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NoSQL 
Document Databases

Weekend outage.

Problem Set #5 is 
due on Tuesday

Problem Set #3 is graded and 
should be posted by Thursday
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NoSQL Databases and Data Types
1. Document databases

▪ Structured text data - Hierarchical tree data structures
• typically JSON, XML

2. Key-value stores:
▪ Can store any (text or binary) data

• often, if using JSON data, additional functionality is available

3. Columnar stores
▪ Rows that have many columns associated 

with a row key
• can be written as JSON
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Unstructured Data Formats
❖ Binary Data

▪ often, we want to store objects (class instances)
▪ objects can be binary serialized (marshalled)

• and kept in a key-value store

▪ there are several popular serialization formats
• Protocol Buffers, Apache Thrift

❖ Structured Text Data
▪ JSON, BSON (Binary JSON)

• JSON is currently number one data format used on the Web
▪ XML: eXtensible Markup Language
▪ RDF: Resource Description Framework
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JSON: Basic Information
❖ Text-based open standard for data interchange 

▪ Serializing and transmitting structured data

❖ JSON = JavaScript Object Notation
▪ Originally specified by Douglas Crockford in 2001
▪ Derived from JavaScript scripting language
▪ Uses conventions of the C-family of languages

❖ Filename: *.json
❖ Internet media (MIME) type: application/json
❖ Language independent
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[{  
    "_id": 6059,
    "population": 3175692,
    "name": "Orange County",
    "state": "CA",
    "deaths": [{"date": "2020-03-27", "count": 1}, {"date": "2020-04-02", "count": 1},
               {"date": "2020-04-05", "count": 2}, {"date": "2020-04-07", "count": 1},
               {"date": "2020-10-26", "count": 1}, {"date": "2020-10-27", "count": 5}, 
               {"date": "2020-10-28", "count": 2}],
    "cases":  [{"date": "2020-01-26", "count": 1}, {"date": "2020-03-04", "count": 2},
               {"date": "2020-03-09", "count": 2}, {"date": "2020-03-11", "count": 1},
               {"date": "2020-10-26", "count": 152}, {"date": "2020-10-27", "count": 255},
               {"date": "2020-10-28", "count": 233}]
},
{   
    "_id": 38019,
    "name": "Cavalier County",
    "state": "ND",
    "population": 3762,
    "deaths": [{"date": "2020-03-27", "count": 1}, {"date": "2020-04-02", "count": 1},
               {"date": "2020-04-05", "count": 2}, {"date": "2020-04-07", "count": 1},
               {"date": "2020-10-26", "count": 1}, {"date": "2020-10-27", "count": 5},
               {"date": "2020-10-28", "count": 2}],
    "cases":  [{"date": "2020-06-20", "count": 1}, {"date": "2020-06-22", "count": 1},
               {"date": "2020-07-02", "count": 1}, {"date": "2020-07-05", "count": 1},
               {"date": "2020-10-25", "count": 3}, {"date": "2020-10-27", "count": 1},
               {"date": "2020-10-28", "count": 3}]
}]

JSON:Example
A "list" of documents, that contains key-value pairs 
(dictionary) and lists of subdocuments.

Realated data is "localized" 
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Compared to a Relational DB

County

fips name region cog msa

Demographics

fips year race sex agelo agehi count

Covid

fips date cases deaths

● Separate tables
● Normalization
● Lots of Joins
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JSON: Data Types (1)
❖ object – an unordered set of name+value pairs

▪ these pairs are called properties (members) of an 
object

▪ syntax:  { name: value, name: value, name: value, ...}

❖ array – an ordered collection of values (elements)
▪ syntax:  [ comma-separated values ]
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JSON: Data Types (2)
❖ value – string in double quotes / number / true 

or false (i.e., Boolean) / null / object / array
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JSON: Data Types (3)
❖ string – sequence of zero or more Unicode 

characters, wrapped in double quotes
▪ Backslash escaping
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JSON: Data Types (4)
❖ number – like a C, Python, or Java number

▪ Integer or float
▪ Octal and hexadecimal formats are not used
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JSON Properties
❖ There are no comments in JSON

▪ Originally, there was but they were removed for security

❖ No way to specify precision/size of numbers
▪ It depends on the parser and the programming language

❖ There exists a standard “JSON Schema”
▪ A way to specify the schema of the data
▪ Field names, field types, required/optional fields, etc.
▪ JSON Schema is written in JSON, of course

• see example below
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JSON Schema: Example
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Document with JSON Schema
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XML: Basic Information
❖ XML: eXtensible Markup Language

▪ W3C standard (since 1996)
❖ Designed to be both human 

and machine readable

❖ example:

source: http://en.wikipedia.org/wiki/XML
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XML: Features and Comparison
❖ Standard ways to specify XML document schema:

▪ DTD, XML Schema, etc.
▪ concept of Namespaces; XML editors (for given 

schema)
❖ Technologies for parsing: DOM, SAX
❖ Many associated technologies:

▪ XPath, XQuery, XSLT (transformation)
❖ XML is good for configurations, meta-data, etc.
❖ XML databases are mature, not considered NoSQL
❖ Currently, JSON format rules:

▪ compact, easier to write, meets most needs
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NoSQL Document Databases
❖ Basic concept of data: Document
❖ Documents are self-describing pieces of data

▪ Hierarchical tree data structures
▪ Nested associative arrays (maps), collections, scalars
▪ XML, JSON (JavaScript Object Notation), BSON, …

