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Abstract

Filesystems, like almost everything, are subject to an aging process. The effects of this are critical in
terms of performance. In most cases, depending on the specific filesystem, long-term use leads to a
massive fragmentation of the entire storage system.

This master thesis quantifies these performance losses using the benchmark tool IOR and compares
common countermeasures. For this purpose, different storage media and filesystems (EXT4 and ZFS )
are artificially aged using Geriatrix. Afterward, they are defragmented using various methods like the
defragmentation tool of EXT4 or several copy mechanisms: file-based by using rsync or streamed with
ZFS standard tools. After each step, the files’ fragmentation is determined, and the respective read
and write performance.

For this purpose, a new tool called fraggy was developed, which counts the filesystem’s file fragments by
using fiemap. Additionally, a patch extended ZFS to offer the fiemap interface. Furthermore, Geriatrix
had to be modified to operate on ZFS.

The results of this thesis show that aging effects occur in the form of fragmentation. The direct
consequences are losses in the read and write performance of new data sets. The defragmentation
tool of EXT4 is not suitable for long-term use and worsens the result even more. The best solution
is actually to copy the data to a new filesystem. However, file-based transfers are not suitable for
ZFS ; the better solution is to transfer a complete snapshot to a new pool via its standard streaming
tools.
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1 Introduction

The problem of organizing data becomes more and more important with the rapidly increasing amount
of information. Information that cannot be retrieved in the near term is considered as lost informa-
tion.

Compared to the analog world’s information, stored data could be texts or keywords on an index card.
These are usually located in a filing box as an analogy to storage devices. For finding information
quickly, lexicographical sorting is advantageous. Nevertheless, what happens if the information on the
index cards needs to be changed or added? What happens if a single filing box is not sufficient? How
durable is the writing material (ink, paper, etcetera)?

This analogy can be transferred very well to digital storage management. Filesystems are an integral
part of the organization of data. The differences between these systems are significant and have to fit
their use case.

1.1 Background

However, what happens if a storage system or a filesystem is used for a long time?

Modern storage systems are usually set up after purchase and used excessively for several years. Even
storage systems on a smaller scale, such as personal computers, smartphones, or the Network Attached
Storage (NAS) at home, are only set up once. As a result, they are usually used unattended until their
scheduled end of life.

Furthermore, storage systems are often used at a higher fill level (>80%). If changes, deletions, or
rewrites are continually being made over many years, this could impact performance. This level of
capacity is required, especially in professional and research data centers, such as High-Performance
Computing (HPC). A lower usage level is uneconomical.

For example, the German Climate Computing Center (Deutsches Klimarechenzentrum, DKRZ) main-
tains an extensive Lustre storage system for its research purposes. It comprises 54 PiB, which in-
volves an investment of about 6 million Euro. This storage system is divided into two clusters.
The current utilization (as of 20.10.2020) is 90% with 19 PiB of 21 PiB and 77% with 25 PiB of
33 PiB.

Furthermore, the system has a power requirement estimated at 200,000 Euro per year [1]. The power
requirement is identical for each filling level. Therefore, high storage capacity utilization is more
favorable. Otherwise, more storage media would have to be purchased, which in turn converts more
electricity.

Most of the world’s storage systems have to experience performance limitations after several years
of high utilization. Therefore, it is reasonable to assume that there must be some aging process for
filesystems as well. What changes occur over time, and do they have an impact on reading and writing
performance?
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1.2 Problem

Viewed over a long time, two properties change in a filesystem: The used storage capacity and the files’
fragmentation.

The amount of utilized storage space usually increases over time. The typical user behavior shows:
New data is stored, but older files are rarely deleted. Thus, a storage system often reaches its capacity
limits over time.

Due to the constant changes of files in the respective storage system, files have to be split up more.
Unfortunately, high fill grades increase this effect massively. Furthermore, modern filesystems use
Copy-on-Write technique, which includes fragmentation by design.

A possible consequence is a decrease in performance. Besides, there is the question of whether and to
what extent this effect occurs with different data carriers. For example, a consumer hard disk behaves
differently than a data center hard disk. There is a technological difference to solid-state drives (SSD),
which must also be considered.

The evaluation of storage- and filesystems for acceptance tests is problematic concerning real-world
operation. Usually, measurements are performed with an empty, freshly initialized filesystem. However,
institutions rarely use them in this empty state. For economic reasons, a storage system is never used
only partially, but always to its limit.

Thus, it means that these measurements are useless because they do not display the real state. A
possible consequence is that a reliable system does not meet the usage requirements after a short
time.

1.3 Justification

Because storage systems are rarely operated for a short period, it is essential to investigate the age
signs of filesystems. It is not only relevant whether a storage system meets the specified performance
data. It should still be productively usable after a few years.

The problem becomes worse with increasing abstraction layers. A distributed storage system like
Lustre uses separate filesystems for each node (for example, ZFS ), which is merged transparently
for the user. In the worst case, files are not only split within a filesystem but across multiple
nodes.

Systems of this size cannot merely be reinitialized. Therefore the evaluation of the performance,
including the fragmentation behavior, is essential.

1.4 Research Questions

These problems give rise to the following research question: how does the aging process affect the
fragmentation and performance of storage systems? Are there any differences between different stor-
age systems, or, respectively, filesystems? At least EXT4 is not a Copy-on-Write system, unlike
ZFS.
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Furthermore, the question arises whether the user behavior influences the development of the perfor-
mance. Is writing many small files more problematic than saving large ones? Which performance type
changes: reading, writing, or both?

Can an administrator measure the fragmentation of a filesystem? Are there special programs for
this purpose, and are they compatible with several filesystems? Finally, the most crucial question for
operators: Are there suitable countermeasures that prevent the aging process?

1.5 Research Method

Concerning the research questions’ answer, performance measurements are applied in several steps
in this master thesis. Consequentially, data is collected on empty, fragmented, and defragmented file
systems. Various parameters are tested, such as file size or the file system used. Both EXT4 and ZFS
are used, and the measurement results are compared.

In addition to the I/O performance, the number of fragments per file is also recorded. Thus, changes
in the system can be observed over the steps and related to the performance. The measurement data
are described and evaluated at the end. Thereby the respective characteristics of the constellations are
evaluated to make suggestions for improvement.
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2 Background

2.1 Filesystem

Generally, a filesystem describes a technique to store information on a data carrier, intended to read it
back later. Most of the time, users strive to save their data on a non-volatile medium, not only to read
back but also to modify.

Andrew S. Tanenbaum wrote in his standard reference Modern Operating Systems that storing infor-
mation has to pass three main requirements [2, pp. 263]:

1. It must be possible to store a very large amount of information.
2. The information must survive the termination of the process using it.
3. Multiple processes must be able to access the information at once.

In continuation of this, he raised three questions [2, pp. 264]:

1. How do you find information?
2. How do you keep one user from reading another user’s data?
3. How do you know which blocks are free?

The term «filesystem» implies that files loom large. A file is neither more nor less an information
bundle; in the first place, it is an unspecific data stream. Semantically, it is interpretable such
as a text file or a picture. Notwithstanding, the interpretation of data is not the assignment of a
filesystem.

To respond to the first question of Tanenbaum mentioned above, files require addresses to store, read, and
modify information on storage systems at a later time. There exist two methods to address data on phys-
ical media: Cylinder Head Sector (CHS) and Logical Block Addressing (LBA).

2.1.1 Addressing Schema: Cylinder Head Sector

The older solution Cylinder Head Sector was used to address data chunks (also called blocks) of hard
drive disks. The figure 1 on page 14 shows the context of the addressing schema concerning their vari-
ables. The first step is selecting a cylinder, also known as track. Therefore, disks consist of n uniformly
wide circular rings, wherein turn n describes the offset to the edge of the circle.

Hard drive disks usually contain more than one spinning disk, each of them with an own read/write
magnetic head. These mechanical parts are numbered consecutively. Finally, the third variable
specifies the sector of a disk. It corresponds to a circular cutout, as seen in the mentioned fig-
ure.

A significant disadvantage of this method is the limitation of addressable storage space. Depending on
the device interface and block size, different maximum storage capacities are reachable [21, table 5.11,
pp. 142]:
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SectorCylinder Head

Figure 1: How Cylinder Head Sector addressing schema works

Logical Block Address
Blocksize: 512 Bytes

0 1 2 3 4 5 6 7

0
Logical Block Address
Blocksize: 4096 Bytes

1

8 9 10 11 12 13 14 15

Figure 2: Logical Block Address with two different block sizes

INT 13h BIOS IDE/ATA

Cylinders 1024 65536
Heads 256 16
Sectors 63 255
Block size 512 B 512 B
Capacity 7.875 GiB 127.5 GiB

Capacity = Cylinders×Heads× Sectors× Block size

2.1.2 Addressing Schema: Logical Block Address

At present, operating systems (OS) and, therefore, filesystems (FS) do not use the Cylinder Head Sector
algorithm anymore. Through the variety of physical types of storage mediums, they use the addressing
schema Logical Block Address, since magnetic tapes or solid-state drives (SSD) cannot provide circular
cutouts to define sectors, for instance.

This schema counts all blocks linear, beginning from zero. The figure 2 on page 14 shows two different
modes of a data drive using LBA. The upper one uses an outdated block size of 512 bytes, commonly
used in hard drive disks just a few years ago. In contrast, modern drives operate with a size of 4096 bytes,
also noted as 4K-HDDs.
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Logical Block Address 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1File(-fragments) 2 3

Figure 3: Linear filesystem devoid of vacancy

Since ATA-61 addressing of 248 blocks is possible [3, pp. 51]. This corresponds to 248× 4096 bytes =
1× 1018 bytes = 1 EiB, for example.

2.1.3 Arrangement of Files on a Physical Storage

As described above, a file containing much information usually requires more than one block on a
storage device. Therefore, an arrangement rule is needed.

A simple rule is a linear writeoff, as seen in figure 3 on page 15. On this method, the operating
system, more precisely the filesystem driver, write files in one piece without a margin on the storage
medium.

For some instances, this method is well-performing: for example, creating backups to a tape archive.
Files are written in succession on a linear medium without the intention to change them. Therefore,
this is the fastest technique to achieve the shortest writeoff time.

One significant disadvantage of consecutive write is the missing space to grow files. If a user changes
its data, a limitation of equal or smaller space demand is pretended. As a result, modifications are
hardly possible.

To increase the I/O performance stability over time, it is recommended to set the vacant space between
the files to greater than zero. As an example, figure 4 on page 16 uses 25% of its file size as a gap. Some
modern filesystems use heuristics to define an individual space demand. Possible influential factors
are:

• Filesize
Small files have an enormous potentiality to grow in a short period for more than 100%, in
contrast to huge files.

• Data type
A different type, a different use case. Binary files like programs rarely evolve in space by users’
hands. By contrast, users often modify their textfiles or spreadsheets.

• Location
In most instances, operating systems use predefined paths for a particular usage. For example,
a Linux operating system and programs append logs to files in /var/log/. They grow without
modification of the older datasets.

1AT Attachment: a filetransfer standard for parallel communication between storage devices and mainboard
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Logical Block Address 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1File(-fragments) 2 3

Figure 4: Linear filesystem with margin
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Figure 5: Abstraction of filesystem blocks

2.1.4 Addressing Hierarchy of Filesystems

Filesystems, in general, do not map their addresses to Logical Blocks. There exist several layers
of abstraction. The figure 5 on page 16 illustrates the four common layers, starting from the bot-
tom:

1. Physical Blocks
The size of the lowest level is not configurable but is specified by the manufacturer of the device.
The electric wiring is designed in such a way that writing or reading must always be performed
on the entire block. Regardless of the logical block size.

2. Logical Blocks
The reading and writing of storage areas are always based on logical segmentation. It is used for
addressing stored data using the LBA system, which numbers the blocks linearly. These units
are not divisible.
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Boot Superblock Inode Table DataGroup Descriptors Reserved GDT Data Block Bitmap Inode Bitmap

1024 bytes 1 block many blocks many blocks 1 block many blocks1 block a host of blocks

Group

Figure 6: EXT4 filesystem structure

In some circumstances, logical blocks are smaller than physical blocks (as seen in figure 5 on
page 16, the third example). In this case, the contiguous/adjacent logical blocks must always be
read or (re)written during I/O operations. This behavior usually occurs with SSDs, which often
have a greater physical block size like 128 KiB.

3. Filesystem Blocks
They are an abstraction to facilitate larger block sizes than an underlying layer provides. In
the first example, the device only supports a physical block size of 512 bytes, which leads to
administrative overhead and performing issues on large disks with huge files.

Therefore, small filesystem blocks are suitable for storing small files. Also, the page sizes of
databases are usually quite small and should be adjusted to this block size.

Large blocks are useful for managing large files. The sequential read and write performance is
higher due to the reduced overhead. On the other hand, small files waste much space because
of the lessened degree of filling the blocks. Consequently, an administrator has to configure this
parameter according to its final usage.

ZFS, for example, allows different block sizes (termed as record sizes) for datasets. This feature
enables the administrator to select the optimal sizes depending on the application.

4. Groups
Due to performance tunings, most filesystems clusters their blocks to larger chunks with their
management blocks. The size is configurable, as well.

2.1.5 Fundamental Structure of a Filesystem

The last paragraph describes how filesystems address their data on a storage device. However, it is
not clear what a filesystem structure looks like yet. The next paragraphs illustrate a prevalent setup,
based on the filesystem EXT4.

In general, a filesystem is segmented in many sections, as seen in figure 6 on page 17. Green filled
blocks are described in the next sections more detailed. The denoted sizes refer to Filesystem Block
sizes, not to be confused with Logical Block sizes.

A brief explanation of the other blocks of EXT4:

• Boot
This area is reserved for boot sectors of operating systems or other undocumented proceedings.
Therefore, filesystems ignore this block.
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0

Bitmap 0 1 0 00 1 11

1 2 3 4 5 6 7Blocks

Figure 7: Bitmap functionality

• Group Descriptors and Reserved Group Descriptors Table
EXT4 is capable of grouping blocks to optimize I/O throughput. Each of these clusters requires
a Data Block Bitmap, an Inode Bitmap, an Inode Table, and a Data block. The section Group
Descriptors contains the addresses of all these metadata, among others.

• Data Block Bitmap
Each bit of this block indicates the usage of a data block within a group, as seen in figure 7 on
page 18.

• Inode Bitmap
Likewise, this bitmap refers not blocks but inode slots in their table.

2.1.6 Inodes

Inodes, an abbreviation for index node, allow to find files in a filesystem without scanning the entire
disk (worst case O(n), n := disk size) until the wished file is found an index is needed. Accordingly, an
Inode Table is available at each block group. These lists consist of tuples containing at least the start
position, the length, and an identifier.

In addition to the interfaces and attributes specified by POSIX, various filesystems implement their own.
For example, EXT4 stores the date of birth as additional information. By default, POSIX specifies
that at least the change, modification, and access date have to been stored. Besides saving owner- and
group-ID, so-called Access Control Lists (ACL) can also be offered.

To address data blocks in a filesystem, older filesystems like EXT2/3 used a direct/indirect block
addressing schema, shown in figure 8 on page 19.

The first 12 of 15 inode address entries contain a 1:1 map to a filesystem block address (charted
with a straight arrow). The 13th entry is a reference to an address containing an address block
from 0 to n, where n = blocksize

4 . Also, these entries are a 1:1 map to a filesystem block ad-
dress.

Number 14 is a double indirect block, which references a list of indirect blocks, which references address
blocks. The 15th entry is similar, except it is a triple indirect block.

18
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Address 11
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Block 12
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.

.
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Figure 8: Direct/Indirect block addressing [32, p. 16, figure 9][4]
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Logical Block Address 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1File extents 2 3

Figure 9: Extents of a file

Address 4Address 3Address 1 Address 2 Address 5 Address 7Address 6

Figure 10: Example of a hash tree used in filesystems

2.1.7 Extents

The solution to split data into blocks is inefficient due to I/O performance, and therefore, the file-
size is sharply limited. The calculation of the maximum file size using block mapping is quite
simple. The first twelve fields contain direct addresses, and each indirect block maps block_size

4 en-
tries.

12× block_size+

3∑
i=1

block_size

4

i

× block_size

Assuming that the block size is 4 KiB, the maximum file size is 48 KiB + 4 MiB + 4 GiB + 4 TiB.
Consequently, modern filesystems use extents: a dynamic amount of coherent, filesystem blocks as
symbolized in figure 9 on page 20.

A significant advantage of this technique is to store larger files and higher throughput while reading or
writing data. The reason for this lies in the physical functionality of storage devices. The write-read
head of an HDD always operates at the same speed. However, if blocks are allocated in succession, the
head has not to ignore many blocks while operating.

Similarly, when an SSD is used. Since the controller chips maintain the distribution of data, a meaningful
approach is to read/write large chunks to ensure a great dataflow.

Additionally, current filesystems do not use direct and indirect block addressing anymore. Instead, they
use tree structures as in figure 10 on page 20. There are different types of implementations.

EXT4 uses a hash tree; therefore, only the leaves contain addressing information, and all the other
nodes are links to them. In contrast to Btrfs, it is using a B-Tree which nodes contain addresses.
Addresses before and after that node value are links to the next layer.
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Extent Extent 1 Extent 3Extent 2Source storage area

Modifications

Extent 1 Extent 3Extent 2

Extent 2'

Source storage area

Destination storage area

Modifications

Source storage area

Destination storage area

copy

Extent 1 Extent 3Extent 2

write

Extent 1 Extent 3

Extent 2'

Extent 2'

Extent 2 Extent 1 Extent 3

Extent 2'

deleted

Figure 11: Write operation on a CoW filesystem

2.1.8 Copy-on-write

Some filesystems, like ZFS or Btrfs, were designed as a so-called Copy-on-write filesystem, short CoW.
These filesystems are robust against failures during write operations. This is due to its design, how
data is (over-)written:

1. Should an extent be modified?
Yes: Proceed
No: Stop

2. Does the modification affect a small part of the extent?
Yes: Proceed
No: Jump to 4.

3. Set virtual crop marks before and after the parts to be modified.
4. Copy (sub-)extents to another storage area
5. Store modifications on the copied extents
6. Commit new address and, if crop marks are available, new extents

A schematic illustration of a file modification offers figure 11 on page 21. The first step consists of an
extent and a modification request. Since the extent is large, the filesystem sets two crop marks. In
the following step, it copies the middle block. As the fourth step, it writes down the changes to the
copied extent. A commit follows it in case of success. Commit means atomically writing down the new
addresses into the inode block to minimize failures due to blackouts.
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Physical Volume

Partition

Partition

Physical Volume

Partition

Volume Group

Logical Volume

Figure 12: Structure of a LVM

One downside resulting from copying existing data is a reduced overwrite performance. In exchange, a
file versioning on a storage level is available. Therefore, filesystems like ZFS and Btrfs comes with a
toolchain for managing snapshots.

2.2 Storage Systems

Due to the higher demand for storage capacity, a single storage medium does not satisfy these require-
ments. A current standard market hard drive disc provides approximately 16 TB, which is not equal to
the demands of server owners or customers with a significant data emergence.

Therefore, different solutions for individual needs exist:

• Logical Volume Manager
• Redundant Array of Independent Disks
• Clustered and Distributed Filesystems

All these techniques are currently in use and fulfill various use-cases.

2.2.1 Logical Volume Manager

A Logical Volume is an amalgamation of different physical partitions and reveals one virtual block
storage. The figure 12 on page 22 shows a simple LVM setup with two disks (Physical Volumes [PV])
in a Logical Group (LG). Each of them contains two partitions (Physical Partitions [PP]). For this
example, one PP of each PV is used to form a Logical Volume (LV).

Importantly, this virtual block device does not provide any information, how this storage is aligned or
replicated. The first, but simple configuration mode is to put the storage cells in a row. Above these
merged storage capacities, the user could configure any desired filesystem and mount it as a single
device.

Furthermore, it is possible to configure an LVM to operates like a RAID (see next paragraph), with
the difference that an LVM intentionally not provides any redundancy.
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2.2.2 Redundant Array of Independent Disks

In contrast to LVM, the primary function of a Redundant Array of Independent Disks (RAID) is
providing redundancy of stored data with the help of multiple storage devices.

Redundancy must not be confused with data protection or backup! It aims to reduce the possibility
of I/O failures by replicating and creating parities. To be more accurate: increasing the Mean Time
to Data Loss (MTTDL) is the prime objective. A further advantage of some modes of operations is a
boost of I/O performance. The next subsections describe different modes, advantages, disadvantages,
MTTDL, and application areas.

Variable Definition

n Number of involved disks
s Storage capacity (per disk)
MTBF Mean Time Between Failures
MTTR Mean Time to Repair
MTTDL Mean Time to Data Loss

RAID 0 Data is striped to all available disks.

Strictly speaking, this is not a proper RAID configuration, because there is no redundancy. Thus, it
acts more like an LVM than a RAID.

• MTTDL: MTBF
n

• Storage capacity: n× smin

• Minimum number of disks: 2

1 3 5 2 4 6

1 2 3 4 5 6

One of the reasons why RAID 0 is commonly used, is because of the higher I/O performance (approxi-
mately up to n times), even though it takes no data security measures. A performance increase exists
only if a file is distributed over all disks.

Its main operation fields are combinations with other RAID levels or consumer storage systems.
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RAID 1 Data is mirrored to all available disks.

• MTTDL: MTBFn

• Storage capacity: smin

• Minimum number of disks: 2

1 2 3 4 5 6

1 2 3 4 5 6 1 2 3 4 5 6

The n-times redundancy and the approximately n-times higher read performance of this method
are attractive in regards to the security objective «availability.» It is highly suitable to write fewer read
many systems, as there is no speedup during write operations. Even worse: the writing cycle of the
worst disk is decisive.

RAID 2 (deprecated) – bit-level striping of data with dedicated Hamming-code parity.

• MTTDL: corresponds to RAID 5
• Storage capacity: 2log2(n+1) − log2(n+ 1)− 1
• Minimum number of disks: 3

This method was mainly developed and used for old mainframes. The use of a Hamming-code as parity
resulted in the possibility of an Error Checking and Correction (ECC) procedure. The reading rate of
mainframes increased as a result.

A notable disadvantage of this system is that the number of disks should be an integer multiple of the
Hamming codeword length to detect bit errors. This condition leads to inflexible pool sizes.

RAID 3 (deprecated) – byte-level striping of data with a dedicated parity disk.

• MTTDL: corresponds to RAID 5
• Storage capacity: (n− 1)× smin

• Minimum number of disks: 3

Like to the following RAID 4 and 5 procedures, the system calculates parity and writes it to a dedicated
device. The calculation of parity usually uses simple, fast operations, such as XOR:

111011012 ⊕ 001011002 = 110000012

Furthermore, the performance of this algorithm is similar to RAID 4 and 5. In theory, it achieves a
speedup of n− 1. Besides, this and these systems ensure data integrity in the event of a single device
failure.
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Unfortunately, RAID 3 and 4 have the notable problem that there is an unbalanced load on the number
of I/O operations per disk. Optimally, the file size should be an integer multiple of n− 1 so that all
disks are written equally often.

While reading, the parity disk is not used, so the data disks are subjected to a comparatively more
significant load. On top of that, this system places more strain on hard drive disks due to the mechanical
construction.

Furthermore, write operations cannot adequately be executed in parallel, since the parity disk must
always be involved. As a consequence, the write rate is quite limited.

Especially with this RAID, the small chunk size of a single byte is a performance killer. Due to the
large discrepancy between logical and physical block sizes, the RAID does not achieve an adequate
IOPS rate.

RAID 4 Data is striped on a block-level with a dedicated parity disk.

• MTTDL: corresponds to RAID 5
• Storage capacity: (n− 1)× smin

• Minimum number of disks: 3

1 3 5 2 4 6
1
2

1 2 3 4 5 6

3
4

5
6

The only difference to RAID 3 is the chunk size, which corrects the I/O speed losses. Otherwise,
the same problems exist.

RAID 5 Data is striped on a block-level with parity.

• MTTDL: MTTF2

n×(n−1)×MTTR [22, p.111]
• Storage capacity: (n− 1)× smin

• Minimum number of disks: 3

1 3 52 4 6
1
2

1 2 3 4 5 6

3
4

5
6

In contrast to RAID 3/4, in which the parity disks are fixed, RAID 5 distributes the parities to
all available disks according to round-robin. The I/O performance speedup shall be at least n− 1, as
described in RAID 3.
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By correcting the disadvantages of RAID 3 and 4, this configuration is quite standard in servers and
NASes. It allows the failure of a single device and is comparatively the cheapest method to build
redundancies.

Notwithstanding, if a hard disk fails and the administrator starts a resilvering process, the probability of
another device failure is significantly higher. Therefore, to reduce this kind of likelihood, it is necessary
to use disks of different brands, generations, and batches.

RAID 6 Data is striped on a block-level with double parity.

• MTTDL: MTTF3

n×(n−1)×(n−2)×MTTR2 [26, p.163]
• Storage capacity: (n− 2)× smin

• Minimum number of disks: 3
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4 6

RAID 6 shares most of the elements of RAID 5 ; the number of parities doubles to 2; therefore,
the speedup is n− 2. Furthermore, the failure rate during the resilvering of a single disk is lower than
RAID 5.

The calculation of two parities is slightly complicated, in contrast to single parity. In the following equa-
tion, the parities are referred to as P and Q, and n defines the number of disks.

P = D0 +D1 + . . .+Dn−1

Q = g0 ×D0 + g1 ×D1 + . . .+ gn−1 · · ·Dn−1

This equation uses a finite field to calculate two isometric parities. Isometric means that the orig-
inal size corresponds to the resulting size. Since these fields based on a prime number M and vec-
tor sizes (blocksize) usually are not, it is necessary to use a Galois field GF (Mm),m ∈ N+,m :=
blocksize.

Consequently, P is an XOR parity, considering addition as XOR. Q, also referred to as Reed-Solomon
code, used gn as a simple generator.

2.2.3 Distributed Filesystem

The systems described in the previous sections are only suitable for local systems, such as a NAS, PC,
or server.

In order to enable high-capacity storage solutions, such as those offered by cloud infrastructure providers,
a combination of several storage systems is required. These should behave similarly to a RAID and
offer further functions for an extended area of application.
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Figure 13: A simple distributed filesystem

For these reasons, distributed filesystems come into play. By definition, they are a combination of
servers that store and read data on local data storage devices via a network medium according to a
defined scheme.

The local storage systems are mostly RAID systems with a conventional filesystem, such as ZFS
or EXT4. Many distributed filesystems use a gateway or management server to which the user con-
nects. Therefore, the user can not see its topology; consequently, the storage system is transpar-
ent.

The figure 13 on page 27 shows an example of how a storage system could be structured. It includes
a gateway, three storage nodes, each with eight hard drive disks in a RAID 6, and a metadata
memory.

Initially, the user connects to the gateway. During a read operation, the user asks the metadata server,
containing the corresponding resource’s location, which can be loaded now. During write access, the user
deposits a new entry on the metadata server and stores data on the system.

Distribution Mechanism The exact distribution of the data depends immensely on the systems used
and its tasks. One possibility would be that the algorithm always writes files to a storage node in a
contiguous manner.

The advantage here is that if a node fails, at least some of the files are entirely readable. On the other
hand, the load can be extremely skewed if the data sizes diverge greatly.

In this case, it makes sense to stripe the files to all or some nodes, similar to a RAID 0. The figure 14
on page 28 shows last option.

Different Philosophies In the case of distributed systems, a distinction is also made between hierar-
chical and object-based storage systems.

Hierarchical filesystems offer the classical abstraction of folders and files, where a path is assigned to a
file. This practice originates from the analog paper world.

Object storage systems, on the other hand, regard a file as an object that has specific searchable
attributes. Therefore, there is an object ID, but no classic file name. These are grouped on the first
level by pools.
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Figure 14: The mechanism of a distributed filesystem
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Figure 15: Hierarchical filesystem (left) versus objectstorage (right)

The figure 15 on page 28 shows the two different philosophies in the context of patient files. In the
hierarchical model, the files are grouped and sorted thematically. On the other hand, the other model
attributes each object so that it can be displayed filtered.

Improvements In order not to send all data through the gateway, which leads to a bottleneck effect, op-
timization possibilities exist. For example, the gateway could only function as the first entry point. As a
result, the gateway transmits the address to the metadata server and the client queries and loads or saves
the data independently on the assigned nodes, as seen in figure 16 on page 28.

Client Gateway

Metadata Node Node Node

Figure 16: Network optimization in distributed filesystems
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In some systems, metadata servers are not in use. The storage location is derivable from the given
resource name. These systems require a global view of the used topology. As a reference, Ceph uses a
so-called CRUSH algorithm to determine how to store and read data.

Such systems use an adaptation of the hash tree (or Merkle tree) to map to the given topology. The
storage nodes form the leaves. For example, if there is no (sub)grouping of nodes, the tree has a depth
of one with n edges.

Of course, to further optimize the system omitting the gateway server is also possible. Therefore, every
node knows the current topology and is reachable under the same domain.

2.2.4 Clustered Filesystem

By definition, distributed filesystems are accessible from anywhere over the network. Usually, the user
applies known protocols like NFS or SMB. Product-specific clients are also possible, which also upload
and download files via the network.

The main difference to clustered filesystems is that they are integrated differently. Here, people use
technologies such as FibreChannel or iSCSI, which make it possible to mount the storage system directly
as a block device in the user system.

Thus, a cluster filesystem is integrated as a virtual block device on several clients and is seemingly a local
hard disk. Therefore the implication is: Clustered Fileystem→ Distributed Filesystem.

2.3 Reading and Writing Behavior

How operating systems store or read their data in detail on a data carrier depends on the hardware
and the degree of optimization used. In the end, however, it is always the controller chip that decides
which the operating system is addressing with drivers.

The first rough distinction is the use of rotating magnetic disks or flash memories.

2.3.1 Hard Drive Disks

The main problem with hard drive disks regarding I/O operations is the so-called seek time. It describes
the time between the start of the task request and reaching the correct read/write position. Another
problem is the desired storage density of a disk without changing the standardized design (3.5" or 2.5")
or interface (SATA or SAS ).

Increase of Storage Capacity The first method to improve the storage density is to switch from
longitudinal recording (LR) to perpendicular recording (PR). As shown in figure 17 on page 30 and
figure 18 on page 30, each dipole represents one bit. The magnetic moment ~m is no longer horizontal
but vertical and allows a higher density due to the space-saving.
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Figure 19: Shingled Magnetic Recording

Another technique for reducing track spacing is called shingled magnetic recording (SMR). As shown
in figure 19 on page 31, the conventional tracks are merged with their distances in groups. During
a write operation, the write head overwrites the adjacent tracks due to its overlapping size. As a
consequence, it has to rewrite all tracks of a group spirally. Further on, there is a distance after each
group again.

During the constant overwriting of an entire spiral group, SMR reduces the write performance in
regards to data density.

A rather new and sophisticated method is the so-called heat-assisted magnetic recording (HAMR)
process. The size of the individual dipoles of the magnetic layer is smaller than before. A laser
heats the environment to be described to its Curie temperature TC , making it paramagnetic instead
of ferromagnetic. The dipole size ensures that even a superparamagnet is formed and reacts more
sensitively to external magnetic effects. Consequently, a smaller magnetic field strengths ~H is needed
to write on disk, which allows higher precision.

Replacing the gas medium air inside the hard drives with a less dense one, such as helium, is
also an approved method of increasing storage capacity. The lower density reduces the flow effects
of the read/write heads between disks. It follows that seven instead of five rotating disks are in
use.

Position of the Data The use of several rotating disks within a hard drive disk increases the potential
read and write rate. The read/write heads are coupled to each other, so they are fully synchronous on
every disk level.

For the best-case scenario, given data has to be written/read on the same track on all layers instead of
asymmetrical data distribution. The controller does this exact allocation of data; the operating system
has hardly any influence here.

The data is further provided with forward error correction. It is stored on the disk using a modulation,
such as partial-response maximum-likelihood (PRML) or extended PRML (EPRML). As a result, the
stored data is not isometric compared to the original data.

Because PRML uses a dynamic threshold to digitize a signal, these checksums are necessary. The
thresholds are corrected to ensure that the calculations are correct. Thus the magnetic variance of a
carrier material, influenced by composition and temperature, can be counteracted. Furthermore, the
noise problem is reduced.

31



Furthermore, the controller conceals defective areas (bad blocks) with blocks from the hot fix redirection
area. The position of the data block is elsewhere and transparent to the operating system. The controller
uses a translation table to address them. This total failure prevention method slows down the whole sys-
tem since the read/write head has to be realigned for these redirected blocks.

2.3.2 Solid-State Drives

In contrast to the hard disk, the SSD is not subject to mechanical wear due to actuators. An SSD
consists of many small memory cells, which are electrical semiconductors. States are encoded accordingly
by the electrical charge, usually more than one state per cell.

The main problem of an SSD is that these cells lose capacity with an increasing redescription, and thus
the discrete distances to distinguish the states decreases.

As a result, an SSD can no longer use a cell after a certain number of write operations. Con-
ventional cells can be written 1000 times before the cells do not permit any more differentiable
states.

Longevity of an SSD The rewritability of SSD cells is limited before the differentiation of electrical
signals is no longer possible. Commercially available SSDs can be rewritten about 1000 times. To avoid
rapid obsolescence, SSD controllers use some quite sophisticated techniques.

The first technique is the so-called wear-leveling. The controller distributes all write operations pseudo-
randomly to all cells to achieve a homogeneous write load per cell. In return, the controller most likely
will store a rewritten file fragment in another cell.

To avoid a counter and an allocation table addressing each cell, the cells are grouped into pages. They
resemble the physical blocks of a hard disk.

By hosting spare areas, the controller reserves a significant memory area of an SSD for later use.
Therefore, the controller can replace defective cells by remapping. So this area supports wear-leveling
to be able to use an SSD for quite a long time.

Position of the Data Due to the two algorithms mentioned above, the operating system cannot get
the exact position of data or enforce a specific address for write operations. The distribution of the
data over the pages is also completely transparent. The controller only returns addresses which it may
remap itself with a translation table.
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2.4 Aging Process of a Filesystem

Everything ages, why shouldn’t this apply to a filesystem? An interesting aspect here is how a
system ages and what effects it has. There are several questions for the analysis of the aging pro-
cess:

1. What are the tasks of this computer?
2. Which I/O operations do a computer perform throughout time?
3. How long is the period?
4. What kind of data is stored?
5. What storage solution is used?
6. What is the ratio of used and available storage capacity?

The first question is very characteristic for the intended use. A home computer on which a user mainly
plays games has an entirely different I/O behavior than a bank’s mainframe on which databases are
operated.

Therefore, typical I/O operations are resulting. A gaming PC will mostly read some large files and
update them occasionally. Furthermore, such systems are unlikely to run day and night for 5-10 years
without reinstallation or retirement.

In contrast, the database server in question runs for more than a decade without reinstallation. Besides,
it writes a lot of small changes at different places on a storage medium.

Moreover, both systems do not necessarily use a similar storage solution. A PC probably uses a single
SSD. The mainframe probably uses a RAID as long-term storage with intermediate storage units,
consisting of SSDs, which are used in a RAID.

On top of that, the fill level of a system is very relevant, since specific effects only occur with a more
extended period while operating with a high load.

2.4.1 Arrangement of Files in the Storage System

There are several ways in which a filesystem can store files on a storage system. One possibil-
ity has already been mentioned in section 2.1.2: The linear arrangement with and without spac-
ing.

The main problem with contiguous storing of data arises with non-isometric changes. Considering
that most filesystems are used in situations where most of the transactions consist of change requests,
this method is not suitable for storage systems in production mode, and a different algorithm is
required.

Therefore, the file usually needs to be split, since the following memory area is either already occupied
or insufficient.
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The decision about the size of a fragment does not have to be made statically. Instead, it is a trade-off
between various factors. These include, among others

• the total size of the file and the number of fragments calculated from it,
• the storage availability of the filesystem and
• the writing behavior.

The writing behavior can be a criterion for decision making. The following questions are conceiv-
able:

• Is data only appended, like in a log file? Then it is worthwhile to use nearly linear storage with
a large reserved area after the file.

• How many changes are made (database versus text document)? Are they isometric? For isometric
changes, large fragments are useful, otherwise small ones.

• How extensive are the changes? They should be reflected in the fragment size.

The final decision on the size of a large file fragment is preceded by an assessment of the following
advantages and disadvantages:

Criterion Small Fragments Large Fragments

Number of address entries in the metadata area High (-) Low (+)
Number of jumps during I/O operations High (-) Low (+)
Data to be copied on Copy-on-Write systems Little (+) Much (-)
Storage availability of forced fragment size High (+) Low (-)

However, the biggest problem with fragmentation arises with distributed storage systems, such as
RAIDs, Logical Volumes, or Distributed Filesystems. Especially in a heterogeneous storage struc-
ture in terms of physical and logical block size, the number of fragments can vary substantially.
Keeping control over a homogeneous distribution of fragments in a distributed system is also rather
sparse.

The controller of a distributed filesystem does not necessarily have to possess the information about
the detailed storage status. Most of the time, it is sufficient for him to know about the fill levels of the
respective nodes and their availabilities. It is not essential to tell the controller the exact distribution
between the disks, the number of faulty memory areas, etcetera.
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2.4.2 Behavior over Time

In the following, a small filesystem is simulated to get an impression of how a filesystem might behave
over time. Files are written, modified, and deleted. It is a Copy-on-Write system.

Step Operation Filesystem

1 Write file «red» 1 2 3 4 5

2 Write file «green» 1 2 3 4 5 1 2 3 4 5 6 7

3 Update a block of file «red» 2 3'4 5 2 3 4 5 6 71 13

4 Write file «orange» 2 3'4 5 2 3 4 5 6 71 1 2 31

5 Update two blocks of file «green» 2 3'4 52' 3' 4 5 6 71 1 2 312 3

6 Add more data to file «orange» 3'4 52' 3' 4 5 6 71 1 2 312 4

7 Delete two blocks of file «green» 3'4 52' 3' 4 51 1 2 312 4

8 Update a block of file «orange» 3'4 52' 3' 4 51 1 2' 312 4 2

9 Add more data to file «red» 3'4 52' 3' 4 51 1 2' 312 4 6 7 8 9

The simplified simulation shows a filesystem with a high degree of occupancy. As seen in figure 20 on
page 36, from step four, the level is 75% and increases to 90% by step nine. Due to this load, changes
are almost only possible by splitting into fragments.

Step five illustrates this very well, where a part of the existing fragment is broken up, duplicated into
two fragments due to Copy-on-Write and lack of space and extended with new data contained in a third
fragment. As a consequence, a file consisting of one fragment splits into five parts. More generally, by
looking at figure 21 on page 36, it can be seen that the number of fragments increases for all files as
soon as a high fill level is reached.

2.4.3 Counteractive Measures

Various approaches are conceivable to counteract a high degree of fragmentation. This problem is
probably the reason for the decreasing performance of a full and old filesystem.

The most straightforward and non-technical solution is to force a fill level below n% (for example, 80%).
This goal can be determined by rules that block the additional storing of data. Reserving storage areas on
filesystem level or quotas, enforced by the operating system, are also conceivable. Also, the procurement
of additional storage elements in order to grow the total capacity is imaginable. These possibilities are
technically easy to implement but require a partial uselessness of the hardware.

Another solution, which would exhaust the fill level to some extent, is planned fragmentation. Each
larger file is divided into several fragments in predefined sizes and distributed on the data storage.
This method causes the user to accept a loss of performance at the beginning. On the other hand, the
problem of massive fragmentation is reduced, or more specifically, it requires more time to emerge. The
last option considered in this thesis is defragmentation. It is an active procedure for re-sorting and
merging logically related data blocks.
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Figure 20: Storage space usage of simulation
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Figure 21: Number of fragments in simulation

36



2.5 Defragmentation

If there is no other way to improve the storage system, the user must spend time improving performance.
Thus, time is invested in a favorable situation to save time on I/O operations later.

There exist a distinction between online and offline defragmentation. These two modes differ in
whether a storage system can remain in production mode during defragmentation. With offline
defragmentation, the system must be separated from its regular system (‘umount’), and a specialized
tool starts its optimization process.

The online variant processes its algorithms during the normal operating mode. Also, there is a
distinction whether a program in the background (daemon) automatically reduces the fragmenta-
tion incrementally after various write operations or defragments the entire system at selected times
(cron).

2.5.1 Prerequisites

The defragmentation of a filesystem includes copy and delete operations. Like any I/O operation, these
should run atomically and be recoverable in the event of a system failure without any loss of data. As
a requirement, the filesystem must provide sufficient spare space.

Oppositely, there is the possibility to use an external data carrier. The defragmenter stores the data
pieces temporarily on this medium. In the case of a failure, the filesystem stores a journal for restoring,
too.

In the worst case, the defragmenter has to temporarily buffer the fragments in the memory to sort the
filesystem. This method should only be considered if a backup of the data exists, and an uninterruptible
power supply (UPS) is available. As a significant benefit, this is the fastest method to defragment files
because there is no need to use slow disks.

2.5.2 Defragmentation Procedure

Almost all defragmenters work according to a similar scheme. There is an ascending pointer that
addresses the current block. They operate from front to back, i.e., from the low to the high address
space. In summary, the steps proceed as follows:

1. The pointer is positioned on block n
2. If block n is not sorted, copy it to the last free block
3. Change the address in the metadata
4. Copy the logical next block to this position
5. Change the address in the metadata
6. Raise the pointer to block n+ 1

For clarity, the next table shows the defragmentation of the previously simulated data store. The
numbers indicate the order of the blocks of a file.
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Step Filesystem

1 34 52 3 4 51 1 2 312 4 6 7 8 9

2 34 52 3 4 51 1 2 312 4 6 7 8 9

3
3 4 5 23 4 51 1 2 312 4 6 7 8 9

4 3 4 5 23 4 51 1 2 312 4 6 7 8 9

5 3 4 5 23 4 51 1 2 312 4 6 7 8 9

6
3 4 5 234 51 1 2 312 46 7 8 9

7
3 4 5 234 51 1 2 312 46 7 8 9

8
3 4 5 234 51 1 2 312 46 7 8 9

9
3 4 5 234 51 12 312 46 7 8 9

10
3 4 5 2351 1 2 312 46 7 8 9 4

11
3 4 5 2 351 1 2 312 46 7 8 9 4

12
3 4 5 2 3 51 1 2 312 46 7 8 9 4

13
3 4 5 2 3 51 1 2 312 46 7 8 9 4

14 3 4 5 2 3 51 1 2 312 46 7 8 9 4

15
3 4 5 2 3 51 1 2 32 46 7 8 9 4 1

16
3 4 5 2 3 51 1 32 46 7 8 9 4 21

17
3 4 5 2 3 51 1 32 46 7 8 9 4 21

18 3 4 5 2 3 51 1 32 46 7 8 9 4 21

2.5.3 Problems and Optimization Potential

The first problem of the defragmentation process, as shown above, is double copying of nearly all
blocks. This process is very time-consuming. Apart from the pending proof of the effectiveness of
defragmentation measures on SSDs, each flash cell is written twice. Due to the limited number of
rewrite cycles, this leads to quicker aging of the disk.

Several proposals to reduce write operations are conceivable. A massively fragmented file does not
necessarily have to be completely coherent, as it will probably be split up again during the next update.
It makes sense to partially merge the fragments and group them in close physical proximity. As a result,
the seek time will be sufficiently short.
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Moreover, it is unnecessary to copy larger fragments, which drastically reduces the necessitated time
for defragmentation.

Another but essential aspect is the insertion of gaps between fragments. This precaution slows down
the increase in fragmentation.

However, defragmentation also opens up the possibility of optimizing system performance. By profiling
programs and system components, a list of files can be created. Analyzing these track data can reveal
groups of files, which are often accessed together.

Besides, some operating systems offer a log file of their prefetch services. By using this data, files
can be repositioned on the disk. They are now readable in a single huge read operation with minimal
seeking.
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3 Research Design and Method

The following chapters focus on the three scientific questions:

1. What specific effects on performance does fragmentation have?
2. How to measure fragmentation?
3. Which practical countermeasures and tools are suitable to address it?

A quantitative study is suitable for clarifying the first question. For this purpose, different data carriers,
are written using a tool for artificial aging. This program is called Geriatrix, and Saurabh Kadekodi
published it in USENIX ATC 2018 [18].

Moreover, the two widely used filesystems EXT4 and ZFS are tested equally. The physical block sizes
are matched to the logical ones to achieve higher performance.

Some filesystems provide the degree of fragmentation through their utility tools. To answer the second
question, these tools and their values are evaluated to determine their significance.

Since the two filesystems under investigation have different tools and capabilities, different methodologies
must be applied to answer the third question.

3.1 Measure Fragmentation

3.1.1 EXT 4

The EXT4 filesystem offers two different analysis tools: its defragmentation utility e4defrag and its
free space analyzer e2freefrag.

To investigate the current fragmentation, the user can enter a partition or a defined path with privileged
access rights. The program e4defrag outputs the five most fragmented files. Furthermore, it adds both
the actual and meaningful number of fragments in addition to the extent size.

The summary of the analysis includes the complete number of extents and the actual and meaningful
quantities. The user also receives the average extent size and the fragmentation score.

The following formula shows the current calculation of the fragmentation score, which is implemented
in the toolchain of EXT4 [29, /misc/e4defrag.c].

ratio =
(actual_extents−meaningful_extents)× 100

files_block_count

score =

{
80 + 20×ratio

100 if score > 10

8× ratio otherwise

The filesystem documentation provides an assessment benchmark against which the user can judge the
degree of fragmentation. A high value stands for a high degree of filesystem fragmentation.
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The advantage of this metric is that a single scalar value is available at the end of the calculations.
This information allows the program to set a threshold value to determine whether a defragmenta-
tion is worthwhile. This number also allows the user to get an approximate estimate of the filesys-
tem.

The following code block shows an exemplary output of the tool e4defrag with the data just de-
scribed.

$ e4defrag -c /
e4defrag 1.45.5 (07-Jan-2020)
<Fragmented files> now/best size/ext
1. /var/log/boot.log 36/1 4 KB
2. /var/log/dnf.log 14/1 4 KB
3. /home/user/.cache/app/cache 10/1 4 KB
4. /home/user/.var/app/index 10/1 4 KB
5. /home/user/.mozilla/firefox/a/addons.json 16/1 4 KB

Total/best extents 644149/597796
Average size per extent 239 KB
Fragmentation score 1
[0-30 no problem: 31-55 a little bit fragmented: 56- needs defrag]
This directory (/) does not need defragmentation.
Done.

However, the scalar says nothing about the actual amount and distribution of file fragments. Further-
more, the distribution of free disk space is unclear. A meaningful analysis of the current filesystem state,
which supports the performance measurements, requires several dimensions.

Therefore, the filesystem provides another tool for evaluation. The program e2freefrag analyzes a
partition and generates a report about its current free space distribution. For this purpose, it outputs
a frequency distribution of free extents with their sizes and quantity.

Additionally, it shows the user some other statistical characteristics, like the number of free blocks/ex-
tents, the minimum, maximum, and average available extent size.
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The following code block contains an exemplary report for visualization purpose:

$ e2freefrag /dev/sda1
Device: /dev/sda1
Blocksize: 4096 bytes
Total blocks: 62196992
Free blocks: 21451242 (34.5%)

Min. free extent: 4 KB
Max. free extent: 2064252 KB
Avg. free extent: 2196 KB
Num. free extent: 39058

HISTOGRAM OF FREE EXTENT SIZES:
Extent Size Range : Free extents Free Blocks Percent

4K... 8K- : 7533 7533 0.04%
8K... 16K- : 5748 13238 0.06%

16K... 32K- : 5094 25465 0.12%
32K... 64K- : 4109 43785 0.20%
64K... 128K- : 3819 80080 0.37%

128K... 256K- : 2745 120191 0.56%
256K... 512K- : 2304 204825 0.95%
512K... 1024K- : 2170 389098 1.81%

1M... 2M- : 2305 850783 3.97%
2M... 4M- : 1727 1194814 5.57%
4M... 8M- : 713 1020181 4.76%
8M... 16M- : 343 907157 4.23%

16M... 32M- : 206 1095921 5.11%
32M... 64M- : 103 1083890 5.05%
64M... 128M- : 73 1640404 7.65%

128M... 256M- : 31 1454934 6.78%
256M... 512M- : 8 698344 3.26%
512M... 1024M- : 6 1225096 5.71%

1G... 2G- : 21 9395503 43.80%

Due to the histogram, a user can make better statements about the existing filesystem. A significant
accumulation of small extents usually leads inevitably to a massive performance loss during write
operations.

Nevertheless, it is not possible to make a statement about the performance during reading because the
existing files do not necessarily have to be heavily fragmented.

It can be generally deduced that a collection of small extents is worse than an accumulation of large
extents.
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3.1.2 ZFS

The ZFS filesystem also provides administrators with utility tools. The required program is called ZFS
Debug or short zdb. The debugger can be used to query and analyze various information about the
state of the given filesystem.

The first relevant record is a report about the distribution of free space. As is usual for a filesystem,
ZFS also maintains a storage allocation list. To generate an output of the distribution of free space
per metaslab, use the CLI command zdb -mm $pool.

A metaslab is a management unit in ZFS [27]. These are generated per device (vdev) when a pool is
created. Up to 200 metaslabs are possible, which are homogeneously divided. Each management unit
also has a so-called space map. These maps contain information about the areas of free space. The
following code block shows an extract of the debug output.

$ zdb -mm $pool
Metaslabs:

vdev 0
metaslabs 116 offset spacemap free
--------------- ------------------- --------------- -------------
metaslab 5 offset a000000000 spacemap 770 free 36.1G
On-disk histogram: fragmentation 12

10: 2801 ***********
11: 3399 *************
12: 3941 ***************
13: 2475 **********
14: 2401 *********
15: 2495 **********
16: 3376 *************
17: 3785 ***************
18: 10772 ****************************************
19: 3882 ***************
20: 2066 ********
21: 1190 *****
22: 769 ***
23: 456 **
24: 210 *
25: 105 *
26: 32 *
27: 4 *
28: 2 *
29: 2 *

The extract contains master data, metrics, and free space distribution of ametaslab.

This metaslab has the ID = 5, starts from the memory area a00000000016 (offset), and has 36.1 GB
free memory.

The metric is a scalar value for the degree of fragmentation, in this case: 12. Further details will follow.
Also, the tool prints a longer list, which is a histogram, afterward.
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The description of a line structure is n : amountn. Each row is a so-called bucket, which groups
together contiguous memory areas of one order of magnitude. The order of magnitude specifies the
variable n. The size of the memory area is 2n bytes, and amountn indicates the respective fre-
quency.

The minimum size of a bucket corresponds to one logical block. This must be specified when creating
a pool and should be the same as the volume’s physical block size. Common values for the so-called
ashift are either 9→ 29 = 512 bytes or 12→ 212 = 4096 bytes. For each bucket, the value free_space
can be determined.

The goal is to achieve the scalar of the degree of fragmentation of a metaslab. Therefore, several
intermediate steps are necessary. The table FRAG_TABLE is thus taken from the source code of
OpenZFS and functions as a weighting factor [14, /module/zfs/metaslab.c].

free_spacen = 2n × amountn

total_free_space =

31∑
i=0

free_spacei+ashift

FRAG_TABLE =

{
100 100 98 95 90 80 70 60
50 40 30 20 15 10 5 0

}

fragmentation =

∑31
i=0 (free_spacei+ashift × FRAG_TABLE[min(i+ ashift− 9, 15)])

total_free_space

This fragmentation value is in the range of 0 to 100. A higher value indicates many small buckets,
thus small free storage areas. From this, an administrator can deduce that the filesystem is probably
fragmented. Like the EXT4 toolchain, this scalar only indicates administrators a possible grievance.
This value is also unsuitable for research and in-depth analysis.

3.1.3 Analysis Suite: Fraggy

It is fundamental for scientific analysis to get usable information of filesystem fragmentation. For
this reason, this thesis includes a new analysis suite called Fraggy to gather the needed data. Its
development is part of this thesis and was written by me.

The primary focus of this application is on the two filesystems to be analyzed. This collection of tools
allows an administrator to evaluate the current state of the filesystem. The suite has two types of
tasks:

1. Data acquisition: An executable program records the current distribution of fragments per file.
During the collection, the tool aggregates all the data to print them in the machine-readable
format CSV.

2. Data evaluation: Two different R-scripts read the generated CSV files for further evaluation.
They are capable of creating graphs for better visualization and human-based interpretation.
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Program Description The data aggregator, named fraggy.agg, is written in the programming lan-
guage C for performance and the possibility of direct access.

To gather the required data from the filesystem to be analyzed, it has to support a particular system
call for device-specific I/O operations. The tool sends ioctl() with a request for a so-called fiemap.
The fiemap [5] is a data structure that lists all linked extents on a file basis. To retrieve this data makes
it comparatively easy and efficient instead of manually parsing a block map.

Additionally, the program requires a path, which is the starting point of the recursively retrieving of
all files and folders.

Subsequently, the algorithm pushes the number of extents per entry into a hash table by using the
fragment number as the key. If an entry exists, the function increases its value by one; otherwise, it sets
it to one. Rather than reinventing the wheel, this project uses uthash [20], which provides C macros
for hash tables.

At the end of the run, the program only has to sort and loop through the hash map to print a
CSV.

By the way, the only limit of the program is the availability of fiemap data structures. EXT4
supports it innately; on the other hand, ZFS needs currently a particular patch to offer this in-
terface.

The patch to support fiemap in OpenZFS is described later.

The second part of the suite contains the data analyzers, respectively, visualizers, named fragmentation.r
and performance.r. They are less a program than a statistic script, written in the programming lan-
guage R.

They use the output of the data aggregator fraggy.agg to generate statistical core values and graphics,
listed below:

• Mean: a scalar value for simple comparison
• Standard Deviation: a scalar value to extent mean by the amount of dispersion
• Range: the range between the minimum and maximum number to receive an impression of the

dispersion
• Shapiro-Wilk Test: a statistical hypothesis test of normality
• Wilcoxon Signed-Rank Test: a non-parametric statistical hypothesis test to compare two

related fragmentation distribution. Its calculation is only required if a second distribution exists,
and both distributions failed Shapiro-Wilk Test.

• Line diagram: a visual output to manually see a histogram of the distribution(s)
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Building Instructions The used version of fraggy is attached to the master thesis and exists on

GitHub [33], too.

The compilation of the data aggregator demands CMake and a c-compiler like GCC. The execution of
the following commands starts the build process in the project directory:

$ mkdir build/
$ cd build/
$ cmake build ../
$ make

A compiling process is not necessary as the data visualizer is a script. Nevertheless, a functional version
of R is mandatory. Furthermore, two installed packages from the repository for better visualization are
necessitated.

$ R --no-save <<< "install.packages(c('tidyverse', 'svglite'))"

CLI Parameters The aggregator fraggy.agg only needs a path as a sole parameter. It prints
the CSV directly to standard output. Output redirection on the shell is required to write into a
file.

$ ./fraggy.agg /mnt/filesystem > frag_distribution.csv

To run the visualizer, simply change declared variables at the beginning of the two scripts.

$ R --no-save < "fragmentation.r"
$ R --no-save < "performance.r"

3.2 Experiment Setup

3.2.1 Computer and its Configuration

The experiment hardware is a server with the following hardware components:

Hardware Quantity Model

Chassis 1 Supermicro CSE-815TQC-605WB 1U 4x3,5"
Mainboard 1 Supermicro X11SSW-F
CPU 1 Intel Xeon E3-1230V6
RAM 4 16GB DDR4 PC2666 CL19 ECC unb. Samsung
OS Storage 1 Samsung PM981 256GB M.2 NVMe PCIe 3.0

To quickly swap the storage media for the measurement series in a simple way, the server has four
3.5" removable frame bays. These are usable for 2.5" storage devices, too. The operating system
Debian 10 with kernel version 4.19.118-2 is installed on an internal SSD. Thus it does not influence
the measurement series.
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fraggy/fragmentation.r


# Load used libraries
library(dplyr)
library(ggplot2)

# Used filesystem
filesystem <- 'ext4'
# filesystem <- 'zfs'

# Measurement states
states <- c('fragmented', 'defragmented', 'rsynced')
# states <- c('fragmented', 'zfs-sent', 'rsynced')

# Drives
drives <- c('sg500', 'sg1000', 'wdgold', 'sg500-raid')
# drives <- c('sg500', 'sg1000', 'wdgold', 'sg500-raid')

statistics <- NULL
statistics_wilcox <- NULL

for(drive in drives)
{
    data <- NULL
    statistic <- NULL

    for(state in states)
    {
        # Fetch measurement data from Fraggy as CSV file
        data_csv <- read.csv(paste('src/', filesystem, '_', drive, '_', state ,'.csv', sep=''))
        data_csv$state = state
        data <- rbind(data, data_csv)
    }

    data$drive = drive

    # Create lineplot
    data %>%
        ggplot(aes(x = fragments, y = amount, color = factor(state, levels = states), fill = factor(state, levels = states))) +
            labs(x = 'Fragments per File') +
            labs(y = 'Frequency') +
            labs(color = 'State', fill = 'State') +
            theme(legend.position="bottom") +
            scale_color_manual(values=c('#000000', '#FF8B83', '#ADD8E6')) +
            scale_fill_manual(values=c('#000000', '#FF8B83', '#ADD8E6')) +
            scale_y_log10() +
            xlim(0,400) +
            geom_freqpoly(stat = "identity", position = "identity", na.rm = TRUE) -> image

    # Save image
    ggsave(file=paste('Plots/Fragments/', filesystem, '_', drive, '.svg', sep = ''), plot = image, width = 10, height = 5)

    # Statistics
    # SUM =1, SUM >5, SUM >10, and MAX
    data_sum1       <- filter(data, fragments == 1)
    data_sum5       <- filter(data, fragments > 5)
    data_sum10      <- filter(data, fragments > 10)
    statistic_sum1  <- aggregate(list(sum1 = data_sum1$amount), list(state = data_sum1$state, drive = data_sum1$drive), function(x) sum(x))
    statistic_sum5  <- aggregate(list(sum5 = data_sum5$amount), list(state = data_sum5$state, drive = data_sum5$drive), function(x) sum(x))
    statistic_sum10 <- aggregate(list(sum10 = data_sum10$amount), list(state = data_sum10$state, drive = data_sum10$drive), function(x) sum(x))
    statistic_max   <- aggregate(list(max = data$fragments), list(state = data$state, drive = data$drive), function(x) max(x))

    statistic  <- cbind(statistic_sum1)
    statistic  <- merge(statistic, statistic_sum5, by = c('drive', 'state'))
    statistic  <- merge(statistic, statistic_sum10, by = c('drive', 'state'))
    statistic  <- merge(statistic, statistic_max, by = c('drive', 'state'))
    statistics <- rbind(statistics, statistic)
}

# Dump statistics to CSV
colnames(statistics) <- c('Drive', 'State', 'SUM == 1 Frags', 'SUM >5 Frags' , 'SUM >10 Frags', 'MAX Frags')
write.csv(statistics, paste('CSV/Statistics/', filesystem, '_fragments.csv', sep = ''), row.names = FALSE, quote = FALSE)










fraggy/README


# Fraggy

Get fragmentation distribution of a filesystem, which implements `FIEMAP` as an io system call.


## Requirements

-   GCC
-   CMake
-   R *(optional)*

    ```
    $ R --no-save <<< "install.packages(c('tidyverse', 'svglite'))"
    ```


## Build

```
$ mkdir build/
$ cd build/
$ cmake build ../
$ make
```


## Usage

The aggregator `fraggy.agg` only needs a path as a sole parameter. It prints
the CSV directly to standard output. Output redirection on the shell is
required to write into a file.

```
$ ./fraggy.agg /mnt/filesystem > frag_distribution.csv
```

To run the visualizer only append the distribution CSVs. The number of
distributions to be compared is not limited. To set ordinary labels to each
file the optional parameter `-l` can be used. They must match the number of
given files.

Additionally, the name and path of the graph can be set via `-g`, otherwise it
is saved in the current working directory as `frag_distribution.svg`.
The key values are printed to standard output.

```
$ ./fraggy.anlz                  \
    -l "fragmented,defragmented" \
    -g "./graph.svg"             \
    ./frag_distribution1.csv     \
    ./frag_distribution2.csv
```










fraggy/uthash.h


/*
Copyright (c) 2003-2018, Troy D. Hanson     http://troydhanson.github.com/uthash/
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

    * Redistributions of source code must retain the above copyright
      notice, this list of conditions and the following disclaimer.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS
IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER
OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
*/

#ifndef UTHASH_H
#define UTHASH_H

#define UTHASH_VERSION 2.1.0

#include <string.h>   /* memcmp, memset, strlen */
#include <stddef.h>   /* ptrdiff_t */
#include <stdlib.h>   /* exit */

/* These macros use decltype or the earlier __typeof GNU extension.
   As decltype is only available in newer compilers (VS2010 or gcc 4.3+
   when compiling c++ source) this code uses whatever method is needed
   or, for VS2008 where neither is available, uses casting workarounds. */
#if !defined(DECLTYPE) && !defined(NO_DECLTYPE)
#if defined(_MSC_VER)   /* MS compiler */
#if _MSC_VER >= 1600 && defined(__cplusplus)  /* VS2010 or newer in C++ mode */
#define DECLTYPE(x) (decltype(x))
#else                   /* VS2008 or older (or VS2010 in C mode) */
#define NO_DECLTYPE
#endif
#elif defined(__BORLANDC__) || defined(__ICCARM__) || defined(__LCC__) || defined(__WATCOMC__)
#define NO_DECLTYPE
#else                   /* GNU, Sun and other compilers */
#define DECLTYPE(x) (__typeof(x))
#endif
#endif

#ifdef NO_DECLTYPE
#define DECLTYPE(x)
#define DECLTYPE_ASSIGN(dst,src)                                                 \
do {                                                                             \
  char **_da_dst = (char**)(&(dst));                                             \
  *_da_dst = (char*)(src);                                                       \
} while (0)
#else
#define DECLTYPE_ASSIGN(dst,src)                                                 \
do {                                                                             \
  (dst) = DECLTYPE(dst)(src);                                                    \
} while (0)
#endif

/* a number of the hash function use uint32_t which isn't defined on Pre VS2010 */
#if defined(_WIN32)
#if defined(_MSC_VER) && _MSC_VER >= 1600
#include <stdint.h>
#elif defined(__WATCOMC__) || defined(__MINGW32__) || defined(__CYGWIN__)
#include <stdint.h>
#else
typedef unsigned int uint32_t;
typedef unsigned char uint8_t;
#endif
#elif defined(__GNUC__) && !defined(__VXWORKS__)
#include <stdint.h>
#else
typedef unsigned int uint32_t;
typedef unsigned char uint8_t;
#endif

#ifndef uthash_malloc
#define uthash_malloc(sz) malloc(sz)      /* malloc fcn                      */
#endif
#ifndef uthash_free
#define uthash_free(ptr,sz) free(ptr)     /* free fcn                        */
#endif
#ifndef uthash_bzero
#define uthash_bzero(a,n) memset(a,'\0',n)
#endif
#ifndef uthash_strlen
#define uthash_strlen(s) strlen(s)
#endif

#ifdef uthash_memcmp
/* This warning will not catch programs that define uthash_memcmp AFTER including uthash.h. */
#warning "uthash_memcmp is deprecated; please use HASH_KEYCMP instead"
#else
#define uthash_memcmp(a,b,n) memcmp(a,b,n)
#endif

#ifndef HASH_KEYCMP
#define HASH_KEYCMP(a,b,n) uthash_memcmp(a,b,n)
#endif

#ifndef uthash_noexpand_fyi
#define uthash_noexpand_fyi(tbl)          /* can be defined to log noexpand  */
#endif
#ifndef uthash_expand_fyi
#define uthash_expand_fyi(tbl)            /* can be defined to log expands   */
#endif

#ifndef HASH_NONFATAL_OOM
#define HASH_NONFATAL_OOM 0
#endif

#if HASH_NONFATAL_OOM
/* malloc failures can be recovered from */

#ifndef uthash_nonfatal_oom
#define uthash_nonfatal_oom(obj) do {} while (0)    /* non-fatal OOM error */
#endif

#define HASH_RECORD_OOM(oomed) do { (oomed) = 1; } while (0)
#define IF_HASH_NONFATAL_OOM(x) x

#else
/* malloc failures result in lost memory, hash tables are unusable */

#ifndef uthash_fatal
#define uthash_fatal(msg) exit(-1)        /* fatal OOM error */
#endif

#define HASH_RECORD_OOM(oomed) uthash_fatal("out of memory")
#define IF_HASH_NONFATAL_OOM(x)

#endif

/* initial number of buckets */
#define HASH_INITIAL_NUM_BUCKETS 32U     /* initial number of buckets        */
#define HASH_INITIAL_NUM_BUCKETS_LOG2 5U /* lg2 of initial number of buckets */
#define HASH_BKT_CAPACITY_THRESH 10U     /* expand when bucket count reaches */

/* calculate the element whose hash handle address is hhp */
#define ELMT_FROM_HH(tbl,hhp) ((void*)(((char*)(hhp)) - ((tbl)->hho)))
/* calculate the hash handle from element address elp */
#define HH_FROM_ELMT(tbl,elp) ((UT_hash_handle*)(void*)(((char*)(elp)) + ((tbl)->hho)))

#define HASH_ROLLBACK_BKT(hh, head, itemptrhh)                                   \
do {                                                                             \
  struct UT_hash_handle *_hd_hh_item = (itemptrhh);                              \
  unsigned _hd_bkt;                                                              \
  HASH_TO_BKT(_hd_hh_item->hashv, (head)->hh.tbl->num_buckets, _hd_bkt);         \
  (head)->hh.tbl->buckets[_hd_bkt].count++;                                      \
  _hd_hh_item->hh_next = NULL;                                                   \
  _hd_hh_item->hh_prev = NULL;                                                   \
} while (0)

#define HASH_VALUE(keyptr,keylen,hashv)                                          \
do {                                                                             \
  HASH_FCN(keyptr, keylen, hashv);                                               \
} while (0)

#define HASH_FIND_BYHASHVALUE(hh,head,keyptr,keylen,hashval,out)                 \
do {                                                                             \
  (out) = NULL;                                                                  \
  if (head) {                                                                    \
    unsigned _hf_bkt;                                                            \
    HASH_TO_BKT(hashval, (head)->hh.tbl->num_buckets, _hf_bkt);                  \
    if (HASH_BLOOM_TEST((head)->hh.tbl, hashval) != 0) {                         \
      HASH_FIND_IN_BKT((head)->hh.tbl, hh, (head)->hh.tbl->buckets[ _hf_bkt ], keyptr, keylen, hashval, out); \
    }                                                                            \
  }                                                                              \
} while (0)

#define HASH_FIND(hh,head,keyptr,keylen,out)                                     \
do {                                                                             \
  (out) = NULL;                                                                  \
  if (head) {                                                                    \
    unsigned _hf_hashv;                                                          \
    HASH_VALUE(keyptr, keylen, _hf_hashv);                                       \
    HASH_FIND_BYHASHVALUE(hh, head, keyptr, keylen, _hf_hashv, out);             \
  }                                                                              \
} while (0)

#ifdef HASH_BLOOM
#define HASH_BLOOM_BITLEN (1UL << HASH_BLOOM)
#define HASH_BLOOM_BYTELEN (HASH_BLOOM_BITLEN/8UL) + (((HASH_BLOOM_BITLEN%8UL)!=0UL) ? 1UL : 0UL)
#define HASH_BLOOM_MAKE(tbl,oomed)                                               \
do {                                                                             \
  (tbl)->bloom_nbits = HASH_BLOOM;                                               \
  (tbl)->bloom_bv = (uint8_t*)uthash_malloc(HASH_BLOOM_BYTELEN);                 \
  if (!(tbl)->bloom_bv) {                                                        \
    HASH_RECORD_OOM(oomed);                                                      \
  } else {                                                                       \
    uthash_bzero((tbl)->bloom_bv, HASH_BLOOM_BYTELEN);                           \
    (tbl)->bloom_sig = HASH_BLOOM_SIGNATURE;                                     \
  }                                                                              \
} while (0)

#define HASH_BLOOM_FREE(tbl)                                                     \
do {                                                                             \
  uthash_free((tbl)->bloom_bv, HASH_BLOOM_BYTELEN);                              \
} while (0)

#define HASH_BLOOM_BITSET(bv,idx) (bv[(idx)/8U] |= (1U << ((idx)%8U)))
#define HASH_BLOOM_BITTEST(bv,idx) (bv[(idx)/8U] & (1U << ((idx)%8U)))

#define HASH_BLOOM_ADD(tbl,hashv)                                                \
  HASH_BLOOM_BITSET((tbl)->bloom_bv, ((hashv) & (uint32_t)((1UL << (tbl)->bloom_nbits) - 1U)))

#define HASH_BLOOM_TEST(tbl,hashv)                                               \
  HASH_BLOOM_BITTEST((tbl)->bloom_bv, ((hashv) & (uint32_t)((1UL << (tbl)->bloom_nbits) - 1U)))

#else
#define HASH_BLOOM_MAKE(tbl,oomed)
#define HASH_BLOOM_FREE(tbl)
#define HASH_BLOOM_ADD(tbl,hashv)
#define HASH_BLOOM_TEST(tbl,hashv) (1)
#define HASH_BLOOM_BYTELEN 0U
#endif

#define HASH_MAKE_TABLE(hh,head,oomed)                                           \
do {                                                                             \
  (head)->hh.tbl = (UT_hash_table*)uthash_malloc(sizeof(UT_hash_table));         \
  if (!(head)->hh.tbl) {                                                         \
    HASH_RECORD_OOM(oomed);                                                      \
  } else {                                                                       \
    uthash_bzero((head)->hh.tbl, sizeof(UT_hash_table));                         \
    (head)->hh.tbl->tail = &((head)->hh);                                        \
    (head)->hh.tbl->num_buckets = HASH_INITIAL_NUM_BUCKETS;                      \
    (head)->hh.tbl->log2_num_buckets = HASH_INITIAL_NUM_BUCKETS_LOG2;            \
    (head)->hh.tbl->hho = (char*)(&(head)->hh) - (char*)(head);                  \
    (head)->hh.tbl->buckets = (UT_hash_bucket*)uthash_malloc(                    \
        HASH_INITIAL_NUM_BUCKETS * sizeof(struct UT_hash_bucket));               \
    (head)->hh.tbl->signature = HASH_SIGNATURE;                                  \
    if (!(head)->hh.tbl->buckets) {                                              \
      HASH_RECORD_OOM(oomed);                                                    \
      uthash_free((head)->hh.tbl, sizeof(UT_hash_table));                        \
    } else {                                                                     \
      uthash_bzero((head)->hh.tbl->buckets,                                      \
          HASH_INITIAL_NUM_BUCKETS * sizeof(struct UT_hash_bucket));             \
      HASH_BLOOM_MAKE((head)->hh.tbl, oomed);                                    \
      IF_HASH_NONFATAL_OOM(                                                      \
        if (oomed) {                                                             \
          uthash_free((head)->hh.tbl->buckets,                                   \
              HASH_INITIAL_NUM_BUCKETS*sizeof(struct UT_hash_bucket));           \
          uthash_free((head)->hh.tbl, sizeof(UT_hash_table));                    \
        }                                                                        \
      )                                                                          \
    }                                                                            \
  }                                                                              \
} while (0)

#define HASH_REPLACE_BYHASHVALUE_INORDER(hh,head,fieldname,keylen_in,hashval,add,replaced,cmpfcn) \
do {                                                                             \
  (replaced) = NULL;                                                             \
  HASH_FIND_BYHASHVALUE(hh, head, &((add)->fieldname), keylen_in, hashval, replaced); \
  if (replaced) {                                                                \
    HASH_DELETE(hh, head, replaced);                                             \
  }                                                                              \
  HASH_ADD_KEYPTR_BYHASHVALUE_INORDER(hh, head, &((add)->fieldname), keylen_in, hashval, add, cmpfcn); \
} while (0)

#define HASH_REPLACE_BYHASHVALUE(hh,head,fieldname,keylen_in,hashval,add,replaced) \
do {                                                                             \
  (replaced) = NULL;                                                             \
  HASH_FIND_BYHASHVALUE(hh, head, &((add)->fieldname), keylen_in, hashval, replaced); \
  if (replaced) {                                                                \
    HASH_DELETE(hh, head, replaced);                                             \
  }                                                                              \
  HASH_ADD_KEYPTR_BYHASHVALUE(hh, head, &((add)->fieldname), keylen_in, hashval, add); \
} while (0)

