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1 | Introduction

1.1 About the User Manual

Welcome to the TREEspanmw File System (TSFS) User Manual. This user manual covers every aspects of
TSFS, including theoretical background, usage examples, how to get started, performance analysis and API
reference.

1.1.1 Audience

This user manual has been written with application designers in mind. Some background in embedded pro-
gramming is assumed but experience with file systems and storage technologies is not required. Much effort
as been spent in making this user manual both complete and easy to read, providing the reader with back-
ground information where needed, while limiting the scope and the level of details to include only those as-
pects relevant from an embedded system design perspective.

1.1.2 Roadmap

To facilitate the navigation of this user manual, a short description of each chapter follows.

Chapter 1 (this chapter) introduces basic file system concepts, including files, directories, file operations and
fail-safety. Chapter 1 also introduces flash and flash-based storage technologies, their peculiarities, benefits
and drawbacks.

Chapter 2 explains how to get started with TSFS, including how to create a basic development project us-
ing popular manufacturer SDKs. It also introduces the media interface which can be implemented in various
ways to port TSFS to virtually any platform and storage device. Finally, it contains a minimal complete pro-
gram along with corresponding annotations.

Chapter 3 explains how to run the provdided functional and performance tests to make sure that TSFS is
running properly and produces expected performances.

Chapter 4 introduces the TSFS API through a series of short code samples. Each sample covers one inter-
face, or a group of logically-related interfaces, along with corresponding remarks and guidelines.

Finally, detailed API descriptions can be found in the follwing chapters: Chapter 5 for the file system inter-
face, Chapter 6 for the media interface, and Chapter 7 for the nand interface.
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1.2 Notation and Conventions

1.2.1 Storage Devices and Media

In this manual, storage device and storage media both essentially refer to the same concept, that is, some
kind of non-volative memory. However, we use both expressions in a subtly different way. Device is used
whenever the emphasis is put on physical aspects like the 1/O interface, the dimensions or the memory
technology involved. Media, on the other hand, is used when more abstract or higher-level characteristics
are being described, like the write throughput or the read granularity.

1.2.2 Size and Speed Units

Sizes and speeds are either expressed in binary or decimal units, whichever is best to describe the situation
at hand. The most common size units, along with their corresponding values, are given in Table 1.

Bit unit symbol Value in bits  Byte unit symbol Value in bytes

kbit 1000 bits kB 1000 bytes
Kibit 1024 bits KiB 1024 bytes
Mbit 1000 kbit MB 1000 kB
Mibit 1024 Kibit MiB 1024 KiB
Gbit 1000 Mbit GB 1000 MB
Gibit 1024 Mibit  GiB 1024 MiB
Thit 1000 Gbit B 1000 GB
Tibit 1024 Gibit ~ TiB 1024 GiB

Table 1 - Most common size units and their
corresponding values.

1.2.3 Text Formatting

Monospace is used throughout this user manual to indicate an element of code like a function name or a
data type (e.g. tsfs_file_write(), RTNC_SUCCESS, tsfs_file_hndl_t).

Italic is used to put the emphasis on a word or expression, most notably when it appears for the first time,
usually along with a definition.

1.2.4 Abbreviations and Acronyms

Abbreviations and acronyms are used throughout this manual for the sake of conciseness. When a word or
expression appears for the first time, it is written in full, along with the abbreviated form between paren-
theses. Subsequent occurrences of the same word or expression can then appear solely in the abbreviated
form. A complete list of abbreviations and acronyms used in this manual is given in Table 2.
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Abbreviation Meaning

API Application Programming Interface
COW Copy-On-Write

CPU Central Processing Unit

ECC Error Correction Code
eMMC Embedded Multi Media Card
FTL Flash Translation Layer

HDD Hard Disk Drive

1/0 Input/Output

KOPS Kilo Operations Per Second
MLC Multi-Level Cell

PDF Probability Density Function
RAM Random Access Memory
RTOS Real-Time Operating System
SD Card Secure Digital Card

SDD Solid-State Drive

SLC Single-Level Cell

TSFS TreeSpan File System

UFS Universal Flash Storage

Table 2 - Abbreviations and Acronyms
used in this manual.

1.3 File System Basics

This section introduces basic file system notions, independent of TSFS peculiarities and terminology. Read-
ers familiar with the may only want to skim through this section.

A file system provides a uniform data storage abstraction made of separate logical data containers called
files. Each file is identified by a name (or sometimes a numeric ID). The content of a file is exposed as a con-
tiguous array of bytes, where each byte can be fetched or updated independently. A file can shrink or grow
dynamically.

The file system is responsible for dynamically allocating the needed disk space as files are updated. It must
also keep track of the allocated portions of disk space for each file, along with their respective logical posi-
tions inside the file. All this bookkeeping is supported by various on-disk data structures, commonly referred
to as metadata.

Some file systems, specifically designed to support raw flash devices, carry out additional flash management
tasks, something that we cover in Section 1.4.
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1.3.1 The File Abstraction

Through the file system interface, the application can (among other things): create a new file, delete an ex-
isting file, read data from a file, write data to a file.

Before a file can be accessed (read from or written to), it must first be opened. When a file is opened, a cor-
responding in-RAM structure is created whose primary function is to keep track of the current file position.
We refer here to this structure as the file descriptor, but names may vary across file systems.

When a file is opened, the current position is 0. Read or write accesses are performed at the current file
position. After each access, the current position is incremented by the size of the access. This is shown in
Figure 1a. The position can also be modified through a dedicated file system interface, traditionnaly named
seek.

Most file systems allow for files to be opened multiple times, resulting in as many file descriptors and access
positions. This is illustrated in Figure 1b.

Array of bytes
Array of bytes

0
0
! 1
e . Opened file A
Initial file position — 2 current position —s 2
3 3
File position after
a 128-byte access — 128
129 Opened file B
current position —s N-3
130
N-2
N-1
N
(a) The position is (b) The same file opened
automatically incremented twice. Two independent
by the size of the access. in-RAM file descriptors,
In this case from position O each with its own current
to position 128. position.

Figure 1 - The file abstraction and the relation between in-RAM file descriptors and on-disk byte arrays.

1.3.2 The Directory Abstraction

Most file systems have their files organized into a tree hierarchy in the form of a directory abstraction. A

directory is a file container that can be used for grouping related files. Like files, directories have a name. A
directory can contain multiple files. It can also contain other directories. However, files and directories have
a single parent directory, hence the tree structure. A simple example of a directory tree is given in Figure 2.

The location of a file or directory within the tree hierarchy is specified using a path. The path is formed by
concatenating the names of the nodes on the path between the root directory (/) and the file or directory
whose path is being formed. Names are separated using a dedicated character, usually /. Figure 2 shows a
directory tree along with the path and parent path for each file and directory.
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File or Path Parent
Directory Path

/ /

cfg /cfg /

http cf cert
QW W cert /cert /
’—k—‘ http /http /

index /http/index /http
index log
log /http/log /http

Figure 2 - A simple example of directory hierarchy

On systems equipped with a human interface, directories are used to logically organize files and facilitate
the navigation. This logical grouping can also lead to performance improvements on some systems, assum-
ing that files contained in the same directory are mostly accessed together.

1.3.3 File System Integration

Most file systems do not directly interact with the underlying physical storage media. Instead, the file sys-
tem interacts with an intermediate media driver as depicted in Figure 3. All media drivers present a common
media driver interface to the overlying file system, effectively hiding media specificities.

Application

[ Database ] [ HTTP server ]

******************************************************************************** File System Interface.
Homogenous, byte-oriented,
logically organized into files
and directories

File System

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff Media Driver Interface.
Homogenous, block-oriented,
raw access.

"""""""""""""""""""""""""""""""""""""""""""""""" Physical store media interface.
Heterogeneous, varying read/write

access restrictions.
[ NOR ] [ NAND ] [ SD/MMC ]

Figure 3 - Storage Layers

In many common scenarios, the application interacts directly with the file system. This is not, however, al-
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ways the case. Databases and HTTP servers for instance, need a file system for internal storage purposes.
These software components generally include some kind of connection layer for the file system. Once the
integration with the file system is done, file operations are mostly driven by the overlying modules, keeping
only minimal setup operations (e.g. format, mount, etc.) under application control.

1.3.4 Fail-Safety

1.3.4.0 Power Failures and Fail Safety

Unexpected power failures can lead to both data and metadata corruption. When data corruption occurs,
the file system can still operate normally. Only those modules whose files have been corrupted are jeopar-
dized. The rest of the application can still run normally. This is unlike metadata corruption which can trigger
unrecoverable errors with disastrous consequences for the entire application.

Whether metadata or data corruption occurs depends (among other things) on the timing. This is illustrated
in Figure 4, where some file is updated through a succession of file_write() calls. This situation is typi-
cal of large updates that do not fit into a single application buffer.

Data update Data update
begins here. ends here.
l file_write() file_write() l
| 2 | | | | z |
IS4 | X ! | v

N

sector_write() sector_write()

\/: No corruption. f : Both data and metadata corruption is likely

X : Data corruption but no metadata corruption * : Both data and metadata corruption is likely
Figure 4 - Timing determines whether corruption occurs or not.

First, consider the two failures represented by green check marks on the timeline of Figure 4. As both fail-
ures happen respectively before and after the update procedure, both the data and metadata are either un-
touched or fully updated. Therefore, nothing is corrupted.

Next, consider the failure represented by a red X' Since the failure happens midway through the update
procedure, the file is only partially updated. As for the metadata, when the first file_write () completes,
the file system is returned to a consistent state. Therefore, the metadata is safe. The overall outcome can
nonetheless be problematic for the application as the updated file is incomplete and the old version is lost.

Now, consider the failure represented by a red lightning bolt. In this case, data corruption is still probable.
Furthermore, since the failure happens during a call to file_write (), metadata updates may be incom-
plete. In this case, the file system could be irremediably corrupted, leading to the loss of the entire content.

Finally, consider the failure represented by a red star. This scenario is similar to the previous one in that both
data corruption and metadata corruption are possible. But in this case, since the physical sector update itself
is interrupted, the actual outcome depends on the underlying media. Some media feature atomic updates, in
which case a sector is guaranteed to be either untouched or fully updated (but never in-between). Others,
offer no guarantee at all, and the updated sector can end up in pretty much any random state.
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1.3.4.0 Journaled File Systems

Several file systems use a mechanism known as journaling to better cope with unexpected failures. In the
embedded world, a popular solution is the FAT file system with an added journal. Regardless of the actual
implementation, the purpose of journaling remains the same: protecting against metadata corruption by ei-
ther rolling back or completing partial updates upon recovery.

With a few (performance-hogging) exceptions, journaled file systems offer no additional protection for appli-
cation data. Besides, most journal implementations rely on atomic sector updates, which, as we have seen, is
not guaranteed for all media.

Finally, journaling is generally not compatible with write-back caching or, at the very least, hampers write-
caching performances as it requires strict sector update ordering.

1.3.4.0 Transactional File Systems
Unlike journaled file systems, transactional file systems protect both data and metadata. Data protection is

achieved through write transactions.

A write transaction is a sequence of write operations that either succeeds or fails as a whole. Partial opera-
tions (or sequences of operations) can never happen, and thus, only one of two possible outcomes can be
observed:

1. the transaction completes without interruption and the file system state reflects the result of the en-
tire sequence of write operations;

2. afailure occurs during the transaction and the file system is returned to its initial state (i.e. the one it
was in when the transaction started).

This all-or-nothing behavior is illustrated in Figure 5.

X ifile_write() | file write() o

O

commit() T T commit()

Data update ; Data update

begins here. ends here.

sector_write() sector_write()
/ X , * : No corruption. File system state returned to that of the latest commit.

Figure 5 - In a transactional file system, data and metadata are protected against corruption, regardless of
the failure timing.

A transaction is ended by the application using a dedicated commi t () interface. Depending on the actual
implementation, a new transaction is either explicitly started using a dedicated interface or automatically
started each time a transaction is ended. For the purposes of the following discussion, we assume the latter.
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Now, consider the various failure scenarios shown in Figure 5 — respectively represented by a check mark, a
lightning bolt, an 'X’, a star and a circle. In Section 1.3.4, we have seen how these failures could lead to data
and/or metadata corruption. Using transactions, this is no longer the case.

Since all the write operations are now part of a single transaction, they either succeed or fail as a whole,

leaving no room for half-complete updates. No matter how and when it fails, the file system is always re-
turned to the state it was in at the time of the latest commit. This is represented by the dotted arrows in
Figure 5.

1.4 Flash Memory Concepts

Flash memories are solid-state storage devices. Unlike electromechanical hard drives, flash memories do not
have moving parts. They can thus withstand a fair amount of shocks and vibrations, which is a great asset
for many embedded applications. Other qualities of flash memories include their low cost, high density and
efficient random accesses.

1.4.1 Flash vs Block Devices

Most file systems are designed to run on top of block devices. A block device is a storage device made of
blocks of data that can be individually fetched or updated. Accesses smaller than a block are not allowed.
Partial block updates can however be achieved through a read-modify-write procedure, such as depicted in
Figure 6.

N101
0011 (R
M 1110
LR 0110

1011|1010
0000 | 0001
1100 | 1100
1100 | 1101

1011|1010
0000 | 0001
1100 | 1100
1100 | 1101

Block 1011|1010 1011 [ 1010 JRRIAN 1401
Device [N [N
RAM

3) Write

2) Modify

Figure 6 - A block is partially updated through a read-modify-write procedure.

Although flash memories are also made of blocks, they do not behave like block devices. Flash memories are
made of two kinds of blocks: pages and erase blocks. The page is the elementary write unit (much like blocks
for block devices). The erase block is the elementary erase unit. An erase block contains several pages (64
pages per block is typical).

A page program operation can flip bits from 1 to 0, but not the other way around. The only way to transi-
tion from O back to 1, is to erase the containing block, effectively setting all the bits to 1. Individual pages
can then be programmed to bring selected bits back to 0. Because of those restrictions, the update proce-
dure described in Figure 6 does not work on flash devices. An alternative read-write-modify procedure is
depicted in Figure 7. It goes as follows:

1. load the block containing the page (or portion of a page) to be modified in RAM;
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2. erase the block (setting all bits to 1);
3. modify the loaded block in RAM,;

4. write the whole modified block back to its original location.

Block X Block X Block X

1101
1000
1110
0110

1101

1101 1111 1111 (1111 1111 1011 (1010
1000 1111 1111 [ 1111 1111 0000 | 0001
1110 1111 1111 (1111 1111 1109 [ 1100
0110 {111 1111 [ 1111 1111 1100 \,1101

\\11 1111 [ 1111 1111 1011 [ 1010

011
0000
11
1100
1011

1011 1101 1011 | 1010 [RoRIo}] 1101
1) Read 0000 1000 4) Write 0000 | 0001 1000
1100 1110 1100 | 1100 1110
1100 0110 1100 | 1101 0110
1011 1101 1011 [ 1010 [RRIIM | 1101
3) Modify

Figure 7 - A page is updated in place using a straightforward read-erase-modify-write approach.

Although this update procedure superficially works, it suffers a number of problems.

First, there is a performance issue. In the suggested update scheme, every single update requires a full block
to be read, erased and written. This is costly because erase blocks are usually quite larger than pages.

Second, there is a wear issue. Indeed, flash blocks can only be erased a limited number of times before wear-
ing out (wear and wear mitigation techniques are covered in Section 1.4.3). Some flash technologies have
more endurance than others, but erasing a whole block for each update is generally not acceptable.

