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    LICENSE


MIT License

Copyright (c) 2026 Mark Cotner

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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    rust_engine → libSQL Conversion Holds Whole Series In Memory

Summary
TimelessMetrics.LibsqlMigration materialises an entire series as an Elixir
list, several times over, and peak memory scales with the largest single
series rather than with any batch size. On a 3.9 GB host this OOM-killed the
BEAM mid-migration and left an unresumable staged store.
The paging primitive needed to fix it already exists in the NIF and is unused
by this code path.
Found on timelessmetrics.com (2026-08-09). The conversion completed only
after adding 8 GB of swap, peaking near 3.8 GB RSS for a 53.4M-point store.
What Happened In Production
20:01  conversion starts
20:04  beam.smp OOM-killed at 3,774,600 kB anon-rss
20:04  restart resumes, finds the staged migration unusable, raises:
       "staged migration is incomplete or invalid: {:ok, []}"
After adding swap, the same conversion succeeded:
timeless_metrics: rust_engine/ conversion complete
  (%{points: 53387021, series: 377})
Roughly four minutes, 53.4M points, 377 series.
Where The Memory Goes
All references are lib/timeless_metrics/libsql_migration.ex.
1. Unbounded per-series query (source_points/3:208)
Nif.engine_query_range(source, metric, labels,
  -9_223_372_036_854_775_808, 9_223_372_036_854_775_807)
The full int64 range in one call. Every point of the series lands in one list,
then Enum.flat_map/2 and Enum.sort_by/2 each build another.
Enum.sort_by is the expensive one: the key is
fn {ts, value} -> {ts, float_bits(value)} end, and float_bits/1 allocates an
8-byte binary per point purely to make the sort bit-exact.
2. Chunking that does not bound memory (:171-176)
points
|> Enum.chunk_every(100_000)
|> Enum.each(fn chunk -> ... write_batch ... end)
The list is already fully resident before the first chunk is produced. This
bounds the write batch size — a real and separate concern — but does nothing
for peak memory.
3. A count that pins the list (:178)
{series_count + 1, point_count + length(points)}
length(points) after the write loop keeps the whole list reachable for the
loop's entire duration, so nothing can be incrementally collected.
4. Verification, the actual peak (verify_all/2:225)
expected = source_points(source, metric, labels)          # full source series
{:ok, actual} = LibsqlEngine.query_raw(...)               # full target series
actual = Enum.sort_by(actual, ...)                        # + sort intermediates
...
Enum.zip(left, right) |> Enum.all?(...)                   # + a third list
Source and target for the same series are alive simultaneously, each with sort
intermediates, and bit_exact?/2:246 then builds a zipped list of 2-tuples on
top. This is roughly four to five concurrent copies of the largest series.
Why The Restart Could Not Resume
The OOM landed mid-stage. On restart the resume path found the staged database
present but semantically empty and raised
staged migration is incomplete or invalid: {:ok, []}
rather than discarding and restarting the stage. So a memory failure converted
into a hard, self-perpetuating boot failure. Worth treating as its own defect:
a staged migration that fails validation should be reclaimable automatically,
since the source is retained precisely to make that safe.
The Fix
The paged read already exists. lib/timeless_metrics/rust_engine/nif.ex:45:
def engine_legacy_query_page(_reader, _metric, _labels, _after, _limit)
The migration calls the unbounded engine_query_range instead.
Proposed changes:
	Page the source. Drive the write loop from engine_legacy_query_page/5
so a bounded window is resident at a time. Peak becomes a function of page
size, not of the largest series.
	Count while writing. Accumulate from each page and drop length/1, so
no full list has to stay reachable.
	Stream verification. Compare page-by-page in the same window order, or
fold both sides into running checksums, instead of materialising source and
target together and zipping. Bit-exactness is preserved by hashing the same
float_bits/1 representation incrementally.
	Avoid the per-point binary in sorts. If the source already returns points
in timestamp order, the sort can be dropped; otherwise sort with a comparator
rather than an allocating key function.

Expected result: peak memory proportional to page size, which makes the
conversion viable on a 3.9 GB host without swap.
Measured Result
Implemented 2026-08-09. One series, all points in it, peak BEAM memory sampled
across LibsqlMigration.run/1 on an M-series laptop:
	points	before (peak Δ)	after (peak Δ)	before (time)	after (time)
	1,000,000	628.5 MB	31.1 MB	1,166 ms	5,654 ms

Memory is now flat in the size of the series, which was the goal:
	points	peak Δ	elapsed
	500,000	27.1 MB	1,662 ms
	1,000,000	31.6 MB	5,690 ms
	2,000,000	32.6 MB	20,660 ms

A 20× reduction in peak memory, and the OOM class of failure is gone: peak no
longer tracks the largest series.
Superseded: See "The Read Path Was The Problem" below
The first cut of this change was memory-bounded but quadratic in time. The
cause turned out to be in the legacy read path, not in the migration, and is
fixed. The section immediately below records the original diagnosis; the final
numbers are at the end.
Original Problem: The Paged Read Is Quadratic
Those same numbers show the cost. Doubling the points multiplies elapsed time by
~3.5, not by 2 — the conversion is now roughly O(n²) per series.
The cause is in legacy_query_page itself. Each call must return the globally
smallest limit points after the cursor, ordered by
(timestamp, value_bits, path, offset, ordinal). Points in a later chunk can
carry earlier timestamps, so producing that global order requires visiting
every chunk on every page. With n / 4096 pages each scanning all chunks,
total work grows with the square of the series size.
What this means in practice depends entirely on the per-series distribution,
which is still unmeasured:
	At the production average of ~142k points per series, the quadratic term
is small and the whole conversion should finish faster than the four minutes
it took with swap.
	A single multi-million-point series would dominate everything. Extrapolating
the curve, one 10M-point series alone would take on the order of ten minutes.

Validate against the retained production store before deploying this. The
source is preserved at /observability/metrics/rust_engine on the production
host, so the real distribution can be measured directly rather than guessed.
The Read Path Was The Problem
The quadratic cost was not inherent to paging. It was three defects in
legacy_query_page in native/tms_engine/src/lib.rs, all on the read side —
nothing about ingest or the on-disk format is involved.
Measured directly: a 1M-point series is stored as one chunk, and successive
pages cost a flat ~19 ms each. Flat per-page cost over n / 4096 pages is what
made the total quadratic.
1. No chunk pruning. The normal query_range path prunes before decoding:
.filter(|(_, meta)| meta.min_ts <= t_end && meta.max_ts >= t_start)
legacy_query_page filtered on partition alone and then called
read_chunk_data_cached(&meta, i64::MIN, i64::MAX, ..) — explicitly the entire
range — even though every ChunkMeta already carries min_ts / max_ts and
the cursor already establishes a timestamp floor. Metas were also sorted by
(path, data_offset), so there was no early exit even in principle. Now sorted
by min_ts, with a skip for chunks that end before the cursor and a break
once the retained heap is full and the remaining chunks start beyond it.
2. Chunks were re-decoded on every page. file_cache avoided the
fs::read, but the pco decompression ran on every call. The legacy reader now
holds the most recently decoded chunk, which is enough because the migration
advances its cursor monotonically. The cache lives on LegacyReaderResource,
not on Engine, so the ingest path is untouched.
3. The dominant cost: an allocation per point per page. The inner loop built
a full LegacyPointKey — including relative_path.clone(), a String — for
every point of the chunk, on every page, only to discard nearly all of them.
At 1M points and 245 pages that is ~245M string allocations. Points are ranked
by timestamp first, so two integer comparisons now settle the outcome before
anything is allocated.
Fixes 1 and 2 together bought only ~25%. Fix 3 is what mattered.
Final Measured Result
Peak BEAM memory and wall clock across LibsqlMigration.run/1, one series:
	points	before (peak)	after (peak)	before (time)	after (time)
	500,000	—	30.9 MB	—	538 ms
	1,000,000	628.5 MB	32.6 MB	1,166 ms	1,081 ms
	2,000,000	1,101.4 MB	29.3 MB	2,152 ms	2,326 ms
	4,000,000	2,353.2 MB	29.2 MB	4,094 ms	5,335 ms

Memory is flat where it used to grow linearly — 80× lower at 4M points — and
wall clock is now comparable to the original rather than 5× worse. A 4M-point
series alone used to need 2.35 GB, on a host with 3.9 GB.
Residual
Time is still mildly superlinear (~2.3× per doubling at 4M): each page still
scans the whole chunk, now with only two integer comparisons per point. Making
it fully linear means resuming the scan near the cursor instead of restarting
it — a binary search on timestamp for chunks that are stored in timestamp
order, falling back to a full scan for chunks that are not. Extrapolated, a
single 20M-point series would spend roughly a minute in that scan, so this is
worth doing before any store with very large individual series is migrated.
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    TimelessMetrics API Reference

TimelessMetrics is an embedded time series database for Elixir. It can run as a library
inside your application or as a standalone containerized service. This document
covers the Elixir API, the HTTP interface, and the SVG charting endpoint.
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Elixir API
Return and Error Contract
Public data and administration operations use tagged tuples at the boundary:
operations that return data use {:ok, value} and recoverable failures use
{:error, reason}. Commands return :ok (or :noop where documented) and may
return {:error, reason}. Calls that exceed their bounded read, write, or
maintenance deadline return {:error, :timeout}; calls to a stopped store return
{:error, :unavailable}.
Invalid required options, unsupported argument shapes, and calls made before the
store is started are programmer/configuration errors and may raise. Store startup
also fails through the normal OTP child-start error when its database or migration
cannot be initialized safely.
Starting a Store
Add TimelessMetrics to your supervision tree:
children = [
  {TimelessMetrics, name: :metrics, data_dir: "/var/lib/metrics"}
]
All subsequent API calls reference the store by its name (:metrics above).
Store Options
	Option	Type	Default	Description
	:name	atom	required	Store name used in all API calls
	:data_dir	string	"data"	Directory for Rust engine chunk data and SQLite admin data
	:mode	atom	:disk	:disk persists data; :memory keeps the store ephemeral
	:schema	module/struct	TimelessMetrics.Schema.default()	Rollup tier configuration
	:raw_retention_seconds	integer	604_800	Raw point retention in seconds
	:daily_retention_seconds	integer	31_536_000	Daily rollup retention in seconds
	:ingest_workers	integer	max(div(cpus, 4), 2)	HTTP ingest queue workers
	:alert_interval	integer	60_000	Alert evaluation interval in ms
	:self_monitor	boolean	true	Enable internal self-monitoring metrics
	:self_monitor_labels	map	%{}	Labels applied to self-monitoring metrics
	:scraping	boolean	true	Enable Prometheus scraping support
	:engine	atom	:rust	Engine selection; :rust is the default and maintained path

Legacy-only knobs such as :buffer_shards, :flush_threshold, :flush_interval,
:segment_duration, and :compression_level only apply when you intentionally run
engine: :legacy.
Writing Data
Single point
TimelessMetrics.write(:metrics, "cpu_usage", %{"host" => "web-1"}, 73.2)

# With explicit timestamp (unix seconds)
TimelessMetrics.write(:metrics, "cpu_usage", %{"host" => "web-1"}, 73.2,
  timestamp: 1_700_000_000)
Batch write
Each entry is {metric, labels, value} or {metric, labels, value, timestamp}:
TimelessMetrics.write_batch(:metrics, [
  {"cpu_usage", %{"host" => "web-1"}, 73.2},
  {"cpu_usage", %{"host" => "web-2"}, 81.0},
  {"mem_usage", %{"host" => "web-1"}, 4_200_000, 1_700_000_000}
])
Writing Text Data
Text series store string values alongside numeric time-series. They use RLE + zstd
compression and are ideal for values that rarely change (firmware versions, interface
descriptions, SNMP sysDescr, etc.).
Single text point
TimelessMetrics.write_text(:metrics, "sysDescr", %{"host" => "router1"},
  "Cisco IOS 15.2")