#define HASH_REPLACE(hh,head,fieldname,keylen_in,add,replaced)                   \
do {                                                                             \
  unsigned _hr_hashv;                                                            \
  HASH_VALUE(&((add)->fieldname), keylen_in, _hr_hashv);                         \
  HASH_REPLACE_BYHASHVALUE(hh, head, fieldname, keylen_in, _hr_hashv, add, replaced); \
} while (0)

#define HASH_REPLACE_INORDER(hh,head,fieldname,keylen_in,add,replaced,cmpfcn)    \
do {                                                                             \
  unsigned _hr_hashv;                                                            \
  HASH_VALUE(&((add)->fieldname), keylen_in, _hr_hashv);                         \
  HASH_REPLACE_BYHASHVALUE_INORDER(hh, head, fieldname, keylen_in, _hr_hashv, add, replaced, cmpfcn); \
} while (0)

#define HASH_APPEND_LIST(hh, head, add)                                          \
do {                                                                             \
  (add)->hh.next = NULL;                                                         \
  (add)->hh.prev = ELMT_FROM_HH((head)->hh.tbl, (head)->hh.tbl->tail);           \
  (head)->hh.tbl->tail->next = (add);                                            \
  (head)->hh.tbl->tail = &((add)->hh);                                           \
} while (0)

#define HASH_AKBI_INNER_LOOP(hh,head,add,cmpfcn)                                 \
do {                                                                             \
  do {                                                                           \
    if (cmpfcn(DECLTYPE(head)(_hs_iter), add) > 0) {                             \
      break;                                                                     \
    }                                                                            \
  } while ((_hs_iter = HH_FROM_ELMT((head)->hh.tbl, _hs_iter)->next));           \
} while (0)

#ifdef NO_DECLTYPE
#undef HASH_AKBI_INNER_LOOP
#define HASH_AKBI_INNER_LOOP(hh,head,add,cmpfcn)                                 \
do {                                                                             \
  char *_hs_saved_head = (char*)(head);                                          \
  do {                                                                           \
    DECLTYPE_ASSIGN(head, _hs_iter);                                             \
    if (cmpfcn(head, add) > 0) {                                                 \
      DECLTYPE_ASSIGN(head, _hs_saved_head);                                     \
      break;                                                                     \
    }                                                                            \
    DECLTYPE_ASSIGN(head, _hs_saved_head);                                       \
  } while ((_hs_iter = HH_FROM_ELMT((head)->hh.tbl, _hs_iter)->next));           \
} while (0)
#endif

#if HASH_NONFATAL_OOM

#define HASH_ADD_TO_TABLE(hh,head,keyptr,keylen_in,hashval,add,oomed)            \
do {                                                                             \
  if (!(oomed)) {                                                                \
    unsigned _ha_bkt;                                                            \
    (head)->hh.tbl->num_items++;                                                 \
    HASH_TO_BKT(hashval, (head)->hh.tbl->num_buckets, _ha_bkt);                  \
    HASH_ADD_TO_BKT((head)->hh.tbl->buckets[_ha_bkt], hh, &(add)->hh, oomed);    \
    if (oomed) {                                                                 \
      HASH_ROLLBACK_BKT(hh, head, &(add)->hh);                                   \
      HASH_DELETE_HH(hh, head, &(add)->hh);                                      \
      (add)->hh.tbl = NULL;                                                      \
      uthash_nonfatal_oom(add);                                                  \
    } else {                                                                     \
      HASH_BLOOM_ADD((head)->hh.tbl, hashval);                                   \
      HASH_EMIT_KEY(hh, head, keyptr, keylen_in);                                \
    }                                                                            \
  } else {                                                                       \
    (add)->hh.tbl = NULL;                                                        \
    uthash_nonfatal_oom(add);                                                    \
  }                                                                              \
} while (0)

#else

#define HASH_ADD_TO_TABLE(hh,head,keyptr,keylen_in,hashval,add,oomed)            \
do {                                                                             \
  unsigned _ha_bkt;                                                              \
  (head)->hh.tbl->num_items++;                                                   \
  HASH_TO_BKT(hashval, (head)->hh.tbl->num_buckets, _ha_bkt);                    \
  HASH_ADD_TO_BKT((head)->hh.tbl->buckets[_ha_bkt], hh, &(add)->hh, oomed);      \
  HASH_BLOOM_ADD((head)->hh.tbl, hashval);                                       \
  HASH_EMIT_KEY(hh, head, keyptr, keylen_in);                                    \
} while (0)

#endif


#define HASH_ADD_KEYPTR_BYHASHVALUE_INORDER(hh,head,keyptr,keylen_in,hashval,add,cmpfcn) \
do {                                                                             \
  IF_HASH_NONFATAL_OOM( int _ha_oomed = 0; )                                     \
  (add)->hh.hashv = (hashval);                                                   \
  (add)->hh.key = (char*) (keyptr);                                              \
  (add)->hh.keylen = (unsigned) (keylen_in);                                     \
  if (!(head)) {                                                                 \
    (add)->hh.next = NULL;                                                       \
    (add)->hh.prev = NULL;                                                       \
    HASH_MAKE_TABLE(hh, add, _ha_oomed);                                         \
    IF_HASH_NONFATAL_OOM( if (!_ha_oomed) { )                                    \
      (head) = (add);                                                            \
    IF_HASH_NONFATAL_OOM( } )                                                    \
  } else {                                                                       \
    void *_hs_iter = (head);                                                     \
    (add)->hh.tbl = (head)->hh.tbl;                                              \
    HASH_AKBI_INNER_LOOP(hh, head, add, cmpfcn);                                 \
    if (_hs_iter) {                                                              \
      (add)->hh.next = _hs_iter;                                                 \
      if (((add)->hh.prev = HH_FROM_ELMT((head)->hh.tbl, _hs_iter)->prev)) {     \
        HH_FROM_ELMT((head)->hh.tbl, (add)->hh.prev)->next = (add);              \
      } else {                                                                   \
        (head) = (add);                                                          \
      }                                                                          \
      HH_FROM_ELMT((head)->hh.tbl, _hs_iter)->prev = (add);                      \
    } else {                                                                     \
      HASH_APPEND_LIST(hh, head, add);                                           \
    }                                                                            \
  }                                                                              \
  HASH_ADD_TO_TABLE(hh, head, keyptr, keylen_in, hashval, add, _ha_oomed);       \
  HASH_FSCK(hh, head, "HASH_ADD_KEYPTR_BYHASHVALUE_INORDER");                    \
} while (0)

#define HASH_ADD_KEYPTR_INORDER(hh,head,keyptr,keylen_in,add,cmpfcn)             \
do {                                                                             \
  unsigned _hs_hashv;                                                            \
  HASH_VALUE(keyptr, keylen_in, _hs_hashv);                                      \
  HASH_ADD_KEYPTR_BYHASHVALUE_INORDER(hh, head, keyptr, keylen_in, _hs_hashv, add, cmpfcn); \
} while (0)

#define HASH_ADD_BYHASHVALUE_INORDER(hh,head,fieldname,keylen_in,hashval,add,cmpfcn) \
  HASH_ADD_KEYPTR_BYHASHVALUE_INORDER(hh, head, &((add)->fieldname), keylen_in, hashval, add, cmpfcn)

#define HASH_ADD_INORDER(hh,head,fieldname,keylen_in,add,cmpfcn)                 \
  HASH_ADD_KEYPTR_INORDER(hh, head, &((add)->fieldname), keylen_in, add, cmpfcn)

#define HASH_ADD_KEYPTR_BYHASHVALUE(hh,head,keyptr,keylen_in,hashval,add)        \
do {                                                                             \
  IF_HASH_NONFATAL_OOM( int _ha_oomed = 0; )                                     \
  (add)->hh.hashv = (hashval);                                                   \
  (add)->hh.key = (char*) (keyptr);                                              \
  (add)->hh.keylen = (unsigned) (keylen_in);                                     \
  if (!(head)) {                                                                 \
    (add)->hh.next = NULL;                                                       \
    (add)->hh.prev = NULL;                                                       \
    HASH_MAKE_TABLE(hh, add, _ha_oomed);                                         \
    IF_HASH_NONFATAL_OOM( if (!_ha_oomed) { )                                    \
      (head) = (add);                                                            \
    IF_HASH_NONFATAL_OOM( } )                                                    \
  } else {                                                                       \
    (add)->hh.tbl = (head)->hh.tbl;                                              \
    HASH_APPEND_LIST(hh, head, add);                                             \
  }                                                                              \
  HASH_ADD_TO_TABLE(hh, head, keyptr, keylen_in, hashval, add, _ha_oomed);       \
  HASH_FSCK(hh, head, "HASH_ADD_KEYPTR_BYHASHVALUE");                            \
} while (0)

#define HASH_ADD_KEYPTR(hh,head,keyptr,keylen_in,add)                            \
do {                                                                             \
  unsigned _ha_hashv;                                                            \
  HASH_VALUE(keyptr, keylen_in, _ha_hashv);                                      \
  HASH_ADD_KEYPTR_BYHASHVALUE(hh, head, keyptr, keylen_in, _ha_hashv, add);      \
} while (0)

#define HASH_ADD_BYHASHVALUE(hh,head,fieldname,keylen_in,hashval,add)            \
  HASH_ADD_KEYPTR_BYHASHVALUE(hh, head, &((add)->fieldname), keylen_in, hashval, add)

#define HASH_ADD(hh,head,fieldname,keylen_in,add)                                \
  HASH_ADD_KEYPTR(hh, head, &((add)->fieldname), keylen_in, add)

#define HASH_TO_BKT(hashv,num_bkts,bkt)                                          \
do {                                                                             \
  bkt = ((hashv) & ((num_bkts) - 1U));                                           \
} while (0)

/* delete "delptr" from the hash table.
 * "the usual" patch-up process for the app-order doubly-linked-list.
 * The use of _hd_hh_del below deserves special explanation.
 * These used to be expressed using (delptr) but that led to a bug
 * if someone used the same symbol for the head and deletee, like
 *  HASH_DELETE(hh,users,users);
 * We want that to work, but by changing the head (users) below
 * we were forfeiting our ability to further refer to the deletee (users)
 * in the patch-up process. Solution: use scratch space to
 * copy the deletee pointer, then the latter references are via that
 * scratch pointer rather than through the repointed (users) symbol.
 */
#define HASH_DELETE(hh,head,delptr)                                              \
    HASH_DELETE_HH(hh, head, &(delptr)->hh)

#define HASH_DELETE_HH(hh,head,delptrhh)                                         \
do {                                                                             \
  struct UT_hash_handle *_hd_hh_del = (delptrhh);                                \
  if ((_hd_hh_del->prev == NULL) && (_hd_hh_del->next == NULL)) {                \
    HASH_BLOOM_FREE((head)->hh.tbl);                                             \
    uthash_free((head)->hh.tbl->buckets,                                         \
                (head)->hh.tbl->num_buckets * sizeof(struct UT_hash_bucket));    \
    uthash_free((head)->hh.tbl, sizeof(UT_hash_table));                          \
    (head) = NULL;                                                               \
  } else {                                                                       \
    unsigned _hd_bkt;                                                            \
    if (_hd_hh_del == (head)->hh.tbl->tail) {                                    \
      (head)->hh.tbl->tail = HH_FROM_ELMT((head)->hh.tbl, _hd_hh_del->prev);     \
    }                                                                            \
    if (_hd_hh_del->prev != NULL) {                                              \
      HH_FROM_ELMT((head)->hh.tbl, _hd_hh_del->prev)->next = _hd_hh_del->next;   \
    } else {                                                                     \
      DECLTYPE_ASSIGN(head, _hd_hh_del->next);                                   \
    }                                                                            \
    if (_hd_hh_del->next != NULL) {                                              \
      HH_FROM_ELMT((head)->hh.tbl, _hd_hh_del->next)->prev = _hd_hh_del->prev;   \
    }                                                                            \
    HASH_TO_BKT(_hd_hh_del->hashv, (head)->hh.tbl->num_buckets, _hd_bkt);        \
    HASH_DEL_IN_BKT((head)->hh.tbl->buckets[_hd_bkt], _hd_hh_del);               \
    (head)->hh.tbl->num_items--;                                                 \
  }                                                                              \
  HASH_FSCK(hh, head, "HASH_DELETE_HH");                                         \
} while (0)

/* convenience forms of HASH_FIND/HASH_ADD/HASH_DEL */
#define HASH_FIND_STR(head,findstr,out)                                          \
do {                                                                             \
    unsigned _uthash_hfstr_keylen = (unsigned)uthash_strlen(findstr);            \
    HASH_FIND(hh, head, findstr, _uthash_hfstr_keylen, out);                     \
} while (0)
#define HASH_ADD_STR(head,strfield,add)                                          \
do {                                                                             \
    unsigned _uthash_hastr_keylen = (unsigned)uthash_strlen((add)->strfield);    \
    HASH_ADD(hh, head, strfield[0], _uthash_hastr_keylen, add);                  \
} while (0)
#define HASH_REPLACE_STR(head,strfield,add,replaced)                             \
do {                                                                             \
    unsigned _uthash_hrstr_keylen = (unsigned)uthash_strlen((add)->strfield);    \
    HASH_REPLACE(hh, head, strfield[0], _uthash_hrstr_keylen, add, replaced);    \
} while (0)
#define HASH_FIND_INT(head,findint,out)                                          \
    HASH_FIND(hh,head,findint,sizeof(int),out)
#define HASH_ADD_INT(head,intfield,add)                                          \
    HASH_ADD(hh,head,intfield,sizeof(int),add)
#define HASH_REPLACE_INT(head,intfield,add,replaced)                             \
    HASH_REPLACE(hh,head,intfield,sizeof(int),add,replaced)
#define HASH_FIND_PTR(head,findptr,out)                                          \
    HASH_FIND(hh,head,findptr,sizeof(void *),out)
#define HASH_ADD_PTR(head,ptrfield,add)                                          \
    HASH_ADD(hh,head,ptrfield,sizeof(void *),add)
#define HASH_REPLACE_PTR(head,ptrfield,add,replaced)                             \
    HASH_REPLACE(hh,head,ptrfield,sizeof(void *),add,replaced)
#define HASH_DEL(head,delptr)                                                    \
    HASH_DELETE(hh,head,delptr)

/* HASH_FSCK checks hash integrity on every add/delete when HASH_DEBUG is defined.
 * This is for uthash developer only; it compiles away if HASH_DEBUG isn't defined.
 */
#ifdef HASH_DEBUG
#include <stdio.h>   /* fprintf, stderr */
#define HASH_OOPS(...) do { fprintf(stderr, __VA_ARGS__); exit(-1); } while (0)
#define HASH_FSCK(hh,head,where)                                                 \
do {                                                                             \
  struct UT_hash_handle *_thh;                                                   \
  if (head) {                                                                    \
    unsigned _bkt_i;                                                             \
    unsigned _count = 0;                                                         \
    char *_prev;                                                                 \
    for (_bkt_i = 0; _bkt_i < (head)->hh.tbl->num_buckets; ++_bkt_i) {           \
      unsigned _bkt_count = 0;                                                   \
      _thh = (head)->hh.tbl->buckets[_bkt_i].hh_head;                            \
      _prev = NULL;                                                              \
      while (_thh) {                                                             \
        if (_prev != (char*)(_thh->hh_prev)) {                                   \
          HASH_OOPS("%s: invalid hh_prev %p, actual %p\n",                       \
              (where), (void*)_thh->hh_prev, (void*)_prev);                      \
        }                                                                        \
        _bkt_count++;                                                            \
        _prev = (char*)(_thh);                                                   \
        _thh = _thh->hh_next;                                                    \
      }                                                                          \
      _count += _bkt_count;                                                      \
      if ((head)->hh.tbl->buckets[_bkt_i].count !=  _bkt_count) {                \
        HASH_OOPS("%s: invalid bucket count %u, actual %u\n",                    \
            (where), (head)->hh.tbl->buckets[_bkt_i].count, _bkt_count);         \
      }                                                                          \
    }                                                                            \
    if (_count != (head)->hh.tbl->num_items) {                                   \
      HASH_OOPS("%s: invalid hh item count %u, actual %u\n",                     \
          (where), (head)->hh.tbl->num_items, _count);                           \
    }                                                                            \
    _count = 0;                                                                  \
    _prev = NULL;                                                                \
    _thh =  &(head)->hh;                                                         \
    while (_thh) {                                                               \
      _count++;                                                                  \
      if (_prev != (char*)_thh->prev) {                                          \
        HASH_OOPS("%s: invalid prev %p, actual %p\n",                            \
            (where), (void*)_thh->prev, (void*)_prev);                           \
      }                                                                          \
      _prev = (char*)ELMT_FROM_HH((head)->hh.tbl, _thh);                         \
      _thh = (_thh->next ? HH_FROM_ELMT((head)->hh.tbl, _thh->next) : NULL);     \
    }                                                                            \
    if (_count != (head)->hh.tbl->num_items) {                                   \
      HASH_OOPS("%s: invalid app item count %u, actual %u\n",                    \
          (where), (head)->hh.tbl->num_items, _count);                           \
    }                                                                            \
  }                                                                              \
} while (0)
#else
#define HASH_FSCK(hh,head,where)
#endif

/* When compiled with -DHASH_EMIT_KEYS, length-prefixed keys are emitted to
 * the descriptor to which this macro is defined for tuning the hash function.
 * The app can #include <unistd.h> to get the prototype for write(2). */
#ifdef HASH_EMIT_KEYS
#define HASH_EMIT_KEY(hh,head,keyptr,fieldlen)                                   \
do {                                                                             \
  unsigned _klen = fieldlen;                                                     \
  write(HASH_EMIT_KEYS, &_klen, sizeof(_klen));                                  \
  write(HASH_EMIT_KEYS, keyptr, (unsigned long)fieldlen);                        \
} while (0)
#else
#define HASH_EMIT_KEY(hh,head,keyptr,fieldlen)
#endif

/* default to Jenkin's hash unless overridden e.g. DHASH_FUNCTION=HASH_SAX */
#ifdef HASH_FUNCTION
#define HASH_FCN HASH_FUNCTION
#else
#define HASH_FCN HASH_JEN
#endif

/* The Bernstein hash function, used in Perl prior to v5.6. Note (x<<5+x)=x*33. */
#define HASH_BER(key,keylen,hashv)                                               \
do {                                                                             \
  unsigned _hb_keylen = (unsigned)keylen;                                        \
  const unsigned char *_hb_key = (const unsigned char*)(key);                    \
  (hashv) = 0;                                                                   \
  while (_hb_keylen-- != 0U) {                                                   \
    (hashv) = (((hashv) << 5) + (hashv)) + *_hb_key++;                           \
  }                                                                              \
} while (0)


/* SAX/FNV/OAT/JEN hash functions are macro variants of those listed at
 * http://eternallyconfuzzled.com/tuts/algorithms/jsw_tut_hashing.aspx */
#define HASH_SAX(key,keylen,hashv)                                               \
do {                                                                             \
  unsigned _sx_i;                                                                \
  const unsigned char *_hs_key = (const unsigned char*)(key);                    \
  hashv = 0;                                                                     \
  for (_sx_i=0; _sx_i < keylen; _sx_i++) {                                       \
    hashv ^= (hashv << 5) + (hashv >> 2) + _hs_key[_sx_i];                       \
  }                                                                              \
} while (0)
/* FNV-1a variation */
#define HASH_FNV(key,keylen,hashv)                                               \
do {                                                                             \
  unsigned _fn_i;                                                                \
  const unsigned char *_hf_key = (const unsigned char*)(key);                    \
  (hashv) = 2166136261U;                                                         \
  for (_fn_i=0; _fn_i < keylen; _fn_i++) {                                       \
    hashv = hashv ^ _hf_key[_fn_i];                                              \
    hashv = hashv * 16777619U;                                                   \
  }                                                                              \
} while (0)

#define HASH_OAT(key,keylen,hashv)                                               \
do {                                                                             \
  unsigned _ho_i;                                                                \
  const unsigned char *_ho_key=(const unsigned char*)(key);                      \
  hashv = 0;                                                                     \
  for(_ho_i=0; _ho_i < keylen; _ho_i++) {                                        \
      hashv += _ho_key[_ho_i];                                                   \
      hashv += (hashv << 10);                                                    \
      hashv ^= (hashv >> 6);                                                     \
  }                                                                              \
  hashv += (hashv << 3);                                                         \
  hashv ^= (hashv >> 11);                                                        \
  hashv += (hashv << 15);                                                        \
} while (0)

#define HASH_JEN_MIX(a,b,c)                                                      \
do {                                                                             \
  a -= b; a -= c; a ^= ( c >> 13 );                                              \
  b -= c; b -= a; b ^= ( a << 8 );                                               \
  c -= a; c -= b; c ^= ( b >> 13 );                                              \
  a -= b; a -= c; a ^= ( c >> 12 );                                              \
  b -= c; b -= a; b ^= ( a << 16 );                                              \
  c -= a; c -= b; c ^= ( b >> 5 );                                               \
  a -= b; a -= c; a ^= ( c >> 3 );                                               \
  b -= c; b -= a; b ^= ( a << 10 );                                              \
  c -= a; c -= b; c ^= ( b >> 15 );                                              \
} while (0)

#define HASH_JEN(key,keylen,hashv)                                               \
do {                                                                             \
  unsigned _hj_i,_hj_j,_hj_k;                                                    \
  unsigned const char *_hj_key=(unsigned const char*)(key);                      \
  hashv = 0xfeedbeefu;                                                           \
  _hj_i = _hj_j = 0x9e3779b9u;                                                   \
  _hj_k = (unsigned)(keylen);                                                    \
  while (_hj_k >= 12U) {                                                         \
    _hj_i +=    (_hj_key[0] + ( (unsigned)_hj_key[1] << 8 )                      \
        + ( (unsigned)_hj_key[2] << 16 )                                         \
        + ( (unsigned)_hj_key[3] << 24 ) );                                      \
    _hj_j +=    (_hj_key[4] + ( (unsigned)_hj_key[5] << 8 )                      \
        + ( (unsigned)_hj_key[6] << 16 )                                         \
        + ( (unsigned)_hj_key[7] << 24 ) );                                      \
    hashv += (_hj_key[8] + ( (unsigned)_hj_key[9] << 8 )                         \
        + ( (unsigned)_hj_key[10] << 16 )                                        \
        + ( (unsigned)_hj_key[11] << 24 ) );                                     \
                                                                                 \
     HASH_JEN_MIX(_hj_i, _hj_j, hashv);                                          \
                                                                                 \
     _hj_key += 12;                                                              \
     _hj_k -= 12U;                                                               \
  }                                                                              \
  hashv += (unsigned)(keylen);                                                   \
  switch ( _hj_k ) {                                                             \
    case 11: hashv += ( (unsigned)_hj_key[10] << 24 ); /* FALLTHROUGH */         \
    case 10: hashv += ( (unsigned)_hj_key[9] << 16 );  /* FALLTHROUGH */         \
    case 9:  hashv += ( (unsigned)_hj_key[8] << 8 );   /* FALLTHROUGH */         \
    case 8:  _hj_j += ( (unsigned)_hj_key[7] << 24 );  /* FALLTHROUGH */         \
    case 7:  _hj_j += ( (unsigned)_hj_key[6] << 16 );  /* FALLTHROUGH */         \
    case 6:  _hj_j += ( (unsigned)_hj_key[5] << 8 );   /* FALLTHROUGH */         \
    case 5:  _hj_j += _hj_key[4];                      /* FALLTHROUGH */         \
    case 4:  _hj_i += ( (unsigned)_hj_key[3] << 24 );  /* FALLTHROUGH */         \
    case 3:  _hj_i += ( (unsigned)_hj_key[2] << 16 );  /* FALLTHROUGH */         \
    case 2:  _hj_i += ( (unsigned)_hj_key[1] << 8 );   /* FALLTHROUGH */         \
    case 1:  _hj_i += _hj_key[0];                                                \
  }                                                                              \
  HASH_JEN_MIX(_hj_i, _hj_j, hashv);                                             \
} while (0)

/* The Paul Hsieh hash function */
#undef get16bits
#if (defined(__GNUC__) && defined(__i386__)) || defined(__WATCOMC__)             \
  || defined(_MSC_VER) || defined (__BORLANDC__) || defined (__TURBOC__)
#define get16bits(d) (*((const uint16_t *) (d)))
#endif

#if !defined (get16bits)
#define get16bits(d) ((((uint32_t)(((const uint8_t *)(d))[1])) << 8)             \
                       +(uint32_t)(((const uint8_t *)(d))[0]) )
#endif
#define HASH_SFH(key,keylen,hashv)                                               \
do {                                                                             \
  unsigned const char *_sfh_key=(unsigned const char*)(key);                     \
  uint32_t _sfh_tmp, _sfh_len = (uint32_t)keylen;                                \
                                                                                 \
  unsigned _sfh_rem = _sfh_len & 3U;                                             \
  _sfh_len >>= 2;                                                                \
  hashv = 0xcafebabeu;                                                           \
                                                                                 \
  /* Main loop */                                                                \
  for (;_sfh_len > 0U; _sfh_len--) {                                             \
    hashv    += get16bits (_sfh_key);                                            \
    _sfh_tmp  = ((uint32_t)(get16bits (_sfh_key+2)) << 11) ^ hashv;              \
    hashv     = (hashv << 16) ^ _sfh_tmp;                                        \
    _sfh_key += 2U*sizeof (uint16_t);                                            \
    hashv    += hashv >> 11;                                                     \
  }                                                                              \
                                                                                 \
  /* Handle end cases */                                                         \
  switch (_sfh_rem) {                                                            \
    case 3: hashv += get16bits (_sfh_key);                                       \
            hashv ^= hashv << 16;                                                \
            hashv ^= (uint32_t)(_sfh_key[sizeof (uint16_t)]) << 18;              \
            hashv += hashv >> 11;                                                \
            break;                                                               \
    case 2: hashv += get16bits (_sfh_key);                                       \
            hashv ^= hashv << 11;                                                \
            hashv += hashv >> 17;                                                \
            break;                                                               \
    case 1: hashv += *_sfh_key;                                                  \
            hashv ^= hashv << 10;                                                \
            hashv += hashv >> 1;                                                 \
  }                                                                              \
                                                                                 \
  /* Force "avalanching" of final 127 bits */                                    \
  hashv ^= hashv << 3;                                                           \
  hashv += hashv >> 5;                                                           \
  hashv ^= hashv << 4;                                                           \
  hashv += hashv >> 17;                                                          \
  hashv ^= hashv << 25;                                                          \
  hashv += hashv >> 6;                                                           \
} while (0)

/* iterate over items in a known bucket to find desired item */
#define HASH_FIND_IN_BKT(tbl,hh,head,keyptr,keylen_in,hashval,out)               \
do {                                                                             \
  if ((head).hh_head != NULL) {                                                  \
    DECLTYPE_ASSIGN(out, ELMT_FROM_HH(tbl, (head).hh_head));                     \
  } else {                                                                       \
    (out) = NULL;                                                                \
  }                                                                              \
  while ((out) != NULL) {                                                        \
    if ((out)->hh.hashv == (hashval) && (out)->hh.keylen == (keylen_in)) {       \
      if (HASH_KEYCMP((out)->hh.key, keyptr, keylen_in) == 0) {              \
        break;                                                                   \
      }                                                                          \
    }                                                                            \
    if ((out)->hh.hh_next != NULL) {                                             \
      DECLTYPE_ASSIGN(out, ELMT_FROM_HH(tbl, (out)->hh.hh_next));                \
    } else {                                                                     \
      (out) = NULL;                                                              \
    }                                                                            \
  }                                                                              \
} while (0)

/* add an item to a bucket  */
#define HASH_ADD_TO_BKT(head,hh,addhh,oomed)                                     \
do {                                                                             \
  UT_hash_bucket *_ha_head = &(head);                                            \
  _ha_head->count++;                                                             \
  (addhh)->hh_next = _ha_head->hh_head;                                          \
  (addhh)->hh_prev = NULL;                                                       \
  if (_ha_head->hh_head != NULL) {                                               \
    _ha_head->hh_head->hh_prev = (addhh);                                        \
  }                                                                              \
  _ha_head->hh_head = (addhh);                                                   \
  if ((_ha_head->count >= ((_ha_head->expand_mult + 1U) * HASH_BKT_CAPACITY_THRESH)) \
      && !(addhh)->tbl->noexpand) {                                              \
    HASH_EXPAND_BUCKETS(addhh,(addhh)->tbl, oomed);                              \
    IF_HASH_NONFATAL_OOM(                                                        \
      if (oomed) {                                                               \
        HASH_DEL_IN_BKT(head,addhh);                                             \
      }                                                                          \
    )                                                                            \
  }                                                                              \
} while (0)

/* remove an item from a given bucket */
#define HASH_DEL_IN_BKT(head,delhh)                                              \
do {                                                                             \
  UT_hash_bucket *_hd_head = &(head);                                            \
  _hd_head->count--;                                                             \
  if (_hd_head->hh_head == (delhh)) {                                            \
    _hd_head->hh_head = (delhh)->hh_next;                                        \
  }                                                                              \
  if ((delhh)->hh_prev) {                                                        \
    (delhh)->hh_prev->hh_next = (delhh)->hh_next;                                \
  }                                                                              \
  if ((delhh)->hh_next) {                                                        \
    (delhh)->hh_next->hh_prev = (delhh)->hh_prev;                                \
  }                                                                              \
} while (0)

/* Bucket expansion has the effect of doubling the number of buckets
 * and redistributing the items into the new buckets. Ideally the
 * items will distribute more or less evenly into the new buckets
 * (the extent to which this is true is a measure of the quality of
 * the hash function as it applies to the key domain).
 *
 * With the items distributed into more buckets, the chain length
 * (item count) in each bucket is reduced. Thus by expanding buckets
 * the hash keeps a bound on the chain length. This bounded chain
 * length is the essence of how a hash provides constant time lookup.
 *
 * The calculation of tbl->ideal_chain_maxlen below deserves some
 * explanation. First, keep in mind that we're calculating the ideal
 * maximum chain length based on the *new* (doubled) bucket count.
 * In fractions this is just n/b (n=number of items,b=new num buckets).
 * Since the ideal chain length is an integer, we want to calculate
 * ceil(n/b). We don't depend on floating point arithmetic in this
 * hash, so to calculate ceil(n/b) with integers we could write
 *
 *      ceil(n/b) = (n/b) + ((n%b)?1:0)
 *
 * and in fact a previous version of this hash did just that.
 * But now we have improved things a bit by recognizing that b is
 * always a power of two. We keep its base 2 log handy (call it lb),
 * so now we can write this with a bit shift and logical AND:
 *
 *      ceil(n/b) = (n>>lb) + ( (n & (b-1)) ? 1:0)
 *
 */
#define HASH_EXPAND_BUCKETS(hh,tbl,oomed)                                        \
do {                                                                             \
  unsigned _he_bkt;                                                              \
  unsigned _he_bkt_i;                                                            \
  struct UT_hash_handle *_he_thh, *_he_hh_nxt;                                   \
  UT_hash_bucket *_he_new_buckets, *_he_newbkt;                                  \
  _he_new_buckets = (UT_hash_bucket*)uthash_malloc(                              \
           2UL * (tbl)->num_buckets * sizeof(struct UT_hash_bucket));            \
  if (!_he_new_buckets) {                                                        \
    HASH_RECORD_OOM(oomed);                                                      \
  } else {                                                                       \
    uthash_bzero(_he_new_buckets,                                                \
        2UL * (tbl)->num_buckets * sizeof(struct UT_hash_bucket));               \
    (tbl)->ideal_chain_maxlen =                                                  \
       ((tbl)->num_items >> ((tbl)->log2_num_buckets+1U)) +                      \
       ((((tbl)->num_items & (((tbl)->num_buckets*2U)-1U)) != 0U) ? 1U : 0U);    \
    (tbl)->nonideal_items = 0;                                                   \
    for (_he_bkt_i = 0; _he_bkt_i < (tbl)->num_buckets; _he_bkt_i++) {           \
      _he_thh = (tbl)->buckets[ _he_bkt_i ].hh_head;                             \
      while (_he_thh != NULL) {                                                  \
        _he_hh_nxt = _he_thh->hh_next;                                           \
        HASH_TO_BKT(_he_thh->hashv, (tbl)->num_buckets * 2U, _he_bkt);           \
        _he_newbkt = &(_he_new_buckets[_he_bkt]);                                \
        if (++(_he_newbkt->count) > (tbl)->ideal_chain_maxlen) {                 \
          (tbl)->nonideal_items++;                                               \
          if (_he_newbkt->count > _he_newbkt->expand_mult * (tbl)->ideal_chain_maxlen) { \
            _he_newbkt->expand_mult++;                                           \
          }                                                                      \
        }                                                                        \
        _he_thh->hh_prev = NULL;                                                 \
        _he_thh->hh_next = _he_newbkt->hh_head;                                  \
        if (_he_newbkt->hh_head != NULL) {                                       \
          _he_newbkt->hh_head->hh_prev = _he_thh;                                \
        }                                                                        \
        _he_newbkt->hh_head = _he_thh;                                           \
        _he_thh = _he_hh_nxt;                                                    \
      }                                                                          \
    }                                                                            \
    uthash_free((tbl)->buckets, (tbl)->num_buckets * sizeof(struct UT_hash_bucket)); \
    (tbl)->num_buckets *= 2U;                                                    \
    (tbl)->log2_num_buckets++;                                                   \
    (tbl)->buckets = _he_new_buckets;                                            \
    (tbl)->ineff_expands = ((tbl)->nonideal_items > ((tbl)->num_items >> 1)) ?   \
        ((tbl)->ineff_expands+1U) : 0U;                                          \
    if ((tbl)->ineff_expands > 1U) {                                             \
      (tbl)->noexpand = 1;                                                       \
      uthash_noexpand_fyi(tbl);                                                  \
    }                                                                            \
    uthash_expand_fyi(tbl);                                                      \
  }                                                                              \
} while (0)


/* This is an adaptation of Simon Tatham's O(n log(n)) mergesort */
/* Note that HASH_SORT assumes the hash handle name to be hh.
 * HASH_SRT was added to allow the hash handle name to be passed in. */
#define HASH_SORT(head,cmpfcn) HASH_SRT(hh,head,cmpfcn)
#define HASH_SRT(hh,head,cmpfcn)                                                 \
do {                                                                             \
  unsigned _hs_i;                                                                \
  unsigned _hs_looping,_hs_nmerges,_hs_insize,_hs_psize,_hs_qsize;               \
  struct UT_hash_handle *_hs_p, *_hs_q, *_hs_e, *_hs_list, *_hs_tail;            \
  if (head != NULL) {                                                            \
    _hs_insize = 1;                                                              \
    _hs_looping = 1;                                                             \
    _hs_list = &((head)->hh);                                                    \
    while (_hs_looping != 0U) {                                                  \
      _hs_p = _hs_list;                                                          \
      _hs_list = NULL;                                                           \
      _hs_tail = NULL;                                                           \
      _hs_nmerges = 0;                                                           \
      while (_hs_p != NULL) {                                                    \
        _hs_nmerges++;                                                           \
        _hs_q = _hs_p;                                                           \
        _hs_psize = 0;                                                           \
        for (_hs_i = 0; _hs_i < _hs_insize; ++_hs_i) {                           \
          _hs_psize++;                                                           \
          _hs_q = ((_hs_q->next != NULL) ?                                       \
            HH_FROM_ELMT((head)->hh.tbl, _hs_q->next) : NULL);                   \
          if (_hs_q == NULL) {                                                   \
            break;                                                               \
          }                                                                      \
        }                                                                        \
        _hs_qsize = _hs_insize;                                                  \
        while ((_hs_psize != 0U) || ((_hs_qsize != 0U) && (_hs_q != NULL))) {    \
          if (_hs_psize == 0U) {                                                 \
            _hs_e = _hs_q;                                                       \
            _hs_q = ((_hs_q->next != NULL) ?                                     \
              HH_FROM_ELMT((head)->hh.tbl, _hs_q->next) : NULL);                 \
            _hs_qsize--;                                                         \
          } else if ((_hs_qsize == 0U) || (_hs_q == NULL)) {                     \
            _hs_e = _hs_p;                                                       \
            if (_hs_p != NULL) {                                                 \
              _hs_p = ((_hs_p->next != NULL) ?                                   \
                HH_FROM_ELMT((head)->hh.tbl, _hs_p->next) : NULL);               \
            }                                                                    \
            _hs_psize--;                                                         \
          } else if ((cmpfcn(                                                    \
                DECLTYPE(head)(ELMT_FROM_HH((head)->hh.tbl, _hs_p)),             \
                DECLTYPE(head)(ELMT_FROM_HH((head)->hh.tbl, _hs_q))              \
                )) <= 0) {                                                       \
            _hs_e = _hs_p;                                                       \
            if (_hs_p != NULL) {                                                 \
              _hs_p = ((_hs_p->next != NULL) ?                                   \
                HH_FROM_ELMT((head)->hh.tbl, _hs_p->next) : NULL);               \
            }                                                                    \
            _hs_psize--;                                                         \
          } else {                                                               \
            _hs_e = _hs_q;                                                       \
            _hs_q = ((_hs_q->next != NULL) ?                                     \
              HH_FROM_ELMT((head)->hh.tbl, _hs_q->next) : NULL);                 \
            _hs_qsize--;                                                         \
          }                                                                      \
          if ( _hs_tail != NULL ) {                                              \
            _hs_tail->next = ((_hs_e != NULL) ?                                  \
              ELMT_FROM_HH((head)->hh.tbl, _hs_e) : NULL);                       \
          } else {                                                               \
            _hs_list = _hs_e;                                                    \
          }                                                                      \
          if (_hs_e != NULL) {                                                   \
            _hs_e->prev = ((_hs_tail != NULL) ?                                  \
              ELMT_FROM_HH((head)->hh.tbl, _hs_tail) : NULL);                    \
          }                                                                      \
          _hs_tail = _hs_e;                                                      \
        }                                                                        \
        _hs_p = _hs_q;                                                           \
      }                                                                          \
      if (_hs_tail != NULL) {                                                    \
        _hs_tail->next = NULL;                                                   \
      }                                                                          \
      if (_hs_nmerges <= 1U) {                                                   \
        _hs_looping = 0;                                                         \
        (head)->hh.tbl->tail = _hs_tail;                                         \
        DECLTYPE_ASSIGN(head, ELMT_FROM_HH((head)->hh.tbl, _hs_list));           \
      }                                                                          \
      _hs_insize *= 2U;                                                          \
    }                                                                            \
    HASH_FSCK(hh, head, "HASH_SRT");                                             \
  }                                                                              \
} while (0)

/* This function selects items from one hash into another hash.
 * The end result is that the selected items have dual presence
 * in both hashes. There is no copy of the items made; rather
 * they are added into the new hash through a secondary hash
 * hash handle that must be present in the structure. */
#define HASH_SELECT(hh_dst, dst, hh_src, src, cond)                              \
do {                                                                             \
  unsigned _src_bkt, _dst_bkt;                                                   \
  void *_last_elt = NULL, *_elt;                                                 \
  UT_hash_handle *_src_hh, *_dst_hh, *_last_elt_hh=NULL;                         \
  ptrdiff_t _dst_hho = ((char*)(&(dst)->hh_dst) - (char*)(dst));                 \
  if ((src) != NULL) {                                                           \
    for (_src_bkt=0; _src_bkt < (src)->hh_src.tbl->num_buckets; _src_bkt++) {    \
      for (_src_hh = (src)->hh_src.tbl->buckets[_src_bkt].hh_head;               \
        _src_hh != NULL;                                                         \
        _src_hh = _src_hh->hh_next) {                                            \
        _elt = ELMT_FROM_HH((src)->hh_src.tbl, _src_hh);                         \
        if (cond(_elt)) {                                                        \
          IF_HASH_NONFATAL_OOM( int _hs_oomed = 0; )                             \
          _dst_hh = (UT_hash_handle*)(void*)(((char*)_elt) + _dst_hho);          \
          _dst_hh->key = _src_hh->key;                                           \
          _dst_hh->keylen = _src_hh->keylen;                                     \
          _dst_hh->hashv = _src_hh->hashv;                                       \
          _dst_hh->prev = _last_elt;                                             \
          _dst_hh->next = NULL;                                                  \
          if (_last_elt_hh != NULL) {                                            \
            _last_elt_hh->next = _elt;                                           \
          }                                                                      \
          if ((dst) == NULL) {                                                   \
            DECLTYPE_ASSIGN(dst, _elt);                                          \
            HASH_MAKE_TABLE(hh_dst, dst, _hs_oomed);                             \
            IF_HASH_NONFATAL_OOM(                                                \
              if (_hs_oomed) {                                                   \
                uthash_nonfatal_oom(_elt);                                       \
                (dst) = NULL;                                                    \
                continue;                                                        \
              }                                                                  \
            )                                                                    \
          } else {                                                               \
            _dst_hh->tbl = (dst)->hh_dst.tbl;                                    \
          }                                                                      \
          HASH_TO_BKT(_dst_hh->hashv, _dst_hh->tbl->num_buckets, _dst_bkt);      \
          HASH_ADD_TO_BKT(_dst_hh->tbl->buckets[_dst_bkt], hh_dst, _dst_hh, _hs_oomed); \
          (dst)->hh_dst.tbl->num_items++;                                        \
          IF_HASH_NONFATAL_OOM(                                                  \
            if (_hs_oomed) {                                                     \
              HASH_ROLLBACK_BKT(hh_dst, dst, _dst_hh);                           \
              HASH_DELETE_HH(hh_dst, dst, _dst_hh);                              \
              _dst_hh->tbl = NULL;                                               \
              uthash_nonfatal_oom(_elt);                                         \
              continue;                                                          \
            }                                                                    \
          )                                                                      \
          HASH_BLOOM_ADD(_dst_hh->tbl, _dst_hh->hashv);                          \
          _last_elt = _elt;                                                      \
          _last_elt_hh = _dst_hh;                                                \
        }                                                                        \
      }                                                                          \
    }                                                                            \
  }                                                                              \
  HASH_FSCK(hh_dst, dst, "HASH_SELECT");                                         \
} while (0)

#define HASH_CLEAR(hh,head)                                                      \
do {                                                                             \
  if ((head) != NULL) {                                                          \
    HASH_BLOOM_FREE((head)->hh.tbl);                                             \
    uthash_free((head)->hh.tbl->buckets,                                         \
                (head)->hh.tbl->num_buckets*sizeof(struct UT_hash_bucket));      \
    uthash_free((head)->hh.tbl, sizeof(UT_hash_table));                          \
    (head) = NULL;                                                               \
  }                                                                              \
} while (0)

#define HASH_OVERHEAD(hh,head)                                                   \
 (((head) != NULL) ? (                                                           \
 (size_t)(((head)->hh.tbl->num_items   * sizeof(UT_hash_handle))   +             \
          ((head)->hh.tbl->num_buckets * sizeof(UT_hash_bucket))   +             \
           sizeof(UT_hash_table)                                   +             \
           (HASH_BLOOM_BYTELEN))) : 0U)

#ifdef NO_DECLTYPE
#define HASH_ITER(hh,head,el,tmp)                                                \
for(((el)=(head)), ((*(char**)(&(tmp)))=(char*)((head!=NULL)?(head)->hh.next:NULL)); \
  (el) != NULL; ((el)=(tmp)), ((*(char**)(&(tmp)))=(char*)((tmp!=NULL)?(tmp)->hh.next:NULL)))
#else
#define HASH_ITER(hh,head,el,tmp)                                                \
for(((el)=(head)), ((tmp)=DECLTYPE(el)((head!=NULL)?(head)->hh.next:NULL));      \
  (el) != NULL; ((el)=(tmp)), ((tmp)=DECLTYPE(el)((tmp!=NULL)?(tmp)->hh.next:NULL)))
#endif

/* obtain a count of items in the hash */
#define HASH_COUNT(head) HASH_CNT(hh,head)
#define HASH_CNT(hh,head) ((head != NULL)?((head)->hh.tbl->num_items):0U)

typedef struct UT_hash_bucket {
   struct UT_hash_handle *hh_head;
   unsigned count;

   /* expand_mult is normally set to 0. In this situation, the max chain length
    * threshold is enforced at its default value, HASH_BKT_CAPACITY_THRESH. (If
    * the bucket's chain exceeds this length, bucket expansion is triggered).
    * However, setting expand_mult to a non-zero value delays bucket expansion
    * (that would be triggered by additions to this particular bucket)
    * until its chain length reaches a *multiple* of HASH_BKT_CAPACITY_THRESH.
    * (The multiplier is simply expand_mult+1). The whole idea of this
    * multiplier is to reduce bucket expansions, since they are expensive, in
    * situations where we know that a particular bucket tends to be overused.
    * It is better to let its chain length grow to a longer yet-still-bounded
    * value, than to do an O(n) bucket expansion too often.
    */
   unsigned expand_mult;

} UT_hash_bucket;

/* random signature used only to find hash tables in external analysis */
#define HASH_SIGNATURE 0xa0111fe1u
#define HASH_BLOOM_SIGNATURE 0xb12220f2u

typedef struct UT_hash_table {
   UT_hash_bucket *buckets;
   unsigned num_buckets, log2_num_buckets;
   unsigned num_items;
   struct UT_hash_handle *tail; /* tail hh in app order, for fast append    */
   ptrdiff_t hho; /* hash handle offset (byte pos of hash handle in element */

   /* in an ideal situation (all buckets used equally), no bucket would have
    * more than ceil(#items/#buckets) items. that's the ideal chain length. */
   unsigned ideal_chain_maxlen;

   /* nonideal_items is the number of items in the hash whose chain position
    * exceeds the ideal chain maxlen. these items pay the penalty for an uneven
    * hash distribution; reaching them in a chain traversal takes >ideal steps */
   unsigned nonideal_items;

   /* ineffective expands occur when a bucket doubling was performed, but
    * afterward, more than half the items in the hash had nonideal chain
    * positions. If this happens on two consecutive expansions we inhibit any
    * further expansion, as it's not helping; this happens when the hash
    * function isn't a good fit for the key domain. When expansion is inhibited
    * the hash will still work, albeit no longer in constant time. */
   unsigned ineff_expands, noexpand;

   uint32_t signature; /* used only to find hash tables in external analysis */
#ifdef HASH_BLOOM
   uint32_t bloom_sig; /* used only to test bloom exists in external analysis */
   uint8_t *bloom_bv;
   uint8_t bloom_nbits;
#endif

} UT_hash_table;

typedef struct UT_hash_handle {
   struct UT_hash_table *tbl;
   void *prev;                       /* prev element in app order      */
   void *next;                       /* next element in app order      */
   struct UT_hash_handle *hh_prev;   /* previous hh in bucket order    */
   struct UT_hash_handle *hh_next;   /* next hh in bucket order        */
   void *key;                        /* ptr to enclosing struct's key  */
   unsigned keylen;                  /* enclosing struct's key len     */
   unsigned hashv;                   /* result of hash-fcn(key)        */
} UT_hash_handle;

#endif /* UTHASH_H */










fraggy/distribution.c


/**
 * distribution.c
 *
 * @author Lars Thoms <lars@thoms.io>
 */

#include "distribution.h"


/* ====[ Distribution ]========================================================================== */

struct distribution_tpl* distribution = NULL;


void increase_distribution(int key)
{
    struct distribution_tpl *s;

    HASH_FIND_INT(distribution, &key, s);
    if(s == NULL)
    {
        s        = (struct distribution_tpl*) malloc(sizeof * s);
        s->key   = key;
        s->value = 0;

        HASH_ADD_INT(distribution, key, s);
    }

    s->value++;
}


int sort_distribution(struct distribution_tpl *a, struct distribution_tpl *b)
{
    return (a->key - b->key);
}


void print_distribution()
{
    struct distribution_tpl *s;

    // Sort by key
    HASH_SORT(distribution, sort_distribution);

    // Create CSV
    fprintf(stdout, "fragments,amount\n");
    for(s = distribution; s != NULL; s = s->hh.next)
    {
        fprintf(stdout, "%d,%d\n", s->key, s->value);
    }
}









fraggy/distribution.h


/**
 * distribution.h
 *
 * @author Lars Thoms <lars@thoms.io>
 */

#ifndef FRAGGY_DISTRIBUTION_H
#define FRAGGY_DISTRIBUTION_H

/* ====[ Requirements ]========================================================================== */

// Includes
#include <stdio.h>
#include "uthash.h"


/* ====[ Declarations ]========================================================================== */

/**
 * Hash map to store fragmentation counts and their frequency
 */
struct distribution_tpl
{
    int key, value;
    UT_hash_handle hh;
};

/**
 * Add amount of fragments to distribution table
 *
 * @param int fragmentation count
 */
void increase_distribution(int);

/**
 * Sort by key ascending
 *
 * @param struct distribution_tpl *
 * @param struct distribution_tpl *
 * @return int
 */
int sort_distribution(struct distribution_tpl *, struct distribution_tpl *);

/**
 * Generate and print CSV from distribution map
 */
void print_distribution(void);

#endif //FRAGGY_DISTRIBUTION_H










fraggy/fraggy.agg.h


/**
 * fraggy.agg.h
 *
 * @author Lars Thoms <lars@thoms.io>
 */

#ifndef FRAGGY_AGG_H
#define FRAGGY_AGG_H

/* ====[ Requirements ]========================================================================== */

// Enable POSIX.1-2008 + XSI features
#define _XOPEN_SOURCE 700

// Enable 64-bit file sizes and offsets support of C library
#define _LARGEFILE64_SOURCE
#define _FILE_OFFSET_BITS 64

/* Set number of used file descriptors
   POSIX.1 allows minimum of 20 descriptors minus 3 standard streams. Therefore, 15 is safe. */
#ifndef USE_FDS
#define USE_FDS 15
#endif

// Includes
#include <errno.h>
#include <fcntl.h>
#include <ftw.h>
#include <linux/fiemap.h>
#include <linux/fs.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <sys/ioctl.h>
#include <unistd.h>
#include "distribution.h"


/* ====[ Declarations ]========================================================================== */

/**
 * Fetch FIEMAP from given file descriptor and count extents.
 * Code fragments are copied from filefrag.c of the ext4defrag toolchain.
 *
 * @param  long           file descriptor
 * @param  unsigned int * fragmentation count
 * @return int            errno
 */
static int filefrag_fiemap(long, unsigned int *);

/**
 * Determine fragmentation count of given node and populate distribution list
 * It is called by nftw()
 *
 * @param  const char *        node's path
 * @param  const struct stat * node's stat structure
 * @param  const int           node's type (file, directory, symbolic, ...)
 * @param  struct FTW *        FTW structure
 * @return int                 errno
 */
static int node_fragmentation(const char *, const struct stat *, const int, struct FTW *);

/**
 * Print usage information
 *
 * @param const char * program name
 */
static void print_usage(const char *);

#endif //FRAGGY_DISTRIBUTION_H










fraggy/CMakeLists.txt


cmake_minimum_required(VERSION 3.17)
project(fraggy)
add_executable(fraggy.agg fraggy.agg.c fraggy.agg.h distribution.c distribution.h)
configure_file(fraggy.anlz fraggy.anlz COPYONLY)










fraggy/performance.r


# Load used libraries
library(jsonlite)
library(dplyr)
library(purrr)
library(ggplot2)

# Used filesystem
filesystem <- 'ext4'
# filesystem <- 'zfs'

# Measurement states
states <- c('initial', 'fragmented', 'defragmented', 'rsynced')
# states <- c('initial', 'fragmented', 'zfs-sent', 'rsynced')

# Drives
drives <- c('sg500', 'sg1000', 'wdgold', 'sg500-raid')
# drives <- c('sg500', 'sg1000', 'wdgold', 'sg500-raid')

# Transfer sizes
transfer_sizes <- c('10m', '100m', '1g')

for(transfer_size in transfer_sizes)
{
    statistics <- NULL
    statistics_wilcox <- NULL

    for(drive in drives)
    {
        data <- NULL
        statistic <- NULL

        for(state in states)
        {
            # Fetch measurement data from IOR as JSON file
            data_json <- fromJSON(paste('src/', filesystem, '_', drive, '_', transfer_size, '_' , state, '.json', sep = ''))

            # Filter measurement data and merge list of data frames
            data_filtered <- bind_rows(map(data_json$tests$Results[[1]], ~filter(.x, access %in% c('read', 'write'))), .id = "iteration")
            data_filtered$state = state
            data <- rbind(data, data_filtered)
        }

        data$drive = drive

        # Create box-and-whisker plot
        data %>%
            ggplot(aes(x = factor(state, levels = states), y = bwMiB, fill = factor(access))) +
                labs(x = 'State') +
                labs(y = 'Transfer Rate [MiB/s]') +
                labs(fill = 'Access') +
                scale_fill_manual(values=c('#90EE90', '#FFCC88')) +
                geom_boxplot(position = position_dodge2(padding = 0.5)) +
                geom_point(alpha = 0.3, position = position_jitterdodge()) -> image

        # Save image
        ggsave(file=paste('Plots/Performance/', filesystem, '_', drive, '_', transfer_size, '.svg', sep = ''), plot = image, width = 8, height = 5)

        # Statistics
        # Mean, SD, Rang, Shapiro-Wilk-Test, and Wilcox Tests
        statistic_mean    <- aggregate(list(mean = data$bwMiB), list(drive = data$drive, access = data$access, state = data$state), function(x) round(mean(x), digits = 2))
        statistic_sd      <- aggregate(list(sd = data$bwMiB), list(drive = data$drive, access = data$access, state = data$state), function(x) round(sd(x), digits = 2))
        statistic_range   <- aggregate(list(range = data$bwMiB), list(drive = data$drive, access = data$access, state = data$state), function(x) round(diff(range(x)), digits = 2))
        statistic_shapiro <- aggregate(list(shapiro = data$bwMiB), list(drive = data$drive, access = data$access, state = data$state), function(x) round(shapiro.test(x)$p.value, digits = 8))

        statistic  <- cbind(statistic_mean)
        statistic  <- merge(statistic, statistic_sd, by = c('drive', 'access', 'state'))
        statistic  <- merge(statistic, statistic_range, by = c('drive', 'access', 'state'))
        statistic  <- merge(statistic, statistic_shapiro, by = c('drive', 'access', 'state'))
        statistics <- rbind(statistics, statistic)

        # Wilcox Tests
        for(io in c('read', 'write'))
        {
            for(i in 1:(length(states) - 1))
            {
                statistic_wilcox     <- round(wilcox.test(filter(data, access == io, state == states[i])$bwMiB,
                                                          filter(data, access == io, state == states[i + 1])$bwMiB,
                                              paired = TRUE)$p.value, digits = 8)
                statistic_difference <- round((((mean(filter(data, access == io, state == states[i + 1])$bwMiB) /
                                                 mean(filter(data, access == io, state == states[i])$bwMiB)) - 1) * 100), digits = 0)
                statistics_wilcox    <- rbind(statistics_wilcox, c(drive, io, states[i], states[i + 1], statistic_wilcox, statistic_difference))
            }
        }
    }

    # Dump statistics to CSV
    colnames(statistics) <- c('Drive', 'IO', 'State', 'Mean', 'Standard Deviation', 'Range', 'Shapiro-Wilk Test')
    colnames(statistics_wilcox) <- c('Drive', 'IO', 'State 1', 'State 2', 'Wilcoxon Signed-Rank Test', 'Difference (pct)')
    write.csv(statistics, paste('CSV/Statistics/', filesystem, '_', transfer_size, '_basics.csv', sep = ''), row.names = FALSE, quote = FALSE)
    write.csv(statistics_wilcox, paste('CSV/Statistics/', filesystem, '_', transfer_size, '_wilcox.csv', sep = ''), row.names = FALSE, quote = FALSE)
}










fraggy/fraggy.agg.c


/**
 * fraggy.agg.c
 *
 * @author Lars Thoms <lars@thoms.io>
 */

/* ====[ Requirements ]========================================================================== */

#include "fraggy.agg.h"


/* ====[ FIEMAP ]================================================================================ */

static int filefrag_fiemap(long fd, unsigned int *num_extents)
{
    __u64 buf[2048];

    struct fiemap*        fiemap = (struct fiemap*) buf;
    struct fiemap_extent* fm_ext = &fiemap->fm_extents[0];
    struct fiemap_extent  fm_last;

    int count = (sizeof(buf) - sizeof(*fiemap)) / sizeof(struct fiemap_extent);

    unsigned long long expected = 0, expected_dense = 0;
    unsigned long      flags    = 0;
    unsigned int       tot_extents = 0, i;
    int                n = 0, last = 0, rc;

    memset(fiemap, 0, sizeof(struct fiemap));
    memset(&fm_last, 0, sizeof(fm_last));

    do
    {
        fiemap->fm_length       = ~0ULL;
        fiemap->fm_flags        = flags;
        fiemap->fm_extent_count = count;

        rc = ioctl(fd, FS_IOC_FIEMAP, (unsigned long) fiemap);

        if(rc < 0)
        {
            static int fiemap_incompat_printed;

            rc = -errno;
            if(rc == -EBADR && !fiemap_incompat_printed)
            {
                fprintf(stderr, "FIEMAP failed with unknown flags %x\n", fiemap->fm_flags);
                fiemap_incompat_printed = 1;
            }
            return rc;
        }

        /* If 0 extents are returned, then more ioctls are not needed */
        if(fiemap->fm_mapped_extents == 0)
        {
            break;
        }

        for (i = 0; i < fiemap->fm_mapped_extents; i++)
        {
            expected_dense = fm_last.fe_physical + fm_last.fe_length;
            expected       = fm_last.fe_physical + fm_ext[i].fe_logical - fm_last.fe_logical;

            if((fm_ext[i].fe_logical != 0) &&
               (fm_ext[i].fe_physical != expected) &&
               (fm_ext[i].fe_physical != expected_dense))
            {
                tot_extents++;
            }
            else
            {
                expected = 0;
                if(!tot_extents)
                {
                    tot_extents = 1;
                }
            }

            if(fm_ext[i].fe_flags & FIEMAP_EXTENT_LAST)
            {
                last = 1;
            }

            fm_last = fm_ext[i];
            n++;
        }

        fiemap->fm_start = (fm_ext[i - 1].fe_logical + fm_ext[i - 1].fe_length);
    }
    while(last == 0);

    *num_extents = tot_extents;

    return 0;
}


/* ====[ Node Handler ]========================================================================== */

static int node_fragmentation(const char *node_path, const struct stat *node_info,
                              const int node_typeflag, struct FTW *node_pathinfo)
{
    unsigned int num_extents = 1;
    int rc = 0;

    // Given path is a not readable directory
    if(node_typeflag == FTW_DNR)
    {
        return -(errno = EACCES);
    }

    if((node_typeflag == FTW_F) || (node_typeflag == FTW_D) || (node_typeflag == FTW_DP))
    {

        // Initialize file descriptor
        long file = open(node_path, O_RDONLY);

        // Check for possible failures
        if(file < 0)
        {
            perror(node_path);
            return -errno;
        }


        rc = filefrag_fiemap(file, &num_extents);
        close(file);

        // Empty files are not interesting
        if((rc == 0) && (num_extents > 0))
        {
            increase_distribution(num_extents);
        }
    }

    return -(errno = rc);
}



/* ====[ Usage ]================================================================================= */

static void print_usage(const char *program_name)
{
    fprintf(stderr, "Usage: %s [ FILE | DIRECTORY ]\n"
                    "Get a list of all amount of extents per node in filesystem", program_name);
}


/* ====[ Program ]=============================================================================== */

int main(int argc, char *argv[])
{
    int rc;

    // Check if parameter is set
    if (argc > 1)
    {
        // Check for invalid directory path
        if(argv[1] == NULL || *argv[1] == '\0')
        {
            fprintf(stderr, "%s.\n", strerror(errno = EINVAL));
            return EXIT_FAILURE;
        }

        rc = nftw(argv[1], node_fragmentation, USE_FDS, FTW_PHYS);
        if(rc)
        {
            fprintf(stderr, "%s.\n", strerror(errno = rc));
            return EXIT_FAILURE;
        }
    }

    // Print usage
    else
    {
        print_usage(argv[0]);
        return EXIT_FAILURE;
    }

    print_distribution();
    return EXIT_SUCCESS;
}
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The systemwide maximum of file handles is set to 2097152 = 2221 via systctl fs.file-max 2097152;
therefore, programs can open more concurrent files.

In recent years, more and more vulnerable CPU bugs have been discovered. Software adaptations,
including microcode patches, sometimes cause performance losses. For this reason, the following table
lists all affected bugs.

Bug Abbreviation CVE

Meltdown [19] CVE-2017-5754
Spectre Variant 1 [37] Spectre-V1 CVE-2017-5753
Spectre Variant 2 [37] Spectre-V2 CVE-2017-5715
Speculative Store Bypass [10] SSB CVE-2018-3639
L1 Terminal Fault (Foreshadow) [31] L1TF CVE-2018-3615
L1 Terminal Fault (Foreshadow-NG) [36] L1TF CVE-2018-3620,

CVE-2018-3646
Microarchitectural Store Buffer Data Sampling [6] MSBDS CVE-2018-12126
Microarchitectural Fill Buffer Data Sampling [8] MFBDS CVE-2018-12130
Microarchitectural Load Port Data Sampling [7] MLPDS CVE-2018-12127
Microarchitectural Data Sampling Uncacheable Memory
[11]

MDSUM CVE-2019-11091

SWAPGS [13] CVE-2019-1125
TSX Asynchronous Abort [12] TAA CVE-2019-11135
iTLB multihit [9] CVE-2018-12207

3.2.2 Used Storage Media

The following test series contrast different characteristics of storage media and their configuration. All
used hard drive disks are commercially available, have a 3.5" form factor, use Conventional Magnetic
Recording (CMR) as the recording technology [15], and are connected via SATA III.

By using only hard disks with CMR, current problems with SMR are avoided. The difference in
performance between SMR and CMR is most apparent in random-write operations. Whenever a
change in SMR mode occurs, the controller has to overwrite the entire spiral group. As a result, this
mode causes a much higher write effort and hits the write-performance.

The following table lists the tested data carriers. Additionally, it contains the used short names, the
model, the capacity, and the revolutions per minute (RPM).

Reference Model Capacity RPM

SG500 Seagate BarraCuda ST500DM009 500 GB 7,200
SG1000 Seagate BarraCuda ST1000DM010 1 TB 7,200
DC1000 Western Digital Gold WD1005FBYZ 1 TB 7,200

The first two hard disks are conventional end-user hard disks. The third one is used in data centers as
server hardware to show possible differences in the price level.

The following sections describe the differences to be considered and compared.
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Number of Drive Layers Low-capacity drives usually have only one disk layer, which is in contrast
to high-capacity drives with several layers.

Engaging in this distinction is whether multi-layer drives are slower or faster than solo-layer drives. Since
the read/write heads of all layers are coupled, they all have to follow the same track.

This condition raises the question of whether or not multiple heads can read or write simultaneously.
In the worst case, only one head can operate at a time, and frequent track changes will increase the
total seeking time.

This test includes the disks SG500, SG1000, and DC1000.

File Sizes The used benchmark tool will read/write lots of files with a specific size. This file size
matters considering the available contiguous space areas. Small files will fit in small chunks of free
space ranges, but large files will probably split into many fragments.

This test use 10M, 100M, and 1000M as file sizes on all other test runs.

Filesystem As already mentioned, this thesis examines the two filesystems EXT4 and ZFS. Both of
them will be almost equivalent tested.

RAID Based on the test about the number of layers, a RAID can be used to increase the complexity
by one. In this experiment, two identical volumes (Seagate 500 GB) are combined to form a RAID 0.
On EXT4, a tool called multiple disk administration (mdadm) is used, while ZFS already provides this
functionality.

To create an EXT4 software RAID 0, the chunks’ size is set to 512 KB. This value is decisive for the
configuration of the filesystem. The so-called stride size depends on both the chunk and the block size.
Furthermore, the stripe width must be determined.

stride_size =
chunk_size

block_size

stripe_width = amount_of_disks× stride_size

$ mdadm --create --level=0 \
--metadata=1.2 \
--raid-devices=2 \
--chunk=512 \
/dev/md0 \
/dev/sda1 \
/dev/sdb1

$ mkfs.ext4 -L sg500-raid -b 4096 -E stride=128,stripe-width=256 /dev/md0
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3.2.3 Filesystem: ZFS (Patched)

To use the analysis tool fraggy on ZFS, a patch has to be applied for now. Patching a filesystems leads
to recompiling the whole source code of OpenZFS.

Building Instructions

1. Clone the source code from the GitHub repository
At the time of the measurement series, the commit version e64cc4954c7862db6a6b4dc978a091ebc3f870da
was the most current and therefore taken.

$ git clone git@github.com:openzfs/zfs.git

2. Install the required compiler and libraries

• GCC : version 8.3.0 (Debian 8.3.0-6)
• Kernel headers
• DKMS
• Building environment : build-essential, autoconf, automake, libtool, gawk, alien, and
fakeroot

• Libraries: libblkid-dev, uuid-dev, libudev-dev, libssl-dev, zlib1g-dev, libaio-dev,
libattr1-dev, libelf-dev, and libffi-dev

• Python 3 : python3, python3-dev, python3-setuptools, and python3-cffi

3. Apply patch. The used patch is attached to the master thesis or can be found on GitHub [35,

fiemap-branch].

$ git apply zfs.patch

4. Compile ZFS

$ cd zfs
$ ./autogen.sh
$ ./configure
$ make

5. Install ZFS
The Makefile enables the option to create installer packages with make deb.

3.2.4 Software: Geriatrix

The Geriatrix program is a simple tool for artificially aging filesystems. It creates an absolute workload
on the desired filesystem, which consists of pseudo-random write operations.

