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Summary
SciDB is a parallel array DBMS that provides multidimensional
arrays, a query language and basic ACID properties. We
introduce a summarization matrix operator that computes
sufficient statistics. This operator:
• requires only one pass over the input data set.
• doesn’t require the data set to fit in RAM.
• exhibits linear time complexity and speedup.
• can work in parallel.
• can benefit a family of statistical and machine learning models.
(e.g., PCA, linear regression and variable selection.)
• works an order of magnitude faster than SciDB built-in
operators (SciDB calls LAPACK).
• works two orders of magnitude faster than SQL queries on a
fast column DBMS.
• works faster than the R package even when the data set fits in
RAM.
We also show PCA and linear regression computation is reduced
to a few minutes for large data sets. On the other hand, a Gibbs
sampler for variable selection can iterate much faster in the array
DBMS than in R, exploiting the summarization matrix.

PCA:

LR:
VS:
Matrix Γ is comparatively much smaller than X for big data and is
symmetric.
Based on Γ our algorithm to compute Θ works in two phases:
1. Compute Γ
2. Exploit Γ in intermediate matrix computations.

Algorithm
Sequential algorithm to compute Γ:

Experiments
• In R: load the data set into RAM then do the transposition and
multiplication.
• SQL: do self join on the data set.
• AQL/AFL in SciDB: do self cross join on the data set.
• SciDB operators: work directly on the array.
Comparing only summarization; data set KDDnet; d=100; 2 nodes;
time in secs.

Definitions

Computing model Θ; data set KDDnet; d=100; 1 node; time in secs.

Sufficient Statistics
Old:

We introduce the Γ matrix as a comprehensive accurate
summary of 𝑋, sufficient to compute all the models discussed in
this paper:

New:

Given the additive properties of Γ, the same algorithm is applied
on each node 𝐼 = 1 … 𝑁 to get Γ𝐼 , then we combine all partial
results to get the global Γ = 𝐼 Γ𝐼 in the coordinator node. Our
operator requires that the whole data point 𝑧𝑖 fits in one chunk.
In other words, 𝑧𝑖 cannot be partitioned into several chunks.

Comparing SciDB programming mechanisms; data set KDDnet;
d=100; 1 node; time in secs.

All experiments are performed under default cluster
configuration: 1 node running 2 instances. Each node has 4 cores,
4GB RAM and 3TB disk space.