Finally, and perhaps most importantly, there is a fail-safety issue. More precisely, consider what would hap-
pen if the procedure was interrupted (say because of a power outage) between the erase and write steps.
The content of the whole block would be lost, which is obviously unacceptable.

A better way of dealing with flash access restrictions is through the use of copy-on-write (COW), as dis-
cussed in Section 1.4.2.

1.4.2 Copy-on-Write and Flash Translation Layers

As previously discussed in Section 1.4.1, flash memories do not support in-place updates. Because of this
limitation, they cannot natively provide the block device abstraction needed by most file systems. File sys-
tems designed for block devices, need some adaptation layer to run on top of flash memory.

This software adapter is often referred to as a Flash Translation Layer (FTL). Its main purpose is to emulate a
block device for the benefit of the overlying file system, as depicted in Figure 8.

FTLs generally use out-of-place update strategies, often referred to as copy-on-write (COW). In a COW up-
date scheme, a modified page is not written back to its original location, but rather copied to another (pre-
erased) page. This approach, shown in Figure 9, has two important benefits:

1. the original page remains intact so it can be recovered if the update fails midway through;
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[ File System ]
l ------------------------ Block device interface. This
level hides flash-specific
attributes. In-place updates are
FTL allowed.
------------------------------------------------ Flash access interface.
At this level pages and erase blocks are
manipulated. In-place updates are not
[ Flash ] possible.

Figure 8 - A flash translation layer (FTL) emulates a block device on top of a flash memory.

2. asingle page update requires no more than a single page write, rather than a whole block erase/write,
as was the case with the naive in-place update strategy discussed in Section 1.4.1.

Block X Block Y
1011 | 1010 M111 (1111 [1111
0000 | 0001 11| 1111 1111
1100 | 1100 119 | 1111 1111
1100 | 1101 11114111 1111
1011 | 1010 11| M1 1111
Flash =
RAM

1) Read

Figure 9 - A copy-on-write (COW) update as performed by an FTL. In this case, the 3" page of block X is
updated into the 1° page of block Y.

The COW approach, however, does not provide the expected block device abstraction. To emulate a block
device behavior, FTLs introduce an additional level of indirection through the concept of logical blocks. Logi-
cal blocks have fixed logical addresses, which are exposed to and manipulated by the file system. However,
logical blocks can be moved around, stored in different physical pages and thus, at different physical ad-
dresses.

The logical-to-physical address mapping is stored on the flash device along with the file system. When the
overlying file system loads a logical block, the FTL performs the logical-to-physical address translation and
loads the content of the corresponding physical page. When a logical block is updated, the FTL moves the
updated content to a new page and adjust the logical-to-physical mapping accordingly.

Being a flash file system (more on this in Section 1.4.8), TSFS uses COW update strategies, but these are
built into the file system core, such that no extra translation layer (FTL) is required.
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1.4.3 Wear-leveling

Flash blocks can only be erased a limited amount of times before they become unreliable. Some flash de-
vices can withstand up to 100k erase cycles. Others, only 1000. Given this limited lifespan, erase operations
must be distributed across the available blocks as evenly as possible. Failing that, some blocks can become
completely unusable while others remain almost unaltered, effectively shortening the entire flash lifetime.

Enforcing uniform block wear is often handled at the FTL level, and is commonly referred to as wear-leveling.
We distinguish between two types of wear-leveling: static and dynamic. The difference between static and
dynamic wear leveling resides in the block selection algorithm responsible for picking the next block to be
freed, erased and written to.

Dynamic wear-leveling operates in an opportunistic way, taking advantage of data being moved around

as part of COW updates (hence dynamic). Dynamic leveling never forces valid data out of a long-standing
block. Rather, the next destination block is selected among those made readily available by previous COW
updates. Dynamic leveling performances thus heavily depend on the access patterns of the overlying appli-
cation.

Static wear-leveling is different in that it proactively moves stale data. Leveling is thus independent of the
application’s access patterns and guaranteed across the whole flash. Although static leveling may come at
the expense of slightly degraded write performances, it is usually required in order to achieve a high level of
reliability.

1.4.4 Bad block management

Even with efficient wear-leveling, flash memories eventually develop unreliable blocks over their specified
lifetime. In fact, unreliable blocks may already exist as flash devices leave the factory. Unreliable blocks are
most often referred to as bad blocks.

The initial bad block identification method may vary from one flash manufacturer to another. Usually, some
kind of special bad block mark is written in a specific location within the block before the flash comes out of
the factory. The flash management software is then responsible for locating these marks.

Sometimes, a block erase or page write operation returns an error. When an error occurs, valid data must be
moved out of the defective block and copied to a healthy block. The bogus block is then considered bad and
must not be further accessed.

The details of bad block management algorithms go beyond the scope of this introductory text. The one
thing to remember, though, is that the amount of available blocks may decrease as the flash memory ap-
proaches the end of its normal life cycle. Flash management software is responsible for keeping spare blocks,
enough to compensate for expected bad block occurrences. The number of spare blocks is usually a config-
uration parameter under user control.

1.4.5 Bit Errors and Error Correction

Flash cells are made of floating gate transistors (FGMOS), quite similar to a traditional MOSFETs but with an
added, electrically isolated, floating gate. Information is stored in the form of excess charge trapped (or not)
into the floating gate. The presence or absence of excess charge persistently shifts the I-V characteristic of
the transistor such that, for a fixed threshold voltage, the amount of current flowing through the transistor
will vary. This is how, in its simplest form, information ('O’ or '1’) is persistently stored in a flash cell.
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Through various mechanisms that we will not detail in this manual, voltage thresholds can unwantedly drift
over time, somtimes to the point where a bit error occurs. Unwanted variations in voltage thresholds are
commonly modeled as Gaussian noise, where each logical symbol —'0’ and '1’ for SLC — is associated with a
normal probability density function (PDF) representing voltage threshold fluctuations. Various scenarios are
illustrated in Figure 10.

Figure 10a shows the ideal — but impossible — case where nominal voltage thresholds occur with a proba-
bility of 1. In this case, the probability of a bit error is null (i.e. the probability that 'O’ is read while '1’ is in-
tended, or reciprocally).

Figure 10b and Figure 10c illustrate the impact of wear and aging on bit errors. The bit error probability is

graphically represented by the colored surfaces. The greater the surface, the higher the probability of a bit
error. As wear progresses, noise becomes more pronounced which translates into a higher variance, more

overlap between PDFs and, therefore, a higher bit error probability.

Figure 10d shows the PDFs for an unused MLC flash. Comparing with the SLC case (see Figure 10b), voltage
levels are closer from each other, PDFs overlap more and, therefore, the bit error probability is higher.

To palliate these bit errors, error correction codes (ECC) must be used. It is crucial that the ECC be selected
based on the situation at hand. In particular, the selected algorithm must be strong enough to sustain the
degradation of reliability resulting from the flash aging process. It must also be adapted to the underlying
flash technology, MLC requiring much stronger ECC than SLC.

1.4.6 NOR vs NAND

All flash memories share some basic qualities — inexpensive, robust, physically small. But all flash memories
are not equal and choosing the right technology for the job at hand is not always easy. Without providing all
the answers, we give here some basic guidelines.

Flash memories can be categorized by transistor configuration. There are two widely used configurations:
NOR and NAND. NAND flash devices are further categorized based on the number of bits stored per phys-
ical cell. Table 3 lists currently available NAND technologies along with their corresponding number of bits
per cell and typical endurance specifications.

SLC MLC TLC QLC
#bits per cell 1 2 3 4

Endurance (# of erase cycles) 100000 10000 3000 1000

Table 3 - Available NAND flash technologies along
with typical endurance specifications.

SLC and MLC technologies are widely used in embedded devices. TLC and QLC are more rarely seen. While
higher densities are attractive, squeezing more bits into a single physical cell comes at the expense of an in-
creased bit error rate and decreased endurance. This might be good enough for some consumer applica-
tions, but not for most industrial, military or medical applications. Table 4 is a side-by-side comparison of the
NOR, NAND SLC and NAND MLC technologies based on various performance metrics. The given values are
provided as guidance and may significantly vary across actual devices.

Figure 11 shows how flash technologies also differ in terms of available density and price. NOR has the
highest cost per byte but the lowest absolute cost. In other words, for applications requiring little data space,
NOR may be the cheapest solution. However, price goes up rapidly as size increases. For space require-
ments exceeding 64MiB, NAND SLC is much more cost-effective and comes with the additional benefit of
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v '0'is read 1" is read — 0’ intended

— '1"intended

voltage (V)

(a) Ideal SLC flash. Nominal voltage levels occur
with a probability of 1. Other levels never
occur. The probability of a bit error is null.

V! '0"is read

"1"is read — '0' intended

— '1"intended
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V! ‘0'isread | '1'is read — ' intended

— "1"intended

voltage (V)

(b) Unused SLC flash. The variance is low,
density functions overlap slightly. The
probability of a bit error is small.

\al '00" is read ; '01"is read ; '10"is read ; "11"is read

— '00" intended

voltage (V)

(c) Used SLC flash. The variance is high, density
functions overlap considerably. The
probability of a bit error is significant.

— '01" intended
— "10' intended
— "11" intended

voltage (V)

(d) MLC flash. Voltage levels are closer than SLC
levels, density functions overlap
considerably. The probability of a bit error is

significant.

Figure 10 - Voltage probability density functions for various scenario.

Write Throughput

Read Throughput

Erase Throughput
Erase-Write Throughput
Read Granularity

Write Granularity

Erase Granularity

Write Energy Consumption
Read Energy Consumption

Erase Energy Consumption

NOR

1MB/s

40MB/s

0.1MB/s

100kB/s

Byte

Byte (typical)

Block (64KiB typical)
50nJ/byte

1nJ/byte

150nJ/byte

NAND (SLC)

10MB/s

30MB/s

300MB/s

10MB/s

Page (4KiB typical)
Page (4KiB typical)
Block (256KiB typical)
10nJ/byte

1nJ/byte

0.2nJ/byte

NAND (MLC)
5MB/s

20MB/s

600MB/s

10MB/s

Page (8KiB typical)
Page (8KiB typical)
Block (2MiB typical)
20nJ/byte
2nJ/byte

0.1nJ/byte

Table 4 - Typical NOR and NAND flash characteristics
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better write performances. For larger space requirements (above 1GiB), MLC NAND is the way to go, either
raw or in the form of managed flash devices like industrial SD cards.

A = NOR  mm=m NAND (SLC)  + + + NAND (MLC)

Cost ($)

1 2 4 8 16 32 64 128 256 512
Size (Gbit)

Figure 11 - Flash memories cost versus size

1.4.7 Managed and Unmanaged flash
As mentionned in previous sections, flash management includes the following tasks:

e copy-on-write and logical-to-physical address translation;
e wear-leveling;
e bad-block management;

e error correction (ECC).

Although these tasks must invariably be performed to achieve the expected level of performance and relia-
bility, the total workload can be distributed between the host (MCU/SoC) and the storage device in various
ways. This translates into three essential categories of flash devices, as illustrated in Figure 12:

e managed, where the flash management is entirely performed inside the storage device;
e unmanged, where the flash management is entirely performed inside the host;

e semi-managed, where the flash management is shared between the host and the storage device.

A managed flash device essentially emulates a block device. It can be used as a drop-in replacement for
other storage technologies exposing a block device interface. Perhaps the most telling example of such in-
terchangeability is the solid state drive (SSD), which has made its way as the predominant non-volatile PC
storage technology, in lieu of hard disk drives (HDD). On the embedded side, SD cards, eMMC and UFS
modules are popular alternatives.

Given a block device interface, file systems can be deployed without the need for an extra adaptation layer
(FTL). This is assuredly one of the most important benefit of managed flash. However, managed flash de-
vices are more expensive, take up more physical space, consume more energy than raw flash counterparts of
equal size, and exhibit higher access times.
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(@) Managed flash. Flash (b) Unmanaged flash. Flash (c) Semi-managed flash. Flash
management is handled by management is handled by management is shared
the flash device itself. the host. between the host and the
flash device.

Figure 12 - Various distributions of the flash management workload between the host and the flash device.

The unmanaged flash category includes all bare NOR and NAND flash chips. In this case, the host is respon-
sible for performing all the required flash management tasks. Bare flash chips are popular in embedded de-
sign, where cost, size and energy consumption must be kept as low as possible.

The semi-managed flash category includes all sorts of hybrid solutions. Perhaps the most notorious mem-
bers of this category are flash devices with built-in ECC. In this case, the flash device returns a read status
reporting whether bit errors have occurred, the number of erroneous bits, and whether the errors have been
corrected. The ECC calculations are taken care of by the flash device but the host must still respond with

an appropriate action when errors occur. That includes refreshing (moving to another block) data when the
number of bit errors is close to the ECC limits.

1.4.8 Flash File Systems

As discussed in Section 1.4.1, file systems usually rely on the presence of a block device abstraction, some-
thing that a raw flash device cannot provide by itself. Instead, some extra adaptation layer (FTL) is needed to
emulate the block device behavior (see Section 1.4.2). Flash file systems are different. Rather than deferring
flash management to a dedicated adaptation layer, they directly deal with flash-specific access restrictions
and other flash peculiarities. The end result is typically more efficient than the combination of a separate file
system and FTL : smaller RAM usage, lower write amplification, simpler integration and configuration.
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This section describes how to get started with TSFS, including how to create a basic evaluation project and
how to make sure that TSFS runs properly and produces expected performances.

2.1 Creating a Basic Evaluation Project with TSFS

Project creation varies across RTOSes, SDKs and IDEs. To accelerate the initial setup, TSFS comes with SDK
bindings for various storage devices and popular SDKs/OSes including:

STM32Cube (STMicroelectronics)
MCUXpresso SDK (NXP)
Synergy Software Package (Renesas)

. MCU+ SDK (Texas Instruments)

A

Zephyr OS

Step-by-step instructions for creating a basic evaluation project for each supported SDK/QOS are located in
<tsfs_root>/bindings/<sdk_or_os_name>/README.md.

Building TSFS is slightly different for each platform and storage device. Figure 13 shows the needed source
files for running TSFS on SD card using NXP's MCUXpresso SDK. Builds for other SDKs and storage devices
are similar.

If no SDK binding is available for your platform or storage device, writing or integrating a custom storage
driver is the alternative. In that case, existing SDK bindings can be used as templates. At least one of the
following interfaces must be implemented:

e the tsfs_media_x interface for raw NOR and SD/MMC;

e the tsfs_nand_x interface for raw NAND.

The tsfs_media_x interface is the native storage access interface for TSFS. The tsfs_nand_x interface
is only required for raw NAND flash, to access the spare area at the end of each page, something that TSFS’s
NAND bad block management relies on (see Section 6.26).
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-] =~ bindings -1 =~ core
-~ linux -] =7 kernel
- B I~ nxp_mcux_sdk -4~ empty
7] =~ sdmmc L D tsfs_kernel.h
O I~ gspi_nor -E =~ media
O O README . md -z partition
L. - ) tsfs_media.c
~[/ =~ common L2 [} tsfs_media.h
~[= = console -1 test
iibputchar -E = time
[0 tsfs_console.h L@ [ tsfs_time.h
L1 [} tsfs.h

Figure 13 - Files to build/include to run TSFS on SD/MMC with NXP MCUXpresso SDK.

2.2 Writing a Minimal Complete Program

A simple demonstration program of TSFS running on SD card using the STM32Cube SDK is shown in List-
ing 1. The complete example source code can be found in <tsfs_root>/examples/tsfs_ex_hello_
world.c.