Instead of writing a large number of bytes to a storage system, which would take a long time, Geriatrix
simulates file creations. To achieve this, it uses the function posix_fallocate() (a wrapper around
the system call fallocate()).
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Signed-off-by: Lars Thoms <lars.thoms@spacecafe.org>
---
 configure.ac                                  |    4 +
 include/libzfs.h                              |    2 +
 include/os/linux/zfs/sys/zfs_vnops.h          |    7 +
 include/sys/Makefile.am                       |    1 +
 include/sys/dbuf.h                            |    3 +
 include/sys/fiemap.h                          |  112 +
 include/sys/space_reftree.h                   |    1 +
 lib/libzfs/libzfs_util.c                      |   79 +
 module/os/linux/zfs/zfs_vnops.c               | 4238 ++++++++++-------
 module/os/linux/zfs/zpl_inode.c               |   41 +
 module/zfs/dbuf.c                             |  136 +-
 module/zfs/space_reftree.c                    |   29 +
 tests/runfiles/linux.run                      |    5 +
 tests/zfs-tests/cmd/Makefile.am               |    3 +
 tests/zfs-tests/cmd/fiemap/.gitignore         |    1 +
 tests/zfs-tests/cmd/fiemap/Makefile.am        |   13 +
 tests/zfs-tests/cmd/fiemap/fiemap.c           |  777 +++
 tests/zfs-tests/cmd/getholes/.gitignore       |    1 +
 tests/zfs-tests/cmd/getholes/Makefile.am      |   13 +
 tests/zfs-tests/cmd/getholes/getholes.c       |  234 +
 tests/zfs-tests/cmd/mkholes/.gitignore        |    1 +
 tests/zfs-tests/cmd/mkholes/Makefile.am       |   11 +
 tests/zfs-tests/cmd/mkholes/mkholes.c         |  232 +
 tests/zfs-tests/include/commands.cfg          |    4 +
 tests/zfs-tests/tests/functional/Makefile.am  |    1 +
 .../tests/functional/fiemap/Makefile.am       |   15 +
 .../tests/functional/fiemap/cleanup.ksh       |   23 +
 .../tests/functional/fiemap/fiemap.cfg        |   26 +
 .../tests/functional/fiemap/fiemap.kshlib     |   95 +
 .../tests/functional/fiemap/fiemap_copies.ksh |   58 +
 .../functional/fiemap/fiemap_delalloc.ksh     |  159 +
 .../tests/functional/fiemap/fiemap_flags.ksh  |  154 +
 .../tests/functional/fiemap/fiemap_free.ksh   |  123 +
 .../functional/fiemap/fiemap_holes_sanity.ksh |  121 +
 .../functional/fiemap/fiemap_nomerge.ksh      |   91 +
 .../tests/functional/fiemap/fiemap_sync.ksh   |  121 +
 .../tests/functional/fiemap/setup.ksh         |   28 +
 37 files changed, 5211 insertions(+), 1752 deletions(-)
 create mode 100644 include/sys/fiemap.h
 create mode 100644 tests/zfs-tests/cmd/fiemap/.gitignore
 create mode 100644 tests/zfs-tests/cmd/fiemap/Makefile.am
 create mode 100644 tests/zfs-tests/cmd/fiemap/fiemap.c
 create mode 100644 tests/zfs-tests/cmd/getholes/.gitignore
 create mode 100644 tests/zfs-tests/cmd/getholes/Makefile.am
 create mode 100644 tests/zfs-tests/cmd/getholes/getholes.c
 create mode 100644 tests/zfs-tests/cmd/mkholes/.gitignore
 create mode 100644 tests/zfs-tests/cmd/mkholes/Makefile.am
 create mode 100644 tests/zfs-tests/cmd/mkholes/mkholes.c
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/Makefile.am
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/cleanup.ksh
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap.cfg
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap.kshlib
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap_copies.ksh
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap_delalloc.ksh
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap_flags.ksh
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap_free.ksh
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap_holes_sanity.ksh
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap_nomerge.ksh
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/fiemap_sync.ksh
 create mode 100644 tests/zfs-tests/tests/functional/fiemap/setup.ksh

diff --git a/configure.ac b/configure.ac
index 0c3a5b660..27593fb45 100644
--- a/configure.ac
+++ b/configure.ac
@@ -203,15 +203,18 @@ AC_CONFIG_FILES([
 	tests/zfs-tests/cmd/chg_usr_exec/Makefile
 	tests/zfs-tests/cmd/devname2devid/Makefile
 	tests/zfs-tests/cmd/dir_rd_update/Makefile
+	tests/zfs-tests/cmd/fiemap/Makefile
 	tests/zfs-tests/cmd/file_check/Makefile
 	tests/zfs-tests/cmd/file_trunc/Makefile
 	tests/zfs-tests/cmd/file_write/Makefile
+	tests/zfs-tests/cmd/getholes/Makefile
 	tests/zfs-tests/cmd/get_diff/Makefile
 	tests/zfs-tests/cmd/largest_file/Makefile
 	tests/zfs-tests/cmd/libzfs_input_check/Makefile
 	tests/zfs-tests/cmd/mkbusy/Makefile
 	tests/zfs-tests/cmd/mkfile/Makefile
 	tests/zfs-tests/cmd/mkfiles/Makefile
+	tests/zfs-tests/cmd/mkholes/Makefile
 	tests/zfs-tests/cmd/mktree/Makefile
 	tests/zfs-tests/cmd/mmap_exec/Makefile
 	tests/zfs-tests/cmd/mmap_libaio/Makefile
@@ -328,6 +331,7 @@ AC_CONFIG_FILES([
 	tests/zfs-tests/tests/functional/features/Makefile
 	tests/zfs-tests/tests/functional/features/async_destroy/Makefile
 	tests/zfs-tests/tests/functional/features/large_dnode/Makefile
+	tests/zfs-tests/tests/functional/fiemap/Makefile
 	tests/zfs-tests/tests/functional/grow/Makefile
 	tests/zfs-tests/tests/functional/history/Makefile
 	tests/zfs-tests/tests/functional/hkdf/Makefile
diff --git a/include/libzfs.h b/include/libzfs.h
index 6f797c0a3..7d2ef497d 100644
--- a/include/libzfs.h
+++ b/include/libzfs.h
@@ -911,6 +911,8 @@ extern int zpool_nextboot(libzfs_handle_t *, uint64_t, uint64_t, const char *);
 
 #endif /* __FreeBSD__ */
 
+extern int zfs_get_hole_count(const char *, uint64_t *, uint64_t *);
+
 #ifdef	__cplusplus
 }
 #endif
diff --git a/include/os/linux/zfs/sys/zfs_vnops.h b/include/os/linux/zfs/sys/zfs_vnops.h
index 24a2082d3..061a5d8f9 100644
--- a/include/os/linux/zfs/sys/zfs_vnops.h
+++ b/include/os/linux/zfs/sys/zfs_vnops.h
@@ -30,6 +30,7 @@
 #include <sys/uio.h>
 #include <sys/cred.h>
 #include <sys/fcntl.h>
+#include <sys/fiemap.h>
 #include <sys/pathname.h>
 #include <sys/zpl.h>
 #include <sys/zfs_file.h>
@@ -83,6 +84,12 @@ extern int zfs_dirty_inode(struct inode *ip, int flags);
 extern int zfs_map(struct inode *ip, offset_t off, caddr_t *addrp,
     size_t len, unsigned long vm_flags);
 extern void zfs_zrele_async(znode_t *zp);
+int zfs_fiemap_assemble(struct inode *ip, zfs_fiemap_t *fm);
+int zfs_fiemap_fill(zfs_fiemap_t *fm, struct fiemap_extent_info *fei,
+    uint64_t start, uint64_t len);
+zfs_fiemap_t *zfs_fiemap_create(uint64_t start, uint64_t len,
+    uint64_t flags, uint64_t extents_max);
+void zfs_fiemap_destroy(zfs_fiemap_t *fm);
 
 #ifdef	__cplusplus
 }
diff --git a/include/sys/Makefile.am b/include/sys/Makefile.am
index 0659c6419..fefbf9af2 100644
--- a/include/sys/Makefile.am
+++ b/include/sys/Makefile.am
@@ -42,6 +42,7 @@ COMMON_H = \
 	dsl_userhold.h \
 	edonr.h \
 	efi_partition.h \
+	fiemap.h \
 	frame.h \
 	hkdf.h \
 	metaslab.h \
diff --git a/include/sys/dbuf.h b/include/sys/dbuf.h
index d04e08baa..b34f1c62b 100644
--- a/include/sys/dbuf.h
+++ b/include/sys/dbuf.h
@@ -37,6 +37,7 @@
 #include <sys/refcount.h>
 #include <sys/zrlock.h>
 #include <sys/multilist.h>
+#include <sys/range_tree.h>
 
 #ifdef	__cplusplus
 extern "C" {
@@ -362,6 +363,8 @@ void dbuf_free_range(struct dnode *dn, uint64_t start, uint64_t end,
     struct dmu_tx *);
 
 void dbuf_new_size(dmu_buf_impl_t *db, int size, dmu_tx_t *tx);
+int dbuf_generate_dirty_maps(dnode_t *dn, range_tree_t *dirty_tree,
+    range_tree_t *free_tree, uint64_t *syncing_txg, uint64_t open_txg);
 
 void dbuf_stats_init(dbuf_hash_table_t *hash);
 void dbuf_stats_destroy(void);
diff --git a/include/sys/fiemap.h b/include/sys/fiemap.h
new file mode 100644
index 000000000..67eaa9361
--- /dev/null
+++ b/include/sys/fiemap.h
@@ -0,0 +1,112 @@
+/*
+ * CDDL HEADER START
+ *
+ * The contents of this file are subject to the terms of the
+ * Common Development and Distribution License (the "License").
+ * You may not use this file except in compliance with the License.
+ *
+ * You can obtain a copy of the license at usr/src/OPENSOLARIS.LICENSE
+ * or http://www.opensolaris.org/os/licensing.
+ * See the License for the specific language governing permissions
+ * and limitations under the License.
+ *
+ * When distributing Covered Code, include this CDDL HEADER in each
+ * file and include the License file at usr/src/OPENSOLARIS.LICENSE.
+ * If applicable, add the following below this CDDL HEADER, with the
+ * fields enclosed by brackets "[]" replaced with your own identifying
+ * information: Portions Copyright [yyyy] [name of copyright owner]
+ *
+ * CDDL HEADER END
+ */
+/*
+ * Copyright (c) 2018, Lawrence Livermore National Security, LLC.
+ */
+
+#ifndef	_SYS_FIEMAP_H
+#define	_SYS_FIEMAP_H
+
+/*
+ * FIEMAP interface flags
+ *
+ * The following flags have been submitted for inclusion in future
+ * Linux kernels and the filefrag(8) utility.
+ */
+#define	fe_device_reserved		fe_reserved[0]
+#define	fe_physical_length_reserved	fe_reserved64[0]
+
+/*
+ * Request that all copies of an extent be reported.  They will be reported
+ * as overlapping logical extents with different physical extents.
+ */
+#ifndef FIEMAP_FLAG_COPIES
+#define	FIEMAP_FLAG_COPIES	0x08000000
+#endif
+
+/*
+ * Request that each block be reported and not merged in to an extent.
+ */
+#ifndef FIEMAP_FLAG_NOMERGE
+#define	FIEMAP_FLAG_NOMERGE	0x04000000
+#endif
+
+/*
+ * Request that holes be reported as FIEMAP_EXTENT_UNWRITTEN extents.  This
+ * flag can be used internally to implement version of SEEK_HOLE which
+ * properly account for dirty data.
+ */
+#ifndef FIEMAP_FLAG_HOLES
+#define	FIEMAP_FLAG_HOLES	0x02000000
+#endif
+
+/*
+ * Extent is shared with other space.  Introduced in 2.6.33 kernel.
+ */
+#ifndef FIEMAP_EXTENT_SHARED
+#define	FIEMAP_EXTENT_SHARED	0x00002000
+#endif
+
+#ifdef _KERNEL
+
+#include <sys/spa.h>		/* for SPA_DVAS_PER_BP */
+#include <sys/avl.h>
+#include <sys/range_tree.h>
+
+/*
+ * Generic supported flags.  The flags FIEMAP_FLAG_COPIES, FIEMAP_FLAG_NOMERGE,
+ * and FIEMAP_FLAG_HOLES are excluded from the compatibility check until they
+ * are provided by a future Linux kernel.  Until then they are a ZFS specific
+ * extension.
+ */
+#define	ZFS_FIEMAP_FLAGS_COMPAT	(FIEMAP_FLAG_SYNC)
+#define	ZFS_FIEMAP_FLAGS_ZFS	(FIEMAP_FLAG_COPIES | FIEMAP_FLAG_NOMERGE | \
+				FIEMAP_FLAG_HOLES)
+
+typedef struct zfs_fiemap_entry {
+	uint64_t fe_logical_start;
+	uint64_t fe_logical_len;
+	uint64_t fe_physical_start;
+	uint64_t fe_physical_len;
+	uint64_t fe_vdev;
+	uint64_t fe_flags;
+	avl_node_t fe_node;
+} zfs_fiemap_entry_t;
+
+typedef struct zfs_fiemap {
+	avl_tree_t fm_extent_trees[SPA_DVAS_PER_BP];	/* extent trees */
+	range_tree_t *fm_dirty_tree;	/* pending dirty ranges */
+	range_tree_t *fm_free_tree;	/* pending free ranges */
+
+	uint64_t fm_file_size;		/* cached inode size */
+	uint64_t fm_block_size;		/* cached dnp block size */
+	uint64_t fm_fill_count;		/* only used with FIEMAP_FLAG_NOMERGE */
+
+	/* Immutable */
+	uint64_t fm_start;		/* stat of requested range */
+	uint64_t fm_length;		/* length of requested range */
+	uint64_t fm_flags;		/* copy of fei.fi_flags */
+	uint64_t fm_extents_max;	/* copy of fei.fi_extents_mapped */
+	int fm_copies;
+} zfs_fiemap_t;
+
+#endif /* _KERNEL */
+#endif	/* _SYS_FIEMAP_H */
diff --git a/include/sys/space_reftree.h b/include/sys/space_reftree.h
index ca9d41dc1..37042fb52 100644
--- a/include/sys/space_reftree.h
+++ b/include/sys/space_reftree.h
@@ -49,6 +49,7 @@ void space_reftree_add_seg(avl_tree_t *t, uint64_t start, uint64_t end,
 void space_reftree_add_map(avl_tree_t *t, range_tree_t *rt, int64_t refcnt);
 void space_reftree_generate_map(avl_tree_t *t, range_tree_t *rt,
     int64_t minref);
+boolean_t space_reftree_is_empty(avl_tree_t *t);
 
 #ifdef	__cplusplus
 }
diff --git a/lib/libzfs/libzfs_util.c b/lib/libzfs/libzfs_util.c
index 1fd9d400d..b2d9195d8 100644
--- a/lib/libzfs/libzfs_util.c
+++ b/lib/libzfs/libzfs_util.c
@@ -40,11 +40,14 @@
 #include <strings.h>
 #include <unistd.h>
 #include <math.h>
+#include <sys/fiemap.h>
 #include <sys/stat.h>
 #include <sys/mnttab.h>
 #include <sys/mntent.h>
 #include <sys/types.h>
 #include <sys/wait.h>
+#include <linux/fiemap.h>
+#include <linux/fs.h>
 
 #include <libzfs.h>
 #include <libzfs_core.h>
@@ -2075,3 +2078,79 @@ printf_color(char *color, char *format, ...)
 
 	return (rc);
 }
+
+/*
+ * zfs_get_hole_count() retrieves the number of holes (blocks which are
+ * zero-filled) in the specified file using the FS_IOC_FIEMAP ioctl.  It
+ * also optionally fetches the block size when bs is non-NULL.  With hole
+ * count and block size the full space consumed by the holes of a file can
+ * be calculated.
+ *
+ * On success, zero is returned, the count argument is set to the number of
+ * unallocated blocks (holes), and the bs argument is set to the block size
+ * (if it is not NULL). On error, a non-zero errno is returned and the values
+ * in count and bs are undefined.
+ */
+int
+zfs_get_hole_count(const char *path, uint64_t *count, uint64_t *bs)
+{
+	struct fiemap *fiemap;
+	struct stat64 ss;
+	uint64_t fill;
+	int fd, error;
+
+	fd = open(path, O_RDONLY);
+	if (fd == -1)
+		return (errno);
+
+	fiemap = calloc(1, sizeof (struct fiemap));
+	if (fiemap == NULL) {
+		error = errno;
+		(void) close(fd);
+		return (error);
+	}
+
+	fiemap->fm_start = 0;
+	fiemap->fm_length = FIEMAP_MAX_OFFSET;
+	fiemap->fm_flags = FIEMAP_FLAG_NOMERGE;
+	fiemap->fm_extent_count = 0;
+	fiemap->fm_mapped_extents = 0;
+
+	error = ioctl(fd, FS_IOC_FIEMAP, fiemap);
+	if (error < 0) {
+		error = errno;
+		free(fiemap);
+		(void) close(fd);
+		return (error);
+	}
+
+	fill = fiemap->fm_mapped_extents;
+	free(fiemap);
+
+	if (fstat64(fd, &ss) == -1) {
+		error = errno;
+		(void) close(fd);
+		return (error);
+	}
+
+	if (ss.st_blksize == 0) {
+		(void) close(fd);
+		return (EINVAL);
+	}
+
+	/*
+	 * The number of blocks times the block size may exceed the file size
+	 * when there are pending dirty blocks which have not be written.
+	 */
+	*count = (ss.st_size + ss.st_blksize - 1) / ss.st_blksize - fill;
+	if ((longlong_t)*count < 0)
+		*count = 0;
+
+	if (bs != NULL)
+		*bs = ss.st_blksize;
+
+	if (close(fd) == -1)
+		return (errno);
+
+	return (0);
+}
diff --git a/module/os/linux/zfs/zfs_vnops.c b/module/os/linux/zfs/zfs_vnops.c
index 20c2709c9..cfdf86925 100644
--- a/module/os/linux/zfs/zfs_vnops.c
+++ b/module/os/linux/zfs/zfs_vnops.c
@@ -51,6 +51,7 @@
 #include <sys/fs/zfs.h>
 #include <sys/dmu.h>
 #include <sys/dmu_objset.h>
+#include <sys/dmu_traverse.h>
 #include <sys/spa.h>
 #include <sys/txg.h>
 #include <sys/dbuf.h>
@@ -198,24 +199,24 @@ zfs_open(struct inode *ip, int mode, int flag, cred_t *cr)
 	if ((mode & FMODE_WRITE) && (zp->z_pflags & ZFS_APPENDONLY) &&
 	    ((flag & O_APPEND) == 0)) {
 		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EPERM));
-	}
+	return (SET_ERROR(EPERM));
+}
 
 	/* Virus scan eligible files on open */
-	if (!zfs_has_ctldir(zp) && zfsvfs->z_vscan && S_ISREG(ip->i_mode) &&
-	    !(zp->z_pflags & ZFS_AV_QUARANTINED) && zp->z_size > 0) {
-		if (zfs_vscan(ip, cr, 0) != 0) {
-			ZFS_EXIT(zfsvfs);
-			return (SET_ERROR(EACCES));
-		}
+if (!zfs_has_ctldir(zp) && zfsvfs->z_vscan && S_ISREG(ip->i_mode) &&
+    !(zp->z_pflags & ZFS_AV_QUARANTINED) && zp->z_size > 0) {
+	if (zfs_vscan(ip, cr, 0) != 0) {
+		ZFS_EXIT(zfsvfs);
+		return (SET_ERROR(EACCES));
 	}
+}
 
 	/* Keep a count of the synchronous opens in the znode */
-	if (flag & O_SYNC)
-		atomic_inc_32(&zp->z_sync_cnt);
+if (flag & O_SYNC)
+	atomic_inc_32(&zp->z_sync_cnt);
 
-	ZFS_EXIT(zfsvfs);
-	return (0);
+ZFS_EXIT(zfsvfs);
+return (0);
 }
 
 /* ARGSUSED */
@@ -322,7 +323,7 @@ zfs_holey(struct inode *ip, int cmd, loff_t *off)
  */
 static void
 update_pages(struct inode *ip, int64_t start, int len,
-    objset_t *os, uint64_t oid)
+             objset_t *os, uint64_t oid)
 {
 	struct address_space *mp = ip->i_mapping;
 	struct page *pp;
@@ -341,7 +342,7 @@ update_pages(struct inode *ip, int64_t start, int len,
 
 			pb = kmap(pp);
 			(void) dmu_read(os, oid, start+off, nbytes, pb+off,
-			    DMU_READ_PREFETCH);
+			                DMU_READ_PREFETCH);
 			kunmap(pp);
 
 			if (mapping_writably_mapped(mp))
@@ -402,7 +403,7 @@ mappedread(struct inode *ip, int nbytes, uio_t *uio)
 			put_page(pp);
 		} else {
 			error = dmu_read_uio_dbuf(sa_get_db(zp->z_sa_hdl),
-			    uio, bytes);
+			                          uio, bytes);
 		}
 
 		len -= bytes;
@@ -486,7 +487,7 @@ zfs_read(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 	 * Lock the range against changes.
 	 */
 	zfs_locked_range_t *lr = zfs_rangelock_enter(&zp->z_rangelock,
-	    uio->uio_loffset, uio->uio_resid, RL_READER);
+	                                             uio->uio_loffset, uio->uio_resid, RL_READER);
 
 	/*
 	 * If we are reading past end-of-file we can skip
@@ -506,62 +507,62 @@ zfs_read(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 	if ((uio->uio_extflg == UIO_XUIO) &&
 	    (((xuio_t *)uio)->xu_type == UIOTYPE_ZEROCOPY)) {
 		int nblk;
-		int blksz = zp->z_blksz;
-		uint64_t offset = uio->uio_loffset;
+	int blksz = zp->z_blksz;
+	uint64_t offset = uio->uio_loffset;
 
-		xuio = (xuio_t *)uio;
-		if ((ISP2(blksz))) {
-			nblk = (P2ROUNDUP(offset + n, blksz) - P2ALIGN(offset,
-			    blksz)) / blksz;
-		} else {
-			ASSERT(offset + n <= blksz);
-			nblk = 1;
-		}
-		(void) dmu_xuio_init(xuio, nblk);
+	xuio = (xuio_t *)uio;
+	if ((ISP2(blksz))) {
+		nblk = (P2ROUNDUP(offset + n, blksz) - P2ALIGN(offset,
+		                                               blksz)) / blksz;
+	} else {
+		ASSERT(offset + n <= blksz);
+		nblk = 1;
+	}
+	(void) dmu_xuio_init(xuio, nblk);
 
-		if (vn_has_cached_data(ip)) {
+	if (vn_has_cached_data(ip)) {
 			/*
 			 * For simplicity, we always allocate a full buffer
 			 * even if we only expect to read a portion of a block.
 			 */
-			while (--nblk >= 0) {
-				(void) dmu_xuio_add(xuio,
-				    dmu_request_arcbuf(sa_get_db(zp->z_sa_hdl),
-				    blksz), 0, blksz);
-			}
+		while (--nblk >= 0) {
+			(void) dmu_xuio_add(xuio,
+			                    dmu_request_arcbuf(sa_get_db(zp->z_sa_hdl),
+			                                       blksz), 0, blksz);
 		}
 	}
+}
 #endif /* HAVE_UIO_ZEROCOPY */
 
-	while (n > 0) {
-		ssize_t nbytes = MIN(n, zfs_read_chunk_size -
-		    P2PHASE(uio->uio_loffset, zfs_read_chunk_size));
+while (n > 0) {
+	ssize_t nbytes = MIN(n, zfs_read_chunk_size -
+	                     P2PHASE(uio->uio_loffset, zfs_read_chunk_size));
 
-		if (zp->z_is_mapped && !(ioflag & O_DIRECT)) {
-			error = mappedread(ip, nbytes, uio);
-		} else {
-			error = dmu_read_uio_dbuf(sa_get_db(zp->z_sa_hdl),
-			    uio, nbytes);
-		}
+	if (zp->z_is_mapped && !(ioflag & O_DIRECT)) {
+		error = mappedread(ip, nbytes, uio);
+	} else {
+		error = dmu_read_uio_dbuf(sa_get_db(zp->z_sa_hdl),
+		                          uio, nbytes);
+	}
 
-		if (error) {
+	if (error) {
 			/* convert checksum errors into IO errors */
-			if (error == ECKSUM)
-				error = SET_ERROR(EIO);
-			break;
-		}
-
-		n -= nbytes;
+		if (error == ECKSUM)
+			error = SET_ERROR(EIO);
+		break;
 	}
 
-	int64_t nread = start_resid - n;
-	dataset_kstats_update_read_kstats(&zfsvfs->z_kstat, nread);
-	task_io_account_read(nread);
+	n -= nbytes;
+}
+
+int64_t nread = start_resid - n;
+dataset_kstats_update_read_kstats(&zfsvfs->z_kstat, nread);
+task_io_account_read(nread);
 out:
-	zfs_rangelock_exit(lr);
+zfs_rangelock_exit(lr);
 
-	ZFS_EXIT(zfsvfs);
-	return (error);
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 /*
@@ -612,9 +613,9 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_MTIME(zfsvfs), NULL, &mtime, 16);
 	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_CTIME(zfsvfs), NULL, &ctime, 16);
 	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_SIZE(zfsvfs), NULL,
-	    &zp->z_size, 8);
+	                 &zp->z_size, 8);
 	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_FLAGS(zfsvfs), NULL,
-	    &zp->z_pflags, 8);
+	                 &zp->z_pflags, 8);
 
 	/*
 	 * Callers might not be able to detect properly that we are read-only,
@@ -630,22 +631,22 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 	 */
 	if ((zp->z_pflags & (ZFS_IMMUTABLE | ZFS_READONLY)) ||
 	    ((zp->z_pflags & ZFS_APPENDONLY) && !(ioflag & O_APPEND) &&
-	    (uio->uio_loffset < zp->z_size))) {
+	     (uio->uio_loffset < zp->z_size))) {
 		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EPERM));
-	}
+	return (SET_ERROR(EPERM));
+}
 
 	/*
 	 * Validate file offset
 	 */
-	offset_t woff = ioflag & O_APPEND ? zp->z_size : uio->uio_loffset;
-	if (woff < 0) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EINVAL));
-	}
+offset_t woff = ioflag & O_APPEND ? zp->z_size : uio->uio_loffset;
+if (woff < 0) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EINVAL));
+}
 
-	int max_blksz = zfsvfs->z_max_blksz;
-	xuio_t *xuio = NULL;
+int max_blksz = zfsvfs->z_max_blksz;
+xuio_t *xuio = NULL;
 
 	/*
 	 * Pre-fault the pages to ensure slow (eg NFS) pages
@@ -653,15 +654,15 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 	 * Skip this if uio contains loaned arc_buf.
 	 */
 #ifdef HAVE_UIO_ZEROCOPY
-	if ((uio->uio_extflg == UIO_XUIO) &&
-	    (((xuio_t *)uio)->xu_type == UIOTYPE_ZEROCOPY))
-		xuio = (xuio_t *)uio;
-	else
+if ((uio->uio_extflg == UIO_XUIO) &&
+    (((xuio_t *)uio)->xu_type == UIOTYPE_ZEROCOPY))
+	xuio = (xuio_t *)uio;
+else
 #endif
-		if (uio_prefaultpages(MIN(n, max_blksz), uio)) {
-			ZFS_EXIT(zfsvfs);
-			return (SET_ERROR(EFAULT));
-		}
+	if (uio_prefaultpages(MIN(n, max_blksz), uio)) {
+		ZFS_EXIT(zfsvfs);
+		return (SET_ERROR(EFAULT));
+	}
 
 	/*
 	 * If in append mode, set the io offset pointer to eof.
@@ -722,33 +723,33 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 		woff = uio->uio_loffset;
 
 		if (zfs_id_overblockquota(zfsvfs, DMU_USERUSED_OBJECT,
-		    KUID_TO_SUID(ip->i_uid)) ||
-		    zfs_id_overblockquota(zfsvfs, DMU_GROUPUSED_OBJECT,
-		    KGID_TO_SGID(ip->i_gid)) ||
-		    (zp->z_projid != ZFS_DEFAULT_PROJID &&
-		    zfs_id_overblockquota(zfsvfs, DMU_PROJECTUSED_OBJECT,
-		    zp->z_projid))) {
+		                          KUID_TO_SUID(ip->i_uid)) ||
+			zfs_id_overblockquota(zfsvfs, DMU_GROUPUSED_OBJECT,
+			                      KGID_TO_SGID(ip->i_gid)) ||
+			(zp->z_projid != ZFS_DEFAULT_PROJID &&
+			 zfs_id_overblockquota(zfsvfs, DMU_PROJECTUSED_OBJECT,
+			                       zp->z_projid))) {
 			error = SET_ERROR(EDQUOT);
-			break;
-		}
+		break;
+	}
 
-		arc_buf_t *abuf = NULL;
-		const iovec_t *aiov = NULL;
-		if (xuio) {
+	arc_buf_t *abuf = NULL;
+	const iovec_t *aiov = NULL;
+	if (xuio) {
 #ifdef HAVE_UIO_ZEROCOPY
-			ASSERT(i_iov < iovcnt);
-			ASSERT3U(uio->uio_segflg, !=, UIO_BVEC);
-			aiov = &iovp[i_iov];
-			abuf = dmu_xuio_arcbuf(xuio, i_iov);
-			dmu_xuio_clear(xuio, i_iov);
-			ASSERT((aiov->iov_base == abuf->b_data) ||
-			    ((char *)aiov->iov_base - (char *)abuf->b_data +
-			    aiov->iov_len == arc_buf_size(abuf)));
-			i_iov++;
+		ASSERT(i_iov < iovcnt);
+		ASSERT3U(uio->uio_segflg, !=, UIO_BVEC);
+		aiov = &iovp[i_iov];
+		abuf = dmu_xuio_arcbuf(xuio, i_iov);
+		dmu_xuio_clear(xuio, i_iov);
+		ASSERT((aiov->iov_base == abuf->b_data) ||
+		       ((char *)aiov->iov_base - (char *)abuf->b_data +
+		        aiov->iov_len == arc_buf_size(abuf)));
+		i_iov++;
 #endif
-		} else if (n >= max_blksz && woff >= zp->z_size &&
-		    P2PHASE(woff, max_blksz) == 0 &&
-		    zp->z_blksz == max_blksz) {
+	} else if (n >= max_blksz && woff >= zp->z_size &&
+	           P2PHASE(woff, max_blksz) == 0 &&
+	           zp->z_blksz == max_blksz) {
 			/*
 			 * This write covers a full block.  "Borrow" a buffer
 			 * from the dmu so that we can fill it before we enter
@@ -756,38 +757,38 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 			 * holding up the transaction if the data copy hangs
 			 * up on a pagefault (e.g., from an NFS server mapping).
 			 */
-			size_t cbytes;
-
-			abuf = dmu_request_arcbuf(sa_get_db(zp->z_sa_hdl),
-			    max_blksz);
-			ASSERT(abuf != NULL);
-			ASSERT(arc_buf_size(abuf) == max_blksz);
-			if ((error = uiocopy(abuf->b_data, max_blksz,
-			    UIO_WRITE, uio, &cbytes))) {
-				dmu_return_arcbuf(abuf);
-				break;
-			}
-			ASSERT(cbytes == max_blksz);
-		}
+		size_t cbytes;
+
+		abuf = dmu_request_arcbuf(sa_get_db(zp->z_sa_hdl),
+		                          max_blksz);
+		ASSERT(abuf != NULL);
+		ASSERT(arc_buf_size(abuf) == max_blksz);
+		if ((error = uiocopy(abuf->b_data, max_blksz,
+		                     UIO_WRITE, uio, &cbytes))) {
+			dmu_return_arcbuf(abuf);
+		break;
+	}
+	ASSERT(cbytes == max_blksz);
+}
 
 		/*
 		 * Start a transaction.
 		 */
-		dmu_tx_t *tx = dmu_tx_create(zfsvfs->z_os);
-		dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_FALSE);
-		dmu_buf_impl_t *db = (dmu_buf_impl_t *)sa_get_db(zp->z_sa_hdl);
-		DB_DNODE_ENTER(db);
-		dmu_tx_hold_write_by_dnode(tx, DB_DNODE(db), woff,
-		    MIN(n, max_blksz));
-		DB_DNODE_EXIT(db);
-		zfs_sa_upgrade_txholds(tx, zp);
-		error = dmu_tx_assign(tx, TXG_WAIT);
-		if (error) {
-			dmu_tx_abort(tx);
-			if (abuf != NULL)
-				dmu_return_arcbuf(abuf);
-			break;
-		}
+dmu_tx_t *tx = dmu_tx_create(zfsvfs->z_os);
+dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_FALSE);
+dmu_buf_impl_t *db = (dmu_buf_impl_t *)sa_get_db(zp->z_sa_hdl);
+DB_DNODE_ENTER(db);
+dmu_tx_hold_write_by_dnode(tx, DB_DNODE(db), woff,
+                           MIN(n, max_blksz));
+DB_DNODE_EXIT(db);
+zfs_sa_upgrade_txholds(tx, zp);
+error = dmu_tx_assign(tx, TXG_WAIT);
+if (error) {
+	dmu_tx_abort(tx);
+	if (abuf != NULL)
+		dmu_return_arcbuf(abuf);
+	break;
+}
 
 		/*
 		 * If rangelock_enter() over-locked we grow the blocksize
@@ -795,40 +796,40 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 		 * on the first iteration since rangelock_reduce() will
 		 * shrink down lr_length to the appropriate size.
 		 */
-		if (lr->lr_length == UINT64_MAX) {
-			uint64_t new_blksz;
+if (lr->lr_length == UINT64_MAX) {
+	uint64_t new_blksz;
 
-			if (zp->z_blksz > max_blksz) {
+	if (zp->z_blksz > max_blksz) {
 				/*
 				 * File's blocksize is already larger than the
 				 * "recordsize" property.  Only let it grow to
 				 * the next power of 2.
 				 */
-				ASSERT(!ISP2(zp->z_blksz));
-				new_blksz = MIN(end_size,
-				    1 << highbit64(zp->z_blksz));
-			} else {
-				new_blksz = MIN(end_size, max_blksz);
-			}
-			zfs_grow_blocksize(zp, new_blksz, tx);
-			zfs_rangelock_reduce(lr, woff, n);
-		}
+		ASSERT(!ISP2(zp->z_blksz));
+		new_blksz = MIN(end_size,
+		                1 << highbit64(zp->z_blksz));
+	} else {
+		new_blksz = MIN(end_size, max_blksz);
+	}
+	zfs_grow_blocksize(zp, new_blksz, tx);
+	zfs_rangelock_reduce(lr, woff, n);
+}
 
 		/*
 		 * XXX - should we really limit each write to z_max_blksz?
 		 * Perhaps we should use SPA_MAXBLOCKSIZE chunks?
 		 */
-		ssize_t nbytes = MIN(n, max_blksz - P2PHASE(woff, max_blksz));
-
-		ssize_t tx_bytes;
-		if (abuf == NULL) {
-			tx_bytes = uio->uio_resid;
-			uio->uio_fault_disable = B_TRUE;
-			error = dmu_write_uio_dbuf(sa_get_db(zp->z_sa_hdl),
-			    uio, nbytes, tx);
-			uio->uio_fault_disable = B_FALSE;
-			if (error == EFAULT) {
-				dmu_tx_commit(tx);
+ssize_t nbytes = MIN(n, max_blksz - P2PHASE(woff, max_blksz));
+
+ssize_t tx_bytes;
+if (abuf == NULL) {
+	tx_bytes = uio->uio_resid;
+	uio->uio_fault_disable = B_TRUE;
+	error = dmu_write_uio_dbuf(sa_get_db(zp->z_sa_hdl),
+	                           uio, nbytes, tx);
+	uio->uio_fault_disable = B_FALSE;
+	if (error == EFAULT) {
+		dmu_tx_commit(tx);
 				/*
 				 * Account for partial writes before
 				 * continuing the loop.
@@ -836,63 +837,63 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 				 * uio_prefaultpages, or prefaultpages may
 				 * error, and we may break the loop early.
 				 */
-				if (tx_bytes != uio->uio_resid)
-					n -= tx_bytes - uio->uio_resid;
-				if (uio_prefaultpages(MIN(n, max_blksz), uio)) {
-					break;
-				}
-				continue;
-			} else if (error != 0) {
-				dmu_tx_commit(tx);
-				break;
-			}
-			tx_bytes -= uio->uio_resid;
-		} else {
-			tx_bytes = nbytes;
-			ASSERT(xuio == NULL || tx_bytes == aiov->iov_len);
+		if (tx_bytes != uio->uio_resid)
+			n -= tx_bytes - uio->uio_resid;
+		if (uio_prefaultpages(MIN(n, max_blksz), uio)) {
+			break;
+		}
+		continue;
+	} else if (error != 0) {
+		dmu_tx_commit(tx);
+		break;
+	}
+	tx_bytes -= uio->uio_resid;
+} else {
+	tx_bytes = nbytes;
+	ASSERT(xuio == NULL || tx_bytes == aiov->iov_len);
 			/*
 			 * If this is not a full block write, but we are
 			 * extending the file past EOF and this data starts
 			 * block-aligned, use assign_arcbuf().  Otherwise,
 			 * write via dmu_write().
 			 */
-			if (tx_bytes < max_blksz && (!write_eof ||
-			    aiov->iov_base != abuf->b_data)) {
-				ASSERT(xuio);
-				dmu_write(zfsvfs->z_os, zp->z_id, woff,
+	if (tx_bytes < max_blksz && (!write_eof ||
+	                             aiov->iov_base != abuf->b_data)) {
+		ASSERT(xuio);
+	dmu_write(zfsvfs->z_os, zp->z_id, woff,
 				    /* cppcheck-suppress nullPointer */
-				    aiov->iov_len, aiov->iov_base, tx);
-				dmu_return_arcbuf(abuf);
-				xuio_stat_wbuf_copied();
-			} else {
-				ASSERT(xuio || tx_bytes == max_blksz);
-				error = dmu_assign_arcbuf_by_dbuf(
-				    sa_get_db(zp->z_sa_hdl), woff, abuf, tx);
-				if (error != 0) {
-					dmu_return_arcbuf(abuf);
-					dmu_tx_commit(tx);
-					break;
-				}
-			}
-			ASSERT(tx_bytes <= uio->uio_resid);
-			uioskip(uio, tx_bytes);
-		}
-		if (tx_bytes && zp->z_is_mapped && !(ioflag & O_DIRECT)) {
-			update_pages(ip, woff,
-			    tx_bytes, zfsvfs->z_os, zp->z_id);
-		}
+	          aiov->iov_len, aiov->iov_base, tx);
+	dmu_return_arcbuf(abuf);
+	xuio_stat_wbuf_copied();
+} else {
+	ASSERT(xuio || tx_bytes == max_blksz);
+	error = dmu_assign_arcbuf_by_dbuf(
+	                                  sa_get_db(zp->z_sa_hdl), woff, abuf, tx);
+	if (error != 0) {
+		dmu_return_arcbuf(abuf);
+		dmu_tx_commit(tx);
+		break;
+	}
+}
+ASSERT(tx_bytes <= uio->uio_resid);
+uioskip(uio, tx_bytes);
+}
+if (tx_bytes && zp->z_is_mapped && !(ioflag & O_DIRECT)) {
+	update_pages(ip, woff,
+	             tx_bytes, zfsvfs->z_os, zp->z_id);
+}
 
 		/*
 		 * If we made no progress, we're done.  If we made even
 		 * partial progress, update the znode and ZIL accordingly.
 		 */
-		if (tx_bytes == 0) {
-			(void) sa_update(zp->z_sa_hdl, SA_ZPL_SIZE(zfsvfs),
-			    (void *)&zp->z_size, sizeof (uint64_t), tx);
-			dmu_tx_commit(tx);
-			ASSERT(error != 0);
-			break;
-		}
+if (tx_bytes == 0) {
+	(void) sa_update(zp->z_sa_hdl, SA_ZPL_SIZE(zfsvfs),
+	                 (void *)&zp->z_size, sizeof (uint64_t), tx);
+	dmu_tx_commit(tx);
+	ASSERT(error != 0);
+	break;
+}
 
 		/*
 		 * Clear Set-UID/Set-GID bits on successful write if not
@@ -905,81 +906,81 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
 		 * Note: we don't call zfs_fuid_map_id() here because
 		 * user 0 is not an ephemeral uid.
 		 */
-		mutex_enter(&zp->z_acl_lock);
-		uint32_t uid = KUID_TO_SUID(ip->i_uid);
-		if ((zp->z_mode & (S_IXUSR | (S_IXUSR >> 3) |
-		    (S_IXUSR >> 6))) != 0 &&
-		    (zp->z_mode & (S_ISUID | S_ISGID)) != 0 &&
-		    secpolicy_vnode_setid_retain(cr,
-		    ((zp->z_mode & S_ISUID) != 0 && uid == 0)) != 0) {
-			uint64_t newmode;
-			zp->z_mode &= ~(S_ISUID | S_ISGID);
-			ip->i_mode = newmode = zp->z_mode;
-			(void) sa_update(zp->z_sa_hdl, SA_ZPL_MODE(zfsvfs),
-			    (void *)&newmode, sizeof (uint64_t), tx);
-		}
-		mutex_exit(&zp->z_acl_lock);
+mutex_enter(&zp->z_acl_lock);
+uint32_t uid = KUID_TO_SUID(ip->i_uid);
+if ((zp->z_mode & (S_IXUSR | (S_IXUSR >> 3) |
+                   (S_IXUSR >> 6))) != 0 &&
+	(zp->z_mode & (S_ISUID | S_ISGID)) != 0 &&
+	secpolicy_vnode_setid_retain(cr,
+	                             ((zp->z_mode & S_ISUID) != 0 && uid == 0)) != 0) {
+	uint64_t newmode;
+zp->z_mode &= ~(S_ISUID | S_ISGID);
+ip->i_mode = newmode = zp->z_mode;
+(void) sa_update(zp->z_sa_hdl, SA_ZPL_MODE(zfsvfs),
+                 (void *)&newmode, sizeof (uint64_t), tx);
+}
+mutex_exit(&zp->z_acl_lock);
 
-		zfs_tstamp_update_setup(zp, CONTENT_MODIFIED, mtime, ctime);
+zfs_tstamp_update_setup(zp, CONTENT_MODIFIED, mtime, ctime);
 
 		/*
 		 * Update the file size (zp_size) if it has changed;
 		 * account for possible concurrent updates.
 		 */
-		while ((end_size = zp->z_size) < uio->uio_loffset) {
-			(void) atomic_cas_64(&zp->z_size, end_size,
-			    uio->uio_loffset);
-			ASSERT(error == 0);
-		}
+while ((end_size = zp->z_size) < uio->uio_loffset) {
+	(void) atomic_cas_64(&zp->z_size, end_size,
+	                     uio->uio_loffset);
+	ASSERT(error == 0);
+}
 		/*
 		 * If we are replaying and eof is non zero then force
 		 * the file size to the specified eof. Note, there's no
 		 * concurrency during replay.
 		 */
-		if (zfsvfs->z_replay && zfsvfs->z_replay_eof != 0)
-			zp->z_size = zfsvfs->z_replay_eof;
+if (zfsvfs->z_replay && zfsvfs->z_replay_eof != 0)
+	zp->z_size = zfsvfs->z_replay_eof;
 
-		error = sa_bulk_update(zp->z_sa_hdl, bulk, count, tx);
+error = sa_bulk_update(zp->z_sa_hdl, bulk, count, tx);
 
-		zfs_log_write(zilog, tx, TX_WRITE, zp, woff, tx_bytes, ioflag,
-		    NULL, NULL);
-		dmu_tx_commit(tx);
+zfs_log_write(zilog, tx, TX_WRITE, zp, woff, tx_bytes, ioflag,
+              NULL, NULL);
+dmu_tx_commit(tx);
 
-		if (error != 0)
-			break;
-		ASSERT(tx_bytes == nbytes);
-		n -= nbytes;
+if (error != 0)
+	break;
+ASSERT(tx_bytes == nbytes);
+n -= nbytes;
 
-		if (!xuio && n > 0) {
-			if (uio_prefaultpages(MIN(n, max_blksz), uio)) {
-				error = EFAULT;
-				break;
-			}
-		}
+if (!xuio && n > 0) {
+	if (uio_prefaultpages(MIN(n, max_blksz), uio)) {
+		error = EFAULT;
+		break;
 	}
+}
+}
 
-	zfs_inode_update(zp);
-	zfs_rangelock_exit(lr);
+zfs_inode_update(zp);
+zfs_rangelock_exit(lr);
 
 	/*
 	 * If we're in replay mode, or we made no progress, return error.
 	 * Otherwise, it's at least a partial write, so it's successful.
 	 */
-	if (zfsvfs->z_replay || uio->uio_resid == start_resid) {
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+if (zfsvfs->z_replay || uio->uio_resid == start_resid) {
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
-	if (ioflag & (O_SYNC | O_DSYNC) ||
-	    zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
-		zil_commit(zilog, zp->z_id);
+if (ioflag & (O_SYNC | O_DSYNC) ||
+    zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
+	zil_commit(zilog, zp->z_id);
 
-	int64_t nwritten = start_resid - uio->uio_resid;
-	dataset_kstats_update_write_kstats(&zfsvfs->z_kstat, nwritten);
-	task_io_account_write(nwritten);
+int64_t nwritten = start_resid - uio->uio_resid;
+dataset_kstats_update_write_kstats(&zfsvfs->z_kstat, nwritten);
+task_io_account_write(nwritten);
 
-	ZFS_EXIT(zfsvfs);
-	return (0);
+ZFS_EXIT(zfsvfs);
+return (0);
 }
 
 /*
@@ -1000,13 +1001,13 @@ zfs_write(struct inode *ip, uio_t *uio, int ioflag, cred_t *cr)
  */
 int
 zfs_write_simple(znode_t *zp, const void *data, size_t len,
-    loff_t pos, size_t *resid)
+                 loff_t pos, size_t *resid)
 {
 	ssize_t written;
 	int error = 0;
 
 	written = zpl_write_common(ZTOI(zp), data, len, &pos,
-	    UIO_SYSSPACE, 0, kcred);
+	                           UIO_SYSSPACE, 0, kcred);
 	if (written < 0) {
 		error = -written;
 	} else if (resid == NULL) {
@@ -1035,7 +1036,7 @@ zfs_zrele_async(znode_t *zp)
 
 	if (atomic_read(&ip->i_count) == 1)
 		VERIFY(taskq_dispatch(dsl_pool_zrele_taskq(dmu_objset_pool(os)),
-		    (task_func_t *)iput, ip, TQ_SLEEP) != TASKQID_INVALID);
+		                      (task_func_t *)iput, ip, TQ_SLEEP) != TASKQID_INVALID);
 	else
 		zrele(zp);
 }
@@ -1110,16 +1111,16 @@ zfs_get_data(void *arg, lr_write_t *lr, char *buf, struct lwb *lwb, zio_t *zio)
 	 * we don't have to write the data twice.
 	 */
 	if (buf != NULL) { /* immediate write */
-		zgd->zgd_lr = zfs_rangelock_enter(&zp->z_rangelock,
-		    offset, size, RL_READER);
+	zgd->zgd_lr = zfs_rangelock_enter(&zp->z_rangelock,
+	                                  offset, size, RL_READER);
 		/* test for truncation needs to be done while range locked */
-		if (offset >= zp->z_size) {
-			error = SET_ERROR(ENOENT);
-		} else {
-			error = dmu_read(os, object, offset, size, buf,
-			    DMU_READ_NO_PREFETCH);
-		}
-		ASSERT(error == 0 || error == ENOENT);
+	if (offset >= zp->z_size) {
+		error = SET_ERROR(ENOENT);
+	} else {
+		error = dmu_read(os, object, offset, size, buf,
+		                 DMU_READ_NO_PREFETCH);
+	}
+	ASSERT(error == 0 || error == ENOENT);
 	} else { /* indirect write */
 		/*
 		 * Have to lock the whole block to ensure when it's
@@ -1127,43 +1128,43 @@ zfs_get_data(void *arg, lr_write_t *lr, char *buf, struct lwb *lwb, zio_t *zio)
 		 * that no one can change the data. We need to re-check
 		 * blocksize after we get the lock in case it's changed!
 		 */
-		for (;;) {
-			uint64_t blkoff;
-			size = zp->z_blksz;
-			blkoff = ISP2(size) ? P2PHASE(offset, size) : offset;
-			offset -= blkoff;
-			zgd->zgd_lr = zfs_rangelock_enter(&zp->z_rangelock,
-			    offset, size, RL_READER);
-			if (zp->z_blksz == size)
-				break;
-			offset += blkoff;
-			zfs_rangelock_exit(zgd->zgd_lr);
-		}
+	for (;;) {
+		uint64_t blkoff;
+		size = zp->z_blksz;
+		blkoff = ISP2(size) ? P2PHASE(offset, size) : offset;
+		offset -= blkoff;
+		zgd->zgd_lr = zfs_rangelock_enter(&zp->z_rangelock,
+		                                  offset, size, RL_READER);
+		if (zp->z_blksz == size)
+			break;
+		offset += blkoff;
+		zfs_rangelock_exit(zgd->zgd_lr);
+	}
 		/* test for truncation needs to be done while range locked */
-		if (lr->lr_offset >= zp->z_size)
-			error = SET_ERROR(ENOENT);
+	if (lr->lr_offset >= zp->z_size)
+		error = SET_ERROR(ENOENT);
 #ifdef DEBUG
-		if (zil_fault_io) {
-			error = SET_ERROR(EIO);
-			zil_fault_io = 0;
-		}
+	if (zil_fault_io) {
+		error = SET_ERROR(EIO);
+		zil_fault_io = 0;
+	}
 #endif
-		if (error == 0)
-			error = dmu_buf_hold(os, object, offset, zgd, &db,
-			    DMU_READ_NO_PREFETCH);
+	if (error == 0)
+		error = dmu_buf_hold(os, object, offset, zgd, &db,
+		                     DMU_READ_NO_PREFETCH);
 
-		if (error == 0) {
-			blkptr_t *bp = &lr->lr_blkptr;
+	if (error == 0) {
+		blkptr_t *bp = &lr->lr_blkptr;
 
-			zgd->zgd_db = db;
-			zgd->zgd_bp = bp;
+		zgd->zgd_db = db;
+		zgd->zgd_bp = bp;
 
-			ASSERT(db->db_offset == offset);
-			ASSERT(db->db_size == size);
+		ASSERT(db->db_offset == offset);
+		ASSERT(db->db_size == size);
 
-			error = dmu_sync(zio, lr->lr_common.lrc_txg,
-			    zfs_get_done, zgd);
-			ASSERT(error || lr->lr_length <= size);
+		error = dmu_sync(zio, lr->lr_common.lrc_txg,
+		                 zfs_get_done, zgd);
+		ASSERT(error || lr->lr_length <= size);
 
 			/*
 			 * On success, we need to wait for the write I/O
@@ -1171,27 +1172,27 @@ zfs_get_data(void *arg, lr_write_t *lr, char *buf, struct lwb *lwb, zio_t *zio)
 			 * release this dbuf.  We will finish everything up
 			 * in the zfs_get_done() callback.
 			 */
-			if (error == 0)
-				return (0);
+		if (error == 0)
+			return (0);
 
-			if (error == EALREADY) {
-				lr->lr_common.lrc_txtype = TX_WRITE2;
+		if (error == EALREADY) {
+			lr->lr_common.lrc_txtype = TX_WRITE2;
 				/*
 				 * TX_WRITE2 relies on the data previously
 				 * written by the TX_WRITE that caused
 				 * EALREADY.  We zero out the BP because
 				 * it is the old, currently-on-disk BP.
 				 */
-				zgd->zgd_bp = NULL;
-				BP_ZERO(bp);
-				error = 0;
-			}
+			zgd->zgd_bp = NULL;
+			BP_ZERO(bp);
+			error = 0;
 		}
 	}
+}
 
-	zfs_get_done(zgd, error);
+zfs_get_done(zgd, error);
 
-	return (error);
+return (error);
 }
 
 /*ARGSUSED*/
@@ -1235,7 +1236,7 @@ zfs_access(struct inode *ip, int mode, int flag, cred_t *cr)
 /* ARGSUSED */
 int
 zfs_lookup(znode_t *zdp, char *nm, znode_t **zpp, int flags,
-    cred_t *cr, int *direntflags, pathname_t *realpnp)
+           cred_t *cr, int *direntflags, pathname_t *realpnp)
 {
 	zfsvfs_t *zfsvfs = ZTOZSB(zdp);
 	int error = 0;
@@ -1293,41 +1294,41 @@ zfs_lookup(znode_t *zdp, char *nm, znode_t **zpp, int flags,
 		 */
 
 		if ((error = zfs_zaccess(*zpp, ACE_EXECUTE, 0,
-		    B_FALSE, cr))) {
+		                         B_FALSE, cr))) {
 			zrele(*zpp);
-			*zpp = NULL;
-		}
-
-		ZFS_EXIT(zfsvfs);
-		return (error);
+		*zpp = NULL;
 	}
 
-	if (!S_ISDIR(ZTOI(zdp)->i_mode)) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(ENOTDIR));
-	}
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
+
+if (!S_ISDIR(ZTOI(zdp)->i_mode)) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(ENOTDIR));
+}
 
 	/*
 	 * Check accessibility of directory.
 	 */
 
-	if ((error = zfs_zaccess(zdp, ACE_EXECUTE, 0, B_FALSE, cr))) {
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+if ((error = zfs_zaccess(zdp, ACE_EXECUTE, 0, B_FALSE, cr))) {
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
-	if (zfsvfs->z_utf8 && u8_validate(nm, strlen(nm),
-	    NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EILSEQ));
-	}
+if (zfsvfs->z_utf8 && u8_validate(nm, strlen(nm),
+                                  NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
+	ZFS_EXIT(zfsvfs);
+return (SET_ERROR(EILSEQ));
+}
 
-	error = zfs_dirlook(zdp, nm, zpp, flags, direntflags, realpnp);
-	if ((error == 0) && (*zpp))
-		zfs_inode_update(*zpp);
+error = zfs_dirlook(zdp, nm, zpp, flags, direntflags, realpnp);
+if ((error == 0) && (*zpp))
+	zfs_inode_update(*zpp);
 
-	ZFS_EXIT(zfsvfs);
-	return (error);
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 /*
@@ -1356,7 +1357,7 @@ zfs_lookup(znode_t *zdp, char *nm, znode_t **zpp, int flags,
 /* ARGSUSED */
 int
 zfs_create(znode_t *dzp, char *name, vattr_t *vap, int excl,
-    int mode, znode_t **zpp, cred_t *cr, int flag, vsecattr_t *vsecp)
+           int mode, znode_t **zpp, cred_t *cr, int flag, vsecattr_t *vsecp)
 {
 	znode_t		*zp;
 	zfsvfs_t	*zfsvfs = ZTOZSB(dzp);
@@ -1393,149 +1394,149 @@ zfs_create(znode_t *dzp, char *name, vattr_t *vap, int excl,
 	zilog = zfsvfs->z_log;
 
 	if (zfsvfs->z_utf8 && u8_validate(name, strlen(name),
-	    NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
+	                                  NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
 		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EILSEQ));
-	}
+	return (SET_ERROR(EILSEQ));
+}
 
-	if (vap->va_mask & ATTR_XVATTR) {
-		if ((error = secpolicy_xvattr((xvattr_t *)vap,
-		    crgetuid(cr), cr, vap->va_mode)) != 0) {
-			ZFS_EXIT(zfsvfs);
-			return (error);
-		}
-	}
+if (vap->va_mask & ATTR_XVATTR) {
+	if ((error = secpolicy_xvattr((xvattr_t *)vap,
+	                              crgetuid(cr), cr, vap->va_mode)) != 0) {
+		ZFS_EXIT(zfsvfs);
+	return (error);
+}
+}
 
 top:
-	*zpp = NULL;
-	if (*name == '\0') {
+*zpp = NULL;
+if (*name == '\0') {
 		/*
 		 * Null component name refers to the directory itself.
 		 */
-		zhold(dzp);
-		zp = dzp;
-		dl = NULL;
-		error = 0;
-	} else {
+	zhold(dzp);
+	zp = dzp;
+	dl = NULL;
+	error = 0;
+} else {
 		/* possible igrab(zp) */
-		int zflg = 0;
+	int zflg = 0;
 
-		if (flag & FIGNORECASE)
-			zflg |= ZCILOOK;
+	if (flag & FIGNORECASE)
+		zflg |= ZCILOOK;
 
-		error = zfs_dirent_lock(&dl, dzp, name, &zp, zflg,
-		    NULL, NULL);
-		if (error) {
-			if (have_acl)
-				zfs_acl_ids_free(&acl_ids);
-			if (strcmp(name, "..") == 0)
-				error = SET_ERROR(EISDIR);
-			ZFS_EXIT(zfsvfs);
-			return (error);
-		}
+	error = zfs_dirent_lock(&dl, dzp, name, &zp, zflg,
+	                        NULL, NULL);
+	if (error) {
+		if (have_acl)
+			zfs_acl_ids_free(&acl_ids);
+		if (strcmp(name, "..") == 0)
+			error = SET_ERROR(EISDIR);
+		ZFS_EXIT(zfsvfs);
+		return (error);
 	}
+}
 
-	if (zp == NULL) {
-		uint64_t txtype;
-		uint64_t projid = ZFS_DEFAULT_PROJID;
+if (zp == NULL) {
+	uint64_t txtype;
+	uint64_t projid = ZFS_DEFAULT_PROJID;
 
 		/*
 		 * Create a new file object and update the directory
 		 * to reference it.
 		 */
-		if ((error = zfs_zaccess(dzp, ACE_ADD_FILE, 0, B_FALSE, cr))) {
-			if (have_acl)
-				zfs_acl_ids_free(&acl_ids);
-			goto out;
-		}
+	if ((error = zfs_zaccess(dzp, ACE_ADD_FILE, 0, B_FALSE, cr))) {
+		if (have_acl)
+			zfs_acl_ids_free(&acl_ids);
+		goto out;
+	}
 
 		/*
 		 * We only support the creation of regular files in
 		 * extended attribute directories.
 		 */
 
-		if ((dzp->z_pflags & ZFS_XATTR) && !S_ISREG(vap->va_mode)) {
-			if (have_acl)
-				zfs_acl_ids_free(&acl_ids);
-			error = SET_ERROR(EINVAL);
-			goto out;
-		}
-
-		if (!have_acl && (error = zfs_acl_ids_create(dzp, 0, vap,
-		    cr, vsecp, &acl_ids)) != 0)
-			goto out;
-		have_acl = B_TRUE;
-
-		if (S_ISREG(vap->va_mode) || S_ISDIR(vap->va_mode))
-			projid = zfs_inherit_projid(dzp);
-		if (zfs_acl_ids_overquota(zfsvfs, &acl_ids, projid)) {
+	if ((dzp->z_pflags & ZFS_XATTR) && !S_ISREG(vap->va_mode)) {
+		if (have_acl)
 			zfs_acl_ids_free(&acl_ids);
-			error = SET_ERROR(EDQUOT);
-			goto out;
-		}
+		error = SET_ERROR(EINVAL);
+		goto out;
+	}
 
-		tx = dmu_tx_create(os);
+	if (!have_acl && (error = zfs_acl_ids_create(dzp, 0, vap,
+	                                             cr, vsecp, &acl_ids)) != 0)
+		goto out;
+	have_acl = B_TRUE;
 
-		dmu_tx_hold_sa_create(tx, acl_ids.z_aclp->z_acl_bytes +
-		    ZFS_SA_BASE_ATTR_SIZE);
+	if (S_ISREG(vap->va_mode) || S_ISDIR(vap->va_mode))
+		projid = zfs_inherit_projid(dzp);
+	if (zfs_acl_ids_overquota(zfsvfs, &acl_ids, projid)) {
+		zfs_acl_ids_free(&acl_ids);
+		error = SET_ERROR(EDQUOT);
+		goto out;
+	}
 
-		fuid_dirtied = zfsvfs->z_fuid_dirty;
-		if (fuid_dirtied)
-			zfs_fuid_txhold(zfsvfs, tx);
-		dmu_tx_hold_zap(tx, dzp->z_id, TRUE, name);
-		dmu_tx_hold_sa(tx, dzp->z_sa_hdl, B_FALSE);
-		if (!zfsvfs->z_use_sa &&
-		    acl_ids.z_aclp->z_acl_bytes > ZFS_ACE_SPACE) {
-			dmu_tx_hold_write(tx, DMU_NEW_OBJECT,
-			    0, acl_ids.z_aclp->z_acl_bytes);
-		}
+	tx = dmu_tx_create(os);
 
-		error = dmu_tx_assign(tx,
-		    (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
-		if (error) {
-			zfs_dirent_unlock(dl);
-			if (error == ERESTART) {
-				waited = B_TRUE;
-				dmu_tx_wait(tx);
-				dmu_tx_abort(tx);
-				goto top;
-			}
-			zfs_acl_ids_free(&acl_ids);
-			dmu_tx_abort(tx);
-			ZFS_EXIT(zfsvfs);
-			return (error);
-		}
-		zfs_mknode(dzp, vap, tx, cr, 0, &zp, &acl_ids);
+	dmu_tx_hold_sa_create(tx, acl_ids.z_aclp->z_acl_bytes +
+	                      ZFS_SA_BASE_ATTR_SIZE);
 
-		error = zfs_link_create(dl, zp, tx, ZNEW);
-		if (error != 0) {
-			/*
-			 * Since, we failed to add the directory entry for it,
+	fuid_dirtied = zfsvfs->z_fuid_dirty;
+	if (fuid_dirtied)
+		zfs_fuid_txhold(zfsvfs, tx);
+	dmu_tx_hold_zap(tx, dzp->z_id, TRUE, name);
+	dmu_tx_hold_sa(tx, dzp->z_sa_hdl, B_FALSE);
+	if (!zfsvfs->z_use_sa &&
+	    acl_ids.z_aclp->z_acl_bytes > ZFS_ACE_SPACE) {
+		dmu_tx_hold_write(tx, DMU_NEW_OBJECT,
+		                  0, acl_ids.z_aclp->z_acl_bytes);
+}
+
+error = dmu_tx_assign(tx,
+                      (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
+if (error) {
+	zfs_dirent_unlock(dl);
+	if (error == ERESTART) {
+		waited = B_TRUE;
+		dmu_tx_wait(tx);
+		dmu_tx_abort(tx);
+		goto top;
+	}
+	zfs_acl_ids_free(&acl_ids);
+	dmu_tx_abort(tx);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
+zfs_mknode(dzp, vap, tx, cr, 0, &zp, &acl_ids);
+
+error = zfs_link_create(dl, zp, tx, ZNEW);
+if (error != 0) {
+			/*
+			 * Since, we failed to add the directory entry for it,
 			 * delete the newly created dnode.
 			 */
-			zfs_znode_delete(zp, tx);
-			remove_inode_hash(ZTOI(zp));
-			zfs_acl_ids_free(&acl_ids);
-			dmu_tx_commit(tx);
-			goto out;
-		}
+	zfs_znode_delete(zp, tx);
+	remove_inode_hash(ZTOI(zp));
+	zfs_acl_ids_free(&acl_ids);
+	dmu_tx_commit(tx);
+	goto out;
+}
 
-		if (fuid_dirtied)
-			zfs_fuid_sync(zfsvfs, tx);
+if (fuid_dirtied)
+	zfs_fuid_sync(zfsvfs, tx);
 
-		txtype = zfs_log_create_txtype(Z_FILE, vsecp, vap);
-		if (flag & FIGNORECASE)
-			txtype |= TX_CI;
-		zfs_log_create(zilog, tx, txtype, dzp, zp, name,
-		    vsecp, acl_ids.z_fuidp, vap);
-		zfs_acl_ids_free(&acl_ids);
-		dmu_tx_commit(tx);
-	} else {
-		int aflags = (flag & O_APPEND) ? V_APPEND : 0;
+txtype = zfs_log_create_txtype(Z_FILE, vsecp, vap);
+if (flag & FIGNORECASE)
+	txtype |= TX_CI;
+zfs_log_create(zilog, tx, txtype, dzp, zp, name,
+               vsecp, acl_ids.z_fuidp, vap);
+zfs_acl_ids_free(&acl_ids);
+dmu_tx_commit(tx);
+} else {
+	int aflags = (flag & O_APPEND) ? V_APPEND : 0;
 
-		if (have_acl)
-			zfs_acl_ids_free(&acl_ids);
-		have_acl = B_FALSE;
+	if (have_acl)
+		zfs_acl_ids_free(&acl_ids);
+	have_acl = B_FALSE;
 
 		/*
 		 * A directory entry already exists for this name.
@@ -1543,66 +1544,66 @@ top:
 		/*
 		 * Can't truncate an existing file if in exclusive mode.
 		 */
-		if (excl) {
-			error = SET_ERROR(EEXIST);
-			goto out;
-		}
+	if (excl) {
+		error = SET_ERROR(EEXIST);
+		goto out;
+	}
 		/*
 		 * Can't open a directory for writing.
 		 */
-		if (S_ISDIR(ZTOI(zp)->i_mode)) {
-			error = SET_ERROR(EISDIR);
-			goto out;
-		}
+	if (S_ISDIR(ZTOI(zp)->i_mode)) {
+		error = SET_ERROR(EISDIR);
+		goto out;
+	}
 		/*
 		 * Verify requested access to file.
 		 */
-		if (mode && (error = zfs_zaccess_rwx(zp, mode, aflags, cr))) {
-			goto out;
-		}
+	if (mode && (error = zfs_zaccess_rwx(zp, mode, aflags, cr))) {
+		goto out;
+	}
 
-		mutex_enter(&dzp->z_lock);
-		dzp->z_seq++;
-		mutex_exit(&dzp->z_lock);
+	mutex_enter(&dzp->z_lock);
+	dzp->z_seq++;
+	mutex_exit(&dzp->z_lock);
 
 		/*
 		 * Truncate regular files if requested.
 		 */
-		if (S_ISREG(ZTOI(zp)->i_mode) &&
-		    (vap->va_mask & ATTR_SIZE) && (vap->va_size == 0)) {
+	if (S_ISREG(ZTOI(zp)->i_mode) &&
+	    (vap->va_mask & ATTR_SIZE) && (vap->va_size == 0)) {
 			/* we can't hold any locks when calling zfs_freesp() */
-			if (dl) {
-				zfs_dirent_unlock(dl);
-				dl = NULL;
-			}
-			error = zfs_freesp(zp, 0, 0, mode, TRUE);
+		if (dl) {
+			zfs_dirent_unlock(dl);
+			dl = NULL;
 		}
+		error = zfs_freesp(zp, 0, 0, mode, TRUE);
 	}
+}
 out:
 
-	if (dl)
-		zfs_dirent_unlock(dl);
+if (dl)
+	zfs_dirent_unlock(dl);
 
-	if (error) {
-		if (zp)
-			zrele(zp);
-	} else {
-		zfs_inode_update(dzp);
-		zfs_inode_update(zp);
-		*zpp = zp;
-	}
+if (error) {
+	if (zp)
+		zrele(zp);
+} else {
+	zfs_inode_update(dzp);
+	zfs_inode_update(zp);
+	*zpp = zp;
+}
 
-	if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
-		zil_commit(zilog, 0);
+if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
+	zil_commit(zilog, 0);
 
-	ZFS_EXIT(zfsvfs);
-	return (error);
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 /* ARGSUSED */
 int
 zfs_tmpfile(struct inode *dip, vattr_t *vap, int excl,
-    int mode, struct inode **ipp, cred_t *cr, int flag, vsecattr_t *vsecp)
+            int mode, struct inode **ipp, cred_t *cr, int flag, vsecattr_t *vsecp)
 {
 	znode_t		*zp = NULL, *dzp = ITOZ(dip);
 	zfsvfs_t	*zfsvfs = ITOZSB(dip);
@@ -1635,88 +1636,88 @@ zfs_tmpfile(struct inode *dip, vattr_t *vap, int excl,
 
 	if (vap->va_mask & ATTR_XVATTR) {
 		if ((error = secpolicy_xvattr((xvattr_t *)vap,
-		    crgetuid(cr), cr, vap->va_mode)) != 0) {
+		                              crgetuid(cr), cr, vap->va_mode)) != 0) {
 			ZFS_EXIT(zfsvfs);
-			return (error);
-		}
+		return (error);
 	}
+}
 
 top:
-	*ipp = NULL;
+*ipp = NULL;
 
 	/*
 	 * Create a new file object and update the directory
 	 * to reference it.
 	 */
-	if ((error = zfs_zaccess(dzp, ACE_ADD_FILE, 0, B_FALSE, cr))) {
-		if (have_acl)
-			zfs_acl_ids_free(&acl_ids);
-		goto out;
-	}
+if ((error = zfs_zaccess(dzp, ACE_ADD_FILE, 0, B_FALSE, cr))) {
+	if (have_acl)
+		zfs_acl_ids_free(&acl_ids);
+	goto out;
+}
 
-	if (!have_acl && (error = zfs_acl_ids_create(dzp, 0, vap,
-	    cr, vsecp, &acl_ids)) != 0)
-		goto out;
-	have_acl = B_TRUE;
+if (!have_acl && (error = zfs_acl_ids_create(dzp, 0, vap,
+                                             cr, vsecp, &acl_ids)) != 0)
+	goto out;
+have_acl = B_TRUE;
 
-	if (S_ISREG(vap->va_mode) || S_ISDIR(vap->va_mode))
-		projid = zfs_inherit_projid(dzp);
-	if (zfs_acl_ids_overquota(zfsvfs, &acl_ids, projid)) {
-		zfs_acl_ids_free(&acl_ids);
-		error = SET_ERROR(EDQUOT);
-		goto out;
-	}
+if (S_ISREG(vap->va_mode) || S_ISDIR(vap->va_mode))
+	projid = zfs_inherit_projid(dzp);
+if (zfs_acl_ids_overquota(zfsvfs, &acl_ids, projid)) {
+	zfs_acl_ids_free(&acl_ids);
+	error = SET_ERROR(EDQUOT);
+	goto out;
+}
 
-	tx = dmu_tx_create(os);
+tx = dmu_tx_create(os);
 
-	dmu_tx_hold_sa_create(tx, acl_ids.z_aclp->z_acl_bytes +
-	    ZFS_SA_BASE_ATTR_SIZE);
-	dmu_tx_hold_zap(tx, zfsvfs->z_unlinkedobj, FALSE, NULL);
+dmu_tx_hold_sa_create(tx, acl_ids.z_aclp->z_acl_bytes +
+                      ZFS_SA_BASE_ATTR_SIZE);
+dmu_tx_hold_zap(tx, zfsvfs->z_unlinkedobj, FALSE, NULL);
 
-	fuid_dirtied = zfsvfs->z_fuid_dirty;
-	if (fuid_dirtied)
-		zfs_fuid_txhold(zfsvfs, tx);
-	if (!zfsvfs->z_use_sa &&
-	    acl_ids.z_aclp->z_acl_bytes > ZFS_ACE_SPACE) {
-		dmu_tx_hold_write(tx, DMU_NEW_OBJECT,
-		    0, acl_ids.z_aclp->z_acl_bytes);
-	}
-	error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
-	if (error) {
-		if (error == ERESTART) {
-			waited = B_TRUE;
-			dmu_tx_wait(tx);
-			dmu_tx_abort(tx);
-			goto top;
-		}
-		zfs_acl_ids_free(&acl_ids);
+fuid_dirtied = zfsvfs->z_fuid_dirty;
+if (fuid_dirtied)
+	zfs_fuid_txhold(zfsvfs, tx);
+if (!zfsvfs->z_use_sa &&
+    acl_ids.z_aclp->z_acl_bytes > ZFS_ACE_SPACE) {
+	dmu_tx_hold_write(tx, DMU_NEW_OBJECT,
+	                  0, acl_ids.z_aclp->z_acl_bytes);
+}
+error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
+if (error) {
+	if (error == ERESTART) {
+		waited = B_TRUE;
+		dmu_tx_wait(tx);
 		dmu_tx_abort(tx);
-		ZFS_EXIT(zfsvfs);
-		return (error);
+		goto top;
 	}
-	zfs_mknode(dzp, vap, tx, cr, IS_TMPFILE, &zp, &acl_ids);
+	zfs_acl_ids_free(&acl_ids);
+	dmu_tx_abort(tx);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
+zfs_mknode(dzp, vap, tx, cr, IS_TMPFILE, &zp, &acl_ids);
 
-	if (fuid_dirtied)
-		zfs_fuid_sync(zfsvfs, tx);
+if (fuid_dirtied)
+	zfs_fuid_sync(zfsvfs, tx);
 
 	/* Add to unlinked set */
-	zp->z_unlinked = B_TRUE;
-	zfs_unlinked_add(zp, tx);
-	zfs_acl_ids_free(&acl_ids);
-	dmu_tx_commit(tx);
+zp->z_unlinked = B_TRUE;
+zfs_unlinked_add(zp, tx);
+zfs_acl_ids_free(&acl_ids);
+dmu_tx_commit(tx);
 out:
 
-	if (error) {
-		if (zp)
-			zrele(zp);
-	} else {
-		zfs_inode_update(dzp);
-		zfs_inode_update(zp);
-		*ipp = ZTOI(zp);
-	}
+if (error) {
+	if (zp)
+		zrele(zp);
+} else {
+	zfs_inode_update(dzp);
+	zfs_inode_update(zp);
+	*ipp = ZTOI(zp);
+}
 
-	ZFS_EXIT(zfsvfs);
-	return (error);
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 /*
@@ -1773,14 +1774,14 @@ zfs_remove(znode_t *dzp, char *name, cred_t *cr, int flags)
 		realnmp = &realnm;
 	}
 
-top:
+	top:
 	xattr_obj = 0;
 	xzp = NULL;
 	/*
 	 * Attempt to lock directory; fail if entry doesn't exist.
 	 */
 	if ((error = zfs_dirent_lock(&dl, dzp, name, &zp, zflg,
-	    NULL, realnmp))) {
+	                             NULL, realnmp))) {
 		if (realnmp)
 			pn_free(realnmp);
 		ZFS_EXIT(zfsvfs);
@@ -1801,7 +1802,7 @@ top:
 
 	mutex_enter(&zp->z_lock);
 	may_delete_now = atomic_read(&ZTOI(zp)->i_count) == 1 &&
-	    !(zp->z_is_mapped);
+	!(zp->z_is_mapped);
 	mutex_exit(&zp->z_lock);
 
 	/*
@@ -1820,12 +1821,12 @@ top:
 		toobig = zp->z_size > zp->z_blksz * zfs_delete_blocks;
 		/* if the file is too big, only hold_free a token amount */
 		dmu_tx_hold_free(tx, zp->z_id, 0,
-		    (toobig ? DMU_MAX_ACCESS : DMU_OBJECT_END));
+		                 (toobig ? DMU_MAX_ACCESS : DMU_OBJECT_END));
 	}
 
 	/* are there any extended attributes? */
 	error = sa_lookup(zp->z_sa_hdl, SA_ZPL_XATTR(zfsvfs),
-	    &xattr_obj, sizeof (xattr_obj));
+	                  &xattr_obj, sizeof (xattr_obj));
 	if (error == 0 && xattr_obj) {
 		error = zfs_zget(zfsvfs, xattr_obj, &xzp);
 		ASSERT0(error);
@@ -1886,11 +1887,11 @@ top:
 		 */
 		mutex_enter(&zp->z_lock);
 		(void) sa_lookup(zp->z_sa_hdl, SA_ZPL_XATTR(zfsvfs),
-		    &xattr_obj_unlinked, sizeof (xattr_obj_unlinked));
+		                 &xattr_obj_unlinked, sizeof (xattr_obj_unlinked));
 		delete_now = may_delete_now && !toobig &&
-		    atomic_read(&ZTOI(zp)->i_count) == 1 &&
-		    !(zp->z_is_mapped) && xattr_obj == xattr_obj_unlinked &&
-		    zfs_external_acl(zp) == acl_obj;
+		atomic_read(&ZTOI(zp)->i_count) == 1 &&
+		!(zp->z_is_mapped) && xattr_obj == xattr_obj_unlinked &&
+		zfs_external_acl(zp) == acl_obj;
 	}
 
 	if (delete_now) {
@@ -1901,18 +1902,18 @@ top:
 			clear_nlink(ZTOI(xzp));
 			links = 0;
 			error = sa_update(xzp->z_sa_hdl, SA_ZPL_LINKS(zfsvfs),
-			    &links, sizeof (links), tx);
+			                  &links, sizeof (links), tx);
 			ASSERT3U(error,  ==,  0);
 			mutex_exit(&xzp->z_lock);
 			zfs_unlinked_add(xzp, tx);
 
 			if (zp->z_is_sa)
 				error = sa_remove(zp->z_sa_hdl,
-				    SA_ZPL_XATTR(zfsvfs), tx);
+				                  SA_ZPL_XATTR(zfsvfs), tx);
 			else
 				error = sa_update(zp->z_sa_hdl,
-				    SA_ZPL_XATTR(zfsvfs), &null_xattr,
-				    sizeof (uint64_t), tx);
+				                  SA_ZPL_XATTR(zfsvfs), &null_xattr,
+				                  sizeof (uint64_t), tx);
 			ASSERT0(error);
 		}
 		/*
@@ -1932,7 +1933,7 @@ top:
 	zfs_log_remove(zilog, tx, txtype, dzp, name, obj, unlinked);
 
 	dmu_tx_commit(tx);
-out:
+	out:
 	if (realnmp)
 		pn_free(realnmp);
 
@@ -1980,7 +1981,7 @@ out:
 /*ARGSUSED*/
 int
 zfs_mkdir(znode_t *dzp, char *dirname, vattr_t *vap, znode_t **zpp,
-    cred_t *cr, int flags, vsecattr_t *vsecp)
+          cred_t *cr, int flags, vsecattr_t *vsecp)
 {
 	znode_t		*zp;
 	zfsvfs_t	*zfsvfs = ZTOZSB(dzp);
@@ -2021,26 +2022,26 @@ zfs_mkdir(znode_t *dzp, char *dirname, vattr_t *vap, znode_t **zpp,
 	}
 
 	if (zfsvfs->z_utf8 && u8_validate(dirname,
-	    strlen(dirname), NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
+	                                  strlen(dirname), NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
 		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EILSEQ));
-	}
-	if (flags & FIGNORECASE)
-		zf |= ZCILOOK;
-
-	if (vap->va_mask & ATTR_XVATTR) {
-		if ((error = secpolicy_xvattr((xvattr_t *)vap,
-		    crgetuid(cr), cr, vap->va_mode)) != 0) {
-			ZFS_EXIT(zfsvfs);
-			return (error);
-		}
-	}
+	return (SET_ERROR(EILSEQ));
+}
+if (flags & FIGNORECASE)
+	zf |= ZCILOOK;
 
-	if ((error = zfs_acl_ids_create(dzp, 0, vap, cr,
-	    vsecp, &acl_ids)) != 0) {
+if (vap->va_mask & ATTR_XVATTR) {
+	if ((error = secpolicy_xvattr((xvattr_t *)vap,
+	                              crgetuid(cr), cr, vap->va_mode)) != 0) {
 		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+	return (error);
+}
+}
+
+if ((error = zfs_acl_ids_create(dzp, 0, vap, cr,
+                                vsecp, &acl_ids)) != 0) {
+	ZFS_EXIT(zfsvfs);
+return (error);
+}
 	/*
 	 * First make sure the new directory doesn't exist.
 	 *
@@ -2049,105 +2050,105 @@ zfs_mkdir(znode_t *dzp, char *dirname, vattr_t *vap, znode_t **zpp,
 	 * to fail.
 	 */
 top:
-	*zpp = NULL;
+*zpp = NULL;
 