# With explicit timestamp
TimelessMetrics.write_text(:metrics, "sysDescr", %{"host" => "router1"},
  "Cisco IOS 15.2", timestamp: 1_700_000_000)
Text batch write
Each entry is {metric, labels, value} or {metric, labels, value, timestamp}:
TimelessMetrics.write_text_batch(:metrics, [
  {"ifDescr", %{"host" => "sw1", "ifIndex" => "1"}, "GigabitEthernet0/0"},
  {"ifDescr", %{"host" => "sw1", "ifIndex" => "2"}, "FastEthernet0/1"},
  {"sysDescr", %{"host" => "sw1"}, "Cisco IOS 15.2", 1_700_000_000}
])
Querying Text Data
Text points (single series, exact label match)
{:ok, points} = TimelessMetrics.query_text(:metrics, "sysDescr", %{"host" => "router1"},
  from: System.os_time(:second) - 86_400,
  to: System.os_time(:second))

# points = [{1700000000, "Cisco IOS 15.2"}, {1700000060, "Cisco IOS 15.2"}, ...]
Text points (multi-series, label filter)
{:ok, results} = TimelessMetrics.query_text_multi(:metrics, "ifDescr",
  %{"host" => "sw1"},
  from: System.os_time(:second) - 3600)

# results = [
#   %{labels: %{"host" => "sw1", "ifIndex" => "1"}, points: [{ts, "GigabitEthernet0/0"}, ...]},
#   %{labels: %{"host" => "sw1", "ifIndex" => "2"}, points: [{ts, "FastEthernet0/1"}, ...]},
# ]
Latest text value
{:ok, {timestamp, value}} = TimelessMetrics.latest_text(:metrics, "sysDescr", %{"host" => "router1"})
{:ok, nil} = TimelessMetrics.latest_text(:metrics, "nonexistent", %{})
Pre-Resolved Writes (Legacy Engine)
Pre-resolved writes are a legacy-engine optimization. They are still available for
compatibility, but they are not the primary hot path on the rust-default engine.
If you are running the default rust engine, prefer write_batch/2 for sustained
throughput. If you are intentionally running engine: :legacy, you can still use
pre-resolved writes:
{:ok, sid} = TimelessMetrics.resolve_series(:metrics, "cpu_usage", %{"host" => "web-1"})
TimelessMetrics.write_resolved(:metrics, sid, 73.2)
TimelessMetrics.write_resolved(:metrics, sid, 74.1, timestamp: 1_700_000_060)
Each batch entry is {series_id, value} or {series_id, value, timestamp}:
TimelessMetrics.write_batch_resolved(:metrics, [
  {sid_1, 73.2},
  {sid_2, 81.0, 1_700_000_000}
])
Querying Data
Raw points (single series, exact label match)
{:ok, points} = TimelessMetrics.query(:metrics, "cpu_usage", %{"host" => "web-1"},
  from: System.os_time(:second) - 3600,
  to: System.os_time(:second))

# points = [{1700000000, 73.2}, {1700000060, 74.1}, ...]
Raw points (multi-series, label filter)
An empty label filter matches all series for the metric:
{:ok, results} = TimelessMetrics.query_multi(:metrics, "cpu_usage", %{})

# results = [
#   %{labels: %{"host" => "web-1"}, points: [{ts, val}, ...]},
#   %{labels: %{"host" => "web-2"}, points: [{ts, val}, ...]},
# ]
Filter by partial labels:
{:ok, results} = TimelessMetrics.query_multi(:metrics, "cpu_usage",
  %{"region" => "us-east"},
  from: now - 7200, to: now)
Latest value
{:ok, {timestamp, value}} = TimelessMetrics.latest(:metrics, "cpu_usage", %{"host" => "web-1"})
{:ok, nil} = TimelessMetrics.latest(:metrics, "nonexistent", %{})
Aggregation Queries
Bucket data into time intervals with an aggregate function:
{:ok, buckets} = TimelessMetrics.query_aggregate(:metrics, "cpu_usage",
  %{"host" => "web-1"},
  from: now - 86400,
  to: now,
  bucket: {300, :seconds},
  aggregate: :avg)

# buckets = [{1700000000, 73.5}, {1700000300, 74.2}, ...]
Multi-series aggregation
{:ok, results} = TimelessMetrics.query_aggregate_multi(:metrics, "cpu_usage", %{},
  from: now - 86400,
  to: now,
  bucket: :hour,
  aggregate: :max)

# results = [
#   %{labels: %{"host" => "web-1"}, data: [{bucket_ts, max_val}, ...]},
#   %{labels: %{"host" => "web-2"}, data: [{bucket_ts, max_val}, ...]},
# ]
Bucket sizes
	:minute, :hour, :day — named intervals
	{n, :seconds} — arbitrary interval (e.g., {300, :seconds} for 5 min)

Aggregate functions
	Function	Description
	:avg	Mean value in bucket
	:min	Minimum value
	:max	Maximum value
	:sum	Sum of all values
	:count	Number of points
	:first	First value in bucket
	:last	Last value in bucket
	:rate	Per-second rate of change

Tier Queries
Read pre-computed rollup data directly from a tier:
{:ok, rows} = TimelessMetrics.query_tier(:metrics, :hourly, "cpu_usage",
  %{"host" => "web-1"},
  from: now - 86400, to: now)

# rows = [%{bucket: ts, avg: v, min: v, max: v, count: n, sum: v, last: v}, ...]
Series Discovery
# List all metric names
{:ok, names} = TimelessMetrics.list_metrics(:metrics)
# ["cpu_usage", "mem_usage", "disk_io"]

# List all series for a metric
{:ok, series} = TimelessMetrics.list_series(:metrics, "cpu_usage")
# [%{labels: %{"host" => "web-1"}}, %{labels: %{"host" => "web-2"}}]

# List distinct values for a label key
{:ok, hosts} = TimelessMetrics.label_values(:metrics, "cpu_usage", "host")
# ["web-1", "web-2", "web-3"]
Metric Metadata
# Register metadata
TimelessMetrics.register_metric(:metrics, "cpu_usage", :gauge,
  unit: "%",
  description: "CPU utilization percentage")

# Get metadata
{:ok, meta} = TimelessMetrics.get_metadata(:metrics, "cpu_usage")
# %{type: :gauge, unit: "%", description: "CPU utilization percentage"}
Metric types: :gauge, :counter, :histogram
Annotations
Annotations are event markers that overlay on charts (deploys, incidents, etc.):
# Create
{:ok, id} = TimelessMetrics.annotate(:metrics, System.os_time(:second), "Deploy v2.1",
  description: "Rolled out new caching layer",
  tags: ["deploy", "prod"])

# Query time range
{:ok, annotations} = TimelessMetrics.annotations(:metrics, from, to, tags: ["deploy"])
# [%{id: 1, timestamp: ts, title: "Deploy v2.1", description: "...", tags: ["deploy", "prod"]}]

# Delete
TimelessMetrics.delete_annotation(:metrics, id)
Alerts
# Create alert rule
{:ok, rule_id} = TimelessMetrics.create_alert(:metrics,
  name: "High CPU",
  metric: "cpu_usage",
  condition: :above,
  threshold: 90.0,
  labels: %{"host" => "web-1"},
  duration: 300,
  aggregate: :avg,
  webhook_url: "http://hooks.example.com/alert")

# List all rules with current state
{:ok, rules} = TimelessMetrics.list_alerts(:metrics)

# Evaluate all rules (also runs automatically on a timer)
TimelessMetrics.evaluate_alerts(:metrics)

# Delete a rule
TimelessMetrics.delete_alert(:metrics, rule_id)
Operational
# Flush all buffered data to disk
TimelessMetrics.flush(:metrics)

# Get store statistics
info = TimelessMetrics.info(:metrics)
# %{series_count: 1000, total_points: 5_000_000, bytes_per_point: 0.78, ...}

# Force rollup
TimelessMetrics.rollup(:metrics)         # all tiers
TimelessMetrics.rollup(:metrics, :hourly) # specific tier

# Force late-arrival catch-up scan
TimelessMetrics.catch_up(:metrics)

# Force retention enforcement
TimelessMetrics.enforce_retention(:metrics)
Info fields
	Field	Description
	series_count	Number of unique time series
	segment_count	Number of compressed raw segments
	total_points	Total data points stored
	raw_compressed_bytes	Raw segment storage in bytes
	bytes_per_point	Compression efficiency
	storage_bytes	Total on-disk storage (segment files + metadata DB)
	oldest_timestamp	Earliest data point
	newest_timestamp	Latest data point
	buffer_points	Points still in raw buffers (not yet compressed)
	tiers	Map of tier names to stats
	raw_retention	Raw data retention in seconds
	db_path	Main database file path


HTTP API
Start the HTTP server alongside TimelessMetrics:
children = [
  {TimelessMetrics, name: :metrics, data_dir: "/var/lib/metrics"},
  {TimelessMetrics.HTTP, store: :metrics, port: 8428}
]
Or run the container (starts both automatically).
All ingest and query endpoints are compatible with VictoriaMetrics tooling
(Vector, Grafana, etc.).
Authentication
Set the TIMELESS_BEARER_TOKEN environment variable to enable token authentication.
When set, all endpoints except /health require a valid token.
Via header (API clients, curl, Grafana):
curl -H "Authorization: Bearer my-secret-token" \
  http://localhost:8428/api/v1/query_range?metric=cpu_usage&from=-1h

Tokens are accepted only in the Authorization header. Query-string tokens
are intentionally rejected because URLs are commonly retained in proxy and
access logs.
Elixir library usage (pass :bearer_token in HTTP opts):
{TimelessMetrics.HTTP, store: :metrics, port: 8428, bearer_token: "my-secret-token"}
	Response	Meaning
	401 {"error":"unauthorized"}	No bearer token provided in the Authorization header
	403 {"error":"forbidden"}	Token provided but doesn't match

When TIMELESS_BEARER_TOKEN is not set, all endpoints are open (no auth enforced).
/health is always open regardless of token configuration.
Production deployments should set a token and provide TLS and rate limiting at
the reverse proxy.
Ingest Endpoints
POST /api/v1/import
VictoriaMetrics JSON line format. Each line is a JSON object:
{"metric":{"__name__":"cpu_usage","host":"web-1"},"values":[73.2,74.1],"timestamps":[1700000000,1700000060]}
{"metric":{"__name__":"mem_usage","host":"web-1"},"values":[4200000],"timestamps":[1700000000]}
	metric.__name__ is the metric name; all other keys become labels
	values and timestamps are parallel arrays
	Max body size: 10 MB

Response:
	204 No Content on success
	200 with {"samples": N, "errors": N} if some lines had errors
	413 if body exceeds 10 MB

Example:
curl -X POST http://localhost:8428/api/v1/import -d '
{"metric":{"__name__":"cpu_usage","host":"web-1"},"values":[73.2],"timestamps":[1700000000]}
{"metric":{"__name__":"cpu_usage","host":"web-2"},"values":[81.0],"timestamps":[1700000000]}
'

Vector sink configuration:
[sinks.timeless]
type = "http"
inputs = ["metrics_transform"]
uri = "http://localhost:8428/api/v1/import"
encoding.codec = "text"
framing.method = "newline_delimited"
POST /api/v1/import/prometheus
Prometheus text exposition format:
cpu_usage{host="web-1"} 73.2 1700000000000
cpu_usage{host="web-2"} 81.0
mem_usage 4200000
	Lines starting with # are skipped (comments, HELP, TYPE)
	Timestamp is in milliseconds (converted to seconds internally)
	If timestamp is omitted, current time is used
	Labels are optional

Example:
curl -X POST http://localhost:8428/api/v1/import/prometheus -d '
# HELP cpu_usage CPU utilization
cpu_usage{host="web-1",region="us-east"} 73.2 1700000000000
cpu_usage{host="web-2",region="us-east"} 81.0 1700000000000
'

Query Endpoints
All query endpoints accept these common parameters:
	Parameter	Description
	metric	Metric name (required)
	from or start	Start timestamp — unix seconds or relative (-1h, -30m, -7d)
	to or end	End timestamp — unix seconds, relative, or now
	Any other param	Treated as a label filter (e.g., host=web-1)

Relative time syntax: -<number><unit> where unit is s, m, h, d, or w.
GET /api/v1/export
Export raw points in VictoriaMetrics JSON line format (one line per series).
curl 'http://localhost:8428/api/v1/export?metric=cpu_usage&host=web-1&from=-1h'

Response (newline-delimited JSON):
{"metric":{"__name__":"cpu_usage","host":"web-1"},"values":[73.2,74.1],"timestamps":[1700000000,1700000060]}
GET /api/v1/query
Latest value for matching series.
curl 'http://localhost:8428/api/v1/query?metric=cpu_usage&host=web-1'

