

    

        emmap

        v2.1.4



    


  

    Table of contents

    
      



      	Overview


      	License





        	
          Modules
          


      	emmap


      	emmap_queue





        



      

    

  

    Overview
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emmap is an erlang library implements an ability to use memory map files in the memory of the
Erlang virtual machine.  It offers three sets of functions to implement:
	Generic read/write access to memory mapped files.
	Persistent atomic integer counters supporting basic arithmetic and logical operators.
This feature is an enhancement of the
Erlang's atomic counters, by adding more
atomic operations (e.g. xchg, cas, and, or, and xor) for the counters, as well as
adding counter persistence.
	Persistent FIFO queue.
	Persistent storage for fixed-size data blocks.

Authors
	Kresten Krab Thorup
	Serge Aleynikov

Supported Platforms
Linux, MacOS
NOTE: On MacOS emmap:resize/2 is not supported, it will return {error, fixed_size}.
Basic Usage
The basic usage is
{ok, Mem, _Info} = emmap:open("filename", [read, shared, direct]),
{ok, Binary}     = file:pread(Mem, 100, 40),
...
ok = file:close(Mem).
The open options is a list containing zero or more options.
From this point, Mem can be used either with the file or with the emmap functions
interchangeably:
	{ok, Binary} = file:pread(Mem, Position, Length) read Length bytes at Position in the file.
	ok = file:pwrite(Mem, Position, Binary) writes to the given position. 
	{ok, Binary} = file:read(Mem, Length) read 1..Length bytes from current position, or return
eof if pointer is at end of file.
	{ok, Pos} = file:position(Mem, Where) see file:position/2 documentation.
	ok = file:close(Mem)

All read/write functions invoke NIFs that don't call any IO functions but rather access memory
via calls to memcpy(2), and persistence is achieved by relying on the OS implementation of
saving dirty memory pages to files.
A memory map can be closed either by calling emmap:close/1 or file:close/1. When using
the direct option, and emmap:close/1 is called, the memory map is not immediately closed,
but will get automatically closed when all binaries that reference this memory map are garbage
collected.
Atomic operations on the memory mapped file
The emmap application offers a way to do atomic add, sub, xchg, cas as well as bitwise
and, or, xor operations using emmap:patomic_*/3 and emmap:patomic_cas/4 functions.
Effectively this directly changes the content of the underlying memory, is thread-safe, and
persistent.
{ok, OldValue} = emmap:patomic_add(Mem, Position, 1).
This approach allows to implement persistent atomic counters that survive node restarts.
Atomic persistent counters
The emmap application allows a user to maintain atomic persistent counters.  This could be
useful for continuous numbering of some events in the system which could be efficiently shared
among Erlang or OS processes in a thread-safe way and at the same time being persistent.
This is a very light-weight approach compared to using mnesia or other form of persistent
storage.
Here is an example:
F  = emmap:open_counters("/tmp/mem.bin", 2),
N1 = emmap:inc_counter(F, 0),
N2 = emmap:inc_counter(F, 0, 5),
N3 = emmap:inc_counter(F, 0),
N4 = emmap:inc_counter(F, 0, 2),
N5 = emmap:set_counter(F, 0, 15),
N6 = emmap:read_counter(F, 0),
emmap:close_counters(F),
io_format("N1=~w, N2=~w, N3=~w, N4=~w, N5=~w, N6=~w\n",
          [N1, N2, N3, N4, N5, N6]).  % Prints: N1=0, N2=1, N3=6, N4=7, N5=9, N6=15
Shared memory and using mutable binaries
While Erlang goes at length to achieve immutability, sometimes applications might need
to have access to mutable memory.  This can be accomplished by using the direct shared
access to the memory mapped file.
Example:
shell1> {ok, MM, _Info} = emmap:open("/tmp/mem.data", 0, 8, [create, direct, read, write, shared, nolock]).
shell2> {ok, MM, _Info} = emmap:open("/tmp/mem.data", 0, 8, [create, direct, read, write, shared, nolock]).

shell1> emmap:pwrite(MM, 0, <<"test1">>).
shell2> {ok, Bin} = emmap:pread(MM, 0, 5).
{ok, <<"test1">>}

shell1> emmap:pwrite(MM, 0, <<"test2">>).
shell2> Bin.
<<"test2">>

shell1> emmap:pwrite(MM, 0, <<"test3">>).
shell2> Bin.
<<"test3">>
Though this may seem odd that a bound Bin variable returns a different value when we printed
it in the shell2 the second time, it is the result of opening memory mapped file using the
direct option.  In this case the binaries read from memory map point to the actual memory
in that map rather than being copies of that memory.  For some applications, such as when
using that memory to store atomic counters, this property can be very valuable.
Using the option direct has the effect that the mmap file is not closed until all references
to binaries coming out of read/pread have been garbage collected.  This is a consequence of
that such binaries are referring directly to the mmap'ed memory.
When passing auto_unlink option to emmap:open/4, the memory mapped file will be
automatically deleted when it is closed.
Shared memory without using mutable binaries
This example preserves the immutability of binaries but allows emmap to have visibility
of memory changes between Erlang processes and also between OS processes.
$ erl -pa _build/default/lib/emmap/ebin
eshell#1> {ok, F, _} = emmap:open("/tmp/q.bin", 0, 128, [auto_unlink, shared, create, read,
  write]).

