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“BIG DATA” IN THE REAL WORLD

• EKG Traces
• Blood Oxygen
• Blood Pressure
• EEG Traces

• Demographic
• Caregiver Notes
• Medical Charts
• Lab test results
• X-ray , MRI, ETC

Consider Patient data in Real world

Arrays ->
Time series ->
Time series ->

Arrays ->

<- Tables
<-Documents
<- Tables
<- Tables
<- Images
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POLY DB ENGINES

•  TABLES, TIME SERIES (RDBMS) 
-  MYSQL, POSTGRESQL, AND ORACLE

•  DOCUMENTS (DOCUMENT STORE) 
-  GOOGLE BIGTABLE,  APACHE 
ACCUMULO,  MONGODB

• ARRAYS, IMAGES (ARRAY DBMS) - 
C-STORE,  HSTORE,  SCIDB,  VOLTDB,  
GRAPHULO
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“POLY”QUERIES

•  COMPLEX ANALYTICS: COMPUTE THE 
FFT OVER ALL HEARTRATE WAVEFORMS, 
GROUPED BY PATIENT AND DAY

•  REAL-TIME DECISION MAKING IN SQL 
WITH STREAMING SEMANTICS: RAISE AN 
ALARM IF THE HEART RATE OVER THIS 
WINDOW EXCEEDS SOME THRESHOLD



SQL::NOSQL::NEWSQL

• SQL: STRUCTURED QUERY LANGUAGE

• NOSQL: NOT (ONLY) SQL
• NEWSQL: NOSQL BUT STILL SQL
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SQL::NOSQL
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ACID

• Atomicity – Either the entire 

transaction complete or none

• Consistency – Any transaction 

will take the database from one 

consistent state to another with no 

broken constraints

• Isolation – Changes do not 

affect other users until committed

• Durability – Committed 

transactions can be recovered in 

case of system failure

BASE

• Basic Availability – Availability 

first even with partial consistency

• Soft State -  Do away with 

consistency

• Eventual Consistency – 

Eventually, converge at a 

consistent state

(All about liveness, safety is ok to have 

but not an immediate requirement )



SQL::NOSQL::NEWSQL
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SQL NoSQL NewSQL
Relational Y N Y

Schema-less N Y N
ACID 

Transactions
Y N Y

Horizontal 
Scalability

N Y Y

Performance  
Big Volume

N Y Y
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SQL::NOSQL::NEWSQL

Source: Hayden Jananthan et al., 2015



POLYSTORE
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• Describe queries in a common 
language

• Break down the query execution into 
individual components

• Know where datasets are and what 
they contain

• Understand the query execution 
strength of each engine

• Support data transformation if required, 
but minimize its overheads

• Re-write queries into corresponding 
language

• And…deliver performance for complex 
queries



POLYSTORE: BIGDAWG
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POLYSTORE: MATHEMATICS
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PolyAlgebra

• Mathematical underpinning for 

queries in a PolyStore.

• To encompass relational, graph, 

document, spatial, 

spatio-temporal, etc.

• Problem: Discovering a 

PolyAlgebra.

• Problem: Optimizing a Query 

Language based on a  

PolyAlgebra.

Source: Jeremi Kepner et al., 2016



POLYSTORE: MATHEMATICS
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Integrating Data Model: D4M
• D4M: Dynamic Distributed Dimensional Data Model.

• Foundation of D4M: Associative array.

•  Provide a generalization of sparse matrices.

• Constitute a function between a set of tuples and a 

value space.

•  As a data structure, return a value given some number 

of keys.

• In practice, associative arrays support linear algebraic 

operations such as summation, union, intersection, 

multiplication and element-wise operations.

• Associative arrays have one-to-one relationship with

Integrating Data Model: D4M
• D4M: Dynamic Distributed Dimensional Data Model.

• Foundation of D4M: Associative array.

•  Provide a generalization of sparse matrices.

• Constitute a function between a set of tuples and a 

value space.

•  As a data structure, return a value given some number 

of keys.

• In practice, associative arrays support linear algebraic 

operations such as summation, union, intersection, 

multiplication and element-wise operations.

• Associative arrays have one-to-one relationship with 

key-value store databases, sparse matrices and 

adjacency matrices of graphs.

Source: Jeremi Kepner et al., 2016



ASSOCIATIVE ARRAY: INTUITION
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• Associative arrays are generalization of sparse matrices.
• Intuitively, an array is an Associative array if each row and column has a unique label. 

Source: Jeremi Kepner et al., 2016



ASSOCIATIVE ARRAY: CONSTRUCTION
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Graphs
Adjacency Matrix

Matrices
• Straightforward if 

Boolean
• Same as tables, else

Source: Jeremi Kepner et al., 2016



ASSOCIATIVE ARRAY: MATHEMATICS
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Integrating Data Model: D4M
• D4M: Dynamic Distributed Dimensional Data Model.

• Foundation of D4M: Associative array.

•  Provide a generalization of sparse matrices.

• Constitute a function between a set of tuples and a 

value space.

•  As a data structure, return a value given some number 

of keys.

• In practice, associative arrays support linear algebraic 

operations such as summation, union, intersection, 

multiplication and element-wise operations.

• Associative arrays have one-to-one relationship with

 



EXAMPLE
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EXAMPLE
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POLYSTORE: MATRIX ALGEBRA
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HPC FOR POLYSTORE QUERIES
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• BLAS: Basic Linear Algebra Subprograms
• pMatlab
• Matlab-GPU/CUDA 
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 Thank you!