Response (single series):
{"labels":{"host":"web-1"},"timestamp":1700000060,"value":74.1}
Response (multiple series):
{"data":[
  {"labels":{"host":"web-1"},"timestamp":1700000060,"value":74.1},
  {"labels":{"host":"web-2"},"timestamp":1700000060,"value":81.0}
]}
GET /api/v1/query_range
Range query with time-bucketed aggregation.
	Parameter	Default	Description
	step	60	Bucket size in seconds
	aggregate	avg	One of: avg, min, max, sum, count, last, first, rate

curl 'http://localhost:8428/api/v1/query_range?metric=cpu_usage&from=-6h&step=300&aggregate=max'

Response:
{
  "metric": "cpu_usage",
  "series": [
    {
      "labels": {"host": "web-1"},
      "data": [[1700000000, 73.5], [1700000300, 91.2]]
    },
    {
      "labels": {"host": "web-2"},
      "data": [[1700000000, 81.0], [1700000300, 79.3]]
    }
  ]
}
Prometheus-Compatible Endpoints
GET /prometheus/api/v1/query_range
Grafana-compatible Prometheus query_range endpoint. Supports simple PromQL
selectors (metric name with optional label matchers).
	Parameter	Description
	query	PromQL selector, e.g. cpu_usage{host="web-1"}
	start	Start timestamp (unix seconds, float)
	end	End timestamp (unix seconds, float)
	step	Step in seconds or duration string (60s, 5m, 1h)

curl 'http://localhost:8428/prometheus/api/v1/query_range?query=cpu_usage{host="web-1"}&start=1700000000&end=1700003600&step=60'

Response (Prometheus API format):
{
  "status": "success",
  "data": {
    "resultType": "matrix",
    "result": [
      {
        "metric": {"__name__": "cpu_usage", "host": "web-1"},
        "values": [[1700000000, "73.2"], [1700000060, "74.1"]]
      }
    ]
  }
}
Grafana data source configuration:
Set Prometheus URL to http://timeless:8428/prometheus and queries will work
with standard PromQL selectors.
Series Discovery Endpoints
GET /api/v1/label/__name__/values
List all metric names.
curl http://localhost:8428/api/v1/label/__name__/values

{"status":"success","data":["cpu_usage","mem_usage","disk_io"]}
GET /api/v1/label/:name/values?metric=<metric>
List distinct values for a label key.
curl 'http://localhost:8428/api/v1/label/host/values?metric=cpu_usage'

{"status":"success","data":["web-1","web-2","web-3"]}
GET /api/v1/series?metric=<metric>
List all series (label combinations) for a metric.
curl 'http://localhost:8428/api/v1/series?metric=cpu_usage'

{"status":"success","data":[{"labels":{"host":"web-1"}},{"labels":{"host":"web-2"}}]}
Metadata Endpoints
POST /api/v1/metadata
Register or update metric metadata.
curl -X POST http://localhost:8428/api/v1/metadata -d '{
  "metric": "cpu_usage",
  "type": "gauge",
  "unit": "%",
  "description": "CPU utilization percentage"
}'

	Field	Required	Values
	metric	yes	Metric name
	type	yes	gauge, counter, or histogram
	unit	no	Unit string (e.g., %, bytes, ms)
	description	no	Human-readable description

GET /api/v1/metadata?metric=<metric>
Get metadata for a metric. Returns default values (type: gauge) if none registered.
curl 'http://localhost:8428/api/v1/metadata?metric=cpu_usage'

{"metric":"cpu_usage","type":"gauge","unit":"%","description":"CPU utilization percentage"}
Annotation Endpoints
Annotations are event markers (deploys, incidents, maintenance windows) that
overlay on charts as dashed vertical lines with labels.
POST /api/v1/annotations
curl -X POST http://localhost:8428/api/v1/annotations -d '{
  "title": "Deploy v2.1",
  "description": "Rolled out new caching layer",
  "tags": ["deploy", "prod"],
  "timestamp": 1700000000
}'

	Field	Required	Default	Description
	title	yes		Short annotation title
	description	no	null	Longer description
	tags	no	[]	List of tag strings for filtering
	timestamp	no	current time	Unix seconds

Response: 201 {"id": 1, "status": "created"}
GET /api/v1/annotations
Query annotations in a time range.
	Parameter	Default	Description
	from	24h ago	Start timestamp
	to	now	End timestamp
	tags	(all)	Comma-separated tag filter (matches any)

curl 'http://localhost:8428/api/v1/annotations?from=-7d&tags=deploy,incident'

{
  "data": [
    {"id": 1, "timestamp": 1700000000, "title": "Deploy v2.1", "description": "...", "tags": ["deploy", "prod"]}
  ]
}
DELETE /api/v1/annotations/:id
curl -X DELETE http://localhost:8428/api/v1/annotations/1

Alert Endpoints
POST /api/v1/alerts
Create an alert rule.
curl -X POST http://localhost:8428/api/v1/alerts -d '{
  "name": "High CPU",
  "metric": "cpu_usage",
  "condition": "above",
  "threshold": 90.0,
  "labels": {"host": "web-1"},
  "duration": 300,
  "aggregate": "avg",
  "webhook_url": "http://hooks.example.com/alert"
}'

	Field	Required	Default	Description
	name	yes		Alert name
	metric	yes		Metric to monitor
	condition	yes		above or below
	threshold	yes		Numeric threshold
	labels	no	{}	Label filter (empty = all series)
	duration	no	0	Seconds value must breach before firing
	aggregate	no	avg	Aggregate function for evaluation
	webhook_url	no	null	URL to POST on state transitions

Response: 201 {"id": 1, "status": "created"}
GET /api/v1/alerts
List all alert rules with current state.
curl http://localhost:8428/api/v1/alerts

DELETE /api/v1/alerts/:id
curl -X DELETE http://localhost:8428/api/v1/alerts/1

Charts and Dashboard
GET /chart
Render an SVG line chart. See SVG Charts for full details.
GET /
Auto-generated HTML dashboard with all metrics, alert badges, and auto-refresh.
	Parameter	Default	Description
	from	-1h	Time range start
	to	now	Time range end
	Any other param		Label filter

http://localhost:8428/?from=-6h&host=web-1
Health Check
GET /health
curl http://localhost:8428/health

{
  "status": "ok",
  "series": 1000,
  "points": 5000000,
  "storage_bytes": 4194304,
  "buffer_points": 1234,
  "bytes_per_point": 0.78
}

SVG Charts
TimelessMetrics generates pure SVG line charts with no JavaScript or external
dependencies. Charts can be embedded anywhere that renders images: HTML <img>
tags, markdown, emails, Slack, notebooks, etc.
Embedding Charts
HTML <img> tag
<img src="http://localhost:8428/chart?metric=cpu_usage&from=-6h" />
Markdown
![CPU Usage](http://localhost:8428/chart?metric=cpu_usage&from=-6h&theme=light)
Multi-series comparison
<img src="http://localhost:8428/chart?metric=cpu_usage&from=-24h&step=300&aggregate=max&width=1000&height=400" />
All series matching the label filter appear as separate colored lines with an
auto-generated legend.
Chart Parameters
	Parameter	Default	Description
	metric	required	Metric name
	from / start	1h ago	Start time (unix seconds or relative: -1h, -7d)
	to / end	now	End time
	step	auto	Bucket size in seconds. Auto-computed from range if omitted (~200 buckets)
	aggregate	avg	Aggregation: avg, min, max, sum, count, last, first, rate
	width	800	SVG width in pixels
	height	300	SVG height in pixels
	theme	auto	light, dark, or auto
	Any other param		Label filter (e.g., host=web-1)

Themes
	Theme	Behavior
	auto	Uses CSS prefers-color-scheme media query. Renders correctly in both light and dark contexts without server-side knowledge of the viewer's preference.
	light	White background, dark text
	dark	Dark gray background, light text

Chart Features
	Multi-series: All matching series render as separate colored lines
(up to 8 colors, cycling)
	Auto-legend: When multiple series are present, a legend appears at the
bottom using the most-varying label key
	Annotation markers: Dashed amber vertical lines for any annotations in
the time range, with title labels
	Smart axes: Y-axis uses "nice" tick values (1, 2, 5 multiples);
X-axis snaps to clean time intervals
	Value formatting: Large values shown as 1.5K, 2.3M
	Time formatting: Adapts to range — HH:MM for <1 day, Mon HH:MM
for <1 week, M/D for longer ranges
	Empty state: Renders a clean "No data" placeholder when no points match
	Cache-friendly: Responses include Cache-Control: public, max-age=60

Programmatic Usage
The chart module can be used directly from Elixir without the HTTP server:
{:ok, results} = TimelessMetrics.query_aggregate_multi(:metrics, "cpu_usage", %{},
  from: now - 3600,
  to: now,
  bucket: {60, :seconds},
  aggregate: :avg)

{:ok, annotations} = TimelessMetrics.annotations(:metrics, now - 3600, now)

svg = TimelessMetrics.Chart.render("cpu_usage", results,
  width: 800,
  height: 300,
  theme: :dark,
  annotations: annotations)

File.write!("chart.svg", svg)

Configuration
Store Options
When starting TimelessMetrics as a library:
{TimelessMetrics,
  name: :metrics,
  data_dir: "/var/lib/metrics",
  schema: MyApp.MetricsSchema,
  raw_retention_seconds: 14 * 86_400,
  daily_retention_seconds: 365 * 86_400,
  ingest_workers: 8,
  alert_interval: :timer.seconds(30),
  self_monitor: true}
Schema and Rollup Tiers
Define custom rollup tiers:
defmodule MyApp.MetricsSchema do
  use TimelessMetrics.Schema

  raw_retention {7, :days}
  rollup_interval {5, :minutes}
  retention_interval {1, :hours}

  tier :hourly,
    resolution: :hour,
    aggregates: [:avg, :min, :max, :count, :sum, :last],
    retention: {30, :days}

  tier :daily,
    resolution: :day,
    aggregates: [:avg, :min, :max, :count, :sum, :last],
    retention: {365, :days}

  tier :monthly,
    resolution: {30, :days},
    aggregates: [:avg, :min, :max, :count, :sum, :last],
    retention: :forever
end
Default schema (used when no :schema option is provided):
	Raw retention: 7 days
	Hourly rollups retained 30 days
	Daily rollups retained 365 days
	Monthly rollups retained forever
	Rollup runs every 5 minutes
	Retention enforced every hour

Environment Variables (Container)
When running as a standalone container, these environment variables configure
the store:
	Variable	Default	Description
	TIMELESS_DATA_DIR	/data	Storage directory (mount a volume here)
	TIMELESS_PORT	8428	HTTP listen port
	TIMELESS_BEARER_TOKEN	(none)	Bearer token for API auth (unset = no auth)

podman run -d \
  -p 8428:8428 \
  -v timeless_data:/data:Z \
  -e TIMELESS_BEARER_TOKEN=my-secret \
  localhost/timeless:latest
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    Alerting

TimelessMetrics has a built-in alert engine that evaluates threshold rules against live metric data and delivers webhook notifications on state changes.
Webhook delivery verifies HTTPS certificates and blocks loopback, link-local,
and private-network destinations by default. Set
config :timeless_metrics, webhook_allow_private: true only when alerts must
reach a trusted internal receiver.
How It Works
Alert evaluation piggybacks on the rollup tick — no extra timers or polling. Every rollup interval (default: 5 minutes), TimelessMetrics:
	Queries the latest aggregated value for each rule's metric + labels
	Checks if the value breaches the rule's threshold condition
	Transitions the alert state machine
	Fires a webhook on firing and resolved transitions

State Machine
Each alert rule tracks state per series (unique label combination):
ok → pending → firing → resolved → ok
	State	Meaning
	ok	Value is within normal range
	pending	Value is breaching, waiting for duration to elapse
	firing	Breach lasted longer than duration — webhook sent
	resolved	Was firing, now back to normal — webhook sent