The program starts by creating a new binding instance for the STM32 HAL SD/MMC driver. This is done
by invoking tsfs_sdmmc_stm32_hal_create(). Here, the given driver handle, 'hsd1’, is defined and
initialized by the SDK.

The SD card is then formatted using tsfs_format (). The format parameters used in this example are typ-
ical. Different values result in various trade-offs in terms of resource usage and performance. See tsfs_
params_t for more details.

Once formatting completes, a new file system instance is created using tsfs_create (). Configuration
values used in this example are typical. Again, various trade-offs can be achieved using different values. See
tsfs_cfg_t for more details.

The file system is then mounted using tsfs_mount (). The mount process localizes and loads on-disk data
structures in RAM. Once completed, files can be created and accessed.

Files are created using tsfs_file_create(). Data can be stored and read back using tsfs_file_write()
and tsfs_file_read() respectively. Notice the call to tsfs_commit () right after the write access.

This is needed to make the previous file creation and subsequent write access permanent. Otherwise, these
modifications would be discarded upon the next mount cycle. More on tsfs_commit () and write transac-
tions in Section 4.8.
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// Include files.

#include <stm32f7xxx.h>

#include <tsfs.h>

#include <bindings/st_stcube/tsfs_sdmmc_stm32_hal.h>

SD_HandleTypeDef hsdl; // Generated by the SDK.

uint8_t gt_mem[32u * 1024]; // TSFS memory.
tsfs_mem_seg_t mem_seg = { .p_mem = &gt_mem[0O],

int

{

#if

.size = (sizeof(gt_mem))};
main(void)

tsfs_params_t fs_params; // Format parameters.
tsfs_cfg_t fs_cfg; // Instance configuration.

// Create a new media instance named '"sdmmc:0"

// based on the STM32 SD/MMC driver ('hsdl').

rtn = tsfs_sdmmc_stm32_hal_create("sdmmc:0", &mem_seg, &hsdl);
if (rtn == RTNC_SUCCESS) return (-1);

// Set the format parameters.
fs_params.sector_size = 4096u; // Should +/- match file access granularity.
fs_params.update_extent_count = 64u; // Between 32 and 128.

// More dimproves random write performance.

// Format "sdmmc:0".

1 // 0 to prevent formatting the next time around.
rtn = tsfs_format("sdmmc:0", &mem_seg, &fs_params);
ASSERT (rtn == RTNC_SUCCESS);

#endif

// Set the file system configuration.

fs_cfg.max_fs_size = 32ull * 1024 x 1024 * 1024; // Maximum 32GiB SD card.
fs_cfg.min_sec_size = 4096u; // Minimum 4KiB sectors (matches fs_params).
fs_cfg.max_update_extent_count = 64u; // Maximum 64 extents (matches fs_params).
fs_cfg.max_opened_file_count = 10Qu; // Maximum simultaneously opened files.
fs_cfg.max_cached_file_count = 1Qu; // More improves access to multiple files.
fs_cfg.lookup_cache_size = 1024; // More 1improves random read throughput.
fs_cfg.collect_to_update_ratio = 5u; // More favors write throughput vs latency.
fs_cfg.buffer_alignment 128u; // Alignment for read/write/aux buffers.
fs_cfg.read_buffer_size = 4096; // More improves throughput on SD/MMC.
fs_cfg.write_buffer_size = 4096; // More +improves throughput on SD/MMC.
fs_cfg.aux_buffer_size = 4096; // More improves throughput on SD/MMC.
fs_cfg.p_read_buffer = NULL;

fs_cfg.p_write_buffer = NULL;

fs_cfg.p_aux_buffer = NULL;

// Create a new TSFS instance.
rtn = tsfs_create("fs:0", &mem_seg, &fs_cfg);
ASSERT (rtn == RTNC_SUCCESS);

// Mount the file system on "sdmmc:0" and give it the name "fs:0".
rtn = tsfs_mount("fs:0", "sdmmc:0", NULL);
ASSERT (rtn == RTNC_SUCCESS);

// Create a new file in the root directory.
rtn = tsfs_file_create("fs:0/test.bin");
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ASSERT((rtn == RTNC_SUCCESS) || (rtn == RTNC_ALREADY_EXIST));

// Open the test file.
rtn = tsfs_file_open("fs:0/test.txt", &file_hndl);
ASSERT (rtn == RTNC_SUCCESS);

// Write "Hello world" message to the test file.
rtn = tsfs_file_write(file_hndl, msg, msg_size);
ASSERT (rtn == RTNC_SUCCESS);

// Close the test file.
rtn = tsfs_file_close(file_hndl);
ASSERT (rtn == RTNC_SUCCESS);

// Commit the previous modifications.

// Otherwise changes will be discarded upon mount cycling.
rtn = tsfs_commit("fs:0");

ASSERT (rtn == RTNC_SUCCESS);

// Read the message back from the test file.
rtn = tsfs_file_read(file_hndl, &t_read_buf[0], msg_size, &actual_size);
ASSERT (rtn == RTNC_SUCCESS);

// Make sure we did read the entire message back.
ASSERT (actual_size == msg_size);

// Compare with the original message.
ASSERT (strcmp(msg, t_read_buf) == 0);

// Unmount the file system.
rtn = tsfs_unmount("fs:0");
ASSERT (rtn == RTNC_SUCCESS);

Listing 1 - A minimal complete program.

2.3 The Next Step

Now that TSFS is running, it is strongly recommended that you test TSFS for functionality and performance.
Chapter 3 explains how to run basic integration tests, to make sure that TSFS runs properly and produces
expected performances.

If you have had any issues with the demonstration program, testing raw storage access as we explain in
Chapter 3 may help diagnosing the problem. If you cannot solve the problem easily, please contact us at
info@jblopen.com.
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This section describes how to conduct basic tests to make sure that TSFS runs properly on your platform
and produces expected performances. Running those tests is optional but helps uncovering potential inte-
gration issues, and sets a baseline for evaluating file system performances in the broader context of your
application.

3.1 Preparation

3.1.1 Setting up Console Output

The provided integration tests expect a console output for printing test results. To enable console output,
tsfs_console_write() must be implemented. TSFS comes with a generic implementation based on
putchar (), which usually writes to the default SDK debug console/UART. This implementation can be
found in <tsfs_root>/console/putchar.

If the generic implementation is insufficient, a custom implementation can be built upon existing SDK ser-
vices. Listing 3.1.2 shows a simple UART-based implementation using the STM32 HAL interface. Please re-
fer to the relevant README . md file for more details.

int tsfs_console_write(int ch_no, const void *p_buf, size_t buf_size)

{
HAL_StatusTypeDef status;

status = HAL_UART_Transmit(&huartl, p_buf, (uintl6_t)buf_size, HAL_MAX_DELAY);
if (status != HAL_OK) return (RTNC_IO_ERR);

return (RTNC_SUCCESS);

3.1.2 Setting up Time Measurement

Time measurement is required for running the provided performance tests. Time measurement is provided
through the tsfs_time_get_us () interface. A straightforward implementation based off hardware timers
is recommended. A 10us resolution is ideal for raw flash. 100us is enough for SD/MMC. Listing 3.1.2 shows

a simple timer-based implementation using the STM32 HAL interface. Please refer to the relevant README . md
file for more details.
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uint64_t tsfs_time_get_us(void)
{

// Timer frequency 1is 100kHz so x10 to obtain microseconds.
return (10u * htim2.Instance->CNT);

3.2 Functional Tests

3.2.1 Testing Raw Storage Access

A Caution

The provided device-level access test can overwrite any pre-existing data. Do not perform this test on
a storage device that contains valuable data.

It is recommended to test storage access, without file system, first. It helps uncovering potential flaws in the
driver, SDK integration or device/bus configuration.

A basic functional test operating at the tsfs_media_x interface is available in <tsfs_root>/test/
tsfs_test_media_read_write_compare.h. Listing 2 demonstrates how to run the test. The corre-
sponding terminal output is shown in Listing 3.

The test is very simple. It stores some amount of known data to equally distributed blocks across the whole
media. It then reads the data back and compares against the expected content.

// Include the required headers.
#include <tsfs.h>
#include <test/tsfs_media_read_write_compare.h>

/1l

// Globally defined memory for testing purposes.
uint8_t gt_mem[32u * 1024u];

// Actual test code starts here.
tsfs_mem_seg_t mem_seg;

mem_seg.p_mem = &gt_mem[0O];
mem_seg.size = sizeof(gt_mem);

rtn = tsfs_test_media_read_write_compare("media:0", &mem_seg, 4096u);
if (rtn != RTNC_SUCCESS) return (-1);

Listing 2 - Testing the storage device at the media level.

Starting media-level functional test.
Iteration 0 out of 24414

Iteration 1000 out of 24414
Iteration 2000 out of 24414
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Iteration 23000 out of 24414
Iteration 24000 out of 24414

Ending media-level functional test.
khkkhkhkkkhkhkhkkhkhkhkhkkhkhkhkkhkkhkhhkkhkhkhkhkkhkhkhkkhkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkkhkhkhkkkhkhkhkkhkkhkhkhkkhkhkhkkkhkhkhkkk

MEDIA-LEVEL FUNCTIONAL TEST SUCCESSFUL!
R R R R R R S R S R R R

Listing 3 - Media functional test output.

3.2.2 Testing at the file level

A Caution

File-level functional tests create and write files. It is advisable to use a test file system that does not
contain valuable data to run these tests.

A basic file-level functional test can be found in test/tsfs_test_file_read_write_compare.h.
Listing 4 demonstrates how to run the test. The corresponding terminal output is shown in Listing 5.

The test is divided in two phases. During the first phase, random data is written at random locations within
two separate files, such that whatever is written in the first file is also written in the second file. During the
second phase, the two files are read and compared. This test is useful for uncovering runtime environment
issues like stack overflows.

// Include the required headers.
#include <test/tsfs_file_read_write_compare.h>

/1l

// Make sure that the file system runs properly.
rtn = tsfs_test_read_write_compare("fs:0", &mem_seg);
if (rtn != RTNC_SUCCESS) return (-1);

Listing 4 - File-level functional test.

Starting file-level functional test.
Iteration 0 out of 24414

Iteration 1000 out of 24414
Iteration 2000 out of 24414

Iteration 23000 out of 24414

Iteration 24000 out of 24414

Ending file-level functional test.
hhkkhkhkkkhkhkhkkhkhkhkhkkhkhkhkkhkkhkhhkkhkhkhkhkkhkhkhkkhkhkhkhkkhkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkkhkhkhkkkhkhkhkkhkkhkhkhkkhkhkhkkkhkhhkkk

FILE-LEVEL FUNCTIONAL TEST SUCCESSFUL!
ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok sk ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

Listing 5 - File-level functional test output.
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3.3 Performance Tests

3.3.1 Measuring Storage Access Performances

A Caution

Device-level write performance benchmarks can overwrite any pre-existing data. Do not perform
these tests on a storage device that contains valuable data.

It is recommended to measure raw storage performances, without a file system, before measuring pefor-
mances at the file level. Measures taken at the storage level set a baseline for evaluating overall file system
performances later on.

Basic device-level benchmarks are available in test/tsfs_test_media_read_write_perf.h. These
include:

tsfs_test_media_sequential_write_perf()

tsfs_test_media_sequential_read_perf()

tsfs_test_media_random_write_perf () (not supported on raw flash)

tsfs_test_media_random_read_perf()

Listing 6 shows how to measure sequential write performances. The corresponding terminal output is in
Listing 7. Other benchmarks are run in a similar manner.

// Include the required headers.

#include <tsfs.h>

#include <common/tsfs_rand.h>

#include <test/tsfs_media_read_write_compare.h>

/1

// Change the seed as needed.
tsfs_rand_seed(0);

// Test 4KiB sequential write acceses.

// On SD/MMC, -tincreasing the access size should improve performances.

rtn = tsfs_test_media_sequential_write_perf("media:0", &mem_seg, 4096u, 100000000u);
if (rtn != RTNC_SUCCESS) return (-1);

Listing 6 - Measuring sequential write performances at the media level.

Starting media sequential write performance benchmark.
Iteration 0 out of 24414

Average speed: 0 KB/s

Maximum Access Time: 0 us

Iteration 1000 out of 24414

Average speed: 8390 KB/s

Maximum Access Time: 33780 us
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Iteration 2000 out of 24414
Average speed: 8632 KB/s
Maximum Access Time: 33230 us

Iteration 23000 out of 24414

Average speed: 7901 KB/s

Maximum Access Time: 33100 us

Iteration 24000 out of 24414

Average speed: 8284 KB/s

Maximum Access Time: 40450 us

Ending media sequential write performance benchmark.

KA AR KA AR A A AR A A AR A A A A A Ak kA A Ak Ak kA kA Ak kA hkhkhkkhkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkhkkhkhkhkkkhkkkkk
4096-byte sequential write access performance benchmark results on "sdmmc:0":
Average Throughput: 4895 KB/s

Maximum Access Time: 72320 us
hhkkhkhkkkhkhkhkkhkhkhkhkkhkhkhkkhkkhkhhkkhkhkhkhkkhkhhkkhkhkhkkhkhkhkkhkkhkhkhkkhkkhkhkhkkhkhkhkkhkkhkhhkkhkhkhkkhkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkkkhkhkhkkk

Listing 7 - Device-level sequential write benchmark output.

3.3.2 Measuring Performances at the File Level

A Caution

File-level performance benchmarks create and write files. It is advisable to use a test file system that
does not contain valuable data to run these tests.

Basic file-level performance benchmarks are available in test/tsfs_file_media_read_write_perf.h.
Listing 8 shows how to run the benchmarks. The corresponding terminal output is shown in Listing 9.

In Listing 8, we assume that "sdmmc: 0" is a large SD card, so we create a 4GiB partition. This is useful for
evaluating TSFS performances on a large device. It makes it possible to capture the impact of garbage col-
lection on overall performances without running benchmarks for hours. Once the initial benchmark is com-
pleted, the partition can be removed and a more thorough second evaluation can be made. On smaller de-
vices, this step can be ignored.

// Include the required headers.

#include <media/tsfs.h>

#include <media/partition/tsfs_media_partition.h>
#include <test/tsfs_file_media_read_write_perf.h>

/1l

tsfs_params_t fs_params;
tsfs_cfg_t fs_cfg;
tsfs_media_partition_cfg_t partition_cfg;

// Create a 4GiB partition.

// Makes it faster to measure "steady state" file system performances.
partition_cfg.offset = Ou;

partition_cfg.size = 4ullx1024x1024%1024;

rtn = tsfs_media_partition_create("part:0", "sdmmc:0", &mem_seg, &partition_cfg);
if (rtn != RTNC_SUCCESS) return (-1);
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// Format "part:0".

fs_params.sector_size = 4096u;
fs_params.update_extent_count = 64u;

rtn = tsfs_format("part:0", &mem_seg, &fs_params);
if (rtn != RTNC_SUCCESS) return (-1);

/] ...
// Set TSFS configuration here.

/7

rtn = tsfs_create("fs:0", &mem_seg, &fs_cfg);
if (rtn != RTNC_SUCCESS) return (-1);

// Mount the file system with default options.
rtn = tsfs_mount("fs:0", "part:0", NULL);
if (rtn != RTNC_SUCCESS) return (-1);

// Change the seed as needed.
tsfs_rand_seed(0);

// Measure 4KiB sequential write performances on a 2GiB file.

// Write the whole partition twice to capture the impact of garbage collection.

// 10 accesses between consecutive commits.

