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Lecture Outline

Core NoSQL principles in MongoDB
* Sharding, Replication, and Consistency Patterns

Aggregation
e Aggregation pipeline

e Single-purpose aggregation

Indexes
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Sharding

e Sharding
= Sharding is MongoDB's approach to horizontal scaling.
= Distributes data across multiple machines.
= Enables handling large datasets and high throughput operations.
= Automatically balances data across shards.

* Key Components:
= Shards (data containers).
= Config Servers (metadata) — min. 3.
v" Store cluster metadata and configuration
v Always deployed as a replica set
= Mongos (router process)
v Interface between client applications and sharded cluster

* Sharding Process:
= Data division into chunks (128 MB default)
=  Chunk distribution across shards
= Automatic balancing based on distribution strategy.

evur
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Sharding strategies

* Range-Based Sharding

= Divides data based on shard key ranges

= Suitable for:
Time-series data
Geographic location data
Range-based queries
Data that needs to be read in order

= Challenge: Potential hotspots.
¥ Shard key values are monotonically increasing
K Write operations are concentrated on a single shard
X Data distribution needs to be perfectly uniform

* Advantages:
= Efficient range queries, predictable data location, good for sequential access
* Disadvantages:
= Potential for hotspots, uneven distribution possible, growing ranges may need
rebalancing

evur
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Hash-Based Sharding

* Hash-Based Sharding:
= MongoDB computes hash of the shard key field
Distributes data randomly but evenly
Even distribution across shards
Suitable for:
Write-intensive workloads
Need for uniform data distribution
Preventing hotspots
Random access patterns
Avoid When
K Range-based queries are common
K Data locality is important
K Sequential data access is needed

* Advantages:
= More uniform data distribution, better write distribution, reduces hotspots
* Disadvantages:

= Less efficient for range queries
evut
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Zone-Based Sharding

* Zone-Based Sharding:
= Associates chunks with zones
= Zones mapped to specific shards
= Custom rules for data placement
e Suitable for:
Geographic data storage and regulatory compliance
Hardware optimization
Multi-region deployments
Custom data placement rules
* Avoid When
K Simple deployment is preferred
XK No specific data locality needs
K Limited hardware resources

* Advantages:
= Data locality control, regulatory compliance support, hardware optimization
* Disadvantages:

: = More complex mana
VuT
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MongoDB Replication: primary-secondary architecture

* Primary Node:
= Handles all write operations
= Records operations in oplog
= Can handle read operations
= Elections determine primary

* Secondary Nodes :
= Maintain copies of data
= Sync from primary and can sync from other secondaries if a primary
is unavailable
= (Can handle read operations
= Participate in elections
= Can become primary

* Asynchronous replication process

* Maintains eventual consistency

evur
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CAP Theorem Implementation

* Consistency (C) e Default: CP (Consistent +
= All nodes see the same data Partition Tolerant)
= Read operations return the latest write = Prioritizes data consistency
= Configurable consistency levels = May reject writes during
partitions

* Availability (A)
= Everyrequest gets a response
= No guarantee of the latest data * Optional: AP Configuration
= System remains operational = Higher availability

= Eventual consistency

= Better performance

= Strong consistency guarantee

* Partition Tolerance (P)
= System functions despite network issues
= Handles node separation
= Maintains operation during splits

evur
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Aggregation

Aggregation operations collect values from documents, group them, and
then perform different types of operations on that grouped data like sum,

average, minimum, maximum, etc., to return a computed result.

MongoDB provides three ways to perform aggregation
e Aggregation pipeline
e Map-reduce function (deprecated)

e Single-purpose aggregation
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Aggregation pipeline: Basics

Pipeline Stages:
= Aggregation operations use a pipeline, where each stage transforms the
documents as they pass through the pipeline.

Order of Stages:
= The order of stages in the pipeline matters.

Immutability of Input Documents:
= Aggregation does not modify the original documents in the collection.

Memory Restrictions:
= Some stages, like Ssort and Sgroup have memory restrictions.
= MongoDB will produce an error if a stage exceeds 100MB of RAM.

Index Use:
= Some stages can take advantage of indexes (Smatch, Ssort, etc.), significantly
improving performance.