-	if ((error = zfs_dirent_lock(&dl, dzp, dirname, &zp, zf,
-	    NULL, NULL))) {
-		zfs_acl_ids_free(&acl_ids);
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+if ((error = zfs_dirent_lock(&dl, dzp, dirname, &zp, zf,
+                             NULL, NULL))) {
+	zfs_acl_ids_free(&acl_ids);
+ZFS_EXIT(zfsvfs);
+return (error);
+}
 
-	if ((error = zfs_zaccess(dzp, ACE_ADD_SUBDIRECTORY, 0, B_FALSE, cr))) {
-		zfs_acl_ids_free(&acl_ids);
-		zfs_dirent_unlock(dl);
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+if ((error = zfs_zaccess(dzp, ACE_ADD_SUBDIRECTORY, 0, B_FALSE, cr))) {
+	zfs_acl_ids_free(&acl_ids);
+	zfs_dirent_unlock(dl);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
-	if (zfs_acl_ids_overquota(zfsvfs, &acl_ids, zfs_inherit_projid(dzp))) {
-		zfs_acl_ids_free(&acl_ids);
-		zfs_dirent_unlock(dl);
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EDQUOT));
-	}
+if (zfs_acl_ids_overquota(zfsvfs, &acl_ids, zfs_inherit_projid(dzp))) {
+	zfs_acl_ids_free(&acl_ids);
+	zfs_dirent_unlock(dl);
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EDQUOT));
+}
 
 	/*
 	 * Add a new entry to the directory.
 	 */
-	tx = dmu_tx_create(zfsvfs->z_os);
-	dmu_tx_hold_zap(tx, dzp->z_id, TRUE, dirname);
-	dmu_tx_hold_zap(tx, DMU_NEW_OBJECT, FALSE, NULL);
-	fuid_dirtied = zfsvfs->z_fuid_dirty;
-	if (fuid_dirtied)
-		zfs_fuid_txhold(zfsvfs, tx);
-	if (!zfsvfs->z_use_sa && acl_ids.z_aclp->z_acl_bytes > ZFS_ACE_SPACE) {
-		dmu_tx_hold_write(tx, DMU_NEW_OBJECT, 0,
-		    acl_ids.z_aclp->z_acl_bytes);
-	}
+tx = dmu_tx_create(zfsvfs->z_os);
+dmu_tx_hold_zap(tx, dzp->z_id, TRUE, dirname);
+dmu_tx_hold_zap(tx, DMU_NEW_OBJECT, FALSE, NULL);
+fuid_dirtied = zfsvfs->z_fuid_dirty;
+if (fuid_dirtied)
+	zfs_fuid_txhold(zfsvfs, tx);
+if (!zfsvfs->z_use_sa && acl_ids.z_aclp->z_acl_bytes > ZFS_ACE_SPACE) {
+	dmu_tx_hold_write(tx, DMU_NEW_OBJECT, 0,
+	                  acl_ids.z_aclp->z_acl_bytes);
+}
 
-	dmu_tx_hold_sa_create(tx, acl_ids.z_aclp->z_acl_bytes +
-	    ZFS_SA_BASE_ATTR_SIZE);
+dmu_tx_hold_sa_create(tx, acl_ids.z_aclp->z_acl_bytes +
+                      ZFS_SA_BASE_ATTR_SIZE);
 
-	error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
-	if (error) {
-		zfs_dirent_unlock(dl);
-		if (error == ERESTART) {
-			waited = B_TRUE;
-			dmu_tx_wait(tx);
-			dmu_tx_abort(tx);
-			goto top;
-		}
-		zfs_acl_ids_free(&acl_ids);
+error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
+if (error) {
+	zfs_dirent_unlock(dl);
+	if (error == ERESTART) {
+		waited = B_TRUE;
+		dmu_tx_wait(tx);
 		dmu_tx_abort(tx);
-		ZFS_EXIT(zfsvfs);
-		return (error);
+		goto top;
 	}
+	zfs_acl_ids_free(&acl_ids);
+	dmu_tx_abort(tx);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
 	/*
 	 * Create new node.
 	 */
-	zfs_mknode(dzp, vap, tx, cr, 0, &zp, &acl_ids);
+zfs_mknode(dzp, vap, tx, cr, 0, &zp, &acl_ids);
 
 	/*
 	 * Now put new name in parent dir.
 	 */
-	error = zfs_link_create(dl, zp, tx, ZNEW);
-	if (error != 0) {
-		zfs_znode_delete(zp, tx);
-		remove_inode_hash(ZTOI(zp));
-		goto out;
-	}
+error = zfs_link_create(dl, zp, tx, ZNEW);
+if (error != 0) {
+	zfs_znode_delete(zp, tx);
+	remove_inode_hash(ZTOI(zp));
+	goto out;
+}
 
-	if (fuid_dirtied)
-		zfs_fuid_sync(zfsvfs, tx);
+if (fuid_dirtied)
+	zfs_fuid_sync(zfsvfs, tx);
 
-	*zpp = zp;
+*zpp = zp;
 
-	txtype = zfs_log_create_txtype(Z_DIR, vsecp, vap);
-	if (flags & FIGNORECASE)
-		txtype |= TX_CI;
-	zfs_log_create(zilog, tx, txtype, dzp, zp, dirname, vsecp,
-	    acl_ids.z_fuidp, vap);
+txtype = zfs_log_create_txtype(Z_DIR, vsecp, vap);
+if (flags & FIGNORECASE)
+	txtype |= TX_CI;
+zfs_log_create(zilog, tx, txtype, dzp, zp, dirname, vsecp,
+               acl_ids.z_fuidp, vap);
 
 out:
-	zfs_acl_ids_free(&acl_ids);
+zfs_acl_ids_free(&acl_ids);
 
-	dmu_tx_commit(tx);
+dmu_tx_commit(tx);
 
-	zfs_dirent_unlock(dl);
+zfs_dirent_unlock(dl);
 
-	if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
-		zil_commit(zilog, 0);
+if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
+	zil_commit(zilog, 0);
 
-	if (error != 0) {
-		zrele(zp);
-	} else {
-		zfs_inode_update(dzp);
-		zfs_inode_update(zp);
-	}
-	ZFS_EXIT(zfsvfs);
-	return (error);
+if (error != 0) {
+	zrele(zp);
+} else {
+	zfs_inode_update(dzp);
+	zfs_inode_update(zp);
+}
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 /*
@@ -2169,7 +2170,7 @@ out:
 /*ARGSUSED*/
 int
 zfs_rmdir(znode_t *dzp, char *name, znode_t *cwd, cred_t *cr,
-    int flags)
+          int flags)
 {
 	znode_t		*zp;
 	zfsvfs_t	*zfsvfs = ZTOZSB(dzp);
@@ -2189,95 +2190,95 @@ zfs_rmdir(znode_t *dzp, char *name, znode_t *cwd, cred_t *cr,
 
 	if (flags & FIGNORECASE)
 		zflg |= ZCILOOK;
-top:
+	top:
 	zp = NULL;
 
 	/*
 	 * Attempt to lock directory; fail if entry doesn't exist.
 	 */
 	if ((error = zfs_dirent_lock(&dl, dzp, name, &zp, zflg,
-	    NULL, NULL))) {
+	                             NULL, NULL))) {
 		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+	return (error);
+}
 
-	if ((error = zfs_zaccess_delete(dzp, zp, cr))) {
-		goto out;
-	}
+if ((error = zfs_zaccess_delete(dzp, zp, cr))) {
+	goto out;
+}
 
-	if (!S_ISDIR(ZTOI(zp)->i_mode)) {
-		error = SET_ERROR(ENOTDIR);
-		goto out;
-	}
+if (!S_ISDIR(ZTOI(zp)->i_mode)) {
+	error = SET_ERROR(ENOTDIR);
+	goto out;
+}
 
-	if (zp == cwd) {
-		error = SET_ERROR(EINVAL);
-		goto out;
-	}
+if (zp == cwd) {
+	error = SET_ERROR(EINVAL);
+	goto out;
+}
 
 	/*
 	 * Grab a lock on the directory to make sure that no one is
 	 * trying to add (or lookup) entries while we are removing it.
 	 */
-	rw_enter(&zp->z_name_lock, RW_WRITER);
+rw_enter(&zp->z_name_lock, RW_WRITER);
 
 	/*
 	 * Grab a lock on the parent pointer to make sure we play well
 	 * with the treewalk and directory rename code.
 	 */
-	rw_enter(&zp->z_parent_lock, RW_WRITER);
+rw_enter(&zp->z_parent_lock, RW_WRITER);
+
+tx = dmu_tx_create(zfsvfs->z_os);
+dmu_tx_hold_zap(tx, dzp->z_id, FALSE, name);
+dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_FALSE);
+dmu_tx_hold_zap(tx, zfsvfs->z_unlinkedobj, FALSE, NULL);
+zfs_sa_upgrade_txholds(tx, zp);
+zfs_sa_upgrade_txholds(tx, dzp);
+dmu_tx_mark_netfree(tx);
+error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
+if (error) {
+	rw_exit(&zp->z_parent_lock);
+	rw_exit(&zp->z_name_lock);
+	zfs_dirent_unlock(dl);
+	if (error == ERESTART) {
+		waited = B_TRUE;
+		dmu_tx_wait(tx);
+		dmu_tx_abort(tx);
+		zrele(zp);
+		goto top;
+	}
+	dmu_tx_abort(tx);
+	zrele(zp);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
-	tx = dmu_tx_create(zfsvfs->z_os);
-	dmu_tx_hold_zap(tx, dzp->z_id, FALSE, name);
-	dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_FALSE);
-	dmu_tx_hold_zap(tx, zfsvfs->z_unlinkedobj, FALSE, NULL);
-	zfs_sa_upgrade_txholds(tx, zp);
-	zfs_sa_upgrade_txholds(tx, dzp);
-	dmu_tx_mark_netfree(tx);
-	error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
-	if (error) {
-		rw_exit(&zp->z_parent_lock);
-		rw_exit(&zp->z_name_lock);
-		zfs_dirent_unlock(dl);
-		if (error == ERESTART) {
-			waited = B_TRUE;
-			dmu_tx_wait(tx);
-			dmu_tx_abort(tx);
-			zrele(zp);
-			goto top;
-		}
-		dmu_tx_abort(tx);
-		zrele(zp);
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
-
-	error = zfs_link_destroy(dl, zp, tx, zflg, NULL);
+error = zfs_link_destroy(dl, zp, tx, zflg, NULL);
 
-	if (error == 0) {
-		uint64_t txtype = TX_RMDIR;
-		if (flags & FIGNORECASE)
-			txtype |= TX_CI;
-		zfs_log_remove(zilog, tx, txtype, dzp, name, ZFS_NO_OBJECT,
-		    B_FALSE);
-	}
+if (error == 0) {
+	uint64_t txtype = TX_RMDIR;
+	if (flags & FIGNORECASE)
+		txtype |= TX_CI;
+	zfs_log_remove(zilog, tx, txtype, dzp, name, ZFS_NO_OBJECT,
+	               B_FALSE);
+}
 
-	dmu_tx_commit(tx);
+dmu_tx_commit(tx);
 
-	rw_exit(&zp->z_parent_lock);
-	rw_exit(&zp->z_name_lock);
+rw_exit(&zp->z_parent_lock);
+rw_exit(&zp->z_name_lock);
 out:
-	zfs_dirent_unlock(dl);
+zfs_dirent_unlock(dl);
 
-	zfs_inode_update(dzp);
-	zfs_inode_update(zp);
-	zrele(zp);
+zfs_inode_update(dzp);
+zfs_inode_update(zp);
+zrele(zp);
 
-	if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
-		zil_commit(zilog, 0);
+if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
+	zil_commit(zilog, 0);
 
-	ZFS_EXIT(zfsvfs);
-	return (error);
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 /*
@@ -2319,7 +2320,7 @@ zfs_readdir(struct inode *ip, zpl_dir_context_t *ctx, cred_t *cr)
 	ZFS_VERIFY_ZP(zp);
 
 	if ((error = sa_lookup(zp->z_sa_hdl, SA_ZPL_PARENT(zfsvfs),
-	    &parent, sizeof (parent))) != 0)
+	                       &parent, sizeof (parent))) != 0)
 		goto out;
 
 	/*
@@ -2392,52 +2393,52 @@ zfs_readdir(struct inode *ip, zpl_dir_context_t *ctx, cred_t *cr)
 			if (zap.za_integer_length != 8 ||
 			    zap.za_num_integers == 0) {
 				cmn_err(CE_WARN, "zap_readdir: bad directory "
-				    "entry, obj = %lld, offset = %lld, "
-				    "length = %d, num = %lld\n",
-				    (u_longlong_t)zp->z_id,
-				    (u_longlong_t)offset,
-				    zap.za_integer_length,
-				    (u_longlong_t)zap.za_num_integers);
-				error = SET_ERROR(ENXIO);
-				goto update;
-			}
-
-			objnum = ZFS_DIRENT_OBJ(zap.za_first_integer);
-			type = ZFS_DIRENT_TYPE(zap.za_first_integer);
+				        "entry, obj = %lld, offset = %lld, "
+				        "length = %d, num = %lld\n",
+				        (u_longlong_t)zp->z_id,
+				        (u_longlong_t)offset,
+				        zap.za_integer_length,
+				        (u_longlong_t)zap.za_num_integers);
+			error = SET_ERROR(ENXIO);
+			goto update;
 		}
 
-		done = !zpl_dir_emit(ctx, zap.za_name, strlen(zap.za_name),
-		    objnum, type);
-		if (done)
-			break;
+		objnum = ZFS_DIRENT_OBJ(zap.za_first_integer);
+		type = ZFS_DIRENT_TYPE(zap.za_first_integer);
+	}
+
+	done = !zpl_dir_emit(ctx, zap.za_name, strlen(zap.za_name),
+	                     objnum, type);
+	if (done)
+		break;
 
 		/* Prefetch znode */
-		if (prefetch) {
-			dmu_prefetch(os, objnum, 0, 0, 0,
-			    ZIO_PRIORITY_SYNC_READ);
-		}
+	if (prefetch) {
+		dmu_prefetch(os, objnum, 0, 0, 0,
+		             ZIO_PRIORITY_SYNC_READ);
+	}
 
 		/*
 		 * Move to the next entry, fill in the previous offset.
 		 */
-		if (offset > 2 || (offset == 2 && !zfs_show_ctldir(zp))) {
-			zap_cursor_advance(&zc);
-			offset = zap_cursor_serialize(&zc);
-		} else {
-			offset += 1;
-		}
-		ctx->pos = offset;
+	if (offset > 2 || (offset == 2 && !zfs_show_ctldir(zp))) {
+		zap_cursor_advance(&zc);
+		offset = zap_cursor_serialize(&zc);
+	} else {
+		offset += 1;
 	}
+	ctx->pos = offset;
+}
 	zp->z_zn_prefetch = B_FALSE; /* a lookup will re-enable pre-fetching */
 
 update:
-	zap_cursor_fini(&zc);
-	if (error == ENOENT)
-		error = 0;
+zap_cursor_fini(&zc);
+if (error == ENOENT)
+	error = 0;
 out:
-	ZFS_EXIT(zfsvfs);
+ZFS_EXIT(zfsvfs);
 
-	return (error);
+return (error);
 }
 
 ulong_t zfs_fsync_sync_cnt = 4;
@@ -2494,33 +2495,33 @@ zfs_getattr_fast(struct inode *ip, struct kstat *sp)
 		if (sp->nlink < ZFS_LINK_MAX)
 			sp->nlink++;
 
-	sa_object_size(zp->z_sa_hdl, &blksize, &nblocks);
-	sp->blksize = blksize;
-	sp->blocks = nblocks;
+		sa_object_size(zp->z_sa_hdl, &blksize, &nblocks);
+		sp->blksize = blksize;
+		sp->blocks = nblocks;
 
-	if (unlikely(zp->z_blksz == 0)) {
+		if (unlikely(zp->z_blksz == 0)) {
 		/*
 		 * Block size hasn't been set; suggest maximal I/O transfers.
 		 */
-		sp->blksize = zfsvfs->z_max_blksz;
-	}
+			sp->blksize = zfsvfs->z_max_blksz;
+		}
 
-	mutex_exit(&zp->z_lock);
+		mutex_exit(&zp->z_lock);
 
 	/*
 	 * Required to prevent NFS client from detecting different inode
 	 * numbers of snapshot root dentry before and after snapshot mount.
 	 */
-	if (zfsvfs->z_issnap) {
-		if (ip->i_sb->s_root->d_inode == ip)
-			sp->ino = ZFSCTL_INO_SNAPDIRS -
-			    dmu_objset_id(zfsvfs->z_os);
-	}
+		if (zfsvfs->z_issnap) {
+			if (ip->i_sb->s_root->d_inode == ip)
+				sp->ino = ZFSCTL_INO_SNAPDIRS -
+			dmu_objset_id(zfsvfs->z_os);
+		}
 
-	ZFS_EXIT(zfsvfs);
+		ZFS_EXIT(zfsvfs);
 
-	return (0);
-}
+		return (0);
+	}
 
 /*
  * For the operation of changing file's user/group/project, we need to
@@ -2533,114 +2534,114 @@ zfs_getattr_fast(struct inode *ip, struct kstat *sp)
  * via other multiple independent transactions one by one. It may be not good
  * solution, but we have no better idea yet.
  */
-static int
-zfs_setattr_dir(znode_t *dzp)
-{
-	struct inode	*dxip = ZTOI(dzp);
-	struct inode	*xip = NULL;
-	zfsvfs_t	*zfsvfs = ZTOZSB(dzp);
-	objset_t	*os = zfsvfs->z_os;
-	zap_cursor_t	zc;
-	zap_attribute_t	zap;
-	zfs_dirlock_t	*dl;
-	znode_t		*zp;
-	dmu_tx_t	*tx = NULL;
-	uint64_t	uid, gid;
-	sa_bulk_attr_t	bulk[4];
-	int		count;
-	int		err;
-
-	zap_cursor_init(&zc, os, dzp->z_id);
-	while ((err = zap_cursor_retrieve(&zc, &zap)) == 0) {
-		count = 0;
-		if (zap.za_integer_length != 8 || zap.za_num_integers != 1) {
-			err = ENXIO;
-			break;
-		}
+	static int
+	zfs_setattr_dir(znode_t *dzp)
+	{
+		struct inode	*dxip = ZTOI(dzp);
+		struct inode	*xip = NULL;
+		zfsvfs_t	*zfsvfs = ZTOZSB(dzp);
+		objset_t	*os = zfsvfs->z_os;
+		zap_cursor_t	zc;
+		zap_attribute_t	zap;
+		zfs_dirlock_t	*dl;
+		znode_t		*zp;
+		dmu_tx_t	*tx = NULL;
+		uint64_t	uid, gid;
+		sa_bulk_attr_t	bulk[4];
+		int		count;
+		int		err;
+
+		zap_cursor_init(&zc, os, dzp->z_id);
+		while ((err = zap_cursor_retrieve(&zc, &zap)) == 0) {
+			count = 0;
+			if (zap.za_integer_length != 8 || zap.za_num_integers != 1) {
+				err = ENXIO;
+				break;
+			}
 
-		err = zfs_dirent_lock(&dl, dzp, (char *)zap.za_name, &zp,
-		    ZEXISTS, NULL, NULL);
-		if (err == ENOENT)
-			goto next;
-		if (err)
-			break;
+			err = zfs_dirent_lock(&dl, dzp, (char *)zap.za_name, &zp,
+			                      ZEXISTS, NULL, NULL);
+			if (err == ENOENT)
+				goto next;
+			if (err)
+				break;
 
-		xip = ZTOI(zp);
-		if (KUID_TO_SUID(xip->i_uid) == KUID_TO_SUID(dxip->i_uid) &&
-		    KGID_TO_SGID(xip->i_gid) == KGID_TO_SGID(dxip->i_gid) &&
-		    zp->z_projid == dzp->z_projid)
-			goto next;
+			xip = ZTOI(zp);
+			if (KUID_TO_SUID(xip->i_uid) == KUID_TO_SUID(dxip->i_uid) &&
+			    KGID_TO_SGID(xip->i_gid) == KGID_TO_SGID(dxip->i_gid) &&
+			    zp->z_projid == dzp->z_projid)
+				goto next;
 
-		tx = dmu_tx_create(os);
-		if (!(zp->z_pflags & ZFS_PROJID))
-			dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_TRUE);
-		else
-			dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_FALSE);
+			tx = dmu_tx_create(os);
+			if (!(zp->z_pflags & ZFS_PROJID))
+				dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_TRUE);
+			else
+				dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_FALSE);
 
-		err = dmu_tx_assign(tx, TXG_WAIT);
-		if (err)
-			break;
+			err = dmu_tx_assign(tx, TXG_WAIT);
+			if (err)
+				break;
 
-		mutex_enter(&dzp->z_lock);
+			mutex_enter(&dzp->z_lock);
 
-		if (KUID_TO_SUID(xip->i_uid) != KUID_TO_SUID(dxip->i_uid)) {
-			xip->i_uid = dxip->i_uid;
-			uid = zfs_uid_read(dxip);
-			SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_UID(zfsvfs), NULL,
-			    &uid, sizeof (uid));
-		}
+			if (KUID_TO_SUID(xip->i_uid) != KUID_TO_SUID(dxip->i_uid)) {
+				xip->i_uid = dxip->i_uid;
+				uid = zfs_uid_read(dxip);
+				SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_UID(zfsvfs), NULL,
+				                 &uid, sizeof (uid));
+			}
 
-		if (KGID_TO_SGID(xip->i_gid) != KGID_TO_SGID(dxip->i_gid)) {
-			xip->i_gid = dxip->i_gid;
-			gid = zfs_gid_read(dxip);
-			SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_GID(zfsvfs), NULL,
-			    &gid, sizeof (gid));
-		}
+			if (KGID_TO_SGID(xip->i_gid) != KGID_TO_SGID(dxip->i_gid)) {
+				xip->i_gid = dxip->i_gid;
+				gid = zfs_gid_read(dxip);
+				SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_GID(zfsvfs), NULL,
+				                 &gid, sizeof (gid));
+			}
+
+			if (zp->z_projid != dzp->z_projid) {
+				if (!(zp->z_pflags & ZFS_PROJID)) {
+					zp->z_pflags |= ZFS_PROJID;
+					SA_ADD_BULK_ATTR(bulk, count,
+					                 SA_ZPL_FLAGS(zfsvfs), NULL, &zp->z_pflags,
+					                 sizeof (zp->z_pflags));
+				}
 
-		if (zp->z_projid != dzp->z_projid) {
-			if (!(zp->z_pflags & ZFS_PROJID)) {
-				zp->z_pflags |= ZFS_PROJID;
-				SA_ADD_BULK_ATTR(bulk, count,
-				    SA_ZPL_FLAGS(zfsvfs), NULL, &zp->z_pflags,
-				    sizeof (zp->z_pflags));
+				zp->z_projid = dzp->z_projid;
+				SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_PROJID(zfsvfs),
+				                 NULL, &zp->z_projid, sizeof (zp->z_projid));
 			}
 
-			zp->z_projid = dzp->z_projid;
-			SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_PROJID(zfsvfs),
-			    NULL, &zp->z_projid, sizeof (zp->z_projid));
-		}
+			mutex_exit(&dzp->z_lock);
 
-		mutex_exit(&dzp->z_lock);
+			if (likely(count > 0)) {
+				err = sa_bulk_update(zp->z_sa_hdl, bulk, count, tx);
+				dmu_tx_commit(tx);
+			} else {
+				dmu_tx_abort(tx);
+			}
+			tx = NULL;
+			if (err != 0 && err != ENOENT)
+				break;
 
-		if (likely(count > 0)) {
-			err = sa_bulk_update(zp->z_sa_hdl, bulk, count, tx);
-			dmu_tx_commit(tx);
-		} else {
-			dmu_tx_abort(tx);
+			next:
+			if (zp) {
+				zrele(zp);
+				zp = NULL;
+				zfs_dirent_unlock(dl);
+			}
+			zap_cursor_advance(&zc);
 		}
-		tx = NULL;
-		if (err != 0 && err != ENOENT)
-			break;
 
-next:
+		if (tx)
+			dmu_tx_abort(tx);
 		if (zp) {
 			zrele(zp);
-			zp = NULL;
 			zfs_dirent_unlock(dl);
 		}
-		zap_cursor_advance(&zc);
-	}
+		zap_cursor_fini(&zc);
 
-	if (tx)
-		dmu_tx_abort(tx);
-	if (zp) {
-		zrele(zp);
-		zfs_dirent_unlock(dl);
+		return (err == ENOENT ? 0 : err);
 	}
-	zap_cursor_fini(&zc);
-
-	return (err == ENOENT ? 0 : err);
-}
 
 /*
  * Set the file attributes to the values contained in the
@@ -2660,54 +2661,54 @@ next:
  *	ip - ctime updated, mtime updated if size changed.
  */
 /* ARGSUSED */
-int
-zfs_setattr(znode_t *zp, vattr_t *vap, int flags, cred_t *cr)
-{
-	struct inode	*ip;
-	zfsvfs_t	*zfsvfs = ZTOZSB(zp);
-	objset_t	*os = zfsvfs->z_os;
-	zilog_t		*zilog;
-	dmu_tx_t	*tx;
-	vattr_t		oldva;
-	xvattr_t	*tmpxvattr;
-	uint_t		mask = vap->va_mask;
-	uint_t		saved_mask = 0;
-	int		trim_mask = 0;
-	uint64_t	new_mode;
-	uint64_t	new_kuid = 0, new_kgid = 0, new_uid, new_gid;
-	uint64_t	xattr_obj;
-	uint64_t	mtime[2], ctime[2], atime[2];
-	uint64_t	projid = ZFS_INVALID_PROJID;
-	znode_t		*attrzp;
-	int		need_policy = FALSE;
-	int		err, err2 = 0;
-	zfs_fuid_info_t *fuidp = NULL;
+	int
+	zfs_setattr(znode_t *zp, vattr_t *vap, int flags, cred_t *cr)
+	{
+		struct inode	*ip;
+		zfsvfs_t	*zfsvfs = ZTOZSB(zp);
+		objset_t	*os = zfsvfs->z_os;
+		zilog_t		*zilog;
+		dmu_tx_t	*tx;
+		vattr_t		oldva;
+		xvattr_t	*tmpxvattr;
+		uint_t		mask = vap->va_mask;
+		uint_t		saved_mask = 0;
+		int		trim_mask = 0;
+		uint64_t	new_mode;
+		uint64_t	new_kuid = 0, new_kgid = 0, new_uid, new_gid;
+		uint64_t	xattr_obj;
+		uint64_t	mtime[2], ctime[2], atime[2];
+		uint64_t	projid = ZFS_INVALID_PROJID;
+		znode_t		*attrzp;
+		int		need_policy = FALSE;
+		int		err, err2 = 0;
+		zfs_fuid_info_t *fuidp = NULL;
 	xvattr_t *xvap = (xvattr_t *)vap;	/* vap may be an xvattr_t * */
-	xoptattr_t	*xoap;
-	zfs_acl_t	*aclp;
-	boolean_t skipaclchk = (flags & ATTR_NOACLCHECK) ? B_TRUE : B_FALSE;
-	boolean_t	fuid_dirtied = B_FALSE;
-	boolean_t	handle_eadir = B_FALSE;
-	sa_bulk_attr_t	*bulk, *xattr_bulk;
-	int		count = 0, xattr_count = 0, bulks = 8;
-
-	if (mask == 0)
-		return (0);
+		xoptattr_t	*xoap;
+		zfs_acl_t	*aclp;
+		boolean_t skipaclchk = (flags & ATTR_NOACLCHECK) ? B_TRUE : B_FALSE;
+		boolean_t	fuid_dirtied = B_FALSE;
+		boolean_t	handle_eadir = B_FALSE;
+		sa_bulk_attr_t	*bulk, *xattr_bulk;
+		int		count = 0, xattr_count = 0, bulks = 8;
+
+		if (mask == 0)
+			return (0);
 
-	ZFS_ENTER(zfsvfs);
-	ZFS_VERIFY_ZP(zp);
-	ip = ZTOI(zp);
+		ZFS_ENTER(zfsvfs);
+		ZFS_VERIFY_ZP(zp);
+		ip = ZTOI(zp);
 
 	/*
 	 * If this is a xvattr_t, then get a pointer to the structure of
 	 * optional attributes.  If this is NULL, then we have a vattr_t.
 	 */
-	xoap = xva_getxoptattr(xvap);
-	if (xoap != NULL && (mask & ATTR_XVATTR)) {
-		if (XVA_ISSET_REQ(xvap, XAT_PROJID)) {
-			if (!dmu_objset_projectquota_enabled(os) ||
-			    (!S_ISREG(ip->i_mode) && !S_ISDIR(ip->i_mode))) {
-				ZFS_EXIT(zfsvfs);
+		xoap = xva_getxoptattr(xvap);
+		if (xoap != NULL && (mask & ATTR_XVATTR)) {
+			if (XVA_ISSET_REQ(xvap, XAT_PROJID)) {
+				if (!dmu_objset_projectquota_enabled(os) ||
+				    (!S_ISREG(ip->i_mode) && !S_ISDIR(ip->i_mode))) {
+					ZFS_EXIT(zfsvfs);
 				return (SET_ERROR(ENOTSUP));
 			}
 
@@ -2725,59 +2726,59 @@ zfs_setattr(znode_t *zp, vattr_t *vap, int flags, cred_t *cr)
 
 		if (XVA_ISSET_REQ(xvap, XAT_PROJINHERIT) &&
 		    (xoap->xoa_projinherit !=
-		    ((zp->z_pflags & ZFS_PROJINHERIT) != 0)) &&
+		     ((zp->z_pflags & ZFS_PROJINHERIT) != 0)) &&
 		    (!dmu_objset_projectquota_enabled(os) ||
-		    (!S_ISREG(ip->i_mode) && !S_ISDIR(ip->i_mode)))) {
+		     (!S_ISREG(ip->i_mode) && !S_ISDIR(ip->i_mode)))) {
 			ZFS_EXIT(zfsvfs);
-			return (SET_ERROR(ENOTSUP));
-		}
+		return (SET_ERROR(ENOTSUP));
 	}
+}
 
-	zilog = zfsvfs->z_log;
+zilog = zfsvfs->z_log;
 
 	/*
 	 * Make sure that if we have ephemeral uid/gid or xvattr specified
 	 * that file system is at proper version level
 	 */
 
-	if (zfsvfs->z_use_fuids == B_FALSE &&
-	    (((mask & ATTR_UID) && IS_EPHEMERAL(vap->va_uid)) ||
-	    ((mask & ATTR_GID) && IS_EPHEMERAL(vap->va_gid)) ||
-	    (mask & ATTR_XVATTR))) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EINVAL));
-	}
+if (zfsvfs->z_use_fuids == B_FALSE &&
+    (((mask & ATTR_UID) && IS_EPHEMERAL(vap->va_uid)) ||
+     ((mask & ATTR_GID) && IS_EPHEMERAL(vap->va_gid)) ||
+     (mask & ATTR_XVATTR))) {
+	ZFS_EXIT(zfsvfs);
+return (SET_ERROR(EINVAL));
+}
 
-	if (mask & ATTR_SIZE && S_ISDIR(ip->i_mode)) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EISDIR));
-	}
+if (mask & ATTR_SIZE && S_ISDIR(ip->i_mode)) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EISDIR));
+}
 
-	if (mask & ATTR_SIZE && !S_ISREG(ip->i_mode) && !S_ISFIFO(ip->i_mode)) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EINVAL));
-	}
+if (mask & ATTR_SIZE && !S_ISREG(ip->i_mode) && !S_ISFIFO(ip->i_mode)) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EINVAL));
+}
 
-	tmpxvattr = kmem_alloc(sizeof (xvattr_t), KM_SLEEP);
-	xva_init(tmpxvattr);
+tmpxvattr = kmem_alloc(sizeof (xvattr_t), KM_SLEEP);
+xva_init(tmpxvattr);
 
-	bulk = kmem_alloc(sizeof (sa_bulk_attr_t) * bulks, KM_SLEEP);
-	xattr_bulk = kmem_alloc(sizeof (sa_bulk_attr_t) * bulks, KM_SLEEP);
+bulk = kmem_alloc(sizeof (sa_bulk_attr_t) * bulks, KM_SLEEP);
+xattr_bulk = kmem_alloc(sizeof (sa_bulk_attr_t) * bulks, KM_SLEEP);
 
 	/*
 	 * Immutable files can only alter immutable bit and atime
 	 */
-	if ((zp->z_pflags & ZFS_IMMUTABLE) &&
-	    ((mask & (ATTR_SIZE|ATTR_UID|ATTR_GID|ATTR_MTIME|ATTR_MODE)) ||
-	    ((mask & ATTR_XVATTR) && XVA_ISSET_REQ(xvap, XAT_CREATETIME)))) {
-		err = SET_ERROR(EPERM);
-		goto out3;
-	}
+if ((zp->z_pflags & ZFS_IMMUTABLE) &&
+    ((mask & (ATTR_SIZE|ATTR_UID|ATTR_GID|ATTR_MTIME|ATTR_MODE)) ||
+     ((mask & ATTR_XVATTR) && XVA_ISSET_REQ(xvap, XAT_CREATETIME)))) {
+	err = SET_ERROR(EPERM);
+goto out3;
+}
 
-	if ((mask & ATTR_SIZE) && (zp->z_pflags & ZFS_READONLY)) {
-		err = SET_ERROR(EPERM);
-		goto out3;
-	}
+if ((mask & ATTR_SIZE) && (zp->z_pflags & ZFS_READONLY)) {
+	err = SET_ERROR(EPERM);
+	goto out3;
+}
 
 	/*
 	 * Verify timestamps doesn't overflow 32 bits.
@@ -2785,34 +2786,34 @@ zfs_setattr(znode_t *zp, vattr_t *vap, int flags, cred_t *cr)
 	 * handle times greater than 2039.  This check should be removed
 	 * once large timestamps are fully supported.
 	 */
-	if (mask & (ATTR_ATIME | ATTR_MTIME)) {
-		if (((mask & ATTR_ATIME) &&
-		    TIMESPEC_OVERFLOW(&vap->va_atime)) ||
-		    ((mask & ATTR_MTIME) &&
-		    TIMESPEC_OVERFLOW(&vap->va_mtime))) {
-			err = SET_ERROR(EOVERFLOW);
-			goto out3;
-		}
-	}
+if (mask & (ATTR_ATIME | ATTR_MTIME)) {
+	if (((mask & ATTR_ATIME) &&
+	     TIMESPEC_OVERFLOW(&vap->va_atime)) ||
+		((mask & ATTR_MTIME) &&
+		 TIMESPEC_OVERFLOW(&vap->va_mtime))) {
+		err = SET_ERROR(EOVERFLOW);
+	goto out3;
+}
+}
 
 top:
-	attrzp = NULL;
-	aclp = NULL;
+attrzp = NULL;
+aclp = NULL;
 
 	/* Can this be moved to before the top label? */
-	if (zfs_is_readonly(zfsvfs)) {
-		err = SET_ERROR(EROFS);
-		goto out3;
-	}
+if (zfs_is_readonly(zfsvfs)) {
+	err = SET_ERROR(EROFS);
+	goto out3;
+}
 
 	/*
 	 * First validate permissions
 	 */
 
-	if (mask & ATTR_SIZE) {
-		err = zfs_zaccess(zp, ACE_WRITE_DATA, 0, skipaclchk, cr);
-		if (err)
-			goto out3;
+if (mask & ATTR_SIZE) {
+	err = zfs_zaccess(zp, ACE_WRITE_DATA, 0, skipaclchk, cr);
+	if (err)
+		goto out3;
 
 		/*
 		 * XXX - Note, we are not providing any open
@@ -2821,43 +2822,43 @@ top:
 		 * should be addressed in openat().
 		 */
 		/* XXX - would it be OK to generate a log record here? */
-		err = zfs_freesp(zp, vap->va_size, 0, 0, FALSE);
-		if (err)
-			goto out3;
-	}
+	err = zfs_freesp(zp, vap->va_size, 0, 0, FALSE);
+	if (err)
+		goto out3;
+}
 
-	if (mask & (ATTR_ATIME|ATTR_MTIME) ||
-	    ((mask & ATTR_XVATTR) && (XVA_ISSET_REQ(xvap, XAT_HIDDEN) ||
-	    XVA_ISSET_REQ(xvap, XAT_READONLY) ||
-	    XVA_ISSET_REQ(xvap, XAT_ARCHIVE) ||
-	    XVA_ISSET_REQ(xvap, XAT_OFFLINE) ||
-	    XVA_ISSET_REQ(xvap, XAT_SPARSE) ||
-	    XVA_ISSET_REQ(xvap, XAT_CREATETIME) ||
-	    XVA_ISSET_REQ(xvap, XAT_SYSTEM)))) {
-		need_policy = zfs_zaccess(zp, ACE_WRITE_ATTRIBUTES, 0,
-		    skipaclchk, cr);
-	}
+if (mask & (ATTR_ATIME|ATTR_MTIME) ||
+    ((mask & ATTR_XVATTR) && (XVA_ISSET_REQ(xvap, XAT_HIDDEN) ||
+                              XVA_ISSET_REQ(xvap, XAT_READONLY) ||
+                              XVA_ISSET_REQ(xvap, XAT_ARCHIVE) ||
+                              XVA_ISSET_REQ(xvap, XAT_OFFLINE) ||
+                              XVA_ISSET_REQ(xvap, XAT_SPARSE) ||
+                              XVA_ISSET_REQ(xvap, XAT_CREATETIME) ||
+                              XVA_ISSET_REQ(xvap, XAT_SYSTEM)))) {
+	need_policy = zfs_zaccess(zp, ACE_WRITE_ATTRIBUTES, 0,
+	                          skipaclchk, cr);
+}
 
-	if (mask & (ATTR_UID|ATTR_GID)) {
-		int	idmask = (mask & (ATTR_UID|ATTR_GID));
-		int	take_owner;
-		int	take_group;
+if (mask & (ATTR_UID|ATTR_GID)) {
+	int	idmask = (mask & (ATTR_UID|ATTR_GID));
+	int	take_owner;
+	int	take_group;
 
 		/*
 		 * NOTE: even if a new mode is being set,
 		 * we may clear S_ISUID/S_ISGID bits.
 		 */
 
-		if (!(mask & ATTR_MODE))
-			vap->va_mode = zp->z_mode;
+	if (!(mask & ATTR_MODE))
+		vap->va_mode = zp->z_mode;
 
 		/*
 		 * Take ownership or chgrp to group we are a member of
 		 */
 
-		take_owner = (mask & ATTR_UID) && (vap->va_uid == crgetuid(cr));
-		take_group = (mask & ATTR_GID) &&
-		    zfs_groupmember(zfsvfs, vap->va_gid, cr);
+	take_owner = (mask & ATTR_UID) && (vap->va_uid == crgetuid(cr));
+	take_group = (mask & ATTR_GID) &&
+	zfs_groupmember(zfsvfs, vap->va_gid, cr);
 
 		/*
 		 * If both ATTR_UID and ATTR_GID are set then take_owner and
@@ -2868,29 +2869,29 @@ top:
 		 *
 		 */
 
-		if (((idmask == (ATTR_UID|ATTR_GID)) &&
-		    take_owner && take_group) ||
-		    ((idmask == ATTR_UID) && take_owner) ||
-		    ((idmask == ATTR_GID) && take_group)) {
-			if (zfs_zaccess(zp, ACE_WRITE_OWNER, 0,
-			    skipaclchk, cr) == 0) {
+	if (((idmask == (ATTR_UID|ATTR_GID)) &&
+	     take_owner && take_group) ||
+		((idmask == ATTR_UID) && take_owner) ||
+		((idmask == ATTR_GID) && take_group)) {
+		if (zfs_zaccess(zp, ACE_WRITE_OWNER, 0,
+		                skipaclchk, cr) == 0) {
 				/*
 				 * Remove setuid/setgid for non-privileged users
 				 */
-				(void) secpolicy_setid_clear(vap, cr);
-				trim_mask = (mask & (ATTR_UID|ATTR_GID));
-			} else {
-				need_policy =  TRUE;
-			}
-		} else {
-			need_policy =  TRUE;
-		}
+			(void) secpolicy_setid_clear(vap, cr);
+		trim_mask = (mask & (ATTR_UID|ATTR_GID));
+	} else {
+		need_policy =  TRUE;
 	}
+} else {
+	need_policy =  TRUE;
+}
+}
 
-	mutex_enter(&zp->z_lock);
-	oldva.va_mode = zp->z_mode;
-	zfs_fuid_map_ids(zp, cr, &oldva.va_uid, &oldva.va_gid);
-	if (mask & ATTR_XVATTR) {
+mutex_enter(&zp->z_lock);
+oldva.va_mode = zp->z_mode;
+zfs_fuid_map_ids(zp, cr, &oldva.va_uid, &oldva.va_gid);
+if (mask & ATTR_XVATTR) {
 		/*
 		 * Update xvattr mask to include only those attributes
 		 * that are actually changing.
@@ -2898,107 +2899,107 @@ top:
 		 * the bits will be restored prior to actually setting
 		 * the attributes so the caller thinks they were set.
 		 */
-		if (XVA_ISSET_REQ(xvap, XAT_APPENDONLY)) {
-			if (xoap->xoa_appendonly !=
-			    ((zp->z_pflags & ZFS_APPENDONLY) != 0)) {
-				need_policy = TRUE;
-			} else {
-				XVA_CLR_REQ(xvap, XAT_APPENDONLY);
-				XVA_SET_REQ(tmpxvattr, XAT_APPENDONLY);
-			}
-		}
+	if (XVA_ISSET_REQ(xvap, XAT_APPENDONLY)) {
+		if (xoap->xoa_appendonly !=
+		    ((zp->z_pflags & ZFS_APPENDONLY) != 0)) {
+			need_policy = TRUE;
+	} else {
+		XVA_CLR_REQ(xvap, XAT_APPENDONLY);
+		XVA_SET_REQ(tmpxvattr, XAT_APPENDONLY);
+	}
+}
 
-		if (XVA_ISSET_REQ(xvap, XAT_PROJINHERIT)) {
-			if (xoap->xoa_projinherit !=
-			    ((zp->z_pflags & ZFS_PROJINHERIT) != 0)) {
-				need_policy = TRUE;
-			} else {
-				XVA_CLR_REQ(xvap, XAT_PROJINHERIT);
-				XVA_SET_REQ(tmpxvattr, XAT_PROJINHERIT);
-			}
-		}
+if (XVA_ISSET_REQ(xvap, XAT_PROJINHERIT)) {
+	if (xoap->xoa_projinherit !=
+	    ((zp->z_pflags & ZFS_PROJINHERIT) != 0)) {
+		need_policy = TRUE;
+} else {
+	XVA_CLR_REQ(xvap, XAT_PROJINHERIT);
+	XVA_SET_REQ(tmpxvattr, XAT_PROJINHERIT);
+}
+}
 
-		if (XVA_ISSET_REQ(xvap, XAT_NOUNLINK)) {
-			if (xoap->xoa_nounlink !=
-			    ((zp->z_pflags & ZFS_NOUNLINK) != 0)) {
-				need_policy = TRUE;
-			} else {
-				XVA_CLR_REQ(xvap, XAT_NOUNLINK);
-				XVA_SET_REQ(tmpxvattr, XAT_NOUNLINK);
-			}
-		}
+if (XVA_ISSET_REQ(xvap, XAT_NOUNLINK)) {
+	if (xoap->xoa_nounlink !=
+	    ((zp->z_pflags & ZFS_NOUNLINK) != 0)) {
+		need_policy = TRUE;
+} else {
+	XVA_CLR_REQ(xvap, XAT_NOUNLINK);
+	XVA_SET_REQ(tmpxvattr, XAT_NOUNLINK);
+}
+}
 
-		if (XVA_ISSET_REQ(xvap, XAT_IMMUTABLE)) {
-			if (xoap->xoa_immutable !=
-			    ((zp->z_pflags & ZFS_IMMUTABLE) != 0)) {
-				need_policy = TRUE;
-			} else {
-				XVA_CLR_REQ(xvap, XAT_IMMUTABLE);
-				XVA_SET_REQ(tmpxvattr, XAT_IMMUTABLE);
-			}
-		}
+if (XVA_ISSET_REQ(xvap, XAT_IMMUTABLE)) {
+	if (xoap->xoa_immutable !=
+	    ((zp->z_pflags & ZFS_IMMUTABLE) != 0)) {
+		need_policy = TRUE;
+} else {
+	XVA_CLR_REQ(xvap, XAT_IMMUTABLE);
+	XVA_SET_REQ(tmpxvattr, XAT_IMMUTABLE);
+}
+}
 
-		if (XVA_ISSET_REQ(xvap, XAT_NODUMP)) {
-			if (xoap->xoa_nodump !=
-			    ((zp->z_pflags & ZFS_NODUMP) != 0)) {
-				need_policy = TRUE;
-			} else {
-				XVA_CLR_REQ(xvap, XAT_NODUMP);
-				XVA_SET_REQ(tmpxvattr, XAT_NODUMP);
-			}
-		}
+if (XVA_ISSET_REQ(xvap, XAT_NODUMP)) {
+	if (xoap->xoa_nodump !=
+	    ((zp->z_pflags & ZFS_NODUMP) != 0)) {
+		need_policy = TRUE;
+} else {
+	XVA_CLR_REQ(xvap, XAT_NODUMP);
+	XVA_SET_REQ(tmpxvattr, XAT_NODUMP);
+}
+}
 
-		if (XVA_ISSET_REQ(xvap, XAT_AV_MODIFIED)) {
-			if (xoap->xoa_av_modified !=
-			    ((zp->z_pflags & ZFS_AV_MODIFIED) != 0)) {
-				need_policy = TRUE;
-			} else {
-				XVA_CLR_REQ(xvap, XAT_AV_MODIFIED);
-				XVA_SET_REQ(tmpxvattr, XAT_AV_MODIFIED);
-			}
-		}
+if (XVA_ISSET_REQ(xvap, XAT_AV_MODIFIED)) {
+	if (xoap->xoa_av_modified !=
+	    ((zp->z_pflags & ZFS_AV_MODIFIED) != 0)) {
+		need_policy = TRUE;
+} else {
+	XVA_CLR_REQ(xvap, XAT_AV_MODIFIED);
+	XVA_SET_REQ(tmpxvattr, XAT_AV_MODIFIED);
+}
+}
 
-		if (XVA_ISSET_REQ(xvap, XAT_AV_QUARANTINED)) {
-			if ((!S_ISREG(ip->i_mode) &&
-			    xoap->xoa_av_quarantined) ||
-			    xoap->xoa_av_quarantined !=
-			    ((zp->z_pflags & ZFS_AV_QUARANTINED) != 0)) {
-				need_policy = TRUE;
-			} else {
-				XVA_CLR_REQ(xvap, XAT_AV_QUARANTINED);
-				XVA_SET_REQ(tmpxvattr, XAT_AV_QUARANTINED);
-			}
-		}
+if (XVA_ISSET_REQ(xvap, XAT_AV_QUARANTINED)) {
+	if ((!S_ISREG(ip->i_mode) &&
+	     xoap->xoa_av_quarantined) ||
+		xoap->xoa_av_quarantined !=
+		((zp->z_pflags & ZFS_AV_QUARANTINED) != 0)) {
+		need_policy = TRUE;
+} else {
+	XVA_CLR_REQ(xvap, XAT_AV_QUARANTINED);
+	XVA_SET_REQ(tmpxvattr, XAT_AV_QUARANTINED);
+}
+}
 
-		if (XVA_ISSET_REQ(xvap, XAT_REPARSE)) {
-			mutex_exit(&zp->z_lock);
-			err = SET_ERROR(EPERM);
-			goto out3;
-		}
+if (XVA_ISSET_REQ(xvap, XAT_REPARSE)) {
+	mutex_exit(&zp->z_lock);
+	err = SET_ERROR(EPERM);
+	goto out3;
+}
 
-		if (need_policy == FALSE &&
-		    (XVA_ISSET_REQ(xvap, XAT_AV_SCANSTAMP) ||
-		    XVA_ISSET_REQ(xvap, XAT_OPAQUE))) {
-			need_policy = TRUE;
-		}
-	}
+if (need_policy == FALSE &&
+    (XVA_ISSET_REQ(xvap, XAT_AV_SCANSTAMP) ||
+     XVA_ISSET_REQ(xvap, XAT_OPAQUE))) {
+	need_policy = TRUE;
+}
+}
 
-	mutex_exit(&zp->z_lock);
+mutex_exit(&zp->z_lock);
 
-	if (mask & ATTR_MODE) {
-		if (zfs_zaccess(zp, ACE_WRITE_ACL, 0, skipaclchk, cr) == 0) {
-			err = secpolicy_setid_setsticky_clear(ip, vap,
-			    &oldva, cr);
-			if (err)
-				goto out3;
+if (mask & ATTR_MODE) {
+	if (zfs_zaccess(zp, ACE_WRITE_ACL, 0, skipaclchk, cr) == 0) {
+		err = secpolicy_setid_setsticky_clear(ip, vap,
+		                                      &oldva, cr);
+		if (err)
+			goto out3;
 
-			trim_mask |= ATTR_MODE;
-		} else {
-			need_policy = TRUE;
-		}
+		trim_mask |= ATTR_MODE;
+	} else {
+		need_policy = TRUE;
 	}
+}
 
-	if (need_policy) {
+if (need_policy) {
 		/*
 		 * If trim_mask is set then take ownership
 		 * has been granted or write_acl is present and user
@@ -3007,133 +3008,133 @@ top:
 		 * secpolicy_vnode_setattr() doesn't revoke it.
 		 */
 
-		if (trim_mask) {
-			saved_mask = vap->va_mask;
-			vap->va_mask &= ~trim_mask;
-		}
-		err = secpolicy_vnode_setattr(cr, ip, vap, &oldva, flags,
-		    (int (*)(void *, int, cred_t *))zfs_zaccess_unix, zp);
-		if (err)
-			goto out3;
-
-		if (trim_mask)
-			vap->va_mask |= saved_mask;
+	if (trim_mask) {
+		saved_mask = vap->va_mask;
+		vap->va_mask &= ~trim_mask;
 	}
+	err = secpolicy_vnode_setattr(cr, ip, vap, &oldva, flags,
+	                              (int (*)(void *, int, cred_t *))zfs_zaccess_unix, zp);
+	if (err)
+		goto out3;
+
+	if (trim_mask)
+		vap->va_mask |= saved_mask;
+}
 
 	/*
 	 * secpolicy_vnode_setattr, or take ownership may have
 	 * changed va_mask
 	 */
-	mask = vap->va_mask;
+mask = vap->va_mask;
 
-	if ((mask & (ATTR_UID | ATTR_GID)) || projid != ZFS_INVALID_PROJID) {
-		handle_eadir = B_TRUE;
-		err = sa_lookup(zp->z_sa_hdl, SA_ZPL_XATTR(zfsvfs),
-		    &xattr_obj, sizeof (xattr_obj));
+if ((mask & (ATTR_UID | ATTR_GID)) || projid != ZFS_INVALID_PROJID) {
+	handle_eadir = B_TRUE;
+	err = sa_lookup(zp->z_sa_hdl, SA_ZPL_XATTR(zfsvfs),
+	                &xattr_obj, sizeof (xattr_obj));
 
-		if (err == 0 && xattr_obj) {
-			err = zfs_zget(ZTOZSB(zp), xattr_obj, &attrzp);
-			if (err)
-				goto out2;
-		}
-		if (mask & ATTR_UID) {
-			new_kuid = zfs_fuid_create(zfsvfs,
-			    (uint64_t)vap->va_uid, cr, ZFS_OWNER, &fuidp);
-			if (new_kuid != KUID_TO_SUID(ZTOI(zp)->i_uid) &&
-			    zfs_id_overquota(zfsvfs, DMU_USERUSED_OBJECT,
-			    new_kuid)) {
-				if (attrzp)
-					zrele(attrzp);
-				err = SET_ERROR(EDQUOT);
-				goto out2;
-			}
-		}
-
-		if (mask & ATTR_GID) {
-			new_kgid = zfs_fuid_create(zfsvfs,
-			    (uint64_t)vap->va_gid, cr, ZFS_GROUP, &fuidp);
-			if (new_kgid != KGID_TO_SGID(ZTOI(zp)->i_gid) &&
-			    zfs_id_overquota(zfsvfs, DMU_GROUPUSED_OBJECT,
-			    new_kgid)) {
-				if (attrzp)
-					zrele(attrzp);
-				err = SET_ERROR(EDQUOT);
-				goto out2;
-			}
+	if (err == 0 && xattr_obj) {
+		err = zfs_zget(ZTOZSB(zp), xattr_obj, &attrzp);
+		if (err)
+			goto out2;
+	}
+	if (mask & ATTR_UID) {
+		new_kuid = zfs_fuid_create(zfsvfs,
+		                           (uint64_t)vap->va_uid, cr, ZFS_OWNER, &fuidp);
+		if (new_kuid != KUID_TO_SUID(ZTOI(zp)->i_uid) &&
+		    zfs_id_overquota(zfsvfs, DMU_USERUSED_OBJECT,
+		                     new_kuid)) {
+			if (attrzp)
+				zrele(attrzp);
+			err = SET_ERROR(EDQUOT);
+			goto out2;
 		}
+	}
 
-		if (projid != ZFS_INVALID_PROJID &&
-		    zfs_id_overquota(zfsvfs, DMU_PROJECTUSED_OBJECT, projid)) {
+	if (mask & ATTR_GID) {
+		new_kgid = zfs_fuid_create(zfsvfs,
+		                           (uint64_t)vap->va_gid, cr, ZFS_GROUP, &fuidp);
+		if (new_kgid != KGID_TO_SGID(ZTOI(zp)->i_gid) &&
+		    zfs_id_overquota(zfsvfs, DMU_GROUPUSED_OBJECT,
+		                     new_kgid)) {
 			if (attrzp)
 				zrele(attrzp);
-			err = EDQUOT;
+			err = SET_ERROR(EDQUOT);
 			goto out2;
 		}
 	}
-	tx = dmu_tx_create(os);
 
-	if (mask & ATTR_MODE) {
-		uint64_t pmode = zp->z_mode;
-		uint64_t acl_obj;
-		new_mode = (pmode & S_IFMT) | (vap->va_mode & ~S_IFMT);
+	if (projid != ZFS_INVALID_PROJID &&
+	    zfs_id_overquota(zfsvfs, DMU_PROJECTUSED_OBJECT, projid)) {
+		if (attrzp)
+			zrele(attrzp);
+		err = EDQUOT;
+		goto out2;
+	}
+}
+tx = dmu_tx_create(os);
 
-		if (ZTOZSB(zp)->z_acl_mode == ZFS_ACL_RESTRICTED &&
-		    !(zp->z_pflags & ZFS_ACL_TRIVIAL)) {
-			err = EPERM;
-			goto out;
-		}
+if (mask & ATTR_MODE) {
+	uint64_t pmode = zp->z_mode;
+	uint64_t acl_obj;
+	new_mode = (pmode & S_IFMT) | (vap->va_mode & ~S_IFMT);
 
-		if ((err = zfs_acl_chmod_setattr(zp, &aclp, new_mode)))
-			goto out;
+	if (ZTOZSB(zp)->z_acl_mode == ZFS_ACL_RESTRICTED &&
+	    !(zp->z_pflags & ZFS_ACL_TRIVIAL)) {
+		err = EPERM;
+	goto out;
+}
 
-		mutex_enter(&zp->z_lock);
-		if (!zp->z_is_sa && ((acl_obj = zfs_external_acl(zp)) != 0)) {
+if ((err = zfs_acl_chmod_setattr(zp, &aclp, new_mode)))
+	goto out;
+
+mutex_enter(&zp->z_lock);
+if (!zp->z_is_sa && ((acl_obj = zfs_external_acl(zp)) != 0)) {
 			/*
 			 * Are we upgrading ACL from old V0 format
 			 * to V1 format?
 			 */
-			if (zfsvfs->z_version >= ZPL_VERSION_FUID &&
-			    zfs_znode_acl_version(zp) ==
-			    ZFS_ACL_VERSION_INITIAL) {
-				dmu_tx_hold_free(tx, acl_obj, 0,
-				    DMU_OBJECT_END);
-				dmu_tx_hold_write(tx, DMU_NEW_OBJECT,
-				    0, aclp->z_acl_bytes);
-			} else {
-				dmu_tx_hold_write(tx, acl_obj, 0,
-				    aclp->z_acl_bytes);
-			}
-		} else if (!zp->z_is_sa && aclp->z_acl_bytes > ZFS_ACE_SPACE) {
-			dmu_tx_hold_write(tx, DMU_NEW_OBJECT,
-			    0, aclp->z_acl_bytes);
-		}
-		mutex_exit(&zp->z_lock);
+	if (zfsvfs->z_version >= ZPL_VERSION_FUID &&
+	    zfs_znode_acl_version(zp) ==
+	    ZFS_ACL_VERSION_INITIAL) {
+		dmu_tx_hold_free(tx, acl_obj, 0,
+		                 DMU_OBJECT_END);
+	dmu_tx_hold_write(tx, DMU_NEW_OBJECT,
+	                  0, aclp->z_acl_bytes);
+} else {
+	dmu_tx_hold_write(tx, acl_obj, 0,
+	                  aclp->z_acl_bytes);
+}
+} else if (!zp->z_is_sa && aclp->z_acl_bytes > ZFS_ACE_SPACE) {
+	dmu_tx_hold_write(tx, DMU_NEW_OBJECT,
+	                  0, aclp->z_acl_bytes);
+}
+mutex_exit(&zp->z_lock);
+dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_TRUE);
+} else {
+	if (((mask & ATTR_XVATTR) &&
+	     XVA_ISSET_REQ(xvap, XAT_AV_SCANSTAMP)) ||
+		(projid != ZFS_INVALID_PROJID &&
+		 !(zp->z_pflags & ZFS_PROJID)))
 		dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_TRUE);
-	} else {
-		if (((mask & ATTR_XVATTR) &&
-		    XVA_ISSET_REQ(xvap, XAT_AV_SCANSTAMP)) ||
-		    (projid != ZFS_INVALID_PROJID &&
-		    !(zp->z_pflags & ZFS_PROJID)))
-			dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_TRUE);
-		else
-			dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_FALSE);
-	}
+	else
+		dmu_tx_hold_sa(tx, zp->z_sa_hdl, B_FALSE);
+}
 
-	if (attrzp) {
-		dmu_tx_hold_sa(tx, attrzp->z_sa_hdl, B_FALSE);
-	}
+if (attrzp) {
+	dmu_tx_hold_sa(tx, attrzp->z_sa_hdl, B_FALSE);
+}
 
-	fuid_dirtied = zfsvfs->z_fuid_dirty;
-	if (fuid_dirtied)
-		zfs_fuid_txhold(zfsvfs, tx);
+fuid_dirtied = zfsvfs->z_fuid_dirty;
+if (fuid_dirtied)
+	zfs_fuid_txhold(zfsvfs, tx);
 
-	zfs_sa_upgrade_txholds(tx, zp);
+zfs_sa_upgrade_txholds(tx, zp);
 
-	err = dmu_tx_assign(tx, TXG_WAIT);
-	if (err)
-		goto out;
+err = dmu_tx_assign(tx, TXG_WAIT);
+if (err)
+	goto out;
 
-	count = 0;
+count = 0;
 	/*
 	 * Set each attribute requested.
 	 * We group settings according to the locks they need to acquire.
@@ -3142,7 +3143,7 @@ top:
 	 * updated as a side-effect of calling this function.
 	 */
 
-	if (projid != ZFS_INVALID_PROJID && !(zp->z_pflags & ZFS_PROJID)) {
+if (projid != ZFS_INVALID_PROJID && !(zp->z_pflags & ZFS_PROJID)) {
 		/*
 		 * For the existed object that is upgraded from old system,
 		 * its on-disk layout has no slot for the project ID attribute.
@@ -3150,229 +3151,229 @@ top:
 		 * offset directly. So we need to adjust old objects' layout
 		 * to make the project ID to some unified and fixed offset.
 		 */
-		if (attrzp)
-			err = sa_add_projid(attrzp->z_sa_hdl, tx, projid);
-		if (err == 0)
-			err = sa_add_projid(zp->z_sa_hdl, tx, projid);
-
-		if (unlikely(err == EEXIST))
-			err = 0;
-		else if (err != 0)
-			goto out;
-		else
-			projid = ZFS_INVALID_PROJID;
-	}
+	if (attrzp)
+		err = sa_add_projid(attrzp->z_sa_hdl, tx, projid);
+	if (err == 0)
+		err = sa_add_projid(zp->z_sa_hdl, tx, projid);
+
+	if (unlikely(err == EEXIST))
+		err = 0;
+	else if (err != 0)
+		goto out;
+	else
+		projid = ZFS_INVALID_PROJID;
+}
 
-	if (mask & (ATTR_UID|ATTR_GID|ATTR_MODE))
-		mutex_enter(&zp->z_acl_lock);
-	mutex_enter(&zp->z_lock);
+if (mask & (ATTR_UID|ATTR_GID|ATTR_MODE))
+	mutex_enter(&zp->z_acl_lock);
+mutex_enter(&zp->z_lock);
 
-	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_FLAGS(zfsvfs), NULL,
-	    &zp->z_pflags, sizeof (zp->z_pflags));
+SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_FLAGS(zfsvfs), NULL,
+                 &zp->z_pflags, sizeof (zp->z_pflags));
 
-	if (attrzp) {
-		if (mask & (ATTR_UID|ATTR_GID|ATTR_MODE))
-			mutex_enter(&attrzp->z_acl_lock);
-		mutex_enter(&attrzp->z_lock);
+if (attrzp) {
+	if (mask & (ATTR_UID|ATTR_GID|ATTR_MODE))
+		mutex_enter(&attrzp->z_acl_lock);
+	mutex_enter(&attrzp->z_lock);
+	SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
+	                 SA_ZPL_FLAGS(zfsvfs), NULL, &attrzp->z_pflags,
+	                 sizeof (attrzp->z_pflags));
+	if (projid != ZFS_INVALID_PROJID) {
+		attrzp->z_projid = projid;
 		SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
-		    SA_ZPL_FLAGS(zfsvfs), NULL, &attrzp->z_pflags,
-		    sizeof (attrzp->z_pflags));
-		if (projid != ZFS_INVALID_PROJID) {
-			attrzp->z_projid = projid;
-			SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
-			    SA_ZPL_PROJID(zfsvfs), NULL, &attrzp->z_projid,
-			    sizeof (attrzp->z_projid));
-		}
+		                 SA_ZPL_PROJID(zfsvfs), NULL, &attrzp->z_projid,
+		                 sizeof (attrzp->z_projid));
 	}
+}
 
-	if (mask & (ATTR_UID|ATTR_GID)) {
+if (mask & (ATTR_UID|ATTR_GID)) {
 
-		if (mask & ATTR_UID) {
-			ZTOI(zp)->i_uid = SUID_TO_KUID(new_kuid);
-			new_uid = zfs_uid_read(ZTOI(zp));
-			SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_UID(zfsvfs), NULL,
-			    &new_uid, sizeof (new_uid));
-			if (attrzp) {
-				SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
-				    SA_ZPL_UID(zfsvfs), NULL, &new_uid,
-				    sizeof (new_uid));
-				ZTOI(attrzp)->i_uid = SUID_TO_KUID(new_uid);
-			}
+	if (mask & ATTR_UID) {
+		ZTOI(zp)->i_uid = SUID_TO_KUID(new_kuid);
+		new_uid = zfs_uid_read(ZTOI(zp));
+		SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_UID(zfsvfs), NULL,
+		                 &new_uid, sizeof (new_uid));
+		if (attrzp) {
+			SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
+			                 SA_ZPL_UID(zfsvfs), NULL, &new_uid,
+			                 sizeof (new_uid));
+			ZTOI(attrzp)->i_uid = SUID_TO_KUID(new_uid);
 		}
+	}
 
-		if (mask & ATTR_GID) {
-			ZTOI(zp)->i_gid = SGID_TO_KGID(new_kgid);
-			new_gid = zfs_gid_read(ZTOI(zp));
-			SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_GID(zfsvfs),
-			    NULL, &new_gid, sizeof (new_gid));
-			if (attrzp) {
-				SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
-				    SA_ZPL_GID(zfsvfs), NULL, &new_gid,
-				    sizeof (new_gid));
-				ZTOI(attrzp)->i_gid = SGID_TO_KGID(new_kgid);
-			}
-		}
-		if (!(mask & ATTR_MODE)) {
-			SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_MODE(zfsvfs),
-			    NULL, &new_mode, sizeof (new_mode));
-			new_mode = zp->z_mode;
-		}
-		err = zfs_acl_chown_setattr(zp);
-		ASSERT(err == 0);
+	if (mask & ATTR_GID) {
+		ZTOI(zp)->i_gid = SGID_TO_KGID(new_kgid);
+		new_gid = zfs_gid_read(ZTOI(zp));
+		SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_GID(zfsvfs),
+		                 NULL, &new_gid, sizeof (new_gid));
 		if (attrzp) {
-			err = zfs_acl_chown_setattr(attrzp);
-			ASSERT(err == 0);
+			SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
+			                 SA_ZPL_GID(zfsvfs), NULL, &new_gid,
+			                 sizeof (new_gid));
+			ZTOI(attrzp)->i_gid = SGID_TO_KGID(new_kgid);
 		}
 	}
-
-	if (mask & ATTR_MODE) {
-		SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_MODE(zfsvfs), NULL,
-		    &new_mode, sizeof (new_mode));
-		zp->z_mode = ZTOI(zp)->i_mode = new_mode;
-		ASSERT3P(aclp, !=, NULL);
-		err = zfs_aclset_common(zp, aclp, cr, tx);
-		ASSERT0(err);
-		if (zp->z_acl_cached)
-			zfs_acl_free(zp->z_acl_cached);
-		zp->z_acl_cached = aclp;
-		aclp = NULL;
+	if (!(mask & ATTR_MODE)) {
+		SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_MODE(zfsvfs),
+		                 NULL, &new_mode, sizeof (new_mode));
+		new_mode = zp->z_mode;
 	}
-
-	if ((mask & ATTR_ATIME) || zp->z_atime_dirty) {
-		zp->z_atime_dirty = B_FALSE;
-		ZFS_TIME_ENCODE(&ip->i_atime, atime);
-		SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_ATIME(zfsvfs), NULL,
-		    &atime, sizeof (atime));
+	err = zfs_acl_chown_setattr(zp);
+	ASSERT(err == 0);
+	if (attrzp) {
+		err = zfs_acl_chown_setattr(attrzp);
+		ASSERT(err == 0);
 	}
+}
 
-	if (mask & (ATTR_MTIME | ATTR_SIZE)) {
-		ZFS_TIME_ENCODE(&vap->va_mtime, mtime);
-		ZTOI(zp)->i_mtime = zpl_inode_timestamp_truncate(
-		    vap->va_mtime, ZTOI(zp));
+if (mask & ATTR_MODE) {
+	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_MODE(zfsvfs), NULL,
+	                 &new_mode, sizeof (new_mode));
+	zp->z_mode = ZTOI(zp)->i_mode = new_mode;
+	ASSERT3P(aclp, !=, NULL);
+	err = zfs_aclset_common(zp, aclp, cr, tx);
+	ASSERT0(err);
+	if (zp->z_acl_cached)
+		zfs_acl_free(zp->z_acl_cached);
+	zp->z_acl_cached = aclp;
+	aclp = NULL;
+}
 
-		SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_MTIME(zfsvfs), NULL,
-		    mtime, sizeof (mtime));
-	}
+if ((mask & ATTR_ATIME) || zp->z_atime_dirty) {
+	zp->z_atime_dirty = B_FALSE;
+	ZFS_TIME_ENCODE(&ip->i_atime, atime);
+	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_ATIME(zfsvfs), NULL,
+	                 &atime, sizeof (atime));
+}
 
-	if (mask & (ATTR_CTIME | ATTR_SIZE)) {
-		ZFS_TIME_ENCODE(&vap->va_ctime, ctime);
-		ZTOI(zp)->i_ctime = zpl_inode_timestamp_truncate(vap->va_ctime,
-		    ZTOI(zp));
-		SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_CTIME(zfsvfs), NULL,
-		    ctime, sizeof (ctime));
-	}
+if (mask & (ATTR_MTIME | ATTR_SIZE)) {
+	ZFS_TIME_ENCODE(&vap->va_mtime, mtime);
+	ZTOI(zp)->i_mtime = zpl_inode_timestamp_truncate(
+	                                                 vap->va_mtime, ZTOI(zp));
 
-	if (projid != ZFS_INVALID_PROJID) {
-		zp->z_projid = projid;
-		SA_ADD_BULK_ATTR(bulk, count,
-		    SA_ZPL_PROJID(zfsvfs), NULL, &zp->z_projid,
-		    sizeof (zp->z_projid));
-	}
+	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_MTIME(zfsvfs), NULL,
+	                 mtime, sizeof (mtime));
+}
 
-	if (attrzp && mask) {
-		SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
-		    SA_ZPL_CTIME(zfsvfs), NULL, &ctime,
-		    sizeof (ctime));
-	}
+if (mask & (ATTR_CTIME | ATTR_SIZE)) {
+	ZFS_TIME_ENCODE(&vap->va_ctime, ctime);
+	ZTOI(zp)->i_ctime = zpl_inode_timestamp_truncate(vap->va_ctime,
+	                                                 ZTOI(zp));
+	SA_ADD_BULK_ATTR(bulk, count, SA_ZPL_CTIME(zfsvfs), NULL,
+	                 ctime, sizeof (ctime));
+}
+
+if (projid != ZFS_INVALID_PROJID) {
+	zp->z_projid = projid;
+	SA_ADD_BULK_ATTR(bulk, count,
+	                 SA_ZPL_PROJID(zfsvfs), NULL, &zp->z_projid,
+	                 sizeof (zp->z_projid));
+}
+
+if (attrzp && mask) {
+	SA_ADD_BULK_ATTR(xattr_bulk, xattr_count,
+	                 SA_ZPL_CTIME(zfsvfs), NULL, &ctime,
+	                 sizeof (ctime));
+}
 
 	/*
 	 * Do this after setting timestamps to prevent timestamp
 	 * update from toggling bit
 	 */
 
-	if (xoap && (mask & ATTR_XVATTR)) {
+if (xoap && (mask & ATTR_XVATTR)) {
 
 		/*
 		 * restore trimmed off masks
 		 * so that return masks can be set for caller.
 		 */
 
-		if (XVA_ISSET_REQ(tmpxvattr, XAT_APPENDONLY)) {
-			XVA_SET_REQ(xvap, XAT_APPENDONLY);
-		}
-		if (XVA_ISSET_REQ(tmpxvattr, XAT_NOUNLINK)) {
-			XVA_SET_REQ(xvap, XAT_NOUNLINK);
-		}
-		if (XVA_ISSET_REQ(tmpxvattr, XAT_IMMUTABLE)) {
-			XVA_SET_REQ(xvap, XAT_IMMUTABLE);
-		}
-		if (XVA_ISSET_REQ(tmpxvattr, XAT_NODUMP)) {
-			XVA_SET_REQ(xvap, XAT_NODUMP);
-		}
-		if (XVA_ISSET_REQ(tmpxvattr, XAT_AV_MODIFIED)) {
-			XVA_SET_REQ(xvap, XAT_AV_MODIFIED);
-		}
-		if (XVA_ISSET_REQ(tmpxvattr, XAT_AV_QUARANTINED)) {
-			XVA_SET_REQ(xvap, XAT_AV_QUARANTINED);
-		}
-		if (XVA_ISSET_REQ(tmpxvattr, XAT_PROJINHERIT)) {
-			XVA_SET_REQ(xvap, XAT_PROJINHERIT);
-		}
+	if (XVA_ISSET_REQ(tmpxvattr, XAT_APPENDONLY)) {
+		XVA_SET_REQ(xvap, XAT_APPENDONLY);
+	}
+	if (XVA_ISSET_REQ(tmpxvattr, XAT_NOUNLINK)) {
+		XVA_SET_REQ(xvap, XAT_NOUNLINK);
+	}
+	if (XVA_ISSET_REQ(tmpxvattr, XAT_IMMUTABLE)) {
+		XVA_SET_REQ(xvap, XAT_IMMUTABLE);
+	}
+	if (XVA_ISSET_REQ(tmpxvattr, XAT_NODUMP)) {
+		XVA_SET_REQ(xvap, XAT_NODUMP);
+	}
+	if (XVA_ISSET_REQ(tmpxvattr, XAT_AV_MODIFIED)) {
+		XVA_SET_REQ(xvap, XAT_AV_MODIFIED);
+	}
+	if (XVA_ISSET_REQ(tmpxvattr, XAT_AV_QUARANTINED)) {
+		XVA_SET_REQ(xvap, XAT_AV_QUARANTINED);
+	}
+	if (XVA_ISSET_REQ(tmpxvattr, XAT_PROJINHERIT)) {
+		XVA_SET_REQ(xvap, XAT_PROJINHERIT);
+	}
 
