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Today
1. mongoDB / document orientented database 

2. What's the mongoDB aggregation framework? 

3. Pipeline model 

4. Pipeline stages 

5. Map Reduce in mongoDB 

 some live demos



Document oriented databases 
 in 15 seconds

json-like object 

{ 
"_id": 1, 

"say":  "Hello" 
} 

no schema  
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document database



•introduced with mongoDB 2.2 in 2012 

•framework for data aggregation 

•documents enter a multi-stage pipeline that transforms 
the documents into an aggregated results 

•it's designed 'straight-forward' 

•all operations have an optimization phase which attempts 
to reshape the pipeline for improved performance

mongoDB aggregation framework





get the baton

Pipeline is like a relay race

$match $group $project

something smart present nicely



• mongoDB 3.0 

• WiredTiger storage engine 

•  driver: pymongo 

• dataset 37GB, compressed with WT ~9GB 

• collection of playlists from the iTunes Music Store 

• playlists that appeared in some chart sometime in 
the past 3 years somewhere around the world
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Sermon, Ben McKee & Clint Holgate', 'url': 'https://itunes.apple.com/co/composer/id573885315?l=en'}, 'contentRating': {'system': 'RIAA'}, 'discNumber': 1, 'genres': [20, 34, 21, 1144], 'id': 573885312, 'kind': 'song', 'name': 
'Cha-Ching (Till We Grow Older)', 'nameRaw': 'Cha-Ching (Till We Grow Older)', 'offers': [{'assets': [{'duration': 248, 'flavor': 'plusAudio', 'preview': {'duration': 90, 'url': 'http://a1093.phobos.apple.com/us/r2000/006/
Music/v4/c4/ea/59/c4ea59fb-598c-703a-0bbe-0e01bda208e3/mzaf_6664089561292583747.aac.m4a'}, 'size': 9052299}], 'buyParams': 'productType=S&price=990&salableAdamId=573885312&pricingParameters=PLUS', 'price': 0.99, 
'priceFormatted': 'USD\xa00.99', 'type': 'buy', 'variant': 'PLUS'}], 'pieceId': None, 'popularity': 0.0025634765625, 'releaseDate': '2013-02-01', 'releaseDateEpoch': datetime.datetime(2013, 2, 1, 0, 0), 'shortUrl': 'https://
itun.es/co/ORmnI?i=573885312', 'trackNumber': 12, 'url': 'https://itunes.apple.com/co/album/cha-ching-till-we-grow-older/id573885160?i=573885312&l=en'}, {'adamId': 573885318, 'artistId': 358714030, 'artistIdsIndex': 358714030, 
'artistName': 'Imagine Dragons', 'artistUrl': 'https://itunes.apple.com/co/artist/imagine-dragons/id358714030?l=en', 'collectionId': 573885160, 'collectionName': 'Night Visions', 'composer': {'name': 'Dan Reynolds, Wayne 
Sermon & Ben McKee', 'url': 'https://itunes.apple.com/co/composer/id499982939?l=en'}, 'contentRating': {'system': 'RIAA'}, 'discNumber': 1, 'genres': [20, 34, 21, 1144], 'id': 573885318, 'kind': 'song', 'name': 'Working Man', 
'nameRaw': 'Working Man', 'offers': [{'assets': [{'duration': 235, 'flavor': 'plusAudio', 'preview': {'duration': 90, 'url': 'http://a2.phobos.apple.com/us/r2000/000/Music2/v4/3b/c6/8e/3bc68e6c-0d26-6385-7155-37467fbafc22/



{'_id': 'ObjectId(5215d7f3ee6da1070d5cb88a)',
 'adamId': 573885160,

//release: album / single / playlist

 'info': {'artistId': 358714030,
          'artistIdsIndex': 358714030,
          'artistName': 'Imagine Dragons',
          'name': 'Night Visions',
          'offers': [{'price': 9.99, 'priceFormatted': 'USD\xa09.99'}],
          'releaseDate': '2013-02-01',
          'releaseDateEpoch': "ISODate('2013-02-01T00:00:00Z')",
          'userRating': {'ratingCount': 8, 'value': 5}}

