ZFS: the file system to end
all file systems

ZFS (Zettabyte File System) is a high-performance, advanced file system originally developed
by Sun Microsystems (now part of Oracle) for the Solaris operating system. ZFS combines both a
file system and a volume manager, providing integrated management of storage. It is known for its
robust features, such as data integrity, high scalability, fault tolerance, and ease of management,
making it a popular choice in enterprise environments, as well as for personal use by those
requiring advanced features in Linux or FreeBSD.

Key features of ZFS include:

1. Data Integrity and Checksumming: One of ZFS's standout features is its data integrity
capabilities. It uses checksums for all data and metadata. Every block of data is verified
when read and written, ensuring that corruption is detected and corrected. If corruption
occurs (e.g. from disk errors), ZFS can automatically attempt to repair it using redundant
copies or RAID-like configurations.

2. Copy-on-Write (COW): ZFS utilizes copy-on-write, meaning that when data is modified,
it is not overwritten in place. Instead, new data is written to a different location, and once
the write operation is complete, the system updates its pointers to the new location. This
ensures that the file system always remains in a consistent state, even in the event of a
power failure or system crash.

3. Snapshots: ZFS supports snapshots, which are read-only or read-write copies of the file
system at a particular point in time. Snapshots are efficient in terms of storage because
they only store changes made after the snapshot was taken, not the entire data set. This
makes snapshots an ideal tool for rollbacks.

4. Pooled Storage: Unlike traditional file systems, ZFS combines file system and volume
management, allowing it to create storage pools (called Zpools). Zpools abstract physical
devices into a single logical pool of storage and data is automatically distributed across
multiple devices. This allows ZFS to easily manage devices of varying sizes, providing
better flexibility and redundancy. Additionally, pools can have cache devices, combinging
the capacity of spinning hard drives with the speed of solid state drives to increase
performance.

5. RAID-Z: ZFS includes its own RAID-like functionality, called RAID-Z, which provides data
redundancy and improved performance. RAID-Z can be thought of as a more advanced
version of RAID 5, with better protection against data loss due to disk failures. RAID-Z
offers different configurations: RAID-Z1 (single parity), RAID-Z2 (double parity), and RAID-
Z3 (triple parity), providing varying levels of fault tolerance.

6. Compression: ZFS supports inline compression, meaning that data is compressed as it is
written to disk. This can significantly reduce storage space usage. ZFS supports multiple



compression algorithms (e.qg. LZ4, ZLE, zstd). Compression is transparent and data is
automatically decompressed when read.

7. Deduplication: ZFS offers deduplication, which ensures that duplicate data is stored only
once. This feature can be particularly useful in environments where many identical files
are stored (e.g. backups or virtual machine images). However, deduplication can be
resource-intensive and should be used with caution on systems with limited memory.

8. High Scalability: ZFS is highly scalable, supporting file systems and storage pools up to
256 trillion YiB (2128 bytes) in size with a maximum file size of 16 EiB. It can handle vast
amounts of data and large numbers of files, making it ideal for enterprise-level storage
solutions and large-scale data environments.

9. Self-Healing: ZFS provides self-healing capabilities. In case of data corruption (detected
through checksums), ZFS can automatically repair data by accessing redundant copies
(e.g. from RAID-Z). This ensures data reliability without requiring manual intervention.

With features like data integrity, compression, snapshots, RAID-Z, and self-healing, ZFS offers
exceptional storage management capabilities, making it ideal for large-scale enterprise
environments and applications requiring high availability and data protection. However, its
resource requirements, complexity, and limited support on non-Solaris platforms makes it diffucult
to use outside of these environments. For desktop computers, other file systems are generally a
better choice. For those who need enterprise-grade features and are willing to manage its
complexity, ZFS is the uncontested choice.
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