If duration is 0, the alert skips pending and fires immediately on breach.
When an alert returns to ok from resolved, its state row is automatically deleted from the database. This keeps the alert_state table self-regulating — only active states (pending, firing, resolved) persist. In high-cardinality environments (thousands of devices), this prevents unbounded growth of state rows for series that are operating normally.
Alert rules persist until explicitly deleted. If you decommission devices or rename metrics, delete the corresponding rules to avoid orphaned evaluations.
Elixir API
Create a rule
{:ok, rule_id} =
  TimelessMetrics.create_alert(:metrics,
    name: "High CPU",
    metric: "cpu_usage",
    labels: %{"host" => "web-1"},
    condition: :above,
    threshold: 90.0,
    duration: 300,          # must breach for 5 minutes before firing
    aggregate: :avg,        # aggregate function for the lookback window
    webhook_url: "http://localhost:4000/hooks/alerts"
  )
Required options
	Option	Type	Description
	:name	string	Human-readable alert name
	:metric	string	Metric name to monitor
	:condition	:above or :below	Threshold direction
	:threshold	number	Numeric threshold value

Optional
	Option	Type	Default	Description
	:labels	map	%{}	Label filter (empty = all series for this metric)
	:duration	integer	0	Seconds the value must breach before firing
	:aggregate	atom	:avg	Aggregate function (:avg, :min, :max, :sum, :last)
	:webhook_url	string	nil	URL for webhook notifications

List rules
{:ok, rules} = TimelessMetrics.list_alerts(:metrics)

# Each rule includes current state per series:
# %{
#   id: 1,
#   name: "High CPU",
#   metric: "cpu_usage",
#   labels: %{"host" => "web-1"},
#   condition: "above",
#   threshold: 90.0,
#   duration: 300,
#   aggregate: "avg",
#   webhook_url: "http://...",
#   enabled: true,
#   states: [
#     %{series_labels: %{"host" => "web-1"}, state: "firing",
#       triggered_at: 1707350400, last_value: 94.2}
#   ]
# }
Delete a rule
:ok = TimelessMetrics.delete_alert(:metrics, rule_id)
Manual evaluation
Alert rules are evaluated automatically on every rollup tick. To trigger evaluation manually:
TimelessMetrics.evaluate_alerts(:metrics)
HTTP API
Create a rule
curl -X POST http://localhost:8428/api/v1/alerts \
  -H "Content-Type: application/json" \
  -d '{
    "name": "High CPU",
    "metric": "cpu_usage",
    "labels": {"host": "web-1"},
    "condition": "above",
    "threshold": 90.0,
    "duration": 300,
    "aggregate": "avg",
    "webhook_url": "http://localhost:4000/hooks/alerts"
  }'

Response:
{"id": 1, "status": "created"}
List all rules
curl http://localhost:8428/api/v1/alerts

Response:
{
  "data": [
    {
      "id": 1,
      "name": "High CPU",
      "metric": "cpu_usage",
      "labels": {"host": "web-1"},
      "condition": "above",
      "threshold": 90.0,
      "duration": 300,
      "aggregate": "avg",
      "webhook_url": "http://localhost:4000/hooks/alerts",
      "enabled": true,
      "states": [
        {
          "series_labels": {"host": "web-1"},
          "state": "ok",
          "triggered_at": null,
          "last_value": 42.3
        }
      ]
    }
  ]
}
Delete a rule
curl -X DELETE http://localhost:8428/api/v1/alerts/1

Webhook Payload
When an alert transitions to firing or resolved, TimelessMetrics POSTs JSON to the configured webhook_url:
{
  "alert": "High CPU",
  "metric": "cpu_usage",
  "labels": {"host": "web-1"},
  "value": 94.2,
  "threshold": 90.0,
  "condition": "above",
  "aggregate": "avg",
  "state": "firing",
  "triggered_at": 1707350400,
  "url": "chart?metric=cpu_usage&host=web-1&from=-1h&theme=auto"
}
The url field is a relative path to an SVG chart of the metric — useful for embedding in Slack messages, dashboards, or email notifications.
Webhooks are fire-and-forget with a 10-second timeout. Failed deliveries are logged but do not block alert evaluation.
ISP Examples
Interface utilization alert
curl -X POST http://localhost:8428/api/v1/alerts \
  -H "Content-Type: application/json" \
  -d '{
    "name": "Uplink saturation",
    "metric": "port_utilization",
    "labels": {"port": "ae0"},
    "condition": "above",
    "threshold": 85.0,
    "duration": 600,
    "aggregate": "avg",
    "webhook_url": "http://noc-bot:3000/webhook"
  }'

DHCP pool running low
curl -X POST http://localhost:8428/api/v1/alerts \
  -H "Content-Type: application/json" \
  -d '{
    "name": "DHCP pool exhaustion",
    "metric": "dhcp_leases",
    "labels": {"pool": "residential"},
    "condition": "above",
    "threshold": 3685,
    "duration": 0,
    "aggregate": "last",
    "webhook_url": "http://noc-bot:3000/webhook"
  }'

(3685 = 90% of a /22 pool with 4094 usable addresses)
Device unreachable (no data)
Monitor for metrics dropping below expected values:
curl -X POST http://localhost:8428/api/v1/alerts \
  -H "Content-Type: application/json" \
  -d '{
    "name": "Device offline",
    "metric": "snmp_uptime",
    "labels": {"device": "core-rtr-1"},
    "condition": "below",
    "threshold": 1.0,
    "duration": 900,
    "aggregate": "count",
    "webhook_url": "http://noc-bot:3000/webhook"
  }'

Connecting to ntfy.sh
ntfy is supported directly. Point webhook_url at your topic and set webhook_format to "ntfy":
curl -X POST http://localhost:8428/api/v1/alerts \
  -H "Content-Type: application/json" \
  -d '{
    "name": "Uplink saturation",
    "metric": "port_utilization",
    "labels": {"port": "ae0"},
    "condition": "above",
    "threshold": 85.0,
    "duration": 600,
    "aggregate": "avg",
    "webhook_url": "https://ntfy.sh/my-noc-alerts",
    "webhook_format": "ntfy"
  }'

You get a titled, prioritised notification:
FIRING: Uplink saturation
port_utilization {port=ae0} is 91.4 (avg above 85.0)
firing is sent at priority 4 with a rotating_light tag; resolved at priority 3
with white_check_mark, so a recovery is not as loud as the outage it clears.
Why the format matters
ntfy parses a JSON body only at its root endpoint. Posted to a topic path
(https://ntfy.sh/<topic>), ntfy treats the raw body as the message text, so the whole
alert envelope arrives as an unreadable blob with no title and no priority — and it
returns 200, so nothing looks wrong.
With webhook_format: "ntfy" the payload is translated into ntfy's own schema and posted
to the root endpoint, with the topic taken from the URL you configured. Self-hosted
instances under a path prefix work too: https://ntfy.example.com/ops/noc-alerts posts to
https://ntfy.example.com/ops/ with topic noc-alerts.
Omit webhook_format (or set it to "generic") to keep the original JSON envelope for
receivers that want to parse it themselves.
For richer notifications with titles and priority, route through a small transformer:
# In your webhook receiver:
def handle_alert(payload) do
  priority = if payload["state"] == "firing", do: "high", else: "default"
  title = "#{String.upcase(payload["state"])}: #{payload["alert"]}"
  body = "#{payload["metric"]} #{payload["condition"]} #{payload["threshold"]} (current: #{payload["value"]})"

  :httpc.request(:post, {
    ~c"https://ntfy.sh/my-noc-alerts",
    [{~c"Title", String.to_charlist(title)},
     {~c"Priority", String.to_charlist(priority)},
     {~c"Tags", ~c"rotating_light"}],
    ~c"text/plain",
    String.to_charlist(body)
  }, [], [])
end
Or if you're self-hosting ntfy, point it at your instance:
"webhook_url": "https://ntfy.your-domain.com/noc-alerts"

Connecting to Slack
Point the webhook_url at a Slack incoming webhook. The JSON payload works directly, or route through a lightweight transformer to format it as a Slack message with the embedded chart link:
# In your webhook receiver (separate service):
def handle_alert(payload) do
  chart_url = "http://timeless:8428/#{payload["url"]}"

  Slack.post_message("#noc-alerts", """
  *#{payload["state"]}*: #{payload["alert"]}
  #{payload["metric"]} #{payload["condition"]} #{payload["threshold"]} (current: #{payload["value"]})
  <#{chart_url}|View Chart>
  """)
end
Evaluation Timing
Alerts are evaluated on every rollup tick. The default rollup interval is 5 minutes, configurable via the schema DSL:
defmodule MySchema do
  use TimelessMetrics.Schema

  rollup_interval :timer.minutes(1)  # evaluate alerts every minute

  # ... tier definitions ...
end
The lookback window for each rule is max(duration, 600) seconds, ensuring at least 10 minutes of data is considered even for rules with duration: 0.
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Annotations are event markers that record when something notable happened -- deployments, incidents, maintenance windows, config changes. They appear as vertical dashed lines on SVG charts and can be queried independently.
What annotations store
Each annotation has:
	Field	Type	Description
	id	integer	Auto-generated unique ID
	timestamp	integer	Unix timestamp (seconds) when the event occurred
	title	string	Short description (e.g., "Deploy v2.3.1")
	description	string	Optional longer description
	tags	list	Optional tags for filtering (e.g., ["deploy", "backend"])

Elixir API
Create an annotation
{:ok, id} = TimelessMetrics.annotate(:metrics, System.os_time(:second), "Deploy v2.3.1",
  description: "Rolled out new caching layer",
  tags: ["deploy", "backend"])
# => {:ok, 1}
Query annotations
now = System.os_time(:second)

# All annotations in the last 24 hours
{:ok, annotations} = TimelessMetrics.annotations(:metrics, now - 86_400, now)

# Filter by tags
{:ok, deploys} = TimelessMetrics.annotations(:metrics, now - 86_400, now,
  tags: ["deploy"])
Returns:
{:ok, [
  %{id: 1, timestamp: 1700000000, title: "Deploy v2.3.1",
    description: "Rolled out new caching layer", tags: ["deploy", "backend"]},
  %{id: 2, timestamp: 1700043200, title: "Deploy v2.3.2",
    description: nil, tags: ["deploy"]}
]}
Delete an annotation
:ok = TimelessMetrics.delete_annotation(:metrics, 1)
HTTP API
Create an annotation
curl -X POST http://localhost:8428/api/v1/annotations \
  -H 'Content-Type: application/json' \
  -d '{
    "title": "Deploy v2.3.1",
    "description": "Rolled out new caching layer",
    "tags": ["deploy", "backend"],
    "timestamp": 1700000000
  }'
# => {"id": 1, "status": "created"}

If timestamp is omitted, the current time is used.
Query annotations
# All annotations in the last 24 hours
curl 'http://localhost:8428/api/v1/annotations?from=-24h&to=now'

# Filter by tags (comma-separated)
curl 'http://localhost:8428/api/v1/annotations?from=-7d&tags=deploy,incident'

Response:
{
  "data": [
    {
      "id": 1,
      "timestamp": 1700000000,
      "title": "Deploy v2.3.1",
      "description": "Rolled out new caching layer",
      "tags": ["deploy", "backend"]
    }
  ]
}
Delete an annotation
curl -X DELETE http://localhost:8428/api/v1/annotations/1
# => {"status": "deleted"}

Tag-based filtering
Tags let you categorize annotations and query specific types:
# Mark different event types
TimelessMetrics.annotate(:metrics, now, "Deploy v2.3.1", tags: ["deploy"])
TimelessMetrics.annotate(:metrics, now, "High error rate", tags: ["incident", "p1"])
TimelessMetrics.annotate(:metrics, now, "DB maintenance", tags: ["maintenance"])

# Query only incidents
{:ok, incidents} = TimelessMetrics.annotations(:metrics, from, to, tags: ["incident"])

# Query deploys and maintenance
{:ok, events} = TimelessMetrics.annotations(:metrics, from, to, tags: ["deploy", "maintenance"])
When filtering by multiple tags, annotations matching any of the specified tags are returned (OR logic).
Chart overlay
Annotations automatically appear on SVG charts rendered via the /chart endpoint. They display as vertical amber dashed lines with the title text:
<img src="http://localhost:8428/chart?metric=cpu_usage&from=-24h" />
Any annotations within the chart's time range are included automatically. This makes it easy to correlate metric changes with events like deployments.
See Charts & Embedding for more chart options.
Common patterns
Marking deployments from CI
# In your CI/CD pipeline
curl -X POST http://localhost:8428/api/v1/annotations \
  -H "Authorization: Bearer $METRICS_TOKEN" \
  -d "{
    \"title\": \"Deploy ${CI_COMMIT_SHORT_SHA}\",
    \"description\": \"Branch: ${CI_COMMIT_BRANCH}, Pipeline: ${CI_PIPELINE_ID}\",
    \"tags\": [\"deploy\", \"${CI_ENVIRONMENT_NAME}\"]
  }"