-		if (XVA_ISSET_REQ(xvap, XAT_AV_SCANSTAMP))
-			ASSERT(S_ISREG(ip->i_mode));
+	if (XVA_ISSET_REQ(xvap, XAT_AV_SCANSTAMP))
+		ASSERT(S_ISREG(ip->i_mode));
 
-		zfs_xvattr_set(zp, xvap, tx);
-	}
+	zfs_xvattr_set(zp, xvap, tx);
+}
 
-	if (fuid_dirtied)
-		zfs_fuid_sync(zfsvfs, tx);
+if (fuid_dirtied)
+	zfs_fuid_sync(zfsvfs, tx);
 
-	if (mask != 0)
-		zfs_log_setattr(zilog, tx, TX_SETATTR, zp, vap, mask, fuidp);
+if (mask != 0)
+	zfs_log_setattr(zilog, tx, TX_SETATTR, zp, vap, mask, fuidp);
 
-	mutex_exit(&zp->z_lock);
-	if (mask & (ATTR_UID|ATTR_GID|ATTR_MODE))
-		mutex_exit(&zp->z_acl_lock);
+mutex_exit(&zp->z_lock);
+if (mask & (ATTR_UID|ATTR_GID|ATTR_MODE))
+	mutex_exit(&zp->z_acl_lock);
 
-	if (attrzp) {
-		if (mask & (ATTR_UID|ATTR_GID|ATTR_MODE))
-			mutex_exit(&attrzp->z_acl_lock);
-		mutex_exit(&attrzp->z_lock);
-	}
+if (attrzp) {
+	if (mask & (ATTR_UID|ATTR_GID|ATTR_MODE))
+		mutex_exit(&attrzp->z_acl_lock);
+	mutex_exit(&attrzp->z_lock);
+}
 out:
-	if (err == 0 && xattr_count > 0) {
-		err2 = sa_bulk_update(attrzp->z_sa_hdl, xattr_bulk,
-		    xattr_count, tx);
-		ASSERT(err2 == 0);
-	}
+if (err == 0 && xattr_count > 0) {
+	err2 = sa_bulk_update(attrzp->z_sa_hdl, xattr_bulk,
+	                      xattr_count, tx);
+	ASSERT(err2 == 0);
+}
 
-	if (aclp)
-		zfs_acl_free(aclp);
+if (aclp)
+	zfs_acl_free(aclp);
 
-	if (fuidp) {
-		zfs_fuid_info_free(fuidp);
-		fuidp = NULL;
-	}
+if (fuidp) {
+	zfs_fuid_info_free(fuidp);
+	fuidp = NULL;
+}
 
-	if (err) {
-		dmu_tx_abort(tx);
-		if (attrzp)
-			zrele(attrzp);
-		if (err == ERESTART)
-			goto top;
-	} else {
-		if (count > 0)
-			err2 = sa_bulk_update(zp->z_sa_hdl, bulk, count, tx);
-		dmu_tx_commit(tx);
-		if (attrzp) {
-			if (err2 == 0 && handle_eadir)
-				err2 = zfs_setattr_dir(attrzp);
-			zrele(attrzp);
-		}
-		zfs_inode_update(zp);
+if (err) {
+	dmu_tx_abort(tx);
+	if (attrzp)
+		zrele(attrzp);
+	if (err == ERESTART)
+		goto top;
+} else {
+	if (count > 0)
+		err2 = sa_bulk_update(zp->z_sa_hdl, bulk, count, tx);
+	dmu_tx_commit(tx);
+	if (attrzp) {
+		if (err2 == 0 && handle_eadir)
+			err2 = zfs_setattr_dir(attrzp);
+		zrele(attrzp);
 	}
+	zfs_inode_update(zp);
+}
 
 out2:
-	if (os->os_sync == ZFS_SYNC_ALWAYS)
-		zil_commit(zilog, 0);
+if (os->os_sync == ZFS_SYNC_ALWAYS)
+	zil_commit(zilog, 0);
 
 out3:
-	kmem_free(xattr_bulk, sizeof (sa_bulk_attr_t) * bulks);
-	kmem_free(bulk, sizeof (sa_bulk_attr_t) * bulks);
-	kmem_free(tmpxvattr, sizeof (xvattr_t));
-	ZFS_EXIT(zfsvfs);
-	return (err);
+kmem_free(xattr_bulk, sizeof (sa_bulk_attr_t) * bulks);
+kmem_free(bulk, sizeof (sa_bulk_attr_t) * bulks);
+kmem_free(tmpxvattr, sizeof (xvattr_t));
+ZFS_EXIT(zfsvfs);
+return (err);
 }
 
 typedef struct zfs_zlock {
@@ -3451,25 +3452,25 @@ zfs_rename_lock(znode_t *szp, znode_t *tdzp, znode_t *sdzp, zfs_zlock_t **zlpp)
 		*zlpp = zl;
 
 		if (oidp == szp->z_id)		/* We're a descendant of szp */
-			return (SET_ERROR(EINVAL));
+		return (SET_ERROR(EINVAL));
 
 		if (oidp == rootid)		/* We've hit the top */
-			return (0);
+		return (0);
 
 		if (rw == RW_READER) {		/* i.e. not the first pass */
-			int error = zfs_zget(ZTOZSB(zp), oidp, &zp);
-			if (error)
-				return (error);
-			zl->zl_znode = zp;
-		}
-		(void) sa_lookup(zp->z_sa_hdl, SA_ZPL_PARENT(ZTOZSB(zp)),
-		    &oidp, sizeof (oidp));
-		rwlp = &zp->z_parent_lock;
-		rw = RW_READER;
+		int error = zfs_zget(ZTOZSB(zp), oidp, &zp);
+		if (error)
+			return (error);
+		zl->zl_znode = zp;
+	}
+	(void) sa_lookup(zp->z_sa_hdl, SA_ZPL_PARENT(ZTOZSB(zp)),
+	                 &oidp, sizeof (oidp));
+	rwlp = &zp->z_parent_lock;
+	rw = RW_READER;
 
-	} while (zp->z_id != sdzp->z_id);
+} while (zp->z_id != sdzp->z_id);
 
-	return (0);
+return (0);
 }
 
 /*
@@ -3491,7 +3492,7 @@ zfs_rename_lock(znode_t *szp, znode_t *tdzp, znode_t *sdzp, zfs_zlock_t **zlpp)
 /*ARGSUSED*/
 int
 zfs_rename(znode_t *sdzp, char *snm, znode_t *tdzp, char *tnm,
-    cred_t *cr, int flags)
+           cred_t *cr, int flags)
 {
 	znode_t		*szp, *tzp;
 	zfsvfs_t	*zfsvfs = ZTOZSB(sdzp);
@@ -3520,32 +3521,32 @@ zfs_rename(znode_t *sdzp, char *snm, znode_t *tdzp, char *tnm,
 	if (ZTOI(tdzp)->i_sb != ZTOI(sdzp)->i_sb ||
 	    zfsctl_is_node(ZTOI(tdzp))) {
 		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EXDEV));
-	}
+	return (SET_ERROR(EXDEV));
+}
 
-	if (zfsvfs->z_utf8 && u8_validate(tnm,
-	    strlen(tnm), NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EILSEQ));
-	}
+if (zfsvfs->z_utf8 && u8_validate(tnm,
+                                  strlen(tnm), NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
+	ZFS_EXIT(zfsvfs);
+return (SET_ERROR(EILSEQ));
+}
 
-	if (flags & FIGNORECASE)
-		zflg |= ZCILOOK;
+if (flags & FIGNORECASE)
+	zflg |= ZCILOOK;
 
 top:
-	szp = NULL;
-	tzp = NULL;
-	zl = NULL;
+szp = NULL;
+tzp = NULL;
+zl = NULL;
 
 	/*
 	 * This is to prevent the creation of links into attribute space
 	 * by renaming a linked file into/outof an attribute directory.
 	 * See the comment in zfs_link() for why this is considered bad.
 	 */
-	if ((tdzp->z_pflags & ZFS_XATTR) != (sdzp->z_pflags & ZFS_XATTR)) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EINVAL));
-	}
+if ((tdzp->z_pflags & ZFS_XATTR) != (sdzp->z_pflags & ZFS_XATTR)) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EINVAL));
+}
 
 	/*
 	 * Lock source and target directory entries.  To prevent deadlock,
@@ -3553,29 +3554,29 @@ top:
 	 * the smallest object id first, or if it's a tie, the one with
 	 * the lexically first name.
 	 */
-	if (sdzp->z_id < tdzp->z_id) {
-		cmp = -1;
-	} else if (sdzp->z_id > tdzp->z_id) {
-		cmp = 1;
-	} else {
+if (sdzp->z_id < tdzp->z_id) {
+	cmp = -1;
+} else if (sdzp->z_id > tdzp->z_id) {
+	cmp = 1;
+} else {
 		/*
 		 * First compare the two name arguments without
 		 * considering any case folding.
 		 */
-		int nofold = (zfsvfs->z_norm & ~U8_TEXTPREP_TOUPPER);
+	int nofold = (zfsvfs->z_norm & ~U8_TEXTPREP_TOUPPER);
 
-		cmp = u8_strcmp(snm, tnm, 0, nofold, U8_UNICODE_LATEST, &error);
-		ASSERT(error == 0 || !zfsvfs->z_utf8);
-		if (cmp == 0) {
+	cmp = u8_strcmp(snm, tnm, 0, nofold, U8_UNICODE_LATEST, &error);
+	ASSERT(error == 0 || !zfsvfs->z_utf8);
+	if (cmp == 0) {
 			/*
 			 * POSIX: "If the old argument and the new argument
 			 * both refer to links to the same existing file,
 			 * the rename() function shall return successfully
 			 * and perform no other action."
 			 */
-			ZFS_EXIT(zfsvfs);
-			return (0);
-		}
+		ZFS_EXIT(zfsvfs);
+		return (0);
+	}
 		/*
 		 * If the file system is case-folding, then we may
 		 * have some more checking to do.  A case-folding file
@@ -3594,72 +3595,72 @@ top:
 		 * is an exact match, we will allow this to proceed as
 		 * a name-change request.
 		 */
-		if ((zfsvfs->z_case == ZFS_CASE_INSENSITIVE ||
-		    (zfsvfs->z_case == ZFS_CASE_MIXED &&
-		    flags & FIGNORECASE)) &&
-		    u8_strcmp(snm, tnm, 0, zfsvfs->z_norm, U8_UNICODE_LATEST,
-		    &error) == 0) {
+	if ((zfsvfs->z_case == ZFS_CASE_INSENSITIVE ||
+	     (zfsvfs->z_case == ZFS_CASE_MIXED &&
+	      flags & FIGNORECASE)) &&
+		u8_strcmp(snm, tnm, 0, zfsvfs->z_norm, U8_UNICODE_LATEST,
+		          &error) == 0) {
 			/*
 			 * case preserving rename request, require exact
 			 * name matches
 			 */
-			zflg |= ZCIEXACT;
-			zflg &= ~ZCILOOK;
-		}
-	}
+		zflg |= ZCIEXACT;
+	zflg &= ~ZCILOOK;
+}
+}
 
 	/*
 	 * If the source and destination directories are the same, we should
 	 * grab the z_name_lock of that directory only once.
 	 */
-	if (sdzp == tdzp) {
-		zflg |= ZHAVELOCK;
-		rw_enter(&sdzp->z_name_lock, RW_READER);
-	}
+if (sdzp == tdzp) {
+	zflg |= ZHAVELOCK;
+	rw_enter(&sdzp->z_name_lock, RW_READER);
+}
 
-	if (cmp < 0) {
-		serr = zfs_dirent_lock(&sdl, sdzp, snm, &szp,
-		    ZEXISTS | zflg, NULL, NULL);
-		terr = zfs_dirent_lock(&tdl,
-		    tdzp, tnm, &tzp, ZRENAMING | zflg, NULL, NULL);
-	} else {
-		terr = zfs_dirent_lock(&tdl,
-		    tdzp, tnm, &tzp, zflg, NULL, NULL);
-		serr = zfs_dirent_lock(&sdl,
-		    sdzp, snm, &szp, ZEXISTS | ZRENAMING | zflg,
-		    NULL, NULL);
-	}
+if (cmp < 0) {
+	serr = zfs_dirent_lock(&sdl, sdzp, snm, &szp,
+	                       ZEXISTS | zflg, NULL, NULL);
+	terr = zfs_dirent_lock(&tdl,
+	                       tdzp, tnm, &tzp, ZRENAMING | zflg, NULL, NULL);
+} else {
+	terr = zfs_dirent_lock(&tdl,
+	                       tdzp, tnm, &tzp, zflg, NULL, NULL);
+	serr = zfs_dirent_lock(&sdl,
+	                       sdzp, snm, &szp, ZEXISTS | ZRENAMING | zflg,
+	                       NULL, NULL);
+}
 
-	if (serr) {
+if (serr) {
 		/*
 		 * Source entry invalid or not there.
 		 */
-		if (!terr) {
-			zfs_dirent_unlock(tdl);
-			if (tzp)
-				zrele(tzp);
-		}
+	if (!terr) {
+		zfs_dirent_unlock(tdl);
+		if (tzp)
+			zrele(tzp);
+	}
 
-		if (sdzp == tdzp)
-			rw_exit(&sdzp->z_name_lock);
+	if (sdzp == tdzp)
+		rw_exit(&sdzp->z_name_lock);
 
-		if (strcmp(snm, "..") == 0)
-			serr = EINVAL;
-		ZFS_EXIT(zfsvfs);
-		return (serr);
-	}
-	if (terr) {
-		zfs_dirent_unlock(sdl);
-		zrele(szp);
+	if (strcmp(snm, "..") == 0)
+		serr = EINVAL;
+	ZFS_EXIT(zfsvfs);
+	return (serr);
+}
+if (terr) {
+	zfs_dirent_unlock(sdl);
+	zrele(szp);
 
-		if (sdzp == tdzp)
-			rw_exit(&sdzp->z_name_lock);
+	if (sdzp == tdzp)
+		rw_exit(&sdzp->z_name_lock);
 
-		if (strcmp(tnm, "..") == 0)
-			terr = EINVAL;
-		ZFS_EXIT(zfsvfs);
-		return (terr);
-	}
+	if (strcmp(tnm, "..") == 0)
+		terr = EINVAL;
+	ZFS_EXIT(zfsvfs);
+	return (terr);
+}
 
 	/*
 	 * If we are using project inheritance, means if the directory has
@@ -3668,11 +3669,11 @@ top:
 	 * such case, we only allow renames into our tree when the project
 	 * IDs are the same.
 	 */
-	if (tdzp->z_pflags & ZFS_PROJINHERIT &&
-	    tdzp->z_projid != szp->z_projid) {
-		error = SET_ERROR(EXDEV);
-		goto out;
-	}
+if (tdzp->z_pflags & ZFS_PROJINHERIT &&
+    tdzp->z_projid != szp->z_projid) {
+	error = SET_ERROR(EXDEV);
+goto out;
+}
 
 	/*
 	 * Must have write access at the source to remove the old entry
@@ -3681,110 +3682,110 @@ top:
 	 * done in a single check.
 	 */
 
-	if ((error = zfs_zaccess_rename(sdzp, szp, tdzp, tzp, cr)))
-		goto out;
+if ((error = zfs_zaccess_rename(sdzp, szp, tdzp, tzp, cr)))
+	goto out;
 
-	if (S_ISDIR(ZTOI(szp)->i_mode)) {
+if (S_ISDIR(ZTOI(szp)->i_mode)) {
 		/*
 		 * Check to make sure rename is valid.
 		 * Can't do a move like this: /usr/a/b to /usr/a/b/c/d
 		 */
-		if ((error = zfs_rename_lock(szp, tdzp, sdzp, &zl)))
-			goto out;
-	}
+	if ((error = zfs_rename_lock(szp, tdzp, sdzp, &zl)))
+		goto out;
+}
 
 	/*
 	 * Does target exist?
 	 */
-	if (tzp) {
+if (tzp) {
 		/*
 		 * Source and target must be the same type.
 		 */
-		if (S_ISDIR(ZTOI(szp)->i_mode)) {
-			if (!S_ISDIR(ZTOI(tzp)->i_mode)) {
-				error = SET_ERROR(ENOTDIR);
-				goto out;
-			}
-		} else {
-			if (S_ISDIR(ZTOI(tzp)->i_mode)) {
-				error = SET_ERROR(EISDIR);
-				goto out;
-			}
+	if (S_ISDIR(ZTOI(szp)->i_mode)) {
+		if (!S_ISDIR(ZTOI(tzp)->i_mode)) {
+			error = SET_ERROR(ENOTDIR);
+			goto out;
 		}
+	} else {
+		if (S_ISDIR(ZTOI(tzp)->i_mode)) {
+			error = SET_ERROR(EISDIR);
+			goto out;
+		}
+	}
 		/*
 		 * POSIX dictates that when the source and target
 		 * entries refer to the same file object, rename
 		 * must do nothing and exit without error.
 		 */
-		if (szp->z_id == tzp->z_id) {
-			error = 0;
-			goto out;
-		}
+	if (szp->z_id == tzp->z_id) {
+		error = 0;
+		goto out;
 	}
+}
 
-	tx = dmu_tx_create(zfsvfs->z_os);
-	dmu_tx_hold_sa(tx, szp->z_sa_hdl, B_FALSE);
-	dmu_tx_hold_sa(tx, sdzp->z_sa_hdl, B_FALSE);
-	dmu_tx_hold_zap(tx, sdzp->z_id, FALSE, snm);
-	dmu_tx_hold_zap(tx, tdzp->z_id, TRUE, tnm);
-	if (sdzp != tdzp) {
-		dmu_tx_hold_sa(tx, tdzp->z_sa_hdl, B_FALSE);
-		zfs_sa_upgrade_txholds(tx, tdzp);
-	}
-	if (tzp) {
-		dmu_tx_hold_sa(tx, tzp->z_sa_hdl, B_FALSE);
-		zfs_sa_upgrade_txholds(tx, tzp);
-	}
+tx = dmu_tx_create(zfsvfs->z_os);
+dmu_tx_hold_sa(tx, szp->z_sa_hdl, B_FALSE);
+dmu_tx_hold_sa(tx, sdzp->z_sa_hdl, B_FALSE);
+dmu_tx_hold_zap(tx, sdzp->z_id, FALSE, snm);
+dmu_tx_hold_zap(tx, tdzp->z_id, TRUE, tnm);
+if (sdzp != tdzp) {
+	dmu_tx_hold_sa(tx, tdzp->z_sa_hdl, B_FALSE);
+	zfs_sa_upgrade_txholds(tx, tdzp);
+}
+if (tzp) {
+	dmu_tx_hold_sa(tx, tzp->z_sa_hdl, B_FALSE);
+	zfs_sa_upgrade_txholds(tx, tzp);
+}
 
-	zfs_sa_upgrade_txholds(tx, szp);
-	dmu_tx_hold_zap(tx, zfsvfs->z_unlinkedobj, FALSE, NULL);
-	error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
-	if (error) {
-		if (zl != NULL)
-			zfs_rename_unlock(&zl);
-		zfs_dirent_unlock(sdl);
-		zfs_dirent_unlock(tdl);
+zfs_sa_upgrade_txholds(tx, szp);
+dmu_tx_hold_zap(tx, zfsvfs->z_unlinkedobj, FALSE, NULL);
+error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
+if (error) {
+	if (zl != NULL)
+		zfs_rename_unlock(&zl);
+	zfs_dirent_unlock(sdl);
+	zfs_dirent_unlock(tdl);
 
-		if (sdzp == tdzp)
-			rw_exit(&sdzp->z_name_lock);
+	if (sdzp == tdzp)
+		rw_exit(&sdzp->z_name_lock);
 
-		if (error == ERESTART) {
-			waited = B_TRUE;
-			dmu_tx_wait(tx);
-			dmu_tx_abort(tx);
-			zrele(szp);
-			if (tzp)
-				zrele(tzp);
-			goto top;
-		}
+	if (error == ERESTART) {
+		waited = B_TRUE;
+		dmu_tx_wait(tx);
 		dmu_tx_abort(tx);
 		zrele(szp);
 		if (tzp)
 			zrele(tzp);
-		ZFS_EXIT(zfsvfs);
-		return (error);
+		goto top;
 	}
+	dmu_tx_abort(tx);
+	zrele(szp);
+	if (tzp)
+		zrele(tzp);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
 	if (tzp)	/* Attempt to remove the existing target */
-		error = zfs_link_destroy(tdl, tzp, tx, zflg, NULL);
+error = zfs_link_destroy(tdl, tzp, tx, zflg, NULL);
 
+if (error == 0) {
+	error = zfs_link_create(tdl, szp, tx, ZRENAMING);
 	if (error == 0) {
-		error = zfs_link_create(tdl, szp, tx, ZRENAMING);
-		if (error == 0) {
-			szp->z_pflags |= ZFS_AV_MODIFIED;
-			if (tdzp->z_pflags & ZFS_PROJINHERIT)
-				szp->z_pflags |= ZFS_PROJINHERIT;
+		szp->z_pflags |= ZFS_AV_MODIFIED;
+		if (tdzp->z_pflags & ZFS_PROJINHERIT)
+			szp->z_pflags |= ZFS_PROJINHERIT;
 
-			error = sa_update(szp->z_sa_hdl, SA_ZPL_FLAGS(zfsvfs),
-			    (void *)&szp->z_pflags, sizeof (uint64_t), tx);
-			ASSERT0(error);
+		error = sa_update(szp->z_sa_hdl, SA_ZPL_FLAGS(zfsvfs),
+		                  (void *)&szp->z_pflags, sizeof (uint64_t), tx);
+		ASSERT0(error);
 
-			error = zfs_link_destroy(sdl, szp, tx, ZRENAMING, NULL);
-			if (error == 0) {
-				zfs_log_rename(zilog, tx, TX_RENAME |
-				    (flags & FIGNORECASE ? TX_CI : 0), sdzp,
-				    sdl->dl_name, tdzp, tdl->dl_name, szp);
-			} else {
+		error = zfs_link_destroy(sdl, szp, tx, ZRENAMING, NULL);
+		if (error == 0) {
+			zfs_log_rename(zilog, tx, TX_RENAME |
+			               (flags & FIGNORECASE ? TX_CI : 0), sdzp,
+			               sdl->dl_name, tdzp, tdl->dl_name, szp);
+		} else {
 				/*
 				 * At this point, we have successfully created
 				 * the target name, but have failed to remove
@@ -3797,46 +3798,46 @@ top:
 				 * succeed; fortunately, it is very unlikely to
 				 * fail, since we just created it.
 				 */
-				VERIFY3U(zfs_link_destroy(tdl, szp, tx,
-				    ZRENAMING, NULL), ==, 0);
-			}
-		} else {
+			VERIFY3U(zfs_link_destroy(tdl, szp, tx,
+			                          ZRENAMING, NULL), ==, 0);
+		}
+	} else {
 			/*
 			 * If we had removed the existing target, subsequent
 			 * call to zfs_link_create() to add back the same entry
 			 * but, the new dnode (szp) should not fail.
 			 */
-			ASSERT(tzp == NULL);
-		}
+		ASSERT(tzp == NULL);
 	}
+}
 
-	dmu_tx_commit(tx);
+dmu_tx_commit(tx);
 out:
-	if (zl != NULL)
-		zfs_rename_unlock(&zl);
+if (zl != NULL)
+	zfs_rename_unlock(&zl);
 
-	zfs_dirent_unlock(sdl);
-	zfs_dirent_unlock(tdl);
+zfs_dirent_unlock(sdl);
+zfs_dirent_unlock(tdl);
 
-	zfs_inode_update(sdzp);
-	if (sdzp == tdzp)
-		rw_exit(&sdzp->z_name_lock);
+zfs_inode_update(sdzp);
+if (sdzp == tdzp)
+	rw_exit(&sdzp->z_name_lock);
 
-	if (sdzp != tdzp)
-		zfs_inode_update(tdzp);
+if (sdzp != tdzp)
+	zfs_inode_update(tdzp);
 
-	zfs_inode_update(szp);
-	zrele(szp);
-	if (tzp) {
-		zfs_inode_update(tzp);
-		zrele(tzp);
-	}
+zfs_inode_update(szp);
+zrele(szp);
+if (tzp) {
+	zfs_inode_update(tzp);
+	zrele(tzp);
+}
 
-	if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
-		zil_commit(zilog, 0);
+if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
+	zil_commit(zilog, 0);
 
-	ZFS_EXIT(zfsvfs);
-	return (error);
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 /*
@@ -3859,7 +3860,7 @@ out:
 /*ARGSUSED*/
 int
 zfs_symlink(znode_t *dzp, char *name, vattr_t *vap, char *link,
-    znode_t **zpp, cred_t *cr, int flags)
+            znode_t **zpp, cred_t *cr, int flags)
 {
 	znode_t		*zp;
 	zfs_dirlock_t	*dl;
@@ -3884,130 +3885,130 @@ zfs_symlink(znode_t *dzp, char *name, vattr_t *vap, char *link,
 	zilog = zfsvfs->z_log;
 
 	if (zfsvfs->z_utf8 && u8_validate(name, strlen(name),
-	    NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
+	                                  NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
 		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EILSEQ));
-	}
-	if (flags & FIGNORECASE)
-		zflg |= ZCILOOK;
+	return (SET_ERROR(EILSEQ));
+}
+if (flags & FIGNORECASE)
+	zflg |= ZCILOOK;
 
-	if (len > MAXPATHLEN) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(ENAMETOOLONG));
-	}
+if (len > MAXPATHLEN) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(ENAMETOOLONG));
+}
 
-	if ((error = zfs_acl_ids_create(dzp, 0,
-	    vap, cr, NULL, &acl_ids)) != 0) {
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+if ((error = zfs_acl_ids_create(dzp, 0,
+                                vap, cr, NULL, &acl_ids)) != 0) {
+	ZFS_EXIT(zfsvfs);
+return (error);
+}
 top:
-	*zpp = NULL;
+*zpp = NULL;
 
 	/*
 	 * Attempt to lock directory; fail if entry already exists.
 	 */
-	error = zfs_dirent_lock(&dl, dzp, name, &zp, zflg, NULL, NULL);
-	if (error) {
-		zfs_acl_ids_free(&acl_ids);
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+error = zfs_dirent_lock(&dl, dzp, name, &zp, zflg, NULL, NULL);
+if (error) {
+	zfs_acl_ids_free(&acl_ids);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
-	if ((error = zfs_zaccess(dzp, ACE_ADD_FILE, 0, B_FALSE, cr))) {
-		zfs_acl_ids_free(&acl_ids);
-		zfs_dirent_unlock(dl);
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+if ((error = zfs_zaccess(dzp, ACE_ADD_FILE, 0, B_FALSE, cr))) {
+	zfs_acl_ids_free(&acl_ids);
+	zfs_dirent_unlock(dl);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
-	if (zfs_acl_ids_overquota(zfsvfs, &acl_ids, ZFS_DEFAULT_PROJID)) {
-		zfs_acl_ids_free(&acl_ids);
-		zfs_dirent_unlock(dl);
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EDQUOT));
-	}
-	tx = dmu_tx_create(zfsvfs->z_os);
-	fuid_dirtied = zfsvfs->z_fuid_dirty;
-	dmu_tx_hold_write(tx, DMU_NEW_OBJECT, 0, MAX(1, len));
-	dmu_tx_hold_zap(tx, dzp->z_id, TRUE, name);
-	dmu_tx_hold_sa_create(tx, acl_ids.z_aclp->z_acl_bytes +
-	    ZFS_SA_BASE_ATTR_SIZE + len);
-	dmu_tx_hold_sa(tx, dzp->z_sa_hdl, B_FALSE);
-	if (!zfsvfs->z_use_sa && acl_ids.z_aclp->z_acl_bytes > ZFS_ACE_SPACE) {
-		dmu_tx_hold_write(tx, DMU_NEW_OBJECT, 0,
-		    acl_ids.z_aclp->z_acl_bytes);
-	}
-	if (fuid_dirtied)
-		zfs_fuid_txhold(zfsvfs, tx);
-	error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
-	if (error) {
-		zfs_dirent_unlock(dl);
-		if (error == ERESTART) {
-			waited = B_TRUE;
-			dmu_tx_wait(tx);
-			dmu_tx_abort(tx);
-			goto top;
-		}
-		zfs_acl_ids_free(&acl_ids);
+if (zfs_acl_ids_overquota(zfsvfs, &acl_ids, ZFS_DEFAULT_PROJID)) {
+	zfs_acl_ids_free(&acl_ids);
+	zfs_dirent_unlock(dl);
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EDQUOT));
+}
+tx = dmu_tx_create(zfsvfs->z_os);
+fuid_dirtied = zfsvfs->z_fuid_dirty;
+dmu_tx_hold_write(tx, DMU_NEW_OBJECT, 0, MAX(1, len));
+dmu_tx_hold_zap(tx, dzp->z_id, TRUE, name);
+dmu_tx_hold_sa_create(tx, acl_ids.z_aclp->z_acl_bytes +
+                      ZFS_SA_BASE_ATTR_SIZE + len);
+dmu_tx_hold_sa(tx, dzp->z_sa_hdl, B_FALSE);
+if (!zfsvfs->z_use_sa && acl_ids.z_aclp->z_acl_bytes > ZFS_ACE_SPACE) {
+	dmu_tx_hold_write(tx, DMU_NEW_OBJECT, 0,
+	                  acl_ids.z_aclp->z_acl_bytes);
+}
+if (fuid_dirtied)
+	zfs_fuid_txhold(zfsvfs, tx);
+error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
+if (error) {
+	zfs_dirent_unlock(dl);
+	if (error == ERESTART) {
+		waited = B_TRUE;
+		dmu_tx_wait(tx);
 		dmu_tx_abort(tx);
-		ZFS_EXIT(zfsvfs);
-		return (error);
+		goto top;
 	}
+	zfs_acl_ids_free(&acl_ids);
+	dmu_tx_abort(tx);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
 	/*
 	 * Create a new object for the symlink.
 	 * for version 4 ZPL datsets the symlink will be an SA attribute
 	 */
-	zfs_mknode(dzp, vap, tx, cr, 0, &zp, &acl_ids);
-
-	if (fuid_dirtied)
-		zfs_fuid_sync(zfsvfs, tx);
-
-	mutex_enter(&zp->z_lock);
-	if (zp->z_is_sa)
-		error = sa_update(zp->z_sa_hdl, SA_ZPL_SYMLINK(zfsvfs),
-		    link, len, tx);
-	else
-		zfs_sa_symlink(zp, link, len, tx);
-	mutex_exit(&zp->z_lock);
-
-	zp->z_size = len;
-	(void) sa_update(zp->z_sa_hdl, SA_ZPL_SIZE(zfsvfs),
-	    &zp->z_size, sizeof (zp->z_size), tx);
+zfs_mknode(dzp, vap, tx, cr, 0, &zp, &acl_ids);
+
+if (fuid_dirtied)
+	zfs_fuid_sync(zfsvfs, tx);
+
+mutex_enter(&zp->z_lock);
+if (zp->z_is_sa)
+	error = sa_update(zp->z_sa_hdl, SA_ZPL_SYMLINK(zfsvfs),
+	                  link, len, tx);
+else
+	zfs_sa_symlink(zp, link, len, tx);
+mutex_exit(&zp->z_lock);
+
+zp->z_size = len;
+(void) sa_update(zp->z_sa_hdl, SA_ZPL_SIZE(zfsvfs),
+                 &zp->z_size, sizeof (zp->z_size), tx);
 	/*
 	 * Insert the new object into the directory.
 	 */
-	error = zfs_link_create(dl, zp, tx, ZNEW);
-	if (error != 0) {
-		zfs_znode_delete(zp, tx);
-		remove_inode_hash(ZTOI(zp));
-	} else {
-		if (flags & FIGNORECASE)
-			txtype |= TX_CI;
-		zfs_log_symlink(zilog, tx, txtype, dzp, zp, name, link);
+error = zfs_link_create(dl, zp, tx, ZNEW);
+if (error != 0) {
+	zfs_znode_delete(zp, tx);
+	remove_inode_hash(ZTOI(zp));
+} else {
+	if (flags & FIGNORECASE)
+		txtype |= TX_CI;
+	zfs_log_symlink(zilog, tx, txtype, dzp, zp, name, link);
 
-		zfs_inode_update(dzp);
-		zfs_inode_update(zp);
-	}
+	zfs_inode_update(dzp);
+	zfs_inode_update(zp);
+}
 
-	zfs_acl_ids_free(&acl_ids);
+zfs_acl_ids_free(&acl_ids);
 
-	dmu_tx_commit(tx);
+dmu_tx_commit(tx);
 
-	zfs_dirent_unlock(dl);
+zfs_dirent_unlock(dl);
 
-	if (error == 0) {
-		*zpp = zp;
+if (error == 0) {
+	*zpp = zp;
 
-		if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
-			zil_commit(zilog, 0);
-	} else {
-		zrele(zp);
-	}
+	if (zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
+		zil_commit(zilog, 0);
+} else {
+	zrele(zp);
+}
 
-	ZFS_EXIT(zfsvfs);
-	return (error);
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 /*
@@ -4038,7 +4039,7 @@ zfs_readlink(struct inode *ip, uio_t *uio, cred_t *cr)
 	mutex_enter(&zp->z_lock);
 	if (zp->z_is_sa)
 		error = sa_lookup_uio(zp->z_sa_hdl,
-		    SA_ZPL_SYMLINK(zfsvfs), uio);
+		                      SA_ZPL_SYMLINK(zfsvfs), uio);
 	else
 		error = zfs_sa_readlink(zp, uio);
 	mutex_exit(&zp->z_lock);
@@ -4066,7 +4067,7 @@ zfs_readlink(struct inode *ip, uio_t *uio, cred_t *cr)
 /* ARGSUSED */
 int
 zfs_link(znode_t *tdzp, znode_t *szp, char *name, cred_t *cr,
-    int flags)
+         int flags)
 {
 	struct inode *sip = ZTOI(szp);
 	znode_t		*tzp;
@@ -4114,37 +4115,37 @@ zfs_link(znode_t *tdzp, znode_t *szp, char *name, cred_t *cr,
 	if (tdzp->z_pflags & ZFS_PROJINHERIT &&
 	    tdzp->z_projid != szp->z_projid) {
 		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EXDEV));
-	}
+	return (SET_ERROR(EXDEV));
+}
 
 	/*
 	 * We check i_sb because snapshots and the ctldir must have different
 	 * super blocks.
 	 */
-	if (sip->i_sb != ZTOI(tdzp)->i_sb || zfsctl_is_node(sip)) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EXDEV));
-	}
+if (sip->i_sb != ZTOI(tdzp)->i_sb || zfsctl_is_node(sip)) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EXDEV));
+}
 
 	/* Prevent links to .zfs/shares files */
 
-	if ((error = sa_lookup(szp->z_sa_hdl, SA_ZPL_PARENT(zfsvfs),
-	    &parent, sizeof (uint64_t))) != 0) {
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
-	if (parent == zfsvfs->z_shares_dir) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EPERM));
-	}
+if ((error = sa_lookup(szp->z_sa_hdl, SA_ZPL_PARENT(zfsvfs),
+                       &parent, sizeof (uint64_t))) != 0) {
+	ZFS_EXIT(zfsvfs);
+return (error);
+}
+if (parent == zfsvfs->z_shares_dir) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EPERM));
+}
 
-	if (zfsvfs->z_utf8 && u8_validate(name,
-	    strlen(name), NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EILSEQ));
-	}
-	if (flags & FIGNORECASE)
-		zf |= ZCILOOK;
+if (zfsvfs->z_utf8 && u8_validate(name,
+                                  strlen(name), NULL, U8_VALIDATE_ENTIRE, &error) < 0) {
+	ZFS_EXIT(zfsvfs);
+return (SET_ERROR(EILSEQ));
+}
+if (flags & FIGNORECASE)
+	zf |= ZCILOOK;
 
 	/*
 	 * We do not support links between attributes and non-attributes
@@ -4152,61 +4153,61 @@ zfs_link(znode_t *tdzp, znode_t *szp, char *name, cred_t *cr,
 	 * into "normal" file space in order to circumvent restrictions
 	 * imposed in attribute space.
 	 */
-	if ((szp->z_pflags & ZFS_XATTR) != (tdzp->z_pflags & ZFS_XATTR)) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EINVAL));
-	}
+if ((szp->z_pflags & ZFS_XATTR) != (tdzp->z_pflags & ZFS_XATTR)) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EINVAL));
+}
 
-	owner = zfs_fuid_map_id(zfsvfs, KUID_TO_SUID(sip->i_uid),
-	    cr, ZFS_OWNER);
-	if (owner != crgetuid(cr) && secpolicy_basic_link(cr) != 0) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EPERM));
-	}
+owner = zfs_fuid_map_id(zfsvfs, KUID_TO_SUID(sip->i_uid),
+                        cr, ZFS_OWNER);
+if (owner != crgetuid(cr) && secpolicy_basic_link(cr) != 0) {
+	ZFS_EXIT(zfsvfs);
+	return (SET_ERROR(EPERM));
+}
 
-	if ((error = zfs_zaccess(tdzp, ACE_ADD_FILE, 0, B_FALSE, cr))) {
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+if ((error = zfs_zaccess(tdzp, ACE_ADD_FILE, 0, B_FALSE, cr))) {
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
 top:
 	/*
 	 * Attempt to lock directory; fail if entry already exists.
 	 */
-	error = zfs_dirent_lock(&dl, tdzp, name, &tzp, zf, NULL, NULL);
-	if (error) {
-		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+error = zfs_dirent_lock(&dl, tdzp, name, &tzp, zf, NULL, NULL);
+if (error) {
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 
-	tx = dmu_tx_create(zfsvfs->z_os);
-	dmu_tx_hold_sa(tx, szp->z_sa_hdl, B_FALSE);
-	dmu_tx_hold_zap(tx, tdzp->z_id, TRUE, name);
-	if (is_tmpfile)
-		dmu_tx_hold_zap(tx, zfsvfs->z_unlinkedobj, FALSE, NULL);
+tx = dmu_tx_create(zfsvfs->z_os);
+dmu_tx_hold_sa(tx, szp->z_sa_hdl, B_FALSE);
+dmu_tx_hold_zap(tx, tdzp->z_id, TRUE, name);
+if (is_tmpfile)
+	dmu_tx_hold_zap(tx, zfsvfs->z_unlinkedobj, FALSE, NULL);
 
-	zfs_sa_upgrade_txholds(tx, szp);
-	zfs_sa_upgrade_txholds(tx, tdzp);
-	error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
-	if (error) {
-		zfs_dirent_unlock(dl);
-		if (error == ERESTART) {
-			waited = B_TRUE;
-			dmu_tx_wait(tx);
-			dmu_tx_abort(tx);
-			goto top;
-		}
+zfs_sa_upgrade_txholds(tx, szp);
+zfs_sa_upgrade_txholds(tx, tdzp);
+error = dmu_tx_assign(tx, (waited ? TXG_NOTHROTTLE : 0) | TXG_NOWAIT);
+if (error) {
+	zfs_dirent_unlock(dl);
+	if (error == ERESTART) {
+		waited = B_TRUE;
+		dmu_tx_wait(tx);
 		dmu_tx_abort(tx);
-		ZFS_EXIT(zfsvfs);
-		return (error);
+		goto top;
 	}
+	dmu_tx_abort(tx);
+	ZFS_EXIT(zfsvfs);
+	return (error);
+}
 	/* unmark z_unlinked so zfs_link_create will not reject */
-	if (is_tmpfile)
-		szp->z_unlinked = B_FALSE;
-	error = zfs_link_create(dl, szp, tx, 0);
+if (is_tmpfile)
+	szp->z_unlinked = B_FALSE;
+error = zfs_link_create(dl, szp, tx, 0);
 
-	if (error == 0) {
-		uint64_t txtype = TX_LINK;
+if (error == 0) {
+	uint64_t txtype = TX_LINK;
 		/*
 		 * tmpfile is created to be in z_unlinkedobj, so remove it.
 		 * Also, we don't log in ZIL, because all previous file
@@ -4214,33 +4215,33 @@ top:
 		 * always wait for txg to sync to make sure all previous
 		 * operation are sync safe.
 		 */
-		if (is_tmpfile) {
-			VERIFY(zap_remove_int(zfsvfs->z_os,
-			    zfsvfs->z_unlinkedobj, szp->z_id, tx) == 0);
-		} else {
-			if (flags & FIGNORECASE)
-				txtype |= TX_CI;
-			zfs_log_link(zilog, tx, txtype, tdzp, szp, name);
-		}
-	} else if (is_tmpfile) {
-		/* restore z_unlinked since when linking failed */
-		szp->z_unlinked = B_TRUE;
+	if (is_tmpfile) {
+		VERIFY(zap_remove_int(zfsvfs->z_os,
+		                      zfsvfs->z_unlinkedobj, szp->z_id, tx) == 0);
+	} else {
+		if (flags & FIGNORECASE)
+			txtype |= TX_CI;
+		zfs_log_link(zilog, tx, txtype, tdzp, szp, name);
 	}
-	txg = dmu_tx_get_txg(tx);
-	dmu_tx_commit(tx);
+} else if (is_tmpfile) {
+		/* restore z_unlinked since when linking failed */
+	szp->z_unlinked = B_TRUE;
+}
+txg = dmu_tx_get_txg(tx);
+dmu_tx_commit(tx);
 
-	zfs_dirent_unlock(dl);
+zfs_dirent_unlock(dl);
 
-	if (!is_tmpfile && zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
-		zil_commit(zilog, 0);
+if (!is_tmpfile && zfsvfs->z_os->os_sync == ZFS_SYNC_ALWAYS)
+	zil_commit(zilog, 0);
 
-	if (is_tmpfile && zfsvfs->z_os->os_sync != ZFS_SYNC_DISABLED)
-		txg_wait_synced(dmu_objset_pool(zfsvfs->z_os), txg);
+if (is_tmpfile && zfsvfs->z_os->os_sync != ZFS_SYNC_DISABLED)
+	txg_wait_synced(dmu_objset_pool(zfsvfs->z_os), txg);
 
-	zfs_inode_update(tdzp);
-	zfs_inode_update(szp);
-	ZFS_EXIT(zfsvfs);
-	return (error);
+zfs_inode_update(tdzp);
+zfs_inode_update(szp);
+ZFS_EXIT(zfsvfs);
+return (error);
 }
 
 static void
@@ -4291,7 +4292,7 @@ zfs_putpage(struct inode *ip, struct page *pp, struct writeback_control *wbc)
 	pgoff = page_offset(pp);	/* Page byte-offset in file */
 	offset = i_size_read(ip);	/* File length in bytes */
 	pglen = MIN(PAGE_SIZE,		/* Page length in bytes */
-	    P2ROUNDUP(offset, PAGE_SIZE)-pgoff);
+	P2ROUNDUP(offset, PAGE_SIZE)-pgoff);
 
 	/* Page is beyond end of file */
 	if (pgoff >= offset) {
@@ -4349,7 +4350,7 @@ zfs_putpage(struct inode *ip, struct page *pp, struct writeback_control *wbc)
 	unlock_page(pp);
 
 	zfs_locked_range_t *lr = zfs_rangelock_enter(&zp->z_rangelock,
-	    pgoff, pglen, RL_WRITER);
+	                                             pgoff, pglen, RL_WRITER);
 	lock_page(pp);
 
 	/* Page mapping changed or it was no longer dirty, we're done */
@@ -4417,7 +4418,7 @@ zfs_putpage(struct inode *ip, struct page *pp, struct writeback_control *wbc)
 	SA_ADD_BULK_ATTR(bulk, cnt, SA_ZPL_MTIME(zfsvfs), NULL, &mtime, 16);
 	SA_ADD_BULK_ATTR(bulk, cnt, SA_ZPL_CTIME(zfsvfs), NULL, &ctime, 16);
 	SA_ADD_BULK_ATTR(bulk, cnt, SA_ZPL_FLAGS(zfsvfs), NULL,
-	    &zp->z_pflags, 8);
+	                 &zp->z_pflags, 8);
 
 	/* Preserve the mtime and ctime provided by the inode */
 	ZFS_TIME_ENCODE(&ip->i_mtime, mtime);
@@ -4428,7 +4429,7 @@ zfs_putpage(struct inode *ip, struct page *pp, struct writeback_control *wbc)
 	err = sa_bulk_update(zp->z_sa_hdl, bulk, cnt, tx);
 
 	zfs_log_write(zfsvfs->z_log, tx, TX_WRITE, zp, pgoff, pglen, 0,
-	    zfs_putpage_commit_cb, pp);
+	              zfs_putpage_commit_cb, pp);
 	dmu_tx_commit(tx);
 
 	zfs_rangelock_exit(lr);
@@ -4512,7 +4513,7 @@ zfs_dirty_inode(struct inode *ip, int flags)
 	mutex_exit(&zp->z_lock);
 
 	dmu_tx_commit(tx);
-out:
+	out:
 	ZFS_EXIT(zfsvfs);
 	return (error);
 }
@@ -4550,7 +4551,7 @@ zfs_inactive(struct inode *ip)
 			ZFS_TIME_ENCODE(&ip->i_atime, atime);
 			mutex_enter(&zp->z_lock);
 			(void) sa_update(zp->z_sa_hdl, SA_ZPL_ATIME(zfsvfs),
-			    (void *)&atime, sizeof (atime), tx);
+			                 (void *)&atime, sizeof (atime), tx);
 			zp->z_atime_dirty = B_FALSE;
 			mutex_exit(&zp->z_lock);
 			dmu_tx_commit(tx);
@@ -4596,7 +4597,7 @@ zfs_fillpage(struct inode *ip, struct page *pl[], int nr_pages)
 		cur_pp = pl[page_idx++];
 		va = kmap(cur_pp);
 		err = dmu_read(os, zp->z_id, io_off, PAGESIZE, va,
-		    DMU_READ_PREFETCH);
+		               DMU_READ_PREFETCH);
 		kunmap(cur_pp);
 		if (err) {
 			/* convert checksum errors into IO errors */
@@ -4656,7 +4657,7 @@ zfs_getpage(struct inode *ip, struct page *pl[], int nr_pages)
 /*ARGSUSED*/
 int
 zfs_map(struct inode *ip, offset_t off, caddr_t *addrp, size_t len,
-    unsigned long vm_flags)
+        unsigned long vm_flags)
 {
 	znode_t  *zp = ITOZ(ip);
 	zfsvfs_t *zfsvfs = ITOZSB(ip);
@@ -4665,24 +4666,24 @@ zfs_map(struct inode *ip, offset_t off, caddr_t *addrp, size_t len,
 	ZFS_VERIFY_ZP(zp);
 
 	if ((vm_flags & VM_WRITE) && (zp->z_pflags &
-	    (ZFS_IMMUTABLE | ZFS_READONLY | ZFS_APPENDONLY))) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EPERM));
-	}
-
-	if ((vm_flags & (VM_READ | VM_EXEC)) &&
-	    (zp->z_pflags & ZFS_AV_QUARANTINED)) {
+	                              (ZFS_IMMUTABLE | ZFS_READONLY | ZFS_APPENDONLY))) {
 		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(EACCES));
-	}
+	return (SET_ERROR(EPERM));
+}
 
-	if (off < 0 || len > MAXOFFSET_T - off) {
-		ZFS_EXIT(zfsvfs);
-		return (SET_ERROR(ENXIO));
-	}
+if ((vm_flags & (VM_READ | VM_EXEC)) &&
+    (zp->z_pflags & ZFS_AV_QUARANTINED)) {
+	ZFS_EXIT(zfsvfs);
+return (SET_ERROR(EACCES));
+}
 
+if (off < 0 || len > MAXOFFSET_T - off) {
 	ZFS_EXIT(zfsvfs);
-	return (0);
+	return (SET_ERROR(ENXIO));
+}
+
+ZFS_EXIT(zfsvfs);
+return (0);
 }
 
 /*
@@ -4706,7 +4707,7 @@ zfs_map(struct inode *ip, offset_t off, caddr_t *addrp, size_t len,
 /* ARGSUSED */
 int
 zfs_space(znode_t *zp, int cmd, flock64_t *bfp, int flag,
-    offset_t offset, cred_t *cr)
+          offset_t offset, cred_t *cr)
 {
 	zfsvfs_t	*zfsvfs = ZTOZSB(zp);
 	uint64_t	off, len;
@@ -4770,30 +4771,30 @@ zfs_fid(struct inode *ip, fid_t *fidp)
 	ZFS_VERIFY_ZP(zp);
 
 	if ((error = sa_lookup(zp->z_sa_hdl, SA_ZPL_GEN(zfsvfs),
-	    &gen64, sizeof (uint64_t))) != 0) {
+	                       &gen64, sizeof (uint64_t))) != 0) {
 		ZFS_EXIT(zfsvfs);
-		return (error);
-	}
+	return (error);
+}
 
-	gen = (uint32_t)gen64;
+gen = (uint32_t)gen64;
 
-	size = SHORT_FID_LEN;
+size = SHORT_FID_LEN;
 
-	zfid = (zfid_short_t *)fidp;
+zfid = (zfid_short_t *)fidp;
 
-	zfid->zf_len = size;
+zfid->zf_len = size;
 
-	for (i = 0; i < sizeof (zfid->zf_object); i++)
-		zfid->zf_object[i] = (uint8_t)(object >> (8 * i));
+for (i = 0; i < sizeof (zfid->zf_object); i++)
+	zfid->zf_object[i] = (uint8_t)(object >> (8 * i));
 
 	/* Must have a non-zero generation number to distinguish from .zfs */
-	if (gen == 0)
-		gen = 1;
-	for (i = 0; i < sizeof (zfid->zf_gen); i++)
-		zfid->zf_gen[i] = (uint8_t)(gen >> (8 * i));
+if (gen == 0)
+	gen = 1;
+for (i = 0; i < sizeof (zfid->zf_gen); i++)
+	zfid->zf_gen[i] = (uint8_t)(gen >> (8 * i));
 
-	ZFS_EXIT(zfsvfs);
-	return (0);
+ZFS_EXIT(zfsvfs);
+return (0);
 }
 
 /*ARGSUSED*/
@@ -4868,7 +4869,7 @@ zfs_reqzcbuf(struct inode *ip, enum uio_rw ioflag, xuio_t *xuio, cred_t *cr)
 	ZFS_ENTER(zfsvfs);
 	ZFS_VERIFY_ZP(zp);
 	switch (ioflag) {
-	case UIO_WRITE:
+		case UIO_WRITE:
 		/*
 		 * Loan out an arc_buf for write if write size is bigger than
 		 * max_blksz, and the file's block size is also max_blksz.
@@ -4897,7 +4898,7 @@ zfs_reqzcbuf(struct inode *ip, enum uio_rw ioflag, xuio_t *xuio, cred_t *cr)
 
 		fullblk = size / blksz;
 		(void) dmu_xuio_init(xuio,
-		    (preamble != 0) + fullblk + (postamble != 0));
+		                     (preamble != 0) + fullblk + (postamble != 0));
 
 		/*
 		 * Have to fix iov base/len for partial buffers.  They
@@ -4906,15 +4907,15 @@ zfs_reqzcbuf(struct inode *ip, enum uio_rw ioflag, xuio_t *xuio, cred_t *cr)
 		if (preamble) {
 			/* data begins in the middle of the arc_buf */
 			abuf = dmu_request_arcbuf(sa_get_db(zp->z_sa_hdl),
-			    blksz);
+			                          blksz);
 			ASSERT(abuf);
 			(void) dmu_xuio_add(xuio, abuf,
-			    blksz - preamble, preamble);
+			                    blksz - preamble, preamble);
 		}
 
 		for (i = 0; i < fullblk; i++) {
 			abuf = dmu_request_arcbuf(sa_get_db(zp->z_sa_hdl),
-			    blksz);
+			                          blksz);
 			ASSERT(abuf);
 			(void) dmu_xuio_add(xuio, abuf, 0, blksz);
 		}
@@ -4922,12 +4923,12 @@ zfs_reqzcbuf(struct inode *ip, enum uio_rw ioflag, xuio_t *xuio, cred_t *cr)
 		if (postamble) {
 			/* data ends in the middle of the arc_buf */
 			abuf = dmu_request_arcbuf(sa_get_db(zp->z_sa_hdl),
-			    blksz);
+			                          blksz);
 			ASSERT(abuf);
 			(void) dmu_xuio_add(xuio, abuf, 0, postamble);
 		}
 		break;
-	case UIO_READ:
+		case UIO_READ:
 		/*
 		 * Loan out an arc_buf for read if the read size is larger than
 		 * the current file block size.  Block alignment is not
@@ -4953,7 +4954,7 @@ zfs_reqzcbuf(struct inode *ip, enum uio_rw ioflag, xuio_t *xuio, cred_t *cr)
 			return (SET_ERROR(EINVAL));
 		}
 		break;
-	default:
+		default:
 		ZFS_EXIT(zfsvfs);
 		return (SET_ERROR(EINVAL));
 	}
@@ -4991,6 +4992,737 @@ zfs_retzcbuf(struct inode *ip, xuio_t *xuio, cred_t *cr)
 }
 #endif /* HAVE_UIO_ZEROCOPY */
 
+/*
+ * Convert the provided block pointer in to an extent.  This may result in
+ * a new extent being created or an existing extent being extended.
+ */
+static int
+zfs_fiemap_cb(spa_t *spa, zilog_t *zilog, const blkptr_t *bp,
+              const zbookmark_phys_t *zb, const dnode_phys_t *dnp, void *arg)
+{
+	zfs_fiemap_t *fm = (zfs_fiemap_t *)arg;
+	blkptr_t bp_copy = *bp;
+
+	if (BP_GET_LEVEL(bp) != 0)
+		return (0);
+
+   /*
+    * Indirect block pointers must be remapped to reflect the real
+    * physical offset and length.  The remapping is transparent to
+    * the fiemap interface so no additional extent flags are set.
+    */
+	spa_config_enter(spa, SCL_VDEV, FTAG, RW_READER);
+	if (spa_remap_blkptr(spa, &bp_copy, NULL, NULL))
+		bp = &bp_copy;
+	spa_config_exit(spa, SCL_VDEV, FTAG);
+
+	for (int i = 0; i < fm->fm_copies; i++) {
+		zfs_fiemap_entry_t *fe, *pfe;
+		avl_index_t idx;
+
+       /*
+        * N.B. Embedded block pointers and holes are only added to
+        * the fm_extents_trees[0], the additional trees are used
+        * for redundant copies of data blocks.
+        */
+		if (i > 0 && (BP_IS_HOLE(bp) || BP_IS_EMBEDDED(bp)))
+			continue;
+
+		fe = kmem_zalloc(sizeof (zfs_fiemap_entry_t), KM_SLEEP);
+		fe->fe_logical_start = zb->zb_blkid * fm->fm_block_size;
+
+		if (BP_IS_HOLE(bp)) {
+			fe->fe_logical_len = fm->fm_block_size;
+			fe->fe_flags |= FIEMAP_EXTENT_UNWRITTEN;
+		} else if (BP_IS_EMBEDDED(bp)) {
+			fe->fe_logical_len = BPE_GET_LSIZE(bp);
+			fe->fe_physical_start = 0;
+			fe->fe_physical_len = BPE_GET_PSIZE(bp);
+			fe->fe_flags |= FIEMAP_EXTENT_DATA_INLINE |
+			FIEMAP_EXTENT_NOT_ALIGNED;
+
+			if (BP_IS_ENCRYPTED(bp))
+				fe->fe_flags |= FIEMAP_EXTENT_DATA_ENCRYPTED;
+			if (BP_GET_COMPRESS(bp) != ZIO_COMPRESS_OFF)
+				fe->fe_flags |= FIEMAP_EXTENT_ENCODED;
+		} else {
+			if (i >= BP_GET_NDVAS(bp)) {
+				kmem_free(fe, sizeof (zfs_fiemap_entry_t));
+				continue;
+			}
+
+			if (BP_IS_ENCRYPTED(bp))
+				fe->fe_flags |= FIEMAP_EXTENT_DATA_ENCRYPTED;
+			if (BP_GET_COMPRESS(bp) != ZIO_COMPRESS_OFF)
+				fe->fe_flags |= FIEMAP_EXTENT_ENCODED;
+			if (BP_GET_DEDUP(bp))
+				fe->fe_flags |= FIEMAP_EXTENT_SHARED;
+
+           /*
+            * Report gang blocks as a single unknown extent.
+            * Ideally we should be walking the gang block tree and
+            * reporting all component-blocks as physical extents.
+            */
+			if (BP_IS_GANG(bp)) {
+				fe->fe_flags |= FIEMAP_EXTENT_UNKNOWN;
+				fe->fe_physical_start = 0;
+				fe->fe_physical_len = 0;
+				fe->fe_vdev = 0;
+			} else {
+				fe->fe_physical_len = BP_GET_PSIZE(bp);
+
+				if (DVA_IS_VALID(&bp->blk_dva[i])) {
+					fe->fe_vdev =
+					DVA_GET_VDEV(&bp->blk_dva[i]);
+					fe->fe_physical_start =
+					DVA_GET_OFFSET(&bp->blk_dva[i]);
+				}
+			}
+
+			fe->fe_logical_len = BP_GET_LSIZE(bp);
+		}
+
+       /*
+        * By default merge compatible adjacent block pointers in to a
+        * single extent.  Embedded block pointers can never be merged.
+        *
+        * N.B. Block pointers provided by the iterator will always
+        * be in logical offset order.  Therefore, it is sufficient
+        * to check only the previously inserted entry when merging.
+        */
+		pfe = avl_last(&fm->fm_extent_trees[i]);
+		if (pfe != NULL && !BP_IS_EMBEDDED(bp) &&
+		    !(fm->fm_flags & FIEMAP_FLAG_NOMERGE)) {
+			ASSERT3U(pfe->fe_logical_start + pfe->fe_logical_len,
+			         ==, fe->fe_logical_start);
+
+		if (BP_IS_HOLE(bp) && fe->fe_flags ==
+		    (pfe->fe_flags & ~FIEMAP_EXTENT_MERGED)) {
+			pfe->fe_logical_len += fe->fe_logical_len;
+		pfe->fe_flags |= FIEMAP_EXTENT_MERGED;
+		kmem_free(fe, sizeof (zfs_fiemap_entry_t));
+		continue;
+	}
+
+	if (!BP_IS_HOLE(bp) && fe->fe_flags ==
+	    (pfe->fe_flags & ~FIEMAP_EXTENT_MERGED) &&
+	    fe->fe_physical_start ==
+	    pfe->fe_physical_start + pfe->fe_physical_len &&
+	    fe->fe_vdev == pfe->fe_vdev) {
+		pfe->fe_logical_len += fe->fe_logical_len;
+	pfe->fe_physical_len += fe->fe_physical_len;
+	pfe->fe_flags |= FIEMAP_EXTENT_MERGED;
+	kmem_free(fe, sizeof (zfs_fiemap_entry_t));
+	continue;
+}
+}
+
+       /*
+        * The FIEMAP documentation specifies that all encrypted
+        * extents must also set the encoded flag.
+        */
+if (fe->fe_flags & FIEMAP_EXTENT_DATA_ENCRYPTED)
+	fe->fe_flags |= FIEMAP_EXTENT_ENCODED;
+
+       /*
+        * Add the new extent to the copies tree.  This should never
+        * conflict with an existing logical extent, but is handled
+        * none the less by discarding the overlapping extent.
+        */
+if (avl_find(&fm->fm_extent_trees[i], fe, &idx) == NULL) {
+	avl_insert(&fm->fm_extent_trees[i], fe, idx);
+} else {
+	kmem_free(fe, sizeof (zfs_fiemap_entry_t));
+}
+}
+
+return (0);
+}
+
+/*
+ * Recursively walk the indirect block tree for a dnode_phys_t and call
+ * the provided callback for all block pointers traversed.
+ */
+static int
+zfs_fiemap_visit_indirect(spa_t *spa, const dnode_phys_t *dnp,
+                          blkptr_t *bp, const zbookmark_phys_t *zb,
+                          blkptr_cb_t func, void *arg)
+{
+	int error = 0;
+
+	if (zb->zb_blkid > dnp->dn_maxblkid)
+		return (0);
+
+	error = func(spa, NULL, bp, zb, dnp, arg);
+	if (error)
+		return (error);
+
+	if (BP_GET_LEVEL(bp) > 0 && !BP_IS_HOLE(bp)) {
+		arc_flags_t flags = ARC_FLAG_WAIT;
+		blkptr_t *cbp;
+		int epb = BP_GET_LSIZE(bp) >> SPA_BLKPTRSHIFT;
+		arc_buf_t *buf;
+
+		error = arc_read(NULL, spa, bp, arc_getbuf_func, &buf,
+		                 ZIO_PRIORITY_ASYNC_READ, ZIO_FLAG_CANFAIL, &flags, zb);
+		if (error)
+			return (error);
+
+		cbp = buf->b_data;
+		for (int i = 0; i < epb; i++, cbp++) {
+			zbookmark_phys_t czb;
+
+			SET_BOOKMARK(&czb, zb->zb_objset, zb->zb_object,
+			             zb->zb_level - 1, zb->zb_blkid * epb + i);
+			error = zfs_fiemap_visit_indirect(spa, dnp, cbp, &czb,
+			                                  func, arg);
+			if (error)
+				break;
+		}
+
+		arc_buf_destroy(buf, &buf);
+	}
+
+	return (error);
+}
+
+/*
+ * Allocate and insert a new extent.  Duplicates are never allowed so make
+ * sure to clear the range with zfs_fiemap_clear() as needed.
+ */
+static void
+zfs_fiemap_add_impl(avl_tree_t *t, uint64_t logical_start,
+                    uint64_t logical_len, uint64_t physical_start, uint64_t physical_len,
+                    uint64_t vdev, uint64_t flags)
+{
+	zfs_fiemap_entry_t *fe;
+
+	fe = kmem_zalloc(sizeof (zfs_fiemap_entry_t), KM_SLEEP);
+	fe->fe_logical_start = logical_start;
+	fe->fe_logical_len = logical_len;
+	fe->fe_physical_start = physical_start;
+	fe->fe_physical_len = physical_len;
+	fe->fe_vdev = vdev;
+	fe->fe_flags = flags;
+
+	avl_add(t, fe);
+}
+
+/*
+ * Clear a range from the extent tree.  This allows new extents to be
+ * added to the cleared region.
+ */
+static void
+zfs_fiemap_clear(avl_tree_t *t, uint64_t start, uint64_t len)
+{
+	zfs_fiemap_entry_t search;
+	zfs_fiemap_entry_t *fe, *next_fe;
+	avl_index_t idx;
+	uint64_t end = start + len;
+
+	search.fe_logical_start = start;
+	fe = avl_find(t, &search, &idx);
+	if (fe == NULL) {
+		fe = avl_nearest(t, idx, AVL_BEFORE);
+		if (fe == NULL)
+			fe = avl_first(t);
+	}
+
+	while (fe != NULL && fe->fe_logical_start < end) {
+		uint64_t extent_len = fe->fe_logical_len;
+		uint64_t extent_start = fe->fe_logical_start;
+		uint64_t extent_end = extent_start + extent_len;
+
+       /*
+        * Region to be cleared does not overlap the extent.
+        */
+		if (extent_end <= start || extent_start >= end) {
+			fe = AVL_NEXT(t, fe);
+			continue;
+       /*
+        * Region to be cleared overlaps with the end of an extent.
+        * Truncate the extent to the new correct length.
+        */
+		} else if (extent_start < start && extent_end <= end) {
+			fe->fe_logical_len = start - extent_start;
+       /*
+        * Extent fits entirely within the region to be cleared.
+        * It can be entirely removed and freed.
+        */
+		} else if (extent_start >= start && extent_end <= end) {
+			next_fe = AVL_NEXT(t, fe);
+			avl_remove(t, fe);
+			kmem_free(fe, sizeof (zfs_fiemap_entry_t));
+			fe = next_fe;
+			continue;
+       /*
+        * Region to be cleared overlaps with the start of an extent.
+        * Advance the starting offset of the extent and re-size.
+        */
+		} else if (extent_start >= start && extent_end > end) {
+			fe->fe_logical_len = extent_end - end;
+			fe->fe_logical_start = end;
+       /*
+        * Extent spans before and after the region to be clearer.
+        * Split the extent in to a before and after portion.
+        */
+		} else if (extent_start < start && extent_end > end) {
+			fe->fe_logical_len = start - extent_start;
+			zfs_fiemap_add_impl(t, end, extent_end - end,
+			                    0, 0, fe->fe_vdev, fe->fe_flags);
+		} else {
+			fe = AVL_NEXT(t, fe);
+			continue;
+		}
+
+       /*
+        * Zero the physical start and length which are no longer
+        * meaningful after modifying the logical start or length.
+        *
+        * N.B. Ideally we should keep a list the block pointers
+        * comprising the extent.  This would allow us to properly
+        * trim it and correctly update the physical start and length.
+        */
+		fe->fe_physical_start = 0;
+		fe->fe_physical_len = 0;
+
+		fe = AVL_NEXT(t, fe);
+	}
+}
+
+/*
+ * Pending dirty extents set FIEMAP_EXTENT_DELALLOC to indicate they have
+ * not yet been written.  The FIEMAP_EXTENT_UNKNOWN flag must be set when
+ * FIEMAP_EXTENT_DELALLOC is set.  Dirty extents are only inserted in to
+ * the first extent tree.
+ */
+static void
+zfs_fiemap_add_dirty(void *arg, uint64_t start, uint64_t size)
+{
+	zfs_fiemap_t *fm = (zfs_fiemap_t *)arg;
+	avl_tree_t *t = &fm->fm_extent_trees[0];
+
+	zfs_fiemap_clear(t, start, size);
+
+	if (fm->fm_flags & FIEMAP_FLAG_NOMERGE) {
+		uint64_t blksz = fm->fm_block_size;
+
+		for (uint64_t i = start; i < start + size; i += blksz) {
+			zfs_fiemap_add_impl(t, i, blksz, 0, 0, 0,
+			                    FIEMAP_EXTENT_DELALLOC | FIEMAP_EXTENT_UNKNOWN);
+		}
+	} else {
+		zfs_fiemap_add_impl(t, start, size, 0, 0, 0,
+		                    FIEMAP_EXTENT_DELALLOC | FIEMAP_EXTENT_UNKNOWN |
+		                    FIEMAP_EXTENT_MERGED);
+	}
+}
+
+/*
+ * Pending free extents set FIEMAP_EXTENT_UNWRITTEN since they will be a hole.
+ * FIEMAP_EXTENT_DELALLOC is set to indicate it has not yet been written.  The
+ * FIEMAP_EXTENT_UNKNOWN flag must be set when FIEMAP_EXTENT_DELALLOC is set.
+ * Free extents are only inserted in to the first extent tree.
+ */
+static void
+zfs_fiemap_add_free(void *arg, uint64_t start, uint64_t size)
+{
+	zfs_fiemap_t *fm = (zfs_fiemap_t *)arg;
+	avl_tree_t *t = &fm->fm_extent_trees[0];
+
+	zfs_fiemap_clear(t, start, size);
+
+	if (fm->fm_flags & FIEMAP_FLAG_NOMERGE) {
+		uint64_t blksz = fm->fm_block_size;
+
+		for (uint64_t i = start; i < start + size; i += blksz) {
+			zfs_fiemap_add_impl(t, i, blksz, 0, 0, 0,
+			                    FIEMAP_EXTENT_UNWRITTEN | FIEMAP_EXTENT_DELALLOC |
+			                    FIEMAP_EXTENT_UNKNOWN);
+		}
+	} else {
+		zfs_fiemap_add_impl(t, start, size, 0, 0, 0,
+		                    FIEMAP_EXTENT_UNWRITTEN | FIEMAP_EXTENT_DELALLOC |
+		                    FIEMAP_EXTENT_UNKNOWN | FIEMAP_EXTENT_MERGED);
+	}
+}
+
+/*
+ * The entire file is sparse and there are no level zero blocks with data.
+ * In this case pretend that hole block pointers exist to maintain consistency
+ * in the reported output.  Either add a single unwritten extent for the
+ * entire length of the file.  Or when no merging is requested add the
+ * correct number of hole block pointers.  Only the first extent tree should
+ * be populated since only holes are being added.
+ */
+static void
+zfs_fiemap_add_sparse(zfs_fiemap_t *fm)
+{
+	avl_tree_t *t = &fm->fm_extent_trees[0];
+	uint64_t blksz = fm->fm_block_size;
+	uint64_t size = P2ROUNDUP(fm->fm_file_size, blksz);
+
+	if (fm->fm_flags & FIEMAP_FLAG_NOMERGE) {
+		for (uint64_t i = 0; i < size; i += blksz) {
+			zfs_fiemap_add_impl(t, i, blksz, 0, 0, 0,
+			                    FIEMAP_EXTENT_UNWRITTEN);
+		}
+	} else {
+		zfs_fiemap_add_impl(t, 0, size, 0, 0, 0,
+		                    size == blksz ? FIEMAP_EXTENT_UNWRITTEN :
+		                    FIEMAP_EXTENT_UNWRITTEN | FIEMAP_EXTENT_MERGED);
+	}
+}
+
+/*
+ * Walk the block pointers for the provided object and assemble a tree
+ * of extents which describe the logical to physical mapping.  Additionally
+ * include dirty buffers for the object which will be written but have
+ * not yet have had space allocated on disk.
+ */
+int
+zfs_fiemap_assemble(struct inode *ip, zfs_fiemap_t *fm)
+{
+	znode_t *zp = ITOZ(ip);
+	zfsvfs_t *zfsvfs = ZTOZSB(zp);
+	zbookmark_phys_t czb;
+	txg_handle_t th;
+	dnode_t *dn;
+	spa_t *spa;
+	uint64_t open_txg, syncing_txg, dirty_txg;
+	int error;
+
+	ZFS_ENTER(zfsvfs);
+	ZFS_VERIFY_ZP(zp);
+
+	error = dnode_hold(zfsvfs->z_os, zp->z_id, FTAG, &dn);
+	if (error) {
+		ZFS_EXIT(zfsvfs);
+		return (error);
+	}
+
+	spa = dmu_objset_spa(dn->dn_objset);
+
+	if (fm->fm_flags & FIEMAP_FLAG_SYNC)
+		txg_wait_synced(spa_get_dsl(spa), 0);
+
+   /*
+    * Lock the entire file against changes while assembling the FIEMAP.
+    * Then hold open the TXG while generating a map of all pending frees
+    * and dirty blocks.  This isn't strictly necessary but it is a
+    * convenient way to determine the range of TXGs to check.
+    */
+	zfs_locked_range_t *lr = zfs_rangelock_enter(&zp->z_rangelock, 0,
+    	UINT64_MAX, RL_READER);
+	open_txg = txg_hold_open(spa_get_dsl(spa), &th);
+	syncing_txg = dirty_txg = spa_syncing_txg(spa);
+
+	(void) dbuf_generate_dirty_maps(dn, fm->fm_dirty_tree,
+	                                fm->fm_free_tree, &dirty_txg, open_txg);
+
+   /*
+    * When the currently syncing TXG could not be checked, likely because
+    * the dnode was already synced, we need to wait for the syncing TXG
+    * to fully complete in order to avoid using stale block pointers.
+    */
+	if (dirty_txg > syncing_txg)
+		txg_wait_synced(spa_get_dsl(spa), syncing_txg);
+
+	rw_enter(&dn->dn_struct_rwlock, RW_READER);
+	mutex_enter(&dn->dn_mtx);
+
+	dnode_phys_t *dnp = dn->dn_phys;
+	fm->fm_file_size = i_size_read(ip);
+	fm->fm_block_size = dnp->dn_datablkszsec << SPA_MINBLOCKSHIFT;
+	fm->fm_fill_count = 0;
+
+   /*
+    * When there are only pending dirty buffers the block size will not
+    * yet have been determined.  Assume the maximum block size.
+    */
+	if (fm->fm_block_size == 0)
+		fm->fm_block_size = zfsvfs->z_max_blksz;
+
+   /*
+    * When FIEMAP_FLAG_NOMERGE is set and the number of extents for the
+    * entire file are being requested.  Then in this special case walking
+    * the entire indirect block tree is not required.
+    *
+    * The fill count can be used to determine the number of extents, all
+    * dirty blocks are assumed to fill holes, and free blocks are assumed
+    * to overlap with existing free blocks.  This is a safe worst case
+    * estimate which may slightly over report the number of extents for
+    * a file being actively overwritten.
+    *
+    * Otherwise, the entire block tree needs to be walked to determine
+    * exactly how the block pointer will be merged.
+    */
+	if (fm->fm_extents_max == 0 && fm->fm_flags & FIEMAP_FLAG_NOMERGE &&
+	    fm->fm_start == 0 && fm->fm_length == FIEMAP_MAX_OFFSET) {
+		for (int i = 0; i < MIN(dnp->dn_nblkptr, fm->fm_copies); i++)
+			fm->fm_fill_count += BP_GET_FILL(&dnp->dn_blkptr[i]);
+
+		fm->fm_fill_count += P2ROUNDUP(range_tree_space(
+		                                                fm->fm_dirty_tree), fm->fm_block_size) / fm->fm_block_size;
+	} else {
+		SET_BOOKMARK(&czb, dmu_objset_id(dn->dn_objset),
+		             dn->dn_object, dnp->dn_nlevels - 1, 0);
+
+		for (int i = 0; i < MIN(dnp->dn_nblkptr, fm->fm_copies); i++) {
+			blkptr_t *bp = &dnp->dn_blkptr[i];
+
+			if (BP_GET_FILL(bp) > 0) {
+				czb.zb_blkid = i;
+				error = zfs_fiemap_visit_indirect(spa, dnp, bp,
+				                                  &czb, zfs_fiemap_cb, (void *)fm);
+			} else {
+				zfs_fiemap_add_sparse(fm);
+			}
+		}
+
+		for (int i = 0; i < fm->fm_copies; i++) {
+			avl_tree_t *t = &fm->fm_extent_trees[i];
+			zfs_fiemap_entry_t *fe;
+
+			if (i == 0) {
+				range_tree_walk(fm->fm_dirty_tree,
+				                zfs_fiemap_add_dirty, fm);
+				range_tree_walk(fm->fm_free_tree,
+				                zfs_fiemap_add_free, fm);
+			}
+
+			if ((fe = avl_last(t)) != NULL)
+				fe->fe_flags |= FIEMAP_EXTENT_LAST;
+		}
+	}
+
+	mutex_exit(&dn->dn_mtx);
+	rw_exit(&dn->dn_struct_rwlock);
+
+	txg_rele_to_quiesce(&th);
+	txg_rele_to_sync(&th);
+	zfs_rangelock_exit(lr);
+
+	dnode_rele(dn, FTAG);
+	ZFS_EXIT(zfsvfs);
+
+	return (error);
+}
+
+/*
+ * Fill the fiemap_extent_info structure with an extent.  It has been
+ * requested that the following fields be reserved in future kernels.
+ *
+ * - fe_physical_len - reserved for physical length
+ * - fe_device - reserved for device identifier
+ *
+ * Returns:
+ *   ESRCH  - FIEMAP_EXTENT_LAST entry added
+ *   ENOSPC - additional entries cannot be added
+ *   EFAULT - bad address
+ */
+static int
+zfs_fiemap_fill_next_extent(zfs_fiemap_t *fm, struct fiemap_extent_info *fei,
+                            uint64_t logical_start, uint64_t physical_start,
+                            uint64_t logical_len, uint64_t physical_len,
+                            uint32_t device, uint32_t flags)
+{
+	boolean_t is_last = !!(flags & FIEMAP_EXTENT_LAST);
+	int error;
+
+	if (fei->fi_extents_max == 0) {
+		fei->fi_extents_mapped++;
+		return (is_last ? SET_ERROR(ESRCH) : 0);
+	}
+
+	if (fei->fi_extents_mapped >= fei->fi_extents_max)
+		return (SET_ERROR(ENOSPC));
+
+	uint64_t end = logical_start + logical_len;
+	if (end > fm->fm_file_size)
+		logical_len = logical_len - (end - fm->fm_file_size);
+
+	struct fiemap_extent extent;
+	bzero(&extent, sizeof (extent));
+	extent.fe_logical = logical_start;
+	extent.fe_physical = physical_start;
+	extent.fe_length = logical_len;
+	extent.fe_physical_length_reserved = physical_len;
+	extent.fe_flags = flags;
+	extent.fe_device_reserved = device;
+
+	error = copy_to_user(fei->fi_extents_start + fei->fi_extents_mapped,
+	                     &extent, sizeof (extent));
+	if (error)
+		return (SET_ERROR(EFAULT));
+
+	fei->fi_extents_mapped++;
+	if (fei->fi_extents_mapped >= fei->fi_extents_max)
+		return (SET_ERROR(ENOSPC));
+
+	return (is_last ? SET_ERROR(ESRCH) : 0);
+}
+
+/*
+ * Inclusively add all data and holes extents in the requested range from
+ * the assembled zfs_fiemap_tree to the user fiemap_extent_info.
+ */
+static int
+zfs_fiemap_tree_fill(zfs_fiemap_t *fm, int idx, struct fiemap_extent_info *fei,
+                     uint64_t start, uint64_t length)
+{
+	avl_tree_t *t = &fm->fm_extent_trees[idx];
+	zfs_fiemap_entry_t *fe;
+	boolean_t skip_holes = B_TRUE;
+	int error = 0;
+
+	if (fm->fm_flags & FIEMAP_FLAG_HOLES)
+		skip_holes = B_FALSE;
+
+	if (start == 0) {
+		fe = avl_first(t);
+	} else {
+		zfs_fiemap_entry_t search;
+		avl_index_t idx;
+
+		search.fe_logical_start = start;
+		fe = avl_find(t, &search, &idx);
+		if (fe == NULL)
+			fe = avl_nearest(t, idx, AVL_BEFORE);
+		if (fe == NULL)
+			fe = avl_first(t);
+	}
+
+	while (fe != NULL) {
+
+		if (skip_holes && fe->fe_flags & FIEMAP_EXTENT_UNWRITTEN) {
+			fe = AVL_NEXT(t, fe);
+			continue;
+		}
+
+		if (fe->fe_logical_start > start + length)
+			return (SET_ERROR(ESRCH));
+
+		error = zfs_fiemap_fill_next_extent(fm, fei,
+		                                    fe->fe_logical_start, fe->fe_physical_start,
+		                                    fe->fe_logical_len, fe->fe_physical_len,
+		                                    fe->fe_vdev, fe->fe_flags);
+		if (error)
+			return (error);
+
+		fe = AVL_NEXT(t, fe);
+	}
+
+	return (error);
+}
+
+/*
+ * Given the requested logical starting offset and length, find all inclusive
+ * extents and populate the provided fiemap_extent_info.  For compatibility,
+ * the default behavior is to only report extents using a block pointer's
+ * first DVA.  When the FIEMAP_FLAG_COPIES is set all extents are reported.
+ */
+int
+zfs_fiemap_fill(zfs_fiemap_t *fm, struct fiemap_extent_info *fei,
+                uint64_t start, uint64_t length)
+{
+	int error = 0;
+
+   /*
+    * See FIEMAP_FLAG_NOMERGE comment block in zfs_fiemap_assemble().
+    */
+	if (fm->fm_extents_max == 0 && fm->fm_flags & FIEMAP_FLAG_NOMERGE &&
+	    fm->fm_start == 0 && fm->fm_length == FIEMAP_MAX_OFFSET) {
+		fei->fi_extents_mapped = fm->fm_fill_count;
+	return (0);
+}
+
+if (fm->fm_flags & FIEMAP_FLAG_COPIES) {
+	for (int i = 0; i < fm->fm_copies; i++) {
+		error = zfs_fiemap_tree_fill(fm, i, fei, start, length);
+		if (error == ESRCH)
+			continue;
+		else if (error)
+			break;
+	}
+} else {
+	error = zfs_fiemap_tree_fill(fm, 0, fei, start, length);
+}
+
+if (error == ESRCH || error == ENOSPC)
+	return (0);
+
+return (error);
+}
+
+/*
+ * Comparison function for FIEMAP extent trees.
+ */
+static int
+zfs_fiemap_compare(const void *x1, const void *x2)
+{
+	const zfs_fiemap_entry_t *fe1 = (const zfs_fiemap_entry_t *)x1;
+	const zfs_fiemap_entry_t *fe2 = (const zfs_fiemap_entry_t *)x2;
+
+	return (TREE_CMP(fe1->fe_logical_start, fe2->fe_logical_start));
+}
+
+/*
+ * Allocate a zfs_fiemap_t which contains the extent trees.
+ */
+zfs_fiemap_t *
+zfs_fiemap_create(uint64_t start, uint64_t len, uint64_t flags, uint64_t max)
+{
+	zfs_fiemap_t *fm;
+
+	fm = kmem_zalloc(sizeof (zfs_fiemap_t), KM_SLEEP);
+	fm->fm_copies = 1;
+	fm->fm_start = start;
+	fm->fm_length = len;
+	fm->fm_flags = flags;
+	fm->fm_extents_max = max;
+
+	if (fm->fm_flags & FIEMAP_FLAG_COPIES)
+		fm->fm_copies = SPA_DVAS_PER_BP;
+
+	for (int i = 0; i < SPA_DVAS_PER_BP; i++) {
+		avl_create(&fm->fm_extent_trees[i], zfs_fiemap_compare,
+		           sizeof (struct zfs_fiemap_entry),
+		           offsetof(struct zfs_fiemap_entry, fe_node));
+	}
+
+	fm->fm_dirty_tree = range_tree_create(NULL, RANGE_SEG64, NULL, 0, 0);
+	fm->fm_free_tree = range_tree_create(NULL, RANGE_SEG64, NULL, 0, 0);
+
+	return (fm);
+}
+
+/*
+ * Destroy a zfs_fiemap_t.
+ */
+void
+zfs_fiemap_destroy(zfs_fiemap_t *fm)
+{
+	for (int i = 0; i < SPA_DVAS_PER_BP; i++) {
+		avl_tree_t *t = &fm->fm_extent_trees[i];
+		zfs_fiemap_entry_t *fe;
+		void *cookie = NULL;
+
+		while ((fe = avl_destroy_nodes(t, &cookie)) != NULL)
+			kmem_free(fe, sizeof (zfs_fiemap_entry_t));
+
+		avl_destroy(&fm->fm_extent_trees[i]);
+	}
+
+	range_tree_vacate(fm->fm_dirty_tree, NULL, NULL);
+	range_tree_destroy(fm->fm_dirty_tree);
+
+	range_tree_vacate(fm->fm_free_tree, NULL, NULL);
+	range_tree_destroy(fm->fm_free_tree);
+
+	kmem_free(fm, sizeof (zfs_fiemap_t));
+}
+
 #if defined(_KERNEL)
 EXPORT_SYMBOL(zfs_open);
 EXPORT_SYMBOL(zfs_close);
@@ -5020,6 +5752,10 @@ EXPORT_SYMBOL(zfs_getpage);
 EXPORT_SYMBOL(zfs_putpage);
 EXPORT_SYMBOL(zfs_dirty_inode);
 EXPORT_SYMBOL(zfs_map);
+EXPORT_SYMBOL(zfs_fiemap_create);
+EXPORT_SYMBOL(zfs_fiemap_destroy);
+EXPORT_SYMBOL(zfs_fiemap_assemble);
+EXPORT_SYMBOL(zfs_fiemap_fill);
 