// songs

          'children': [{'artistId': 358714030,
                        'kind': 'song',
                        'name': 'Amsterdam',
                        'offers': [{'assets': [{'duration': 194}],
                                    'price': 0.99,
                                    'priceFormatted': 'USD\xa00.99'}],
                        'releaseDate': '2013-02-01'}],

}





pipeline = [

      # find in aggregation is $match, sql: WHERE 

    {"$match": {"info.artistName": artist}},

      # $project, sql: SELECT 

   {"$project": {"release": "$info.name", "_id": 0}},

    {"$sort": {"release": ASCENDING}}

]



Aggregation stages

$match 
$sort 
$limit 
$project 
$group 
$unwind 
$redact 
$out 

WHERE | HAVING 
ORDER BY 
LIMIT 
SELECT 
GROUP BY 
(JOIN) 



{'_id': 'ObjectId(5215d7f3ee6da1070d5cb88a)',
 'adamId': 573885160,

//release: album / single / playlist

 'info': {'artistId': 358714030,
          'artistIdsIndex': 358714030,
          'artistName': 'Imagine Dragons',
          'name': 'Night Visions',
          'offers': [{'price': 9.99, 'priceFormatted': 'USD\xa09.99'}],
          'releaseDate': '2013-02-01',
          'releaseDateEpoch': "ISODate('2013-02-01T00:00:00Z')",
          'userRating': {'ratingCount': 8, 'value': 5}}

// songs

          'children': [{'artistId': 358714030,
                        'kind': 'song',
                        'name': 'Amsterdam',
                        'offers': [{'assets': [{'duration': 194}],
                                    'price': 0.99,
                                    'priceFormatted': 'USD\xa00.99'}],
                        'releaseDate': '2013-02-01'}],

}



pipeline = [

      # find in aggregation is $match, sql: WHERE 

    {"$match": {"info.artistName": artist}},

      # GROUP BY & COUNT() 

    {"$group": {

       "_id": "$info.name",

       "count": {"$sum": 1}}},

      # $project, sql: SELECT 

   {"$project": {"release": "$_id", "_id": 0}},

    {"$sort": {"release": ASCENDING}}

]



{'_id': 'ObjectId(5215d7f3ee6da1070d5cb88a)',
 'adamId': 573885160,

//release: album / single / playlist

 'info': {'artistId': 358714030,
          'artistIdsIndex': 358714030,
          'artistName': 'Imagine Dragons',
          'name': 'Night Visions',
          'offers': [{'price': 9.99, 'priceFormatted': 'USD\xa09.99'}],
          'releaseDate': '2013-02-01',
          'releaseDateEpoch': "ISODate('2013-02-01T00:00:00Z')",
          'userRating': {'ratingCount': 8, 'value': 5}}

// songs

          'children': [{'artistId': 358714030,
                        'kind': 'song',
                        'name': 'Amsterdam',
                        'offers': [{'assets': [{'duration': 194}],
                                    'price': 0.99,
                                    'priceFormatted': 'USD\xa00.99'}],
                        'releaseDate': '2013-02-01'},
                      .......

          ],

}

working with lists of sub-documents



pipeline = [

    {"$match": {"info.artistName": artist}},

      # "explode" list 

    {"$unwind": "$info.children"},

   {"$group": {

       "_id": "$info.children.name"}},

 {"$project": {"song": "$_id", "_id": 0}},

   {"$sort": {"release": ASCENDING}}

]



$skip: skip documents in found set 

$out: write the resulting documents of the 
aggregation pipeline to a collection, also incremental. 