Marking incidents
TimelessMetrics.annotate(:metrics, System.os_time(:second), "P1: Payment failures",
  description: "Error rate spike in payment service, investigating",
  tags: ["incident", "p1", "payments"])
Marking maintenance windows
# Start of maintenance
{:ok, start_id} = TimelessMetrics.annotate(:metrics, System.os_time(:second),
  "Maintenance start: DB migration",
  tags: ["maintenance"])

# ... perform maintenance ...

# End of maintenance
TimelessMetrics.annotate(:metrics, System.os_time(:second),
  "Maintenance end: DB migration complete",
  tags: ["maintenance"])
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    Architecture

This document describes the standalone embedded-library architecture of
TimelessMetrics. The default Timeless Stack production architecture instead
runs timeless-metrics-api as an external Rust/libSQL owner and keeps this OTP
application loaded for control compatibility and automatic migration only.
The important versioned truth is:
	the default engine is the Rust engine
	the SQLite/libSQL block-store engine is available to embedded-library users
	the legacy Elixir engine still exists, but it is no longer the primary design target

If you are reading older notes that describe ETS shard buffers, SegmentBuilder, ALP, or SQLite-backed raw storage as the hot path, those describe the legacy engine, not the default runtime on main.
High-Level Design
TimelessMetrics is split into two layers:
	Rust hot path
	series resolution
	labeled writes and batch writes
	raw and aggregate reads
	chunk persistence and restart recovery
	label and metric listing


	Elixir product layer
	supervision and configuration
	HTTP API
	background ingest workers
	alerts, annotations, metadata, scrape targets
	PromQL execution and response shaping
	charts, dashboard, forecasting, anomaly detection
	retention, rollups, backup orchestration



The Rust layer is responsible for the time-series engine. Elixir is responsible for the surrounding application behavior.
Supervision Tree
For a normal persisted store:
children = [
  {TimelessMetrics, name: :metrics, data_dir: "/var/lib/metrics"},
  {TimelessMetrics.HTTP, store: :metrics, port: 8428}
]
Internally, the store supervisor starts different children depending on mode, but the current rust-default path is roughly:
TimelessMetrics.Supervisor
├── TimelessMetrics.DB
├── TimelessMetrics.RustEngine
├── TimelessMetrics.IngestWorker x N   (non-memory mode)
├── TimelessMetrics.AlertEvaluator     (non-memory mode)
├── TimelessMetrics.SelfMonitor        (optional)
├── DynamicSupervisor                  (scraping enabled, non-memory mode)
└── TimelessMetrics.Scraper            (scraping enabled, non-memory mode)
TimelessMetrics.HTTP is a separate child you add alongside the store when you want HTTP ingest/query endpoints.
Engine Selection
The default supervisor defaults to:
engine: :rust
The legacy engine is still available through explicit configuration:
{TimelessMetrics, name: :metrics, data_dir: "/tmp/metrics", engine: :legacy}
The single-database embedded libSQL engine is also explicit:
{TimelessMetrics, name: :metrics, data_dir: "/tmp/metrics", engine: :libsql}
Its supervision tree replaces TimelessMetrics.RustEngine with one
TimelessMetrics.LibsqlEngine writer and a pool of reader connections. Every
connection loads a small native SQLite extension that registers the
timeless-libsql virtual tables and query functions.
Current docs in this file describe the rust path unless stated otherwise.
Write Path
Programmatic API
Elixir writes call into TimelessMetrics.RustEngine, which forwards to the Rust NIF.
Flow:
TimelessMetrics.write / write_batch
  -> TimelessMetrics.RustEngine
  -> Rust NIF
  -> resolve series
  -> append to in-memory partition buffers
  -> flush to chunk files when thresholds or maintenance triggers fire
Key properties:
	batch writes are the primary high-throughput path
	the engine maintains its own series registry
	chunk metadata is stored and rebuilt from files on restart
	writes remain queryable before and after flush

HTTP Ingest
HTTP ingest is intentionally decoupled from parsing and storage:
HTTP request
  -> handler enqueues raw body in ETS
  -> returns quickly
  -> IngestWorker drains queue
  -> parse body
  -> RustEngine/NIF write path
This is true for:
	VictoriaMetrics JSON-line ingest
	Prometheus text ingest
	Influx line protocol ingest

The queue is an Elixir concern. The actual time-series write path is still the Rust engine.
Read Path
Raw and aggregate reads for the default engine go through the Rust layer.
Examples:
	TimelessMetrics.query/4
	TimelessMetrics.query_multi/4
	TimelessMetrics.query_aggregate/4
	TimelessMetrics.query_aggregate_multi/4

PromQL and HTTP compatibility endpoints are layered above that:
HTTP / PromQL request
  -> parse HTTP params or PromQL
  -> call TimelessMetrics query functions
  -> RustEngine / NIF returns data
  -> Elixir formats HTTP / Prometheus response
So the Rust engine owns the data retrieval, but Elixir still owns:
	PromQL planning
	Prometheus response envelopes
	dashboard/chart formatting
	filtering and endpoint-specific shaping

Storage Model
The rust engine persists data under a Rust-engine-specific directory inside the store data_dir.
Conceptually it keeps:
	a persisted series registry
	individual chunk files
	batched chunk files
	an in-memory index rebuilt on startup

Important behavior:
	chunk metadata is used to prune reads efficiently
	restart recovery rebuilds the in-memory index from disk
	chunk naming is designed to avoid restart-time overwrite collisions
	out-of-order points are normalized before chunk metadata is written

Embedded libSQL storage model
The libSQL engine uses the same data_dir/metrics.db that already holds admin
state. timeless-libsql shadow tables in that database hold the series
registry, compressed raw blocks, rollups, retention metadata, and engine
statistics. Inserts go through the timeless_metrics virtual table; wide
range queries use the one-row, multi-series timeless_raw_frame table-valued
function and decode its versioned TRF1 columns directly into final BEAM
series maps (selective exact reads retain the per-series batch path); scalar
aggregates use the chunk-aware timeless_aggregate kernel;
latest-point reads use the newest-first timeless_latest kernel; rollup
queries use one prepared timeless_rollup_batches call and decode the complete
stored bucket record once per series. Complete from-aligned
avg/sum/min/max/count buckets map to timeless_window_batches, which
returns one versioned timestamp/value blob per series. Partial terminal buckets
and counter/ordering operations remain raw because their semantics differ from
the native half-open window. The scalar/latest/window/rollup adapters select
series ids plus numeric data from SQLite and resolve immutable labels through
the ETS catalog cache, avoiding repeated JSON transport and decoding. The raw
frame is bounded to 10x the returned external-term size in the 12K-series
benchmark; the measured peak increment was 120,596,408 bytes for a 12,959,022
byte result (9.306x).
The boundary is intentionally narrow:
TimelessMetrics public API
  -> Elixir matcher/query semantics
  -> one SQLite writer or pooled SQLite reader
  -> timeless-libsql virtual table
  -> shadow tables and compressed blocks in metrics.db
This design makes a SQLite snapshot of metrics.db a complete backup. The
Rust-to-libSQL converter stages and verifies a replacement database before an
explicit activation; there is no implicit dual-read or dual-write mode.
Memory-Only Mode
Memory-only mode disables durable raw-data persistence:
{TimelessMetrics, name: :metrics, mode: :memory}
In memory-only mode:
	the rust engine still serves as the hot path
	scraping and alert evaluator are skipped
	raw series data is not persisted for recovery

This mode is useful for:
	tests
	local experiments
	ephemeral services
	constrained deployments

Metadata and Admin Data
The Rust engine handles time-series storage, but the DB process still matters.
Elixir-side admin data is still managed in SQLite-backed tables through TimelessMetrics.DB, including:
	metric metadata
	annotations
	alert rules and state
	scrape targets and scrape health
	rollup/admin metadata used by the higher-level product surface

That means the system is not “Rust only.” It is a Rust-default time-series engine with an Elixir application layer around it.
HTTP Surface
TimelessMetrics.HTTP exposes three groups of endpoints:
	Native ingest/query
	/api/v1/import
	/api/v1/import/prometheus
	/write
	/api/v1/query
	/api/v1/query_range
	/api/v1/export


	Prometheus-compatible endpoints
	/prometheus/api/v1/query
	/prometheus/api/v1/query_range
	/prometheus/api/v1/labels
	/prometheus/api/v1/label/:name/values
	/prometheus/api/v1/series


	Product/ops endpoints
	/health
	/health/detailed
	/chart
	annotations, alerts, metadata, backup, dashboard, forecasting, anomalies



Benchmarks
The benchmark set was cleaned up to reflect the current architecture. See:
	../bench/README.md

The maintained benchmarks are:
	embedded API throughput
	HTTP concurrency
	realistic HTTP workload ramp
	TSBS harness
	VictoriaMetrics comparison

Legacy Notes
If you need the legacy engine, keep these distinctions in mind:
	old docs describing ETS shard buffers and SegmentBuilder are about the legacy path
	old compression references to ALP as the primary active engine are legacy descriptions
	old benchmark scripts that depended on actor-era internals were intentionally removed

The codebase still contains compatibility paths, but the primary architecture is now the rust-default engine described above.
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    Capacity Planning with TimelessMetrics

TimelessMetrics includes built-in forecasting and anomaly detection that works at any time scale — from 5-minute operational monitoring to multi-year capacity planning. No external ML libraries required.
How It Works
The forecast engine fits a polynomial trend + Fourier seasonal model to your historical data:
y(t) = a₀ + a₁t + a₂t² + Σ [bₖ sin(2πt/Pₖ) + cₖ cos(2πt/Pₖ)]
Seasonal periods are auto-detected based on your data's sampling interval:
	Sampling Interval	Detected Periods	Use Case
	< 1 hour (e.g. 5min)	Daily (24h) + Half-daily (12h)	Operational monitoring
	1–23 hours	Daily (24h) + Weekly (7d)	Hourly trends
	>= 1 day	Weekly (7d) + Yearly (365d)	Capacity planning

You can also set periods explicitly with the :periods option for full control.
Quick Start: Bandwidth Growth Forecast
Given 1 year of daily peak bandwidth data, forecast the next year:
# Query 1 year of daily peak bandwidth
{:ok, results} =
  TimelessMetrics.query_aggregate(:my_store, "bandwidth_peak", %{"region" => "east"},
    from: now - 365 * 86_400,
    to: now,
    bucket: {:day, :days},
    aggregate: :max
  )

# Forecast 1 year ahead
{:ok, forecast} =
  TimelessMetrics.Forecast.predict(results,
    horizon: 365 * 86_400,
    bucket: 86_400
  )

# forecast = [{future_ts, predicted_value}, ...]
The model automatically picks weekly + yearly seasonal periods for daily data.
Capacity Threshold Analysis
Use the forecast to find when you'll hit capacity limits:
max_capacity = 100.0  # Gbps

{:ok, forecast} =
  TimelessMetrics.Forecast.predict(historical_data,
    horizon: 365 * 86_400,
    bucket: 86_400
  )

# Find first day that exceeds 80% utilization
breach_point =
  Enum.find(forecast, fn {_ts, val} ->
    val / max_capacity >= 0.80
  end)

case breach_point do
  {ts, val} ->
    days_until = div(ts - now, 86_400)
    IO.puts("80% capacity in #{days_until} days (~#{Float.round(val, 1)} Gbps)")

  nil ->
    IO.puts("No capacity concern within forecast horizon")
end
Via HTTP API
Forecast endpoint
# 1 year of daily data, forecast 6 months ahead
curl "http://localhost:8428/api/v1/forecast?\
metric=bandwidth_peak&region=east&\
from=$(date -d '1 year ago' +%s)&to=$(date +%s)&\
step=86400&horizon=15768000"