Output:

= The output of an aggregation query is a cursor to the documents that match the
pipeline of operations.
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Aggregation pipeline

An aggregation pipeline consists of one or more stages that process
documents:

Each stage operates on the input documents. The documents’ output from
one stage is passed to the next stage.

An aggregation pipeline can return results for groups of documents.

Aggregation stages smatch
matc
e Sorting $group
Input Data $sort Result
: —> R
e Grouping (collection) $skip (document)
e String concatenation $j::‘:vni: 4
e Array processing $out

* etc.
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Aggregation pipeline

An aggregation pipeline is constructed with the aggregate() method of

the Collection class and takes an array of stages:

db.collection.aggregate( [ { <stage> }, ... ] )

Stages can appear multiple times in a pipeline except for Sout, Smerge,
and SgeoNear.
The order of the stages can significantly affect the performance of the query.

Smerge or Sout stages modify documents.
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Data set for this lecture

db.orders.insertMany( [
{ __id: 0, name: "Pepperoni", size: "small", price: 19, quantity: 10 },
{ id: 1, name: "Pepperoni", size: "medium", price: 20, quantity: 20},
{ _id: 2, name: "Pepperoni", size: "large", price: 21, quantity: 30},
{ _id: 3, name: "Cheese", size: "small", price: 12, quantity: 15},
{ __id: 4, name: "Cheese", size: "medium", price: 13, quantity: 50 },
{ _id: 5, name: "Cheese", size: "large", price: 14, quantity: 10},
{ _id: 6, name: "Vegan", size: "small", price: 17, quantity: 10},
{ __id: 7, name: "Vegan", size: "medium", price: 18, quantity: 10},

1)

Source: https.//www.mongodb.com

evur
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Aggregation pipeline: Smatch and Sgroup stages

db.orders.aggregate( [

// Stage 1: Filter pizza order documents by pizza size

Collection
{
$match stage Smatch: { size: "medium" }
}
// Stage 2: Group remaining documents by pizza name and calculate total quantity
{
Sgroup stage |~ Sgroup: { _id: "Sname", totalQuantity: { Ssum: "Squantity" } }

}
Stage Expression Accumulator

{ _id: 'Cheese’, totalQuantity: 50 },
{ _id: 'Vegan', totalQuantity: 10 },
{ _id: 'Pepperoni’, totalQuantity: 20 }

1)

evur
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Smatch and Sgroup stages

db.orders.aggregate( [
{Smatch: { size: "medium" }},
{Sgroup: {_id: "Sname", totalQuantity: { Ssum: "Squantity" } } }

)

Intermediate result of the Smatch (filtering stage):

{ _id: 1, name: "Pepperoni", size: "medium", price: 20, quantity: 20},
{ __id: 4, name: "Cheese", size: "medium", price: 13, quantity:50},
{ _id: 7, name: "Vegan", size: "medium", price: 18, quantity: 10}

Final result of the query

[

{ __id: 'Cheese’, totalQuantity: 50},

{ _id: 'Vegan', totalQuantity: 10},

{ __id: 'Pepperoni’, totalQuantity: 20 }
]

evur
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Smatch and Sgroup stages

* Smatch stage is used for filtering the documents.

= |t can reduce the amount of documents given as input to the next stage.
{ $match: { <query> 1} }

« Sgroup stage is used to group documents based on some value.

{
$group:
{
_1id: <expression>, // Group key
<fieldl>: { <accumulatorl> : <expressionl> },
¥
}

Sgroup does not order its output documents.

evur
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Aggregation pipeline: Accumulators

Accumulators are used in the group stage.

® sum

= Sums numeric values for the documents in each group

count
= Counts the total number of documents
°* avg

= (Calculates the average of all given values from all documents

min / max

= |t gets the minimum / maximum value from all the documents

first / last

= Gets the first / last document from the grouping
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Aggregation pipeline: Accumulators

The total number of all pizza types and maximum quantity for each type
db.orders.aggregate(][

{
Sgroup: { _id: "Sname",

total_offers: { Ssum: 1},

max_quantity: { Smax: "Squantity" }}

1)

Result

[
{ _id: 'Pepperoni’, total_offers: 3, max_quantity: 30 },
{ _id: 'Cheese’, total_offers: 3, max_quantity: 50 },
{ _id: 'Vegan', total_offers: 2, max_quantity: 10 }
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Aggregation pipeline: Expressions

Expressions refer to the name of the field in input documents, e.g.

