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Document Databases: Practice

Seminar 3 of NoSQL Databases (PA195)

David Novak & Vlastislav Dohnal
Faculty of Informatics, Masaryk University, Brno
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Agenda: MongoDB

® MongoDB: Review

® QOperations

o Using mongo shell
m insert/update/querying
m JSON Schema
m adding indexes

® Basic Administration

O Log monitoring, performance
O Other tools: mongoimport, mongodump, etc.

® Language Connectors
O Python: pymongo, mongoengine
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Sfellsnagks 8 item  aecies

® |nitial release: 2009
o Written in C++ {

name: "sue", <«+—— field: value
O Open_source age: 26, <+—— field: value
O Cross_platform status: "A", <«—— field: value
groups: [ "news", "sports” ] <e—— field: value

=

e JSON documents
o Use JSON for API communication

e [nternally: BSON

O Binary representation of JSON
O For storage and inter-server communication

http://www.mongodb.ora/ 3
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MongoDB: Terminology

RDBMS MongoDB
database instance database
schema
table collection
row document
rowid _id
{
nda 1‘_ ‘
ag na ¢
st ag name: "al",
. gr st age: 18,
d status: "D",

gr

groups: [ "politics”,

"news" ]

Collection

Stree basi =
u-".Jsml ,,;g nlatahasre'ﬂmE mdemppmg

a,Mungdu nBtfguudllectmn
@ L-docurmen
é[mld

él[ll
elds Duemm

umm._

5 inventory i s dh inventory.find
el spagis 8 item  sstia3

) dunumants

each JSON document:
O belongs to a collection
o hasafield id

B unique within the
collection

each collection:
O belongs to a "database"

http://www.mongodb.ora/ 4
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1. Create your VM via http://stratus.fi.muni.cz
O template: PA195
o systemctl start mongod
2. or Install MongoDB on your machine
o download: http://www.mongodb.org/downloads
O install: http://docs.mongodb.org/manual/installation/

3. or Install on nymfe (very easy):
o Download and unpackto /var/tmp/<login>/

https://docs.mongodb.org/manual/tutorial/install-mongodb-on-linux/

./bin/mongod --dbpath /var/tmp/<login>/data
--logpath /var/tmp/<login>/mongo.log &
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http://www.mongodb.org/downloads
http://docs.mongodb.org/manual/installation/
https://docs.mongodb.org/manual/tutorial/install-mongodb-on-linux/
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MongoDB Shell | giell e ek
e Connect to a running MongoDB database: doc

run mongo shell: $ mongo local

Co
o)
e MongoDB shell basic features & commands

O use tab for command completion

O use up/down arrows for command history

O usectrl+R forreverse command search

O JavaScript syntax

B var record = { " id": 1, "name": "david" }

> help
> show dbs
> use local use newdbname

To create a new database, just type:



https://docs.mongodb.org/manual/mongo/
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Insert

Follow: http://docs.mongodb.org/manual/core/write-operations-introduction/
Or http://docs.mongodb.org/manual/applications/crud/

db.users.insert ( <«—— collection

{
name: "sue”, <«—— field: value
age: 26, <+—— field: value document
status: "A" <«+—— field: value

t

)

db.inventory.insert( { 1i1d: 10, type: "misc",

item: "card", gty: 15 } )

® Inserts a document with three fields into collection inventory
O User-specified id field


http://docs.mongodb.org/manual/core/write-operations-introduction/
http://docs.mongodb.org/manual/applications/crud/

JSON Schema of Inventory

"Sschema":
"type":
"properties":
"oid": |
"item": {
"type": {
"misc" ] 1},
"price": { "type":
"gty": { "type": "number"
"producer": {
"type": "object",
"properties": {

"http://Jjson-schema.org/draft-

"object",

{

"type":
"type":
"type":

"string" 1},
I

"enum" :

"string"
"string", [

"number"

by

by

"food" ,

zzzzz

SUNsz database e mdexupm[:e

- =ongoDBi

le iy
.NII:H address.