 /* BEGIN CSTYLED */
 module_param(zfs_delete_blocks, ulong, 0644);
diff --git a/module/os/linux/zfs/zpl_inode.c b/module/os/linux/zfs/zpl_inode.c
index f3b97a220..4403fe181 100644
--- a/module/os/linux/zfs/zpl_inode.c
+++ b/module/os/linux/zfs/zpl_inode.c
@@ -653,6 +653,44 @@ zpl_revalidate(struct dentry *dentry, unsigned int flags)
 	return (1);
 }
 
+/*
+ * Valid FIEMAP flags:
+ * - FIEMAP_FLAG_SYNC    - Sync extents before reporting
+ * - FIEMAP_FLAG_XATTR   - Report extents used by xattrs (Unsupported)
+ * - FIEMAP_FLAG_COPIES  - Report all data copies (ZFS-only)
+ * - FIEMAP_FLAG_NOMERGE - Never merge blocks in to extents (ZFS-only)
+ */
+static int
+zpl_fiemap(struct inode *ip, struct fiemap_extent_info *fei,
+    __u64 start, __u64 len)
+{
+	zfs_fiemap_t *fm;
+	unsigned int flags = fei->fi_flags;
+	fstrans_cookie_t cookie;
+	int error = 0;
+
+	/* Incompatible ZFS-only flags masked out of compatibility check */
+	fei->fi_flags &= ~ZFS_FIEMAP_FLAGS_ZFS;
+
+	error = fiemap_check_flags(fei, ZFS_FIEMAP_FLAGS_COMPAT);
+	if (error)
+		return (error);
+
+	fm = zfs_fiemap_create(start, len, flags, fei->fi_extents_max);
+
+	cookie = spl_fstrans_mark();
+	error = -zfs_fiemap_assemble(ip, fm);
+	spl_fstrans_unmark(cookie);
+
+	if (error)
+		return (error);
+
+	error = -zfs_fiemap_fill(fm, fei, start, len);
+	zfs_fiemap_destroy(fm);
+
+	return (error);
+}
+
 const struct inode_operations zpl_inode_operations = {
 	.setattr	= zpl_setattr,
 	.getattr	= zpl_getattr,
@@ -668,6 +706,7 @@ const struct inode_operations zpl_inode_operations = {
 #endif /* HAVE_SET_ACL */
 	.get_acl	= zpl_get_acl,
 #endif /* CONFIG_FS_POSIX_ACL */
+	.fiemap		= zpl_fiemap,
 };
 
 const struct inode_operations zpl_dir_inode_operations = {
@@ -701,6 +740,7 @@ const struct inode_operations zpl_dir_inode_operations = {
 #endif /* HAVE_SET_ACL */
 	.get_acl	= zpl_get_acl,
 #endif /* CONFIG_FS_POSIX_ACL */
+	.fiemap		= zpl_fiemap,
 };
 
 const struct inode_operations zpl_symlink_inode_operations = {
@@ -740,6 +780,7 @@ const struct inode_operations zpl_special_inode_operations = {
 #endif /* HAVE_SET_ACL */
 	.get_acl	= zpl_get_acl,
 #endif /* CONFIG_FS_POSIX_ACL */
+	.fiemap		= zpl_fiemap,
 };
 
 dentry_operations_t zpl_dentry_operations = {
diff --git a/module/zfs/dbuf.c b/module/zfs/dbuf.c
index 207d59439..8d207a862 100644
--- a/module/zfs/dbuf.c
+++ b/module/zfs/dbuf.c
@@ -2070,7 +2070,8 @@ dbuf_dirty(dmu_buf_impl_t *db, dmu_tx_t *tx)
 #endif
 	ASSERT(db->db.db_size != 0);
 
-	dprintf_dbuf(db, "size=%llx\n", (u_longlong_t)db->db.db_size);
+	dprintf_dbuf(db, "size=%llx txg=%llu\n", (u_longlong_t)db->db.db_size,
+		(u_longlong_t)dmu_tx_get_txg(tx));
 
 	if (db->db_blkid != DMU_BONUS_BLKID) {
 		dmu_objset_willuse_space(os, db->db.db_size, tx);
@@ -4675,6 +4676,139 @@ dbuf_write(dbuf_dirty_record_t *dr, arc_buf_t *data, dmu_tx_t *tx)
 	}
 }
 
+/*
+ * Add all pending level zero blocks from a dnode's list of dirty records
+ * to the provided dirty tree.  Clear these same ranges from the free tree.
+ */
+static void
+dbuf_add_dirty_map(list_t *list, range_tree_t *dirty_tree,
+	range_tree_t *free_tree)
+{
+	dbuf_dirty_record_t *dr;
+
+	for (dr = list_head(list); dr != NULL; dr = list_next(list, dr)) {
+		dmu_buf_impl_t *db = dr->dr_dbuf;
+
+		if (db->db_buf == NULL)
+			(void) dbuf_read(db, NULL, DB_RF_MUST_SUCCEED);
+
+		if (db->db_level > 0) {
+			dbuf_add_dirty_map(&dr->dt.di.dr_children, dirty_tree,
+				free_tree);
+		} else {
+			if (db->db_blkid == DMU_SPILL_BLKID ||
+				db->db_blkid == DMU_BONUS_BLKID) {
+				continue;
+			} else {
+				uint64_t offset = db->db.db_offset;
+				uint64_t length = db->db.db_size;
+
+				range_tree_add(dirty_tree, offset, length);
+				range_tree_clear(free_tree, offset, length);
+			}
+		}
+	}
+}
+
+/*
+ * Generates two non-overlapping range trees which describe pending dirty
+ * and free ranges which have not yet been synced to the pool.  The
+ * passed syncing_txg will be updated to reflect the first TXG where
+ * the dnode was potentially dirty.
+ */
+int
+dbuf_generate_dirty_maps(dnode_t *dn, range_tree_t *dirty_tree,
+	range_tree_t *free_tree, uint64_t *syncing_txg, uint64_t open_txg)
+{
+	spa_t *spa = dn->dn_objset->os_spa;
+	dnode_phys_t *dnp = dn->dn_phys;
+	multilist_sublist_t *mls;
+	uint64_t txg, txgoff;
+
+	range_tree_vacate(dirty_tree, NULL, NULL);
+	range_tree_vacate(free_tree, NULL, NULL);
+
+	txg = *syncing_txg;
+	txgoff = txg & TXG_MASK;
+
+	mls = multilist_sublist_lock_obj(dn->dn_objset->os_dirty_dnodes[txgoff], dn);
+	mutex_enter(&dn->dn_mtx);
+
+	uint32_t blksz = dnp->dn_datablkszsec << SPA_MINBLOCKSHIFT;
+
+	/*
+	 * Fast path.  The dnode has not been dirtied since it was last synced
+	 * and therefore cannot contain pending frees or dirty records.
+	 */
+	if (dn->dn_dirty_txg < txg) {
+		for (uint64_t i = txg; i <= open_txg; i++) {
+			txgoff = i & TXG_MASK;
+			ASSERT(txgoff);
+			ASSERT3P(dn->dn_free_ranges[txgoff], ==, NULL);
+			ASSERT(list_is_empty(&dn->dn_dirty_records[txgoff]));
+		}
+
+		mutex_exit(&dn->dn_mtx);
+		multilist_sublist_unlock(mls);
+		return (0);
+	}
+
+	/*
+	 * Rather than wait for the syncing transaction to complete, which
+	 * can take a considerable amount of time.  Determine if the given
+	 * dnode is still dirty and has pending free blocks and dirty records
+	 * which must be added to the pending mappings.  If the dnode is
+	 * determined to be dirty it will remain dirty until the sublist
+	 * lock is released.
+	 */
+	boolean_t dirty = B_FALSE;
+	for (dnode_t *mls_dn = multilist_sublist_head(mls); mls_dn != NULL;
+		mls_dn = multilist_sublist_next(mls, mls_dn)) {
+		if (dn == mls_dn) {
+			dirty = B_TRUE;
+			break;
+		}
+	}
+
+	if (!dirty)
+		txg++;
+
+	for (uint64_t i = txg; i <= open_txg; i++) {
+		uint64_t start, length;
+		range_tree_t *rt;
+		range_seg_t *rs;
+		zfs_btree_index_t where;
+
+		TXG_VERIFY(spa, i);
+		txgoff = i & TXG_MASK;
+
+		if (dn->dn_next_blksz[txgoff] != 0)
+			blksz = dn->dn_next_blksz[txgoff];
+
+		rt = dn->dn_free_ranges[txgoff];
+		if (rt != NULL) {
+			for (rs = zfs_btree_first(&rt->rt_root, &where); rs != NULL;
+				rs = zfs_btree_next(&rt->rt_root, &where, &where)) {
+				start = rs_get_start(rs, rt) * blksz;
+				length = (rs_get_end(rs, rt) - rs_get_start(rs, rt)) * blksz;
+
+				range_tree_add(free_tree, start, length);
+				range_tree_clear(dirty_tree, start, length);
+			}
+		}
+
+		dbuf_add_dirty_map(&dn->dn_dirty_records[txgoff], dirty_tree,
+			free_tree);
+	}
+
+	*syncing_txg = txg;
+
+	mutex_exit(&dn->dn_mtx);
+	multilist_sublist_unlock(mls);
+
+	return (0);
+}
+
 EXPORT_SYMBOL(dbuf_find);
 EXPORT_SYMBOL(dbuf_is_metadata);
 EXPORT_SYMBOL(dbuf_destroy);
diff --git a/module/zfs/space_reftree.c b/module/zfs/space_reftree.c
index 080fc6646..ae5817412 100644
--- a/module/zfs/space_reftree.c
+++ b/module/zfs/space_reftree.c
@@ -150,3 +150,32 @@ space_reftree_generate_map(avl_tree_t *t, range_tree_t *rt, int64_t minref)
 	ASSERT(refcnt == 0);
 	ASSERT(start == -1ULL);
 }
+
+/*
+ * Determines if a reference tree is empty.  The tree is considered empty
+ * if expanding all the ranges would result in an empty range tree.
+ */
+boolean_t
+space_reftree_is_empty(avl_tree_t *t)
+{
+	uint64_t start = -1ULL;
+	int64_t refcnt = 0;
+	space_ref_t *sr;
+
+	for (sr = avl_first(t); sr != NULL; sr = AVL_NEXT(t, sr)) {
+		refcnt += sr->sr_refcnt;
+		if (refcnt == 0) {
+			if (start != sr->sr_offset)
+				return (B_FALSE);
+
+			start = -1ULL;
+		} else {
+			if (start == -1ULL)
+				start = sr->sr_offset;
+			else if (start != sr->sr_offset)
+				return (B_FALSE);
+		}
+	}
+
+	return (B_TRUE);
+}
diff --git a/tests/runfiles/linux.run b/tests/runfiles/linux.run
index 36981bbb0..791eb0177 100644
--- a/tests/runfiles/linux.run
+++ b/tests/runfiles/linux.run
@@ -113,6 +113,11 @@ tags = ['functional', 'fault']
 tests = ['large_dnode_002_pos', 'large_dnode_006_pos', 'large_dnode_008_pos']
 tags = ['functional', 'features', 'large_dnode']
 
+[tests/functional/fiemap]
+tests = ['fiemap_sync', 'fiemap_flags', 'fiemap_delalloc', 'fiemap_free',
+    'fiemap_copies', 'fiemap_nomerge', 'fiemap_holes_sanity']
+tags = ['functional', 'fiemap']
+
 [tests/functional/io:Linux]
 tests = ['libaio']
 tags = ['functional', 'io']
diff --git a/tests/zfs-tests/cmd/Makefile.am b/tests/zfs-tests/cmd/Makefile.am
index 20e85cf6b..73368aebf 100644
--- a/tests/zfs-tests/cmd/Makefile.am
+++ b/tests/zfs-tests/cmd/Makefile.am
@@ -5,15 +5,18 @@ SUBDIRS = \
 	chg_usr_exec \
 	devname2devid \
 	dir_rd_update \
+	fiemap \
 	file_check \
 	file_trunc \
 	file_write \
+	getholes \
 	get_diff \
 	largest_file \
 	libzfs_input_check \
 	mkbusy \
 	mkfile \
 	mkfiles \
+	mkholes \
 	mktree \
 	mmap_exec \
 	mmap_libaio \
diff --git a/tests/zfs-tests/cmd/fiemap/.gitignore b/tests/zfs-tests/cmd/fiemap/.gitignore
new file mode 100644
index 000000000..39a211974
--- /dev/null
+++ b/tests/zfs-tests/cmd/fiemap/.gitignore
@@ -0,0 +1 @@
+/fiemap
diff --git a/tests/zfs-tests/cmd/fiemap/Makefile.am b/tests/zfs-tests/cmd/fiemap/Makefile.am
new file mode 100644
index 000000000..9ed74ccd6
--- /dev/null
+++ b/tests/zfs-tests/cmd/fiemap/Makefile.am
@@ -0,0 +1,13 @@
+include $(top_srcdir)/config/Rules.am
+
+pkgexecdir = $(datadir)/@PACKAGE@/zfs-tests/bin
+
+DEFAULT_INCLUDES += \
+	-I$(top_srcdir)/include \
+	-I$(top_srcdir)/lib/libspl/include
+
+pkgexec_PROGRAMS = fiemap
+fiemap_SOURCES = fiemap.c
+fiemap_LDADD = \
+	$(top_builddir)/lib/libavl/libavl.la \
+	$(top_builddir)/lib/libzpool/libzpool.la
diff --git a/tests/zfs-tests/cmd/fiemap/fiemap.c b/tests/zfs-tests/cmd/fiemap/fiemap.c
new file mode 100644
index 000000000..575c955c6
--- /dev/null
+++ b/tests/zfs-tests/cmd/fiemap/fiemap.c
@@ -0,0 +1,777 @@
+/*
+ * This file and its contents are supplied under the terms of the
+ * Common Development and Distribution License ("CDDL"), version 1.0.
+ * You may only use this file in accordance with the terms of version
+ * 1.0 of the CDDL.
+ *
+ * A full copy of the text of the CDDL should have accompanied this
+ * source.  A copy of the CDDL is also available via the Internet at
+ * http://www.illumos.org/license/CDDL.
+ */
+
+/*
+ * Copyright (c) 2018, Lawrence Livermore National Security, LLC.
+ */
+
+#include "../file_common.h"
+#include <stdio.h>
+#include <fcntl.h>
+#include <unistd.h>
+#include <stdlib.h>
+#include <stdint.h>
+#include <sys/types.h>
+#include <sys/stat.h>
+#include <sys/ioctl.h>
+#include <sys/space_reftree.h>
+#include <sys/fiemap.h>
+#include <linux/fs.h>
+#include <linux/fiemap.h>
+
+typedef enum verify_tree_type {
+	VERIFY_DATA_TREE,
+	VERIFY_HOLE_TREE,
+} verify_tree_type_t;
+
+typedef enum verify_mode {
+	VERIFY_MODE_EQUAL,
+	VERIFY_MODE_GT,
+	VERIFY_MODE_LT,
+	VERIFY_MODE_ALL,
+} verify_mode_t;
+
+typedef struct fiemap_args {
+	struct fiemap	*fa_fiemap;
+	char		*fa_filename;
+	int		fa_fd;
+	struct stat	fa_statbuf;
+	unsigned	fa_flags;
+	boolean_t	fa_verbose;
+	boolean_t	fa_verify_data;
+	boolean_t	fa_verify_size;
+	boolean_t	fa_verify_hole;
+	boolean_t	fa_verify_flags;
+	boolean_t	fa_verify_dev;
+	boolean_t	fa_verify_extent_count;
+	avl_tree_t	fa_verify_trees[2];
+	unsigned	fa_verify_sizes[2];
+	unsigned	fa_verify_index;
+	char		*fa_verify_flags_str;
+	verify_mode_t	fa_verify_flags_mode;
+	int		fa_verify_flags_count;
+	unsigned	fa_verify_dev_id;
+	verify_mode_t	fa_verify_dev_mode;
+	int		fa_verify_dev_count;
+	int		fa_verify_extent_expected;
+} fiemap_args_t;
+
+static int
+usage(char *msg, int exit_value)
+{
+	(void) fprintf(stderr, "fiemap [-achsv?] "
+	    "[[-DH] <offset:length:refs>] [-F <flags:[=<>count>]\n"
+	    "    [-V <vdev:[=<>]count>] [-E extent-count] filename\n");
+
+	if (msg != NULL)
+		(void) fprintf(stderr, "%s\n", msg);
+
+	return (exit_value);
+}
+
+static int
+fiemap_ioctl(fiemap_args_t *fa)
+{
+	struct fiemap *fiemap;
+	size_t size = sizeof (struct fiemap);
+	unsigned extents;
+	int error;
+
+
+	fiemap = calloc(1, size);
+	if (fiemap == NULL)
+		return (errno);
+
+	/*
+	 * Request the number of extents
+	 */
+	fiemap->fm_start = 0;
+	fiemap->fm_length = FIEMAP_MAX_OFFSET;
+	fiemap->fm_flags = fa->fa_flags;
+	fiemap->fm_extent_count = 0;
+	fiemap->fm_mapped_extents = 0;
+
+	error = ioctl(fa->fa_fd, FS_IOC_FIEMAP, fiemap);
+	if (error < 0) {
+		free(fiemap);
+		return (errno);
+	}
+
+	extents = fiemap->fm_mapped_extents;
+	size += sizeof (struct fiemap_extent) * extents;
+	free(fiemap);
+
+	fiemap = calloc(1, size);
+	if (fiemap == NULL)
+		return (errno);
+
+	/*
+	 * Read all reported extents.
+	 */
+	fiemap->fm_start = 0;
+	fiemap->fm_length = FIEMAP_MAX_OFFSET;
+	fiemap->fm_flags = fa->fa_flags;
+	fiemap->fm_extent_count = extents;
+	fiemap->fm_mapped_extents = 0;
+
+	error = ioctl(fa->fa_fd, FS_IOC_FIEMAP, fiemap);
+	if (error < 0) {
+		free(fiemap);
+		return (errno);
+	}
+
+	fa->fa_fiemap = fiemap;
+
+	return (0);
+}
+
+static char *
+fiemap_extent_flags_str(struct fiemap_extent *extent, char *str, int size)
+{
+	unsigned flags = extent->fe_flags;
+	char *next = str;
+
+	str[0] = '\0';
+
+	if (flags & FIEMAP_EXTENT_LAST)
+		next += snprintf(next, size - (next - str), "last,");
+	if (flags & FIEMAP_EXTENT_UNKNOWN)
+		next += snprintf(next, size - (next - str), "unknown,");
+	if (flags & FIEMAP_EXTENT_DELALLOC)
+		next += snprintf(next, size - (next - str), "delalloc,");
+	if (flags & FIEMAP_EXTENT_ENCODED)
+		next += snprintf(next, size - (next - str), "encoded,");
+	if (flags & FIEMAP_EXTENT_DATA_ENCRYPTED)
+		next += snprintf(next, size - (next - str), "data-encrypted,");
+	if (flags & FIEMAP_EXTENT_NOT_ALIGNED)
+		next += snprintf(next, size - (next - str), "not-aligned,");
+	if (flags & FIEMAP_EXTENT_DATA_INLINE)
+		next += snprintf(next, size - (next - str), "data-inline,");
+	if (flags & FIEMAP_EXTENT_DATA_TAIL)
+		next += snprintf(next, size - (next - str), "data-tail,");
+	if (flags & FIEMAP_EXTENT_UNWRITTEN)
+		next += snprintf(next, size - (next - str), "unwritten,");
+	if (flags & FIEMAP_EXTENT_MERGED)
+		next += snprintf(next, size - (next - str), "merged,");
+	if (flags & FIEMAP_EXTENT_SHARED)
+		next += snprintf(next, size - (next - str), "shared,");
+	if (next > str)
+		next[-1] = '\0';
+
+	return (str);
+}
+
+#define	PRINT_LOGICAL		1
+#define	PRINT_PHYSICAL		2
+
+static char *
+fiemap_extent_str(struct fiemap_extent *extent, int type, char *str, int size)
+{
+	uint64_t start = 0, end = 0, len = 0;
+	unsigned flags = extent->fe_flags;
+
+	switch (type) {
+	case PRINT_LOGICAL:
+		len = extent->fe_length;
+		start = extent->fe_logical;
+		if (start || len)
+			end = extent->fe_logical + len - 1;
+		break;
+	case PRINT_PHYSICAL:
+		if (!(flags & FIEMAP_EXTENT_UNWRITTEN)) {
+			len = extent->fe_physical_length_reserved;
+			start = extent->fe_physical;
+			if (start || len)
+				end = extent->fe_physical + len - 1;
+		}
+		break;
+	}
+
+	(void) snprintf(str, size, "0x%012llx-0x%012llx %9llu",
+	    (u_longlong_t)start, (u_longlong_t)end, (u_longlong_t)len);
+
+	return (str);
+}
+
+static void
+fiemap_print(fiemap_args_t *fa)
+{
+	char lstr[64], pstr[64], fstr[128];
+
+	printf("Extents: %u\n", fa->fa_fiemap->fm_mapped_extents);
+	printf("%-4s %-39s %-39s %-3s %-s\n", "ID",
+	    "Logical (Start-End Length)", "Physical (Start-End Length)",
+	    "Dev", "Flags");
+
+	for (int i = 0; i < fa->fa_fiemap->fm_mapped_extents; i++) {
+		struct fiemap_extent *extent = &fa->fa_fiemap->fm_extents[i];
+
+		printf("%-4d %s %s %-3u %s\n", i,
+		    fiemap_extent_str(extent, PRINT_LOGICAL, lstr, 64),
+		    fiemap_extent_str(extent, PRINT_PHYSICAL, pstr, 64),
+		    extent->fe_device_reserved,
+		    fiemap_extent_flags_str(extent, fstr, 128));
+	}
+}
+
+static void
+fiemap_verify_count_cb(void *arg, uint64_t offset, uint64_t size)
+{
+	fiemap_args_t *fa = (fiemap_args_t *)arg;
+	fa->fa_verify_sizes[fa->fa_verify_index]++;
+}
+
+static void
+fiemap_verify_print_cb(void *arg, uint64_t offset, uint64_t size)
+{
+	fiemap_args_t *fa = (fiemap_args_t *)arg;
+	unsigned i = fa->fa_verify_index;
+
+	if (fa->fa_verbose == B_TRUE) {
+		printf("%-4d 0x%012llx-0x%012llx %9llu\n",
+		    fa->fa_verify_sizes[i], (u_longlong_t)offset,
+		    (u_longlong_t)offset + size, (u_longlong_t)size);
+	}
+
+	fa->fa_verify_sizes[i]++;
+}
+
+static void
+fiemap_verify_extent_dec(void *arg, uint64_t start, uint64_t size)
+{
+	space_reftree_add_seg(arg, start, start + size, -1);
+}
+
+/*
+ * When a logical extent mapping has been provided, using -V, verify it
+ * against the list of returned extents.  This is accomplished by first
+ * building up a reference tree of all the expected logical extents.
+ * Then for each extent reported by FIEMAP decrease the reference counts.
+ * After iterating over all the extents generate a range tree containing
+ * all references >= -1.  The resulting tree must be empty for all extents
+ * to be properly accounted for.
+ */
+static int
+fiemap_verify_extents(fiemap_args_t *fa, verify_tree_type_t type)
+{
+	avl_tree_t *t = &fa->fa_verify_trees[type];
+	struct fiemap_extent *ext;
+	range_tree_t *rt;
+	boolean_t is_data = (type == VERIFY_DATA_TREE);
+	boolean_t is_hole = (type == VERIFY_HOLE_TREE);
+	int error = 0;
+
+	rt = range_tree_create(NULL, RANGE_SEG64, NULL, 0, 0);
+	if (rt == NULL)
+		return (ENOMEM);
+
+	if (is_data) {
+		/*
+		 * All data extents will be reported, the provided space
+		 * reference tree only needs to decrement the given ranges.
+		 */
+		for (int i = 0; i < fa->fa_fiemap->fm_mapped_extents; i++) {
+			ext = &fa->fa_fiemap->fm_extents[i];
+
+			if (!(ext->fe_flags & FIEMAP_EXTENT_UNWRITTEN))
+				fiemap_verify_extent_dec(t, ext->fe_logical,
+				    ext->fe_length);
+		}
+	} else if (is_hole && fa->fa_flags & FIEMAP_FLAG_HOLES) {
+		/*
+		 * FIEMAP_FLAG_HOLES was passes so all hole extents will be
+		 * reported, the provided space reference tree only needs to
+		 * decrement the given ranges.
+		 */
+		for (int i = 0; i < fa->fa_fiemap->fm_mapped_extents; i++) {
+			ext = &fa->fa_fiemap->fm_extents[i];
+
+			if (ext->fe_flags & FIEMAP_EXTENT_UNWRITTEN)
+				fiemap_verify_extent_dec(t, ext->fe_logical,
+				    ext->fe_length);
+		}
+	} else if (is_hole) {
+		avl_tree_t ht;
+
+		/*
+		 * Holes will not be reported and must be calculated based
+		 * on the lack of a data extent for the range.  This is
+		 * accomplished by creating a space reference tree which
+		 * contains a single range the length of the file.  Then the
+		 * reported data ranges are removed.  What's left with a
+		 * positive reference count are the holes.  These can then
+		 * be decremented from provided hole tree for verification.
+		 */
+		space_reftree_create(&ht);
+		space_reftree_add_seg(&ht, 0, fa->fa_statbuf.st_size, 1);
+
+		for (int i = 0; i < fa->fa_fiemap->fm_mapped_extents; i++) {
+			ext = &fa->fa_fiemap->fm_extents[i];
+
+			if (!(ext->fe_flags & FIEMAP_EXTENT_UNWRITTEN))
+				fiemap_verify_extent_dec(&ht, ext->fe_logical,
+				    ext->fe_length);
+		}
+
+		space_reftree_generate_map(&ht, rt, 1);
+		range_tree_walk(rt, fiemap_verify_extent_dec, t);
+		range_tree_vacate(rt, NULL, NULL);
+
+		space_reftree_destroy(&ht);
+	}
+
+	space_reftree_generate_map(t, rt, 1);
+
+	fa->fa_verify_index = type;
+	range_tree_walk(rt, fiemap_verify_count_cb, fa);
+
+	if (fa->fa_verbose == B_TRUE && fa->fa_verify_sizes[type] > 0) {
+		printf("----- Missing %s Tree Extents -----\n",
+		    is_data ? "Data" : "Hole");
+		printf("%-4s %-39s\n", "ID", "Logical (Start-End Length)");
+
+		fa->fa_verify_sizes[type] = 0;
+		range_tree_walk(rt, fiemap_verify_print_cb, fa);
+	}
+
+	range_tree_vacate(rt, NULL, NULL);
+	range_tree_destroy(rt);
+
+	/*
+	 * There are additional logical extents reported by FIEMAP which
+	 * were not included in the provided space reference tree.
+	 */
+	if (space_reftree_is_empty(t) == 0) {
+		printf("%s verify failed, additional extents found\n",
+		    is_data ? "Data" : "Hole");
+		error = EDOM;
+	}
+
+	/*
+	 * There are missing logical extents not reported by FIEMAP which
+	 * were expected given the provided space reference tree.
+	 */
+	if (fa->fa_verify_sizes[type] > 0) {
+		printf("%s verify failed, %d extent(s) missing\n",
+		    is_data ? "Data" : "Hole", fa->fa_verify_sizes[type]);
+		error = EDOM;
+	}
+
+	return (error);
+}
+
+/*
+ * When a list of extent flags has been provided verify that a certain
+ * number of extents have the specified flags set.  VERIFY_MODE_ALL can be
+ * used to indicate that all extents must include the flags
+ */
+static int
+fiemap_verify_flags(fiemap_args_t *fa)
+{
+	char fstr[128];
+	int count = 0, error = 0;
+
+	for (int i = 0; i < fa->fa_fiemap->fm_mapped_extents; i++) {
+		struct fiemap_extent *extent = &fa->fa_fiemap->fm_extents[i];
+
+		(void) fiemap_extent_flags_str(extent, fstr, 128);
+		if (strstr(fstr, fa->fa_verify_flags_str) != NULL)
+			count++;
+	}
+
+	switch (fa->fa_verify_flags_mode) {
+	case VERIFY_MODE_EQUAL:
+		if (count != fa->fa_verify_flags_count) {
+			printf("Exactly %d extents with '%s' required, "
+			    "%d found\n", fa->fa_verify_flags_count,
+			    fa->fa_verify_flags_str, count);
+			error = EDOM;
+		}
+		break;
+	case VERIFY_MODE_GT:
+		if (count <= fa->fa_verify_flags_count) {
+			printf("Greater than %d extents with '%s' required, "
+			    "%d found\n", fa->fa_verify_flags_count,
+			    fa->fa_verify_flags_str, count);
+			error = EDOM;
+		}
+		break;
+	case VERIFY_MODE_LT:
+		if (count >= fa->fa_verify_flags_count) {
+			printf("Fewer than %d extents with '%s' required, "
+			    "%d found\n", fa->fa_verify_flags_count,
+			    fa->fa_verify_flags_str, count);
+			error = EDOM;
+		}
+		break;
+	case VERIFY_MODE_ALL:
+		if (count != fa->fa_fiemap->fm_mapped_extents) {
+			printf("All %d extents with '%s' required, %d found\n",
+			    fa->fa_fiemap->fm_mapped_extents,
+			    fa->fa_verify_flags_str, count);
+			error = EDOM;
+		} else if (count == 0) {
+			printf("No extents with flag '%s' were found\n",
+			    fa->fa_verify_flags_str);
+			error = EDOM;
+		}
+		break;
+	default:
+		error = EINVAL;
+	}
+
+	return (error);
+}
+
+/*
+ * When a list of extent device ids has been provided verify that a certain
+ * number of extents have the specified device id.  VERIFY_MODE_ALL can be
+ * used to indicate that all extents must be for the device id.
+ */
+static int
+fiemap_verify_device(fiemap_args_t *fa)
+{
+	int count = 0, error = 0;
+
+	for (int i = 0; i < fa->fa_fiemap->fm_mapped_extents; i++) {
+		struct fiemap_extent *extent = &fa->fa_fiemap->fm_extents[i];
+
+		if (extent->fe_device_reserved == fa->fa_verify_dev_id)
+			count++;
+	}
+
+	switch (fa->fa_verify_dev_mode) {
+	case VERIFY_MODE_EQUAL:
+		if (count != fa->fa_verify_dev_count) {
+			printf("Exactly %d extents for device '%u' required, "
+			    "%d found\n", fa->fa_verify_dev_count,
+			    fa->fa_verify_dev_id, count);
+			error = EDOM;
+		}
+		break;
+	case VERIFY_MODE_GT:
+		if (count <= fa->fa_verify_dev_count) {
+			printf("Greater than %d extents for device '%u' "
+			    "required, %d found\n", fa->fa_verify_dev_count,
+			    fa->fa_verify_dev_id, count);
+			error = EDOM;
+		}
+		break;
+	case VERIFY_MODE_LT:
+		if (count >= fa->fa_verify_dev_count) {
+			printf("Fewer than %d extents for device '%u' "
+			    "required, %d found\n", fa->fa_verify_dev_count,
+			    fa->fa_verify_dev_id, count);
+			error = EDOM;
+		}
+		break;
+	case VERIFY_MODE_ALL:
+		if (count != fa->fa_fiemap->fm_mapped_extents) {
+			printf("All %d extents for device '%u' required, "
+			    "%d found\n", fa->fa_fiemap->fm_mapped_extents,
+			    fa->fa_verify_dev_id, count);
+			error = EDOM;
+		} else if (count == 0) {
+			printf("No extents for device '%u' were found\n",
+			    fa->fa_verify_dev_id);
+			error = EDOM;
+		}
+		break;
+	default:
+		error = EINVAL;
+	}
+
+	return (error);
+}
+
+/*
+ * Verify the reported extents cover the entire requested range.  This will
+ * only be the case for sparse files when FIEMAP_FLAG_HOLES has been set and
+ * holes are reported.
+ */
+static int
+fiemap_verify_size(fiemap_args_t *fa)
+{
+	range_tree_t *rt = range_tree_create(NULL, RANGE_SEG64, NULL, 0, 0);
+	int error = 0;
+
+	for (int i = 0; i < fa->fa_fiemap->fm_mapped_extents; i++) {
+		struct fiemap_extent *extent = &fa->fa_fiemap->fm_extents[i];
+		range_tree_add(rt, extent->fe_logical, extent->fe_length);
+	}
+
+	if (range_tree_space(rt) != fa->fa_statbuf.st_size) {
+		printf("The reported extents cover %llu / %llu bytes of "
+		    "the file\n", (u_longlong_t)range_tree_space(rt),
+		    (u_longlong_t)fa->fa_statbuf.st_size);
+		error = EDOM;
+	}
+
+	range_tree_vacate(rt, NULL, NULL);
+	range_tree_destroy(rt);
+
+	return (error);
+}
+
+/*
+ * Verify the expected number of extents are reported.
+ */
+static int
+fiemap_verify_extent_count(fiemap_args_t *fa)
+{
+	int error = 0;
+
+	if (fa->fa_verify_extent_expected != fa->fa_fiemap->fm_extent_count) {
+		printf("Expected %d extents but %d reported\n",
+		    fa->fa_verify_extent_expected,
+		    fa->fa_fiemap->fm_extent_count);
+		error = EDOM;
+	}
+
+	return (error);
+}
+
+/*
+ * Verify reported extents cover the entire requested range.  Optionally,
+ * perform additional checks on the reported extents based on the provided
+ * command line options.  The file stats as reported by fstat(2) are cached
+ * and may be used by the verification checks.
+ */
+static int
+fiemap_verify(fiemap_args_t *fa)
+{
+	int error;
+
+	error = fstat(fa->fa_fd, &fa->fa_statbuf);
+	if (error)
+		return (0x01);
+
+	if (fa->fa_verify_size == B_TRUE && fiemap_verify_size(fa))
+		error |= 0x02;
+
+	if (fa->fa_verify_data == B_TRUE &&
+	    fiemap_verify_extents(fa, VERIFY_DATA_TREE))
+		error |= 0x04;
+
+	if (fa->fa_verify_hole == B_TRUE &&
+	    fiemap_verify_extents(fa, VERIFY_HOLE_TREE))
+		error |= 0x08;
+
+	if (fa->fa_verify_flags == B_TRUE && fiemap_verify_flags(fa))
+		error |= 0x10;
+
+	if (fa->fa_verify_dev == B_TRUE && fiemap_verify_device(fa))
+		error |= 0x20;
+
+	if (fa->fa_verify_extent_count == B_TRUE &&
+	    fiemap_verify_extent_count(fa))
+		error |= 0x40;
+
+	return (error);
+}
+
+static void
+fiemap_init(fiemap_args_t *fa)
+{
+	memset(fa, 0, sizeof (fiemap_args_t));
+
+	space_reftree_create(&fa->fa_verify_trees[VERIFY_DATA_TREE]);
+	space_reftree_create(&fa->fa_verify_trees[VERIFY_HOLE_TREE]);
+}
+
+static void
+fiemap_fini(fiemap_args_t *fa)
+{
+	(void) close(fa->fa_fd);
+	free(fa->fa_verify_flags_str);
+
+	space_reftree_destroy(&fa->fa_verify_trees[VERIFY_DATA_TREE]);
+	space_reftree_destroy(&fa->fa_verify_trees[VERIFY_HOLE_TREE]);
+}
+
+static int
+fiemap_open(fiemap_args_t *fa, char *filename)
+{
+	if (filename == NULL)
+		return (EINVAL);
+
+	if ((fa->fa_fd = open(filename, O_LARGEFILE | O_RDONLY)) < 0)
+		return (errno);
+
+	fa->fa_filename = filename;
+
+	return (0);
+}
+
+int
+main(int argc, char *argv[])
+{
+	fiemap_args_t fa;
+	char *filename, *flags, *s;
+	unsigned long long offset, length;
+	long long refs;
+	unsigned dev;
+	int c, error, matched;
+
+	fiemap_init(&fa);
+
+	while ((c = getopt(argc, argv, "achsvD:E:H:F:V:?")) != -1) {
+		switch (c) {
+		case 'a':
+			fa.fa_flags |= FIEMAP_FLAG_NOMERGE;
+			break;
+		case 'c':
+			fa.fa_flags |= FIEMAP_FLAG_COPIES;
+			break;
+		case 'h':
+			fa.fa_verify_size = B_TRUE;
+			fa.fa_flags |= FIEMAP_FLAG_HOLES;
+			break;
+		case 's':
+			fa.fa_flags |= FIEMAP_FLAG_SYNC;
+			break;
+		case 'v':
+			fa.fa_verbose = B_TRUE;
+			break;
+		case 'D':
+			matched = sscanf(optarg, "%llu:%llu:%lld",
+			    &offset, &length, &refs);
+			if (matched != 3) {
+				error = usage("Use -D <offset:length:refs>", 1);
+				goto out;
+			}
+
+			fa.fa_verify_data = B_TRUE;
+			space_reftree_add_seg(
+			    &fa.fa_verify_trees[VERIFY_DATA_TREE],
+			    offset, offset + length, refs);
+			break;
+		case 'E':
+			fa.fa_verify_extent_count = B_TRUE;
+			fa.fa_verify_extent_expected = strtol(optarg, NULL, 0);
+			break;
+		case 'H':
+			matched = sscanf(optarg, "%llu:%llu:%lld",
+			    &offset, &length, &refs);
+			if (matched != 3) {
+				error = usage("Use -H <offset:length:refs>", 1);
+				goto out;
+			}
+
+			fa.fa_verify_hole = B_TRUE;
+			space_reftree_add_seg(
+			    &fa.fa_verify_trees[VERIFY_HOLE_TREE],
+			    offset, offset + length, refs);
+			break;
+		case 'V':
+			matched = sscanf(optarg, "%u:%m[0-9a-z<>=-]", &dev, &s);
+			if (matched != 2) {
+				error = usage(
+				    "Use -V <device:[<>=]count|all>", 1);
+				goto out;
+			}
+
+			if (strncmp(s, "all", 3) == 0) {
+				fa.fa_verify_dev_mode = VERIFY_MODE_ALL;
+				fa.fa_verify_dev_count = 0;
+			} else if (s[0] == '=') {
+				fa.fa_verify_dev_mode = VERIFY_MODE_EQUAL;
+				fa.fa_verify_dev_count = strtol(s+1, NULL, 0);
+			} else if (s[0] == '<') {
+				fa.fa_verify_dev_mode = VERIFY_MODE_LT;
+				fa.fa_verify_dev_count = strtol(s+1, NULL, 0);
+			} else if (s[0] == '>') {
+				fa.fa_verify_dev_mode = VERIFY_MODE_GT;
+				fa.fa_verify_dev_count = strtol(s+1, NULL, 0);
+			} else {
+				fa.fa_verify_dev_mode = VERIFY_MODE_EQUAL;
+				fa.fa_verify_dev_count = strtol(s, NULL, 0);
+			}
+
+			fa.fa_verify_dev = B_TRUE;
+			fa.fa_verify_dev_id = dev;
+			free(s);
+			break;
+		case 'F':
+			if (fa.fa_verify_flags == B_TRUE) {
+				error = usage("-F passed more then once", 1);
+				goto out;
+			}
+
+			matched = sscanf(optarg, "%m[a-z,-]:%m[0-9a-z<>=-]",
+			    &flags, &s);
+			if (matched != 2) {
+				error = usage(
+				    "Use -F <flags:[<>=]count|all>", 1);
+				goto out;
+			}
+
+			if (strncmp(s, "all", 3) == 0) {
+				fa.fa_verify_flags_mode = VERIFY_MODE_ALL;
+				fa.fa_verify_flags_count = 0;
+			} else if (s[0] == '=') {
+				fa.fa_verify_flags_mode = VERIFY_MODE_EQUAL;
+				fa.fa_verify_flags_count = strtol(s+1, NULL, 0);
+			} else if (s[0] == '<') {
+				fa.fa_verify_flags_mode = VERIFY_MODE_LT;
+				fa.fa_verify_flags_count = strtol(s+1, NULL, 0);
+			} else if (s[0] == '>') {
+				fa.fa_verify_flags_mode = VERIFY_MODE_GT;
+				fa.fa_verify_flags_count = strtol(s+1, NULL, 0);
+			} else {
+				fa.fa_verify_flags_mode = VERIFY_MODE_EQUAL;
+				fa.fa_verify_flags_count = strtol(s, NULL, 0);
+			}
+
+			fa.fa_verify_flags = B_TRUE;
+			fa.fa_verify_flags_str = flags;
+			free(s);
+			break;
+		case '?':
+			error = usage(NULL, 0);
+			goto out;
+		default:
+			error = usage("Unknown option", 1);
+			goto out;
+		}
+	}
+
+	argc -= optind;
+	argv += optind;
+
+	if (argc != 1) {
+		error = usage("Incorrect number of arguments.", 1);
+		goto out;
+	}
+
+	error = fiemap_open(&fa, argv[0]);
+	if (error) {
+		printf("Cannot open: %s (%d)\n",
+		    filename ? filename : "<missing>", errno);
+		error = 1;
+		goto out;
+	}
+
+	error = fiemap_ioctl(&fa);
+	if (error == 0) {
+		error = fiemap_verify(&fa);
+
+		if (fa.fa_verbose == B_TRUE)
+			fiemap_print(&fa);
+	} else {
+		printf("Failed to read FIEMAP: %d\n", error);
+		error = 1;
+	}
+out:
+	fiemap_fini(&fa);
+
+	return (error);
+}
diff --git a/tests/zfs-tests/cmd/getholes/.gitignore b/tests/zfs-tests/cmd/getholes/.gitignore
new file mode 100644
index 000000000..f88884bf0
--- /dev/null
+++ b/tests/zfs-tests/cmd/getholes/.gitignore
@@ -0,0 +1 @@
+/getholes
diff --git a/tests/zfs-tests/cmd/getholes/Makefile.am b/tests/zfs-tests/cmd/getholes/Makefile.am
new file mode 100644
index 000000000..b1d9b3aef
--- /dev/null
+++ b/tests/zfs-tests/cmd/getholes/Makefile.am
@@ -0,0 +1,13 @@
+include $(top_srcdir)/config/Rules.am
+
+pkgexecdir = $(datadir)/@PACKAGE@/zfs-tests/bin
+
+DEFAULT_INCLUDES += \
+	-I$(top_srcdir)/include \
+	-I$(top_srcdir)/lib/libspl/include
+
+pkgexec_PROGRAMS = getholes
+getholes_SOURCES = getholes.c
+getholes_LDADD = \
+	$(top_builddir)/lib/libzfs/libzfs.la \
+	$(top_builddir)/lib/libspl/libspl.la
\ No newline at end of file
diff --git a/tests/zfs-tests/cmd/getholes/getholes.c b/tests/zfs-tests/cmd/getholes/getholes.c
new file mode 100644
index 000000000..14f7aa48e
--- /dev/null
+++ b/tests/zfs-tests/cmd/getholes/getholes.c
@@ -0,0 +1,234 @@
+/*
+ * This file and its contents are supplied under the terms of the
+ * Common Development and Distribution License ("CDDL"), version 1.0.
+ * You may only use this file in accordance with the terms of version
+ * 1.0 of the CDDL.
+ *
+ * A full copy of the text of the CDDL should have accompanied this
+ * source.  A copy of the CDDL is also available via the Internet at
+ * http://www.illumos.org/license/CDDL.
+ */
+
+/*
+ * Copyright (c) 2014 by Delphix. All rights reserved.
+ */
+
+#include "../file_common.h"
+#include <stdio.h>
+#include <fcntl.h>
+#include <unistd.h>
+#include <libzfs.h>
+#include <umem.h>
+#include <stdlib.h>
+#include <stddef.h>
+#include <errno.h>
+#include <sys/types.h>
+#include <sys/list.h>
+#include <sys/stat.h>
+
+#define	PRINT_HOLE 0x1
+#define	PRINT_DATA 0x2
+#define	PRINT_VERBOSE 0x4
+#define	NO_VERIFY 0x8
+
+#if defined(SEEK_HOLE) && defined(SEEK_DATA)
+
+static void
+usage(char *msg, int exit_value)
+{
+	(void) fprintf(stderr, "getholes [-dhnv] filename\n");
+	(void) fprintf(stderr, "%s\n", msg);
+	exit(exit_value);
+}
+
+typedef struct segment {
+	list_node_t	seg_node;
+	int		seg_type;
+	off_t		seg_offset;
+	off_t		seg_len;
+} seg_t;
+
+/*
+ * Return an appropriate whence value, depending on whether the file begins
+ * with a holes or data.
+ */
+static int
+starts_with_hole(int fd)
+{
+	off_t	off;
+
+	if ((off = lseek(fd, 0, SEEK_HOLE)) == -1) {
+		/* ENXIO means no holes were found */
+		if (errno == ENXIO)
+			return (SEEK_DATA);
+		perror("lseek failed");
+		exit(1);
+	}
+
+	return (off == 0 ? SEEK_HOLE : SEEK_DATA);
+}
+
+static void
+print_list(list_t *seg_list, char *fname, int options)
+{
+	uint64_t	lz_holes, bs = 0;
+	uint64_t	hole_blks_seen = 0, data_blks_seen = 0;
+	seg_t		*seg;
+
+	if (options & NO_VERIFY) {
+		struct stat ss;
+		if (stat(fname, &ss) != 0) {
+			perror("stat");
+			exit(1);
+		}
+		bs = ss.st_blksize;
+	} else {
+		if (zfs_get_hole_count(fname, &lz_holes, &bs) != 0) {
+			perror("zfs_get_hole_count");
+			exit(1);
+		}
+	}
+
+	while ((seg = list_remove_head(seg_list)) != NULL) {
+		if (options & PRINT_VERBOSE)
+			(void) fprintf(stdout, "%c %llu:%llu\n",
+			    seg->seg_type == SEEK_HOLE ? 'h' : 'd',
+			    (long long)seg->seg_offset,
+			    (long long)seg->seg_len);
+
+		if (seg->seg_type == SEEK_HOLE) {
+			hole_blks_seen += seg->seg_len / bs;
+		} else {
+			data_blks_seen += seg->seg_len / bs;
+		}
+		umem_free(seg, sizeof (seg_t));
+	}
+
+	/* Verify libzfs sees the same number of hole blocks found manually. */
+	if (!(options & NO_VERIFY) && lz_holes != hole_blks_seen) {
+		(void) fprintf(stderr, "Counted %llu holes, but libzfs found "
+		    "%llu\n",
+		    (long long)hole_blks_seen,
+		    (long long)lz_holes);
+		exit(1);
+	}
+
+	if (options & PRINT_HOLE && options & PRINT_DATA) {
+		(void) fprintf(stdout, "datablks: %llu\n",
+		    (long long)data_blks_seen);
+		(void) fprintf(stdout, "holeblks: %llu\n",
+		    (long long)hole_blks_seen);
+		return;
+	}
+
+	if (options & PRINT_DATA)
+		(void) fprintf(stdout, "%llu\n", (long long)data_blks_seen);
+	if (options & PRINT_HOLE)
+		(void) fprintf(stdout, "%llu\n", (long long)hole_blks_seen);
+}
+
+int
+main(int argc, char *argv[])
+{
+	off_t		len, off = 0;
+	int		c, fd, options = 0, whence = SEEK_DATA;
+	struct stat	statbuf;
+	char		*fname;
+	list_t		seg_list;
+	seg_t		*seg = NULL;
+
+	list_create(&seg_list, sizeof (seg_t), offsetof(seg_t, seg_node));
+
+	while ((c = getopt(argc, argv, "dhvn")) != -1) {
+		switch (c) {
+		case 'd':
+			options |= PRINT_DATA;
+			break;
+		case 'h':
+			options |= PRINT_HOLE;
+			break;
+		case 'v':
+			options |= PRINT_VERBOSE;
+			break;
+		case 'n':
+			options |= NO_VERIFY;
+			break;
+		}
+	}
+	argc -= optind;
+	argv += optind;
+
+	if (argc != 1)
+		usage("Incorrect number of arguments.", 1);
+
+	if ((fname = argv[0]) == NULL)
+		usage("No filename provided.", 1);
+
+	if ((fd = open(fname, O_LARGEFILE | O_RDONLY)) < 0) {
+		perror("open failed");
+		exit(1);
+	}
+
+	if (fstat(fd, &statbuf) != 0) {
+		perror("fstat failed");
+		exit(1);
+	}
+	len = statbuf.st_size;
+
+	/*
+	 * Note: on Linux, SEEK_HOLE/DATA doesn't work right by default.
+	 * Specifically, if the object is dirty, it says that there are no
+	 * holes.  We can work around this by forcing a txg to sync.
+	 * Another workaround would be to set the zfs_dmu_offset_next_sync
+	 * module parameter.
+	 */
+	if (system("zpool sync") != 0) {
+		perror("zpool sync failed");
+		exit(1);
+	}
+
+	whence = starts_with_hole(fd);
+	while ((off = lseek(fd, off, whence)) != -1) {
+		seg_t	*s;
+
+		seg = umem_alloc(sizeof (seg_t), UMEM_DEFAULT);
+		seg->seg_type = whence;
+		seg->seg_offset = off;
+
+		list_insert_tail(&seg_list, seg);
+		if ((s = list_prev(&seg_list, seg)) != NULL)
+			s->seg_len = seg->seg_offset - s->seg_offset;
+
+		whence = whence == SEEK_HOLE ? SEEK_DATA : SEEK_HOLE;
+	}
+	if (errno != ENXIO) {
+		perror("lseek failed");
+		exit(1);
+	}
+	(void) close(fd);
+
+	/*
+	 * If this file ends with a hole block, then populate the length of
+	 * the last segment, otherwise this is the end of the file, so
+	 * discard the remaining zero length segment.
+	 */
+	if (seg && seg->seg_offset != len) {
+		seg->seg_len = len - seg->seg_offset;
+	} else {
+		(void) list_remove_tail(&seg_list);
+	}
+
+	print_list(&seg_list, fname, options);
+	list_destroy(&seg_list);
+	return (0);
+}
+
+#else
+int
+main(int argc, char *argv[])
+{
+	fprintf(stderr,
+	    "error: SEEK_DATA / SEEK_HOLE not supported\n");
+	return (1);
+}
+#endif
diff --git a/tests/zfs-tests/cmd/mkholes/.gitignore b/tests/zfs-tests/cmd/mkholes/.gitignore
new file mode 100644
index 000000000..02a50f380
--- /dev/null
+++ b/tests/zfs-tests/cmd/mkholes/.gitignore
@@ -0,0 +1 @@
+/mkholes
diff --git a/tests/zfs-tests/cmd/mkholes/Makefile.am b/tests/zfs-tests/cmd/mkholes/Makefile.am
new file mode 100644
index 000000000..698360edb
--- /dev/null
+++ b/tests/zfs-tests/cmd/mkholes/Makefile.am
@@ -0,0 +1,11 @@
+include $(top_srcdir)/config/Rules.am
+
+pkgexecdir = $(datadir)/@PACKAGE@/zfs-tests/bin
+
+DEFAULT_INCLUDES += \
+	-I$(top_srcdir)/lib/libspl/include
+
+pkgexec_PROGRAMS = mkholes
+mkholes_SOURCES = mkholes.c
+mkholes_LDADD = \
+	$(top_builddir)/lib/libspl/libspl.la
diff --git a/tests/zfs-tests/cmd/mkholes/mkholes.c b/tests/zfs-tests/cmd/mkholes/mkholes.c
new file mode 100644
index 000000000..0beaf1e47
--- /dev/null
+++ b/tests/zfs-tests/cmd/mkholes/mkholes.c
@@ -0,0 +1,232 @@
+/*
+ * This file and its contents are supplied under the terms of the
+ * Common Development and Distribution License ("CDDL"), version 1.0.
+ * You may only use this file in accordance with the terms of version
+ * 1.0 of the CDDL.
+ *
+ * A full copy of the text of the CDDL should have accompanied this
+ * source.  A copy of the CDDL is also available via the Internet at
+ * http://www.illumos.org/license/CDDL.
+ */
+
+/*
+ * Copyright (c) 2018 by Delphix. All rights reserved.
+ */
+
+#include "../file_common.h"
+#include <stdio.h>
+#include <fcntl.h>
+#include <unistd.h>
+#include <stdlib.h>
+#include <umem.h>
+#include <stddef.h>
+#include <string.h>
+#include <errno.h>
+#include <sys/types.h>
+#include <sys/list.h>
+
+typedef enum {
+	SEG_HOLE,
+	SEG_DATA,
+	SEG_TYPES
+} seg_type_t;
+
+typedef struct segment {
+	list_node_t	seg_node;
+	seg_type_t	seg_type;
+	off_t		seg_offset;
+	off_t		seg_len;
+} seg_t;
+
+static int
+no_memory(void)
+{
+	(void) fprintf(stderr, "malloc failed\n");
+	return (0);
+}
+
+static void
+usage(char *msg, int exit_value)
+{
+	(void) fprintf(stderr, "mkholes [-d|h offset:length] ... filename\n");
+	(void) fprintf(stderr, "%s\n", msg);
+	exit(exit_value);
+}
+
+static char *
+get_random_buffer(size_t len)
+{
+	int	rand_fd;
+	char	*buf;
+
+	buf = umem_alloc(len, UMEM_NOFAIL);
+
+	/*
+	 * Fill the buffer from /dev/urandom to counteract the
+	 * effects of compression.
+	 */
+	if ((rand_fd = open("/dev/urandom", O_RDONLY)) < 0) {
+		perror("open /dev/urandom failed");
+		exit(1);
+	}
+
+	if (read(rand_fd, buf, len) < 0) {
+		perror("read /dev/urandom failed");
+		exit(1);
+	}
+
+	(void) close(rand_fd);
+
+	return (buf);
+}
+
+static void
+push_segment(list_t *seg_list, seg_type_t seg_type, char *optarg)
+{
+	char		*off_str, *len_str;
+	static off_t	file_size = 0;
+	off_t		off, len;
+	seg_t		*seg;
+
+	off_str = strtok(optarg, ":");
+	len_str = strtok(NULL, ":");
+
+	if (off_str == NULL || len_str == NULL)
+		usage("Bad offset or length", 1);
+
+	off = strtoull(off_str, NULL, 0);
+	len = strtoull(len_str, NULL, 0);
+
+	if (file_size >= off + len)
+		usage("Ranges must ascend and may not overlap.", 1);
+	file_size = off + len;
+
+	seg = umem_alloc(sizeof (seg_t), UMEM_NOFAIL);
+	seg->seg_type = seg_type;
+	seg->seg_offset = off;
+	seg->seg_len = len;
+
+	list_insert_tail(seg_list, seg);
+}
+
+static void
+freesp(int fd, off_t off, off_t len)
+{
+#if defined(FALLOC_FL_PUNCH_HOLE) && defined(FALLOC_FL_KEEP_SIZE)
+	struct stat ss;
+	if (fstat(fd, &ss) < 0) {
+		perror("fstat");
+		exit(1);
+	}
+	if (off + len > ss.st_size) {
+		if (ftruncate(fd, off + len) < 0) {
+			perror("ftruncate");
+			exit(1);
+		}
+	}
+	if (fallocate(fd,
+	    FALLOC_FL_PUNCH_HOLE | FALLOC_FL_KEEP_SIZE,
+	    off, len) < 0) {
+		perror("fallocate");
+		exit(1);
+	}
+#else /* !(defined(FALLOC_FL_PUNCH_HOLE) && defined(FALLOC_FL_KEEP_SIZE)) */
+	fprintf(stderr, "FALLOC_FL_PUNCH_HOLE unsupported");
+	exit(1);
+#endif /* defined(FALLOC_FL_PUNCH_HOLE) && defined(FALLOC_FL_KEEP_SIZE) */
+}
+
+int
+main(int argc, char *argv[])
+{
+	int	c, fd;
+	char	*fname;
+	list_t	seg_list;
+	seg_t	*seg;
+
+	umem_nofail_callback(no_memory);
+	list_create(&seg_list, sizeof (seg_t), offsetof(seg_t, seg_node));
+
+	while ((c = getopt(argc, argv, "d:h:")) != -1) {
+		switch (c) {
+		case 'd':
+			push_segment(&seg_list, SEG_DATA, optarg);
+			break;
+		case 'h':
+			push_segment(&seg_list, SEG_HOLE, optarg);
+			break;
+		}
+	}
+	argc -= optind;
+	argv += optind;
+
+	if ((fname = argv[0]) == NULL)
+		usage("No filename specified", 1);
+	fname = argv[0];
+
+	if ((fd = open(fname, O_LARGEFILE | O_RDWR | O_CREAT | O_SYNC,
+	    00666)) < 0) {
+		perror("open failed");
+		exit(1);
+	}
+
+	while ((seg = list_remove_head(&seg_list)) != NULL) {
+		char	*buf, *vbuf;
+		off_t	off = seg->seg_offset;
+		off_t	len = seg->seg_len;
+
+		if (seg->seg_type == SEG_HOLE) {
+			off_t bytes_read = 0;
+			ssize_t readlen = 1024 * 1024 * 16;
+
+			freesp(fd, off, len);
+
+			buf = (char *)umem_alloc(readlen, UMEM_NOFAIL);
+			vbuf = (char *)umem_zalloc(readlen, UMEM_NOFAIL);
+			while (bytes_read < len) {
+				ssize_t bytes = pread(fd, buf, readlen, off);
+				if (bytes <= 0) {
+					perror("pread hole failed");
+					exit(1);
+				}
+
+				if (memcmp(buf, vbuf, bytes) != 0) {
+					(void) fprintf(stderr, "Read back hole "
+					    "didn't match.\n");
+					exit(1);
+				}
+				bytes_read += bytes;
+				off += bytes;
+			}
+
+			umem_free(buf, readlen);
+			umem_free(vbuf, readlen);
+			umem_free(seg, sizeof (seg_t));
+		} else if (seg->seg_type == SEG_DATA) {
+			buf = get_random_buffer(len);
+			vbuf = (char *)umem_alloc(len, UMEM_NOFAIL);
+			if ((pwrite(fd, buf, len, off)) < 0) {
+				perror("pwrite failed");
+				exit(1);
+			}
+
+			if ((pread(fd, vbuf, len, off)) != len) {
+				perror("pread failed");
+				exit(1);
+			}
+
+			if (memcmp(buf, vbuf, len) != 0) {
+				(void) fprintf(stderr, "Read back buf didn't "
+				    "match.\n");
+				exit(1);
+			}
+
+			umem_free(buf, len);
+			umem_free(vbuf, len);
+			umem_free(seg, sizeof (seg_t));
+		}
+	}
+
+	(void) close(fd);
+	return (0);
+}
diff --git a/tests/zfs-tests/include/commands.cfg b/tests/zfs-tests/include/commands.cfg
index 21fe0df9e..6f1d5c723 100644
--- a/tests/zfs-tests/include/commands.cfg
+++ b/tests/zfs-tests/include/commands.cfg
@@ -105,6 +105,7 @@ export SYSTEM_FILES_COMMON='arp
     umask
     umount
     uname
+    uniq
     uuidgen
     vmstat
     wait
@@ -190,15 +191,18 @@ export ZFSTEST_FILES='btree_test
     chg_usr_exec
     devname2devid
     dir_rd_update
+    fiemap
     file_check
     file_trunc
     file_write
+    getholes
     get_diff
     largest_file
     libzfs_input_check
     mkbusy
     mkfile
     mkfiles
+    mkholes
     mktree
     mmap_exec
     mmap_libaio
diff --git a/tests/zfs-tests/tests/functional/Makefile.am b/tests/zfs-tests/tests/functional/Makefile.am
index c56518c55..8f063f27f 100644
--- a/tests/zfs-tests/tests/functional/Makefile.am
+++ b/tests/zfs-tests/tests/functional/Makefile.am
@@ -25,6 +25,7 @@ SUBDIRS = \
 	fallocate \
 	fault \
 	features \
+	fiemap \
 	grow \
 	history \
 	hkdf \
diff --git a/tests/zfs-tests/tests/functional/fiemap/Makefile.am b/tests/zfs-tests/tests/functional/fiemap/Makefile.am
new file mode 100644
index 000000000..51bce7d6a
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/Makefile.am
@@ -0,0 +1,15 @@
+pkgdatadir = $(datadir)/@PACKAGE@/zfs-tests/tests/functional/fiemap
+dist_pkgdata_SCRIPTS = \
+	fiemap_sync.ksh \
+	fiemap_flags.ksh \
+	fiemap_delalloc.ksh \
+	fiemap_free.ksh \
+	fiemap_copies.ksh \
+	fiemap_nomerge.ksh \
+	fiemap_holes_sanity.ksh \
+	setup.ksh \
+	cleanup.ksh
+
+dist_pkgdata_DATA = \
+	fiemap.kshlib \
+	fiemap.cfg
diff --git a/tests/zfs-tests/tests/functional/fiemap/cleanup.ksh b/tests/zfs-tests/tests/functional/fiemap/cleanup.ksh
new file mode 100644
index 000000000..637acfdb8
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/cleanup.ksh
@@ -0,0 +1,23 @@
+#!/bin/ksh -p
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+. $STF_SUITE/include/libtest.shlib
+
+default_cleanup
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap.cfg b/tests/zfs-tests/tests/functional/fiemap/fiemap.cfg
new file mode 100644
index 000000000..83b8b08a0
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap.cfg
@@ -0,0 +1,26 @@
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+export FIEMAP_FILE="$TESTDIR/fiemap-file"
+export FIEMAP_FILE_COPY="$TESTDIR/fiemap-file-copy"
+export FIEMAP_FILE2="$TESTDIR2/fiemap-file"
+
+export PASSPHRASE="password"
+
+export DISK=${DISKS%% *}
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap.kshlib b/tests/zfs-tests/tests/functional/fiemap/fiemap.kshlib
new file mode 100644
index 000000000..3a5285def
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap.kshlib
@@ -0,0 +1,95 @@
+#
+# CDDL HEADER START
+#
+# The contents of this file are subject to the terms of the
+# Common Development and Distribution License (the "License").
+# You may not use this file except in compliance with the License.
+#
+# You can obtain a copy of the license at usr/src/OPENSOLARIS.LICENSE
+# or http://www.opensolaris.org/os/licensing.
+# See the License for the specific language governing permissions
+# and limitations under the License.
+#
+# When distributing Covered Code, include this CDDL HEADER in each
+# file and include the License file at usr/src/OPENSOLARIS.LICENSE.
+# If applicable, add the following below this CDDL HEADER, with the
+# fields enclosed by brackets "[]" replaced with your own identifying
+# information: Portions Copyright [yyyy] [name of copyright owner]
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+# Use is subject to license terms.
+#
+
+. $STF_SUITE/include/libtest.shlib
+. $STF_SUITE/tests/functional/fiemap/fiemap.cfg
+
+function fiemap_cleanup
+{
+	fiemap_remove
+}
+
+function fiemap_write # blocksize count seek file
+{
+	typeset bs=$1
+	typeset count=${2:-1}
+	typeset seek=${3:-0}
+	typeset fname=${4:-$FIEMAP_FILE}
+
+	log_must dd if=/dev/urandom of=$fname \
+	    bs=$bs count=$count seek=$seek conv=notrunc
+}
+
+# Half fill the blocks to produce a compressible file.
+function fiemap_write_compressible # blocksize count seek file
+{
+	typeset bs=$1
+	typeset count=${2:-1}
+	typeset seek=${3:-0}
+	typeset fname=${4:-$FIEMAP_FILE}
+
+	for (( j = 1; j < $((count * 2)); j += 2 )); do
+		fiemap_write $((bs / 2)) 1 $((seek * 2 + j)) $fname
+	done
+}
+
+function fiemap_hole # blocksize count seek
+{
+	typeset bs=$1
+	typeset count=${2:-1}
+	typeset seek=${3:-0}
+	typeset fname=${4:-$FIEMAP_FILE}
+
+	log_must dd if=/dev/zero of=$fname \
+	    bs=$bs count=$count seek=$seek conv=notrunc
+}
+
+function fiemap_free # blocksize count seek
+{
+	typeset bs=$1
+	typeset count=${2:-1}
+	typeset seek=${3:-0}
+	typeset fname=${4:-$FIEMAP_FILE}
+
+	log_must fallocate -p -n -l $((bs * count)) -o $((bs * seek)) $fname
+}
+
+function fiemap_remove # file
+{
+	typeset fname=${1:-$FIEMAP_FILE}
+
+	rm -f $fname
+}
+
+function fiemap_verify # options
+{
+	if ! fiemap $@ $FIEMAP_FILE 2>/dev/null 2>&1; then
+		zdb -vvvvv -O $TESTPOOL/$TESTFS $(basename $FIEMAP_FILE)
+		log_must fiemap -v $@ $FIEMAP_FILE
+	else
+		log_must fiemap -v $@ $FIEMAP_FILE
+	fi
+}
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap_copies.ksh b/tests/zfs-tests/tests/functional/fiemap/fiemap_copies.ksh
new file mode 100644
index 000000000..efdcd4f75
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap_copies.ksh
@@ -0,0 +1,58 @@
+#!/bin/ksh -p
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+# DESCRIPTION:
+#	Verify FIEMAP can report all copies of data blocks.
+#
+
+. $STF_SUITE/include/libtest.shlib
+. $STF_SUITE/tests/functional/fiemap/fiemap.kshlib
+
+verify_runnable "both"
+
+log_assert "FIEMAP reports all copies of data blocks"
+log_onexit fiemap_cleanup
+
+BS=$(get_prop recordsize $TESTPOOL/$TESTFS)
+
+for copies in 1 2 3; do
+	log_must zfs set copies=$copies $TESTPOOL/$TESTFS
+
+	# While the data is dirty only a single delalloc extent should be
+	# reported.  Once it is written all of the requested copies should
+	# be reported with overlapping logical extents.
+	log_note "Multiple blocks"
+	fiemap_write $BS 16
+	fiemap_verify -c -D 0:$((BS*16)):1 -F "delalloc:all"
+	fiemap_verify -s -c -D 0:$((BS*16)):$copies
+	fiemap_remove
+
+	# While the data is dirty only a single delalloc extent should be
+	# reported.  Once the dirty data is converted in to holes it should
+	# only be reported once.
+	log_note "Large hole"
+	fiemap_hole $BS 16
+	fiemap_verify -c -D 0:$((BS*16)):1 -F "delalloc:all"
+	fiemap_verify -s -H 0:$((BS*16)):1
+	fiemap_verify -c -H 0:$((BS*16)):1
+	fiemap_remove
+done
+
+log_pass "FIEMAP reports all copies of data blocks"
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap_delalloc.ksh b/tests/zfs-tests/tests/functional/fiemap/fiemap_delalloc.ksh
new file mode 100644
index 000000000..4dcc5ab6a
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap_delalloc.ksh
@@ -0,0 +1,159 @@
+#!/bin/ksh -p
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+# DESCRIPTION:
+#	Verify FIEMAP delayed allocation extents.  After dirtying
+#	the block verify it is reported as a delayed allocation.
+#	Then after a sync the extents are fully described on disk.
+#
+# STRATEGY:
+# 	1. Create an assortment of sparse file layouts.
+#	2. Verify the expected delayed allocation extents are reported.
+#	2. Verify the expected logical extents are reported after sync.
+#	3. Repeat for the most common block sizes.
+#
+# Legend for ASCII block map:
+# X - Completely filled block
+# x - Partially filled block (may be compressed)
+# . - Hole block
+# o - Pending hole
+# D - Full dirty block
+# d - Partial dirty block
+#
+
+. $STF_SUITE/include/libtest.shlib
+. $STF_SUITE/tests/functional/fiemap/fiemap.kshlib
+
+verify_runnable "both"
+
+log_assert "FIEMAP reports delayed allocation extents"
+log_onexit fiemap_cleanup
+
+for recordsize in 4096 8192 16384 32768 65536 131072 ; do
+	log_must zfs set recordsize=$recordsize $TESTPOOL/$TESTFS
+	BS=$(get_prop recordsize $TESTPOOL/$TESTFS)
+
+	# Single block: X
+	log_note "Single block"
+	fiemap_write $BS 1
+	fiemap_verify -D 0:$BS:1 -F "delalloc:1"
+	fiemap_verify -s -D 0:$BS:1 -F "delalloc:0"
+	fiemap_remove
+
+	# Multiple blocks: XXXXXXXX
+	log_note "Multiple blocks"
+	fiemap_write $BS 8
+	fiemap_verify -D 0:$((BS*8)):1 -F "delalloc:all"
+	fiemap_verify -s -D 0:$((BS*8)):1 -F "delalloc:0"
+	fiemap_remove
+
+	# Single partial block: x
+	log_note "Single partial block"
+	fiemap_write $((BS/2+1)) 1
+	fiemap_verify -D 0:$((BS/2+1)):1 -F "delalloc:all"
+	fiemap_verify -s -D 0:$((BS/2+1)):1 -F "delalloc:0"
+	fiemap_remove
+
+	# Multiple partial blocks: xxxx
+	log_note "Partial blocks"
+	fiemap_write $((BS/2)) 1 0
+	fiemap_write $((BS/2)) 1 2
+	fiemap_write $((BS/2)) 1 4
+	fiemap_write $((BS/2)) 1 6
+	fiemap_verify -D 0:$((BS/2*7)):1 -F "delalloc:all"
+	fiemap_verify -s -D 0:$((BS/2*7)):1 -F "delalloc:0"
+	fiemap_remove
+
+	# Overwrite a full block: XXDX
+	log_note "Overwrite a full block"
+	fiemap_write $BS 4
+	fiemap_verify -s -D 0:$((BS*4)):1 -F "delalloc:0"
+	fiemap_write $BS 1 2
+	fiemap_verify -D 0:$((BS*4)):1 -F "delalloc:1"
+	fiemap_verify -s -D 0:$((BS*4)):1 -F "delalloc:0"
+	fiemap_remove
+
+	# Overwrite a partial block: XXdX
+	log_note "Overwrite a partial block"
+	fiemap_write $BS 4
+	fiemap_verify -s -D 0:$((BS*4)):1 -F "delalloc:0"
+	fiemap_write $((BS/2)) 1 4
+	fiemap_verify -D 0:$((BS*4)):1 -F "delalloc:1"
+	fiemap_verify -s -D 0:$((BS*4)):1 -F "delalloc:0"
+	fiemap_remove
+
+	# Overwrite two partial blocks: XddX
+	log_note "Overwrite two partial blocks"
+	fiemap_write $BS 4
+	fiemap_verify -s -D 0:$((BS*4)):1 -F "delalloc:0"
+	fiemap_write $((BS/2)) 2 3
+	fiemap_verify -D 0:$((BS*4)):1 -F "delalloc:1"
+	fiemap_verify -s -D 0:$((BS*4)):1 -F "delalloc:0"
+	fiemap_remove
+
+	# Overwrite multiple entire extents: XDDDDDX
+	log_note "Overwrite multiple entire extents"
+	fiemap_write_compressible $BS 6
+	fiemap_verify -s -D 0:$((BS*6)):1 -F "delalloc:0"
+	fiemap_write_compressible $BS 1 1
+	fiemap_write_compressible $BS 1 3
+	fiemap_write_compressible $BS 1 5
+	fiemap_verify -s -D 0:$((BS*6)):1 -F "delalloc:0"
+	fiemap_verify -s -D 0:$((BS*6)):1 -F "encoded:6"
+	fiemap_write $BS 4 1
+	fiemap_verify -D 0:$((BS*6)):1 -F "delalloc:1"
+	fiemap_verify -D 0:$((BS*6)):1 -F "encoded:2"
+	fiemap_verify -s -D 0:$((BS*6)):1 -F "delalloc:0"
+	fiemap_verify -s -D 0:$((BS*6)):1 -F "encoded:2"
+	fiemap_remove
+
+	# Overwrite an existing hole: .DDD....
+	log_note "Overwrite an existing hole"
+	fiemap_hole $BS 8
+	fiemap_verify -s -h -H 0:$((BS*8)):1 -F "unwritten:1"
+	fiemap_write $BS 3 1
+	fiemap_verify -h -H 0:$((BS*1)):1 -D $((BS)):$((BS*3)):1 \
+	    -H $((BS*4)):$((BS*4)):1 -F "unwritten:2"
+	fiemap_verify -H 0:$((BS*1)):1 -D $((BS)):$((BS*3)):1 \
+	    -H $((BS*4)):$((BS*4)):1 -F "delalloc:1"
+	fiemap_verify -h -s -H 0:$((BS*1)):1 -D $((BS)):$((BS*3)):1 \
+	    -H $((BS*4)):$((BS*4)):1 -F "unwritten:2"
+	fiemap_verify -s -H 0:$((BS*1)):1 -D $((BS)):$((BS*3)):1 \
+	    -H $((BS*4)):$((BS*4)):1 -F "delalloc:0"
+	fiemap_remove
+
+	# Overwrite a pending hole: .XXX.... -> .ooo.... -> .oDDD...
+	log_note "Overwrite a pending hole"
+	fiemap_hole $BS 8 0
+	fiemap_write $BS 3 1
+	fiemap_verify -s -H 0:$((BS*1)):1 -D $((BS)):$((BS*3)):1 \
+	    -H $((BS*4)):$((BS*4)):1 -F "delalloc:0"
+	fiemap_hole $BS 3 1
+	fiemap_write $BS 3 2
+	# The zero's written by are considered dirty data until synced
+	fiemap_verify -H 0:$((BS*1)):1 -D $((BS)):$((BS*4)):1 \
+	    -H $((BS*5)):$((BS*3)):1 -F "delalloc:1"
+	# Once synced the first dirty block is converted to a hole.
+	fiemap_verify -s -H 0:$((BS*2)):1 -D $((BS*2)):$((BS*3)):1 \
+	    -H $((BS*5)):$((BS*3)):1 -F "delalloc:0"
+	fiemap_remove
+done
+
+log_pass "FIEMAP reports delayed allocation extents"
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap_flags.ksh b/tests/zfs-tests/tests/functional/fiemap/fiemap_flags.ksh
new file mode 100644
index 000000000..582b77f8e
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap_flags.ksh
@@ -0,0 +1,154 @@
+#!/bin/ksh -p
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+# DESCRIPTION:
+#	Verify FIEMAP extent flags are reported correctly.
+#
+
+. $STF_SUITE/include/libtest.shlib
+. $STF_SUITE/tests/functional/fiemap/fiemap.kshlib
+. $STF_SUITE/tests/functional/removal/removal.kshlib
+
+verify_runnable "both"
+
+function cleanup
+{
+	rm -f $FIEMAP_FILE $FIEMAP_FILE2
+	log_must set_tunable64 metaslab_force_ganging $((2**24 + 1))
+}
+
+log_assert "FIEMAP reports all known flags"
+log_onexit cleanup
+
+BS=$(get_prop recordsize $TESTPOOL/$TESTFS)
+
+# Verify "encoded" and "data-encrypted" are set on encrypted extents
+log_note "Verify 'encoded,data-encrypted' flags"
+log_must eval "echo $PASSPHRASE | zfs create -o encryption=on" \
+    "-o keyformat=passphrase -o keylocation=prompt" \
+    "-o mountpoint=$TESTDIR2 $TESTPOOL/$TESTFS2"
+fiemap_write $((1024*1024)) 4 0 $FIEMAP_FILE2
+log_must fiemap -sv -F "encoded,data-encrypted:all" $FIEMAP_FILE2
+fiemap_remove $FIEMAP_FILE2
+
+# Verify "encoded" is set on compressed extents
+log_note "Verify 'encoded' flag for compression"
+fiemap_write_compressible $BS 8
+fiemap_verify -s -F "encoded:all"
+fiemap_remove
+
+# Verify "last" is set on only the last extent
+log_note "Verify 'last' flag"
+fiemap_write $BS 16
+fiemap_verify -s -F "last:=1"
+fiemap_remove
+
+# Verify "delalloc" is set only for pending dirty extents
+log_note "Verify 'delalloc' flag for pending dirty extents"
+fiemap_write $BS 2
+fiemap_verify -F "delalloc:all"
+fiemap_verify -s -F "delalloc:=0"
+fiemap_remove
+
+# Verify "delalloc" is set on pending zeros which will be holes.
+log_note "Verify 'delalloc' is set on pending zeros which will be holes"
+fiemap_hole $BS 2
+fiemap_verify -F "delalloc:all"
+fiemap_verify -s -F "delalloc:=0"
+fiemap_verify -h -F "unwritten,merged:=1"
+fiemap_remove
+
+# Verify "unwritten" is set on holes if they are requested.
+log_note "Verify 'unwritten' flag for holes"
+fiemap_hole $BS 32
+fiemap_verify -s -F "unwritten:0"
+fiemap_verify -h -F "unwritten:all"
+fiemap_remove
+
+# Verify "merged" is set on blocks merged in to extents.
+# Since it's unlikely that all the blocks can be merged due their
+# physical offset and device id a large number are written and only
+# a single merge is required.
+log_note "Verify 'merged' is set on data blocks merged in to extents"
+fiemap_write $BS 64
+fiemap_verify -s -F "merged:>0"
+fiemap_remove
+
+# Verify "merged" is set on holes merged in to extents if requested.
+# Holes always merge so there must be only one.
+log_note "Verify 'merged' is set on holes merged in to extents"
+fiemap_hole $BS 64 0
+fiemap_verify -s -F "unwritten:0"
+fiemap_verify -h -F "unwritten,merged:=1"
+fiemap_remove
+
+# Verify "merged" is set on tail holes if requested.
+# Holes always merge so there must be only one.
+log_note "Verify 'merged' is set on tail holes"
+fiemap_write $BS 32 0
+fiemap_hole $BS 32 32
+fiemap_verify -s -F "unwritten:0"
+fiemap_verify -h -F "unwritten,merged:=1"
+fiemap_remove
+
+# Verify "merged" is set on head holes if requested.
+# Holes always merge so there must be only one.
+log_note "Verify 'merged' is set on head holes"
+fiemap_hole $BS 32 0
+fiemap_write $BS 32 32
+fiemap_verify -s -F "unwritten:0"
+fiemap_verify -h -F "unwritten,merged:=1"
+fiemap_remove
+
+# Gang blocks
+log_note "Verify 'unknown' for gang blocks"
+log_must set_tunable64 metaslab_force_ganging $((2**14))
+fiemap_write $((2**20)) 64
+fiemap_verify -s -F "unknown:>0"
+fiemap_remove
+log_must set_tunable64 metaslab_force_ganging $((2**24 + 1))
+
+# Embedded blocks
+log_note "Verify 'not-aligned,data-inline' for embedding blocks"
+fiemap_write_compressible 128 1
+fiemap_verify -s -F "not-aligned,data-inline:=1"
+fiemap_remove
+
+# Deduplicated blocks
+log_note "Verify 'shared' is set for deduplicated blocks"
+log_must zfs set dedup=on $TESTPOOL/$TESTFS
+fiemap_write $BS 8
+log_must cp $FIEMAP_FILE $FIEMAP_FILE_COPY
+fiemap_verify -s -F "shared:all"
+fiemap_remove $FIEMAP_FILE_COPY
+fiemap_remove
+log_must zfs set dedup=off $TESTPOOL/$TESTFS
+
+# Verify indirect blocks, they should exist on the device before
+# it is removed but afterwards the remapped versions are reported.
+log_note "Verify indirect blocks"
+fiemap_write $BS 64
+fiemap_verify -s -V "0:>0"
+log_must zpool remove $TESTPOOL $DISK
+wait_for_removal $TESTPOOL
+fiemap_verify -s -V "0:=0"
+fiemap_remove
+
+log_pass "FIEMAP reports all known flags"
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap_free.ksh b/tests/zfs-tests/tests/functional/fiemap/fiemap_free.ksh
new file mode 100644
index 000000000..d7285932a
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap_free.ksh
@@ -0,0 +1,123 @@
+#!/bin/ksh -p
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+# DESCRIPTION:
+#	Verify FIEMAP unwritten extents are reported for pending frees.
+#	Then after a sync the extents are fully described on disk.
+#
+# STRATEGY:
+# 	1. Create an assortment of sparse file layouts.
+#	2. Verify the expected delayed allocation extents are reported.
+#	2. Verify the expected logical extents are reported after sync.
+#	3. Repeat for the most common block sizes.
+#
+# Legend for ASCII block map:
+# X - Completely filled block
+# x - Partially filled block (may be compressed)
+# . - Hole block
+# o - Pending hole
+# D - Full dirty block
+# d - Partial dirty block
+#
+
+. $STF_SUITE/include/libtest.shlib
+. $STF_SUITE/tests/functional/fiemap/fiemap.kshlib
+
+verify_runnable "both"
+
+log_assert "FIEMAP reports pending free extents correctly"
+log_onexit fiemap_cleanup
+
+for recordsize in 4096 8192 16384 32768 65536 131072 ; do
+	log_must zfs set recordsize=$recordsize $TESTPOOL/$TESTFS
+	BS=$(get_prop recordsize $TESTPOOL/$TESTFS)
+
+	# Single block: o
+	log_note "Single block"
+	fiemap_write $BS 1
+	fiemap_verify -s -D 0:$BS:1
+	fiemap_free $BS 1
+	fiemap_verify -H 0:$BS:1 -F "unwritten:0"
+	fiemap_verify -h -H 0:$BS:1 -F "unwritten:1"
+	fiemap_verify -s -H 0:$BS:1 -F "unwritten:0"
+	fiemap_verify -h -H 0:$BS:1 -F "unwritten:1"
+	fiemap_remove
+
+	# Multiple blocks: oooooooo
+	log_note "Multiple blocks"
+	fiemap_write $BS 8
+	fiemap_verify -s -D 0:$((BS*8)):1
+	fiemap_free $BS 8
+	fiemap_verify -H 0:$((BS*8)):1 -F "delalloc,unwritten:0"
+	fiemap_verify -h -H 0:$((BS*8)):1 -F "delalloc,unwritten:1"
+	fiemap_verify -s -H 0:$((BS*8)):1 -F "unwritten:0"
+	fiemap_verify -h -H 0:$((BS*8)):1 -F "unwritten:1"
+	fiemap_remove
+
+	# Single partial block: o
+	# Will be handled as a partial block write with compressed zeros
+	log_note "Single partial block"
+	fiemap_write $BS 1
+	fiemap_verify -s -D 0:$BS:1
+	fiemap_free $((BS/2)) 1 1
+	fiemap_verify -D 0:$BS:1 -F "delalloc:1"
+	fiemap_verify -s -D 0:$BS:1 -F "encoded:1"
+	fiemap_remove
+
+	# Multiple partial blocks: oooo
+	log_note "Multiple partial blocks"
+	fiemap_write $BS 4
+	fiemap_verify -s -D 0:$((BS*4)):1
+	fiemap_free $((BS/2)) 1 0
+	fiemap_free $((BS/2)) 1 2
+	fiemap_free $((BS/2)) 1 4
+	fiemap_free $((BS/2)) 1 6
+	fiemap_verify -D 0:$((BS*4)):1 -F "delalloc:all"
+	fiemap_verify -s -D 0:$((BS*4)):1 -F "delalloc:0"
+	fiemap_remove
+
+	# Alternate dirty/free: DDDDDDD -> DoooooD -> DoDDDoD -> DoDoDoD
+	log_note "Alternate overlapping pending dirty -> free -> dirty ->free"
+	fiemap_write $BS 7 0
+	fiemap_verify -D 0:$((BS*7)):1 -F "delalloc:all"
+	fiemap_free $BS 5 1
+	fiemap_verify -D 0:$BS:1 -H $BS:$((BS*5)):1 -D $((BS*6)):$BS:1 \
+	    -F "delalloc,unwritten:0"
+	fiemap_verify -h -D 0:$BS:1 -H $BS:$((BS*5)):1 -D $((BS*6)):$BS:1 \
+	    -F "delalloc,unwritten:1"
+	fiemap_write $BS 3 2
+	fiemap_verify -D 0:$BS:1 -H $BS:$BS:1 -D $((BS*2)):$((BS*3)):1 \
+	    -H $((BS*5)):$BS:1 -D $((BS*6)):$BS:1 -F "delalloc,unwritten:0"
+	fiemap_verify -h -D 0:$BS:1 -H $BS:$BS:1 -D $((BS*2)):$((BS*3)):1 \
+	    -H $((BS*5)):$BS:1 -D $((BS*6)):$BS:1 -F "delalloc,unwritten:2"
+	fiemap_free $BS 1 3
+	fiemap_verify -D 0:$BS:1 -H $BS:$BS:1 -D $((BS*2)):$BS:1 \
+	    -H $((BS*3)):$BS:1 -D $((BS*4)):$BS:1 -H $((BS*5)):$BS:1 \
+	    -D $((BS*6)):$BS:1 -F "delalloc,unwritten:0"
+	fiemap_verify -h -D 0:$BS:1 -H $BS:$BS:1 -D $((BS*2)):$BS:1 \
+	    -H $((BS*3)):$BS:1 -D $((BS*4)):$BS:1 -H $((BS*5)):$BS:1 \
+	    -D $((BS*6)):$BS:1 -F "delalloc,unwritten:3"
+	fiemap_verify -s -D 0:$BS:1 -H $BS:$BS:1 -D $((BS*2)):$BS:1 \
+	    -H $((BS*3)):$BS:1 -D $((BS*4)):$BS:1 -H $((BS*5)):$BS:1 \
+	    -D $((BS*6)):$BS:1 -F "delalloc:0"
+	fiemap_remove
+done
+
+log_pass "FIEMAP reports pending free extents correctly"
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap_holes_sanity.ksh b/tests/zfs-tests/tests/functional/fiemap/fiemap_holes_sanity.ksh
new file mode 100644
index 000000000..7b462d698
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap_holes_sanity.ksh
@@ -0,0 +1,121 @@
+#!/bin/ksh
+
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+
+#
+# Copyright (c) 2014, 2016 by Delphix. All rights reserved.
+#
+
+#
+# Description:
+# Verify that holes can be written and read back correctly in ZFS.
+#
+# Strategy:
+# 1. Create a testfile with varying holes and data throughout the file.
+# 2. Verify that each created file has the correct number of holes and
+# data blocks as seen by both lseek and libzfs.
+# 3. Do the same verification for a largefile.
+# 4. Repeat for each recsize.
+#
+
+. $STF_SUITE/include/libtest.shlib
+
+verify_runnable "both"
+
+function cleanup
+{
+	rm -f $testfile
+}
+
+log_assert "Basic hole tests"
+log_onexit cleanup
+
+if ! mkholes -h 0:1024 $TESTDIR/setup_test; then
+	log_unsupported "The kernel does not support FALLOC_FL_PUNCH_HOLE"
+fi
+
+testfile="$TESTDIR/testfile"
+# testfile The file to examine.
+# hole_blks The expected number of holes.
+# data_blks The expected number of data blocks.
+function verify_holes_and_data_blocks
+{
+	typeset testfile=$1
+	typeset -i hole_blks=$2
+	typeset -i data_blks=$3
+	typeset -i failures=0
+
+	found_hole_blks=$(getholes -h $testfile)
+	found_data_blks=$(getholes -d $testfile)
+	if [[ $found_hole_blks -ne $hole_blks ]] then;
+		log_note "Found $found_hole_blks, not $hole_blks hole blocks."
+		((failures++))
+	fi
+
+	if [[ $found_data_blks -ne $data_blks ]] then;
+		log_note "Found $found_data_blks, not $data_blks data blocks."
+		((failures++))
+	fi
+
+	[[ $failures -eq 0 ]] || log_fail "Wrong number of data/hole blocks."
+}
+
+for bs in 1024 4096 16384 65536 262144; do
+	log_must zfs set recsize=$bs $TESTPOOL/$TESTFS
+
+	#
+	# Create combinations of holes and data to verify holes ending files
+	# and the like. (hhh, hhd, hdh...)
+	#
+	log_must mkholes -h 0:$((bs * 6)) $testfile
+	verify_holes_and_data_blocks $testfile 6 0
+	log_must rm $testfile
+
+	log_must mkholes -h 0:$((bs * 4)) -d $((bs * 4)):$((bs * 2)) $testfile
+	verify_holes_and_data_blocks $testfile 4 2
+	log_must rm $testfile
+
+	log_must mkholes -h 0:$((bs * 2)) -d $((bs * 2)):$((bs * 2)) \
+	    -h $((bs * 4)):$((bs * 2)) $testfile
+	verify_holes_and_data_blocks $testfile 4 2
+	log_must rm $testfile
+
+	log_must mkholes -h 0:$((bs * 2)) -d $((bs * 2)):$((bs * 4)) $testfile
+	verify_holes_and_data_blocks $testfile 2 4
+	log_must rm $testfile
+
+	log_must mkholes -d 0:$((bs * 2)) -h $((bs * 2)):$((bs * 4)) $testfile
+	verify_holes_and_data_blocks $testfile 4 2
+	log_must rm $testfile
+
+	log_must mkholes -d 0:$((bs * 2)) -h $((bs * 2)):$((bs * 2)) \
+	    -d $((bs * 4)):$((bs * 2)) $testfile
+	verify_holes_and_data_blocks $testfile 2 4
+	log_must rm $testfile
+
+	log_must mkholes -d 0:$((bs * 4)) -h $((bs * 4)):$((bs * 2)) $testfile
+	verify_holes_and_data_blocks $testfile 2 4
+	log_must rm $testfile
+
+	log_must mkholes -d 0:$((bs * 6)) $testfile
+	verify_holes_and_data_blocks $testfile 0 6
+	log_must rm $testfile
+
+	# Verify holes are correctly seen past the large file limit.
+	len=$((1024**3 * 5))
+	nblks=$((len / bs))
+	log_must mkholes -h 0:$len -d $len:$bs $testfile
+	verify_holes_and_data_blocks $testfile $nblks 1
+	log_must rm $testfile
+done
+
+log_pass "Basic hole tests pass."
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap_nomerge.ksh b/tests/zfs-tests/tests/functional/fiemap/fiemap_nomerge.ksh
new file mode 100644
index 000000000..36962c4cf
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap_nomerge.ksh
@@ -0,0 +1,91 @@
+#!/bin/ksh -p
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+# DESCRIPTION:
+#	Verify FIEMAP reports individual blocks when requested.
+#
+# STRATEGY:
+#	1. Write a dense file and verify all blocks are reported.
+#	2. Randomly write a sparse file with a known number of blocks,
+#	   verify -a reports all blocks without merging.
+#
+
+. $STF_SUITE/include/libtest.shlib
+. $STF_SUITE/tests/functional/fiemap/fiemap.kshlib
+
+verify_runnable "both"
+
+log_assert "FIEMAP reports individual blocks when requested"
+log_onexit fiemap_cleanup
+
+BS=$(get_prop recordsize $TESTPOOL/$TESTFS)
+
+log_note "Block count in a dense file"
+fiemap_write $BS 32
+fiemap_verify -D 0:$((BS*32)):1 -F "delalloc:all" -E 1
+fiemap_verify -s -a -D 0:$((BS*32)):1 -E 32
+fiemap_remove
+
+log_note "Block count in a dense file with multiple copies"
+log_must zfs set copies=2 $TESTPOOL/$TESTFS
+fiemap_write $BS 32
+fiemap_verify -D 0:$((BS*32)):1 -F "delalloc:all" -E 1
+fiemap_verify -s -a -D 0:$((BS*32)):1 -E 32
+fiemap_verify -a -c -D 0:$((BS*32)):2 -E 64
+fiemap_remove
+log_must zfs set copies=1 $TESTPOOL/$TESTFS
+
+log_note "Block count in a sparse file"
+all_blocks=""
+for i in {0..99}; do
+	all_blocks="$all_blocks\n$(($RANDOM % 200))"
+done
+unique_blocks=$(echo -e "$all_blocks" | sort -n | uniq -u | tr '\n' ' ')
+unique_count=$(echo "$unique_blocks" | wc -w)
+
+for block in $unique_blocks; do
+	fiemap_write $BS 1 $block
+done
+
+fiemap_verify -a -E $unique_count -F "delalloc:all"
+fiemap_verify -a -E $unique_count -F "merged:0"
+fiemap_verify -s -a -E $unique_count -F "merged:0"
+fiemap_remove
+
+log_note "Block count in a sparse file with multiple copies"
+all_blocks=""
+for i in {0..99}; do
+	all_blocks="$all_blocks\n$(($RANDOM % 200))"
+done
+unique_blocks=$(echo -e "$all_blocks" | sort -n | uniq -u | tr '\n' ' ')
+unique_count=$(echo "$unique_blocks" | wc -w)
+
+log_must zfs set copies=2 $TESTPOOL/$TESTFS
+for block in $unique_blocks; do
+	fiemap_write $BS 1 $block
+done
+
+fiemap_verify -a -E $unique_count -F "delalloc:all"
+fiemap_verify -a -E $unique_count -F "merged:0"
+fiemap_verify -s -a -E $unique_count -F "merged:0"
+fiemap_verify -a -c -E $((unique_count*2)) -F "merged:0"
+fiemap_remove
+
+log_pass "FIEMAP reports individual blocks when requested"
diff --git a/tests/zfs-tests/tests/functional/fiemap/fiemap_sync.ksh b/tests/zfs-tests/tests/functional/fiemap/fiemap_sync.ksh
new file mode 100644
index 000000000..04343c0aa
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/fiemap_sync.ksh
@@ -0,0 +1,121 @@
+#!/bin/ksh -p
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+# DESCRIPTION:
+#	Verify FIEMAP extents on disk.  Sync is forced prior to
+#	reading extents so there will be no dirty extents.
+#
+# STRATEGY:
+# 	1. Create an assortment of sparse file layouts.
+#	2. Verify the expected logical extents are reported.
+#	3. Repeat for the most common block sizes.
+#
+# Legend for ASCII block map:
+# X - Completely filled block
+# x - Partially filled block (may be compressed)
+# . - Hole block
+#
+
+. $STF_SUITE/include/libtest.shlib
+. $STF_SUITE/tests/functional/fiemap/fiemap.kshlib
+
+verify_runnable "both"
+
+log_assert "FIEMAP reports synced extents"
+log_onexit fiemap_cleanup
+
+for recordsize in 4096 8192 16384 32768 65536 131072 ; do
+	log_must zfs set recordsize=$recordsize $TESTPOOL/$TESTFS
+	BS=$(get_prop recordsize $TESTPOOL/$TESTFS)
+
+	# Single block: X
+	log_note "Single block"
+	fiemap_write $BS 1
+	fiemap_verify -s -D 0:$BS:1
+	fiemap_remove
+
+	# Multiple blocks: XXXXXXXX
+	log_note "Multiple blocks"
+	fiemap_write $BS 8
+	fiemap_verify -s -D 0:$((BS*8)):1
+	fiemap_remove
+
+	# Single partial block: x
+	log_note "Single partial block"
+	fiemap_write $((BS/2+1)) 1
+	fiemap_verify -s -D 0:$((BS/2+1)):1
+	fiemap_remove
+
+	# Multiple partial blocks: xxxx
+	log_note "Partial blocks"
+	fiemap_write $((BS/2)) 1 0
+	fiemap_write $((BS/2)) 1 2
+	fiemap_write $((BS/2)) 1 4
+	fiemap_write $((BS/2)) 1 6
+	fiemap_verify -s -D 0:$((BS/2*7)):1
+	fiemap_remove
+
+	# Punch a full block hole: XX.X
+	log_note "Punch a single full block hole"
+	fiemap_write $BS 4
+	fiemap_hole $BS 1 2
+	fiemap_verify -s -D 0:$((BS*2)):1 -H $((BS*2)):$BS:1 -D $((BS*3)):$BS:1
+	fiemap_remove
+
+	# Punch multiple holes of different sizes: .X..XX...
+	log_note "Punch multiple different sized holes"
+	fiemap_write $BS 9
+	fiemap_hole $BS 1 0
+	fiemap_hole $BS 2 2
+	fiemap_hole $BS 3 6
+	fiemap_verify -s -H 0:$BS:1 -D $BS:$BS:1 -H $((BS*2)):$((BS*2)):1 \
+	    -D $((BS*4)):$((BS*2)):1 -H $((BS*6)):$((BS*3)):1
+	fiemap_remove
+
+	# Punch a sub-block hole: XxxX
+	log_note "Punch a single sub-block hole"
+	fiemap_write $BS 4
+	fiemap_hole $((BS/2)) 2 3
+	fiemap_verify -s -D 0:$((BS*4)):1
+	fiemap_remove
+
+	# Single block hole: .
+	log_note "Single block hole"
+	fiemap_hole $BS 1
+	fiemap_verify -s -H 0:$BS:1
+	fiemap_remove
+
+	# Multiple block holes: ........
+	log_note "Multiple block holes"
+	fiemap_hole $BS 8
+	fiemap_verify -s -H 0:$((BS*8)):1
+	fiemap_remove
+
+	# Write blocks in to holes: ...X..XX
+	log_note "Write blocks in to holes"
+	fiemap_hole $BS 8
+	fiemap_write $BS 1 3
+	fiemap_write $BS 2 6
+	fiemap_verify -s -H 0:$((BS*3)):1 -D $((BS*3)):$BS:1 \
+	    -H $((BS*4)):$((BS*2)):1 -D $((BS*6)):$((BS*2)):1
+	fiemap_remove
+done
+
+log_pass "FIEMAP extents on disk"
diff --git a/tests/zfs-tests/tests/functional/fiemap/setup.ksh b/tests/zfs-tests/tests/functional/fiemap/setup.ksh
new file mode 100644
index 000000000..3d18287b9
--- /dev/null
+++ b/tests/zfs-tests/tests/functional/fiemap/setup.ksh
@@ -0,0 +1,28 @@
+#!/bin/ksh -p
+#
+# CDDL HEADER START
+#
+# This file and its contents are supplied under the terms of the
+# Common Development and Distribution License ("CDDL"), version 1.0.
+# You may only use this file in accordance with the terms of version
+# 1.0 of the CDDL.
+#
+# A full copy of the text of the CDDL should have accompanied this
+# source.  A copy of the CDDL is also available via the Internet at
+# http://www.illumos.org/license/CDDL.
+#
+# CDDL HEADER END
+#
+
+#
+# Copyright (c) 2018 by Lawrence Livermore National Security, LLC.
+#
+
+. $STF_SUITE/include/libtest.shlib
+
+default_setup_noexit "$DISKS"
+
+# Compression is enabled to convert zeros to holes.
+log_must zfs set compression=on $TESTPOOL/$TESTFS
+
+log_pass "FIEMAP setup pass"
-- 
2.26.2
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Figure 22: Example of a sparse file