$ erl -pa _build/default/lib/emmap/ebin
eshell#2> {ok, F, _} = emmap:open("/tmp/q.bin", 0, 128, [auto_unlink, shared, create, read,
  write]).

eshell#1> emmap:pwrite(F, 0, <<"abcdefg\n">>).

eshell#2> emmap:pread(F, 0, 8). % Changes in eshell#1 are visible in eshell#2
{ok, <<"abcdefg\n">>}

$ head -1 /tmp/q.bin            # They are also visible in another OS process reading from file
abcdefg
Here it is without the shared option:
$ erl -pa _build/default/lib/emmap/ebin
eshell#1> emmap:close(F).
eshell#1> f(F), {ok, F, _} = emmap:open("/tmp/q.bin", 0, 128, [auto_unlink, create, read,
  write]).

^G
--> s        % Start a new shell process inside the same Erlang VM
--> c 2      % Connect to the new shell
eshell#2> f(F), {ok, F, _} = emmap:open("/tmp/q.bin", 0, 128, [auto_unlink, create, read,
  write]).

^G
--> c 1      % Switch back to the 1st shell
eshell#1> emmap:pwrite(F, 0, <<"1234567\n">>).

^G
--> c 2      % Switch to the 2st shell

eshell#2> emmap:pread(F, 0, 8).
{ok,<<0,0,0,0,0,0,0,0>>}    % changes from shell1 are invisible in the shell2 Erlang process

# Run this in another terminal
$ head -1 /tmp/q.bin        # returns no data because changes in shell1 are invisible
Persistent FIFO used as a container or guarded by a gen_server process
The emmap_queue module implements a persistent FIFO queue based on a memory-mapped file.
This means that in-memory operations of enqueuing items are automatically persisted on disk.
A queue used as a container will persistent messages stored in queue on disk, and has constant
time complexity of the push and pop operations.  The open/3 is given an initial storage in
bytes, which will automatically grow unless the fixed_size option is provided, in which case
when the queue becomes full, a push/2 call will return {error, full}.  In the example below
we are using auto_unlink option which automatically deletes the memory mapped file at the end
of the test case (something you might not want in other cases):
{ok, Q} = emmap_queue:open(Filename, 1024, [auto_unlink]),
ok = emmap_queue:push(Q, a),
ok = emmap_queue:push(Q, {b,1}),
ok = emmap_queue:push(Q, {c,d}),

a     = emmap_queue:pop(Q),
{b,1} = emmap_queue:pop(Q),
{c,d} = emmap_queue:pop(Q),
nil   = emmap_queue:pop_and_purge(Q).
Use emmap_queue:pop_and_purge/1 to reclaim the space in memory when the queue becomes empty.
When a queue is wrapped in a gen_server, it is suitable for use in a multi-process use cases.
This is implemented using emmap_queue:start_link/4,emmap_queue:enqueue/2, and
emmap_queue:dequeue/1 functions.  In the example below we are using the auto_unlink option
which automatically deletes the memory mapped file at the end of the test case (something you
might not want in other cases):
{ok, Pid} = emmap_queue:start_link(?MODULE, Filename, 1024, [auto_unlink]),
ok = emmap_queue:enqueue(Pid, a),
ok = emmap_queue:enqueue(Pid, {b,1}),
ok = emmap_queue:enqueue(Pid, {c,d}),

a     = emmap_queue:dequeue(Pid),
{b,1} = emmap_queue:dequeue(Pid),
{c,d} = emmap_queue:dequeue(Pid),
nil   = emmap_queue:dequeue(Pid).
Persistent storage for fixed-size data blocks
The purpose is to store, read, and remove arbitrary data blocks of a fixed size. Each block of
data stored has a unique integer address (internally translated into an offset from the beginning
of the memory-mapped file). Persistent storage tries to reuse a free block closest to the file start
or allocate a new block when needed. The file may be automatically resized (expanded) when required.
To start using a memory-mapped file as a storage call emmap:init_block_storage/2 providing emmap
handler and block size (it will be saved in the storage header).
The new flag fit added to emmap:open/4 option list. When set and the existing file opened has a size
less than requested region length, the file will be stretched to the given length. If the file size is
greater than requested, with fit flag the mapped region will fit the file size. Without the fit flag
attempt to map existing file of a different size will result in error.
  % open underlying memory-mapped file
  {ok, MFile, Info} = emmap:open("storage.bin", 0, 4096, [create, write, fit, shared]),

  % init block storage of the fixed block size
  ok = emmap:init_block_storage(MFile, 22),
When opening an existing file, it may be possible that it was left in an inconsistent state in
case of abnormal termination of the program modifying it. To ensure consistency, call
emmap:repair_block_storage/1 to check and fix the file at once, or repeatedly call
emmap:repair_block_storage/3. The latter version with continuation is recommended for relatively
big storages, to avoid long-running NIF calls. The repair operation checks (and fixes)
inconsistency between "free blocks" and "used blocks" masks in the internal tree-like representation.
repair_chunks(MFile, N) ->
  repair_chunks(MFile, 0, N).