ﬂ% pEs document
ggfll’.mﬁwﬁﬁéﬁ?&% PE!!E&ELPJJW
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04/schema#",

"snacks", "accessories",

e May set a validator when creating a

collection
o Itis JSON schema

db.createCollection (
{ validator:

"inventory",

{

{ $jsonSchema:

. }
"company": { "type": "string" }, 1)
"address": { "type": "string" } OR -
db.createCollection( "inventory", { validator:
} { Sand:
! [
"required": [ "company" ] { item: { Stype: "string" } },
{ price: { $type: "number" } 1},
} { type: { $in: ["food", "snacks", "accessories", "misc"] } }
]
}, bo
validationLevel: "strict",
"requi red" M |: "item" ’ "type " :| validationAction: "error"

)

}
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e Create 5-10 JSON objects according to the schema
"misc"

"food", "snacks", "accessories",

® of all types, i.e.
O Use an online editor + validator:

http://www.jsonschemavalidator.net/

e [nsert these JSON documents into your database
O into collection inventory


http://www.jsonschemavalidator.net/
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Update

numen
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db.inventory.update (

{ type: "book", item: "journal" },
{ $set: { gty: 10 } 1},
{ upsert: true } )

e May create a new doc.

O if nodocument in the inventory collection contains {
type: "books", item: "journal" }

O Adds the id field with a generated value a unique
Objectld

O Result contains fields type, item, qty, id

10



Delete

db.inventory.deleteOne ({ type:

e Deletes first matching record

db.inventory.deleteMany ({ type:

e Deletes all matching records

Streef bas
g@MMWWmm

ﬁ Mo uuﬂquuudllectmn
uuuuu ke - docuren
w Eé[mld

~inventory 3. db.ventoryfind
Sfellsnagks 8 sjtem  nseies

"Food" })

"food" })

11
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Manipulation Alternatives L
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db.inventory.save( { 1i1d: 10, type: "book",

item: "notebook", gty: 40 } )
e Updates the existing document with the passed _id.

e or Creates a new document in inventory
o if _idis not specified or does not exist in the collection;

db.1nventory.remove( { type : "food" } )
® Removes all documents that have type equal to food from the inventory
collection

db.inventory.remove( { type : "food" }, 1 )
® Removes one document that have type equal to food from the inventory

collection
12
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Task 2

|ndenes

do

® Insert these items into the database:
var macdonalds = [
{item: "burger", type: "snacks", price: 0.99, gty: 200 1},
{item: "coke", type: "food", price: 1.99, gty: 500 },
{item: "french fries", type: "snacks", price: 1.0, gty: 5},
{item: "six pack", type: "food", price: 11.99, gty: 60 1},
{item: "cup", type: "accessories", price: 0.05, gty: 1000,
producer: { address: '123 Street', company: 'ABC123'} 1},
{item: "straws", type: "accessories", price: 0.9, gty: 300,
producer: { company: 'ABC123', address: '123 Street'} }

db.inventory.insert (macdonalds)
o Update items “burger” and increment quantity by 50.

13
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® A MongoDB query:
O Targets a specific collection of documents
Specifies criteria that identify the returned documents

O
O May include a projection to specify returned fields
O May impose limits, sort, orders, ...

e Basic query - all documents in the collection:
db.1nventory.find ()
db.inventory.find( {} )

14



Querying (2)

Collection

db.users.find( { age:

{ age:

18, ...

{ age:

28, ...

{ age:

21,

{ age:

38, ...

{ age:

18,

{ age:

38, ...

{ age:

31, ...

users

ﬁ
Query Criteria

Query Criteria

{ $gt:

18 } } ).sort( {age:

{ age: 28, ...}

{ age: 21, ...}

{ age: 38, ...} ﬂ
Modifier

{ age: 38, ...}

{ age: 31, ...}

e Mongo query language

Maodifier

QLY !
JSONZ> m,||a|a|trflsta"i'ﬂ‘E mdexnpru:e

w‘f = MongoDBis:
|E|d ! dunumentBU||EGtI[lﬂ

= inventory § = do inventary,find
5|snai(sa|tﬂm ncizy =

duuurnr.nts
mdexes*
St

131)

age: 21, ...}
age: 28, ...)
age: 31, ...}
age: 38, ...}
age: 38, ...}
Results

http:

/mww.mongodb.org/ 15
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Querying (3) =i

db.inventory.find({ type: "snacks" })

e All documents from inventory where the type field has the
value snacks

® Copy&paste the response to the file find-snacks.txt and
upload to the IS’s vault!