According to the POSIX standardization the function posix_fallocate() reserves respectively allo-
cates the needed space in a filesystem without writing real content. Therefore, a filesystem would block
the wanted file size and handles it as a file without resetting or writing content.

Some filesystems, including EXT4, implement this function according to the specification. Both the real
and the stored file size (via stat() call) correspond to the parameterized file size.

ZFS, on the other hand, implements this system call, but the actual file size corresponds to that of
a metablock. It only stores the information about the desired size as metadata. The result of this
operation is a so-called sparse file (see figure 22 on page 51).

Therefore Geriatrix cannot be used for ZFS in its original form. A patch is needed, which converts
the function posix_fallocate() into a write command. As a consequence, the runtime increases,
but the functionality of the simulator remains the same. The used patch is attached to the master
thesis.

A summary of the patch: The system call fallocate() is replaced by write() which repeatedly copies
a memory area allocated with zeros.

As a requirement, the target filesystem does not use compression methods such as run-length encoding
(RLE). These algorithms have a massive impact on the file size, especially on large blocks containing
one symbol, like zero.

The files and folders are created and modified according to a particular pattern. These are manageable
by using profiles. The pseudo-random generator used requires a seed, and by using the same one, it
enables comparable test runs. The avoiding of multithreading ensures a sequential schedule; otherwise,
the operations’ sequence will not be identical.

The upcoming experiments target a fill level of 80%. Furthermore, the I/O workload is 100 ×
partition size.

The suite comes with several profiles. The following test series use the aging profile Agrawal. The origin
of the modeled profile originates from a five-year metadata study in which the behavior of Windows
desktop PCs was investigated [25].

The paper around Geriatrix also used Agrawal for most of the test series and was thus able to measure
significant results concerning EXT4 in hard disk performance [18, p.698].
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Building Instructions

1. Clone the source code from the GitHub repository
At the time of the measurement series, the commit version 962538f4cb46e86ac3e6f507f8ec718f959373cd
was the most current and was taken, therefore.

$ git clone git@github.com:saurabhkadekodi/geriatrix.git

2. Install the required compiler and libraries

• G++: version 8.3.0 (Debian 8.3.0-6)
• Boost : version 1.67.0

3. Apply patch (only in case of ZFS )

The used patch is attached to the master thesis or can be found on GitHub [34]

$ git apply geriatrix.patch

4. Compile Geriatrix

$ cd geriatrix
$ mkdir build && cd build
$ cmake -DCMAKE_INSTALL_PREFIX=/opt ../
$ make && make install

CLI Parameters According to the README file of Geriatrix :

Used Parameters Description

-n 2000397868544 Size of the filesystem in bytes
-u 0.8 Level of the filling during a run as a fractional value
-r 834413475 Random seed for a Geriatrix run
-m /mnt/sg500 Mount point of partition
-a agrawal/age_distribution.txt Path to the age distribution of the aging profile
-s agrawal/size_distribution.txt Path to the size distribution of the aging profile
-d agrawal/dir_distribution.txt Path to the dir-depth distribution of the aging profile
-x wd2000_age_initial.out Path of the output of age distribution
-y wd2000_size_initial.out Path of the output of size distribution
-z wd2000_dir_initial.out Path of the output of dir depth distribution
-t 1 Number of threads. Set to 1 to create reproducible disk

images, due to the randomness of schedulers during
multithreading.

-i 100 Workload: n× partition size
-f 0 Fake mode to test configuration
-p 0 Idle time between operations
-c 0 Confidence interval. A value of 0 implies perfect aging.
-q 0 Query before quitting
-w 10080 Running time limit in minutes (7 days)
-b posix I/O API backend

52


--- a/src/geriatrix.cpp	2020-02-25 13:26:08.268146000 +0100
+++ b/src/geriatrix.cpp	2020-10-24 14:37:17.314442595 +0200
@@ -9,17 +9,18 @@
 
 #include "geriatrix.h"
 
-#ifdef NEED_POSIX_FALLOCATE
+// #ifdef NEED_POSIX_FALLOCATE
 /*
  * fake posix_fallocate by ftruncating the file larger and touching
  * a byte in each block.... returns 0 on success, errno on fail(!!!)
  * (this is at the top of the file so it can be included in the
  * posix driver if needed...)
  */
-static int posix_fallocate(int fd, off_t offset, off_t len) {
+static int custom_fallocate(int fd, off_t offset, off_t len) {
     struct stat st;
     off_t newlen, curoff, lastoff, ptr;
     ssize_t rv;
+    void *buf;
 
     newlen = offset + len;
 
@@ -29,25 +30,35 @@
     if (st.st_size > newlen)        /* not growing it, assume ok */
         return(0);
 
-    if (ftruncate(fd, newlen) < 0)   /* grow it */
+    buf = calloc(1, st.st_blksize);
+    if (buf == NULL)
         return(errno);
 
     curoff = ((st.st_size + (st.st_blksize-1)) / st.st_blksize) * st.st_blksize;
     lastoff = ((newlen + (st.st_blksize-1)) / st.st_blksize) * st.st_blksize;
 
+    if (lseek(fd, curoff, SEEK_SET) == (off_t) -1)
+    {
+        free(buf);
+        return(errno);
+    }
+
     for (ptr = curoff ; ptr < lastoff ; ptr += st.st_blksize) {
-        if (lseek(fd, ptr, SEEK_SET) < 0)
-            return(errno);
-        rv = write(fd, "", 1);    /* writes a null */
-        if (rv < 0)
+        rv = write(fd, buf, st.st_blksize);    /* writes null */
+        if (rv < 0) {
+            free(buf);
             return(errno);
-        if (rv == 0)
+        }
+        if (rv == 0) {
+            free(buf);
             return(EIO);
+        }
     }
 
+    free(buf);
     return(0);
 }
-#endif
+// #endif
 
 /*
  * backend configuration -- all filesystem aging I/O is routed here!
@@ -55,7 +66,7 @@
 
 /* posix driver (the default) */
 static struct backend_driver posix_backend_driver = {
-    open, close, write, access, unlink, mkdir, posix_fallocate, stat, chmod,
+    open, close, write, access, unlink, mkdir, custom_fallocate, stat, chmod,
 };
 
 #ifdef DELTAFS     /* optional backend for cmu's deltafs */


Lars Thoms
Patchfile to use Geriatrix on ZFS
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Figure 23: Visualization of IOR mechanics [24]

3.2.5 Software: IOR

IOR (Interleaved or Random) is a commonly used benchmark application to evaluate filesystem perfor-
mance. It includes many interfaces, like the needed POSIX. The tool tests both the read and write
rates. Moreover, there are two kinds of access strategies: grouped/interleaved and random. Both types
of patterns occur very frequently in the context of High-Performance Computing (HPC), usually in
numerical applications.

The properties of IOR’s I/O behavior are displayed in figure 23 on page 53. The single blocks represent
the transfer size. In this example, three consecutive blocks represent the block size of a rank. Since
IOR can run in parallel, the ranks are the respective processes/threads. All nine blocks together form
a segment.

In the experiment, a single segment is written and read sequentially. Therefore the block size corresponds
to the file size. Different file sizes are used for the test series since fragmentation is related to the free
contiguous memory size. 4 KB is a useful transfer size, and the number of repetitions is 100 to obtain
enough data points for a meaningful result.

Building Instructions

1. Clone the source code from the GitHub repository. At the time of the measurement series, the
commit version 48eb1880e92d8580ad5cab24ecc690526698271e was the most current and was taken,
therefore.

$ git clone git@github.com:hpc/ior.git

2. Install the required compiler

• GCC : version 8.3.0 (Debian 8.3.0-6)

3. Compile IOR

$ cd ior
$ ./bootstrap
$ ./configure --prefix=/opt --with-posix --without-mpiio --without-lustre \

--without-hdf5 --without-ncmpi
$ make && make install
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CLI Parameters According to the usage info of IOR:

Used Parameters Description

-e Perform a fsync() operation at the end of each
read/write phase

-a POSIX Set I/O API to POSIX
-b 10M Write size per task. This value is adjusted for the

different measurement series to 10M, 100M, and 1G.
-t 4K Chunksize per transfer
-i 100 Number of repetitions
--posix.odirect Direct I/O Mode to avoid system caches (EXT4 only)
-O summaryFormat=JSON Output format is JSON (machine-readable)
-O
summaryFile=sg500_10M_initial.json

Output file. Name contains device name, write size,
and the name of the run.

-o /mnt/sg500/ior.file Location of the test file

3.3 Experimental Procedure

The experiments are divided into several steps chronologically, and the experimenter performs two
measurement series (EXT4 and ZFS ) with each storage medium.

The procedure slightly differs from the used filesystems. In contrast to ZFS, the filesystem EXT4
includes a defragmentation tool. Consequently, ZFS uses other strategies to reach the experiments’
aim.

3.3.1 Step 1: Device Preparation

Partition Table and Primary Partition Before the experimenter starts the series of measurements, one-
time preparation is necessary: Creating the partition table and primary partition.

All disks use GPT as a partition table plus a protected MBR.

$ gdisk /dev/sda
> n
> p

Number Start (sector) End (sector) Size Code Name
1 2048 3907029134 1.8 TiB 8300 Linux filesystem

> w

Filesystem: EXT4 The creation of an EXT4 filesystem with default settings is quite simple:

$ mkfs.ext4 /dev/sda1
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Filesystem: ZFS In contrast to that, ZFS requires more parameters to build a customized pool.

• ashift is a mapping according to the physical block size 2n; for example, twelve is used on 4K
disks and this thesis uses this value by default.

• normalization is used to handle special characters in file names. This means: ZFS compares
the strings by transforming special characters that look alike to avoid user confusion. Usually,
the Normalization Form D (NFD) is used.

• compression must set to off. This setting prevents a difference between stored and written file
sizes during the performance measurements. The used tool only writes zeros, which could be
summarized excellently. However, this would make the measurement series pointless since nothing
is written to the target device.

$ zpool create -o ashift=12 \
-O normalization=formD \
-O compression=off \
-O mountpoint=/mnt/sg500 \
sg500 \
/dev/sda1

3.3.2 Step 2: Determine Performance Baseline

To receive the hard disks’ raw performance with its filesystem, a measurement in a deflated state is neces-
sary. It is the only way to ensure comparability with all the following measurement data.

All benchmarks are performed by IOR with the same parameters to guarantee comparability. Each de-
vice and filesystem needs three runs of IOR with different file sizes, as mentioned before.

Used variables:

• $disk is set to disk name, which is identical to the mountpoint
• $size is 10M, 100M and 1G
• $run is initial

$ ior -e -a POSIX -t 4K -i 100 \
--posix.odirect \
-b "${size}" \
-O summaryFormat=JSON \
-O "summaryFile=${disk}_${size}_${run}.json" \
-o "/mnt/${disk}/ior.file"

The option --posix.odirect enables the POSIX O_DIRECT flag. This setting instructs filesystems to
minimize cache effects [23]. For benchmarks, this option is advantageous to strive to evaluate the real
filesystem and not the overall system with caches. Unfortunately, it is not applicable under ZFS. The
given POSIX interface does not implement this property.

Concluding, IOR cannot correctly measure the read performance of ZFS. The ZFS filesystem also has
its own Adaptive Replacement Cache (ARC). On the other hand, the measurement tool always reads
the same file for a series. Consequently, the cache, i.e. the RAM, is evaluated instead of the desired
disk.
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To get around this problem, it is unfortunately not sufficient to invalidate the Page Cache of the kernel,
e.g. by $ echo 3 > /proc/sys/vm/drop_caches. Therefore, for every single test series (reading) the
ZFS pool is exported and imported again. This will invalidate the ARC assured.

3.3.3 Step 3: Artificial Aging

Preparation and Execution At this point, the tool Geriatrix is ready to use. As stated in the
introduction of the program, it creates many directories and files with different sizes according to
internal aging profile Agrawal until it reaches 80% of the partition size.

Afterward, it modifies all files to perform a workload of 100× partition size.

Used variables:

• $disk is set to disk name, which is identical to the mountpoint
• $size is set to the size of the filesystem
• $filling_degree is a fractional number, like 0.8. The used value is determined empirically.
Change this value with a workload of 1 to achieve a degree of filling around the targetted 80%.
The values that are used: 0.8 at EXT4 and 0.45 at ZFS.

$ geriatrix -n "${size}" \
-u "${filling_degree}" \
-r 834413475 \
-m "/mnt/${disk}" \
-a agrawal/age_distribution.txt \
-s agrawal/size_distribution.txt \
-d agrawal/dir_distribution.txt \
-x "${disk}_age_initial.out" \
-y "${disk}_size_initial.out" \
-z "${disk}_dir_initial.out" \
-t 1 \
-i 100 \
-f 0 \
-p 0 \
-c 0 \
-q 0 \
-w 10080 \
-b posix

Evaluation After treating the filesystem chaotically, a fragmentation distribution and a benchmark
must be levied. The data aggregation tool fraggy.agg determines the distribution of fragments per
file.

./fraggy.agg /mnt/$disk > $disk_fragmented.csv

Repeatedly IOR measures the performance of the filesystem in three steps. The variable $run from
step 2 changes to fragmented.
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3.3.4 Step 4: Defragmentation

EXT4: Internal Tools This step is only possible with EXT4 because ZFS does not ship a defrag-
mentation tool. Nevertheless, both of the filesystems are defragmented by an alternative method,
later.

$ e4defrag /mnt/$disk

The variable $run is defined as defragmented.

ZFS: Send Receive An essential advantage of this filesystem is the existence of snapshots. ZFS is
capable of sending entire snapshots to another dataset, even over a network.

Therefore, an alternative method is worthy of testing: zfs send and recv. In this test, the tool creates
a snapshot, transfers to another disk and back.

$ zfs snap $disk1@defrag
$ zfs send -R $disk1@defrag | zfs recv -F $disk2

The variable $run is defined as zfs-sent.

Rsync An excellent alternative to in-place defragmentation is copying files to another storage system
(and back). This method operates entirely in userland and is also realizable for a cluster.

During the process, individual nodes or even individual hard disks are locked for writing operations,
while rsync copies the files to another node or storage drive.

The main advantage of that alternative method is an always freshly initialized filesystem with a low
file fragments rate.

$ rsync -Pauz /mnt/$disk1/ /mnt/$disk2/

The variable $run is defined as rsynced.

Evaluation The experimenter uses the same methodologies for data collection as in the previous steps.
The procedures above include the definition of $run.
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4 Related Work

Previous scientific papers have also dealt with the aging of filesystems. There are three primary topics:
Measurement methods, fragmentation methodologies, and countermeasures.

Measurement Methods The working group of Alex Conway introduces a recursive grep test in their
paper [16]. The functionality of the test is relatively simple. The entire filesystem is read recursively
by the command-line tool (CLI) grep. Therefore, all directory structures and file contents are read in.
This time is measured and normalized by the sum of the read data. This number is determined with
the CLI tool du. With this methodology, a reading test can be performed quickly and easily on any
Linux system.

Furthermore, in their newer paper [17], they add two more measuring methods. The determination
of the write performance is done by timing the write operations of the respective applied bench-
marks. The sum of the written data also does the normalization. All measurement series or bench-
marks omit the flag O_DIRECT. Thus the measurement results may have been influenced by the page
cache.

As a second addition, they now take a closer look at the free memory space. The authors use the
already described program e2freefrag on the filesystem EXT4 to determine the distribution. These
measurements were performed regularly during the benchmarks. Thus, the resulting data is mapped
on a time curve. The graphs show the changes in the free space gap sizes.

As the last point, there is also the possibility to evaluate the fragmentation of the whole file system.
For this purpose, Smith and Seltzer introduced the layout score in 1997 [30]. This score evaluates the
filesystem by the number of fragments per file (intrafile fragmentation). By definition, a file has a
score between 0 and 1. The score consists of the fraction of its blocks, which are optimally allocated,
so-called perfectly contiguous.

Conway et al. [16] extend this model. The so-called dynamic layout score also evaluates the decision of
how and where the files have been fragmented.

This master thesis uses a modification of the layout score by Smith and Seltzer. However, it does not
plot the temporal course, but the distribution in a snapshot. Unlike the layout score, this data is not
aggregated but only considers the intrafile fragmentation.

Fragmentation Methodologies A filesystem can be treated differently. All of the listed solutions oper-
ate on the application level. Therefore, these programs are executed in userspace.

The first method is taken from Conway et al. [16][17]. They use a version control program called Git.
Every change within a file is recorded in Git in a file in the .git folder. This behavior would result
in having thousands of files in one folder. To avoid performance issues during directory listing, Git
creates subfolders that behave like a hash tree.

The idea now is first to copy an existing repository to the disk. After that, the version history is
processed while calling many git pull requests. Consequentially, the files change so often that they
inevitably fragment quickly. According to the paper [16], the reading speed is reduced by a factor of
30 after a thousand operations.

59



The other presented possibility is based on a realistic scenario. The authors consider amail delivery agent
(MDA), more precisely the program dovecot. It is a widely used e-mail server that offers the IMAP service.
The e-mails are stored in separate text files in the so-called Maildir format.

If many e-mails are transported back and forth over time, there is a chance of fragmentation due to
the sheer number and fluctuation of small and large files.

Furthermore, they implement a self-made «free-space fragmentation microbenchmark». This mi-
crobenchmark creates a lot of small files, deletes them randomly, and then creates new ones. In contrast
to the methods mentioned above, it is an independent benchmark in a separate program.

The workgroup of Alex Conway studied various filesystems, including Btrfs (a Copy-on-Write system)
and EXT4 [16][17]. The measurements after aging by «free-space fragmentation microbenchmark»
show that read and write performance is significantly higher at a great fill level. Compared to the
initial measurement: the writing cost of EXT4 has increased by 40% and 25% in the case of Btrfs. The
reading performance is not affected by the high fragmentation of free space because there is no intrafile
fragmentation.

However, this master thesis uses a different tool from another paper: Geriatrix by Saurabh Kadekodi
[18]. The algorithms and profiles used here to age an entire file system are not limited to intrafile
fragmentation. In contrast to the application-based benchmarks previously mentioned, the free space
is transformed, too.

In order to achieve a realistic aging simulation, the authors have created different profiles. These
profiles contain behavioral patterns of how files should be modified over time. For this purpose,
they have used different studies dealt with change patterns of real-world storage systems over several
years.

Countermeasures The prevention of aging symptoms can be categorized into two categories. The first
one considers the various mechanisms that filesystems already implemented by design. Secondly, there
is the possibility to optimize an existing system with the help of external tools.

According to [16], there are different design possibilities of filesystems to mitigate aging:

1. Grouping of cylinders or blocks
Several files are often accessed together. The idea implies to store them in a group. For example,
continuous files in a directory are read together. Consequently, grouping reduces the seeking time.

ZFS already implements this method. For this purpose, it uses the so-called metaslabs. If a
new file is created, ZFS assigns rank numbers to the different areas. Among other things, this
number evaluates the proximity to files at the same hierarchical level. The highest number with
the corresponding available storage space is awarded.

2. Extents
Using extents is also a useful way to prevent fragmentation. They also reduce the overhead of
the address bookkeeping compared to the direct addressing of blocks. Filesystems, such as EXT4,
can dynamically define the extents size during the write operations. Noting the start address and
memory length is the only remaining task.
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Figure 24: Simple heap compaction algorithm

3. Delayed allocation
To determine a reasonable size for the extents, write accesses are often buffered in memory. The
incoming, continuous data is collected for a few milliseconds to allow the filesystem to reserve
larger extents. This mechanism is more or less essential for filesystems based on extents. Otherwise,
only small free memory areas remain after a short time.

4. Small files and metadata can be written directly to the administration tree instead of the data
area. The leaves of the tree structures usually have a small data area. For example, ZFS stores the
contents of files up to 512 bytes directly in the tree. This approach makes the address management
obsolete and optimizes further access to the storage system. Also, these tree structures usually
do not fragment, as they balance and reorder themselves.

However, it is not always possible to prevent aging through the right design decisions. A research
group at IBM has published a Research Report [28], which describes an algorithm for defragmenting
ZFS.

The paper confirms that defragmentation is a real-world problem in long-term systems. However, they
give other reasons besides defragmentation of why data blocks have to be moved: shrinking filesystems
or eliminating bad blocks.

Instead of the resource-intensive tracking of back-references, they consider an algorithm class, which is
preferably used for garbage collectors. Runtime environments like C# or Java use heap compaction to
free the allocated memory area from no longer needed objects. They mark all address ranges of active
objects and move them one after the other to the frontmost memory area (simplified in figure 24 on
page 61).
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The proposed algorithm from IBM includes a 3-phase model:

1. Discovery
The file tree is scanned to find all active extents. They are stored in an «x-tree» created for this
purpose afterward.

2. Decision
The algorithm decides which extents should be moved and look for a suitable area in the next
step.

3. Movement
In the last phase, the data is transferred, and the pointers in the address-tree are updated.

The algorithm intends to move the data extent by extent to a new storage device. In contrast to an
in-place move, there is a much higher chance that more extents can be moved and grouped sensibly.
The goal is the high availability of large, contiguous, free storage areas.

The paper also describes the possibility of executing the algorithm «online» (while updates are still
being written). For this purpose, an «r-x-tree» logs the corresponding new extents and maps the
addresses.

The defragmentation of ZFS in this master thesis works similarly at the end of the day. The data is
also transferred to a new storage system. Unfortunately, only read access is allowed during the process.
Also, an in-place solution is not provided.
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5 Analysis of the Results

This chapter deals with the measurement results of the described experiments. In the first step, the
acquired data are either visualized as graphs or displayed as tables. In the following, a respective
description of the data from each measurement series is given. The interpretation and the meaning of
the results happen in the following chapter (discussion).

According to the descriptions of the experiments, many different data are generated from the measure-
ment series. Two aspects are important: The filesystems’ performance and the number of fragments
over the various states.

As an overview, the following table shows the variety of runs. There are measurement values for each
variation.

Filesystem Drive Transfer size State IO

EXT4 Seagate 500 GB 10 MB initial read
ZFS Seagate 1000 GB 100 MB fragmented write

WD Gold 1000 GB 1 GB defragmented (EXT4 only)
zfs-sent (ZFS only)
rsynced

5.1 Analytical Methods

The benchmark program IOR generates 100 measuring points per survey for each type of IO. The data
points are the average data rate per run. The read rate’s performance measurement for the filesystem
ZFS is done with the same file for technical reasons. The EXT4 filesystem’s read and write rates are
measured alternately and always with new sample files.

The comparability of the data is achieved by grouping the IO types and states per transfer size,
drive, and filesystem. Furthermore, a box-and-whisker plot is used for visualization (compare to
figure 26 on page 66). These graphs are ideal for showing the dispersion of the data with essential
statistical characteristics: the minimum, the maximum, the sample median, and the first and third
quartiles.

To better evaluate the results, further statistical variables and tests are added (compare to table 3 on
page 108 and table 4 on page 109):

The mean, unlike the median, takes into account the outliers. There are technical reasons for their
occurrences, and the values based on real measurement data. Therefore, it is essential to take these
into account. However, the significance of the average without the standard deviation is almost
negligible. This value indicates the dispersion of the mean. Additionally, the range of the data between
the minimum and the maximum is also added.

Finally, the states are compared in pairs to see if there is a significant difference. The selection of
the next test requires the determination of whether the data are normally distributed or not. The
probability value of the Shapiro-Wilk test indicates the existence of a normal distribution. This
test is necessary for further statistical evaluation of the significance. By definition, the available tests
require either normally distributed or not normally distributed data.
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The hypothesis is that the following data are not normally distributed. Since the measured data are also
interdependent (repeated measurements for changed parameters), the Wilcoxon signed-rank test is
used. Its p-value indicates the significance of a difference between the pair.

As a result, it is possible to determine a change in the data rate, which indicates causality rather than
randomness at a very high significance level p < 0.05.

The filesystems fragmentation is represented by frequency polyline charts (compare to figure 25
on page 65), respectively density graph. The x-axis describes the number of fragments per file. A
file consists of at least one fragment. Therefore, the measurement points cannot start from zero. It
is important to note that the lines connect the measuring points. Therefore, straight lines between
two measuring points do not show any frequency since no data is available for these fragmentation
degrees.

The position of the measuring points on the y-axis represents the frequency. As an example, the
fictitious measuring point (50x, 15000y) means that 15000 files exist, each consisting of exactly 50
fragments. Due to the measurement results, the y-axis scales logarithmically log(10). Consequentially,
the visualization of low frequencies is more perceptible.

The diagrams contain all measurement series of a disk per filesystem for direct comparison. The lines
are differentiated by color. The EXT4 filesystem measurement includes three different runs in the given
order: «fragmented», «defragmented» and «rsynced». The experimental series with ZFS is similar:
«fragmented», «zfs-sent» and «rsynced».

In addition to the diagrams, there is a table with statistical data for each filesystem (see table 1
on page 65). The first column defines the used storage medium, and the second one the conducted
measurement series. The next columns contain the following statistical values:

• Sum of files consisting of exact one fragment
• Sum of files consisting of more than five fragments
• Sum of files consisting of more than ten fragments
• The highest number of fragments in a file

5.2 Measurement Results

5.2.1 EXT4: Fragmentation

The figure 25 on page 65 describes the fragmentation of the Seagate 500 GB with the EXT4 filesystem.
All three runs decrease exponentially from the first measurement point. As expected, the vast majority
of the files in all runs consist of a single fragment and form the highest frequency, which is approximately
3.5× 106.

The decrease of the three runs in the range of 1 to 20 varies: «rsynced» decreases most, followed by
«defragmented» and «fragmented». The highest number of fragments for «rsynced» is 35, as can be
seen in table 1 on page 65.
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Figure 25: Seagate 500 GB (fragmentation of EXT4 )

Drive State SUM == 1 Frags SUM >5 Frags SUM >10 Frags MAX Frags

sg500 defragmented 3494580 607 253 245
sg500 fragmented 3494253 1733 748 801
sg500 rsynced 3501371 4 3 35
sg1000 defragmented 6990854 281 239 555
sg1000 fragmented 6990675 836 536 1060
sg1000 rsynced 7005415 8 8 69
wdgold defragmented 6990515 389 230 603
wdgold fragmented 6990339 1354 605 834
wdgold rsynced 7005415 8 6 44
sg500-raid defragmented 6752975 224 224 568
sg500-raid fragmented 6752495 555 542 983
sg500-raid rsynced 6761110 5 4 33

Table 1: Statistics about EXT4 fragmentation
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Figure 26: Seagate 500 GB (10 MB file size on EXT4 )

In the range, 65 to 140, the two runs «fragmented» and «defragmented» are quite similar and are quite
erratic. The frequencies range from zero to ten. The frequency of the high fragment degrees is tiny
but present. The «defragmented» line has its highest value with 245 and «fragmented» closes with 801
fragments.

In summary, the number of higher fragmentation levels decreases exponentially and decreases even
more after defragmentation and even more after using rsync.

The measurement results of the other two storage media (Seagate 1000 GB and WD Gold 1000 GB)
are very similar. Therefore, a combined evaluation is appropriate. The referred diagrams are displayed
in figures figure 35 on page 96 and figure 36 on page 96. As with the Seagate 500 GB, the curves of
the other two disks decrease exponentially.

The number of files with a fragment in all six runs is approximately 7× 106. Furthermore, the runs in
the range 1 to 20 fall in the same order. The significant difference is in the remaining runs. In the range
20 to 190 and 260 to 350, there are rarely files in «defragmented». The frequency of the «fragmented»
series oscillates irregularly between zero and five files. The range of 190 to 260 is slightly increased for
both runs (up to ten files) and is related. There is also a significant accumulation in the range of 350
to 370.

The two hard disks with the higher capacity and the associated number of spinning layers within the stor-
age medium have a significant number of files with a high degree of fragmentation.
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5.2.2 EXT4: Performance (10 MB file size)

Figure figure 26 on page 66 shows the measured values of the performance measurement. The tested
hard disk is the Seagate 500 GB with the filesystem EXT4. The four different runs are visually separated
after the access operation.

The differences between the first three runs are small. The read and write speeds for «initial» and «frag-
mented» are considered to be equal. According to the statistical analysis in table 3 on page 108, the aver-
age read rate is about 49 MiBps with a deviation between 8.5 MiBps and 9.6 MiBps.

The measurement results of the write rate in the first two cases are also similar. The average is
32.0 MiBps and 32.6 MiBps with a rather small standard deviation (5.0 MiBps and 5.5 MiBps).

The first moderate difference appears in the «defragmented» series. The reading rate is lower (on
average at 44 MiBps), but also the scatter of the measuring points (see standard deviation and range).
The same behavior is seen in the write rate, which averages 28 MiBps.

During the last run («rsynced») the data obtained shows that the average read and write rates are
significantly higher than the other three runs. On the other hand, the different measuring points’
dispersion is significantly higher (approximately 57 MiBps for reading accesses and 36 MiBps for
writing accesses).

The initial measurement series were always performed with a freshly created filesystem. With a small
file size, the overhead becomes noticeable. The filesystem’s data structures are probably not very
efficient if they have barely been used so far. It is also likely that these measurement files were written
in the higher address regions, id est, in the inner tracks with a lower trajectory speed. If the hard disk
is full, the inner tracks are already occupied, and the file fragments are probably located in the outer
tracks.

The result of a simple read and write benchmark using GNOME Disk Utility is shown in figure 27 on
page 68. This program divides the complete address range of the disk into 1000 segments, and in each
segment, a sample of 100 MiB is written and read. The result shows that both transfer rates decrease
with the increasing address. This impressive visualization shows that addressing starts at the outer
tracks and moves to the middle while the performance decreases.

The Shapiro-Wilk test shows for all data sets (including the other runs not yet described with EXT4 )
that there is no normal distribution of measurement points. Therefore, the Wilcoxon Signed-Rank
Test can be applied. The test compares each measurement series with its predecessor.

The statistical data on the Seagate 500 GB from table 4 on page 109 also show that the difference
between «initial» and «fragmented» is virtually non-existent (p ≈ 0.96 and p ≈ 0.48). The differences
between the next runs are highly significant (p < 0.025).

After Geriatrix has fragmented both the files and the free space, there will probably be enough gaps
for a small 10 MB sample. Therefore the performance after fragmentation is similar for small sample
sizes.

The average of «defragmented» is 10% below that of «fragmented» for reading and 12% for writing
accesses. The defragmentation tool reduces the fragmentation of the files but increases the fragmentation
of the free space. Only small gaps seem to exist, which leads to fragmentation of the sample and a
decrease in performance.
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Figure 27: Benchmark of Seagate 500 GB with GNOME Disk Utility

The difference between «defragmented» and «rsynced» is confirmed here with an increase of 33%
(reading) and 39% (writing). Since the data has been written to a clean filesystem, this performance
increase is not surprising.

In summary, the difference is not measurable in the case of intense fragmentation, but after de-
fragmenting. The best performance with dispersion shows up after copying all data to the hard
disk.

5.2.3 EXT4: Performance (100 MB file size)

The measurements with a file size of 100 MB differ significantly from those just described. At first
glance, the figure 28 on page 69 shows a decreasing transfer rate in the first three runs for both read
and write accesses.

As the data from the table 5 on page 110 show, the average read rate during the initial run is with
92 MiBps. The interquartile distances and ranges are tremendous for this result and the next read
accesses.

In addition to lower transfer rates, the «fragmented» measurement showed a significantly greater dis-
persion (standard deviation of 15 MiBps). Accordingly, the average is just under 70 MiBps. After defrag-
mentation, the dispersion and the reading rate decreased with an average rate of 52 MiBps.

The pattern is similar to the write rate. The initial run shows a substantial accumulation at the
upper quartile and an average of 65 MiBps. The transfer rate also drops in the next two steps
to 48 MiBps and then to 31 MiBps. The «defragmented» run also shows a low dispersion here
(4 MiBps).
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Figure 28: Seagate 500 GB (100 MB file size on EXT4 )

The last run («rsynced») shows a notable increase in transfer rates. The write rate is on the same
level as the initial run. Furthermore, the read rate here scatters most with a standard deviation of
21 MiBps and a range of 57 MiBps. There are indications for the formation of two clusters. The first
one is located at the upper quartile at around 105 MiBps. By contrast, the second one can be found
below the lower quartile at about 55 MiBps.

All results of the Shapiro-Wilk Test show a non-normally distributed data set. The Wilcoxon
Signed-Rank Test continues to show highly significant differences between runs.

The results from the measurement with the Seagate 1000 GB are the same over time. As can be
seen in the graphic figure 42 on page 99, there is a raised amount of cluster formation with several
runs:

• «initial» read and write: Upper quartile and minimum
• «fragmented» read: Upper and lower quartile
• «defragmented» read: Upper quartile
• «rsynced» read and write: Upper quartile

The hard disk WD Gold 1000 GB (figure 45 on page 101), on the other hand, has significantly higher
speeds for I/O operations. The average read speed in initial state is 145 MiBps. It is also noticeable
that the progression and differences between the reading and writing operations differ from the other
measurement results.

The average read and write rate for the «fragmented» run is almost the same (103 MiBps versus
104 MiBps). The next run is even more remarkable, because the write rate is higher than the read rate
(92 MiBps) with 76 MiBps.
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Figure 29: Seagate 500 GB (1 GB file size on EXT4 )

However, the decreasing trend in the first three runs is also present here. Also the last run «rsynced»
shows that the speeds are very similar to the initial measurement series. The read rate is slightly higher
with 148 MiBps and the write rate is the same.

This disk also shows clustering:

• «initial» read and write: Upper quartile and minimum
• «fragmented» write: Maximum
• «defragmented» write: Maximum
• «rsynced» read and write: Maximum and minimum

Nevertheless, why do these clusters form?

The reason for this phenomenon is probably due to the design of the hard disks with higher capacity.
These have several rotating disks. The best performance is achieved when the data has to be read or
written from only one of these disks, preferably from the outer tracks.

The read and write rate is likely to be significantly worse when more than one disk is needed. Since the
read and write heads do not operate simultaneously at different levels, the arm must be repositioned
each time it is changed. Since this seeking time is relatively high, the performance can vary and form
clusters in the evaluation. The verification of this assumption requires that a block trace determines
the samples’ corresponding addresses according to the respective benchmark.
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5.2.4 EXT4: Performance (1 GB file size)

The staircase effect of the first three states from the last measurements is also evident in the next
results. Also the speed differences compared to the previous measurement series with a file size of
100 MB are not very different.

The only difference to be emphasized in this measurement series is the smaller span of the measurement
points. This is visible on the three hard disks both graphically (figure 29 on page 70, figure 43 on
page 100 and figure 46 on page 101) and in the statistical evaluation (table 7 on page 112 and table 8
on page 113).

5.2.5 EXT4: Fragmentation and Performance of RAID 0

The fragmentation of the EXT4 filesystem in a software RAID 0 differs from the other measurement
results.

The graph (figure 37 on page 97) clearly shows how few fragments exist in the sum in the RAID. Most
(slightly below one million) files consist of one to three extents after being fragmented. Nearly 1000
files consist of two extents, which no longer exist after defragmentation.

High fragmentation starts at about 120 and stops at 345 extents. This irregular pattern (between 0
and 10 extents per file) is almost identical in both states. Probably there was no suitable free space
for fragment reduction for these files. Only the tool rsync reduces the fragmentation of those files
with high fragmentation. Nearly all files consist of one extent. Note that these results only show the
extents of the filesystem. The actual fragmentation pattern caused by the software RAID is entirely
transparent.

