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Timeline for Data Model

Hierarchical (IBM IMS) — 1960s, 1970s
Network, CODASYL (Beckman, IDS) - 1960s
Relational — 1970s

Object-relational (Stonebraker, et al) — 1990s
* OODMBS (Atkinson, et al) - 1990s

® Array Database (MonetDB, SciDB, ..) — 1990s
® XML (document-oriented) — 2000s

® NoSQL - 2010s

® NewSQL — 2011



Why NoSQL
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As of 2011, the global size of
data in healthcare was
estimated to be

150 EXABYTES

By 2014, it's anticipated
there will be

420 MILLION
JEARABLE, WIRELESS
ALTH MONITORS

It's estimated that
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400 MILLION TWEETS
are sent per day by about 200
million monthly active users

Most companies in the
U.S. have at least

100 TERABYTES

0,000 GIGABYTES
of data stored As 5 leades In t M data scientlst
Volume,

WORLD POPULATION: 7 BILLION

Modern cars have close to

100 SENSORS

hat monitor items such as
fuel level and tire pressure

The New York Stock Exchange
captures

1TB OF TRADE ]
INFORMATION

during each trading session

Poor data quality costs the US
economy around
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By 2016, It is projected in one survey were unsure of

there will be how much of their data was
18.9 BILLION inaccurate
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Two Problems with Big Data
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Storage Problem
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First Solution: Table per Product

CREATE TABLE 'product_audio_album’  CREATE TABLE 'product_film’
( 'sku’ char(8) NOT NULL, ... ( 'sku’ char(8) NOT NULL, ...
‘artist’ varchar(255) DEFAULT NULL, 'title’ varchar(255) DEFAULT NULL,
‘'genre_0' varchar(255) DEFAULT NULL, ‘rating’ char(8) DEFAULT NULL, ...

‘genre_1" varchar(255) DEFAULT NULL, PRIMARY KEY('sku')) ...

PRIMARY KEY('sku’)) ...



Second Solution: Table for all

CREATE TABLE 'product’

( 'sku’ char(8) NOT NULL, ...

‘artist’ varchar(255) DEFAULT NULL,
‘genre_0' varchar(255) DEFAULT NULL,
‘'genre_1' varchar(255) DEFAULT NULL, ...
'title’ varchar(255) DEFAULT NULL,
'rating’ char(8) DEFAULT NULL, ...
PRIMARY KEY('sku’))



Third Solution:. Inheritance

CREATE TABLE 'product’ CREATE TABLE 'product_audio_album’
( "sku’ char(8) NOT NULL, ( "sku’ char(8) NOT NULL, ...
‘title’ varchar(255) DEFAULT NULL, "artist’ varchar(255) DEFAULT NULL,

‘description’ varchar(255) DEFAULT NULL, ‘genre_O’ varchar(255) DEFAULT NULL,
‘price’, ... ‘genre_1' varchar(255) DEFAULT NULL, ...
PRIMARY KEY('sku’)) PRIMARY KEY('sku’),

FOREIGN KEY('sku’) REFERENCES
"product’ (sku’)) ...
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Fourth Solution: Entity—Attribute—Value

sku_ooe8dagb
sku_ooe8dagb
sku_ooe8dagb
sku_ooe8dagb

sku_ooe8dagb

sku_ooe8dagb

Audio Album

A Love Supreme

John Coltrane
Jazz

General
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NoSQL Solution

 TAwIAR Key-Value

{ sku: "00e8da9b",
type: "Audio Album",
title: "A Love Supreme”,
description: "by John Coltrane”,
shipping: { weight: 6,
dimensions: { width: 10, height: 10, depth: 1} },
pricing: { list: 1200, retail: 1100, savings: 100},
details: { title: "A Love Supreme [Original Recording]",
artist: "John Coltrane",
genre: [ "Jazz", "General" |}

}
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Analysis Problem
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Type of NoSQL

o nEaE B Row-Oriented vs Column-Oriented

Key_val ue .=='S | DB Row-oriented: rows stored sequentially in a file

imple
i o
. Column-oriented: each column is stored in a separate file
¢ COIU mn- Or|ented Each column for a given row is at the same offset.
Xz
® Document

1

® Graph
o

-
-
-

O
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Relational-NoSQL Trade-offs

v v (=1

® JARRLAZAALABSZ1I19 Relational Database LA NoSQL Database

* Schema -> Relational Database § Schema ilrAUszH28157 (f’j’lazv[ﬁagiﬁv[m%) ->
NoSQL ld# Schema vinlHsassudayalanainraie WARBILAEIIAT Parse FaHAADWLIN

® Replication, Data Partition -> Replication ﬁ’lGLﬁJQuery Us228L528% Lwié’wmm”aajm?ﬁaa

® Level of Abstraction -> NoSQL GL’SJ High-level Query NFaY Parse ﬂ”aga IRBIAIIDG
Optimization T4&7343b513¢)