repair_chunks(_MFile, eof, _) ->
  ok;
repair_chunks(MFile, Start, N) ->
  Cont = emmap:repair_block_storage(MFile, Start, N),
  repair_chunks(MFile, Cont, N).
To read all blocks, use emmap:read_blocks/1, or emmap:read_blocks/3 for reads with continuation,
limiting the number of blocks read in one shot, to avoid long-running NIF calls.
  List = emmap:read_blocks(MFile),
or
read_chunks(MFile, N) ->
  read_chunks(MFile, 0, N, []).

read_chunks(_MFile, eof, _, Acc) ->
  lists:concat(Acc);
read_chunks(MFile, Start, N, Acc) ->
  {L, Cont} = emmap:read_blocks(MFile, Start, N),
  read_chunks(MFile, Cont, N, [L | Acc]).
The function emmap:read_block/2 reads the block at the given address, emmap:store_block/2
writes the data block into the storage, and emmap:free_block/2 deletes the block at the given
address.
  Addr = emmap:store_block(MFile, Data),
  Bytes = emmap:read_block(MFile, Addr),
  emmap:free_block(MFile, Addr),
The storage capacity is limited by internal organization. It depends on the number of tree levels, and can be
configured by defining the environment variable BS_LEVELS. The maximum number of stored blocks is 64 ^ BS_LEVELS.
The default BS_LEVELS value is 3, so the default capacity is 64 * 64 * 64 = 262144 blocks.
An attempt to store a block will return {error, full} when the storage has no free slots.
The result of freeing a block is true on success, false if there is no block with the given address
found, or {error, Reason} for common emmap error cases.
The read_block/2 returns bytes, eof when no block exists at the given address or common error.
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                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS
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        close_counters(_)

      


        Close persistent memory-mapped file previously open with open_counters/2



    


    
      
        dec_counter(_, CounterNum)

      


        Decrement a counter number CounterNum in the mmap file by one and return old value.



    


    
      
        dec_counter(_, CounterNum, Count)

      


        Decrement a counter number CounterNum in the mmap file by Count and return old value.



    


    
      
        flush(File)

      


        Ask the OS to flush the modified memory to disk. The call is asyncronous and non-blocking. This call is not required as the OS will asynchronously flush the modified memory pages to disk lazily, but this call will trigger that process immediately.



    


    
      
        free_block(File, Addr)

      


        Free data block



    


    
      
        inc_counter(_, CounterNum)

      


        Increment a counter number CounterNum in the mmap file by one and return old value.



    


    
      
        inc_counter(_, CounterNum, Count)

      


        Increment a counter number CounterNum in the mmap file by Count and return old value.
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        init_block_storage(File, BlockSize)

      


        Initialize fixed-size block storage in the shared memory.



    


    
      
        open(FileName, Options)

      


        Open/create a memory-mapped file. If creating a new file, [create, read, write, {size, N}] options are required. For opening an existing file for writing [read, write] options are required.
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        Open/create a memory-mapped file. If creating a new file, [create, read, write] options and the Len parameter are required. For opening an existing file for writing [read, write] options are required, and Len can be 0.



    


    
      
        open_counters(Filename)

      


        Open a persistent memory-mapped file with space for one 64-bit integer counter



    


    
      
        open_counters(Filename, NumCounters)

      


        Open a persistent memory-mapped file with space for several 64-bit integer counters



    


    
      
        patomic_add(File, Position, Value)

      


        Perform an atomic ADD operation on a 64-bit integer value at given Position using specified argument Value. The function returns an old value at that location. This function is thread-safe and can be used for implementing persistent counters.



    


    
      
        patomic_and(File, Position, Value)

      


        Perform an atomic AND operation on a 64-bit integer value at given Position using specified argument Value. The function returns an AND'd value at that location.



    


    
      
        patomic_cas(File, Position, OldValue, Value)

      


        Perform an atomic compare and swap (CAS) operation on a 64-bit integer value at given Position using specified argument Value. The function returns a tuple {Success, OldVal}, where OldVal is the old value at that location.



    


    
      
        patomic_or(File, Position, Value)

      


        Perform an atomic OR operation on a 64-bit integer value at given Position using specified argument Value. The function returns an OR'd value at that location.



    


    
      
        patomic_read_integer(File, Position)

      


        Perform an atomic load operation on a 64-bit integer value at given Position. This function is thread-safe and can be used for implementing persistent counters.



    


    
      
        patomic_sub(File, Position, Value)

      


        Perform an atomic SUBTRACT operation on a 64-bit integer value at given Position using specified argument Value. The function returns an old value at that location. This function is thread-safe and can be used for implementing persistent counters.



    


    
      
        patomic_write_integer(File, Position, Value)

      


        Perform an atomic store operation of a 64-bit integer Value at given Position. This function is thread-safe and can be used for implementing persistent counters.



    


    
      
        patomic_xchg(File, Position, Value)

      


        Perform an atomic EXCHANGE operation on a 64-bit integer value at given Position using specified argument Value. The function returns an old value at that location.



    


    
      
        patomic_xor(File, Position, Value)

      


        Perform an atomic XOR operation on a 64-bit integer value at given Position using specified argument Value. The function returns an XOR'd value at that location.
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        Write Data bytes to a memory-mapped file at a given offset At.



    


    
      
        pread(File, Offset, Length)

      


        Read Len bytes from a memory-mapped file at a given offset Off.



