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CAP Theorem..getting around ACID

The CAP Theorem (proposed by Eric Brewey) states that there

are three properties of a ﬂata S stem
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but you can have at most two of the three properties at a
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- Since scaling out requires partitioning, many NoSQL systems
sacrifice consistency for availability/partitioning.

Eventual Consistency - weaker tha X

- Kind of what it sounds like
- Does not guarantee updates are immediately visible
- But eventually all nodes will agree on a final value
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NoSQL (Data) Models

There are a variety of models/systems that are not
relational:

- ¢Column Stores - represent data in columns rather than rows.
- Examples: Google BigTable, HBase, Cassandra

- (IKeyAvallieistores — ideal for retrieving specific data records
from a large set of data

] -s — similar to key-value stores except value

is a document in some form (e.g. JSON)
-( Graph databases - represent data as graphs

Related:

- d — technique for large scale data analysis

provided by many NoSQL DBMSs




Typical NoSQL API
-

Basic API access: M%)’:‘GQX (Vegs
get(ligl) -- Extract the value given a key

put(lg_e_y,—— Create or update the value given its key
delete(key) -- Remove the key and its associated value

execute(k ey, operation, parameters) -- Invoke an
L0 \Qperanon to the value (given its key) which is a special
\“QL data structure (e.g. List, Set, Map .... etc).

What is missing compared to SQL? \
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What do you lose with NoSQL systems?

Joins, group by; order by
- Implement this logic in the application layer (eg Python)

ACID transactions
—_—————

Enterprise integration with other relational and SQL-
based systems

JDBC/ODBC APlIs

familiarity and standards compliance




1. Key-Value Data Model

Key-value stores store and retrieve data using keys. The data
values are arbitrary. Designed for "web sized" data sets.

Operations:
- insert(key, value), fetch(key), update(key), delete(key)

Basically just a remote Dictionary / Hash Table / Hashmap

Benefits: high-scalability, availability, and performance
ngf-staldil Ve Ornarice

Limitations: single record transactions, eventual consistency,
[] L] /
simple query interface

Examples: Gassandra, Amazon Dynamo, Google BigTable, l




2. Document Store Data model

Document stores are similar to key-value stores but the
value stored as a structured document (e.g. JSON, XML).

Can store and query documents by key as well as retrieve

and filter documents by their properties
- Not as powerful as SQL

Benefits: high-scalability, availability, and performance

Limitations: same as key-value stores, may cause
redundancy and more code to manipulate documents

Examples: CouchDB, SimpleDB, MongoDB, Document DB

—




3. Graph Databases

Model the data as a graph (> &, )

Why graph databases? We’ll use an example you’ve
come across....

Examples: Neo4dJ, Flock, ArangoDB.

Question: You want to find the cheapest flight,
regardless of number of stops, from Montreal to
Seattle

-




Flight Data stored as Relational Table

Flight_ID Start_Airport End_Airport Cost
1231 Montreal Seattle 700
1234 Montreal Chicago 200
1235 Montreal Boston 100
2123 Boston Seattle 400
2124 Boston Chicago 50
3123 Chicago Seattle 200
3124 Chicago Boulder 50
4123 Boulder Seattle 100

Query for 1-stop flight
SELECT (A.Cost + B.Cost)
FROM Flights A,B

Query for direct flight
SELECT Cost
FROM Flights

WHERE Start_Airport=‘Montreal’ ¥ WHERE A.Start_Airport="Montreal’
AND A.End_Airport=B.Start_Airport
B.End_Airport= ‘Seattle’;

And End_Airport=*‘Seattle’;




An Alternate Data Model
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How do you find the cheapest flight plan from

Montreal to Seattle ?
- Do you know of any algorithms to do this ?




What is a Graph Database?

A database with an explicit graph structure

Each node knows its adjacent nodes

- As the number of nodes increases, the cost of a local
step (or hop) remains the same

Captures the richness in connectedness of data

- Social network analytics — much easier when modeled as
a graph

- Many problems can be represented as graphs (supply
chains, transportation, software function call chains, ...)




Graph Examples

Average number of "hops" between two random
Twitter users?

Is Prof. Wood related to....?
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Graph Examples

Average number of "hops" between two random
Twitter users? 3.43

Is Prof. Wood r ? /('(00 7?90

Mao Zedong FEEK is your 9th great uncle's second great nephew's wife's niece's husband's great grandson's wife's sistér's
husband's wife's half sister's husband's father's wife's brother's sister's husband's great nephew's ex-partner's 4th husband.

You Robert Wood John Wood Everett Wood Hudson Wood Julius Wood Asenath Caulkins
your father — his father — his father — his father — his father — his mother
Rufus Caulkins Judith Tinker Samuel Tinker Amos Tinker, Sr., Rebecca DeWolf (Tinker)
her father — his mother — her father — his father his sister
Edward Nathan DeWolfe Mary Lee (de Wolfe) Hannah Griswold Phoebe "Phebe, Phoeby" Griswold Parsons
her husband — his sister — her daughter — her daughter
Maj. Gen. Samuel H. Parsons [Mrs.] Parsons Samuel Lee Jeanette Manierre John Manierre
her son his wife ™ herbrother his daughter — her husband —
Edward Manierre, tailor Eva Dawson Mitchell Dawson, lawyer & poet Rose Dawson
his son ™  his daughter — her son — his wife
Emily "Mickey" Hahn, journalist & author Shao Xunmei (BBif13€), poet B E(f) BER(—) EXES (M)
her sister — her husband his wife her father his daughter
FEZ THREE 2 e k=i i 2 EVEARR EEAm BIAHE
herhusband > hisfather > hiswife ° herbrother  ° hissister ° herhusband ~° hisbrother > hisson
ATRE () ;I Jiang Qing Mao Zedong EEH

his son his ex-partner — her husband



Should | be using NoSQL Databases?

NoSQL Data storage systems makes sense for
applications that need to deal with ¥§g very large

semi-str¥%tgred data
- Social Networking Feeds, Data analytics

For most organizational (ecommerce) databases,
which are not that large and have low update/query
rates, regular relational databases are usually the
right solution

- Standards, reliable, ACID
i




DB Engines Ranking: DBMS systems by popularity

DB-Engines Ranking Oracle
— MysSQL
Microsoft SQL Server
PostgreSQL
O —— MongoDB @
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- Amazon DynamoDB
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Score (logarithmic scale)

— Google BigQuery
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