// More frequent committing yields lower performances.

rtn = tsfs_test_sequential_write_perf("fs:0", &mem_seg, 2ull*1024x1024%*1024,
4096u, 8ull*x1024%1024%1024, 10u);

if (rtn != RTNC_SUCCESS) return (-1);

Listing 8 - File-level sequential write performance benchmark on a 4GiB partition.

Starting media random write performance benchmark.
Iteration 0 out of 24414

Average speed: 0 KB/s

Maximum Access Time: O us

Iteration 1000 out of 24414

Average speed: 8390 KB/s

Maximum Access Time: 33780 us

Iteration 2000 out of 24414

Average speed: 8632 KB/s

Maximum Access Time: 33230 us

Iteration 23000 out of 24414

Average speed: 7901 KB/s

Maximum Access Time: 33100 us

Iteration 24000 out of 24414

Average speed: 8284 KB/s

Maximum Access Time: 40450 us

Ending media random write performance benchmark.

KKK AR A AR R AR R A AR A AR A A A A AR A AR A AR A AR A A KRR AR A AA R AR R AR R AA R AR KRR A Rk ARk A Ak Ak khkk k)
4096-byte random write access performance benchmark results on "sdmmc:0":
Average Throughput: 4895 KB/s

Maximum Access Time: 72320 us

KAk Akhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhhkkhkhkhkkhkkhkhhkkhkhkhkhkkhkhkhkkkhkhkhkkhkkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkkhkhkhkkkhkhkhkkhkkhkhkhkkhkhkhkkkhkhkhkkk

Listing 9 - File-level random write benchmark output.
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3.4 The Next Step

If all tests are successful and performances are as expected, you are good to go! Further examples can be
found in in the form of commented code samples illustrating the most common file system APIs. More com-
plete examples can be found in <tsfs_root>/examples. Finally, detailed API descriptions can be found
in the follwing chapters:

e Chapter 5 for the file system interface;
e Chapter 6 for the media interface;

e Chapter 7 for the nand interface.

In the event that some test would fail or peformances would be lower than expected, please contact us at
info@jblopen.com.
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4.1 Life Cycle and Memory Management

TSFS is initialized using tsfs_init (), which must be called before any other TSFS API. This is shown in
Listing 10. tsfs_1init () must be given a memory segment. Memory allocated by tsfs_1init() can be
later reclaimed using tsfs_uninit().

Once the initialization is completed, a TSFS file system instance is created using tsfs_create(). Thein-
stance must be given a name which will later prefix all paths to files and directories residing in that file sys-
tem (e.g. tsfs_file_open()).

The created file system must also be given a memory segment. tsfs_create () allocates all the needed
memory. No additional memory is allocated at runtime. Allocated memory is freed using tsfs_destroy ().
If tsfs_create() fails for lack of available memory, the RTNC_NO_RESOURCE error is returned.

The created file system must also be given the name of a media instance. A 16MiB RAM disk is used for il-
lustration purposes in Listing 10. Other media are created and configured differently but the general ap-
proach remains the same.

Note that memory allocated on a same memory segment must be freed in reverse order compared to al-
location order. This is shown in Listing 10. Memory allocation on a given segment is not thread-safe. If a
memory segment must be used from different threads, the user is responsible for providing access synchro-
nization.

// Memory reserved for TSFS
uint8_t gt_mem[20000000]; // Includes memory for the RAM disk.
tsfs_mem_seg_t gt_mem_seg = { .p_mem = &gt_mem[0], .size = sizeof(gt_mem) };

/] ...

tsfs_ramdisk_cfg_t ramdisk_cfg;
tsfs_media_hndl_t media_hndl;
tsfs_cfg_t fs_cfg;

tsfs_opts_t fs_opts;
tsfs_params_t fs_params;

int rtn;

// Initialize a memory segment.
mem_seg.p_mem = &gt_mem[0];
mem_seg.size = g_mem_size;
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// Initialize TSFS.
rtn = tsfs_init(&mem_seg);
if (rtn != RTNC_SUCCESS) { /* Error management. */}

// Create a media instance (here a RAM disk).
ramdisk_cfg.read_block_size = 256u;
ramdisk_cfg.write_block_size = 256u;

ramdisk_cfg.size = 16u * 1024u * 1024u;

rtn = tsfs_ramdisk_create("ramdisk:0", &mem_seg, &ramdisk_cfg);
if (rtn != RTNC_SUCCESS) { /* Error management */ }

// Format the TSFS qinstance.

fs_params.sector_size = 4096u;
fs_params.update_extent_count = 128u;

rtn = tsfs_format("ramdisk:0", &mem_seg, &fs_params);
if (rtn != RTNC_SUCCESS) { /* Error management */ }

// Create the TSFS 1instance.
fs_cfg.max_fs_size = 16ull * 1024 * 1024;
fs_cfg.min_sec_size = 4096u;
fs_cfg.max_update_extent_count = 128u;
fs_cfg.buffer_alignment = 8u;
fs_cfg.max_opened_file_count = 10u;
fs_cfg.max_cached_file_count = 10u;
fs_cfg.lookup_cache_size = 0Qu;
fs_cfg.aux_buffer_size = 4096;
fs_cfg.read_buffer_size = 4096;
fs_cfg.write_buffer_size = 4096;
fs_cfg.p_aux_buffer = NULL;
fs_cfg.p_read_buffer = NULL;
fs_cfg.p_write_buffer = NULL;

rtn = tsfs_create("fs:0", &mem_seg, &fs_cfg);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Mount the file system with default options.
rtn = tsfs_mount("fs:0", "ramdisk:0", NULL);
if (rtn != RTNC_SUCCESS) { /* Error management */ }

/7

// The file system can be accessed here.

/1

// Unmount the TSFS -1instance.
rtn = tsfs_unmount("fs:0");
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Destroy the TSFS instance.
rtn = tsfs_destroy("fs:0", &mem_seg);
if (rtn != RTNC_SUCCESS) { /* Error management */ }

// Destroy the RAM disk.
rtn = tsfs_ramdisk_destroy("ramdisk:0", &mem_seg);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Uninit TSFS.
rtn = tsfs_uninit(&mem_seg);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }
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// The memory segment used for TSFS is completely freed
// at this point and can be used for something else.

Listing 10 - TSFS initialization example.

4.2 Creating and Deleting a File/Directory

Listing 11 shows how a file is created using tsfs_file_create(). If afile or directory already exists at
the specified location, RTNC_ALREADY_EXIST is returned and the original file or directory is left untouched.
If the parent directory does not exist, the function returns RTNC_NOT_FOUND. A new directory is created us-
ing tsfs_dir_create(). The behaviour for the directory creation interface is identical to that of the file
counterpart.

A file can be deleted using tsfs_file_delete(). Itis safe to delete an opened file. Further accesses
through an opened file handle will return RTNC_NOT_FOUND. A directory can be deleted using tsfs_dir_
delete (). An opened directory can also be safely deleted. However, it is not possible to delete a non-
empty directory. In that case, RTNC_INVALID_OP is returned and the directory is left untouched.

int rtn;

// Create a new directory.

// The first path component ("fs:0") matches the name
// of the file system given to tsfs_create().

rtn = tsfs_dir_create("fs:0/test_dir");

if (rtn != RTNC_SUCCESS) { /* Handle error */ }

// Create a new file in the previously created directory.
rtn = tsfs_file_create("fs:0/test_dir/test_file.txt");
if (rtn != RTNC_SUCCESS) { /* Handle error %/ }

// Delete the previously created file.
rtn = tsfs_file_delete("fs:0/test_dir/test_file.txt");
if (rtn != RTNC_SUCCESS) { /* Handle error %/ }

// Delete the previously created directory.
rtn = tsfs_dir_delete("fs:0/test_dir/test_file.txt");
if (rtn != RTNC_SUCCESS) { /* Handle error */ }

Listing 11 - File/directory creation and deletion example

4.3 Opening and Closing a File/Directory

Once a file or directory has been created, it can be opened using tsfs_file_open() or tsfs_dir_open().
The file/directory opening functions return an opened file/directory handle, which can be used to perform
read and write operations on that file.

Each opened file/directory has an associated internal position that is automatically incremented after a read
or write operation. The internal current position is set to O upon opening a file or directory. The internal file
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position can be adjusted by the application using tsfs_f1ile_seek (). Directories can only be read from
the first entry to the last one using tsfs_dir_read().

An opened file or directory handle is valid as long as it is not closed using tsfs_file_close() or tsfs_
dir_close(). Trying to access a closed file or directory will return RTNC_INVALID_OP. The maximum num-
ber of files and directories that can be simultaneously opened is determined through the tsfs_cfg_t con-
figuration structure.

4.4 Writing to a File

Once opened, a file can be written to using tsfs_file_write() or tsfs_file_append(). Inboth
cases, the internal file position is incremented. In the case of tsfs_file_append(), the internal file po-
sition is set to the end of the file before the actual write access and before the final incrementation, such
that write accesses are always made at the end of the file regardless of the current position.

If there is not enough free storage space to accomodate the requested file write operation, the file remains
untouched and RTNC_FULL is returned.

int rtn;
tsfs_file_hndl_t file_hndl;

// Create a new test file.
rtn = tsfs_file_create("fs:0/test_file.txt");
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Open the newly created test file.
rtn = tsfs_file_open("fs:0/test_file.txt", &file_hndl);
if (rtn != RTNC_SUCCESS) { /* Error management */ }

// Write something at the begining of the file.
rtn = tsfs_file_write(file_hndl, "hello world!", sizeof("hello world!")+1);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Set the current position to the beginning of the file.
rtn = tsfs_file_seek(file_hndl, Ou, TSFS_FILE_SEEK_SET)
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Write a new message.
rtn = tsfs_file_write(file_hndl, "hello you!", sizeof("hello you!")+1);
if (rtn != RTNC_SUCCESS) { /* Error management */ }

// Set the current position to the beginning of the file.
rtn = tsfs_file_seek(file_hndl, Ou, TSFS_FILE_SEEK_SET)
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Write a second message after the first one.
rtn = tsfs_file_append(file_hndl, "hello there!", sizeof("hello there!")+1);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

rtn = tsfs_file_close(file_hndl);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

Listing 12 - File write example.
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4.5 Reading From a File

A file can be read from using tsfs_file_read() asillustrated in Listing 13. The last argument receives
the actual amount of bytes read from the file. As long as data is left in the file, the actual read size remains
equal to the requested read size. If the end of the file is reached, the returned read size is smaller than the
requested size. If an error occurs the returned read size value is undefined and should be ignored.

uint8_t t_buf[100];
tsfs_file_hndl_t file_hndl;
int rtn;

// Open the file to be read (assuming it was created and written to before).
rtn = tsfs_file_open("fs:0/test_file.txt", &file_hndl);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Read from opened file, 100 bytes at a time, until the end 1is reached.
do {

rtn = tsfs_file_read(file_hndl, &t_buf[0], sizeof(t_buf), &sz);

if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Process read data.
} while (sz < sizeof(t_buf));
// Close the file.

rtn = tsfs_file_close(file_hndl);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

Listing 13 - File read example

4.6 Reading a Directory

The names of all the files and directories contained in a directory can be retrieved using tsfs_dir_read(),
as illustrated in Listing 14. The application is responsible for providing a buffer long enough to accommo-
date the longest file or directory name. The read position can be reset at all time to the first file/directory
using tsfs_dir_rewind().

char t_buf[65];
tsfs_dir_hndl_t dir_hndl;
int rtn;g

// Open the file to be read (assuming it was create before).
rtn = tsfs_dir_open("fs:0/test_dir", &dir_hndl);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Read the opened directory, one child file/directory at a time.
do {

rtn = tsfs_dir_read(dir_hndl, &t_buf[0], sizeof(t_buf));

if (rtn != RTNC_SUCCESS) { /* Error management x/ }

// Print the child name.
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printf("%s\n", t_buf);
} while (t_buf[0] != '"\0');
// Close the file.

rtn = tsfs_dir_close(dir_hndl);
if (rtn != RTNC_SUCCESS) { /* Error management */ }

Listing 14 - Example directory read

4.7 Truncating a File

A file can be extended or shrunk using tsfs_file_truncate(). If the requested file size is lower than
the current size, the extraneous data is discarded. If the requested file size is higher than the current size,
zeros are appended at the end of the file to fill the gap. An opened file can safely be extended or shrunk.
If the current position of the opened file is beyond the size of the truncated file, the next call will report an
actual read size of O byte. This is illustrated in Listing 15.

uint8_t t_buf[100];
tsfs_file_hndl_t file_hndl;
tsfs_file_size_t read_size;
int rtn;

// Open a file (assuming it was created before)
rtn = tsfs_file_open("fs:0/test_file.txt", &file_hndl);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Write a hundred bytes.
rtn = tsfs_file_write(file_hndl, t_buf, sizeof(t_buf));
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Set the file position 10 bytes behind.
rtn = tsfs_file_seek(file_hndl, -10, TSFS_FILE_SEEK_CUR);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// Reduce the file size to 50 bytes.
rtn = tsfs_file_truncate("fs:0/test_file.txt", sizeof(t_buf)/2);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

// An attempt to read beyond the first half the original file
// will report 0 byte read as the second half of the original
// file has been previously discarded.

rtn = tsfs_file_read(file_hndl, &t_buf[0], 1lu, &read_size);
if (rtn != RTNC_SUCCESS) { /* Error management %/ }

Listing 15 - Example of opened file truncation
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4.8 Starting and Ending a Write Transaction

Any combination of the following operations are guaranteed to be atomically executed if they are part of the
same write transaction:

e tsfs_file_create()

e tsfs_file_delete()

e tsfs_file_write()

o tsfs_file_append()

e tsfs_file_truncate()
e tsfs_dir_create()

e tsfs_dir_delete()

A write transaction is ended by the application using tsfs_commit (). The end of a write transaction coin-
cides with the beginning of the next one. Therefore, no explicit function call is needed to start a new write
transaction. The very first write transaction is automatically started after tsfs_mount () successfully com-
pletes.

The current state of the file system, up to the most recent write operation, is called the working state. The
working state is the one accessed by default, using a path of the form

<file system name>/<file or directory path>.

The state of the file system as of the latest commit can also be accessed. The latest committed state is spec-
ified using the . c built-in path component:

<file system name>/.c/<file or directory path>.
Alternatively, the working state can be accessed using the . uc (for uncommitted) built-in path component:
<file system name>/.uc/<file or directory path>.

Listing 16 shows how write transactions can be used to keep two files in sync at all time, independent of
possible interruptions. This example contains three write transactions. The first one begins right after tsfs_
mount (). The first transaction ends where the second one begins, that is, at the first tsfs_commit (). Fi-
nally, the second transaction ends where the third transaction begins, that is, at the second tsfs_commit().