    


    
      
        pwrite(File, Position, Data)

      


        Write Data bytes to a memory-mapped file at a given offset Off.
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        Read next Len bytes from a memory-mapped file. Internally the new position within the file is incremented by Len.
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        Read data block
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        Read data blocks
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        Read data blocks
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        repair_block_storage(File)

      


        Repair data block storage after unexpected close



    


    
      
        repair_block_storage(File, Start, Count)

      


        Repair data block storage chunk of max Count elements starting with Start address



    


    
      
        resize(File)

      


        Resize shared memory. The new size will double the existing size up until the max_inc_size threshold (passed to open/4 (default 64M), otherwise incremented by max_inc_size.



    


    
      
        resize(File_descriptor, NewSize)

      


        Resize shared memory to a given new size.



    


    
      
        set_counter(_, CounterNum, Value)

      


        Set a counter number CounterNum in the mmap file and return the old value.



    


    
      
        store_block(File, Data)

      


        Store data block
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          -type mmap_file() :: #file_descriptor{module :: module(), data :: term()}.
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          -type open_extra_info() :: #{exist => boolean(), size => non_neg_integer()}.


      


Extra information returned by the call to emmap:open/2,3. The value of exist true means that an existing memory map was open. The size represents the size of the memory map that was open.
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          -type open_option() ::
          anon | auto_unlink | create | debug | direct | fixed | hugetlb | huge_2mb | huge_1gb | lock |
          nocache | nolock | nonblock | noreserve | populate | private | read | shared |
          shared_validate | sync | truncate | uninitialized | write | fixed_size |
          {address, pos_integer()} |
          {chmod, pos_integer()} |
          {size, pos_integer()} |
          {max_inc_size, pos_integer()}.


      


Options for opening a memory mapped file:
	anon
	Anonymous mapping. The mapping is not backed by any file; its contents are initialized to zero. The offset argument should be zero.
	auto_unlink
	Automatically delete the mapped file after the mapped data was garbage collected. This can be used when the mapped file is a file-based shared-memory area (e.g. /dev/shm/...) and is mapped in direct mode to free the memory after the data was gc'd
	create
	Allow to create mmap file if it doesn't exist.
	debug
	Turn on debug printing in the NIF library.
	fit
	When fit is set, and opening a file with the current file size greater than requested, the memory map will be set to the requested length.
	direct
	Read/pread operations do not copy memory, but rather use "resource binaries" that can change content if the underlying data is changed. This is the most performant, but also has other thread-safety implications when not using atomic operations.
	fixed
	Don't interpret addr as a hint: place the mapping at exactly that address. The implementation aligns the given address to a multiple of the page size.
	lock
	Use a semaphore (read/write lock) to control state changes internally in the NIF library. This is the default option.
	nocache
	Pages in this mapping are not retained in the kernel's memory cache. If the system runs low on memory, pages in MAP_NOCACHE mappings will be among the first to be reclaimed. NOTE: this option is only valid for Mac OS.
	nolock
	Don't use a semaphore (read/write lock) to control state changes internally in the NIF library
	nonblock
	Don't perform read-ahead: create page tables entries only for pages that are already present in RAM. Since Linux 2.6.23, this flag causes populate to do nothing.
	noreserve
	Do not reserve swap space for this mapping. When swap space is reserved, one has the guarantee that it is possible to modify the mapping.
	populate
	Populate (prefault) page tables for a mapping. For a file mapping, this causes read-ahead on the file. This will help to reduce blocking on page faults later.
	private
	Create a private copy-on-write mapping. Updates to the mapping are not visible to other OS or Erlang processes mapping the same file, and are not carried through to the underlying file.
	hugetlb
	Allocate the mapping using "huge" pages.
	huge_2mb
	Used in conjunction with hugetlb to select alternative hugetlb page size of 2MB
	huge_1gb
	Used in conjunction with hugetlb to select alternative hugetlb page size of 1GB
	read
	Open for reading (this is default).
	shared
	Share this mapping. Updates to the mapping are visible to other OS or Erlang processes mapping the same region, and (in the case of file-backed mappings) are carried through to the underlying file. May be used in combination with sync to precisely control when updates are carried through to the underlying file.
	shared_validate
	This flag provides the same behavior as shared except that shared mappings ignore unknown flags in flags. By contrast, when creating a mapping using shared_validate, the kernel verifies all passed flags are known and fails the mapping with the error eopnotsupp for unknown flags. This mapping type is also required to be able to use some mapping flags (e.g., sync)
	sync
	This flag is available only with the shared_validate mapping type; mappings of type shared will silently ignore this flag. This flag is supported only for files supporting DAX (direct mapping of persistent memory). For other files, creating a mapping with this flag results in an eopnotsupp error. Shared file mappings with this flag provide the guarantee that while some memory is mapped writable in the address space of the OS process, it will be visible in the same file at the same offset even after the system crashes or is rebooted. In conjunction with the use of appropriate CPU instructions, this provides users of such mappings with a more efficient way of making data modifications persistent.
	truncate
	Truncate existing mmap file after it's open.
	uninitialized
	Don't clear anonymous pages. This flag is intended to improve performance on embedded devices. This flag is honored only if the kernel was configured with the CONFIG_MMAP_ALLOW_UNINITIALIZED option.
	write
	Open memory map for writing.
	fixed_size
	Don't allow the memory to be resized
	{address, pos_integer()}
	Open mapping at the given memory address (sets MAP_FIXED on the memory mapped file)
	{chmod, pos_integer()}
	Create mmap file with this mode (default: 0600)
	{size, pos_integer()}
	Create/access memory map on this size.
	{max_inc_size, pos_integer()}
	Size threshold used when automatically resizing shared memory with call to resize/1. Below this threshold the memory will double, and after this threshold, the resized memory will be increased by max_inc_size.