$geoNear: returns an ordered stream of documents 
based on the proximity to a geospatial point  

$redact: reshapes each document in the stream by 
restricting the content for each document based on 
information stored in the documents themselves

more stages…



{'_id': 'ObjectId(5215d7f3ee6da1070d5cb88a)',
 'adamId': 573885160,

//release: album / single / playlist

 'info': {'artistId': 358714030,
          'artistIdsIndex': 358714030,
          'artistName': 'Imagine Dragons',
          'name': 'Night Visions',
          'offers': [{'price': 9.99, 'priceFormatted': 'USD\xa09.99'}],
          'releaseDate': '2013-02-01',
          'releaseDateEpoch': "ISODate('2013-02-01T00:00:00Z')",
          'userRating': {'ratingCount': 8, 'value': 5}}

// songs

          'children': [{'artistId': 358714030,
                        'kind': 'song',
                        'name': 'Amsterdam',
                        'offers': [{'assets': [{'duration': 194}],
                                    'price': 0.99,
                                    'priceFormatted': 'USD\xa00.99'}],
                        'releaseDate': '2013-02-01'},
                      .......

          ],

}

$min/$max $first/$last



pipeline = [

    {"$match": {"info.artistName": artist}},

    {"$group": {

       "_id": "",

"minDate": {"$min": "$info.releaseDateEpoch"},

       "maxDate": {"$max": "$info.releaseDateEpoch"}}},

 {"$project": {"_id": 0, "minDate": 1, "maxDate": 1}},

]



date operators
pipeline = [

    {"$match": {"info.artistName": artist}},

    {"$sort": SON([("info.releaseDate", ASCENDING)])},

    {"$group": {

       "_id": {"$year": "$info.releaseDateEpoch"},

"count": {"$sum": "1}}},

     {"$project": {"year": "$_id.year", "_id": 0, "count": 1}}},

]



date operators / multikey groups
pipeline = [

    {"$match": {"info.artistName": artist}},

    {"$sort": SON([("info.releaseDate", ASCENDING)])},

    {"$group": {

       "_id": { "year": {"$year": "$info.releaseDateEpoch",

"month": {"$month": "$info.releaseDateEpoch"}}},

"count": {"$sum": "1},

     {"$project": {"year": "$_id.year","month": "$_id.month", "_id": 0, 
"count": 1}}},

]



The Nemesis. Google say

# By Katy_Perry_-_MTV_VMA_2011.jpg: Philip Nelson from San Antonio, TX, USA derivative work: Truu (Katy_Perry_-_MTV_VMA_2011.jpg) [CC BY-SA 2.0 (http://creativecommons.org/licenses/by-sa/2.0)], via Wikimedia 
Commons



$in

pipeline = [

    {"$match": {"info.artistName": {"$in": [artist, 
nemesis]}},

    .....,

]



sub-sub-documents / $avg
pipeline = [

    {"$match": {"info.artistName": {"$in": [artist, nemesis]}}},

    {"$unwind": "$info.children"},

 {"$unwind": "$info.children.offers"},

    {"$unwind": "$info.children.offers.assets"}

    {"$group": {"_id": "$info.children.name",

                "playtime": {"$avg": "$info.children.offers.assets.duration"},

                }},

   {"$project":......

]



{'_id': 'ObjectId(5215d7f3ee6da1070d5cb88a)',
 'adamId': 573885160,

//release: album / single / playlist

 'info': {'artistId': 358714030,
          'artistIdsIndex': 358714030,
          'artistName': 'Imagine Dragons',
          'name': 'Night Visions',
          'offers': [{'price': 9.99, 'priceFormatted': 'USD\xa09.99'}],
          'releaseDate': '2013-02-01',
          'releaseDateEpoch': "ISODate('2013-02-01T00:00:00Z')",
          'userRating': {'ratingCount': 8, 'value': 5}}

// songs

          'children': [{'artistId': 358714030,
                        'kind': 'song',
                        'name': 'Amsterdam',
                        'offers': [{'assets': [{'duration': 194}],
                                    'price': 0.99,
                                    'priceFormatted': 'USD\xa00.99'}],
                        'releaseDate': '2013-02-01'},
                      .......

