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    gnomon

HTTP Date header values served from a persistent term instead of an ETS
table.
gnomon keeps the current
IMF-fixdate
(Sun, 06 Nov 1994 08:49:37 GMT, always 29 bytes) packed into one small
integer in a persistent term, refreshed once per second. A read is one
persistent-term lookup and one small binary on the caller's heap.
Usage
Add the dependency to rebar.config:
{deps, [{gnomon, "1.0.0"}]}.
List gnomon in your application's .app.src, so it starts before the
first request is served:
{applications, [kernel, stdlib, gnomon]}
From Elixir the dependency alone is enough; Mix starts it:
{:gnomon, "~> 1.0"}
From Gleam, gleam add gnomon is enough; the value is ASCII, so bind it
as a String:
@external(erlang, "gnomon", "date")
pub fn date() -> String
The application runs one clock process under its own supervisor. Read the
date wherever the header is built:
1> gnomon:date().
<<"Sun, 06 Nov 1994 08:49:37 GMT">>
When no clock is running, date/0 computes the date from the system
clock, which is correct but slower: about 270 ns per read on an Apple M5
against 11 to 15.
gnomon:format/1 formats any Unix time in years 0 through 9999 the same way,
for Last-Modified and Expires style headers:
2> gnomon:format(784111777).
<<"Sun, 06 Nov 1994 08:49:37 GMT">>
Why not ETS
The usual design, which cowboy_clock and mist both use, is a process that
formats the date once per second into a protected ETS table with
read_concurrency, and readers that call ets:lookup_element/3. That works,
but the binary those clocks build is off-heap on current OTP releases, so
every lookup copies a reference to it and increments a reference count that
every reader shares, and the benchmark shows ten concurrent readers
contending on that count.
Reading a persistent term is a constant-time lookup with no locks and no
copying; the caller gets a pointer. The catch is on the write side. Replacing
or erasing a persistent term normally triggers a global garbage collection
pass in which every process scans its heap for the old value. At one update
per second that would scan every connection process every second. The
exception is a value that fits in one machine word, an immediate, which the
runtime updates and erases with no global pass.
So gnomon stores a small integer that packs the date fields:
	Field	Bits	Shift
	Second	6	0
	Minute	6	6
	Hour	5	12
	Weekday (0 = Monday)	3	17
	Day of month	5	20
	Month	4	25
	Year (0 to 9999)	14	29

That is 43 bits, well inside the 59 usable bits of a small integer on
64-bit BEAM. Because every field lives in one word, a read is always
consistent; there are no torn reads across fields. The persistent term is
read once per request and never held, so there is nothing for a global GC to
find even if one ran.
Readers unpack the integer with bsr and band. Each field indexes a
literal tuple in src/gnomon_tables.hrl that holds the field's ASCII bytes,
separator included, as an integer, and date/0 assembles the 29-byte
binary from those seven fixed-width integer segments. The compiler knows
the total size, so the result is a small binary on the caller's heap, and
each segment is written as a word.
Measured under load, with every scheduler busy or with 100,000 processes
sharing them, a date/0 read costs 21 to 28 ns of scheduler time across
runs, against 840 to 940 ns for the ETS lookup Cowboy and mist do today.
On one core it is 11 to 15 ns against about 20.
Finally, the two designs fail differently. An ETS table disappears with its
owner, so a crashed clock is visible at once. A persistent term outlives its
writer, so gnomon_clock erases the key in terminate/2 and readers fall
back to the system clock while the key is absent.
Limits
	The clock runs on 64-bit emulators only. On a 32-bit emulator, such as
the 32-bit Raspberry Pi OS, the packed value is a bignum rather than an
immediate, so the application starts no clock, logs a notice, and every
read computes the date from the system clock.
	Years 0 through 9999. pack/1 and format/1 fail with function_clause
outside that range.
	The year table covers 2000 through 2199. Other years take a slower path
that formats the year on the fly, which is still correct and zero padded.
	A clock killed without running terminate/2 leaves its last value in
place until the supervisor's restart rewrites it. If the clock keeps
dying and the supervisor gives up, the application stops and its
stop/1 erases the key.
	Ticks aim one millisecond past the system-clock second boundary with an
absolute monotonic timer, so they do not drift. The runtime never fires a
timer early, so the stored value lags the wall clock by at most a few
milliseconds on an unloaded system.

Benchmarks
bench/README.md compares date/0 with two ETS clocks, the real
cowboy_clock, whose binary is off-heap, and one holding an on-heap
binary, the pattern Bandit uses, from one worker up to one per scheduler,
with 100,000 workers, and in erlperf's timed mode.
On an Apple M5 with OTP 29 and the JIT, with all ten schedulers busy or
with 100,000 workers sharing them, a date/0 read costs 21 to 28 ns of
scheduler time across three runs; the ETS clock holding an on-heap binary,
Bandit's pattern, 55 to 64 ns; and cowboy_clock, whose binary is
off-heap, 840 to 940 ns, because every read bumps a reference count that
all readers share. On one core it is 11 to 15 ns against about 20 for
either ETS clock. The results file has the full tables. Run it yourself
with:
bench/run.sh

Development
rebar3 eunit
rebar3 proper -n 2000
rebar3 dialyzer
rebar3 xref
rebar3 fmt --check
rebar3 ex_doc

The code is formatted with erlfmt.
Publishing
Releases go to Hex from a checkout of the tagged commit:
rebar3 hex user auth
rebar3 hex build
rebar3 hex publish

License
Apache-2.0. See LICENSE.md.