  



  
    
      
    
    
      resource/0



        
          
        

    

  


  

      

          -type resource() :: binary().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(File)



        
          
        

    

  


  

      

          -spec close(File :: mmap_file()) -> ok.


      



  



  
    
      
    
    
      close_counters(_)



        
          
        

    

  


  

Close persistent memory-mapped file previously open with open_counters/2

  



  
    
      
    
    
      dec_counter(_, CounterNum)



        
          
        

    

  


  

Decrement a counter number CounterNum in the mmap file by one and return old value.

  



  
    
      
    
    
      dec_counter(_, CounterNum, Count)



        
          
        

    

  


  

Decrement a counter number CounterNum in the mmap file by Count and return old value.

  



  
    
      
    
    
      flush(File)



        
          
        

    

  


  

      

          -spec flush(File :: mmap_file()) -> ok.


      


Ask the OS to flush the modified memory to disk. The call is asyncronous and non-blocking. This call is not required as the OS will asynchronously flush the modified memory pages to disk lazily, but this call will trigger that process immediately.

  



  
    
      
    
    
      free_block(File, Addr)



        
          
        

    

  


  

      

          -spec free_block(File :: mmap_file(), Addr :: non_neg_integer()) ->
                    Success :: boolean() | {error, atom() | string()}.


      


Free data block

  



  
    
      
    
    
      inc_counter(_, CounterNum)



        
          
        

    

  


  

Increment a counter number CounterNum in the mmap file by one and return old value.

  



  
    
      
    
    
      inc_counter(_, CounterNum, Count)



        
          
        

    

  


  

Increment a counter number CounterNum in the mmap file by Count and return old value.

  



  
    
      
    
    
      init()



        
          
        

    

  


  


  



  
    
      
    
    
      init_block_storage(File, BlockSize)



        
          
        

    

  


  

      

          -spec init_block_storage(File :: mmap_file(), BlockSize :: pos_integer()) ->
                            ok | {error, atom() | string()}.


      


Initialize fixed-size block storage in the shared memory.

  



  
    
      
    
    
      open(FileName, Options)



        
          
        

    

  


  

      

          -spec open(string() | binary(), [open_option()]) ->
              {ok, mmap_file(), open_extra_info()} | {error, term()}.


      


Open/create a memory-mapped file. If creating a new file, [create, read, write, {size, N}] options are required. For opening an existing file for writing [read, write] options are required.

  



  
    
      
    
    
      open(File, Offset, Length, Options)



        
          
        

    

  


  

      

          -spec open(File :: string() | binary(),
           Offset :: non_neg_integer(),
           Length :: non_neg_integer(),
           Options :: [open_option()]) ->
              {ok, mmap_file(), open_extra_info()} | {error, term()}.


      


Open/create a memory-mapped file. If creating a new file, [create, read, write] options and the Len parameter are required. For opening an existing file for writing [read, write] options are required, and Len can be 0.

  



  
    
      
    
    
      open_counters(Filename)



        
          
        

    

  


  

Open a persistent memory-mapped file with space for one 64-bit integer counter

  



  
    
      
    
    
      open_counters(Filename, NumCounters)



        
          
        

    

  


  

Open a persistent memory-mapped file with space for several 64-bit integer counters

  



  
    
      
    
    
      patomic_add(File, Position, Value)



        
          
        

    

  


  

      

          -spec patomic_add(File :: mmap_file(), Position :: non_neg_integer(), Value :: integer()) ->
                     {ok, OldValue :: integer()} | {error, atom()} | no_return().


      


Perform an atomic ADD operation on a 64-bit integer value at given Position using specified argument Value. The function returns an old value at that location. This function is thread-safe and can be used for implementing persistent counters.

  



  
    
      
    
    
      patomic_and(File, Position, Value)



        
          
        

    

  


  

      

          -spec patomic_and(File :: mmap_file(), Position :: non_neg_integer(), Value :: integer()) ->
                     {ok, integer()} | {error, atom()} | no_return().


      


Perform an atomic AND operation on a 64-bit integer value at given Position using specified argument Value. The function returns an AND'd value at that location.

  



  
    
      
    
    
      patomic_cas(File, Position, OldValue, Value)



        
          
        

    

  


  

      

          -spec patomic_cas(File :: mmap_file(), Position :: non_neg_integer(), integer(), integer()) ->
                     {boolean(), integer()} | {error, atom()} | no_return().


      


Perform an atomic compare and swap (CAS) operation on a 64-bit integer value at given Position using specified argument Value. The function returns a tuple {Success, OldVal}, where OldVal is the old value at that location.

  



  
    
      
    
    
      patomic_or(File, Position, Value)



        
          
        

    

  


  

      

          -spec patomic_or(File :: mmap_file(), Position :: non_neg_integer(), Value :: integer()) ->
                    {ok, integer()} | {error, atom()} | no_return().


      


Perform an atomic OR operation on a 64-bit integer value at given Position using specified argument Value. The function returns an OR'd value at that location.