® Consistency -> Relational $895UN1SOWLARALUU Concurrent bAHINI
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Overview of Firestore

® Firestore Database Lﬂ%ﬁ?ﬁ]ﬁi’]@g’l%ﬂ”ﬂﬁiﬂ&ﬂﬂ Document-oriented NoSQL

® Firestore Database bUWwaIuvH9289USN15 Firebase kA Google Cloud Platform

U

* AByANAINIIN Firestore 9N Sync DEIARDALIA
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| users

Firestore Data Model

W alovelace

first : "Ada"

* Tw Firestore L3 LAUFBYAlB3ULUU2BY Document - L
born : 1815

® ILBas Document %maaagslu Collection 1@ Collection 7i¥he @ aturing
* usiaz Document azUsznaulusae Key was Value first : "Alan"

last : "Turing"

® Value 8131901% Nested Object ¥38 List L6 Corn - 1915

* ueiaz Document aN13nszyUMENaNwallalaBAILAITIOE

var alovelaceDocumentRef = db.collection('users’).doc('alovelace’);
* ¥389335YLUn Collection e
var usersCollectionRef = db.collection('users’);
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Basic Data Types

® Array

® Boolean

® Bytes (up to 1MB)

® Date and Time (microseconds)
® Floating-point Number (64 -bit)
® Geographical point (Lat, Long)

® Integer (64-bit, signed)

® Map {a:. "aaa”, b: "baz"}
® Null
® Reference (path)

® Text String (up to TMB)
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Automatic Indexing

® Firestore 923719 Index 1AAUNN Field 289 Document &5 sl5

var citiesRef = db.collection("cities”); Collection Field indexed

citiesRef.doc("SF").set({ cities A name
name: "San Francisco”, state: "CA", country: "USA",
capital: false, population: 866868, cities A state
regions: ["west_coast”, "norcal”] });
citiesRef.doc("LA").set({ cities AN country
name: "Los Angeles”, state: "CA", country: "USA",
capital: false, population: 39860868, cities AN capital
regions: ["west_coast”, "socal"] });
citiesRef.doc("DC").set({ cities ™ population
name: "Washington, D.C.", state: null, country: "USA", )
capital: true, population: 6880880, crties ¥ name
regions: ["east_coast”] }); n
citiesRef.doc("TOK").set ({ cltes e state
name: "Tokyo®, state: null, country: "Japan”, cities
capital: true, population: 9866668,
regions: ["kanto”, "honshu”] }); cities J capital
citiesRef.doc("BJ").set({
name: "Beijing”, state: null, country: "China", cities J population
capital: true, population: 215688668,
regions: ["jingjinji”, "hebei"] }); cities array-contains regions

r country




Core Firestore Operation

®* ¥ann15 CRUD: Create, Read, Update, Delete

* lWNAayalUds Database lnein915anldWanais set 910 Reference 289 Document

var docData = {

stringExample: "Hello world'",
booleanExample: true,
numberExample: 3.14159265,
dateExample: firebase.firestore.Timestamp.fromDate(new Date("December 18,
arraybExample: [5, true, "hello"]
nullExample: null,
objectExample: {

a: b,

b: {

nested: "foo"

}
o} Reference Call

db.collection("data").doc("one").set(docData).then{function() {
console.log( "Document successfully written!");
by
I 20
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Add or Set

* Tun1sldilsridn Set 151a26B952Y ID 289 Document WA ID TNRAIINANIBLT
187150 18We 2% Add wnle Lae Firestore 928379 1D 1AD 5 L6

* WHHEBIN1983519 Reference 131810138 1352y ID 1w doc 1ot

db.collection(“cities”).add({ // Add a new document with a generated id.
name: "Tokyo", var newCityRef = db.collection("cities”).doc();
country: “Japan”

1) /! later...

;fhenifunctimn(ducﬁef} { newCityRef.set(data);

console.log("Document written with ID: ", docRef.id);
1)
.catch(function(error) {

console.error(“Error adding document: “, error);




Update

* §1pBIN1BNLARTDYALRNIZ Document 12Wanedw update

U o o/ . LK% = [ U
e TdWarizts Timestamp D158INIITSYLIRIN Server BNLARTDYH A
var washingtonRef = db.collection(“cities”).doc("DC"); | var docRef = db.collection( 'objects').doc( some-id");

{/ Set the "capital” field of the city 'DC’ // Update the timestamp field with the value from the server
return washingtonRef.update({ var updateTimestamp = docRef.update({

capital: true timestamp: firebase.firestore.FieldValue.serverTimestamp()
1)
.then(function() {

console.log( “"Document successfully updated!");
.