Attendance

Check

db.inventory.find({ type: { $in: [ 'food',
'"snacks' ] } } )

e Allinventory docs where the type field is either food or snacks
db.1inventory.find

{ type: 'food',
slt: 9.95 } } )
o All..

price: {

where the type field is food and the price is less than 9.95

16
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Querying (4)

db.inventory.find ({ $or: [
{ gty: { Sgt: 100 } 1},
{ price: { $1t: 9.95 } } 1] )

e Allinventory docs where the gty field is greater than (Sgt) 100
OR the price is less than (SIt) 9.95

u.':
5 €a
=

db.inventory.find( { type: 'food', Sor: |
{ gty: { Sgt: 100 } 1},
{ price: { $1t: 9.95 } } ] o)
e Allinventory docs where the type field is food AND EITHER the
qty is greater than (Sgt) 100 OR the price is less than (SIt) 9.95

17
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db.inventory.find({ type:'accessories' },
{item:1, price:1, 1d:0 })

e Find the relevant documents and projects selected attributes

18
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Querying (6): Nested Values ATl

db.inventory.find( { producer: {
company: 'ABC123',
address: 'l23 Street'
P )
e All docs where the value of the field producer is a subdocument
that contains only the field company with the value ABC123 and
the field address with the value 123 Street, in the exact order

db.inventory.find( { 'producer.company'

"ABC123"' } )

e All docs where the field producer is a subdocument containing
field company with value ABC123 (and may contain other fields),
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® |ndexes are key for MongoDB performance

o Without indexes, MongoDB must scan every documentin a
collection to select matching documents

® |ndexes store some fields in easily accessible form
O Stores the value of a specific field(s) ordered by the value

of the field
e Defined per collection
® Purpose:

O To speed up common queries
O To optimize performance of other specific operations

20



Indexes: Example of Use

Collection

T |
db.users. find{ { score: { "Slt":

mimn

18

Query Criteria

3} 1)

ﬂ.'l"“'
=T "’u"ﬂ‘ﬂhﬂse"*’”“ indexiriGe
v & =SV\|() g fogd v e
TETE o “ t
= g:cur Idzdnuument[;ﬂ ection
=58 |E "< inventory § 25 b inventory.find
—8 s nummltem LRk

f score: 1 ) Index
max

UsSEers

http://www.mongodb.org/
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Index Types by Attributes

e Default: id
O Exists by default

m |If applications do not specify _id, it is created.
o Unique

e Single Field

O User-defined indexes on a single field of a document

e Compound
O User-defined indexes on multiple fields

e Multikey index
O To index the content stored in arrays
O Creates separate index entry for each array element

IndEK ppmg
fuud
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Iﬂ'-'Elﬂﬂl‘u is dh inventory.find
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Index Types by Technique

e Ordered Index
O B-Tree (see above)
e Hash Indexes ("hashed")
O Fast O(1) indexes the hash of the value of a field
m Only equality matches
® Geospatial Index

o "2d" = use planar geometry when returning results
m For data representing points on a two-dimensional plane

o "2dsphere" = spherical (Earth-like) geometry

m For data representing longitude, latitude

e Text Indexes ("text")
O Searching for string content in a collection

IndEK ppmg
fuud

HHHHHH

uwenlnru is dh inventory.find

%r d dnuument[}[l"EEtlUﬂ
E she
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Indexes: Management

E

https://docs.mongodb.org/manual/core/indexes-introduction/

e Basic command:
db.1nventory.createlIndex( { type: 1 })
O The number controls ordering (1:asc, -1:desc)

® Check indexes & create hashed index

db.1nventory.stats ()

db.1nventory.droplIndex ({type:1})

db.1nventory.createlndex ({type:"hashed"})

db.1nventory.droplndex ({type:"hashed"})

24
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® Query execution plan (is index used?):

db.1nventory.find({item: "burger"}) .explain/()