  



  
    
      
    
    
      patomic_read_integer(File, Position)



        
          
        

    

  


  

      

          -spec patomic_read_integer(File :: mmap_file(), Position :: non_neg_integer()) -> Value :: integer().


      


Perform an atomic load operation on a 64-bit integer value at given Position. This function is thread-safe and can be used for implementing persistent counters.

  



  
    
      
    
    
      patomic_sub(File, Position, Value)



        
          
        

    

  


  

      

          -spec patomic_sub(File :: mmap_file(), Position :: non_neg_integer(), Value :: integer()) ->
                     {ok, OldValue :: integer()} | {error, atom()} | no_return().


      


Perform an atomic SUBTRACT operation on a 64-bit integer value at given Position using specified argument Value. The function returns an old value at that location. This function is thread-safe and can be used for implementing persistent counters.

  



  
    
      
    
    
      patomic_write_integer(File, Position, Value)



        
          
        

    

  


  

      

          -spec patomic_write_integer(File :: mmap_file(), Position :: non_neg_integer(), Value :: integer()) ->
                               ok.


      


Perform an atomic store operation of a 64-bit integer Value at given Position. This function is thread-safe and can be used for implementing persistent counters.

  



  
    
      
    
    
      patomic_xchg(File, Position, Value)



        
          
        

    

  


  

      

          -spec patomic_xchg(File :: mmap_file(), Position :: non_neg_integer(), Value :: integer()) ->
                      {ok, integer()} | {error, atom()} | no_return().


      


Perform an atomic EXCHANGE operation on a 64-bit integer value at given Position using specified argument Value. The function returns an old value at that location.

  



  
    
      
    
    
      patomic_xor(File, Position, Value)



        
          
        

    

  


  

      

          -spec patomic_xor(File :: mmap_file(), Position :: non_neg_integer(), Value :: integer()) ->
                     {ok, integer()} | {error, atom()} | no_return().


      


Perform an atomic XOR operation on a 64-bit integer value at given Position using specified argument Value. The function returns an XOR'd value at that location.

  



  
    
      
    
    
      position(File, Position)



        
          
        

    

  


  

      

          -spec position(File :: mmap_file(),
               Position :: non_neg_integer() | {bof | cur | eof, Position :: integer()}) ->
                  {ok, non_neg_integer()} | {error, term()}.


      


Write Data bytes to a memory-mapped file at a given offset At.

  



  
    
      
    
    
      pread(File, Offset, Length)



        
          
        

    

  


  

      

          -spec pread(File :: mmap_file(), Offset :: non_neg_integer(), Length :: non_neg_integer()) ->
               {ok, binary()} | {error, term()} | eof.


      


Read Len bytes from a memory-mapped file at a given offset Off.

  



  
    
      
    
    
      pwrite(File, Position, Data)



        
          
        

    

  


  

      

          -spec pwrite(File :: mmap_file(), Position :: non_neg_integer(), Data :: binary()) ->
                ok | {error, term()}.


      


Write Data bytes to a memory-mapped file at a given offset Off.

  



  
    
      
    
    
      read(File, Length)



        
          
        

    

  


  

      

          -spec read(File :: mmap_file(), Length :: non_neg_integer()) -> {ok, binary()} | {error, term()} | eof.


      


Read next Len bytes from a memory-mapped file. Internally the new position within the file is incremented by Len.

  



  
    
      
    
    
      read_block(File, Addr)



        
          
        

    

  


  

      

          -spec read_block(File :: mmap_file(), Addr :: non_neg_integer()) ->
                    Data :: binary() | eof | {error, atom() | string()}.


      


Read data block

  



  
    
      
    
    
      read_blocks(File)



        
          
        

    

  


  

      

          -spec read_blocks(File :: mmap_file()) -> [Data :: binary()] | eof | {error, atom() | string()}.


      


Read data blocks

  



  
    
      
    
    
      read_blocks(File, Start, Count)



        
          
        

    

  


  

      

          -spec read_blocks(File :: mmap_file(), Start :: non_neg_integer(), Count :: pos_integer()) ->
                     {[Data :: binary()], Continuation :: integer() | eof} | {error, atom() | string()}.


      


Read data blocks

  



  
    
      
    
    
      read_counter(_, CounterNum)



        
          
        

    

  


  


  



  
    
      
    
    
      read_line(File)



        
          
        

    

  


  

      

          -spec read_line(File :: mmap_file()) -> {ok, binary()} | {error, term()} | eof.


      



  



  
    
      
    
    
      repair_block_storage(File)



        
          
        

    

  


  

      

          -spec repair_block_storage(File :: mmap_file()) -> ok | {error, atom() | string()}.


      


Repair data block storage after unexpected close

  



  
    
      
    
    
      repair_block_storage(File, Start, Count)



        
          
        

    

  


  

      

          -spec repair_block_storage(File :: mmap_file(), Start :: non_neg_integer(), Count :: pos_integer()) ->
                              Continuation :: integer() | eof | {error, atom() | string()}.


      


Repair data block storage chunk of max Count elements starting with Start address

  



  
    
      
    
    
      resize(File)



        
          
        

    

  


  

      

          -spec resize(File :: mmap_file()) -> {ok, NewSize :: non_neg_integer()} | {error, atom() | string()}.