{Sgroup : { id:"Sname", total: { Ssum: "Squantity" }}}

Example: average price for each pizza size
db.orders.aggregate(][

{
Sgroup : {
_id : "Ssize",
count: { Ssum: 1},
averagePrice: { Savg: "Sprice" }
}

H) !

{ id:'large’, count: 2, averagePrice: 17.5 },
{ _id: 'small', count: 3, averagePrice: 16 },
{ __id: 'medium’, count: 3, averagePrice: 15 }

]
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Aggregation pipeline: Scount stage

$count stage passes a document to the next stage that contains a count of

the number of documents input to the stage.

Example: Display the total number of offers for Pepperoni pizzas

{ Scount: <string> }

db.orders.aggregate(][

)

{ Smatch: { name: "Pepperoni" }},

{ Scount: "Total offers for Pepperoni" }

Result
[ { 'Total offers for Pepperoni': 3 }]
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Aggregation pipeline: Example

Displaying the total number of pizzas with price >= 20

db.orders.aggregate(][
{ Smatch: { price: { Sgte: 20} }},

{ Scount: "Total number of expensive pizzas" }

1)

Result
[{ Total number of expensive pizzas': 2 } ]
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Aggregation pipeline: Example

Count the total quantity and average price of pizzas of each type that have a size of
"medium" or "large"

db.orders.aggregate(][

{
Smatch: { size: { Sin: ["medium", "large"] } }
7
{
Sgroup : {
_id : "Sname",
totalQuantity: { Ssum: "Squantity" },
averagePrice: { Savg: "Sprice" }
}
} [
1) { _id: 'Pepperoni', totalQuantity: 50, averagePrice: 20.5 },

{ _id: 'Cheese’, totalQuantity: 60, averagePrice: 13.5 },
{ __id: 'Vegan', totalQuantity: 10, averagePrice: 18 }

]
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Aggregation pipeline: Ssort, Slimit and Sskip stages

« Ssort stage is used to sort the documents, that is, rearrange them.
{ S$sort: { <fieldl>: <sort order>, <field2>: <sort order> ... } }

= Sort order: 1 —sort ascending, -1 — sort descending

 Slimit stage is used to pass the first n number of documents, thus limiting them.

{ $limit: <positive 64-bit integer> }

* Sskip stage is used to skip n number of documents and pass the remaining documents.

{ $skip: <positive 64-bit integer> }

evur
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Aggregation pipeline: Ssort, Slimit and Sskip stages

Example: Display the three most expensive pizzas sorted by price in descending
order
[

{

_id: 2,

name ‘Pepperoni',
size: 'large’,
db.orders.aggregate([ gﬂgﬁt.%l 30,

_ ate: ISODate("2021 03-17T09:22:12.000Z")
{ Ssort: { price:-11}},

.. _id: 1,
{ Slimit: 3} name 'Pepperont/,
size: 'medium’,
]) price: 20,
guantlt : 20,
ate: ISODate("2021 03-13T09:13:24.000Z")

_id: 0,
name: 'Pepperont’,
size: 'small’,
price: 19,
guantlt
ate: ISODate("2021 03-13T08:14:30.000Z")

evur
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Aggregation pipeline: Example

Count the total quantity and average price of pizzas of each type that have a size of
“small” or a price less than 15, and sort the results by descending average price:

db.orders.aggregate(][

{
Smatch: { Sor: [ { size: "small" }, { price: {SIt: 15} } ]}
}
{
Sgroup : {
_id : "Sname",
totalQuantity: { Ssum: "Squantity" },
averagePrice: { Savg: "Sprice" }
}
) [
{ { _id: 'Pepperoni', totalQuantity: 10, averagePrice: 19 },
$sort: { averagePrice: -1} { _id: 'Vegan', totalQuantity: 10, averagePrice: 17 },
} ]{_id: 'Cheese’, totalQuantity: 75, averagePrice: 13 }
1)

evur
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Aggregation pipeline: Sproject stage

Sproject

Reshapes each document in the stream, such as by adding new fields or
removing existing fields, moving and renaming fields, and building computed

fields.
For each input document, outputs one document.