® |n real application, all queries should use indexes

25



MongoDB Management
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Installation & running
O service mongod start/stop/status

Configuration file
o /etc/mongod.conf

Data files

o dbpath=/var/lib/mongo

Log file

o logpath=/var/log/mongodb/mongod.log
MongoDB tools:

O mongo<TAB>

Admin GUI interfaces: 1ink 26



https://docs.mongodb.com/ecosystem/tools/administration-interfaces/

Task 3: Import Large Data L1

e generate JSON data:

o http://ijsongen.pykaso.net/

® or use generated file at

# ~/mongo/people.json

O or download from
study materials

Generate GPS

coordinates :

(GeoJSON)

Stree basi =
mJSUN ot nlatahasre'ﬂmE mdempmng

= ongoDBi:

Id ¥ dnuument[i[l"EBtlUﬂ
IE “"“Iﬂ'-'EﬂlﬂFUi =dh inventory.find
9|snmksaltﬂm AECI23

HHHHHH
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{
H_id"
"surname"
"fullname"
"email" "Semail%",
"salary": "S$randFloat (10,50000)%",
"address" : {

"city"

"Findex$%
"O

osurname%"
"$fullname$",

"$Sname3",
"street" "$names",
"number" "$randInt (0, 50)%",
~ "location" : {
"type": "Point",
"coordinates": |
"$randFloat (0,180)%"

"$randFloat (0,90) %"

27
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https://is.muni.cz/auth/el/fi/podzim2020/PA195/um/seminar-3/people.json
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Task 3 ( cont. ) = el kil
mongoimport --db <name> --collection <col> --

type json —--file <path> --jsonArray

database: <name> (use "local")

collection: <col> (use "people")

file type: JSON (default)

file path: <path> (use "~/mongo/people.json")
assuming that the file contains an array of JSON
documents

28
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Task 4: Querying

e Find people living in the city “Andrew”
e Find people with salary greater than 3000

O list their names and salary only

e Find people with email from the domain
“kaplan.il”

e Count records in people collection (it is 10,000)

function?

O count distinct last names (it is 640) ﬁ T T

Copy & paste (at least 3) queries and their responses to
the file find-people.txt and upload to the IS’s vault!

Attendance
Check

29



: JQE?M éﬂﬁ%ﬁ%ﬂ
Monitor Performance = il el

e Monitor performance of operations
o Change MongoDB optionin /etc/mongod.conf
operationProfiling:
slowOpThresholdMs: 5

O drop operation system disk caches
m Only root can do:

# echo 1 > /proc/sys/vm/drop caches
O run queries, index, and monitor MongoDB log file

# tail -f /var/log/mongodb/mongod.log

30
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® GeoSpatial index and queries

db.people.ensurelndex ({"address.location": "2dsphere"})

db.people.find(
{ "address.location": { Snear
{ $Sgeometry
{ type : "Point" ,
coordinates : [ 128.4, 48.13 ]
}, SmaxDistance: 10000

1)) \

In meters for
GeoJSON type

31
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e Python

O Pymongo: basic operations with the database
m like MongoDB shell encapsulated in Python

o Mongoengine: Object-Document Mapper
m transparent storing of object data
m http://mongoengine.org/

e Examplein

# ~/mongo/student.py
# ./student.py —--help

https://is.muni.cz/auth/el/fi/podzim2020/PA195/um/seminar-3/student.py

32


http://mongoengine.org/
https://is.muni.cz/auth/el/fi/podzim2020/PA195/um/seminar-3/student.py

Questions?

Please, any questions?

Street has;c —
g uperalmns Spem ig
I:r-eales JSUN Pulhnn 1 d a ase ﬂame |n d Ex| it pmdUGEI’

nnnnnn
!] = 1: contains Maun randﬂnal prlce

uerul

curﬁpanu uu iy I mongoch o

esc'_-a“t

perturmanue | D § g y address g g’ -2
e query == —_— w m Example 8 names  command
unllql'leq_=|°-’i=<f |d =Edﬂﬁumen " tlun

“““’““‘”IIWEH ory 2 =adh Inventory.find
ShE"snanks Cl-"l em ABCI23 =

(ueries =

db.inventory.remove = -=
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