      


Resize shared memory. The new size will double the existing size up until the max_inc_size threshold (passed to open/4 (default 64M), otherwise incremented by max_inc_size.

  



  
    
      
    
    
      resize(File_descriptor, NewSize)



        
          
        

    

  


  

      

          -spec resize(mmap_file(), non_neg_integer()) -> {ok, NewSize :: non_neg_integer()} | {error, string()}.


      


Resize shared memory to a given new size.

  



  
    
      
    
    
      set_counter(_, CounterNum, Value)



        
          
        

    

  


  

Set a counter number CounterNum in the mmap file and return the old value.

  



  
    
      
    
    
      store_block(File, Data)



        
          
        

    

  


  

      

          -spec store_block(File :: mmap_file(), Data :: binary()) ->
                     Addr :: non_neg_integer() | {error, atom() | string()}.


      


Store data block

  


        

      


  

    
emmap_queue 
    



      
Persistent FIFO queue The FIFO queue can be used as a persistent container of messages with constant time push and pop operations. Additionally, this module provides a gen_server API, which wraps the queue for use in multi-process applications. The queue is stored in a memory-mapped file, and it automatically grows if the messages are not dequeued from the queue. Messages stored in the queue can be compressed using variable compression level controlled by the argument to the push/3 function. See test cases at the end of this module for sample use cases.

      


      
        Summary


  
    Types
  


    
      
        queue/0

      


    





  
    Functions
  


    
      
        close(Mem)

      


        Close a previously open queue.



    


    
      
        dequeue(Name)

      


        Dequeue a message from the queue



    


    
      
        enqueue(Name, Term)

      


        Enqueue a message to the queue



    


    
      
        erase(Mem)

      


        Erase the content of the queue. All messages in the queue are discarded!



    


    
      
        flush(Mem)

      


        Asynchronously flush the modified memory used by the queue to disk. See notes of emmap:flush/1. This call is optional.



    


    
      
        handle_call(_, From, State)

      


    


    
      
        handle_cast(Msg, State)

      


    


    
      
        handle_info(_, State)

      


    


    
      
        info(Name)

      


        Return queue info as a map



    


    
      
        init(_)

      


    


    
      
        inspect(Name)

      


        Peek a message from the queue without dequeuing it



    


    
      
        is_empty(Mem)

      


        Returns true if the queue is empty.



    


    
      
        length(Mem)

      


        Get queue length. This function has a linear-time complexity.



    


    
      
        metadata(Mem)

      


        Get queue metadata



    


    
      
        open(Filename, Size, Opts)

      


        Open a memory mapped queue.



    


    
      
        peek(Mem, Init, Fun)

      


        Inspect all messages in the queue iteratively by passing them to a custom lambda function. The Fun takes a message and state and returns a {cont, State} to continue or {halt, State} to abort.



    


    
      
        peek_back(Mem)

      


        Peek the last written term at the back of the FIFO queue without removing it. This function has a constant-time complexity.



    


    
      
        peek_front(Mem)

      


        Peek the next awaiting term from the head of the FIFO queue without popping it. This function has a constant-time complexity.



    


    
      
        pop(Mem)

      


        Pop a term from the queue. This function has a constant-time complexity.



    


    
      
        pop(Mem, Init, Fun)

      


        Pop messages from the queue by passing them to a custom lambda function. The Fun takes a message and state and returns a {cont, State} to continue or {halt, State} to abort.



    


    
      
        pop_and_purge(Mem)

      


        Pop a term from the queue and reclaim queue's memory if the queue is empty. This function has a constant-time complexity.



    


    
      
        purge(Mem)

      


        Purge queue. It is a constant time operation.



    


    
      
        push(Mem, Term)

      


        Push a term to the queue. This function has a constant-time complexity.



    


    
      
        push(Mem, Term, Compression)

      


        Push a term to the queue. This function has a constant-time complexity. Compression is the compression level from 0 to 9, where 0 is no compression.



    


    
      
        rpeek(Mem, Init, Fun)

      


        Inspect all messages in the queue iteratively in the reverse order by passing them to a custom lambda function. The Fun takes a message and state and returns a {cont, State} to continue or {halt, State} to abort.



    


    
      
        start_link(Name, Filename, SegmSize, Opts)

      


        Start a queue process. Name - name of the registered process. Filename - name of the memory mapped file. SegmSize - size of the memory mapped segment (can be 0 for an existing file). Opts - see emmap:open_options().



    


    
      
        terminate(Reason, State)

      


    


    
      
        try_dequeue(Name, Fun)

      


        Dequeue a message from the queue. The function returns Res where Res is the result of evaluating the Fun with the poped element from the queue. If the Fun throws an exception, the exception if propagated to the caller.



    


    
      
        try_pop(Mem, Fun)

      


        Evaluate the Fun function on the next term in the queue. If the function doesn't raise an exception, pop the term from the queue, otherwise leave the queue unmodified. This function has a constant-time complexity. It returns the result of evaluating Fun.



    


    
      
        try_pop_and_purge(Mem, Fun)

      


        Evaluate the Fun function on the next term in the queue. If the function doesn't raise an exception, pop the term from the queue, otherwise leave the queue unmodified. This function has a constant-time complexity. It returns the result of evaluating Fun.