{ Sproject : {name : 1, price : 1} }
Only pass on fields "name" and "price"

SaddFields
Adds new fields to documents. SaddFields outputs documents that contain
all existing fields from the input documents and newly added fields.

The SaddFields stage is equivalent to a Sproject stage that explicitly
specifies all existing fields in the input documents and adds the new fields.
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Aggregation pipeline: Example

Find the name and size of the most expensive pizza:

db.orders.aggregate(][

)

{
Ssort: { price: -1}
b
{
Slimit: 1
b
{
Sproject: { name: 1, size: 1, id: 0}
}

[ { name: 'Pepperoni', size: 'large' } ]
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Aggregation pipeline: Example

M

evur

FEL

Count the total revenue from selling pizzas of each type

db.orders.aggregate(][

{
Sproject: { name: 1, revenue: { Smultiply: ["Sprice", "Squantity"] } }

b
{

E id: 0, name: "Pepperoni", revenue: 190 },
{__id: 1, name: "Pepperoni", revenue: 400 },
Sgroup : { {6 3. name. "Chabsen revence: 1803,
_id: "5>name”, {7id: 5 name. "Cheese", revenie: 140 |
totalRevenue: { $sum: "$revenue" } {1d: & name: egan', revene: 1701

1) [
{ _id: 'Pepperoni', totalRevenue: 1220 },
{ _id: 'Vegan', totalRevenue: 350 },
{ _id: 'Cheese', totalRevenue: 970 }
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Aggregation pipeline: Example

Find the name, size, and price of the first three pizzas that have a quantlty of 10 or more,

and add a field called “discount” that shows the percentage of the
guantity is increased by 10

db.orders.aggregate(][

{
Smatch: { quantity: { Sgte: 10 } }
b
{
Slimit: 3
b
{
Sproject: { name: 1, size: 1, price: 1,
discount: { Smultiply: [ { Sdivide: [ { Ssubtract: [ "Sprice",
{ Smultiply: [ "Sprice",0.9]1}]}, "Sprice" ]}, 100] }}
}

)

evur

M
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{
_id: 0,
name: 'Pepperoni',
size: 'small’,
price: 19,
discount: 9.999999999999993
}l
{
_id: 1,
name: 'Pepperoni'’,
size: 'medium’,
price: 20,
discount: 10
}I
{
_id: 2,
name: 'Pepperoni’,
size: 'large’,
price: 21,
discount: 9.99999999999999
}

]



Aggregation pipeline: Example

* No built-in way to format floating point numbers
* Sround operator
« Strunc operator

db.orders.aggregate(][

{
Smatch: { quantity: { Sgte: 10 } }
2
{
Slimit: 3
b
{

Sproject: { name: 1, size: 1, price: 1,

discount: {Sround: { Smultiply: [ { Sdivide: [ { Ssubtract:

[ "Sprice", { Smultiply: [ "Sprice",0.9]}]}, "Sprice" 1},
100]}}}

[

{
_id: 0,
name: 'Pepperoni’,
size: 'small’,
price: 19,
discount: 10

b

{
_id: 1,
name: 'Pepperoni’,
size: 'medium’,
price: 20,
discount: 10

b

{
_id: 2,
name: 'Pepperoni’,
size: 'large’,
price: 21,
discount: 10
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Aggregation pipeline: Example

Add a new field with total price of all pizzas.

[

db.orders.aggregate(][ {
{ . _id: 0,
SaddFleIds: name: 'Pepperoni',
{ size: 'small’,
n H n, . .rn . non PR | price: 19,
totalPrice": { Smultiply: [ "Sprice", "Squantity" ] } quantity: 10,
} } totalPrice: 190
7
{
]) _id: 1,

name: 'Pepperoni',
size: 'medium’,
price: 20,
quantity: 20,
totalPrice: 400

7

evur
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Aggregation pipeline: Sunset stage

* Sunset stage removes/excludes fields from documents.

