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- HDFS - Hadoop’s
File System that
enables highly
efficient parallel
processing.

- Data Chunking
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Problem Statement

EESE g, HEEERE DS tadoops
EEEEEN “’”F ° EEEEEE File System that
enables highly

efficient parallel
| nrocessing

What about the overheads caused by the underlying OS File system?
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Motivation

We care about these underlying File systems and wanted to test
how they behave differently when given different workload and
also speculate the possible reason of their behavior.
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What has heen done?
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Abstract

CAS (Content Addressable Storage) is virtual disk with
deduplication, which merges same-content chunks and
reduces the consumption of physical storage. The per-
formance of CAS depends on the allocation strategy of
the individual file system and its access patterns (size,
frequency, and locality of reference) since the effect of
merging depends on the size of a chunk (access unit)
used in deduplication.

We propose a method to evaluate the affinity be-
tween file system and CAS. which compares the degree

CAS provides a universal virtual block device and ac-
cepts any file system on it. The performance depends on
data allocations and their access patterns through the file
system, because each file system has techniques to op-
timize space usage and I/O performance. The optimiza-
tions include data alignment, contiguous allocation, disk
prefetching, lazy evaluation, and so on. These factors
make the file system a key factor for the performance of
CAS.

From the view of the disk, a file system works as a
“filter” to allocate data. Even if the same contents are
saved, access patterns differ between file systems. Espe-
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HDFS Architecture
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Linux File Systems

- EXT3 - Third extended filesystem used by Linux kernel
- EXT4 - Fourth extended filesystem. Default used by Hadoop

- BtrFS - Butter FS is a modern CoW(Copy on Write) filesystem, initially
implemented by Oracle.
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Directory Structure of EXT3
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Directory Structure of EXT3

.  More fragmented data
. Issues with large files because of multiple pointers
. Traversing through the structure to find a filename takes longer
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Directory Structure of EXT4
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Directory Structure of EXT4

Fragmentation is prevented by extents and delayed block allocation

Saves the extent tree as a hashed B-Tree after the number of extents become
more than 3

Deletion of files does not take as long as ext3

Due to hash structure, fast access to a file name by computing hash code.

UNIVERSITY OF
aGE 13 WATERLOO



Directory Structure of BtrFS
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BtrES - Gopy on Write
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BtrfS - GOW Birees
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BtrfS - GOW Birees
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- 2 hadoop clusters with 1 NameNode and 2 DataNodes each
- File systems mounted on 512GB HDD partition
- On each cluster, generated 100GB data with two benchmarks: TPC-H & TPC-HS

- TPC-H is run on Apache Hive
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RO1: How do difierent Filesystems affect
Hadoop applications?

- Two application based benchmarks
- TPC-H
- Database queries
- Tests sequential I/O throughput
- TPC-HS
- Sorts Big Data
- Benchmark meant for Big Data Hadoop
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Results - TPG-HS
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Results - TPC-H
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R02: How do different Filesystems perform
with read-write operations on Hadoop?

- Microbenchmarking Hadoop with TestDFSIO
- Map tasks to Read or Write data
- Reduce tasks to collect statistics
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RO3: Which system calls take longer in the File

systems

Disk Calls ﬁﬂ

.
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Resuits

- Strace findings from Node Manager
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Results

- Strace findings from DataNode
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Further exploration of the reason behind the behavioral difference between file
systems using traces further down the OS stack.

Expanding the scope of filesystems to other linux FS such as xfs.
Configurations tuning for EXT4, BTRFS for performance improvement.
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