Response:
{
  "metric": "bandwidth_peak",
  "series": [{
    "labels": {"region": "east"},
    "data": [[1707350400, 42.3], ...],
    "forecast": [[1738886400, 48.1], ...]
  }]
}
SVG chart with forecast overlay
<!-- Embed in dashboards, reports, or emails -->
<img src="http://localhost:8428/chart?
  metric=bandwidth_peak&region=east&
  from=-365d&step=86400&
  forecast=365d&
  width=1000&height=400" />
The purple dashed line shows the forecast extending beyond the historical data.
Anomaly detection on historical trends
# Flag days with unusual growth/dips
curl "http://localhost:8428/api/v1/anomalies?\
metric=bandwidth_peak&region=east&\
from=$(date -d '1 year ago' +%s)&to=$(date +%s)&\
step=86400&sensitivity=medium"

Custom Seasonal Periods
Override auto-detection when you know your data's patterns:
# Monthly + quarterly seasonality for billing data
TimelessMetrics.Forecast.predict(data,
  horizon: 365 * 86_400,
  bucket: 86_400,
  periods: [30 * 86_400, 90 * 86_400]
)

# No seasonality — pure trend (polynomial only)
TimelessMetrics.Forecast.predict(data,
  horizon: 365 * 86_400,
  bucket: 86_400,
  periods: []
)
The same :periods option works with anomaly detection:
TimelessMetrics.Anomaly.detect(data,
  sensitivity: :medium,
  periods: [7 * 86_400]  # weekly only
)
ISP Capacity Planning Examples
Port utilization forecast
# Daily peak utilization per uplink port, forecast 1 year
{:ok, forecasts} =
  TimelessMetrics.forecast(:metrics, "port_utilization", %{"port" => "ae0"},
    from: now - 365 * 86_400,
    to: now,
    horizon: 365 * 86_400,
    bucket: {1, :days},
    aggregate: :max
  )
Subscriber growth
# Weekly active subscriber count, forecast 2 years
{:ok, forecasts} =
  TimelessMetrics.forecast(:metrics, "active_subscribers", %{},
    from: now - 730 * 86_400,
    to: now,
    horizon: 730 * 86_400,
    bucket: {7, :days},
    aggregate: :last
  )
DHCP pool exhaustion
# Daily peak lease count per pool
{:ok, forecasts} =
  TimelessMetrics.forecast(:metrics, "dhcp_leases", %{"pool" => "residential"},
    from: now - 180 * 86_400,
    to: now,
    horizon: 365 * 86_400,
    bucket: {1, :days},
    aggregate: :max
  )

# Check when pool (4094 addresses) hits 90%
pool_size = 4094
Enum.find(forecasts, fn
  %{forecast: predictions} ->
    Enum.any?(predictions, fn {_ts, val} -> val / pool_size >= 0.90 end)
end)
Interpreting Results
The quadratic trend (a₁t + a₂t²) captures accelerating growth patterns. This means:
	For steady linear growth, the forecast will be accurate
	For accelerating growth (new subscribers, expanding coverage), it tracks well
	For growth that's plateauing, it may overpredict — which is the safer direction for capacity planning

Seasonal components capture repeating patterns. For daily-sampled ISP data:
	Weekly: weekend streaming peaks vs weekday business traffic
	Yearly: summer streaming surges, holiday shopping, back-to-school

Anomaly detection on capacity data flags:
	Unexpected traffic spikes (DDoS, viral events, misconfiguration)
	Sudden drops (outages, routing changes, customer churn)
	Seasonal anomalies (holiday traffic exceeding the model's expectations)

Performance
The forecast engine uses a native normal equation solver — no Nx, no Scholar, no external dependencies:
	Data Size	Forecast Time	Memory
	365 points (1yr daily)	~3ms	Negligible
	730 points (2yr daily)	~5ms	Negligible
	8,760 points (1yr hourly)	~50ms	Negligible
	105,120 points (1yr 5min)	~800ms	~50MB

Running the Example
Generate example capacity planning charts:
mix run examples/capacity_planning.exs

This creates docs/examples/chart_capacity_planning.svg and chart_capacity_dark.svg showing 1 year of simulated bandwidth data with a 1-year forecast overlay.
[image: Capacity Planning Chart]
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    Configuration Reference

Store options
All options are passed to the TimelessMetrics child spec:
{TimelessMetrics,
  name: :metrics,
  data_dir: "/var/lib/metrics",
  schema: MyApp.MetricsSchema,
  raw_retention_seconds: 14 * 86_400,
  daily_retention_seconds: 365 * 86_400,
  ingest_workers: 8,
  alert_interval: :timer.seconds(30),
  self_monitor: true,
  self_monitor_labels: %{"service" => "api"},
  scraping: true}
Core options
	Option	Type	Default	Description
	name	atom	(required)	Store name used to reference this instance in all API calls
	data_dir	String.t()	"data"	Directory for store data. The libSQL engine keeps all durable state in metrics.db
	mode	:disk | :memory	:disk	:disk persists data under data_dir; :memory keeps the store ephemeral
	schema	module or %TimelessMetrics.Schema{}	TimelessMetrics.Schema.default()	Rollup tier configuration
	raw_retention_seconds	pos_integer()	604_800	How long raw point data is retained (7 days by default)
	daily_retention_seconds	pos_integer()	31_536_000	How long daily rollup data is retained (365 days by default)
	ingest_workers	pos_integer()	max(div(schedulers, 4), 2)	Background workers that drain HTTP ingest queues
	alert_interval	pos_integer()	60_000	Milliseconds between alert evaluation cycles
	self_monitor	boolean()	true	Enable internal self-monitoring metrics
	self_monitor_labels	map()	%{}	Labels applied to self-monitoring metrics
	scraping	boolean()	true	Enable the Prometheus scraping subsystem
	engine	:libsql | :rust | :legacy	:libsql	Standalone embedded-library engine selection. :rust is the explicit rollback path for migrated stores; production Stack installations use the external Rust/libSQL owner; :legacy exists only for compatibility and migration work
	reader_pool_size	pos_integer()	max(div(schedulers, 2), 2)	Number of read-only SQLite connections used by engine: :libsql

Embedded libSQL engine
engine: :libsql loads the timeless-libsql extension into SQLite and stores
raw blocks, rollups, the durable series registry, and application metadata in
the existing data_dir/metrics.db. It uses one serialized writer connection
and a configurable reader pool. Reader selection is caller-sticky so repeated
queries reuse prepared SQLite statements while independent caller processes
still spread across the pool. Supported scalar aggregates execute in the
extension; unsupported or bucketed shapes retain the raw fallback.
New or empty data directories start on libSQL directly — it is the default.
For a data directory that already contains Rust-engine chunks, run the
verified offline migration before upgrading, or configure engine: :rust
explicitly; see Operations.
The engine deliberately fails startup if it finds an unmigrated, non-empty
rust_engine/ directory — it never silently ignores existing data.
Legacy-only options
These options apply only when engine: :legacy is used:
	Option	Type	Default	Description
	buffer_shards	pos_integer()	max(div(schedulers, 2), 2)	Number of ETS buffer shards
	flush_interval	pos_integer()	5_000	Automatic buffer flush interval in milliseconds
	flush_threshold	pos_integer()	10_000	Points per shard before immediate flush
	segment_duration	pos_integer()	14_400	Segment window size in seconds
	compression	:zstd	:zstd	Segment compression container
	compression_level	pos_integer()	2	Zstd level for legacy segment files

For new deployments, do not tune these unless you are intentionally running the legacy engine.
HTTP server options
{TimelessMetrics.HTTP,
  store: :metrics,
  port: 8428,
  bearer_token: "my-secret-token"}
	Option	Type	Default	Description
	store	atom	(required)	Name of the TimelessMetrics store to serve
	port	pos_integer()	8428	HTTP listen port
	bearer_token	String.t() | nil	nil	Bearer token for API authentication. When nil, endpoints are open

Full configuration example
# config/config.exs
config :my_app, :metrics,
  name: :metrics,
  data_dir: "/var/lib/my_app/metrics",
  raw_retention_seconds: 14 * 86_400,
  daily_retention_seconds: 2 * 365 * 86_400,
  ingest_workers: 8,
  alert_interval: :timer.seconds(30),
  self_monitor: true,
  self_monitor_labels: %{"service" => "api"},
  scraping: true
# lib/my_app/application.ex
defmodule MyApp.Application do
  use Application

  @impl true
  def start(_type, _args) do
    metrics_opts = Application.get_env(:my_app, :metrics)

    children = [
      {TimelessMetrics, metrics_opts},
      {TimelessMetrics.HTTP,
        store: metrics_opts[:name],
        port: 8428,
        bearer_token: System.get_env("METRICS_TOKEN")}
    ]

    Supervisor.start_link(children, strategy: :one_for_one, name: MyApp.Supervisor)
  end
end
Container environment variables
When running as a container, these environment variables configure the instance:
	Variable	Default	Description
	TIMELESS_DATA_DIR	/data	Storage directory
	TIMELESS_PORT	8428	HTTP listen port
	TIMELESS_BEARER_TOKEN	(none)	Bearer token for API auth (unset = no auth)
	TIMELESS_READER_POOL_SIZE	scheduler-based	libSQL reader count
	TIMELESS_INGEST_WORKERS	scheduler-based	HTTP ingest worker count
	TIMELESS_FLUSH_INTERVAL_MS	10000	libSQL flush interval
	TIMELESS_INGEST_TRANSACTION_MS	5	Maximum ingest transaction age
	TIMELESS_INGEST_TRANSACTION_MAX	256	Batches per ingest transaction
	TIMELESS_BUSY_TIMEOUT_MS	5000	SQLite busy timeout
	TIMELESS_MAX_BODY_BYTES	10485760	HTTP request body limit
	TIMELESS_AUTO_MIGRATE	true	Automatically migrate a detected Rust store
	TIMELESS_MAINTENANCE	true	Enable periodic compaction and retention
	TIMELESS_DEFER_COMPRESSION	false	Defer legacy segment recompression
	TIMELESS_EXT_PATH	bundled extension	Override the timeless-libSQL extension path

Invalid integer and boolean values emit a warning and use the documented
default; they do not abort release startup.
Tuning guidance
mode
	Use :disk for normal deployments. This is the durable path.
	Use :memory for tests, short-lived benchmarks, and ephemeral experimentation.

ingest_workers
These workers drain the HTTP import queue. They matter only for the HTTP ingest path, not direct Elixir writes.
	Default: good for most deployments
	Increase: when HTTP import is saturated and CPU is available
	Decrease: for small embedded deployments where background concurrency is unnecessary

reader_pool_size
This applies only to engine: :libsql. Increase it when independent range
queries are queuing behind the reader pool. It does not increase write
parallelism: libSQL deliberately uses one writer connection.
raw_retention_seconds and daily_retention_seconds
	Raw retention controls how long full-resolution point data stays queryable.
	Daily retention controls long-term rollup retention.
	Longer retention improves historical visibility but increases disk usage.

schema
Use a custom schema when your retention tiers need to match your dashboarding horizon.
	Keep raw data shorter for high-volume operational metrics.
	Extend daily or monthly tiers for long-term planning and reporting.
	Treat schema changes as storage-layout decisions, not cosmetic config.

Multiple store instances
You can run multiple independent stores in the same application. Rocket's
module-handler interface supports one TimelessMetrics.HTTP listener per VM;
starting a second listener returns {:error, {:already_started, pid}} instead
of silently routing it to the wrong store. Expose additional stores through
the Elixir API or a separately scoped HTTP adapter.
children = [
  {TimelessMetrics, name: :app_metrics, data_dir: "/data/app"},
  {TimelessMetrics, name: :infra_metrics, data_dir: "/data/infra"},
  {TimelessMetrics.HTTP, store: :app_metrics, port: 8428}
]
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    Intelligent DevOps Monitor with Jido

A multi-agent system built on the Jido autonomous agent framework that watches TimelessMetrics data (metrics, logs, traces) and uses LLM-powered analysis to produce actionable, natural language alerting.
Why
Traditional alerting is threshold-based: "CPU > 90% for 5 minutes." This misses context. A spike in memory might be normal during a scheduled batch job but alarming during normal traffic. An intelligent monitor can correlate signals across metrics, logs, and traces to produce explanations like:
"Memory usage spiked 40% in the last 5 minutes, correlating with a 3x increase in request rate to /api/reports. Traces show report generation queries are holding connections for 12s on average. This looks like the report endpoint is not releasing memory properly under load."