If the first commit fails (or any function call before), the file system returns to its original state after the next
mount cycle (as if the two files were never created). Otherwise, both files are guaranteed to exist after the
next mount cycle. Under no circumstances, may only one of the two files exist. If the second commit fails
(or any function call before), both files remain empty. Otherwise, both files contain "hello world!”. Under no
circumstances, may only one of the two files be empty.
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tsfs_file_hndl_t file_hndl;
int rtn;

// Mount the file system (assuming that the 'fs0'
// file system 1instance was previously created).
rtn = tsfs_mount("fs:0");

if (rtn != RTNC_SUCCESS) { /* Error handling %/ }

// Create 2 test files.
rtn = tsfs_file_create("fs:0/test_file_0.txt");
if (rtn != RTNC_SUCCESS) { /* Error handling */ }

rtn = tsfs_file_create("fs:0/test_file_1.txt");
if (rtn != RTNC_SUCCESS) { /* Error handling */ }

// End the current write transaction and start the next one.
rtn = tsfs_commit("fs:0");
if (rtn != RTNC_SUCCESS) { /* Error handling */ }

// Write something to the first file.
rtn = tsfs_file_open("fs:0/test_file_0.txt", &fhndl);
if (rtn != RTNC_SUCCESS) { /* Error handling */ }

rtn = tsfs_file_write(file_hndl, "hello world!", sizeof("hello world!"));
if (rtn != RTNC_SUCCESS) { /* Error handling */ }

rtn = tsfs_file_close(file_hndl);
if (rtn != RTNC_SUCCESS) { /* Error handling */ }

// Write something to the second file.
rtn = tsfs_file_open("fs:0/test_file_1", &file_hndl);
if (rtn != RTNC_SUCCESS) { /* Error handling %/ }

rtn = tsfs_file_write(file_hndl, "hello world!", sizeof("hello world!"));
if (rtn != RTNC_SUCCESS) { /* Error handling %/ }

rtn = tsfs_file_close(file_hndl);
if (rtn != RTNC_SUCCESS) { /* Error handling %/ }

// Ends the current write transaction and start the next one.
rtn = tsfs_commit("fs:0");
if (rtn != RTNC_SUCCESS) { /* Error handling */ }

Listing 16 - Beginning and ending a transaction.

4.9 Media Partitioning and Synchronization

Both tsfs_media_partition_xand tsfs_media_lock_x* implement a media interface, although they
are not physical device drivers. The tsfs_media_partition_x* module divides the underlying media in a
number of smaller logical media. The tsfs_media_Tlock_x* module provides media access synchronization
for device drivers that are not inherently thread-safe. The tsfs_partition_x* and tsfs_media_lock_x
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modules both implement and expect a media interface. This allows for a variety of configurations as illus-
trated in Figure 14.

EML l | Partition | | Partition |
| Partition | | Partition | | Media Lock |
| Media Lock | | FML |
| QSPI NOR | | QSPI NOR |
| QSPI Controller | | QSPI Controller |
(a) A two-partition (b) Another two-partition

configuartion, one configuration. This time

wear-leveled partition and each partition stores a

one raw partition. A media separate file system. A

lock is used to synchronize media lock is used to

accesses to the underlying synchronize accesses to the

device driver. FML and other layers
below.

Figure 14 - Various media configurations for QSPI NOR

Figure 14a shows a two-partition setup with one wear-leveled partition and one raw partition. In this case,
acesses to the NOR device driver come from both the file system and the application, possibly from sepa-
rate threads. In order to provide thread-safety, an additional media lock layer is inserted above the device
driver. The corresponding setup code for this configuration is given in Listing 17.

#include <tsfs.h>
#include <media/fml/tsfs_fml.h>
#include <media/lock/tsfs_media_lock.h>

// Global variables
uint8_t gt_mem[1l6u * 1024];
tsfs_mem_seg_t gt_mem_seg = { .p_mem = &gt_mem[0], .size = sizeof(gt_mem) };

/1l

tsfs_mem_seg_t mem_seg;
tsfs_media_partition_cfg_t partition_cfg;
tsfs_qspi_ctrl_stm32f7_cfg_t qspi_ctrl_cfg;
tsfs_cfg_t fs_cfg;

int rtn;

// Create a STM32 QSPI NOR binding instance.
rtn = tsfs_qspi_nor_stm32_hal_create("nor:0", &mem_seg, &hqspi);
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

// Create a media lock instance on top of the previously created NOR device driver.
rtn = tsfs_media_lock_create("lock:0", "nor:0", &mem_seg);
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

// Create a first partition on top of the previously created media lock.
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partition_cfg.offset = 0Ou;

partition_cfg.size = 16u x 1024u * 1024u;

rtn = tsfs_partition_create("part:0", "lock:0", &mem_seg, &partition_cfg);
if (rtn != RTNC_SUCCESS) { /* Handle error. x/ }

// Create a second partition.

partition_cfg.offset = 16u * 1024u * 1024u;

partition_cfg.size = 16u x 1024u * 1024u;

rtn = tsfs_partition_create("part:1", "lock:0", &mem_seg, &partition_cfg);
if (rtn != RTNC_SUCCESS) { /* Handle error. x/ }

// Create an FML qinstance.
fml_cfg.max_flash_page_size = 256u;
fml_cfg.max_block_count = 256u;

rtn = tsfs_fml_create("fml:0", &mem_seg, &fml_cfg);
if (rtn != RTNC_SUCCESS) { /* Handle error. x/ }

// Create a file system 1instance.

/] ...
// Set TSFS config here

/1l

rtn = tsfs_create("fs:0", &mem_seg, &fs_cfg);
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

// Mount the previously created FML instance residing on the first partition.
rtn = tsfs_fml_mount("fml:0", "part:0");
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

// Mount the TSFS file system instance on top of the FML.
rtn = tsfs_mount("fs:0", "fml:0");
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

Listing 17 - Setup code for the configuration shown in Figure 14a.

Figure 14b shows another two-partition setup. This time each partition comes with a separate file system
instance and both partitions share a common FML instance, meaning that wear-leveling is performed across
the whole flash device. The setup code for this configuration is given in Listing 18

#include <tsfs.h>
#include <media/fml/tsfs_fml.h>
#include <media/lock/tsfs_media_lock.h>

// Global variables
uint8_t gt_mem[l6u * 1024];
tsfs_mem_seg_t gt_mem_seg = { .p_mem = &gt_mem[0], .size = sizeof(gt_mem) };

/1l

tsfs_mem_seg_t mem_seg;
tsfs_qspi_ctrl_stm32f7_cfg_t gspi_ctrl_cfg;
tsfs_media_partition_cfg_t partition_cfg;
tsfs_qspi_ctrl_buf_cfg_t bus_cfg;
tsfs_fml_cfg_t fml_cfg;

tsfs_cfg_t fs_cfg;
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int rtn;

// Create a STM32 QSPI NOR binding instance.
rtn = tsfs_qgspi_nor_stm32_hal_create("nor:0", &mem_seg, &hqgspi);
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

// Create a FML 1instance.
fml_cfg.max_flash_page_size = 256u;
fml_cfg.max_block_count = 256u;

rtn = tsfs_fml_create("fml:0", &mem_seg, &fml_cfg);
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

// Create a media lock instance and bind to the previously created FML.
rtn = tsfs_media_lock_create("lock:0", "fml:0", &mem_seg);
if (rtn != RTNC_SUCCESS) { /% Handle error. %/ }

// Create a first partition on top of the media lock.
partition_cfg.offset = 0Ou;

partition_cfg.size = 16u x 1024u * 1024u;

rtn = tsfs_partition_create("part:0", "lock:0", &mem_seg);
if (rtn != RTNC_SUCCESS) { /% Handle error. %/ }

// Create a second partition on top of the media lock.
partition_cfg.offset = 16u * 1024u * 1024u;
partition_cfg.size = 16u x 1024u * 1024u;

rtn = tsfs_partition_create("part:1", "lock:0", &mem_seg);
if (rtn != RTNC_SUCCESS) { /% Handle error. %/ }

/] ...
// Set TSFS config here

/1l

// Create a first TSFS file system instance.
rtn = tsfs_create("fs:0", &mem_seg, &fs_cfg);
if (rtn != RTNC_SUCCESS) { /% Handle error. %/ }

// Create a second TSFS file system 1instance.
rtn = tsfs_create("fs:1", &mem_seg, &fs_cfg);
if (rtn != RTNC_SUCCESS) { /% Handle error. %/ }

// Mount the FML 1instance on the raw NOR device.
rtn = tsfs_fml_mount("fml:0", "nor:0");
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

// Mount the file system on the first partition.
rtn = tsfs_mount("fs:0", "part:0");
if (rtn != RTNC_SUCCESS) { /* Handle error. %/ }

// Mount the file system on the second partition.
rtn = tsfs_mount("fs:1", "part:1");
if (rtn != RTNC_SUCCESS) { /% Handle error. %/ }

Listing 18 - Setup code for the configuration shown in Figure 14b using the Micron N25Q.
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5 | TSFS API Reference

The TSFS core module includes the file, directory and transaction interfaces. File and directoy abstractions
are explained in Section 1.3.1. Transactions are explained in Section 1.3.4.

tsfs_1init()

<tsfs.h>

Creates and initializes global TSFS structures. Must be called before any other TSFS functions. This function
does not perform I/O operations.

Prototype int tsfs_init ( tsfs_mem_seg_t * p_mem_seg );
Parameters p_mem_seg Memory segment.

Returned RTNC_SUCCESS

Errors RTNC_FATAL

tsfs_uninit()

<tsfs.h>

Destroys global TSFS structures. This function does not perform I/O operations.

Prototype int tsfs_uninit ( tsfs_mem_seg_t x p_mem_seg );
Parameters p_mem_seg Memory segment used for initialization.

Returned RTNC_SUCCESS

Errors RTNC_FATAL
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tsfs_create()

<tsfs.h>

Creates a new file system instance. Allocates all the needed memory given the configuration such that no
memory is allocated at runtime. This function does not perform I/O operations.

Prototype int tsfs_create ( const char x* p_fs_name,
tsfs_mem_seg_t * p_mem_seg,
const tsfs_cfg_t x p_cfg );

Parameters p_fs_name Name of the created file system instance.
p_mem_seg Memory segment.
p_cfg Configuration structure.
Returned RTNC_SUCCESS
Errors RTNC_NO_RESOURCE
RTNC_FATAL

tsfs_destroy()

<tsfs.h>

Frees all memory originally allocated by tsfs_create (). Any memory that was allocated onto the same
memory segment after the file system creation must be freed beforehand. This function does not perform
I/O operations.

Prototype int tsfs_destroy ( const char * p_fs_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_fs_name Name of the file system instance to be destroyed.
p_mem_seg Memory segment used for allocation.

Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_FATAL
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tsfs_format()

<tsfs.h>
Writes an empty file system on the given media based on the specified parameters.
Prototype int tsfs_format ( const char =* p_media_name,

tsfs_mem_seg_t =* p_mem_seg,
const tsfs_params_t * p_params );

Parameters p_media_name Media name.
p_mem_seg Memory segment.
p_params Format parameters.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND

RTNC_IO_ERR
RTNC_FATAL
D tsfs_params_get ()
<tsfs.h>

Gets TSFS format parameter. The file system must be mounted.

Prototype int tsfs_params_get ( const char * p_fs_name,
tsfs_params_t * p_params );

Parameters p_fs_name Name of the file system.
p_params Returned formated parameters.
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_FATAL
) tsfs_mount()
<tsfs.h>

Mounts the file system residing on the given media. If the media has not been previously formatted using
tsfs_format () or the on-disk format is invalid, RTNC_INVALID_FMT is returned.
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If the file system on disk cannot be mounted due to resource requirements exceeding the limits of the in-
RAM file system instance, RTNC_NO_RESOURCE will be returned. One common situation would be an on-disk
sector size lower than specified in tsfs_cfg_t.

Prototype int tsfs_mount ( const char x* p_fs_name,
const char x* p_media_name,
const tsfs_opts_t * p_opts );

Parameters p_fs_name Name of the file system instance to be mounted.
p_media_name Name of the media where the file system to be mounted resides.
p_opts Mount options. NULL for default options.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND

RTNC_INVALID_OP
RTNC_INVALID_FMT
RTNC_IO_ERR
RTNC_FATAL

tsfs_unmount()

<tsfs.h>

Unmounts the given file system instance.

Prototype int tsfs_unmount ( const char x p_fs_name );
Parameters p_fs_name Name of the file system instance to be unmounted.
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND

RTNC_IO_ERR

RTNC_FATAL

tsfs_remount()

<tsfs.h>

Remounts the given file system instance.

Prototype int tsfs_remount ( const char x p_fs_name );
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Parameters p_fs_name Name of the file system instance to be unmounted.
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND

RTNC_IO_ERR

RTNC_FATAL

tsfs_commit()

<tsfs.h>

Commits all the updates performed on the given file system instance since the last commit, including all file
and directory updates, creations or deletions.

In the event of an unexpected interruption (e.g. power loss) the file system is returned to the state it was in
after the last successful call to tsfs_commit().

Prototype int tsfs_commit ( const char x p_fs_name );
Parameters p_fs_name Name of the file system instance to be committed.
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND

RTNC_IO_ERR

RTNC_FATAL

tsfs_commit_seq_no_get()

<tsfs.h>

Gets the current commit sequence number.

Prototype int tsfs_commit_seq_no_get ( const char x p_fs_name,
uint64_t * p_commit_seq_no );
Parameters p_fs_name Name of the file system instance to be committed.

p_commit_seq_no Commit sequence number.

Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_FATAL
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tsfs_drop()

<tsfs.h>

Reverts the file system state to that of the latest commit. All modifications performed since the latest com-
mit are discarded, including all file and directory updates, creations or deletions.

Prototype int tsfs_drop ( const char x p_fs_name );
Parameters p_fs_name Name of the file system instance.
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_IO_ERR
RTNC_FATAL
) tsfs_file_create()
<tsfs.h>

Creates a file at the given path. The given path must lead to a location within the working state. If a file or
directory already exists at the same location, RTNC_ALREADY_EXIST is returned and the original file or di-
rectory is left untouched. If the parent directory does not exist, RTNC_NOT_FOUND is returned. If the path is
outside the working state, RTNC_INVALID_OP is returned.

Prototype int tsfs_file_create ( const char x p_path );

Parameters p_path Path of the file to be created.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_ALREADY_EXIST
RTNC_IO_ERR
RTNC_FATAL

B tsfs_file_delete()

<tsfs.h>

Deletes the file located at the given path. The path must lead to an existing file of the working state. If the
file does not exist, RTNC_NOT_FOUND is returned. If the file is not in the working state or the given path leads
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to a directory, RTNC_INVALID_OP is returned. A opened file may safely be deleted. In this case, any further
read/write access to this file will return RTNC_NOT_FOUND.

Prototype int tsfs_file_delete ( const char x p_path );

Parameters p_path Path to the file to be deleted.

Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_IO_ERR
RTNC_FATAL
) tsfs_file_open()
<tsfs.h>

Opens the file located at the given path. If the file does not exist RTNC_NOT_FOUND is returned. If the given
path leads to a directory, RTNC_INVALID_OP is returned.

Prototype int tsfs_file_open ( const char x* p_path,
tsfs_file_hndl_t * p_file_hndl );

Parameters p_path Path of the file to be opened.
p_file_hndl Opened file handle.

Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_IO_ERR
RTNC_FATAL
) tsfs_file_close()
<tsfs.h>

Closes the given file. The handle becomes invalid after the file is closed.

Prototype int tsfs_file_close ( tsfs_file_hndl_t file_hndl );

Parameters file_hndl Handle to the file to be closed.
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Returned RTNC_SUCCESS
Errors RTNC_FATAL
tsfs_file_read()
<tsfs.h>

Reads the requested amount of bytes from the given file. The number of bytes read is returned through p_
actual_size. The returned value may be smaller than size if the end of the file is reached. If an error
occurs, the value pointed to by p_actual_s1ze is unspecified.

If the last file access was a write access (either tsfs_file_write() or tsfs_file_append()), the file
must first be closed and reopened before a read access can be performed. Otherwise, RTNC_INVALID_OP is
returned.

Prototype int tsfs_file_read ( tsfs_file_hndl_t file_hndl,
void * p_dest,
size_t size,
size_t * p_actual_size );
Parameters file_hndl Handle to the file to read from.
p_dest Destination buffer to read into.
size Amount of data to be read in bytes.

p_actual_size Actual amount of data read from the file in bytes.

Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_file_read_preload()

<tsfs.h>

Reads the requested amount of bytes from the given file. The behavior is the same than tsfs_file_read()
except that data beyond the requested size can be pre-loaded, up to preload_s1ize bytes in total. Pre-
loading increases sequential access throughput.

Prototype int tsfs_file_read_preload
( tsfs_file_hndl_t file_hndl,
void * p_dest,
size_t size,

tsfs_file_size_t preload_size,
size_t * p_actual_size );
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Parameters file_hndl Handle to the file to read from.
p_dest Destination buffer to read into.
size Amount of data to be read in bytes.
preload_size Requested amount of data to be pre-loaded in bytes (actual amount
can differ).

p_actual_size Actual amount of data read from the file in bytes.

Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_file_write()

<tsfs.h>

Writes the supplied buffer to the given file. If not enough free space is available to store the written data,
RTNC_FULL is returned and the file is left untouched.

If the last file access was a read access (either tsfs_file_read() or tsfs_file_read_preload()),
the file must first be closed and reopened before a write access can be performed. Otherwise, RTNC_INVALID_
OP is returned.

Prototype int tsfs_file_write ( tsfs_file_hndl_t file_hndl,
const void * p_src,
size_t size );

Parameters file_hndl File handle.

p_src Source buffer to write from.
size Amount of data to be written in bytes.
Returned RTNC_SUCCESS
Errors RTNC_FULL
RTNC_TIO_ERR
RTNC_FATAL
tsfs_file_append()
<tsfs.h>

Writes the supplied buffer at the end of the given file. If not enough free space is available to store the writ-
ten data, RTNC_FULL is returned and the file is left untouched.

If the last file access was a read access (either tsfs_file_read() or tsfs_file_read_preload()),
the file must first be closed and reopened before a write access can be performed. Otherwise, RTNC_INVALID_
OP is returned.
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Prototype int tsfs_file_append ( tsfs_file_hndl_t file_hndl,

const void * p_src,
size_t size );
Parameters file_hndl File handle.
p_src Source buffer to write from.
size Amount of data to be written in bytes.
Returned RTNC_SUCCESS
Errors RTNC_FULL
RTNC_IO_ERR
RTNC_FATAL

tsfs_file_seek()

<tsfs.h>

Sets the current read/write position of the given file to the specified position. The position is relative either
to the file start, the current position or the file end as specified through the whence parameter (respectively
TSFS_FILE_SEEK_SET, TSFS_FILE_SEEK_CUR and TSFS_FILE_SEEK_END).

Prototype int tsfs_file_seek ( tsfs_file_hndl_t file_hndl,
tsfs_file_pos_offset_t pos,
int whence );
Parameters file_hndl File handle.
pos New position relative to the supplied reference position (the whence
parameter).
whence Reference position to which offset is to be added.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_file_truncate()

<tsfs.h>

Shrinks or extends the file located at the given path. The path must lead to an existing file of the work-
ing state. If the file does not exist, RTNC_NOT_FOUND is returned. If the file is not in the working state or
the given path leads to a directory, RTNC_INVALID_OP is returned. A file may safely be truncated while it
is opened.
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Prototype int tsfs_file_truncate ( const char * p_path,
tsfs_file_size_t size );

Parameters p_path Target file path.
size Size of the file after truncation in bytes.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_IO_ERR
RTNC_FATAL

tsfs_file_move()

<tsfs.h>

Moves a file from its source location to a given destination. Files cannot be moved across file system in-
stances.

Prototype int tsfs_file_move ( const char * p_src_path,
const char * p_dest_path );

Parameters p_src_path Path to the source file.
p_dest_path Path to the destination file.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_IO_ERR
RTNC_FATAL

tsfs_file_exist()

<tsfs.h>

Verifies whether the file located at the given path exist. The function returns true (through the p_exist
parameter) if the file exists and false otherwise (including when the given path leads to a directory).

Prototype int tsfs_file_exist ( const char x*x p_path,
bool * p_exist );
Parameters p_path Path of the file which existence is to be tested.

p_exist Whether the file located at the given path exists.
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tsfs_file_size_get()

<tsfs.h>
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Gets the size of the file located at the given path. If the file does not exist, RTNC_NOT_FOUND is returned. If

the given path leads to a directory, RTNC_INVALID_OP is returned.

Prototype int tsfs_file_size_get ( const char x p_path,
tsfs_file_size_t * p_size );
Parameters p_path Path of the file to get the size of.
p_size Size of the file in bytes.
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_IO_ERR
RTNC_FATAL
tsfs_file_tell()
<tsfs.h>
Gets the current read/write position of the given file.
Prototype int tsfs_file_tell ( tsfs_file_hndl_t file_hndl,
tsfs_file_size_t * p_pos );
Parameters file_hndl Handle to the file to seek into.
p_pos Current file position.
Returned RTNC_SUCCESS
Errors RTNC_FATAL

www.jblopen.com


https://www.jblopen.com

TREEspan File System User Manual TSFS API Reference | 51

tsfs_dir_create()

<tsfs.h>

Creates a directory at the specified location. The given path must lead to a location within the working state.
If a file or directory already exists at this location, RTNC_ALREADY_EXIST is returned and the original file or
directory is left untouched. If the parent directory does not exist, RTNC_NOT_FOUND is returned. If the path is
outside the working state, RTNC_INVALID_OP is returned.

Prototype int tsfs_dir_create ( const char x p_path );

Parameters p_path Path of the directory to be created.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_ALREADY_EXIST
RTNC_IO_ERR
RTNC_FATAL

tsfs_dir_delete()

<tsfs.h>
Deletes the directory located at the given path.

The path must lead to an existing directory of the working state. If the directory does not exist, RTNC_NOT_
FOUND is returned. If the directory is not in the working state or the given path leads to a file, RTNC_INVALID_
OP is returned. Also, if the directory is not empty, RTNC_INVALID_OP is returned.

An opened directory may safely be deleted. In this case, any further read access to this directory will return
RTNC_NOT_FOUND.

Prototype int tsfs_dir_delete ( const char * p_path );

Parameters p_path Path of the directory to be deleted.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_IO_ERR
RTNC_FATAL
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tsfs_dir_open()

<tsfs.h>

Opens the directory located at the given path. If the directory does not exist, RTNC_NOT_FOUND is returned.
If the given path leads to a file, RTNC_INVALID_OP is returned.

Prototype int tsfs_dir_open ( const char * p_path,
tsfs_dir_hndl_t * p_dir_hndl );

Parameters p_path Path to the directory to be opened.
p_dir_hndl Handle to the opened directory instance.

Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_IO_ERR
RTNC_FATAL
) tsfs_dir_close()
<tsfs.h>

Closes the given directory. The handle becomes invalid after the directory is closed.

Prototype int tsfs_dir_close ( tsfs_dir_hndl_t dir_hndl );
Parameters dir_hndl Handle to the directory to be closed.
Returned RTNC_SUCCESS
Errors RTNC_FATAL
B tsfs_dir_read()
<tsfs.h>

Reads the content of the given directory, one directory entry at a time. The name of the current directory
entry is copied in the given name buffer. Calling tsfs_dir_read() after the last directory entry has been
reached will return an empty string ("”).
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Prototype int tsfs_dir_read ( tsfs_dir_hndl_t dir_hndl,
char * p_name,
size_t max_name_sz );
Parameters dir_hndl Handle to the directory to read from.
p_name Buffer to receive the current entry name.

max_name_sz Size of the given name buffer in bytes.

Returned RTNC_SUCCESS

Errors RTNC_IO_ERR
RTNC_OVERFLOW
RTNC_FATAL

tsfs_dir_rewind()

<tsfs.h>

Resets the read position of the given directory.

Prototype int tsfs_dir_rewind ( tsfs_dir_hndl_t dir_hndl );
Parameters dir_hndl Handle to the directory to be closed.

Returned RTNC_SUCCESS

Errors RTNC_FATAL

tsfs_dir_move()

<tsfs.h>

Moves a directory from its source location to a given destination. Directories cannot be moved across file
system instances. Directories that are not empty cannot be moved.

Prototype int tsfs_dir_move ( const char x p_src_path,
const char * p_dest_path );

Parameters p_src_path Path to the source directory.
p_dest_path Path to the destination.

www.jblopen.com


https://www.jblopen.com

TREEspan File System User Manual TSFS API Reference | 54

Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_IO_ERR
RTNC_FATAL
] tsfs_dir_exist()
<tsfs.h>

Verifies whether the directory located at the given path exist. The function returns true (through the p_
exist parameter) if the file exists and false otherwise (including when the given path leads to a file).

Prototype int tsfs_dir_exist ( const char x p_path,
bool * p_eX‘i st ) 5
Parameters p_path Path of the directory which existence is to be tested.

p_exist Whether the directory located at the given path exists.

Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL
) tsfs_size_get()
<tsfs.h>

Gets the size in bytes of the given file system instance. The total size is returned, not the remaining size
available. The returned size also includes space used for internal file system structures (metadata) such that
the net capacity (i.e. the amount of space available to the user for data storage) is always less. How much
less depends mostly on the sector size. A smaller sector size corresponds to a higher metadatda overhead
and thus, a lower net capacity. This function does not perform 1/O operations.

Prototype int tsfs_size_get ( const char * p_fs_name,
uinte4_t * p_size );

Parameters p_fs_name Name of the file system instance (or any path on that file system).
p_size File system capacity in bytes.
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_FATAL

www.jblopen.com


https://www.jblopen.com

TREEspan File System User Manual TSFS API Reference | 55

tsfs_capacity_get()

<tsfs.h>

Gets the net capacity in bytes of the given file system instance. The returned size also does not include
space used for internal file system structures (metadata). This function does not perform 1/O operations.

Prototype int tsfs_capacity_get ( const char x p_fs_name,
uint64_t * p_capacity );

Parameters p_fs_name Name of the file system instance (or any path on that file system).
p_capacity File system capacity in bytes.

Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_FATAL
) tsfs_used_size_get()
<tsfs.h>

Returns the amount of data stored in the file system. The returned value is an estimation of the actual amount
of data. The estimation is always equal to or higher than the actual value, but by no more than 10% of the
total file system size.

Querying the used size shortly after (that is, with few intermediate file write accesses) a file deletion, file
truncation or a commit covering large amounts of new data, can generate a significant amount of read ac-
cesses. Otherwise, this function does not generate |/O accesses.

Prototype int tsfs_used_size_get ( const char * p_fs_name,
uint64_t * p_size );

Parameters p_fs_name Name of the file system instance.
p_size Used size in bytes.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_INVALID_OP
RTNC_IO_ERR
RTNC_CORRUPT
RTNC_FATAL
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tsfs_file_size_t

<tsfs.h>

TSFS file size. Represents file sizes and positions.

tsfs_file_pos_offset_t

<tsfs.h>

TSFS file position offset. Represents file position offsets, which can be either negative or positive. See tsfs_
file_seek().

tsfs_file_hndl_t

<tsfs.h>

TSFS file handle. A file handle is obtained through tsfs_file_open(). The file handle internally points to
a file descriptor containing the current read/write position.

Many file handles can be obtained for the same file, each handle pointing to a different file descriptor and
thus a different and independent file position.

tsfs_dir_hndl_t

<tsfs.h>

TSFS directory handle. A directory handle is obtained through tsfs_dir_open(). The directory handle
internally points to a directory descriptor containing the current entry index within the directory being read.

Many directory handles can be obtained for the same directory, each handle pointing to a different directory
descriptor and thus a different and independent entry index.

tsfs_params_t

<tsfs.h>

TSFS format parameters. Parameters of the file system layout given to tsfs_format (). These parameters
cannot be modified later on without reformatting.

The sector size determines the size of the smallest possible blind write, that is, a write that can be performed
without a read-modify-write operation. A blind write will occur when the write position is sector-aligned
and the write size is an integer multiple of the sector size.
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The sector size should be carefully selected to optimize performance and resource and usage. A larger than
needed sector size will likely yield low write performances due to repeated read-modify-write operations.
On the other hand, a smaller than needed sector size will increase write overhead and RAM usage.

The number of update extents specifies how many new extents can be accumulated without re-writing on-
disk mapping structures. Start with 32 and increase to improve performances at the expense of a higher
RAM usage.

Members

sector_size uint32_t Sector size in bytes.
update_extent_count uint32_t Number of update extents.

tsfs_opts_t

<tsfs.h>

TSFS mount options. The collect_to_update_ratiio field determines the minimum amount of data
must be copied as part of garbage collection for every sector written. A larger value tends to favor through-
put over latency.

Members
collect_to_update_ratio uintlé_t Collect to update ratio.
mode tsfs_mount_mode_t Mounting mode.
tsfs_cfg_t
<tsfs.h>

File system configuration structure. Maximum supported values determine how much resources are allo-
cated by tsfs_create() and made available to subsequently mounted file systems. An attempt to mount
a file system requiring more resources than allocated upon creation will fail with RTNC_NO_RESOURCE. If a
single known file system will be mounted, the maximum supported values should match the requirements of
that particular file system in order to minimize RAM usage.

Members

max_Tfs_size uinte4_t Maximum supported file system size. If only one file
system is mounted through the created instance,
set to the underlying media or partition size.
Otherwise set to the largest value among all media.
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min_sec_size

max_update_extent_count

max_opened_file_count

max_cached_file_count

lookup_cache_size

write_buffer_size

read_buffer_size

aux_buffer_size

buffer_alignment
p_write_buffer

p_read_buffer

p_aux_buffer

uint32_t

size_t

size_t

size_t

size_t

size_t

size_t

size_t

size_t

void *

void x*

void *
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Minimum supported sector size. If only one file
system is mounted through the created instance,
setasin tsfs_params_t. Otherwise set to the
smallest value among all file systems.

Maximum number of non-consolidated extents
(between 32 and 256). A higher number improves
random write performances at the expense of a
higher RAM usage. If only one file system is
mounted through the created instance, set as in
tsfs_params_t. Otherwise, set to the largest
value of among all instances.

Maximum number of opened files and/or
directories. Calls to tsfs_file_open() or
tsfs_dir_open() past the maximum will fail
with RTNC_NO_RESOURCE.

Number of file cache entries. This cache speeds up
file lookups. It should match the largest active
file/directory set to maximize lookup performances.
Anything between 5 and 10 would be a reasonable
starting point.

Size of the lookup cache. A larger cache improves
random read performances at the expense of a
higher RAM usage.

Write buffer size in bytes. On raw flash a good
starting point is the page size. On SD card or
eMMC, the larger the buffer, the better the write
performances.

Read buffer size in bytes. On raw flash a good
starting point is the page size. On SD card or
eMMC, the larger the buffer, the better the read
performances.

Auxiliary buffer size in bytes. On raw flash a good
starting point is the page size. On SD card or
eMMC, the larger the buffer, the better the
performances.

Required buffer alignment.

User-provided write buffer (optional, set to NULL to
leave allocation to TSFS).

User-provided read buffer (optional, set to NULL to
leave allocation to TSFS).

User-provided auxiliary buffer (optional, set to
NULL to leave allocation to TSFS).
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tsfs_mount_mode_t

<tsfs.h>

TSFS API Reference

TSFS mounting mode. In read-only mode, no write access to the underlying media is allowed.

Values

TSFS_MOUNT_MODE_READ_ONLY Mounts the file system in read-only mode.
TSFS_MOUNT_MODE_READ_WRITE Mounts the file system for read and write accesses.

TSFS_MOUNT_MODE_INVALID Invalid mounting mode.

TSFS_VERSION_x*

<tsfs.h>
TSFS version.