The performance of the RAID system is quite mixed and seems to depend on the sample size.

The graph with the 10 MB sample size (figure 47 on page 102) shows minimal changes between the
runs. The average read accesses vary between 45 and 47 MiBps with a standard deviation of about
10 MiBps. Furthermore, there is no significance between runs, as shown in table 3 on page 108. The
first pair has a significance level of 0.1, which is higher than the next two: 0.61 («fragmented» versus
«defragmented») and 0.48 («defragmented» versus «rsynced»).

The write operations average out 29 to 33 MiBps with a deviation of 5 to 7 MiBps. The differences
between the runs are marginal, again. Notwithstanding, the first two runs («initial» and «fragmented»)
tend with an increased significance towards normal distribution. Therefore, an interpretation of the
Wilcoxon Signed-Rank Test is not appropriate.

Due to the small differences, the sample size does not appear suitable to measure possible frag-
mentation evidence. Thus, the evaluation of the 100 MB experimental series follows (figure 48 on
page 102).

The measurement results show unusual behavior, which only occurs during a 100 MB run. Nearly
every measurement path shows clustering in the lower quartile and the upper whiskers (except «write
defragmented»). The evaluation of the average speed or the median mean with its broad range induced
by this cluttering is meaningless. A table with a visually estimated average speed of each cluster gives
a slightly better overview:
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Access State Estimated Average Transfer Rates (MiBps)

read initial 38 + 65
read fragmented 55 + 105
read defragmented 52 + 100
read rsynced 55 + 105
write initial 38 + 58
write fragmented 40 + 71
write defragmented –
write rsynced 40 + 71

It was apparent before the measurement that the speed with the selected measuring method would be
significantly slower. The I/O syscalls with the flag O_DIRECT lead to a significant slowdown because every
write operation must be written consistently on disk before returning. This configuration, combined
with the block size of 4 KB per operation, leads to a massive overhead.

An interesting aspect, in this case, is the processing by the software RAID. Unfortunately, it is not
known whether mdadm processes the direct write command correctly. Furthermore, the chunk size is
512 KB, which is 128 times larger than the write block. If caching is not allowed, then mdadm would
have to read the complete chunk for each write operation of a 4 KB block, replace the addressed 4 KB
part and save it again, which is relatively inefficient.

Why this clustering occurs, or on which level this phenomenon is caused, could not be clarified. By
further tests, it might be possible to ascertain this behavior. Each of the following points describes a
measure that could be changed in the setup. They should not be combined!

1. Benchmark EXT4 on a disk with extended attributes, such as stride, to identify the filesystem
as the source of the problem

2. Replace mdadm with a hardware RAID controller, as they perform much better and do not cause
further syscalls.

3. Do not set the O_DIRECT flag.
4. Set the block size of 4 KB to something larger, for example, the chunk size of 512 KB.

With a larger sample size of 1 GB (figure 49 on page 103), the described phenomena no longer occur.
Due to the comparatively high scattering of the measuring points, it can be assumed that the different
speeds also happen. However, one measuring point represents the average speed; accordingly, fast and
slow operations could compensate for the final result.

The measurement results show consistently poor performance, both when writing and reading. Subse-
quently, the differences between the states are no longer apparent since all measurements underperform.
For this EXT4 RAID configuration, the benchmark must be run under different configurations, or a
completely different one must be chosen.

To get a comparison to the possible performance of the RAID, a simple benchmark with GNOME Disk
Utility is helpful (figure 30 on page 73). As with the Seagate 500 GB measurement, 1000 measurement
points with 100 MB sample size were also used. The course of the graph is expected.
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Figure 30: Benchmark of Seagate 500 GB RAID 0 with GNOME Disk Utility
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Figure 31: Seagate 500 GB (fragmentation of ZFS )
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Drive State SUM == 1 Frags SUM >5 Frags SUM >10 Frags MAX Frags

sg500 fragmented 1836785 14704 4901 1468
sg500 rsynced 1832854 15496 4969 1337
sg500 zfs-sent 1841568 12930 3878 1087
sg1000 fragmented 3661737 45501 23761 255
sg1000 rsynced 3684127 30550 10483 1309
sg1000 zfs-sent 3697451 27629 8922 1332
wdgold fragmented 4109147 30866 9884 37
wdgold rsynced 4102477 32507 11005 1349
wdgold zfs-sent 4115308 28986 8671 36
sg500-raid fragmented 3652605 47578 28650 239
sg500-raid rsynced 4022348 61449 28651 2390
sg500-raid zfs-sent 4069400 43309 15565 2658

Table 2: Statistics about ZFS fragmentation

5.2.6 ZFS: Fragmentation

The fragmentation of the ZFS filesystem seems to be almost unchanged at first sight. The runs with
the Seagate 500 GB hard disk (shown in figure 31 on page 73) show hardly any differences. All three
lines start with one fragment in over 185,000 files and drop exponentially (linearly in the illustration)
to about 35 fragments per file.

The main difference between the runs is that in the «fragmented» run, files with up to 160 fragments
exist. The «rsynced» run has an upper limit of 135, and «zfs-sent» closes at almost 50. Remarkable
for the run between 0 and 30 are the small bumps, which appear quite regularly. With the exponential
decrease, the frequency increases a little bit every 4-6 units on the x-axis. It is not known why this
occurs.

The Western Digital Gold measurement curve gives a quite similar picture (figure 39 on page 98).
Again, the difference between the three runs in the section 0 to 35 is barely present. The runs start
at about 410,000 files with one fragment and decrease exponentially to a file with 35 fragments. The
bumps just described also occur here at the same interval.

In contrast to the Seagate 500 GB, both the «fragmented» and the «zfs-sent» run do not produce more
than 40 files. The «rsynced» line shows an erratic behavior between 40 and 90. The number of files
varies between 1 and 8 files in the x-axis run. In the further course, files with higher fragmentation
occur sporadically. The «rsynced» line closes at about 165 fragments.

The results of the Seagate 1000 GB hard disk (figure 38 on page 97) differ slightly. As with the
measurement results mentioned, the «zfs-sent» and «rsynced» lines between 0 and 35 are very similar
to the previous results. However, the frequency of «rsynced» falls more slowly to 35 and oscillates from
0 to 5 files at 35 to 120 fragments. The highest number of fragments is about 125 for «zfs-sent» and
about 180 for «rsynced».

The «fragmented» line is significantly different from 16 fragments per file and jumps abruptly from
2900 files to a frequency of 230 files. Between 16 and 63, the frequency decreases linearly up to a peak
of 64 fragments per file with rounded up 380 measuring points. In the further course, the frequency
varies between 0 to 8 files up to a fragment number of 255. An anomaly in this range occurs between
127 and 129 fragments and has its maximum at 62 fragments.
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Figure 32: Seagate 500 GB (10 MB file size on ZFS )

In summary, however, it can be said for all hard disks that fragmentation in the ZFS filesystem occurs
directly in advance and thus hardly changes in the further course of use.

5.2.7 ZFS: 10 MB File Size

The reading speed in the measurement series with a sample size of 10 MB is the highest with an empty,
unused ZFS pool compared to the described condition.

The Seagate 500 GB hard disk (figure 32 on page 75) has an average reading speed of 118 MiBps, with
the measurement points most likely normally distributed according to the Shapiro-Wilk test (table 9
on page 114). As the test progresses, the results are significantly worse, as was also assumed at the
beginning. During reading for the three runs, the average data rate is in the range of 80 to 84 MiBps
with a moderate standard deviation of 8 to 11. Since a small sample size was used in these test series,
the overhead probably outweighs the results.

The difference between the write rates is slightly noticeable in all four runs. On average, it is 62 and
78 MiBps. In the graph, strong downward outliers are visible in the runs, which leads to a not normally
distributed data situation.

The hard disk Western Digital Gold (figure 53 on page 105) shows similar readings. Again, the initial
reading process outweighs the other measurement series with an average of 138 MiBps. Due to the
few but strong outliers downwards, there is no normal distribution. The initial writing speed is about
90 MiBps and slightly outweighs the other runs.
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Figure 33: Seagate 500 GB (100 MB file size on ZFS )

In this case, the read and write speed is slightly better after defragmenting («zfs-sent»). The average
data rate in the fragmented state is 70 MiBps (read) and 72 MiBps (write) versus 100 MiBps (read) and
82 MiBps (write) after the use of defragmentation measures. Only the program rsync does not seem
to work well. The data rate is significantly lower than in the fragmented state (64 MiBps / 66 MiBps)
with a relatively high spread of 18 MiBps when writing.

The performance curve of the Seagate 1000 GB hard disk figure 50 on page 103 runs like a sawtooth
wave during both reading and writing. The initial performance with 123 MiBps reading and 72 MiBps
writing forms the maximum of the graph. Once the hard disk has been artificially aged, the performance
drops to a minimum of 53 MiBps read, and 43 MiBps write. The standard deviation is around
10 MiBps from this series of measurements; the initial state is much more scattered – especially the
read access. This dispersion is most likely due to the small file size of 10 MB and the entire storage
area availability.

It is also noticeable that the read rate is not very different from the write rate. This similarity shows
that the sample is too small. The first defragmentation measure unfolds its effect and thus increases
the performance. Also, the rsync measure does not do too badly. The reading performance is even
minimally better than with «zfs-sent».
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5.2.8 ZFS: 100 MB File Size

For the next measurement group with a sample size of 100 MB, the overhead should no longer be in
the foreground, and the scatter should decrease.

The first hard disk Seagate 500 GB (figure 33 on page 76) shows an unusual behavior with its read
rate. The data rate decreases by 15 to 25 MiBps with every subsequent series of measurements, but
with a very small scatter of almost three MiBps. It is not possible to explain why this behavior occurs
concerning the other measurement results.

The write rate also does not behave as expected. The average speed, both initially and after frag-
mentation, is almost 103 MiBps. According to the Wilcoxon Signed-Rank Test, there is a p-value
of 0.94. Therefore, the difference between the two series of measurements is not resent. After each
defragmentation measure, the rate drops to 85 MiBps. According to the statistical test, these two
measurement series are not different (p ≈ 0.51).

Furthermore, the results of the Western Digital Gold (figure 54 on page 105) are more in line with
expectations. The read and write rates in the empty state are the highest of all other runs. On average,
the benchmark reaches a read rate of 191 MiBps and a write rate of 141 MiBps. Remarkable is the
small distance between the two quartiles.

The fragmented filesystem shows a significant reduction of I/O operations. Their average equals
192 MiBps (read) and 110 MiBps (write) and increases again in the next step, after the defragmentation
measure. As with the hard disk just described, the tool rsync delivers worse results, again. These are
even below the performance in the fragmented state.

The hard disk Seagate 1000 GB figure 51 on page 104 also has a sawtooth wave, and its behavior
is in line with expectations. Due to the technical limitation (reading the same file), the read rate
shows a minimal deviation. The speeds can be summarized in two different groups: the measurement
series «initial» and «zfs-sent» with a high average value around 185 MiBps and the other two with a
rate around 150 MiBps. It should be emphasized that the performance has not improved after using
rsync.

The write rate is similar, but any measure does not exceed the initial write rate (124 MiBps). Also,
no one writes slower outside the fragmented state (65 MiBps). The respective defragmentation mea-
sures deliver the familiar image: «zfs-sent» is more performant than «rsynced» (108 MiBps versus
83 MiBps).

5.2.9 ZFS: 1 GB File Size

Even with a higher sample size of one gigabyte, the pattern remains quite similar to the Seagate 500 GB
(figure 34 on page 78) hard disk. The read rate between the initial and fragmented state decreases
minimally (176 MiBps versus 174 MiBps) and decreases rapidly with defragmentation. As shown in
the box plot, the reading performance is decimated after using rsync.

On the other hand, the write rates are somewhat lower after defragmentation, but there is no real
trend here. It moves in a corridor from 71 MiBps to 91 MiBps. Assuming that the free space
fragmentation, in this case, behaves similarly to the determined file fragmentation, the write rate can
hardly change.
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Figure 34: Seagate 500 GB (1 GB file size on ZFS )

The defragmentation measures seem to have improved performance for the Western Digital Gold
(figure 55 on page 106) with large files. The read rate of the last two runs is 143 MiBps and 148 MiBps,
respectively. The write rate also increased from 72 MiBps to 90 MiBps. Furthermore, the write difference
between the two defragmenters is tiny with a p-value of about 0.88. Nevertheless, the defragmented
filesystems do not reach the initial values (187 MiBps read, 121 MiBps write).

Additionally, there is an anomaly in the measurement result when reading from the fragmented filesys-
tem. This transfer rate equals only 31 MiBps. In this case, the available free space seems to have been
very cluttered. The innermost track’s reading speed is much higher than this measured value so that
this reason can be excluded as the primary cause.

The measurement series’s progression with the Seagate 1000 GB hard disk figure 52 on page 104 looks
very similar to the 100 MB sample size: once again, a zigzag line is present. The peak reading speed is
again about 185 MiBps and includes both the initial and the defragmented measurement («zfs-sent»).
In contrast, there is a significant drop in the fragmented reading speed – it is only 55 MiBps. In this case,
the sample is probably distributed very unfavorably on the disk. It could be heavily fragmented, lying
on the inner tracks, or even on several data disks. The «rsynced» state benefits from the «fragmented»
state’s poor performance and therefore performs better at 93 MiBps.

The write performance is significantly lower in all measurement series due to the enormous sample
size. The files may have to be fragmented more often, which leads to a high cumulative seeking time
of the device. The hard disk causes this disadvantage with its several data layers. The consequences
can be seen in the first measurement series. The measurement points can be divided into clusters: the
upper whisker and the section between the upper quartile and the lower whisker. Accordingly, the
upper cluster is unlikely to have been distributed over several levels, which leads to a higher overall
speed.
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No more surprises appear in the further course of the game. The fragmented write rate of 50 MiBps is
below grade and rises higher with the first defragmentation method «zfs-sent» (81 MiBps) than with
rsync (69 MiBps).

5.2.10 ZFS: Fragmentation and Performance of RAID 0

The main difference between a ZFS RAID and the EXT4 software RAID is an additional abstraction
layer. For the ZFS filesystem, the topology of the existing devices is visible, and it decides itself how
the distribution of the data is to proceed. This fact makes it possible to distribute the data well in
terms of performance.

The fragmentation of the software RAID (figure 40 on page 98) is similar to the Seagate 1000 GB
(figure 38 on page 97) in its pattern. The two runs, «zfs-sent» and «rsynced», are both quite similar.
They start at over 400,000 files consisting of one fragment and decrease to about 50,000 with two or
three fragments. The two processes continue to decrease rapidly and end at about five files with 50
fragments each. Thus they show a slightly higher fragmentation than the measurement series without
the use of a RAID. Between frequencies 50 and 130, the «rsynced» line oscillates between 0 and 8
files.

The course of the «fragmented» measurement data is a bit strange, as with the Seagate 1000. The
frequency between 1 and 16 fragments per file is similar to the other two measurement lines. However,
the frequency decreases rapidly from 17 to 100 occurrences, increases up to 375 (40 fragments), and
decreases again to 19 (63 fragments).

Anomalies follow with 64 fragments (95 files), 108 to 114 (up to 9 files), and 126 to 129 fragments
(up to 36 files). As with the other hard disk, these occur preferably in the range of the powers of
two.

The fact that the two hard disks behave similarly can be explained by the fact that the number of data
slices should be identical. The Seagate 1000 GB has two disks, and the software RAID 0 was realized
with two hard disks with one disk each.

The performance of the storage system shows no new conclusions compared to the previous ZFS mea-
surements. All write rates during the 10 MB run (figure 56 on page 106) are on average 100 to 110 MiBps.
Due to the lack of variation, they show that the overhead is too high in this mode.

At a higher sample size with 100 MB and 1 GB, it is visible that the initial and by «zfs-sent» defrag-
mented measurement series reach a similar average performance. It equals 180 MiBps for the 100 MB run
and 190 MiBps for the 1 GB run. The other two states («fragmented» and «rsynced») were significantly
slower, as can be seen from table 11 on page 116 and table 13 on page 118.

This operating mode of ZFS also shows that defragmentation using rsync is not recommended. The write
patterns are less suitable in all appearances than with the zfs send | zfs recvmethod.

The measurement results of the read accesses are not meaningful enough to derive a pattern from
them. The initial speeds of the 100 MB and 1 GB run are within the common corridor with 266 and
286 MiBps, since these are two disks in a RAID 0. The fact that the measurements between the two
sample sizes differ so much in the fragmented filesystem indicates a worst-case fragmentation state.
Furthermore, the last two states show a contrary speed. These data cannot be used for the evaluation
of a general ruleset.
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5.3 Discussion

The file fragmentation analysis of the EXT4 file system has shown that the majority of files (over 99%)
have hardly been fragmented at all. The number of files with more than two fragments is more or less
only a fraction of all files.

The problem is that the remaining files consist of many fragments. Furthermore, the tool Geriatrix
also splits the free space. This section is essential as soon as new data has to be stored on the
disk.

The performance measurements on EXT4 were performed with O_DIRECT, so the measurement results
are significantly lower concerning the actual read and write speed using typical applications. For each
I/O access, all software caches are bypassed and waited for the disk result. Hardware caches’ are
probably not bypassed, but due to the high number of 4 KB requests, the real performance suffers.
The advantage is that the differences between the states are better visible.

A sample size of 10 MB is demonstrably unsuitable for detecting differences. Either the administration
overhead is too large, or the runtime variations are too small. Sample sizes of 100 MB and above show
differences very clearly.

As suspected, the reading and writing speed of new files on a fragmented hard disk is significantly
reduced. A parallel analysis of the free space would be interesting (future work) to find possible
correlations.

Somewhat surprising is that the in-house defragmentation tool of EXT4 makes the situation significantly
worse. Yes, it has reduced the number of fragments, but unfortunately, not the number of highly
fragmented files. Moreover, the performance of new entries, which occur in a production system, has
become all the worse.

From this, it can be deduced that the tool has reduced file fragmentation at the expense of free
space fragmentation. This decision might be useful for a read-only or archiving system, but not for a
productive storage system.

The best countermeasure with EXT4 is to copy the data to a new disk. Whether this has to be done
through rsync remains to be seen. Probably other file-based copying processes work similarly well.
In-place defragmentation is difficult due to the lack of unused space.

The measurements of the EXT4 RAID 0 are unfortunately not meaningful enough to make a statement.
Further series of measurements with other configurations are necessary because obviously, a block size
of 4 KB with O_DIRECT does not work very well for this RAID configuration.

The filesystem ZFS uses an entirely different strategy. As can be seen from the fragmentation graphs,
files are quite often fragmented. Concerning the copy-on-write procedure, this can be a reasonable
approach: As soon as changes are made, the files have to split up.

The differences in file fragmentation between the different states are not significant, so an analysis of
free space is appropriate. It might clarify some anomalies in performance measurement. At some points,
it has become visible that countermeasures can be partially promising.
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However, simply copying files, as in EXT4, causes a more significant performance problem than the
fragmented state. While using file-based programs like rsync, the files are written individually to the
target system. Each file transfer is seen as a single transaction, which leads to an administration
overhead. This performance outcome indicates a strong fragmentation of free space and shows the
unsuitability of this method.

Interestingly, the in-house copy process using zfs send | zfs recv works much better. In this process,
the files are sent as a continuous data stream. The complete transfer process of the snapshot is probably
considered one transaction, and the extents can be written directly to the disk. If in doubt, this will
not reduce the number of extents, but it will defragment the free space.

In summary, it can be said that an aging process in the form of fragmentation exists in both the
files and the free space and can drive to performance losses. It always depends on the actual applica-
tions, configurations, usage time, and intensity. Unfortunately, the in-house defragmenting tools are
unsuitable; only copying will deliver an improvement.
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6 Conclusion

6.1 Summary

This master thesis deals with the phenomenon of aging in file systems and takes a closer look at the
file systems EXT4 and ZFS. To investigate this problem with scientific methods, knowledge about
the functioning of a file system is essential. Accordingly, the first step is to define what a file system
is and how the address schemes Cylinder Head Sector (CHS) and Logical Block Address (LBA) work.
To understand how these addresses are stored in blocks in the metadata area, inodes and extents are
explained using the filesystem EXT4. Since ZFS is a copy-on-write system, the basic functionality and
special features are described.

In the next section, storage systems, such as Redundant Array of Independent Disks (RAID) with its
different operating modes are explained, and their characteristics are shown. The Distributed Filesystem
contributes to the completeness.

How modern storage media, more precisely hard disks and SSDs, operate is also part of this thesis.
It is essential which different technologies are used to increase the data density on the magnetic
media. These can not only have positive effects on performance (see Shingled Magnetic Recording
(SMR)).

Furthermore, to demonstrate fragmentation, a simulation of how files and their extents change over
time is shown. This fragmentation can lead to massive performance losses on hard disks due to
multiple repositioning processes to read the right tracks. Accordingly, the further simulation shows
how defragmentation theoretically works in-place of a filesystem.

The proof of different fragmentation and the possibly associated performance loss is significant for
the experiment. For this purpose, the two named filesystems on different hard disks are heavily
loaded with the Geriatrix tool, and thus an aging process is performed. As countermeasures, existing
defragmentation tools, as well as various copy mechanisms, are tested. The fragmentation of the files
is determined in each step, and the performance is measured.

6.2 Contributions

The results of the measurements show that there are signs of aging. The performance of the respective
filesystems suffers greatly under long-term stress, especially at high fill levels. A significant reason for
this is the fragmentation of the complete storage system, which severely restricts further use in the
long run.

The determination of the file fragments using the fiemap interface is efficient. With the newly developed
tool fraggy, it is now possible to evaluate this data with all filesystems that offer this I/O interface. For
this purpose, a patch for the filesystem ZFS exists to provide this functionality.

Artificial aging using Geriatrix had to be changed from allocating file storage to writing data. Otherwise,
the file size under ZFS always equals to block size, even if compression has been disabled.
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The use of the native defragmentation tool e4defrag will reduce file fragmentation. However, the
program fissured the free storage area so that a further use with the aspect of storing new data is
inefficient. It is better to avoid this tool unless it is used to defragment a read-only archive sys-
tem.

An excellent way to improve filesystem’s general state is to copy the data to a fresh, new file system.
From an economic point of view, this practice is a sensible method, as well. Theoretically, the copying
process only requires one additional storage medium or one additional node in a distributed system.
After the defragmentation, the «older» storage system is available for the next copy process. After
some time, the general condition improves by the increasing average performance. Depending on the
system, the defragmentation could be designed as a rotational policy to ensure good performance in
the long run.

The selection of the tool depends on the installed filesystem. For example, using a file-based program
like rsync in the case of EXT4 demonstrates some improvements. The performance after the copy
process corresponds approximately to an empty state.

For instance, using file-based transactions in combination with ZFS is counterproductive. The perfor-
mance is poor. By contrast, the command zfs send | zfs recv works much better. It transfers the
data as a data stream as a single transaction to a ZFS pool. Besides, this process takes considerably
less time.

6.3 Future Work

Furthermore, the frequency analysis of the fragments with ZFS showed that the states do not differ
significantly among themselves. Therefore, a parallel analysis of the free space would be necessary, also
for other filesystems. Reading existing files is improved by e4defrag, for example, but an analysis of
the remaining space will probably prove its bad behavior. These two data sets can be correlated with
the respective performance measurement afterward.

Moreover, measuring the read and write operation of existing data would be an outstanding addi-
tion to evaluating new files’ speed. For this, either the used programs (Geriatrix ) would have to
aggregate this data, or additional I/O measurement tools would have to collect this data in paral-
lel.

It is also interesting to note the corresponding file size and extent sizes for the respective measurement
points when collecting the file fragmentation. With this additional information, an evaluation of the
decision-maker of the used filesystem is possible. Depending on the intended use, this information
facilitates the filesystem’s choice.

The read and write speed of hard disks is strongly dependent on the seeking time and track position.
Block tracking the samples or the entire hard disk can explain strange measurement phenomena and
evaluate the quality of filesystem algorithms. Parallel to this, tracking the I/O load concerning the ratio
of operation and waiting time across the different states would be interesting.
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In this thesis, several parameters of filesystems and benchmark tools were not changed. In a large-scale
measurement study the following, further variations would be conceivable:

• Fill levels of the filesystems
• Block/chunk size of the file and RAID systems
• RAID operating modes (RAID 0, 1, 5, 6, 10)
• Number of storage volumes used and transfer size per I/O operation of the benchmark tool.

At least, the host system’s configuration may not be forgotten. Does the determined performance
change by CPU pinning or by enforcing the CPU frequency? How considerable is the influence of the
single-core performance on the benchmark? The evaluation of storage systems is difficult due to the
variety and complexity of measurement methods, configurations, and application behavior and can only
shed light on partial aspects.
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Figure 35: Seagate 1000 GB (fragmentation of EXT4 )
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Figure 36: WD Gold 1000 GB (fragmentation of EXT4 )
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Figure 37: Seagate 500 GB RAID-0 (fragmentation of EXT4 )
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Figure 38: Seagate 1000 GB (fragmentation of ZFS )
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Figure 39: WD Gold 1000 GB (fragmentation of ZFS )
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Figure 40: Seagate 500 GB RAID-0 (fragmentation of ZFS )
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Figure 41: Seagate 1000 GB (10 MB file size on EXT4 )
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Figure 42: Seagate 1000 GB (100 MB file size on EXT4 )
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Figure 43: Seagate 1000 GB (1 GB file size on EXT4 )
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Figure 44: WD Gold 1000 GB (10 MB file size on EXT4 )
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Figure 45: WD Gold 1000 GB (100 MB file size on EXT4 )
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Figure 46: WD Gold 1000 GB (1 GB file size on EXT4 )
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Figure 47: Seagate 500 GB RAID-0 (10 MB file size on EXT4 )
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Figure 48: Seagate 500 GB RAID-0 (100 MB file size on EXT4 )
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Figure 49: Seagate 500 GB RAID-0 (1 GB file size on EXT4 )
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Figure 50: Seagate 1000 GB (10 MB file size on ZFS )
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Figure 51: Seagate 1000 GB (100 MB file size on ZFS )
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Figure 52: Seagate 1000 GB (1 GB file size on ZFS )
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Figure 53: WD Gold 1000 GB (10 MB file size on ZFS )
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Figure 54: WD Gold 1000 GB (100 MB file size on ZFS )
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Figure 55: WD Gold 1000 GB (1 GB file size on ZFS )
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Figure 56: Seagate 500 GB RAID-0 (10 MB file size on ZFS )
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Figure 57: Seagate 500 GB RAID-0 (100 MB file size on ZFS )
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Figure 58: Seagate 500 GB RAID-0 (1 GB file size on ZFS )
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Drive IO State Mean Standard Deviation Range Shapiro-Wilk Test

sg500 read defragmented 44.21 6.45 24.69 0.00107301
sg500 read fragmented 49.3 8.46 36.64 2.415e-05
sg500 read initial 49.43 9.64 33.79 0.00019593
sg500 read rsynced 58.93 13.91 56.63 0.00762721
sg500 write defragmented 28.04 3.23 14.94 0.49151363
sg500 write fragmented 31.97 4.94 28.36 0.00174966
sg500 write initial 32.63 5.51 22.98 0.27068466
sg500 write rsynced 39 8.76 35.79 0.00638585
sg1000 read defragmented 44.09 7.32 25.24 9.51e-06
sg1000 read fragmented 46.43 8.72 34.24 1.3e-07
sg1000 read initial 53.69 12.23 48.34 7.916e-05
sg1000 read rsynced 55.47 13.49 60.99 0.00131833
sg1000 write defragmented 26.78 5.96 32.3 0
sg1000 write fragmented 29.87 5.48 38.46 7.6e-07
sg1000 write initial 36.56 6.75 28.86 0.0138269
sg1000 write rsynced 33.54 6.94 29.54 8.3e-07
wdgold read defragmented 58.59 10.28 45.21 0.00169605
wdgold read fragmented 65.25 10.62 55.23 0.1584675
wdgold read initial 65.35 14.87 58.07 0.11557992
wdgold read rsynced 74.98 16.14 67.41 0.03366207
wdgold write defragmented 59.61 11.71 58.42 4.019e-05
wdgold write fragmented 62.84 11.03 51.24 0.0216231
wdgold write initial 64.14 12.3 43.44 0.00039563
wdgold write rsynced 69 13.41 66.62 7.24e-06
sg500-raid read defragmented 41.11 6.42 31.2 0.00249835
sg500-raid read fragmented 42.27 6.18 26.57 0.04946512
sg500-raid read initial 42.43 11.24 43.09 0.01715511
sg500-raid read rsynced 46.51 10.58 61.11 0.11844916
sg500-raid write defragmented 29.12 4.74 25.76 0.00237438
sg500-raid write fragmented 30.33 4.86 22.04 0.19982208
sg500-raid write initial 30.58 6.69 27.92 0.06513319
sg500-raid write rsynced 32.69 6.49 32.28 0.00893702

Table 3: Basic statistics (10 MB file size and EXT4 )
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		Drive		IO		State		Mean		Standard Deviation		Range		Shapiro-Wilk Test

		sg500		read		defragmented		44.21		6.45		24.69		0.00107301

		sg500		read		fragmented		49.3		8.46		36.64		2.415e-05

		sg500		read		initial		49.43		9.64		33.79		0.00019593

		sg500		read		rsynced		58.93		13.91		56.63		0.00762721

		sg500		write		defragmented		28.04		3.23		14.94		0.49151363

		sg500		write		fragmented		31.97		4.94		28.36		0.00174966

		sg500		write		initial		32.63		5.51		22.98		0.27068466

		sg500		write		rsynced		39		8.76		35.79		0.00638585

		sg1000		read		defragmented		44.09		7.32		25.24		9.51e-06

		sg1000		read		fragmented		46.43		8.72		34.24		1.3e-07

		sg1000		read		initial		53.69		12.23		48.34		7.916e-05

		sg1000		read		rsynced		55.47		13.49		60.99		0.00131833

		sg1000		write		defragmented		26.78		5.96		32.3		0

		sg1000		write		fragmented		29.87		5.48		38.46		7.6e-07

		sg1000		write		initial		36.56		6.75		28.86		0.0138269

		sg1000		write		rsynced		33.54		6.94		29.54		8.3e-07

		wdgold		read		defragmented		58.59		10.28		45.21		0.00169605

		wdgold		read		fragmented		65.25		10.62		55.23		0.1584675

		wdgold		read		initial		65.35		14.87		58.07		0.11557992

		wdgold		read		rsynced		74.98		16.14		67.41		0.03366207

		wdgold		write		defragmented		59.61		11.71		58.42		4.019e-05

		wdgold		write		fragmented		62.84		11.03		51.24		0.0216231

		wdgold		write		initial		64.14		12.3		43.44		0.00039563

		wdgold		write		rsynced		69		13.41		66.62		7.24e-06

		sg500-raid		read		defragmented		41.11		6.42		31.2		0.00249835

		sg500-raid		read		fragmented		42.27		6.18		26.57		0.04946512

		sg500-raid		read		initial		42.43		11.24		43.09		0.01715511

		sg500-raid		read		rsynced		46.51		10.58		61.11		0.11844916

		sg500-raid		write		defragmented		29.12		4.74		25.76		0.00237438

		sg500-raid		write		fragmented		30.33		4.86		22.04		0.19982208

		sg500-raid		write		initial		30.58		6.69		27.92		0.06513319

		sg500-raid		write		rsynced		32.69		6.49		32.28		0.00893702



Lars Thoms
Basic statistics (10 MB file size and EXT4)



Drive IO State 1 State 2 Wilcoxon Signed-Rank Test Difference (pct)

sg500 read initial fragmented 0.96297758 0
sg500 read fragmented defragmented 1.966e-05 -10
sg500 read defragmented rsynced 0 33
sg500 write initial fragmented 0.48411524 -2
sg500 write fragmented defragmented 2e-08 -12
sg500 write defragmented rsynced 0 39
sg1000 read initial fragmented 1.21e-06 -14
sg1000 read fragmented defragmented 0.20637924 -5
sg1000 read defragmented rsynced 0 26
sg1000 write initial fragmented 0 -18
sg1000 write fragmented defragmented 0.00141054 -10
sg1000 write defragmented rsynced 0 25
wdgold read initial fragmented 0.86215201 0
wdgold read fragmented defragmented 6.051e-05 -10
wdgold read defragmented rsynced 0 28
wdgold write initial fragmented 0.50146115 -2
wdgold write fragmented defragmented 0.0235657 -5
wdgold write defragmented rsynced 3.1e-07 16
sg500-raid read initial fragmented 0.82716918 0
sg500-raid read fragmented defragmented 0.11334203 -3
sg500-raid read defragmented rsynced 7.851e-05 13
sg500-raid write initial fragmented 0.97668454 -1
sg500-raid write fragmented defragmented 0.07746637 -4
sg500-raid write defragmented rsynced 0.00010148 12

Table 4: Wilcox and difference (10 MB file size and EXT4 )
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		Drive		IO		State 1		State 2		Wilcoxon Signed-Rank Test		Difference (pct)

		sg500		read		initial		fragmented		0.96297758		0

		sg500		read		fragmented		defragmented		1.966e-05		-10

		sg500		read		defragmented		rsynced		0		33

		sg500		write		initial		fragmented		0.48411524		-2

		sg500		write		fragmented		defragmented		2e-08		-12

		sg500		write		defragmented		rsynced		0		39

		sg1000		read		initial		fragmented		1.21e-06		-14

		sg1000		read		fragmented		defragmented		0.20637924		-5

		sg1000		read		defragmented		rsynced		0		26

		sg1000		write		initial		fragmented		0		-18

		sg1000		write		fragmented		defragmented		0.00141054		-10

		sg1000		write		defragmented		rsynced		0		25

		wdgold		read		initial		fragmented		0.86215201		0

		wdgold		read		fragmented		defragmented		6.051e-05		-10

		wdgold		read		defragmented		rsynced		0		28

		wdgold		write		initial		fragmented		0.50146115		-2

		wdgold		write		fragmented		defragmented		0.0235657		-5

		wdgold		write		defragmented		rsynced		3.1e-07		16

		sg500-raid		read		initial		fragmented		0.82716918		0

		sg500-raid		read		fragmented		defragmented		0.11334203		-3

		sg500-raid		read		defragmented		rsynced		7.851e-05		13

		sg500-raid		write		initial		fragmented		0.97668454		-1

		sg500-raid		write		fragmented		defragmented		0.07746637		-4

		sg500-raid		write		defragmented		rsynced		0.00010148		12



Lars Thoms
Wilcox and difference (10 MB file size and EXT4)



Drive IO State Mean Standard Deviation Range Shapiro-Wilk Test

sg500 read defragmented 52.47 7.7 31.34 0.00027352
sg500 read fragmented 69.7 14.94 46.69 4.6e-06
sg500 read initial 92.07 18.9 57.8 0
sg500 read rsynced 84.36 21.41 54.44 0
sg500 write defragmented 30.8 4.02 15.92 0.00299815
sg500 write fragmented 48.34 8.98 31.71 0.00013056
sg500 write initial 64.55 10.79 34.22 0
sg500 write rsynced 64.91 11.01 35.42 0
sg1000 read defragmented 52.95 11.35 40.22 1.221e-05
sg1000 read fragmented 65.85 15.45 44.72 2e-08
sg1000 read initial 89.28 20.5 55.81 0
sg1000 read rsynced 88.91 20.77 58.11 0
sg1000 write defragmented 30.42 6.66 26.3 0.00113056
sg1000 write fragmented 45.06 9.51 34.44 0.00026899
sg1000 write initial 64.63 11.45 33.72 0
sg1000 write rsynced 64.51 11.07 37.43 0
wdgold read defragmented 76.11 19.29 71.63 0.00230325
wdgold read fragmented 102.86 24.77 94.95 0.00257047
wdgold read initial 145.17 38.41 112.26 0
wdgold read rsynced 148.17 40.32 105.21 0
wdgold write defragmented 92.47 17.68 59.4 1.73e-06
wdgold write fragmented 104.19 17.5 51.8 8.9e-07
wdgold write initial 113.04 18.95 62.45 0
wdgold write rsynced 114.62 17.29 57.95 0
sg500-raid read defragmented 41.35 8.51 33.41 0.00226788
sg500-raid read fragmented 62.08 12.63 42.89 7.5e-07
sg500-raid read initial 66.48 27.74 91.09 1e-08
sg500-raid read rsynced 79.96 27.1 85.54 0
sg500-raid write defragmented 25.53 4.35 20.69 0.00718971
sg500-raid write fragmented 43.62 9.36 30.74 1.9e-07
sg500-raid write initial 54.92 10.5 37.53 2e-08
sg500-raid write rsynced 62.23 12.7 40.89 0

Table 5: Basic statistics (100 MB file size and EXT4 )
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		Drive		IO		State		Mean		Standard Deviation		Range		Shapiro-Wilk Test

		sg500		read		defragmented		52.47		7.7		31.34		0.00027352

		sg500		read		fragmented		69.7		14.94		46.69		4.6e-06

		sg500		read		initial		92.07		18.9		57.8		0

		sg500		read		rsynced		84.36		21.41		54.44		0

		sg500		write		defragmented		30.8		4.02		15.92		0.00299815

		sg500		write		fragmented		48.34		8.98		31.71		0.00013056

		sg500		write		initial		64.55		10.79		34.22		0

		sg500		write		rsynced		64.91		11.01		35.42		0

		sg1000		read		defragmented		52.95		11.35		40.22		1.221e-05

		sg1000		read		fragmented		65.85		15.45		44.72		2e-08

		sg1000		read		initial		89.28		20.5		55.81		0

		sg1000		read		rsynced		88.91		20.77		58.11		0

		sg1000		write		defragmented		30.42		6.66		26.3		0.00113056

		sg1000		write		fragmented		45.06		9.51		34.44		0.00026899

		sg1000		write		initial		64.63		11.45		33.72		0

		sg1000		write		rsynced		64.51		11.07		37.43		0

		wdgold		read		defragmented		76.11		19.29		71.63		0.00230325

		wdgold		read		fragmented		102.86		24.77		94.95		0.00257047

		wdgold		read		initial		145.17		38.41		112.26		0

		wdgold		read		rsynced		148.17		40.32		105.21		0

		wdgold		write		defragmented		92.47		17.68		59.4		1.73e-06

		wdgold		write		fragmented		104.19		17.5		51.8		8.9e-07

		wdgold		write		initial		113.04		18.95		62.45		0

		wdgold		write		rsynced		114.62		17.29		57.95		0

		sg500-raid		read		defragmented		41.35		8.51		33.41		0.00226788

		sg500-raid		read		fragmented		62.08		12.63		42.89		7.5e-07

		sg500-raid		read		initial		66.48		27.74		91.09		1e-08

		sg500-raid		read		rsynced		79.96		27.1		85.54		0

		sg500-raid		write		defragmented		25.53		4.35		20.69		0.00718971

		sg500-raid		write		fragmented		43.62		9.36		30.74		1.9e-07

		sg500-raid		write		initial		54.92		10.5		37.53		2e-08

		sg500-raid		write		rsynced		62.23		12.7		40.89		0



Lars Thoms
Basic statistics (100 MB file size and EXT4)



Drive IO State 1 State 2 Wilcoxon Signed-Rank Test Difference (pct)

sg500 read initial fragmented 0 -24
sg500 read fragmented defragmented 0 -25
sg500 read defragmented rsynced 0 61
sg500 write initial fragmented 0 -25
sg500 write fragmented defragmented 0 -36
sg500 write defragmented rsynced 0 111
sg1000 read initial fragmented 0 -26
sg1000 read fragmented defragmented 1e-08 -20
sg1000 read defragmented rsynced 0 68
sg1000 write initial fragmented 0 -30
sg1000 write fragmented defragmented 0 -32
sg1000 write defragmented rsynced 0 112
wdgold read initial fragmented 0 -29
wdgold read fragmented defragmented 0 -26
wdgold read defragmented rsynced 0 95
wdgold write initial fragmented 0.00026246 -8
wdgold write fragmented defragmented 4.19e-05 -11
wdgold write defragmented rsynced 0 24
sg500-raid read initial fragmented 0.14440859 -7
sg500-raid read fragmented defragmented 0 -33
sg500-raid read defragmented rsynced 0 93
sg500-raid write initial fragmented 0 -21
sg500-raid write fragmented defragmented 0 -41
sg500-raid write defragmented rsynced 0 144

Table 6: Wilcox and difference (100 MB file size and EXT4 )
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		Drive		IO		State 1		State 2		Wilcoxon Signed-Rank Test		Difference (pct)

		sg500		read		initial		fragmented		0		-24

		sg500		read		fragmented		defragmented		0		-25

		sg500		read		defragmented		rsynced		0		61

		sg500		write		initial		fragmented		0		-25

		sg500		write		fragmented		defragmented		0		-36

		sg500		write		defragmented		rsynced		0		111

		sg1000		read		initial		fragmented		0		-26

		sg1000		read		fragmented		defragmented		1e-08		-20

		sg1000		read		defragmented		rsynced		0		68

		sg1000		write		initial		fragmented		0		-30

		sg1000		write		fragmented		defragmented		0		-32

		sg1000		write		defragmented		rsynced		0		112

		wdgold		read		initial		fragmented		0		-29

		wdgold		read		fragmented		defragmented		0		-26

		wdgold		read		defragmented		rsynced		0		95

		wdgold		write		initial		fragmented		0.00026246		-8

		wdgold		write		fragmented		defragmented		4.19e-05		-11

		wdgold		write		defragmented		rsynced		0		24

		sg500-raid		read		initial		fragmented		0.14440859		-7

		sg500-raid		read		fragmented		defragmented		0		-33

		sg500-raid		read		defragmented		rsynced		0		93

		sg500-raid		write		initial		fragmented		0		-21

		sg500-raid		write		fragmented		defragmented		0		-41

		sg500-raid		write		defragmented		rsynced		0		144



Lars Thoms
Wilcox and difference (100 MB file size and EXT4)



Drive IO State Mean Standard Deviation Range Shapiro-Wilk Test

sg500 read defragmented 47.2 4.02 17.64 0.27154235
sg500 read fragmented 76.01 9.88 37.82 0.00930818
sg500 read initial 100.91 10.43 43.84 0
sg500 read rsynced 98.18 11.59 45.68 0
sg500 write defragmented 28.2 2.09 11.79 0.04401622
sg500 write fragmented 47.03 4.41 22.18 0.44609191
sg500 write initial 70.19 4.65 19 1.047e-05
sg500 write rsynced 70.53 4.74 21.61 1e-08
sg1000 read defragmented 56.6 5.71 22.68 0.00835585
sg1000 read fragmented 75.3 8.93 35.9 0.00865805
sg1000 read initial 101.74 10.59 47.05 0
sg1000 read rsynced 90.13 18.72 53.31 1e-08
sg1000 write defragmented 32.54 2.89 13.9 0.00359657
sg1000 write fragmented 43.84 3.37 19.6 0.93515915
sg1000 write initial 71.94 4.24 19.44 6.9e-07
sg1000 write rsynced 69.87 5.26 22.51 6.57e-06
wdgold read defragmented 77.16 9.74 42.56 0.20469724
wdgold read fragmented 94.95 13.01 50.59 0.0544366
wdgold read initial 148.99 27.8 94.98 4.316e-05
wdgold read rsynced 148.15 29.68 108.56 0.00012406
wdgold write defragmented 95.73 11.84 48.03 0.11933707
wdgold write fragmented 108.31 9.9 42.86 0.0241924
wdgold write initial 119.96 9.25 39.54 2.6e-07
wdgold write rsynced 120.89 10.71 43.28 1e-08
sg500-raid read defragmented 42.32 3.58 16.71 0.00020465
sg500-raid read fragmented 66.1 9.16 37.88 0.01337835
sg500-raid read initial 37.65 12.65 59.52 5.73e-06
sg500-raid read rsynced 45.19 15.62 84.62 2.4e-07
sg500-raid write defragmented 26.04 2.01 15.07 4.78e-06
sg500-raid write fragmented 41.71 3.89 20.02 0.86167009
sg500-raid write initial 62.52 9.58 41.36 0.00719621
sg500-raid write rsynced 70.41 6.35 29.67 1.1e-07

Table 7: Basic statistics (1 GB file size and EXT4 )

112


		Drive		IO		State		Mean		Standard Deviation		Range		Shapiro-Wilk Test

		sg500		read		defragmented		47.2		4.02		17.64		0.27154235

		sg500		read		fragmented		76.01		9.88		37.82		0.00930818

		sg500		read		initial		100.91		10.43		43.84		0

		sg500		read		rsynced		98.18		11.59		45.68		0

		sg500		write		defragmented		28.2		2.09		11.79		0.04401622

		sg500		write		fragmented		47.03		4.41		22.18		0.44609191

		sg500		write		initial		70.19		4.65		19		1.047e-05

		sg500		write		rsynced		70.53		4.74		21.61		1e-08

		sg1000		read		defragmented		56.6		5.71		22.68		0.00835585

		sg1000		read		fragmented		75.3		8.93		35.9		0.00865805

		sg1000		read		initial		101.74		10.59		47.05		0

		sg1000		read		rsynced		90.13		18.72		53.31		1e-08

		sg1000		write		defragmented		32.54		2.89		13.9		0.00359657

		sg1000		write		fragmented		43.84		3.37		19.6		0.93515915

		sg1000		write		initial		71.94		4.24		19.44		6.9e-07

		sg1000		write		rsynced		69.87		5.26		22.51		6.57e-06

		wdgold		read		defragmented		77.16		9.74		42.56		0.20469724

		wdgold		read		fragmented		94.95		13.01		50.59		0.0544366

		wdgold		read		initial		148.99		27.8		94.98		4.316e-05

		wdgold		read		rsynced		148.15		29.68		108.56		0.00012406

		wdgold		write		defragmented		95.73		11.84		48.03		0.11933707

		wdgold		write		fragmented		108.31		9.9		42.86		0.0241924

		wdgold		write		initial		119.96		9.25		39.54		2.6e-07

		wdgold		write		rsynced		120.89		10.71		43.28		1e-08

		sg500-raid		read		defragmented		42.32		3.58		16.71		0.00020465

		sg500-raid		read		fragmented		66.1		9.16		37.88		0.01337835

		sg500-raid		read		initial		37.65		12.65		59.52		5.73e-06

		sg500-raid		read		rsynced		45.19		15.62		84.62		2.4e-07

		sg500-raid		write		defragmented		26.04		2.01		15.07		4.78e-06

		sg500-raid		write		fragmented		41.71		3.89		20.02		0.86167009

		sg500-raid		write		initial		62.52		9.58		41.36		0.00719621

		sg500-raid		write		rsynced		70.41		6.35		29.67		1.1e-07



Lars Thoms
Basic statistics (1 GB file size and EXT4)



Drive IO State 1 State 2 Wilcoxon Signed-Rank Test Difference (pct)

sg500 read initial fragmented 0 -25
sg500 read fragmented defragmented 0 -38
sg500 read defragmented rsynced 0 108
sg500 write initial fragmented 0 -33
sg500 write fragmented defragmented 0 -40
sg500 write defragmented rsynced 0 150
sg1000 read initial fragmented 0 -26
sg1000 read fragmented defragmented 0 -25
sg1000 read defragmented rsynced 0 59
sg1000 write initial fragmented 0 -39
sg1000 write fragmented defragmented 0 -26
sg1000 write defragmented rsynced 0 115
wdgold read initial fragmented 0 -36
wdgold read fragmented defragmented 0 -19
wdgold read defragmented rsynced 0 92
wdgold write initial fragmented 0 -10
wdgold write fragmented defragmented 0 -12
wdgold write defragmented rsynced 0 26
sg500-raid read initial fragmented 0 76
sg500-raid read fragmented defragmented 0 -36
sg500-raid read defragmented rsynced 0.41415583 7
sg500-raid write initial fragmented 0 -33
sg500-raid write fragmented defragmented 0 -38
sg500-raid write defragmented rsynced 0 170

Table 8: Wilcox and difference (1 GB file size and EXT4 )
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		Drive		IO		State 1		State 2		Wilcoxon Signed-Rank Test		Difference (pct)

		sg500		read		initial		fragmented		0		-25

		sg500		read		fragmented		defragmented		0		-38

		sg500		read		defragmented		rsynced		0		108

		sg500		write		initial		fragmented		0		-33

		sg500		write		fragmented		defragmented		0		-40

		sg500		write		defragmented		rsynced		0		150

		sg1000		read		initial		fragmented		0		-26

		sg1000		read		fragmented		defragmented		0		-25

		sg1000		read		defragmented		rsynced		0		59

		sg1000		write		initial		fragmented		0		-39

		sg1000		write		fragmented		defragmented		0		-26

		sg1000		write		defragmented		rsynced		0		115

		wdgold		read		initial		fragmented		0		-36

		wdgold		read		fragmented		defragmented		0		-19

		wdgold		read		defragmented		rsynced		0		92

		wdgold		write		initial		fragmented		0		-10

		wdgold		write		fragmented		defragmented		0		-12

		wdgold		write		defragmented		rsynced		0		26

		sg500-raid		read		initial		fragmented		0		76

		sg500-raid		read		fragmented		defragmented		0		-36

		sg500-raid		read		defragmented		rsynced		0.41415583		7

		sg500-raid		write		initial		fragmented		0		-33

		sg500-raid		write		fragmented		defragmented		0		-38

		sg500-raid		write		defragmented		rsynced		0		170



Lars Thoms
Wilcox and difference (1 GB file size and EXT4)



Drive IO State Mean Standard Deviation Range Shapiro-Wilk Test

sg500 read fragmented 83.9 9.19 49.25 0.52963569
sg500 read initial 118.45 14.32 68.49 0.59833096
sg500 read rsynced 80.58 8.11 48.1 1e-06
sg500 read zfs-sent 82.31 11.3 72.33 1.284e-05
sg500 write fragmented 77.57 9.96 73.12 0
sg500 write initial 72.09 8.23 51.62 1e-08
sg500 write rsynced 62.38 10.19 53.22 0
sg500 write zfs-sent 64.2 11.08 60.03 0
sg1000 read fragmented 53.3 3.47 25.93 2e-07
sg1000 read initial 122.96 18.64 80.36 0.0589943
sg1000 read rsynced 99.64 9.32 48.73 6.319e-05
sg1000 read zfs-sent 86.43 9.32 55.65 0.06493208
sg1000 write fragmented 42.61 9.41 49.47 0.00292187
sg1000 write initial 71.65 10.41 72.13 0
sg1000 write rsynced 62.58 9.2 61.81 0
sg1000 write zfs-sent 70.81 9.07 60.69 0
wdgold read fragmented 70.14 11.97 69.75 9.886e-05
wdgold read initial 138.31 25 144.88 1e-08
wdgold read rsynced 64.46 10.37 63.03 0
wdgold read zfs-sent 100.14 9.72 67.47 0
wdgold write fragmented 71.63 10.95 67.9 0
wdgold write initial 90.09 10.25 56.5 0
wdgold write rsynced 66.25 18.28 86.73 0.00011372
wdgold write zfs-sent 82.57 11.74 71.92 0
sg500-raid read fragmented 61.58 5.38 25.2 0.10520516
sg500-raid read initial 138.09 23.68 112.5 0.27388515
sg500-raid read rsynced 42.95 3.85 18.84 0.00378858
sg500-raid read zfs-sent 80.45 12.15 61.68 0.64925035
sg500-raid write fragmented 109.8 19.49 115.9 2.416e-05
sg500-raid write initial 113.48 16.96 88.9 7.4e-07
sg500-raid write rsynced 97.48 26.14 122.38 0.00029674
sg500-raid write zfs-sent 107.41 21.59 117.16 0.00017791

Table 9: Basic statistics (10 MB file size and ZFS )
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		Drive		IO		State		Mean		Standard Deviation		Range		Shapiro-Wilk Test

		sg500		read		fragmented		83.9		9.19		49.25		0.52963569

		sg500		read		initial		118.45		14.32		68.49		0.59833096

		sg500		read		rsynced		80.58		8.11		48.1		1e-06

		sg500		read		zfs-sent		82.31		11.3		72.33		1.284e-05

		sg500		write		fragmented		77.57		9.96		73.12		0

		sg500		write		initial		72.09		8.23		51.62		1e-08

		sg500		write		rsynced		62.38		10.19		53.22		0

		sg500		write		zfs-sent		64.2		11.08		60.03		0

		sg1000		read		fragmented		53.3		3.47		25.93		2e-07

		sg1000		read		initial		122.96		18.64		80.36		0.0589943

		sg1000		read		rsynced		99.64		9.32		48.73		6.319e-05

		sg1000		read		zfs-sent		86.43		9.32		55.65		0.06493208

		sg1000		write		fragmented		42.61		9.41		49.47		0.00292187

		sg1000		write		initial		71.65		10.41		72.13		0

		sg1000		write		rsynced		62.58		9.2		61.81		0

		sg1000		write		zfs-sent		70.81		9.07		60.69		0

		wdgold		read		fragmented		70.14		11.97		69.75		9.886e-05

		wdgold		read		initial		138.31		25		144.88		1e-08

		wdgold		read		rsynced		64.46		10.37		63.03		0

		wdgold		read		zfs-sent		100.14		9.72		67.47		0

		wdgold		write		fragmented		71.63		10.95		67.9		0

		wdgold		write		initial		90.09		10.25		56.5		0

		wdgold		write		rsynced		66.25		18.28		86.73		0.00011372

		wdgold		write		zfs-sent		82.57		11.74		71.92		0

		sg500-raid		read		fragmented		61.58		5.38		25.2		0.10520516

		sg500-raid		read		initial		138.09		23.68		112.5		0.27388515

		sg500-raid		read		rsynced		42.95		3.85		18.84		0.00378858

		sg500-raid		read		zfs-sent		80.45		12.15		61.68		0.64925035

		sg500-raid		write		fragmented		109.8		19.49		115.9		2.416e-05

		sg500-raid		write		initial		113.48		16.96		88.9		7.4e-07

		sg500-raid		write		rsynced		97.48		26.14		122.38		0.00029674

		sg500-raid		write		zfs-sent		107.41		21.59		117.16		0.00017791



Lars Thoms
Basic statistics (10 MB file size and ZFS)



Drive IO State 1 State 2 Wilcoxon Signed-Rank Test Difference (pct)

sg500 read initial fragmented 0 -29
sg500 read fragmented zfs-sent 0.4587183 -2
sg500 read zfs-sent rsynced 0.0724111 -2
sg500 write initial fragmented 0 8
sg500 write fragmented zfs-sent 0 -17
sg500 write zfs-sent rsynced 0.02001712 -3
sg1000 read initial fragmented 0 -57
sg1000 read fragmented zfs-sent 0 62
sg1000 read zfs-sent rsynced 0 15
sg1000 write initial fragmented 0 -41
sg1000 write fragmented zfs-sent 0 66
sg1000 write zfs-sent rsynced 0 -12
wdgold read initial fragmented 0 -49
wdgold read fragmented zfs-sent 0 43
wdgold read zfs-sent rsynced 0 -36
wdgold write initial fragmented 0 -20
wdgold write fragmented zfs-sent 0 15
wdgold write zfs-sent rsynced 0 -20
sg500-raid read initial fragmented 0 -55
sg500-raid read fragmented zfs-sent 0 31
sg500-raid read zfs-sent rsynced 0 -47
sg500-raid write initial fragmented 0.10351496 -3
sg500-raid write fragmented zfs-sent 0.41219303 -2
sg500-raid write zfs-sent rsynced 0.00094655 -9

Table 10: Wilcox and difference (10 MB file size and ZFS )
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		Drive		IO		State 1		State 2		Wilcoxon Signed-Rank Test		Difference (pct)

		sg500		read		initial		fragmented		0		-29

		sg500		read		fragmented		zfs-sent		0.4587183		-2

		sg500		read		zfs-sent		rsynced		0.0724111		-2

		sg500		write		initial		fragmented		0		8

		sg500		write		fragmented		zfs-sent		0		-17

		sg500		write		zfs-sent		rsynced		0.02001712		-3

		sg1000		read		initial		fragmented		0		-57

		sg1000		read		fragmented		zfs-sent		0		62

		sg1000		read		zfs-sent		rsynced		0		15

		sg1000		write		initial		fragmented		0		-41

		sg1000		write		fragmented		zfs-sent		0		66

		sg1000		write		zfs-sent		rsynced		0		-12

		wdgold		read		initial		fragmented		0		-49

		wdgold		read		fragmented		zfs-sent		0		43

		wdgold		read		zfs-sent		rsynced		0		-36

		wdgold		write		initial		fragmented		0		-20

		wdgold		write		fragmented		zfs-sent		0		15

		wdgold		write		zfs-sent		rsynced		0		-20

		sg500-raid		read		initial		fragmented		0		-55

		sg500-raid		read		fragmented		zfs-sent		0		31

		sg500-raid		read		zfs-sent		rsynced		0		-47

		sg500-raid		write		initial		fragmented		0.10351496		-3

		sg500-raid		write		fragmented		zfs-sent		0.41219303		-2

		sg500-raid		write		zfs-sent		rsynced		0.00094655		-9



Lars Thoms
Wilcox and difference (10 MB file size and ZFS)



Drive IO State Mean Standard Deviation Range Shapiro-Wilk Test

sg500 read fragmented 164.45 3.81 20.68 0.00061389
sg500 read initial 173.32 2.7 20.2 0
sg500 read rsynced 124.51 3.02 25.38 0
sg500 read zfs-sent 139.28 3.48 15.43 0.26322236
sg500 write fragmented 104.21 17.62 54.62 0
sg500 write initial 102.9 18.33 72.07 0.00242688
sg500 write rsynced 84.86 17 66.45 0.0008218
sg500 write zfs-sent 86.61 17.62 62.84 0.00083088
sg1000 read fragmented 151.57 2.52 14.66 0
sg1000 read initial 185.65 3.67 14.84 0.00024208
sg1000 read rsynced 146.91 2.25 11.87 0.01898785
sg1000 read zfs-sent 181.87 8.26 77.06 0
sg1000 write fragmented 65.15 17.35 67.45 0.00438867
sg1000 write initial 124.36 22.55 81.07 8e-08
sg1000 write rsynced 82.55 13.48 45.85 5.19e-06
sg1000 write zfs-sent 107.7 20.18 72.97 2.542e-05
wdgold read fragmented 129.07 5.88 24.58 0.00122392
wdgold read initial 191.58 6.95 64.19 0
wdgold read rsynced 87.75 3.97 30.52 0
wdgold read zfs-sent 163.32 6.86 50.54 0
wdgold write fragmented 110.25 23 73.31 3.3e-07
wdgold write initial 141.54 17.31 58 0
wdgold write rsynced 103.2 31.74 109.2 0.00028715
wdgold write zfs-sent 117.42 19.76 62.77 0
sg500-raid read fragmented 100.1 1.54 8.31 0.55018359
sg500-raid read initial 266.41 8.91 49.35 0.10250677
sg500-raid read rsynced 251.26 12.45 67.09 0.20254174
sg500-raid read zfs-sent 221.91 9.31 52.65 0.76377801
sg500-raid write fragmented 125.09 27.94 109.03 0.00331588
sg500-raid write initial 184.21 25.73 107.5 4.819e-05
sg500-raid write rsynced 134.79 40.43 151.74 0.00111765
sg500-raid write zfs-sent 180.04 31.39 135.22 5.83e-06

Table 11: Basic statistics (100 MB file size and ZFS )
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		Drive		IO		State		Mean		Standard Deviation		Range		Shapiro-Wilk Test

		sg500		read		fragmented		164.45		3.81		20.68		0.00061389

		sg500		read		initial		173.32		2.7		20.2		0

		sg500		read		rsynced		124.51		3.02		25.38		0

		sg500		read		zfs-sent		139.28		3.48		15.43		0.26322236

		sg500		write		fragmented		104.21		17.62		54.62		0

		sg500		write		initial		102.9		18.33		72.07		0.00242688

		sg500		write		rsynced		84.86		17		66.45		0.0008218

		sg500		write		zfs-sent		86.61		17.62		62.84		0.00083088

		sg1000		read		fragmented		151.57		2.52		14.66		0

		sg1000		read		initial		185.65		3.67		14.84		0.00024208

		sg1000		read		rsynced		146.91		2.25		11.87		0.01898785

		sg1000		read		zfs-sent		181.87		8.26		77.06		0

		sg1000		write		fragmented		65.15		17.35		67.45		0.00438867

		sg1000		write		initial		124.36		22.55		81.07		8e-08

		sg1000		write		rsynced		82.55		13.48		45.85		5.19e-06

		sg1000		write		zfs-sent		107.7		20.18		72.97		2.542e-05

		wdgold		read		fragmented		129.07		5.88		24.58		0.00122392

		wdgold		read		initial		191.58		6.95		64.19		0

		wdgold		read		rsynced		87.75		3.97		30.52		0

		wdgold		read		zfs-sent		163.32		6.86		50.54		0

		wdgold		write		fragmented		110.25		23		73.31		3.3e-07

		wdgold		write		initial		141.54		17.31		58		0

		wdgold		write		rsynced		103.2		31.74		109.2		0.00028715

		wdgold		write		zfs-sent		117.42		19.76		62.77		0

		sg500-raid		read		fragmented		100.1		1.54		8.31		0.55018359

		sg500-raid		read		initial		266.41		8.91		49.35		0.10250677

		sg500-raid		read		rsynced		251.26		12.45		67.09		0.20254174

		sg500-raid		read		zfs-sent		221.91		9.31		52.65		0.76377801

		sg500-raid		write		fragmented		125.09		27.94		109.03		0.00331588

		sg500-raid		write		initial		184.21		25.73		107.5		4.819e-05

		sg500-raid		write		rsynced		134.79		40.43		151.74		0.00111765

		sg500-raid		write		zfs-sent		180.04		31.39		135.22		5.83e-06



Lars Thoms
Basic statistics (100 MB file size and ZFS)



Drive IO State 1 State 2 Wilcoxon Signed-Rank Test Difference (pct)

sg500 read initial fragmented 0 -5
sg500 read fragmented zfs-sent 0 -15
sg500 read zfs-sent rsynced 0 -11
sg500 write initial fragmented 0.93833532 1
sg500 write fragmented zfs-sent 2e-08 -17
sg500 write zfs-sent rsynced 0.51468341 -2
sg1000 read initial fragmented 0 -18
sg1000 read fragmented zfs-sent 0 20
sg1000 read zfs-sent rsynced 0 -19
sg1000 write initial fragmented 0 -48
sg1000 write fragmented zfs-sent 0 65
sg1000 write zfs-sent rsynced 0 -23
wdgold read initial fragmented 0 -33
wdgold read fragmented zfs-sent 0 27
wdgold read zfs-sent rsynced 0 -46
wdgold write initial fragmented 0 -22
wdgold write fragmented zfs-sent 0.01349483 6
wdgold write zfs-sent rsynced 0.00051195 -12
sg500-raid read initial fragmented 0 -62
sg500-raid read fragmented zfs-sent 0 122
sg500-raid read zfs-sent rsynced 0 13
sg500-raid write initial fragmented 0 -32
sg500-raid write fragmented zfs-sent 0 44
sg500-raid write zfs-sent rsynced 0 -25

Table 12: Wilcox and difference (100 MB file size and ZFS )
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		Drive		IO		State 1		State 2		Wilcoxon Signed-Rank Test		Difference (pct)

		sg500		read		initial		fragmented		0		-5

		sg500		read		fragmented		zfs-sent		0		-15

		sg500		read		zfs-sent		rsynced		0		-11

		sg500		write		initial		fragmented		0.93833532		1

		sg500		write		fragmented		zfs-sent		2e-08		-17

		sg500		write		zfs-sent		rsynced		0.51468341		-2

		sg1000		read		initial		fragmented		0		-18

		sg1000		read		fragmented		zfs-sent		0		20

		sg1000		read		zfs-sent		rsynced		0		-19

		sg1000		write		initial		fragmented		0		-48

		sg1000		write		fragmented		zfs-sent		0		65

		sg1000		write		zfs-sent		rsynced		0		-23

		wdgold		read		initial		fragmented		0		-33

		wdgold		read		fragmented		zfs-sent		0		27

		wdgold		read		zfs-sent		rsynced		0		-46

		wdgold		write		initial		fragmented		0		-22

		wdgold		write		fragmented		zfs-sent		0.01349483		6

		wdgold		write		zfs-sent		rsynced		0.00051195		-12

		sg500-raid		read		initial		fragmented		0		-62

		sg500-raid		read		fragmented		zfs-sent		0		122

		sg500-raid		read		zfs-sent		rsynced		0		13

		sg500-raid		write		initial		fragmented		0		-32

		sg500-raid		write		fragmented		zfs-sent		0		44

		sg500-raid		write		zfs-sent		rsynced		0		-25



Lars Thoms
Wilcox and difference (100 MB file size and ZFS)



Drive IO State Mean Standard Deviation Range Shapiro-Wilk Test

sg500 read fragmented 174.24 1.94 13.82 0
sg500 read initial 175.92 1.99 10.27 0
sg500 read rsynced 98.01 0.77 4.97 0.00019326
sg500 read zfs-sent 135.31 1.14 5.03 1e-07
sg500 write fragmented 91.32 7.46 37.91 0.04555898
sg500 write initial 83.01 12.38 76.77 0.00142916
sg500 write rsynced 70.9 15.27 58.88 0.00359131
sg500 write zfs-sent 73.65 16.56 60.9 0.00111735
sg1000 read fragmented 54.98 0.28 1.63 0.00027441
sg1000 read initial 187.29 2.34 18.55 0
sg1000 read rsynced 92.57 0.61 3.11 9.861e-05
sg1000 read zfs-sent 185.47 2.11 12.6 0
sg1000 write fragmented 50.12 9.41 42.27 0.01372056
sg1000 write initial 99.14 20.44 80.76 2.124e-05
sg1000 write rsynced 69.39 12.64 58.37 0.33846
sg1000 write zfs-sent 80.95 17.76 79.69 0.06479438
wdgold read fragmented 31.17 0.15 0.85 0.11369123
wdgold read initial 187.04 2.34 12.93 6.613e-05
wdgold read rsynced 143.26 1.03 4.72 0.16917608
wdgold read zfs-sent 148.38 1.37 8.72 0
wdgold write fragmented 71.58 22.18 103.63 0.00017182
wdgold write initial 121.03 19.5 61.92 2.2e-06
wdgold write rsynced 90.49 21.18 91.78 1.733e-05
wdgold write zfs-sent 89.56 19.4 73.71 0.01877421
sg500-raid read fragmented 288.9 2.9 14.95 0.78042096
sg500-raid read initial 286.26 4.66 35.26 6e-08
sg500-raid read rsynced 155.11 2.11 13.11 9.09e-06
sg500-raid read zfs-sent 259.52 4.02 22.38 0.14914147
sg500-raid write fragmented 104.74 24.1 117.09 0.00935157
sg500-raid write initial 190.86 36.78 162.42 7.772e-05
sg500-raid write rsynced 114.74 22.19 100.52 0.0233155
sg500-raid write zfs-sent 199.63 39.88 163 0.000266

Table 13: Basic statistics (1 GB file size and ZFS )
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		Drive		IO		State		Mean		Standard Deviation		Range		Shapiro-Wilk Test

		sg500		read		fragmented		174.24		1.94		13.82		0

		sg500		read		initial		175.92		1.99		10.27		0

		sg500		read		rsynced		98.01		0.77		4.97		0.00019326

		sg500		read		zfs-sent		135.31		1.14		5.03		1e-07

		sg500		write		fragmented		91.32		7.46		37.91		0.04555898

		sg500		write		initial		83.01		12.38		76.77		0.00142916

		sg500		write		rsynced		70.9		15.27		58.88		0.00359131

		sg500		write		zfs-sent		73.65		16.56		60.9		0.00111735

		sg1000		read		fragmented		54.98		0.28		1.63		0.00027441

		sg1000		read		initial		187.29		2.34		18.55		0

		sg1000		read		rsynced		92.57		0.61		3.11		9.861e-05

		sg1000		read		zfs-sent		185.47		2.11		12.6		0

		sg1000		write		fragmented		50.12		9.41		42.27		0.01372056

		sg1000		write		initial		99.14		20.44		80.76		2.124e-05

		sg1000		write		rsynced		69.39		12.64		58.37		0.33846

		sg1000		write		zfs-sent		80.95		17.76		79.69		0.06479438

		wdgold		read		fragmented		31.17		0.15		0.85		0.11369123

		wdgold		read		initial		187.04		2.34		12.93		6.613e-05

		wdgold		read		rsynced		143.26		1.03		4.72		0.16917608

		wdgold		read		zfs-sent		148.38		1.37		8.72		0

		wdgold		write		fragmented		71.58		22.18		103.63		0.00017182

		wdgold		write		initial		121.03		19.5		61.92		2.2e-06

		wdgold		write		rsynced		90.49		21.18		91.78		1.733e-05

		wdgold		write		zfs-sent		89.56		19.4		73.71		0.01877421

		sg500-raid		read		fragmented		288.9		2.9		14.95		0.78042096

		sg500-raid		read		initial		286.26		4.66		35.26		6e-08

		sg500-raid		read		rsynced		155.11		2.11		13.11		9.09e-06

		sg500-raid		read		zfs-sent		259.52		4.02		22.38		0.14914147

		sg500-raid		write		fragmented		104.74		24.1		117.09		0.00935157

		sg500-raid		write		initial		190.86		36.78		162.42		7.772e-05

		sg500-raid		write		rsynced		114.74		22.19		100.52		0.0233155

		sg500-raid		write		zfs-sent		199.63		39.88		163		0.000266
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Drive IO State 1 State 2 Wilcoxon Signed-Rank Test Difference (pct)

sg500 read initial fragmented 1e-08 -1
sg500 read fragmented zfs-sent 0 -22
sg500 read zfs-sent rsynced 0 -28
sg500 write initial fragmented 2.4e-07 10
sg500 write fragmented zfs-sent 0 -19
sg500 write zfs-sent rsynced 0.30961749 -4
sg1000 read initial fragmented 0 -71
sg1000 read fragmented zfs-sent 0 237
sg1000 read zfs-sent rsynced 0 -50
sg1000 write initial fragmented 0 -49
sg1000 write fragmented zfs-sent 0 62
sg1000 write zfs-sent rsynced 2.9e-06 -14
wdgold read initial fragmented 0 -83
wdgold read fragmented zfs-sent 0 376
wdgold read zfs-sent rsynced 0 -3
wdgold write initial fragmented 0 -41
wdgold write fragmented zfs-sent 1e-08 25
wdgold write zfs-sent rsynced 0.88381971 1
sg500-raid read initial fragmented 1.052e-05 1
sg500-raid read fragmented zfs-sent 0 -10
sg500-raid read zfs-sent rsynced 0 -40
sg500-raid write initial fragmented 0 -45
sg500-raid write fragmented zfs-sent 0 91
sg500-raid write zfs-sent rsynced 0 -43

Table 14: Wilcox and difference (1 GB file size and ZFS )
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		Drive		IO		State 1		State 2		Wilcoxon Signed-Rank Test		Difference (pct)

		sg500		read		initial		fragmented		1e-08		-1

		sg500		read		fragmented		zfs-sent		0		-22

		sg500		read		zfs-sent		rsynced		0		-28

		sg500		write		initial		fragmented		2.4e-07		10

		sg500		write		fragmented		zfs-sent		0		-19

		sg500		write		zfs-sent		rsynced		0.30961749		-4

		sg1000		read		initial		fragmented		0		-71

		sg1000		read		fragmented		zfs-sent		0		237

		sg1000		read		zfs-sent		rsynced		0		-50

		sg1000		write		initial		fragmented		0		-49

		sg1000		write		fragmented		zfs-sent		0		62

		sg1000		write		zfs-sent		rsynced		2.9e-06		-14

		wdgold		read		initial		fragmented		0		-83

		wdgold		read		fragmented		zfs-sent		0		376

		wdgold		read		zfs-sent		rsynced		0		-3

		wdgold		write		initial		fragmented		0		-41

		wdgold		write		fragmented		zfs-sent		1e-08		25

		wdgold		write		zfs-sent		rsynced		0.88381971		1

		sg500-raid		read		initial		fragmented		1.052e-05		1

		sg500-raid		read		fragmented		zfs-sent		0		-10

		sg500-raid		read		zfs-sent		rsynced		0		-40

		sg500-raid		write		initial		fragmented		0		-45

		sg500-raid		write		fragmented		zfs-sent		0		91

		sg500-raid		write		zfs-sent		rsynced		0		-43
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