To remove a single field:
{ Sunset: "<field>" }

To remove multiple fields:
{ Sunset: [ "<field1l>", "<field2>", ... ] }

To remove/exclude a field or fields within an embedded document:
{ Sunset: "<fijeld.nestedfield>" }
{ Sunset: [ "<fieldl.nestedfield>", ...] }

The Sunset isan alias for the Sproject stage that removes/excludes fields:
{ $project: { "<field1>": 0, "<field2>": 0, ... } }
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Aggregation pipeline: Sunset stage

// To remove several fields

db.users.aggregate(]|
{

Sunset: [ "password", "secretKey", "tempData", "

)

// To remove dynamic fields
let fieldsToRemove = ["field1", "field2", "field3"];

db.users.aggregate([ { Sunset: fiel[dsToRemove } ])
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SreplaceRoot and SreplaceWith stages

* SreplaceRoot stage replaces the input document with the specified
document.
= The operation replaces all existing fields in the input document, including
the _id field.
{ SreplaceRoot: { newRoot: <replacementDocument> } }

» SreplaceWsith stage peforms the same action as the SreplaceRoot stage,
but the stages have different forms.

{ $replaceWith: <replacementDocument> }

The SreplaceRoot and SreplaceWith stages require the new root to be an
object
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SreplaceRoot and SreplaceWith Examples

M

name": "Sname" } }

[

db.orders.aggregate(][
{
SreplaceRoot: { newRoot: { "size": "Ssize",
}
)
db.orders.aggregate(][
{
SreplaceWith: { "size": "Ssize", "name": "Sname" }
}
1)

The SreplaceRoot and SreplaceWith stages
require the new root to be an object.

{ size:
{ size:
{ size:
{ size:
{ size:
{ size:
{ size:
{ size:

'small’, name: 'Pepperoni' },
'medium’, name: 'Pepperoni' },
large’, name: 'Pepperoni' },
'small', name: 'Cheese' },
'medium’, name: 'Cheese' },
large’, name: 'Cheese’ },
'small’, name: 'Vegan'},
'medium’, name: 'Vegan' }

evur
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SmergeObjects

M

evur
FEL

SmergeObjects combines multiple documents into a single document.

{ SmergeObjects: <document> }

lgnores null operands.
Overwrites the field values as it merges the documents.

db.orders.aggregate(][

)

{
SaddFields: {
mergedField: {
SmergeObjects: { "size": "Ssize", "name": "Sname" }
}
) [
{
} _id: 0,
name: 'Pepperoni’,
size: 'small',

price: 19,
quantity: 10,
mergedField: { size: 'small', name: 'Pepperoni' }

b
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Aggregation pipeline: Examples

Define bestsellers of each pizza type

db.orders.aggregate(

{
SaddFields: { "total": { Smultiply: [ "Sprice", "Squantity" ] } }
}I
{
Ssort: { "total": -1}
}I
{
Sgroup: { _id: "Sname" }
}

[ { _id: 'Pepperoni'}, { _id: 'Vegan'}, { _id: 'Cheese'} ]
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Aggregation pipeline: Examples

M
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Define bestsellers of each pizza type
db.orders.aggregate(

{

b
{

b
{

SaddFields: { "total": { Smultiply: [ "Sprice", "Squantity" ] } }

" " Create the total field as a product of the
Ssort: { "total": -1 } +
{ } price and quantity. Use this field for sorting

Sgroup: { id: "Sname", bestSellerSize: { Sfirst: "Ssize" }, quantity: { Sfirst: "Squantity" }, price:

{ Sfirst: "Sprice" }, revenue: { Sfirst: { Smultiply: ["Sprice", "Squantity"] } }}

b
{

b
{

Sproject: {_id: 0, pizzaType: "S_id", bestSellerSize: 1, quantity: 1, price: 1}

[
{ _id: 4, name: 'Cheese’, size: 'medium’, price: 13, quantity: 50 },
{ _id: 2, name: 'Pepperoni’, size: 'large’, price: 21, quantity: 30 },
{ _id: 7, name: 'Vegan', size: 'medium’, price: 18, quantity: 10 }

Ssort: {"pizzaType": 1}

]
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Aggregation pipeline: Examples

