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Motivation and Fundamental Techniques
Application of Wide Tables

In many web applications, data analysis jobs may require very Wide tables are stored as a set of columnar format files Big Data Table
wide tables, with thousands of columns that have the (RCFile, ORC, Parguet...) on HDFS. The files are naturally

following advantages: partitioned into many row groups, and within each row

1) All the needed columns of a query are likely to be read group, data is stored in columnar wise.

Columns

from one single table to avoid the expensive join;

2) When new analysis requirement comes, new columns can
be easily appended to an existing table without affecting the
existing data analysis applications.

Hundreds of daily queries running
Job?2 ~3000 columns

Layout Optimization Problem

An analytical query reads the required columns within each row group. Seek Cost: Given two data objects i and j, the seek cost from j toj is denoted as
1000+ columns in a 64MB row group. <64KB/column. Cost(i, j)= f(dist(i, j)) , where fis the seek cost function which depends on the hardware.
Disk seeks take the majority of the I/O cost. Different types of disks might be somewhat different.

........ % s b Column Order Strategy: Given a table with n columns, a column order strategy

o

N
-
o

.....
. .
. aent
. .
. et

AR, S =(c¢,c,,...,c,) 1S an ordered sequence of those columns.
(e)(es)(e2)(e)(eg)(es) (e) (o) (eo) (€12 ) . T o e
Column Ordering Problem: Given a workload Q containing a set of queries, finding

an optimal column order strategy S*=(c,,c,.....c,) , such that the overall seek cost of Q is

minimized. NP-Hard =2 Simulated Annealing based Column Ordering Algorithm (SCOA)
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(a) Column ordering produced by SCOA
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be improved o query A query B query ¢ Column Duplication Problem: Given a workload Q and the storage headroom H,
by up to 70% m unordared 13288 13397 13688 identify a set of duplicated columns with an ordering strategy So such that 1) the total

size of duplicated columns is not greater than H and 2) the seek cost of Q is minimized.
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Experimental Study
e SCOA shows up to 50% efficiency gain under real
production data and workloads.
* With less than 5% storage headroom, we achieve another
12% gain using column duplication.

* SCOA has been implemented into Microsoft Bing log : o o
and IyS | S p | p e I | ne. Query ID Ordered by AutoPart-C’s Latency Storage Headroom % (Log)
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Reference: Wide Table Layout Optimization based on Column Ordering and Duplication. Bian et al. SIGMQOD 2017.

How to Optimize Wide Table Layout when Workload Changes?

e Many analytic queries of different types are submitted to the system by many users of different departments.

* The requirements of these users keep changing, so that the whole query workload executed by the system keeps evolving.
 Asthe workload keeps evolving, we have to dynamically optimize the table layout according to the latest workload.

* Itis nontrivial to perform such an optimization manually

System Overview Demonstration
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Our adaptive wide table layout optimization system is called Rainbow.
It contains six modules (in gray):

£ Sampling ™ Sampling Finished

£+ Workload Upload
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according to current APs in the cache.