TSFS_VERSION_SUPER Super version number.
TSFS_VERSION_MAJOR Major version number.
TSFS_VERSION_MINOR Minor version number.

TSFS_FILE_SEEK_x*

<tsfs.h>

File seek flags. Indicate where the file offset should be applied from.

TSFS_FILE_SEEK_SET Position relative to the beginning of the file.

TSFS_FILE_SEEK_CUR Position relative to the current position.
TSFS_FILE_SEEK_END Position relative to the end of the file.

TSFS_FILE_HANDLE_NULL

<tsfs.h>

Null file handle.
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TSFS_DIR_HANDLE_NULL

<tsfs.h>

Null directory handle.

TSFS_FILE_HANDLE_IS_NULL()

<tsfs.h>

Checks whether the given file handle is null.

TSFS_DIR_HANDLE_IS_NULL()

<tsfs.h>

Checks whether the given file handle is null.

RTNC_x*

<common/tsfs_rtnc.h>
Return codes.

RTNC_SUCCESS
RTNC_FATAL
RTNC_NO_RESOURCE
RTNC_IO_ERR
RTNC_TIMEOUT
RTNC_NOT_SUPPORTED
RTNC_NOT_FOUND
RTNC_ALREADY_EXIST
RTNC_INVALID_OP
RTNC_INVALID_FMT
RTNC_INVALID_PATH
RTNC_CORRUPT
RTNC_FULL
RTNC_OVERFLOW
RTNC_FATIL
RTNC_ECC_CRITICAL
RTNC_PROG_ERR

RTNC_TOO_MANY_BAD_BLKS

RTNC_BUSY

Function completed successfully.

Fatal error occurred.

Resource allocation failure.

Transfer or peripheral operation failed.
Function timed out.

API, feature or configuration is not supported.
Requested object not found.

Object already created or allocated.
Invalid operation.

Invalid format.

Invalid path.

Data corrupted.

Container full.

Overflow

Operation failed.

Critical ECC error correction.
Programming/Erasing error.

Too many bad blocks.

Resource Busy.
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6 | Media API Reference

The media interface provides access to physical storage devices and data storage abstraction layers such as
the media partition module or the flash management layer (FML). The TSFS core module requires at least
one implementation of the media interface. The following implementations are included with the TSFS dis-
tribution:

e NAND Flash Bad Block Management (NAND BBM)
e Flash Management Layer (FML)
RAMDisk

Media Partition

Media Lock

tsfs_media_handle_get()

<media/tsfs_media.h>

Gets a media handle from the corresponding media name.

Prototype int tsfs_media_handle_get

( const char * p_media_name,
tsfs_media_hndl_t * p_media_hndl );

Parameters p_media_name Media name.
p_media_hndl Media handle corresponding to the given media name.

Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_FATAL
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tsfs_media_read()

<media/tsfs_media.h>

Reads data from the given media. The requested size must be a multiple of the underlying read block size
as specified in the tsfs_media_prop_t structure which can be obtained through tsfs_media_prop_
get().

It is unspecified how much data, if any, was actually read from a failed transfer when RTNC_FATAL or RTNC_
I0_ERR is returned.

Prototype int tsfs_media_read ( tsfs_media_hndl_t media_hndl,
uint64_t addr,
void * p_data,
size_t size );

Parameters media_hndl Media handle.

addr Source address.
p_data Pointer to the buffer that will receive the data.
size Size of data to read in bytes.

Returned RTNC_SUCCESS

Errors RTNC_TIMEOUT

RTNC_TIO_ERR
RTNC_FATAL
) tsfs_media_write()

<media/tsfs_media.h>

Writes data to the given media. The requested size must be a multiple of the underlying write block size
as specified in the tsfs_media_prop_t structure which can be obtained through tsfs_media_prop_
get().

It is unspecified how much data, if any, was actually written from a failed transfer when RTNC_FATAL or
RTNC_IO_ERR is returned.

Prototype int tsfs_media_write ( tsfs_media_hndl_t media_hndl,
uinte4_t addr,
const void * p_data,
size_t size );

www.jblopen.com


https://www.jblopen.com

TREEspan File System User Manual Media API Reference | 63

Parameters media_hndl Media handle.
addr Destination address.
p_data Pointer to the data to be written.
size Size of data to write in bytes.

Returned RTNC_SUCCESS

Errors RTNC_TIMEOUT
RTNC_IO_ERR
RTNC_FATAL

) tsfs_media_erase()

<media/tsfs_media.h>

Erases a portion of the given media. The requested size must be a multiple of the underlying erase block size
as specified in the tsfs_media_prop_t structure which can be obtained through tsfs_media_prop_

get().
It is unspecified how many blocks, if any, were actually erased when the erase fails with RTNC_FATAL or
RTNC_IO_ERR.
Prototype int tsfs_media_erase ( tsfs_media_hndl_t media_hndl,
uint64_t addr,
uinte4_t len,
bool obliterate,
void * p_buf );
Parameters media_hndl Media handle.
addr Media start address to erase.
len Length of the area to erase.
obliterate Whether to invalidate the erased memory region. Makes no difference
on raw flash as data is always invalidated (set to ones).
p_buf Optional buffer to speed up overwriting on SD/MMC when
obliterateis set.
Returned RTNC_SUCCESS
Errors RTNC_TIMEOUT
RTNC_IO_ERR
RTNC_FATAL
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tsfs_media_move ()

<media/tsfs_media.h>

Copies data on the given media from a the specified source address to the specified destination address.
The requested size must be a multiple of the underlying read or write block size, whichever is the largest.
The read and write block sizes can be obtained through tsfs_media_prop_get().

It is unspecified how much data, if any, was actually copied from a failed move operation when RTNC_FATAL
or RTNC_IO_ERR is returned.

Prototype int tsfs_media_move ( tsfs_media_hndl_t media_hndl,
uinte4_t src_addr,
uinte4_t dest_addr,
uint64_t len );

Parameters media_hndl Media handle.

src_addr Source address.
dest_addr Destination address.
len Length of data to be moved in bytes.
Returned RTNC_SUCCESS
Errors RTNC_TIMEOUT
RTNC_IO_ERR
RTNC_FATAL

tsfs_media_trim()

<media/tsfs_media.h>

Trims a portion of the given media. The requested size must be a multiple of the underlying erase block size
as specified in the tsfs_media_prop_t structure which can be obtained through tsfs_media_prop_
get().

It is unspecified how much data, if any, was actually trimmed from a failed trim operation when RTNC_FATAL
or RTNC_IO_ERR is returned.

Prototype int tsfs_media_trim ( tsfs_media_hndl_t media_hndl,
uinte4_t addr,
uinte4_t len );

Parameters media_hndl Media handle.

addr Media start address to erase.
len Length of the area to erase.
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Returned RTNC_SUCCESS

Errors RTNC_TIMEOUT
RTNC_IO_ERR
RTNC_FATAL

] tsfs_media_sync()

<media/tsfs_media.h>

Ensures that all data previously written through tsfs_media_write() or tsfs_media_move () is stored
on the physical storage device. This includes flushing any software caches and buffers as well as internal
storage device buffers.

Prototype int tsfs_media_sync ( tsfs_media_hndl_t media_hndl );
Parameters media_hndl Media handle.
Returned RTNC_SUCCESS
Errors RTNC_TIMEOUT
RTNC_IO_ERR
RTNC_FATAL
) tsfs_media_proc_amount_get()

<media/tsfs_media.h>

Gets the amount of additional IO performed on average by the media instance per written block. This can
be used by the caller to schedule background processing such as to avoid untimely latency spikes.

Raw flash devices or RAM-like devices have no background processing so 0 should be returned in those
cases. The amount of 1O is given in IO time units, the same as tsfs_media_proc().

Prototype int tsfs_media_proc_amount_get

( tsfs_media_hndl_t media_hnd1l,
tsfs_media_iotu_t * p_iotu );

Parameters media_hndl Handle of the media module instance to query.

p_iotu Amount of 10 performed (in 10 time units) per written block.
Returned RTNC_SUCCESS
Errors RTNC_FATAL
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tsfs_media_proc()

<media/tsfs_media.h>

Forces the requested amount of background IO operations to be performed by the media implementation.
The actual amount of background operations performed (returned through p_actual_iotu) can deviate
from the target amount. See also tsfs_media_proc_amount_get().

Prototype int tsfs_media_proc ( tsfs_media_hndl_t media_hnd1l,
tsfs_media_dotu_t target_dotu,
tsfs_media_iotu_t * p_actual_iotu );

Parameters media_hndl Handle of the media module instance to query.
target_djotu Requested amount of background 10 to be performed (in IO time
units).

p_actual_iotu Actual amount 1O operations performed.

Returned RTNC_SUCCESS
Errors RTNC_FATAL
) tsfs_media_prop_get()

<media/tsfs_media.h>

Returns the media properties. The properties, including the media size as well as the read, write and erase
block sizes are returned through the p_prop argument.

Prototype int tsfs_media_prop_get ( tsfs_media_hndl_t media_hnd1l,
tsfs_media_prop_t *x p_prop );

Parameters media_hndl Handle of the media module instance to query.
p_prop Pointer to the returned properties.
Returned RTNC_SUCCESS
Errors RTNC_FATAL
) tsfs_media_type_get()

<media/tsfs_media.h>

Gets the media type. See tsfs_media_type_t.
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Prototype int tsfs_media_type_get ( tsfs_media_hndl_t media_hnd1l,
tsfs_media_type_t * p_type );

Parameters media_hndl Media handle.
p_type Media type.

Returned RTNC_SUCCESS

Errors RTNC_FATAL

tsfs_media_name_get()

<media/tsfs_media.h>

Gets the media name from a media handle. A pointer to the internally allocated name is returned. Using a
name pointer after the corresponding media was unregistered results in unspecified behavior.

Prototype int tsfs_media_name_get ( tsfs_media_hndl_t media_hndl,
const char x*x pp_name );
Parameters media_hndl Media handle.
pp_name Pointer to the media name.
Returned RTNC_SUCCESS
Errors RTNC_FATAL

tsfs_media_io_time_weights_get()

<media/tsfs_media.h>

Gets the media 10 time weights. See tsfs_media_io_time_weights_t. A pointer to the internally allo-
cated weights structure is returned. Using a weights pointer after the corresponding media was unregistered
results in unspecified behavior.

Custom IO time weights can be set through tsfs_media_io_time_weights_set(). Otherwise, default
weights are returned based on the media type.

Prototype int tsfs_media_io_time_weights_get

( tsfs_media_hndl_t media_hndl,
pp_weights );

Parameters media_hndl Media handle.
pp_weights 10 time weights.
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Returned RTNC_SUCCESS
Errors RTNC_FATAL
B tsfs_media_align_req_get()

<media/tsfs_media.h>

Returns the alignment requirement for the underlying device controller. It is the caller’s responsibility to ob-
serve this requirement upon invoking tsfs_media_write() or tsfs_media_read().

Prototype int tsfs_media_align_req_get ( tsfs_media_hndl_t media_hndl,
size_t * p_align );
Parameters media_hndl Handle of the media module instance to query.
p_align Alignment requirement.
Returned RTNC_SUCCESS
Errors RTNC_FATAL
) tsfs_media_diotu_t

<media/tsfs_media.h>

10 time units. See tsfs_media_proc_amount_get() and tsfs_media_proc().

] tsfs_media_prop_t

<media/tsfs_media.h>

Media properties.

Members
size uint64_t Size.
erase_block_size_log2 uint8_t Erase block size.

write_block_size_log2 uint8_t Write block size.
read_block_size_log?2 uint8_t Read block size.
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<media/tsfs_media.h>
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Media 1O time weights. Describes the relative time difference between read, write and erase accesses in the
form or a ratio where the fastest operation has a weight of 1.

Members

write uint32_t Write weight.
read uint32_t Read weight.
erase uint32_t Erase weight.

tsfs_media_hndl_t

<media/tsfs_media.h>

Media handle.

tsfs_media_type_t

<media/tsfs_media.h>

Media type.

Values

TSFS_MEDIA_TYPE_SDMMC
TSFS_MEDIA_TYPE_NOR
TSFS_MEDIA_TYPE_NAND
TSFS_MEDIA_TYPE_PARTITION
TSFS_MEDIA_TYPE_FML
TSFS_MEDIA_TYPE_RAM
TSFS_MEDIA_TYPE_LOCK
TSFS_MEDIA_TYPE_STATS
TSFS_MEDIA_TYPE_GEN

SD Card or eMMC.
NOR flash.

NAND flash.
Partition.

Flash Management Layer.

RAM.

Media mutex.
Media stats.
Generic.
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TSFS_MEDIA_IOTU_INF

<media/tsfs_media.h>

Infinite 1O time units value. Can be passed to tsfs_media_proc() as the target amount of background
processing to be done, in which a maximum amount of background processing will be performed.

TSFS_MEDIA_NULL_HANDLE

<media/tsfs_media.h>

Null media handle.

TSFS_MEDIA_HANDLE_IS_NULL()

<media/tsfs_media.h>

Tests whether a media handle is null.

FML

The Flash Management Layer (FML) implements wear leveling for raw NOR and NAND flash devices. The
FML is not a flash translation layer (FTL) and does not provide a block device abstraction as an FTL would.
TSFS can run on top of a raw flash device without the FML. This is not recommended, however, as uneven
write patterns can prematurely wear blocks down.

tsfs_fml_create()

<media/fml/tsfs_fml.h>

Creates a new FML instance. Allocates all the needed memory such that no memory is allocated at runtime.
This function does not perform I/O operations.

Prototype int tsfs_fml_create ( const char * p_fml_name,
tsfs_mem_seg_t =* p_mem_seg,
const tsfs_fml_cfg_t x p_cfg );

Parameters p_fml_name Name of the FML instance.
p_mem_seg Memory segment.
p_cfg FML configuration structure.
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Returned RTNC_SUCCESS
Errors RTNC_FATAL
. tsfs_fml_destroy()

<media/fml/tsfs_fml.h>

Frees all memory allocated to this FML instance. This function does not perform 1/O operations.

Prototype int tsfs_fml_destroy ( const char * p_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_name FML instance name to be destroyed.
p_mem_seg Memory segment.

Returned RTNC_SUCCESS
Errors RTNC_FATAL
' tsfs_fml_format()

<media/fml/tsfs_fml.h>

Installs all on-disk structures needed to support wear-leveling, bad block management and other related
flash management tasks. On NAND flash, bad block marks are collected and the initial FML bad block table

is created.
Prototype int tsfs_fml_format
( const char * p_media_name,
tsfs_mem_seg_t * p_mem_seg,
const tsfs_fml_params_t * p_params );
Parameters p_media_name Name of the media to be formatted.
p_mem_seg Memory segment.
p_params Format parameters.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL
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tsfs_fml_mount()

<media/fml/tsfs_fml.h>

Finds and loads in-RAM data structures from on-disk structures.

Prototype int tsfs_fml_mount ( const char x p_fml_name,
const char * p_media_name );

Parameters p_fml_name FML name.
p_media_name Media name.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL
' tsfs_fml_unmount()

<media/fml/tsfs_fml.h>

Resets in-RAM data structures. This function does not perform 1/O operations.

Prototype int tsfs_fml_unmount ( const char x p_fml_name );
Parameters p_fml_name FML name.
Returned RTNC_SUCCESS
Errors RTNC_FATAL
. tsfs_fml_prop_get()

<media/fml/tsfs_fml.h>

Gets FML properties. See tsfs_fml_prop_t.

Prototype int tsfs_fml_prop_get ( const char x* p_fml_name,
tsfs_fml_prop_t * p_prop );

Parameters p_fml_name FML name.
p_prop FML properties.