Define bestsellers of each pizza type
db.orders.aggregate(

{
SaddFields: { "total": { Smultiply: [ "Sprice", "Squantity" ] } }
2
{
$sort: { "total": -1} Group pizzas and create array
b documents with pizzas details
{
Sgroup: { id: "Sname", "documents": { Spush: "SSROOT" } }
2
{
SreplaceRoot: { newRoot: { SarrayElemAt: [ "Sdocuments", 0] } }
2
{ Sunset: "total" }, [
{ : : . . .
i " { _id: 4, name: 'Cheese’, size: 'medium’, price: 13, quantity: 50 },
} ssort: {"name": 1} { _id: 2, name: 'Pepperoni’, size: 'large’, price: 21, quantity: 30 },
) { _id: 7, name: 'Vegan', size: 'medium’, price: 18, quantity: 10 }
]

evur

\/%8 FEL B4M36DS2 - Database Systems2 | Lecture9 - Introduction | 11.11.2024




Aggregation pipeline: Examples

{
Sgroup: { id: "Sname", "documents": { Spush: "SSROOT" } }
}
{"_id":"Cheese", "documents":
[
{" id": 4, "name": "Cheese", "size": "medium", "price": 13, "quantity": 50, "total": 650},
{" id": 3, "name": "Cheese", "size": "small", "price": 12, "quantity": 15, "total": 180 },
{" id":5, "name": "Cheese", "size": "large", "price": 14, "quantity": 10, "total": 140 }
]
}
{
SreplaceRoot: { newRoot: { SarrayElemAt: [ "Sdocuments", 0] } }
}

{" id": 4, "name": "Cheese", "size": "medium", "price": 13, "quantity": 50, "total": 650 }

{ Sunset: "total" }

{" id": 4, "name": "Cheese", "size": "medium",

price": 13, "quantity": 50}

evur
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Sout and Smerge stages

* Sout takes the documents returned by the aggregation pipeline and writes
them to a specified collection.

{ Sout: { db: "<output-db>", coll: "<output-collection>" } }

{ Sout: "<output-collection>" } // oOutput collection is in the same databas

* Smerge writes the results of the aggregation pipeline to a specified

collection.
{$merge: {
Into: <collection> -or- { db: <db>, coll: <collection> },
on: <identifier field> -or- [ <identifier field1>, ...], /[ Optional
let: <variables>, // Optional
whenMatched: <replace|keepExisting|merge|fail|pipeline>, // Optional
whenNotMatched: <insert|discard|fail> // Optional

1}
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Aggregation pipeline: Example

Find the name and size of the pizzas that have the lowest price, and sort the results by
descending name

db.orders.aggregate(|[

1)

evur
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{ Sproject: { name: 1, size: 1, price: 1}},
{ Ssort: { price: 1}},
{ Sgroup: { _id: null, minPrice: { Smin: "Sprice" },

pizzas: { Spush: { name: "Sname", size: "Ssize", price: "Sprice" } } }},

{ Sunwind: "Spizzas" },
{ Sredact: {
Scond: {
if: { Seq: [ "Spizzas.price", "SminPrice" ]},
then: "SSKEEP",
else: "SSPRUNE" }

}
b

Sredact with SSKEEP and
SSPRUNE is a filtering
based on condition

{ Sproject: { name: "Spizzas.name", size: "Spizzas.size", id:0}},

{ Ssort: {name: -1}}

[ { name: 'Cheese’, size: 'small' } ]
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Aggregation pipeline: Example

{ Sgroup: { _id: null, minPrice: { Smin: "Sprice" }, pizzas: { Spush: ... } } }

{
"id": null,
"minPrice": 12,
"pizzas": [
{"name": "Cheese", "size": "small", "price": 12},
{"name": "Cheese", "size": "medium", "price": 13},
]
}

{ Sunwind: "Spizzas" }

{" id": null, "minPrice": 12, "pizzas": { "name": "Cheese", "size": "small", "price": 12 } },
{" _id": null, "minPrice": 12, "pizzas": { "name": "Cheese", "5|ze medium", "price": 13 } }

evur
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Aggregation pipeline: Slookup stage

- $lookup Performs a left outer join to a collection in the same database to

filter in documents from the "joined" collection for processing.
= The Slookup stage adds a new array field to each input document.
= The new array field contains the matching documents from the "joined" collection.
= The Slookup stage passes these reshaped documents to the next stage.

