS DATA

* In our context we may use API interfaces to access data
* The endpoints need to be accessible via web (HTTP protocol)

* The endpoints are realized using an extension of a web server

« HTTP protocol: this server provides the mechanism to provide a response
to each request

* Application server: for each request, we execute some program within the
server to provide a response
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EXPRESS.JS

XSS

ast, unopinionated
Minimalist web .
Trfamework for Noge.|s

$ npm install express --save
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CASE STUDY ON VAST CHALLENGE 2015

* See https://github.com/va602aa-2019/Express _rest
* Create a DB (for this example we are using SQLite)
* Load data from CSV files of challenge into the tables
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CREATION OF THE DB AND IMPORT OF THE DATA

sgqlite3 vast2015 mcl.db
SQLite version 3.8.5 2014-08-15 22:37:57
Enter ".help" for usage hints.

sglite> create table movements(ts text, id integer, tag text,x
integer, y integer);

sqlite> .separator ",
sglite> .import park-movement-Fri.csv movements
sglite> .import park-movement-Sat.csv movements

sglite> .import park-movement-Sun.csv movements

The .import command appends new rows read from the CSV file to the existing table.
If called more than once on the same file may create duplicate rows. All the rows are
mapped to the corresponding ordinal column. We should remove the headers loaded
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CONVERT TIMESTAMP GOLUMN

sglite> create table movs as select id,
datetime(replace(ts,'-6-','-06-")) as ts, x, y, tag from
movements ;

sglite> drop table movements;
sglite> VACUUM;
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OPTIMIZE PERFORMANCES

sglite> .indices
sqlite> create index if not exists idx_movs_id on movs(id);
sqlite> create index if not exists idx_movs_ts on movs(ts);
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