❖ Documents in a collection should be “similar”
▪ Their schema can differ

❖ Often: Documents stored as values of key-value
▪ Key-value stores where the values are examinable
▪ Building search indexes on various keys/fields 
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Why Document Databases
❖ XML and JSON are popular for data exchange

▪ Recently mainly JSON
❖ Data stored in document DB can be used directly

❖ Databases often store objects from memory
▪ Using RDBMS, we must do Object Relational Mapping 

(ORM)
• ORM is relatively demanding

▪ JSON is much closer to structure of memory objects
• It was originally for JavaScript objects
• Object Document Mapping (ODM) is faster
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Document Databases

MS Azure
DocumentDB
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Example:  MongoDB
❖

▪
▪
▪

❖

❖

▪
▪

▪
▪

http://www.mongodb.org/
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MongoDB: Terminology

❖

▪
▪

❖

▪

RDBMS MongoDB

database instance MongoDB 
instance

schema database

table collection

row document

rowid _id
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Documents
❖

❖

▪
▪

❖

▪
▪
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Document Fields
❖

▪
▪
▪
▪
▪

❖

▪

▪
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Database Schema
❖

▪
▪

❖

▪

▪
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Schema: Embedded Docs
❖

▪
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Schema: Embedded Docs (2)
❖

❖

❖

▪
▪

❖

▪
▪
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Schema: References
❖

❖
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Schema: References (2)
❖

❖

▪

▪
▪

❖

▪
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Querying: Basics
❖

❖

▪
▪
▪
▪ …

❖

db.users.find()    -- Like SELECT *

db.users.find( {} )
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Querying: Example

Like SQL "WHERE"
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Querying: Selection
db.inventory.find({ type: "snacks" })

❖

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

❖

db.inventory.find( 

   { type: 'food', price: { $lt: 9.95 } } )

❖
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Inserts
db.inventory.insert( { _id: 10, type: "misc", 
item: "card", qty: 15 } ) 
❖

▪

db.inventory.insert( 
   { type: "book", item: "journal" } )

❖ _id

$ db.inventory.find()

{ "_id": ObjectId("58e209ecb3e168f1d3915300"), 
type: "book", item: "journal" } 
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Updates
db.inventory.update(
   { type: "book", item : "journal" },
   { $set: { qty: 10 } }, 
   { upsert: true }  )
❖

{ type: "book", item : "journal" }
❖ { qty: 10 }

❖ upsert: true
▪
▪
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MapReduce
collection "accesses":
{
  "user_id": <ObjectId>,
  "login_time": <time_the_user_entered_the_system>,
  "logout_time": <time_the_user_left_the_system>,
  "access_type": <type_of_the_access>
}

❖ How much time did each user spend logged in
▪ Counting just accesses of type “regular”

db.accesses.mapReduce(
  function() { emit (this.user_id, this.logout_time - this.login_time); }, 
  function(key, values) { return Array.sum( values ); },  
  {   
    query: { access_type: "regular" }, 
    out: "access_times" 
  } 
)
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MongoDB Indexes
❖

▪

❖

▪

❖

❖

▪
▪
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Indexes: Example of Use
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Indexes: Example of Use (2)

❖



Comp 521 – Files and Databases                                       Fall 2020 37

Indexes: Example of Use (3)

❖
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Index Types
❖

▪

▪
❖

▪
❖

▪
❖

▪
▪
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Index Types (2)
❖

❖

❖
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Index Types (3)
❖

▪
❖

▪

❖

▪

▪

❖

▪
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MongoDB: Behind the Curtain
❖
❖

▪
▪
▪

❖

❖

❖
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BSON (Binary JSON) Format
❖

▪

http://www.bsonspec.org/
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BSON: Basic Types
❖ byte
❖ int32
❖ int64
❖ double

http://www.bsonspec.org/
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BSON Grammar
document ::= int32 e_list "\x00"

❖

❖ int32

e_list ::= element e_list | ""
❖

http://www.bsonspec.org/
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BSON  Grammar (2)
element ::= "\x01" e_name double

| "\x02" e_name string

| "\x03" e_name document

| "\x04" e_name document

| "\x05" e_name binary

  | … …

e_name ::= cstring 
●

cstring ::= (byte*) "\x00" 
string ::= int32 (byte*) "\x00"

…
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Data Replication
❖

❖

▪

▪
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Replication: Read & Write
❖

❖

○

○
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Replication: Read Modes

Read Preference Mode Description

primary operations read from the primary of the replica set

primaryPreferred operations read from the primary, but if unavailable, 
operations read from secondary members

secondary operations read from the secondary members 

secondaryPreferred operations read from secondary members, but if 
none is available, operations read from the primary

nearest operations read from the nearest member (= shortest 
ping time) of the replica set
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Replica Set Elections
❖

▪

▪
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Replica Set: CAP
❖

▪

▪

▪

❖

▪

▪



Comp 521 – Files and Databases                                       Fall 2020 51

Sharding
❖
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Collection Partitioning
❖

▪

▪

▪

❖

▪
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Sharding: Components
❖

❖

▪

❖

▪

▪

❖

▪
▪
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Sharding: Diagram
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Journaling
❖

▪
▪

❖

❖

▪
▪
▪

❖
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Transactions
❖

▪
▪
▪

❖

▪
db.foo.update( { field1 : 1 , $isolated : 1 }, { $inc 

: { field2 : 1 } } , { multi: true } )

▪