{
$lookup:

{
from: <collection to join>,
localField: <field from the input documents>,
foreignField: <field from the documents of the "from" collection>,
as: <output array field>
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Aggregation pipeline: Slookup stage

db.customers.insertMany( [
{ _id: 100, name: "Anna", address: "123 Main St" },
{ __id: 101, name: "Matej", address: "456 Maple Ave" },
{ _id: 102, name: "Tomas", address: "789 Oak Dr" },
{ _id: 103, name: "Helena", address: "321 Pine Ln" }

1)

db.orders.find();

[
{ _id: 0, name: 'Pepperoni’, size: 'small’, price: 19, quantity: 10, customerid: 100},
{ __id: 1, name: 'Pepperoni', size: 'medium’, price: 20, quantity: 20, customerid: 100},
{ _id: 2, name: 'Pepperoni’, size: 'large’, price: 21, quantity: 30, customerid: 101 },
{ __id: 3, name: 'Cheese’, size: 'small’, price: 12, quantity: 15, customerid: 101 },
{ _id: 4, name: 'Cheese’, size: 'medium’, price: 13, quantity: 50, customerid: 102 },
{ _id: 5, name: 'Cheese’, size: 'large’, price: 14, quantity: 10, customerid: 102 },
{ _id: 6, name: 'Vegan’, size: 'small’, price: 17, quantity: 10, customerid: 103 },
{ _id: 7, name: 'Vegan’, size: 'medium’, price: 18, quantity: 10, customerid: 103 }

]
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Aggregation pipeline: Slookup stage

Define the details of the orders placed by Tomas, including the name and size

of the pizza, the price, and the quantity ordered.

db.orders.aggregate(][

{
Slookup:
{
from: "customers"”,
localField: "customerid”,
foreignField: " _id",
as: "customer_info"
}
b
{
Smatch: { "customer_info.name": "Tomas" }
}

)

evur
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[
{
_id: 4,
name: 'Cheese’,
size: 'medium’,
price: 13,
guantity: 50,
customerld: 102,
customer_info: [{ __id: 102, name:
"Iiomas', address: '789 Oak Dr' } |
{
_id: 5,
name: 'Cheese’,
size: 'large’,
price: 14,
quantity: 10,
customerld: 102,
customer_info: [{ __id: 102, name:
'"Tomas', address: '789 Oak Dr' } ]

}
]




Aggregation pipeline: Slookup stage

Who ordered the Pepperoni pizza?

db.orders.aggregate(][

{
Smatch: { name: { Sregex: /APepperoniS/i}}
2
{
Slookup:
{
from: "customers"”,
localField: "customerld",
foreignField: " _id",
as: "customer_info"
}
}

1)

evur
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[
i

_id: 0,

name: '‘Pepperoni',

size: 'small’,

price: 19,

guantity: 10,

customerlid: 100,

customer _info: [ { __id: 100, name:
'Anna’, address: '123 Main St' } |

’

_id: 1,

name: '‘Pepperoni’,

size: 'medium’,

price: 20,

guantity: 20,

customerld: 100,

customer _info: [{ __id: 100, name:
'‘Anna’, address: '123 Main St' } |

’

{

_id: 2, .

name: 'Pepperoni',

size: 'large’,

price: 21,

guantity: 30,

customerld: 101,

customer info:% id: 101, name:
'l}/latej', address: '456 Maple Ave' } ]

]




SQL to Aggregation Mapping Chart

SQL Terms, Functions, and Concepts

MongoDB Aggregation Operators

WHERE

Smatch

GROUP BY Sgroup
HAVING Smatch
SELECT Sproject
ORDER BY Ssort
LIMIT Slimit
SUM() Ssum
COUNT() Ssum
SsortByCount
JOIN Slookup
SELECT INTO NEW _TABLE Sout
MERGE INTO TABLE Smerge

UNION ALL

SunionWith
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e Aggregation



Single Purpose Aggregation

It is used when we need simple access to document like counting the number
of documents or for finding all distinct values in a document. It simply provides
the access to the common aggregation process using the count(), distinct(),
and estimatedDocumentCount() methods, so due to which it lacks the
flexibility and capabilities of the pipeline.