  

    Changelog

All notable changes to this project are documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
1.0.0 - 2026-10-20
Added
	gnomon:date/0: the current IMF-fixdate as a 29-byte binary, read from
a packed small integer in a persistent term and built from fixed-width
integer segments so it costs less than an ETS lookup and stays on the
caller's heap.
	gnomon:format/1 and gnomon:pack/1 for arbitrary Unix times in years
0 through 9999.
	gnomon:update/0 and gnomon:clear/0, the clock's write and erase,
for a server that runs the clock outside the application.
	The gnomon application: a supervisor running one gnomon_clock
worker per node, a gen_server that refreshes the value once per second
on the system-clock second boundary and erases it on shutdown. The
application's stop/1 erases it as well, so the value never outlives
the application. On a 32-bit emulator no clock runs and each read
computes the date.
	EUnit and PropEr tests, including a cross-check against cowlib's
cow_date:rfc7231/1.
	An erlperf benchmark against the real cowboy_clock, whose binary is
off-heap, and against an ETS clock holding an on-heap binary, with
results in bench/README.md.



  

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

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

	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

	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
Copyright 2026 NineFX
Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at
http://www.apache.org/licenses/LICENSE-2.0
Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.
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HTTP Date header values served from a persistent term.
The current date is stored as one small integer in a persistent term. On 64-bit BEAM a small integer is an immediate, so the once-per-second update and the erase on shutdown never trigger the global garbage collection pass that persistent terms normally cause. Readers unpack the integer with bsr and band and assemble the 29-byte value from seven fixed-width integer segments taken from literal tables, so a read is one persistent-term lookup and one small binary on the caller's heap.
The gnomon application runs gnomon_clock, which keeps the value fresh. When no clock is running, on a 32-bit emulator or outside the application, readers compute the date from the system clock, which is correct but slower.
The packed layout, from the least significant bit:
  second  6 bits  shift  0
  minute  6 bits  shift  6
  hour    5 bits  shift 12
  weekday 3 bits  shift 17   0 = Monday
  day     5 bits  shift 20   1..31
  month   4 bits  shift 25   1..12
  year   14 bits  shift 29   0..9999

      


      
        Summary


  
    Functions
  


    
      
        clear()

      


        Erases the persistent term.



    


    
      
        date()

      


        The current IMF-fixdate as a 29-byte binary, for example <<"Sun, 06 Nov 1994 08:49:37 GMT">>. This is the hot path.



    


    
      
        format(UnixSeconds)

      


        Formats the given Unix time (seconds since the epoch, UTC) as a 29-byte IMF-fixdate binary, the same shape as date/0.



    


    
      
        pack(UnixSeconds)

      


        Packs the given Unix time into the small integer this library stores in its persistent term.



    


    
      
        update()

      


        Writes the packed value for the current system time. gnomon_clock calls this once per second. A clock run instead of the application must call clear/0 when it stops, or readers keep serving a frozen date.



    





      


      
        Functions


        


  
    
      
    
    
      clear()



        
          
        

    

  


  

      

          -spec clear() -> ok.


      


Erases the persistent term.

  



  
    
      
    
    
      date()



        
          
        

    

  


  

      

          -spec date() -> binary().


      


The current IMF-fixdate as a 29-byte binary, for example <<"Sun, 06 Nov 1994 08:49:37 GMT">>. This is the hot path.
A binary is valid iodata and valid chardata; an API that insists on a list can take [gnomon:date()]. The binary is built from seven fixed-width integer segments, each a field's ASCII bytes as an integer from a literal table. The compiler knows the total size, so the result lives on the caller's heap rather than off-heap with a reference count, and each segment is written as a word rather than copied from a binary. This measured faster than an improper-list iodata form, than iolist_to_binary/1 over such a list, than a variable-size construction and than fixed-size binary segments when the library was written.
Reads the packed value from the persistent term. If no gnomon_clock is running the value is computed from the system clock instead.

  



  
    
      
    
    
      format(UnixSeconds)



        
          
        

    

  


  

      

          -spec format(integer()) -> binary().


      


Formats the given Unix time (seconds since the epoch, UTC) as a 29-byte IMF-fixdate binary, the same shape as date/0.
Valid for years 0 through 9999. Years outside 2000 to 2199 take a slower path that formats the year on the fly.

  



  
    
      
    
    
      pack(UnixSeconds)



        
          
        

    

  


  

      

          -spec pack(integer()) -> non_neg_integer().


      


Packs the given Unix time into the small integer this library stores in its persistent term.

  



  
    
      
    
    
      update()



        
          
        

    

  


  

      

          -spec update() -> ok.


      


Writes the packed value for the current system time. gnomon_clock calls this once per second. A clock run instead of the application must call clear/0 when it stops, or readers keep serving a frozen date.
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Worker that refreshes the gnomon persistent term once per second. The gnomon application supervises one per node on 64-bit emulators.
It traps exits so terminate/2 erases the value on shutdown; a persistent term outlives its writer, and a stale one is silently wrong. After a kill the supervisor's restart rewrites it, and if the supervisor gives up the application's stop/1 erases it. A clock run instead of the application takes on that cleanup itself.
Ticks use an absolute timer aimed one millisecond past the next system-clock second boundary, so they do not drift. The timer reference is checked on expiry, so a stray tick message is ignored.

      


      
        Summary


  
    Functions
  


    
      
        start_link()

      


        Starts the worker, linked to the caller and registered locally as gnomon_clock. The persistent term is written before this returns.



    





      


      
        Functions


        


  
    
      
    
    
      start_link()



        
          
        

    

  


  

      

          -spec start_link() -> {ok, pid()} | {error, term()}.


      


Starts the worker, linked to the caller and registered locally as gnomon_clock. The persistent term is written before this returns.
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