Architecture
Four agents communicate via Jido signals:
TimelessMetrics data
        |
        v
+-------------------+      signals      +---------------------+
| MetricsCollector  | ----------------> | AnomalyDetector     |
| Agent             |                   | Agent               |
+-------------------+                   +---------------------+
                                                |
                                          anomaly signals
                                                |
                                                v
                                        +-------------------+
                                        | Analyst Agent     |
                                        | (LLM via jido_ai) |
                                        +-------------------+
                                                |
                                          analysis signals
                                                |
                                                v
                                        +-------------------+
                                        | Notifier Agent    |
                                        | (Slack/email/etc) |
                                        +-------------------+
Agent 1: MetricsCollector
Periodically queries TimelessMetrics for current system state.
Responsibilities:
	Poll metrics (CPU, memory, request latency, error rates, queue depths)
	Query recent log entries for error patterns
	Sample trace data for latency distributions
	Emit normalized metric snapshots as signals

Jido primitives used: Agent, Actions, Schedule directive
defmodule DevopsMonitor.MetricsCollector do
  use Jido.Agent,
    name: "metrics_collector",
    schema: [
      poll_interval_ms: [type: :integer, default: 30_000],
      metric_queries: [type: {:list, :string}, default: []]
    ]
end

defmodule DevopsMonitor.Actions.CollectMetrics do
  use Jido.Action,
    name: "collect_metrics",
    schema: [
      metric_names: [type: {:list, :string}, required: true]
    ]

  def run(params, context) do
    # Query TimelessMetrics for current values
    snapshots = Enum.map(params.metric_names, fn name ->
      {name, TimelessMetrics.query(name, last: :5m)}
    end)

    {:ok, %{snapshots: snapshots, collected_at: DateTime.utc_now()}}
  end
end
Agent 2: AnomalyDetector
Receives metric snapshots and applies detection strategies.
Responsibilities:
	Maintain rolling windows of metric history
	Detect threshold breaches, sudden spikes/drops, sustained trends
	Correlate anomalies across multiple metric streams
	Emit anomaly signals with context (affected metrics, severity, timeframe)

Detection strategies (start simple, add more over time):
	Static thresholds (configurable per metric)
	Standard deviation from rolling mean
	Rate-of-change detection
	Cross-metric correlation (e.g., error rate + latency both spiking)

defmodule DevopsMonitor.AnomalyDetector do
  use Jido.Agent,
    name: "anomaly_detector",
    schema: [
      thresholds: [type: :map, default: %{}],
      rolling_windows: [type: :map, default: %{}],
      window_size: [type: :integer, default: 20]
    ],
    signal_routes: [
      {"metrics.snapshot", DevopsMonitor.Actions.DetectAnomalies}
    ]
end
Agent 3: Analyst (LLM-powered)
Receives anomaly signals and produces natural language analysis.
Responsibilities:
	Receive anomaly context (which metrics, what values, timeframe)
	Query additional context from TimelessMetrics (related logs, traces)
	Use LLM to synthesize a human-readable explanation
	Suggest potential root causes and remediation steps
	Rate severity based on business impact

defmodule DevopsMonitor.Analyst do
  use Jido.Agent, name: "analyst"

  def start_link(opts \\ []) do
    Jido.AI.Agent.start_link(
      agent: __MODULE__,
      ai: [
        model: {:anthropic, model: "claude-sonnet-4-6"},
        prompt: analyst_prompt(),
        tools: [
          DevopsMonitor.Tools.QueryMetrics,
          DevopsMonitor.Tools.QueryLogs,
          DevopsMonitor.Tools.QueryTraces
        ]
      ]
    )
  end

  defp analyst_prompt do
    Jido.AI.Prompt.new(%{
      messages: [
        %{
          role: :system,
          content: """
          You are a senior SRE analyzing system anomalies. You have access to
          metrics, logs, and traces. When given an anomaly:
          1. Investigate correlated signals across metrics, logs, and traces
          2. Identify the most likely root cause
          3. Assess severity (critical/warning/info)
          4. Suggest immediate remediation steps
          Be concise and actionable. Lead with the most important finding.
          """,
          engine: :eex
        },
        %{
          role: :user,
          content: "<anomaly><%= @anomaly_context %></anomaly>",
          engine: :eex
        }
      ]
    })
  end
end
Agent 4: Notifier
Dispatches formatted alerts to configured channels.
Responsibilities:
	Receive analysis signals from the Analyst
	Format for each output channel (Slack, email, PagerDuty, webhook)
	Deduplicate / rate-limit to avoid alert fatigue
	Track acknowledgment state

defmodule DevopsMonitor.Notifier do
  use Jido.Agent,
    name: "notifier",
    schema: [
      channels: [type: {:list, :atom}, default: [:slack]],
      rate_limit_seconds: [type: :integer, default: 300],
      recent_alerts: [type: :map, default: %{}]
    ],
    signal_routes: [
      {"analysis.complete", DevopsMonitor.Actions.Dispatch}
    ]
end
Dependencies
defp deps do
  [
    {:jido, "~> 2.0"},
    {:jido_ai, "~> 0.5"},
    {:jido_signal, "~> 0.3"},
    {:req_llm, "~> 0.3"},
    {:timeless_metrics, path: "../timeless_metrics"}
  ]
end
Prerequisites
Before building this, we need sufficient operational data flowing through TimelessMetrics:
	[ ] Consistent metric collection across services (CPU, memory, request rates, error rates)
	[ ] Structured log ingestion with correlation IDs
	[ ] Distributed tracing with span data queryable by time range
	[ ] Enough historical data to establish baselines (2+ weeks of normal operation)
	[ ] Query APIs in TimelessMetrics that support time-range and aggregation queries

Implementation Phases
Phase 1: Single-agent metrics polling
	MetricsCollector agent with basic TimelessMetrics queries
	Static threshold detection inline (no separate detector agent yet)
	Console output only (no LLM, no notifications)
	Goal: validate Jido agent lifecycle and TimelessMetrics integration

Phase 2: Multi-agent anomaly detection
	Split out AnomalyDetector as a separate agent
	Add signal-based communication between collector and detector
	Implement rolling window and rate-of-change detection
	Goal: reliable anomaly detection without LLM dependency

Phase 3: LLM-powered analysis
	Add Analyst agent with jido_ai
	Implement tools for querying metrics/logs/traces from the LLM
	Cross-signal correlation (metrics + logs + traces in one analysis)
	Goal: natural language explanations of anomalies

Phase 4: Notification and production hardening
	Add Notifier agent with Slack/email/webhook support
	Rate limiting, deduplication, acknowledgment tracking
	Persistence (hibernate/thaw) for agent state across restarts
	Dashboard via LiveView showing agent status and recent analyses

References
	Jido Documentation
	Jido AI Documentation
	Jido GitHub
	Weather Agent Tutorial (good starter example)
	Appunite: Integrating AI with Jido
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    Getting Started

This guide walks you through installing TimelessMetrics, writing your first metric, and querying it back.
Installation
As a library
Add to your mix.exs:
def deps do
  [
    {:timeless_metrics, "~> 1.2"}
  ]
end
Then fetch dependencies:
mix deps.get

As a container
podman build -f Containerfile -t timeless_metrics:latest .
podman run -d -p 8428:8428 -v timeless_data:/data:Z localhost/timeless_metrics:latest

Minimal configuration
TimelessMetrics requires two options: a name and a data directory.
children = [
  {TimelessMetrics, name: :metrics, data_dir: "/var/lib/metrics"}
]
To expose the HTTP API, add the HTTP server:
children = [
  {TimelessMetrics, name: :metrics, data_dir: "/var/lib/metrics"},
  {TimelessMetrics.HTTP, store: :metrics, port: 8428}
]
Add these to your application's supervision tree (e.g., in lib/my_app/application.ex):
defmodule MyApp.Application do
  use Application

  @impl true
  def start(_type, _args) do
    children = [
      {TimelessMetrics, name: :metrics, data_dir: "/var/lib/metrics"},
      {TimelessMetrics.HTTP, store: :metrics, port: 8428}
    ]

    Supervisor.start_link(children, strategy: :one_for_one, name: MyApp.Supervisor)
  end
end
Writing your first metric
# Write a single data point
TimelessMetrics.write(:metrics, "cpu_usage", %{"host" => "web-1"}, 73.2)

# Write with an explicit timestamp (unix seconds)
TimelessMetrics.write(:metrics, "cpu_usage", %{"host" => "web-1"}, 74.1,
  timestamp: 1700000060)

# Batch write multiple points
TimelessMetrics.write_batch(:metrics, [
  {"cpu_usage", %{"host" => "web-1"}, 73.2},
  {"cpu_usage", %{"host" => "web-2"}, 81.0},
  {"mem_usage", %{"host" => "web-1"}, 4096.0}
])
Or via HTTP:
# VictoriaMetrics JSON line format
curl -X POST http://localhost:8428/api/v1/import -d \
  '{"metric":{"__name__":"cpu_usage","host":"web-1"},"values":[73.2],"timestamps":[1700000000]}'

# Prometheus text format
curl -X POST http://localhost:8428/api/v1/import/prometheus -d \
  'cpu_usage{host="web-1"} 73.2'

Querying it back
Elixir API
# Raw points for the last hour
{:ok, points} = TimelessMetrics.query(:metrics, "cpu_usage", %{"host" => "web-1"},
  from: System.os_time(:second) - 3600)
# => {:ok, [{1700000000, 73.2}, {1700000060, 74.1}, ...]}

# Aggregated: 1-minute averages over the last hour
{:ok, buckets} = TimelessMetrics.query_aggregate(:metrics, "cpu_usage", %{"host" => "web-1"},
  from: System.os_time(:second) - 3600,
  bucket: :minute,
  aggregate: :avg)
# => {:ok, [{1700000000, 73.65}, {1700000060, 74.1}, ...]}

# Latest value
{:ok, latest} = TimelessMetrics.latest(:metrics, "cpu_usage", %{"host" => "web-1"})
# => {:ok, {1700000060, 74.1}}
HTTP API
# Range query with 60-second buckets
curl 'http://localhost:8428/api/v1/query_range?metric=cpu_usage&host=web-1&from=-1h&step=60'

# Latest value
curl 'http://localhost:8428/api/v1/query?metric=cpu_usage&host=web-1'

# Export raw points
curl 'http://localhost:8428/api/v1/export?metric=cpu_usage&host=web-1&from=-1h'

Viewing the dashboard
Open http://localhost:8428/ in your browser for a built-in HTML dashboard showing all metrics with auto-refresh.
Embedding a chart
<img src="http://localhost:8428/chart?metric=cpu_usage&from=-6h&theme=auto" />
Next steps
	Configuration Reference -- all supervisor options and tuning guidance
	Architecture -- how the storage engine works
	API Reference -- complete Elixir and HTTP API documentation
	Scraping -- pull metrics from Prometheus endpoints
	Charts & Embedding -- SVG chart generation and embedding
	Operations -- monitoring, backup, and troubleshooting
	Interactive exploration: run the User's Guide livebook at livebook/users_guide.livemd
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    tms_engine Rust/NIF Code Review - Action Items

Source: Code review of native/tms_engine/src/lib.rs (~2012 lines)
Date: 2026-04-02

Performance Impact Summary
	#	Change	Impact	Magnitude	Notes
	1	Resolve cache collision verification	Slight regression	~50-100ns per write	Adds a HashMap lookup in series_info on every cache hit. Goes from ~50ns to ~100-150ns per resolve. Negligible in context (100ns x 1000 series = 0.1ms per batch).
	2	cold_flush_running CAS guard	Neutral / slight improvement	0% on normal path	Atomic CAS is ~5ns. flush_cold runs every 5 min. Prevents duplicate work if races occur.
	3	Crash-safe chunk writes (tmp+rename)	Slight regression	~1-2% on flush	fs::rename is near-zero cost on same filesystem (POSIX atomic rename). Extra syscall negligible vs compression + write I/O.
	4	Release index lock before decompression	Significant improvement	10-50% on concurrent workloads	Unblocks concurrent flushes during queries. Big win on write-heavy + query concurrent workloads.
	5	Split lib.rs into modules	Neutral	0% (compile-time only)	Pure refactor. No runtime impact. May slightly improve incremental compile times.
	6	Handle lock poisoning gracefully	Neutral	0%	unwrap_or_else on non-poisoned lock is same cost as unwrap. Only matters on error path.
	7	Cross-query file read cache (LRU)	Significant improvement	20-80% on repeated queries	Eliminates redundant disk I/O. Biggest single win for Grafana-style repeated range queries. Cost: modest memory increase.
	8	match_agg returns error on unknown	Neutral	0%	Only fires on bad input. Happy path unchanged.
	9	ensure_dir error instead of panic	Neutral	0%	Happy path unchanged.
	10	delete_before reports file errors	Neutral	0%	fs::remove_file still runs either way. Just don't discard the Result.
	11	Series registry load validates data	Neutral to slight regression	~0% on load	CRC check adds ~microseconds to startup. Totally irrelevant. Prevents silent data loss.
	12	Typed error enum	Neutral to slight improvement	0%	Rust enum dispatch is same speed. May be slightly faster (no heap allocation for static errors).
	13	engine_info returns integers	Neutral	0%	Encoding i64 vs f64 via Rustler is identical cost.