.catch(function(error) {
/! The document probably doesn’'t exist.
console.error("Error updating document: ", error);




Nested Update

* (1RINTSANIARTBYALY Nested Object L31dNISALEN T lAR28N191Y dot

ale):1ifeJall / / Create an initial document to update.
var frankDocRef = db.collection("users”).doc("frank");
frankDocRef.set({
name: "Frank”,
favorites: { food: "Pizza", color: "Blue”, subject: "recess” },
age: 12

{/ To update age and favorite color:
db.collection("users”).doc("frank").update({
‘age”: 13,
‘favorites.color”: "Red”
1)
.then(function() {
console.log("Document successfully updated!");
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Nested Object Warning

® %1nL571bH 1Y dot notation L51ATUNUNTDNANIANE

114 Nested Object

db.collection("users").doc("frank").update({
favorites: {
food: "Ice Cream"
db.collection("users”).doc("frank”).set({ }
name: "Frank",
favorites: {
food: "Pizza",
color: "Blue”,
subject: "Recess”
}

age: 12

}).then(function() {
console.log("Frank food updated”);
1)
fusers
/frank

{

}).then(function() {
console.log("Frank created”);

name: “"Frank"”,
favorites:
food:

{

"Ice Cream”,
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Update Array Element

* pnIngdayalu Document LUBANWME Array LS1EIN1IOLNNRSOAREN1ZN [ABAE

W9n2b arrayUnion Las arrayRemove

var washingtonRef = db.collection("cities”).doc("DC");

// Atomically add a new region to the "regions” array field.
washingtonRef .update({
regions: firebase.firestore.FieldValue.arraylUnion("greater_virginia”)

// Atomically remove a region from the "regions" array field.
washingtonRef.update({
regions: firebase.firestore.FieldValue.arrayRemove("east_coast”)
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Increment / Decrement

d ©

* IS1ENITRaNLARTE AT % Numeric Aa8N1SLNABSEaRAT taan1sldWend

increment
® %511 Document LN Field NA1%WA 28379 Field IANLAI AR INNA ARG

® 11 Document § Field Wl Ldl2d Numeric 92UnAT Field AA8AINANAREA
var washingtonRef = db.collection( 'cities’).doc('DC");

// Atomically increment the population of the city by 58.

washingtonRef.update({
population: firebase.firestore.FieldValue.increment(58)
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Delete

® aU Document 31N 1UTDYAAIWNIAY delete
db.collection(“cities”).doc("DC").delete()
® §U Field A% FieldValue.delete()
var cityRef = db.collection('cities’).doc('BJ’);
var removeCapital = cityRef.update({
capital: firebase.firestore.FieldValue.delete()
};

* 1571ldd1n1508u Collection 310ElS Client 16
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Get a Document

® A9A1 Document LONANSLABININGIBADYARIE get

var docRef = db.collection("cities").doc("SF");

docRef.get().then(function(doc) {
1T (doc.exists) {
console.log("Document data:", doc.data());
s elae {
.data() will be undefined in this case

conanlﬁ log("No such document!”™);

1
r

}).catch(function(error) {
console.log("Error getting document:", error);




Get all Documents in Collection

v

* L51HINIIAFITDYANI Collection b6 WAHAANSTIAALH Meta-data RRNIsAE
Y69 Map 192318 1d390AY *ngFor

db.collection(“cities”).get().then(function(querySnapshot) {
querySnapshot . forEach(function(doc) {
// doc.data() 1s never undefined for gquery doc snapshots

console.log(doc.id, " == ", doc.data());

29



this.fServ.getTweets () .subscribe (val => {
this.tweets = val.map({ e => {
return {
id: e.payload.doc.id,
-.-2.payload.doc.data (}
} as Tweet

thi=.fServ.getTweets2 () .subscribe (val => {

getTweets () | this.tweets = val.docs.map( e => {

return this.firestore.collection('tweets"') .snapshotChanges(); return {

id: e.id,
...2.data()
getTweets2 ()} { } as Tweet

return this.firestore.collection('tweets').get();




getTweets3d () |

return this.firestore.collection('tweets'") .valueChanges();

this.fServ.getTweets3 () .subscribe (val => {

this.tweets = wval.map({ e => {
return {
id: 0,
-

} as Tweet




Filtering Data

* PINLIIHBINTITTaYARINNEKlE L15IEINITALAN where 61

db.collection("cities”).where( "capital”, "==",
.get()
.then(function(querySnapshot) {
querySnapshot.forEach(function(doc) {
// doc.data() 1s never undefined for query doc snapshots
console.log(doc.id, " == ", doc.data());

Y o»
F) s

}
.catch(function(error) {
console.log("Error getting documents: ", error);

1)
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Chaining Where

1
v (=)

* frain1atiaTawlalugULuy AND 518 H1SOLAN where RanTble

 dnla Range Filter 2zl laA Field LHen

cltiesRef.where("state”, ° 'C0").where("name”, "==", "Denver”});
citiesRef.where("state”, "==", "CA").where("population”, "<",

citiesRef.where("state”, "==", "CA").where("population”, "=",




Project : Checkpoint 3
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