    





      


      
        Types


        


  
    
      
    
    
      queue/0



        
          
        

    

  


  

      

          -type queue() :: emmap:mmap_file().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(Mem)



        
          
        

    

  


  

      

          -spec close(queue()) -> ok.


      


Close a previously open queue.

  



  
    
      
    
    
      dequeue(Name)



        
          
        

    

  


  

Dequeue a message from the queue

  



  
    
      
    
    
      enqueue(Name, Term)



        
          
        

    

  


  

Enqueue a message to the queue

  



  
    
      
    
    
      erase(Mem)



        
          
        

    

  


  

Erase the content of the queue. All messages in the queue are discarded!

  



  
    
      
    
    
      flush(Mem)



        
          
        

    

  


  

      

          -spec flush(queue()) -> ok.


      


Asynchronously flush the modified memory used by the queue to disk. See notes of emmap:flush/1. This call is optional.

  



  
    
      
    
    
      handle_call(_, From, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_cast(Msg, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_info(_, State)



        
          
        

    

  


  


  



  
    
      
    
    
      info(Name)



        
          
        

    

  


  

      

          -spec info(atom()) -> map().


      


Return queue info as a map

  



  
    
      
    
    
      init(_)



        
          
        

    

  


  


  



  
    
      
    
    
      inspect(Name)



        
          
        

    

  


  

Peek a message from the queue without dequeuing it

  



  
    
      
    
    
      is_empty(Mem)



        
          
        

    

  


  

Returns true if the queue is empty.

  



  
    
      
    
    
      length(Mem)



        
          
        

    

  


  

Get queue length. This function has a linear-time complexity.

  



  
    
      
    
    
      metadata(Mem)



        
          
        

    

  


  

      

          -spec metadata(queue()) ->
                  #{head => integer(), tail => integer(), next_tail => integer(), size => integer()}.


      


Get queue metadata

  



  
    
      
    
    
      open(Filename, Size, Opts)



        
          
        

    

  


  

      

          -spec open(binary() | list(), integer(), list()) -> {ok, queue()} | {error, term()}.


      


Open a memory mapped queue.

  



  
    
      
    
    
      peek(Mem, Init, Fun)



        
          
        

    

  


  

Inspect all messages in the queue iteratively by passing them to a custom lambda function. The Fun takes a message and state and returns a {cont, State} to continue or {halt, State} to abort.

  



  
    
      
    
    
      peek_back(Mem)



        
          
        

    

  


  

Peek the last written term at the back of the FIFO queue without removing it. This function has a constant-time complexity.

  



  
    
      
    
    
      peek_front(Mem)



        
          
        

    

  


  

Peek the next awaiting term from the head of the FIFO queue without popping it. This function has a constant-time complexity.

  



  
    
      
    
    
      pop(Mem)



        
          
        

    

  


  

Pop a term from the queue. This function has a constant-time complexity.

  



  
    
      
    
    
      pop(Mem, Init, Fun)



        
          
        

    

  


  

Pop messages from the queue by passing them to a custom lambda function. The Fun takes a message and state and returns a {cont, State} to continue or {halt, State} to abort.

  



  
    
      
    
    
      pop_and_purge(Mem)



        
          
        

    

  


  

Pop a term from the queue and reclaim queue's memory if the queue is empty. This function has a constant-time complexity.

  



  
    
      
    
    
      purge(Mem)



        
          
        

    

  


  

      

          -spec purge(queue()) -> boolean().


      


Purge queue. It is a constant time operation.

  



  
    
      
    
    
      push(Mem, Term)



        
          
        

    

  


  

Push a term to the queue. This function has a constant-time complexity.

  



  
    
      
    
    
      push(Mem, Term, Compression)



        
          
        

    

  


  

Push a term to the queue. This function has a constant-time complexity. Compression is the compression level from 0 to 9, where 0 is no compression.

  



  
    
      
    
    
      rpeek(Mem, Init, Fun)



        
          
        

    

  


  

Inspect all messages in the queue iteratively in the reverse order by passing them to a custom lambda function. The Fun takes a message and state and returns a {cont, State} to continue or {halt, State} to abort.

  



  
    
      
    
    
      start_link(Name, Filename, SegmSize, Opts)



        
          
        

    

  


  

Start a queue process. Name - name of the registered process. Filename - name of the memory mapped file. SegmSize - size of the memory mapped segment (can be 0 for an existing file). Opts - see emmap:open_options().

  



  
    
      
    
    
      terminate(Reason, State)



        
          
        

    

  


  


  



  
    
      
    
    
      try_dequeue(Name, Fun)



        
          
        

    

  


  

Dequeue a message from the queue. The function returns Res where Res is the result of evaluating the Fun with the poped element from the queue. If the Fun throws an exception, the exception if propagated to the caller.

  



  
    
      
    
    
      try_pop(Mem, Fun)



        
          
        

    

  


  

Evaluate the Fun function on the next term in the queue. If the function doesn't raise an exception, pop the term from the queue, otherwise leave the queue unmodified. This function has a constant-time complexity. It returns the result of evaluating Fun.

  



  
    
      
    
    
      try_pop_and_purge(Mem, Fun)



        
          
        

    

  


  

Evaluate the Fun function on the next term in the queue. If the function doesn't raise an exception, pop the term from the queue, otherwise leave the queue unmodified. This function has a constant-time complexity. It returns the result of evaluating Fun.
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