db.orders.distinct("name"
[ 'Cheese’, 'Pepperoni’, 'Vegan' ]

db.orders.find({ name: "Pepperoni" }).count()
3

db.orders.estimatedDocumentCount()
8
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Indexes

M

evur

FEL

Speedup queries

MongoDB uses B-Tree indexes

Can build the index on any field of the document

Skips documents that do not have the indexed field (Sparse index)

Collection

db.users.find( { score:

min

30

Query Criteria

Sort Order

{ “$1t”: 30 } } ).sort( { score: -1} )

45

N

Y

75

: { score: 1 } Index

max

{

score: 25,

{

score: 75,

{

score: 5,

https://www.cloudduggu.com/mongodb/indexing/

users
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Indexes: Good Practices

Good Indexing Practices
« Use Compound Indexes:

= Compound indexes are indexes composed of several different fields.

* Follow the ESR rule:
= First, add those fields against which Equality queries are run.
= The next fields to be indexed should reflect the Sort order of the query.
= The last fields represent the Range of data to be accessed.

- Use Covered Queries When Possible:
= Covered queries return results from an index directly without accessing
the source documents.

B4M36DS2 - Database Systems2 | Lecture9 - Introduction | 11.11.2024



Indexes: Bad Practices

Bad Indexing Practices

Over-indexing:

= Adding an index has a negative performance impact for write
operations. For collections with a high write-to-read ratio, indexes are
expensive because each insert must update indexes.

Indexing Rarely Queried Fields :
= Additional fields also increase the size of the index data, which can be
detrimental if those fields are not frequently queried.

Not Considering the Working Set :
= The working set is the portion of the data and indexes that fit in RAM. If
your indexes do not fit into RAM, MongoDB must read the index data
from disk, which is much slower than reading from RAM.
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Indexes: Create an Index

db.collection.createlndex(
<key and index type specification>,

<options>

db.orders.createIndex( { name: -1 } )
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Indexes: Index Names

The default name for an index is the concatenation of the indexed keys and each
key's direction in the index (i.e. 1 or -1) using underscores as a separator.

{ 1tem : 1, quantity: -1 } hasthename item_1l_quantity_-1

You can create indexes with a custom name, such as one that is more human-readable
than the default

db.orders.createlndex(
{ name: 1, size: -1},
{ name: "query for size" }

)

db.collection.getIindexes() method — view index names

evur
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Index Structures

Secondary index creation

o @O~z O - G - © - -

Definition of keys (fields) to be involved

Otmm O

@O

e
~CD)——

“+{ 2dsphere )=’

)
o/
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Indexes: Index Types

* Single Field

e Compound Index
* Multikey Index

e Geospatial Index
* Text Indexes

* Hashed Indexes

e (Clustered Indexes
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Index Structures

Index forms
* One key / multiple keys (composed index)
* Ordinary fields / array fields (multi-key index)

Index properties

e Unique — duplicate values are rejected (cannot be inserted)
e Partial — only certain documents are indexed
e Sparse — documents without a given field are ignored

e TTL — documents are removed when a timeout elapses

Just some type / form / property combinations can be used!
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Best Practices

* Memory Management
= Use cursors for large result sets
= Avoid unnecessary toArray() calls
= Use projections to limit field selection
* Performance
= Create proper indexes for your queries
= Use cursor pagination for large datasets
= Limit result sets when possible
* Error Handling
= Always implement try/catch blocks
= Handle null results appropriately
= Set reasonable timeouts
* Code Organization
= Use async/await consistently
= Create reusable query functions
= Implement proper error handling patterns

evur
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Lecture Conclusion

Aggregation
e Aggregation pipeline. Stages, accumulators, expressions
e Single-purpose aggregation

Indexes

evur
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Resources

https://www.mongodb.com/docs/manual/aggregation/

https://www.mongodb.com/docs/manual/indexes/

https://www.geeksforgeeks.org/aggregation-in-mongodb
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https://www.mongodb.com/docs/manual/aggregation/
https://www.mongodb.com/docs/manual/indexes/
https://www.geeksforgeeks.org/aggregation-in-mongodb
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