          ],

}

only USD



pipeline = [   {"$match": {"info.artistName": {"$in": [artist, nemesis]}}}, {"$unwind": "$info.offers"}, 

{"$project": { "info.offers.price": 1, "info.offers.priceFormatted": 1, 

"artist": "$info.artistName", "product": "$info.name", 

      "isUSD": {"$cmp": [{"$toLower": {

                        "$substr": ["$info.offers.priceFormatted", 0, 3]}}, "usd"]}}},

 {"$match": {"isUSD": 0}},

 {"$sort": {"info.offers.price": DESCENDING}},

  {"$group": {

        "_id": {"artist": "$artist"},

        "releases": {"$push": {"price": "$info.offers.price", "product": "$product"}}

    }},   {"$project":......]

string opeations / $cmp



a lot more operators…
• Stage Operators 

• Boolean Operators 

• Set Operators 

• Comparison Operators 

• Arithmetic Operators 

• String Operators 

• Array Operators 

• Text Search Operators  

• Variable Operators 

• Literal Operators 

• Date Operators 

• Conditional Expressions  

• Accumulators 

see: mongoDB docs
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http://docs.mongodb.org/manual/reference/operator/aggregation/


pipeline = [ {"$match": {"info.artistName": {"$in": [artist, nemesis]}}},

{"$group": {

        "_id": "$info.artistName",

        "ratingCount": {"$push": "$info.userRating.ratingCount"}}},

    {"$project": {

        "adjustedRatingCount": {

"$map": {"input": "$ratingCount",

           "as": "value",

           "in": {"$add": ["$$value", 10 ]}}}}},

    {"$unwind": "$adjustedRatingCount"},

    {"$group": {

        "_id": "$_id", "totalRatingCount": {"$sum": "$adjustedRatingCount"}}}]

$map



Map Reduce
• provides a map, reduce & finalize phase. 

• for most operations the aggregation pipeline has 
better performance and is easier to handle 

• output: inline or to a collection 

• however, more flexibility via usage  
of JavaScript functions



Map Reduce in 15 sec

documentdocumentdocumentdocumentdocumentdocumentdocumentdocumentdocumentdocumentdocument

e.g. 

(hello, 1) 
(world, 1) 
(weather, 1) 
(europython, 1) 
(django, 1) 

documents

emit  (key, value) pairs 
reducer

e.g. 

sum up count for 
each key 

map reduce



{'_id': 'ObjectId(5215d7f3ee6da1070d5cb88a)',
 'adamId': 573885160,

//release: album / single / playlist

 'info': {'artistId': 358714030,
          'artistIdsIndex': 358714030,
          'artistName': 'Imagine Dragons',
          'name': 'Night Visions',
          'offers': [{'price': 9.99, 'priceFormatted': 'USD\xa09.99'}],
          'releaseDate': '2013-02-01',
          'releaseDateEpoch': "ISODate('2013-02-01T00:00:00Z')",
          'userRating': {'ratingCount': 8, 'value': 5}}

// songs

          'children': [{'artistId': 358714030,
                        'kind': 'song',
                        'name': 'Amsterdam',
                        'offers': [{'assets': [{'duration': 194}],
                                    'price': 0.99,
                                    'priceFormatted': 'USD\xa00.99'}],
                        'releaseDate': '2013-02-01'},
                      .......

          ],

}

most popular words in release titles



Some Best Practices & Tips
Database

• optimize your indexes, 
compound indexes 

• mind the result limit of 16MB for 
final & intermediate results 

• pipeline operator limit 100MB of 
RAM 

Queries

• use 
db.collection.aggregate().explai
n() to get a better understanding 
of queries 

Hardware

• mind RAM, more = better 

• mind disk performance, faster = 
better, perfer SSD 

Infastructure

• work with dedicated server for 
aggregation 

• can be e.g. a (hidden/delayed) 
member of replica set or 
standalone copy



Useful Sources
•mongoDB docs 
http://docs.mongodb.org/manual/core/aggregation-
introduction/ 

•pymongo docs  
ttp://api.mongodb.org/python/current/examples/
aggregation.html 

•Aysa Kamsky's blog 
http://www.kamsky.org/stupid-tricks-with-mongodb

http://docs.mongodb.org/manual/core/aggregation-introduction/
ttp://api.mongodb.org/python/current/examples/aggregation.html
http://www.kamsky.org/stupid-tricks-with-mongodb


Q&A 
Alexander C. S. Hendorf  

@opotoc