Returned RTNC_SUCCESS

Errors RTNC_FATAL
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tsfs_fml_cfg_t

<media/fml/tsfs_fml.h>

FML configuration. This configuration structure must be given to tsfs_create () and determines the
amount of memory allocated for the created FML instance.

Members
max_flash_page_size uint32_t Maximum flash page size. Determines the size of the

internal access buffer. Typically set to the underlying
flash page size.

max_block_count uint32_t Maximum block count. Typically 256 x N where N is the
number of file systems (partitions) on top of the created
FML instance.

. tsfs_fml_params_t

<media/fml/tsfs_fml.h>

FML format parameters. Format parameters must be given to tsfs_fml_format ().

Members

block_count uint32_t Typically 256 x N where N is the number of file systems (partitions)
on top of the created FML instance.

. tsfs_fml_prop_t

<media/fml/tsfs_fml.h>

FML properties. Properties can be retrieved through tsfs_fml_prop_get().

Members
phy_block_count uint32_t Number of physical blocks. This is the number of logical
blocks plus the number of blocks reserved for internal
operations.
log_block_count uint32_t Number of logical blocks. This is the number of blocks

exposed to the upper layer.

super_block_count uint32_t Number of blocks used for storing the FML entry point.
Those blocks are not include in the wear leveling block
rotation. However, the number of super blocks is such that
super blocks are guaranteed to be erased at most as often
(or less often) than wear-leveled data blocks.
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Media Lock

The media lock module provides access synchronization to an underlying media abstraction (device driver,
flash management layer (FML), media partition, etc). It both expects and provides a media interface, such
that it can be inserted wherever a media abstraction is expected. This is shown in Figure 15.

tsfs_media_x* »:' | Media Lock |

| Device Driver |

Figure 15 - A media lock both expects and provides a media interface.

tsfs_media_lock_create()

<media/lock/tsfs_media_lock.h>

Creates a media lock instance. Memory is allocated for the internal mutex object. No additional memory is
needed. The required amount of memory depends on the kernel (and kernel port) used.

Prototype int tsfs_media_lock_create ( const char x* p_lock_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_lock_name Name of media lock.
p_mem_seg Memory segment.
Returned RTNC_SUCCESS
Errors RTNC_NO_RESOURCE
RTNC_FATAL

tsfs_media_lock_destroy()

<media/lock/tsfs_media_lock.h>

Destroys a media lock instance. Frees all the memory allocated by tsfs_media_lock_create().

Prototype int tsfs_media_lock_destroy ( const char x* p_lock_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_lock_name Name of the media lock.
p_mem_seg Memory segment.
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Returned RTNC_SUCCESS
Errors RTNC_FATAL
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Media Partition

The media partition module provides partitioning of the underlying media abstraction (device driver, flash
management layer (FML), media lock, etc) in multiple logical media. It both expects and provides a media
interface, such that it can be inserted wherever a media abstraction is expected. This is shown in Figure 16.

tsfs_media_* | Partition | | Partition |

| Device Driver |

Figure 16 - Media partition

' tsfs_media_partition_create()

<media/partition/tsfs_media_partition.h>

Creates a partition instance.

Prototype int tsfs_media_partition_create
( const char x* p_partition_name,
const char * p_media_name,
tsfs_mem_seg_t * p_mem_seg,

const tsfs_media_partition_cfg_t x p_cfg );

Parameters p_partition_name Name of the partition.
p_media_name Name of the underlying media.
p_mem_seg Memory segment.
p_cfg Configuration.

Returned RTNC_SUCCESS

Errors RTNC_NO_RESOURCE

RTNC_FATAL
. tsfs_media_partition_destroy()

<media/partition/tsfs_media_partition.h>

Frees all the memory tied to the given partition instance.

www.jblopen.com


https://www.jblopen.com

TREEspan File System User Manual Media API Reference

Prototype int tsfs_media_partition_destroy

( const char x p_partition_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_partition_name Name of the partition.
p_mem_seg Memory segment.
Returned RTNC_SUCCESS
Errors RTNC_FATAL
. tsfs_media_partition_cfg_t

<media/partition/tsfs_media_partition.h>

Partition configuration structure.

Members

offset uinté4_t Offset from the beginning of the media in bytes.
size uinte4_t Size of the partition in bytes.

B TSFS_MEDIA_PARTITION_SIZE_AUTO

<media/partition/tsfs_media_partition.h>

Automatic partition size. When TSFS_PARTITION_SIZE_AUTO is given to tsfs_partition_setup()
the entire underlying media is used for the created partition instance.
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NAND Bad Block Management

TSFS NAND flash drivers provide access to raw NAND devices through a dedicated tsfs_nand_x inter-
face. Unlike the more generic tsfs_media_x* interface, the tsfs_nand_x interface provides access to the
spare area in each NAND page.

An additional error and bad block management module (tsfs_nand_bbm_x) can be added on top of a

NAND device driver in order to provide a tsfs_media_x interface. A device-specific interface is also pro-
vided for memory allocation, configuration and control. A minimal interface is documented here.

tsfs_nand_bbm_format()

<nand/bbm/tsfs_nand_bbm.h>

Formats the specified NAND device with bad block management data structures.

Prototype int tsfs_nand_bbm_format ( const char x p_nand_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_nand_name Name of the NAND device to format.
p_mem_seg Memory segment.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_NO_RESOURCE
RTNC_IO_ERR
RTNC_FATAL

tsfs_nand_bbm_create()

<nand/bbm/tsfs_nand_bbm.h>

Creates a NAND error and bad block management module instance.

Prototype int tsfs_nand_bbm_create ( const char x p_bbm_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_bbm_name Name of the created bad block management instance.
p_mem_seg Memory segment.
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Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_NO_RESOURCE
RTNC_ALREADY_EXIST
RTNC_FATAL

. tsfs_nand_bbm_destroy()

<nand/bbm/tsfs_nand_bbm.h>

Destroys a NAND bad block management media abstraction.

Prototype int tsfs_nand_bbm_destroy ( const char x* p_bbm_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_bbm_name Name of the bad block management instance.
p_mem_seg Memory segment.
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_FATAL
. tsfs_nand_bbm_mount()

<nand/bbm/tsfs_nand_bbm.h>

Mounts the given NAND bad block management module.

Prototype int tsfs_nand_bbm_mount ( const char * p_bbm_name,
const char * p_nand_name );

Parameters p_bbm_name Name of the bad block management instance.
p_nand_name Name of the NAND device driver instance.

Returned RTNC_SUCCESS

Errors RTNC_NOT_FOUND
RTNC_IO_ERR
RTNC_FATAL
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tsfs_nand_bbm_unmount ()

<nand/bbm/tsfs_nand_bbm.h>

Unmounts the given NAND bad block management module.

Prototype int tsfs_nand_bbm_unmount ( )
Parameters
Returned RTNC_SUCCESS
Errors RTNC_NOT_FOUND
RTNC_IO_ERR
RTNC_FATAL
RAM Disk

The RAM disk module is a straightforward RAM disk implementation for TSFS. For this RAM disk implemen-
tation, erasing does nothing unless tsfs_media_erase() is called with the obliterate argument set, in
which case ones are written.

. tsfs_ramdisk_create()

<media/ramdisk/tsfs_ramdisk.h>

Creates a RAM disk instance. The size and geometry of the RAM disk are specified through the configura-
tion structure. Memory is allocated on the user-provided memory segment. The requested size is rounded
down to the nearest integer multiple of the erase block size, such that the RAM disk can be smaller (but no
larger) than the requested size.

Prototype int tsfs_ramdisk_create
( const char x p_name,
tsfs_mem_seg_t * p_mem_seg,

const tsfs_ramdisk_cfg_t x p_cfg );

Parameters p_name RAM disk name.
p_mem_seg Memory segment.
p_cfg RAM disk configuration.

Returned RTNC_SUCCESS

Errors RTNC_NO_RESOURCE

RTNC_FATAL
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tsfs_ramdisk_destroy()

<media/ramdisk/tsfs_ramdisk.h>

Destroys a RAM disk instance.

Prototype int tsfs_ramdisk_destroy ( const char * p_name,
tsfs_mem_seg_t * p_mem_seg );

Parameters p_name RAM disk name.
p_mem_seg Memory segment.

Returned RTNC_SUCCESS
Errors RTNC_FATAL

tsfs_ramdisk_cfg_t

<media/ramdisk/tsfs_ramdisk.h>

RAM disk configuration structure. The size of the smallest read/write/erase access is determined by the cor-
responding block size. The size of the smallest move access is the maximum between read_block_size
andwrite_block_s1ize.

Members
size size_t RAM disk size.
read_block_size size_t Read block size.

write_block_size size_t Write block size.
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The NAND interface provides access to raw NAND devices, inluding the spare area located at the end of
each page. Unlike the more generic tsfs_media_x interface, the tsfs_nand_x interface provides access
to the spare area located at the end of each page.

An additional error and bad block management module (tsfs_nand_bbm_x) can be added on top of a
NAND device driver in order to provide a tsfs_media_x* interface. A device-specific interface is also pro-
vided for memory allocation, configuration and control. A minimal interface is documented here.

tsfs_nand_handle_get()
<nand/tsfs_nand.h>
Gets a NAND device driver handle.

Prototype int tsfs_nand_handle_get ( const char * p_nand_name,
tsfs_nand_hndl_t * p_nand_hndl );

Parameters p_nand_name Name of the NAND device driver instance.
p_nand_hndl NAND driver instance handle.

Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_nand_read()

<nand/tsfs_nand.h>

Reads from the specified NAND device.

Prototype int tsfs_nand_read ( tsfs_nand_hndl_t nand_hnd1l,
uinte4_t addr,
void * p_dest,
size_t size );
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Parameters nand_hndl NAND handle.

addr Address to start reading from.
p_dest Buffer to read into.
size Access size in bytes.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_nand_write()

<nand/tsfs_nand.h>

Writes to the specified NAND device.

Prototype int tsfs_nand_write ( tsfs_nand_hndl_t nand_hnd1l,
uinte4_t addr,
const void * p_src,
size_t size );

Parameters nand_hndl NAND handle.

addr Address to start writing from.
p_src Data to be written.
size Access size in bytes.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_nand_move()

<nand/tsfs_nand.h>

Copies NAND pages. In some cases, the move operation is faster than successive read and write accesses as
the page content is never tranferred to the host and is instead copied using the internal NAND buffer.

Prototype int tsfs_nand_move ( tsfs_nand_hndl_t nand_hnd1l,
uint32_t src_page_no,
uint32_t dest_page_no,
uint32_t page_count );
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Parameters nand_hndl NAND handle.
src_page_no First source page number.
dest_page_no First destination page number.
page_count Number of page to be copied.

Returned RTNC_SUCCESS

Errors RTNC_IO_ERR

RTNC_FATAL
B tsfs_nand_erase()

<nand/tsfs_nand.h>

Erases a NAND block.

Prototype int tsfs_nand_erase ( tsfs_nand_hndl_t nand_hnd1l,
uint32_t block_no );

Parameters nand_hnd1l NAND handle.

block_no Block to be erased.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL
) tsfs_nand_program_start()

<nand/tsfs_nand.h>

Starts a NAND programming sequence. This function must be called before data can be transferred to the
device using tsfs_nand_input().

Prototype int tsfs_nand_program_start ( tsfs_nand_hndl_t nand_hndl,
uint32_t page_no );

Parameters nand_hndl NAND handle.

page_no Page to be programmed.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL
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tsfs_nand_input()

<nand/tsfs_nand.h>

Transfers data from the host to the NAND device. tsfs_nand_program_start() must be called before-
hand.

Prototype int tsfs_nand_input ( tsfs_nand_hndl_t nand_hndl,
uint32_t page_no,
uint32_t offset,
size_t size );

Parameters nand_hndl NAND handle.

page_no Page to be programmed
offset Offset in the page to start writing from.
size Transfer size.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_nand_program_end()

<nand/tsfs_nand.h>

Ends a NAND programming sequence. This function is called after data was transferred to the device using
tsfs_nand_input().

Prototype int tsfs_nand_program_end ( tsfs_nand_hndl_t nand_hndl,
uint32_t page_no );

Parameters nand_hndl NAND handle.

page_no Page to be programmed.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL
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tsfs_nand_load()

<nand/tsfs_nand.h>

Loads a NAND page. This function must be called prior to transferring data from the device using tsfs_
nand_output().

Prototype int tsfs_nand_load ( tsfs_nand_hndl_t nand_hnd1l,
uint32_t page_no );

Parameters nand_hndl NAND handle.

page_no Page to be programmed.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL
) tsfs_nand_output()

<nand/tsfs_nand.h>

Transfers data from the host to the NAND device. tsfs_nand_program_start () must be called before-

hand.

Prototype int tsfs_nand_output ( tsfs_nand_hndl_t nand_hndl,
uint32_t page_no,
uint32_t offset,
size_t size );

Parameters nand_hnd1l NAND handle.

page_no Page to be programmed
offset Offset in the page to start writing from.
size Transfer size.

Returned RTNC_SUCCESS

Errors RTNC_IO_ERR

RTNC_FATAL
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tsfs_nand_is_block_bad()

<nand/tsfs_nand.h>

Reports whether a specified block is bad out of the factory. This function reads the bad block mark pro-
grammed by the manufacturer. If the block is erased (even the erase fails) the bad block mark can be deleted
in which case this function will not report the block as bad.

Prototype int tsfs_nand_is_block_bad ( tsfs_nand_hnd1l_t nand_hndl,
uint32_t block_no,
bool = p_is_bad );

Parameters nand_hnd1l NAND handle.
block_no Number of the block to be tested.
p_is_bad Whether the block is bad.

Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_nand_prop_get()

<nand/tsfs_nand.h>

Gets NAND properties.

Prototype int tsfs_nand_prop_get ( tsfs_nand_hndl_t nand_hnd1l,
tsfs_nand_prop_t * p_prop );

Parameters nand_hndl NAND handle.

p_prop NAND properties.
Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL

tsfs_nand_align_req_get()

<nand/tsfs_nand.h>

Gets the NAND device driver alignment requirement.
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Prototype int tsfs_nand_align_req_get
( tsfs_nand_hndl_t nand_hnd1l,
size_t * p_align_req );
Parameters nand_hndl NAND handle.

p_align_req Alignment in bytes.

Returned RTNC_SUCCESS
Errors RTNC_IO_ERR
RTNC_FATAL
) tsfs_nand_prop_t

<nand/tsfs_nand.h>

Members
size uinte4_t Size.
max_bad_block_cnt uint32_t Maximum number of bad blocks
page_cnt_per_blk_log2 uint8_t Number of pages per block (base-2 logarithm)
page_size_log2 uint8_t Page size (base-2 logarithm).
spare_area_size uint32_t Size of the spare area.
spare_area_capactiy uint32_t Net size of the spare area after removing reserved
space.
) tsfs_nand_hndl_t

<nand/tsfs_nand.h>

) TSFS_NAND_MANUF_ID_ANY

<nand/tsfs_nand.h>

www.jblopen.com


https://www.jblopen.com

TREEspan File System User Manual

TSFS_NAND_DEV_ID_ANY

<nand/tsfs_nand.h>

TSFS_NAND_NULL_HANDLE

<nand/tsfs_nand.h>

Null NAND handle.

TSFS_NAND_HANDLE_IS_NULL()

<nand/tsfs_nand.h>

Tests whether a media handle is null.
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8 | Document Revision History

The revision history of the TSFS user manual and reference manuals can be found within the TSFS source
package.
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