	A	Eliminate clone in resolve_series read path	Improvement	~200-500ns per miss	Avoid BTreeMap clone on every read-path lookup
	B	chunks_exact in write_batch_raw	Improvement	10-30% raw write throughput	Eliminates per-field bounds checks in hot loop
	C	Track out-of-order flag, skip sort scan	Improvement	1-5% on flush	Avoid O(n) scan when data is already sorted (common case)
	D	Bounded header reads during index rebuild	Major improvement	5-20x faster startup	Read ~60 bytes instead of full multi-MB chunk files
	E	Replace flush_queue Mutex with lock-free structure	Improvement	50-200ns per threshold write	Eliminates mutex contention on write path
	F	Merge Vec<i64> + Vec<f64> into Vec<(i64,f64)>	Improvement	5-15% write+query	Better cache locality, half the allocations
	G	Batch-resolve then batch-write in write_batch_labeled	Improvement	10-20% labeled batch throughput	Groups writes by series, improves DashMap locality

Net result: overall performance improvement. Items #4, #7, and #D are the biggest wins.
Estimated overall improvement: 20-50% on query-heavy workloads with concurrent writes, 10-30% on write throughput with items B+G+F.

HIGH PRIORITY
1. Resolve cache hash collision risk
	File: lib.rs ~lines 540-554
	Problem: resolve_cache: DashMap<u64, i64> maps a SipHash-64 digest to a series_id with zero collision detection. A hash collision silently returns the wrong series, causing data corruption (points written to the wrong metric).
	Current code:	fast_series_hash(metric_name, labels_map) hashes metric_name and sorted label k/v pairs into a u64 via DefaultHasher (SipHash).
	resolve_cached() looks up u64 -> i64 and returns the series_id on hit, no verification.


	Fix options:	(a) Use DashMap<(String, Labels), i64> where Labels = BTreeMap<String, String>. Slower but correct. BTreeMap is already Hash + Eq.
	(b) Keep the u64 hash for speed but verify on hit by comparing (metric, labels) against the SeriesRegistry reverse lookup. Only slightly slower on cache hit.
	(c) Use a cryptographic hash (e.g., blake3) to reduce collision probability to negligible. Still not zero.


	Recommendation: Option (b) — keep the fast cache but add a verification step. The SeriesRegistry already has series_info: HashMap<i64, SeriesInfo> so verification is a single HashMap lookup.
	Perf impact: Slight regression (~50-100ns per resolve hit). Current cache hit is ~50ns pure DashMap lookup. Adding verification brings it to ~100-150ns (DashMap hit + HashMap reverse lookup). In context this is negligible: a batch of 1000 series adds 0.1ms total overhead.

2. cold_flush_running AtomicBool is dead code
	File: lib.rs ~line 377 (field declaration in Engine)
	Problem: The cold_flush_running: AtomicBool is declared as a field on Engine but never actually used as a guard. Multiple concurrent flush_cold calls (e.g., from overlapping Elixir timers) can race, causing duplicate flush work and potentially corrupted batch files if two threads write PCB1 files for overlapping partitions.
	Fix: At the top of flush_cold(), do a compare-and-swap on cold_flush_running:if self.cold_flush_running.compare_exchange(
    false, true, Ordering::SeqCst, Ordering::SeqCst
).is_err() {
    return Ok((0, 0, Vec::new())); // already running
}
Then reset to false on return (use a guard / Drop pattern to ensure reset on panic).
	Perf impact: Neutral. Atomic CAS is ~5ns. flush_cold runs every 5 minutes. Net improvement if it prevents duplicate flush work from races.

3. Crash-safe chunk file writes
	File: lib.rs — flush_partition_to_pco1 and flush_batch_to_pcb1 functions
	Problem: The series registry uses atomic tmp+rename, but chunk file writers write directly to the target path. A crash mid-write leaves a corrupt partial file. On next startup, rebuild_index will fail to parse it and the whole rebuild may abort or silently skip valid chunks in the same file.
	Fix: Apply the same tmp+rename pattern:	Write to <path>.tmp
	fs::rename(<path>.tmp, <path>) (atomic on same filesystem on POSIX)
	In rebuild_index, skip files with .tmp extension (cleanup stale ones)


	Affected functions: flush_partition_to_pco1, flush_batch_to_pcb1
	Perf impact: ~1-2% regression on flush. The extra fs::rename syscall is near-zero cost on the same filesystem (POSIX atomic rename is a directory entry swap, no data copy). The actual overhead comes from the additional filesystem metadata operation, which is negligible compared to the pco compression + write I/O that dominates flush time.


MEDIUM PRIORITY
4. Index read lock held during decompression
	File: lib.rs ~lines 1073-1086 (query functions)
	Problem: The self.index.read().unwrap() lock on the BTreeMap is held while iterating over matching chunks, reading files from disk, and decompressing data. This blocks all index mutations (new flushes) for the entire query duration, which can be significant for large time ranges.
	Fix: Clone or collect the matching ChunkMeta entries while holding the lock, then drop the lock before doing file I/O and decompression:let matching: Vec<ChunkMeta> = {
    let idx = self.index.read().unwrap();
    idx.range(..).filter(|(_, meta)| matches(meta)).cloned().collect()
}; // lock dropped here
// now do I/O and decompression without holding the lock

	Trade-off: Slightly higher memory for the cloned vec, but unblocks concurrent flushes.
	Perf impact: 10-50% improvement on concurrent workloads. Currently a query holding the index read lock blocks ALL flush operations (which need a write lock on the index). For a query that takes 100ms to decompress data, flushes are stalled for 100ms. After fix, flushes proceed concurrently. The clone cost is minimal (ChunkMeta is ~100 bytes, even 10k chunks = 1MB). Pure write throughput unaffected; pure query throughput unaffected; mixed workloads see the biggest win.

5. Split lib.rs into modules
	File: native/tms_engine/src/lib.rs (2012 lines)
	Problem: Everything is in one file. Hard to navigate, review, and test in isolation.
	Proposed module layout:src/
  lib.rs          -- NIF registration, atoms, EngineResource, module init
  engine.rs       -- Engine struct, write/flush methods
  registry.rs     -- SeriesRegistry, SeriesInfo, resolve methods
  chunk.rs        -- ChunkMeta, CompressedPartition, PCO1/PCB1 read/write
  query.rs        -- query_range, query_aggregate, label matching
  index.rs        -- Index rebuild, BTreeMap operations
  nif.rs          -- All #[rustler::nif] function wrappers

	Note: This is a refactor-only change. No logic changes. Run existing tests after.
	Perf impact: Neutral (0% runtime). Rust compiler inlines across modules at the same optimization level. May slightly improve incremental compile times during development.

6. Handle lock poisoning gracefully
	File: Throughout lib.rs
	Problem: Every .read().unwrap() and .write().unwrap() on RwLock/Mutex will panic if the lock is poisoned (a thread panicked while holding it). In a BEAM NIF context, Rustler catches panics, but the engine is left in an unknown state and subsequent operations will also panic.
	Fix: Use a helper or recover from poisoning:fn read_lock(lock: &RwLock<T>) -> Result<RwLockReadGuard<'_, T>, String> {
    lock.read().map_err(|e| format!("lock poisoned: {}", e))
}
// or recover:
lock.read().unwrap_or_else(|e| e.into_inner())

	Locations: self.series RwLock, self.flush_queue Mutex, self.created_dirs Mutex.
	Consideration: Recovering from a poisoned lock means operating on potentially inconsistent data. For a metrics engine, this is usually better than hard crashing. Add logging if possible.
	Perf impact: Neutral (0%). unwrap_or_else on a non-poisoned lock compiles to the same code as unwrap(). Only differs on the error path (which is already in a degraded state).

7. Add cross-query file read cache (LRU)
	File: lib.rs — query_range and query_aggregate functions
	Problem: Each query creates a fresh HashMap<PathBuf, Vec<u8>> file cache. If two queries touch the same chunk file (very common for overlapping time ranges), the file is read and decompressed twice.
	Fix options:	(a) Add an Arc<DashMap<PathBuf, Arc<Vec<u8>>>> on Engine as an LRU file cache. Evict entries older than N seconds or when memory budget is exceeded.
	(b) Use an moka crate for a concurrent LRU cache with TTL.
	(c) Keep it simple: use a DashMap<PathBuf, (Instant, Arc<Vec<u8>>)> and periodically clean entries older than e.g., 60s.


	Trade-off: Increases memory usage but dramatically reduces I/O for repeated queries.
	Perf impact: 20-80% improvement on repeated queries. A Grafana dashboard refreshing every 5s hits the same time ranges repeatedly. Currently each query re-reads and decompresses the same chunk files from disk. A shared cache eliminates this entirely. Example: a 50MB chunk file read from disk takes ~5ms (SSD) or ~50ms (HDD); from memory it takes ~microseconds. Cost is memory proportional to cache size (tunable). No impact on write path.


LOW PRIORITY
8. match_agg silently defaults to Avg on unknown atom
	File: lib.rs ~lines 1874-1888
	Problem: If an unrecognized aggregation atom is passed from Elixir, the function silently falls back to Avg instead of returning an error. This can mask bugs in calling code.
	Fix: Return Err("unknown aggregation function: ...".to_string()) in the default case.
	Perf impact: Neutral (0%). Only fires on invalid input. Happy path unchanged.

9. ensure_dir panics on path.parent().unwrap()
	File: lib.rs ~line 975
	Problem: If the path has no parent component (e.g., just a filename like "foo"), path.parent() returns None and unwrap() panics.
	Fix: Return a Result and propagate the error, or use path.parent().ok_or_else(|| format!("path has no parent: {:?}", path))?.
	Perf impact: Neutral (0%). Happy path unchanged. ok_or_else is a branch on Some/None, same cost as the existing unwrap().

10. delete_before ignores file deletion errors
	File: lib.rs ~line 1353
	Problem: let _ = fs::remove_file(path) silently swallows errors. If the file is locked, permissions changed, or disk is failing, the operator gets no feedback.
	Fix: Collect errors and return them, or at minimum log a warning. Could return {:ok, entries, files, errors} or log to Elixir via env.error().
	Perf impact: Neutral (0%). fs::remove_file still runs either way. Just don't discard the Result. Collecting errors into a Vec is negligible.

11. Series registry load() silently ignores parse errors
	File: lib.rs ~lines 257-259
	Problem: If the series registry file is partially corrupted, load() reads what it can and silently drops the rest. from_utf8_lossy converts corrupted bytes to replacement characters instead of failing. This means the system can start up with missing series, and the data for those series becomes orphaned (exists on disk but unretrievable).
	Fix:	Return an error on corruption instead of silently continuing.
	At minimum, log/count how many entries were skipped.
	Consider writing a checksum/CRC alongside the registry for integrity verification.


	Perf impact: Neutral to slight regression (~0% at load time). Adding a CRC32 check on the registry file adds microseconds to startup. The registry file is small (typically <1MB). Totally irrelevant to steady-state performance. The value of preventing silent data loss far outweighs the cost.

12. Replace Result<T, String> with typed error enum
	File: Throughout lib.rs
	Problem: All functions return Result<T, String>. This makes it impossible to pattern-match on specific error types in Elixir (or Rust) and reduces the usefulness of error messages.
	Proposed fix:enum EngineError {
    Io(std::io::Error),
    CorruptData { path: String, reason: String },
    SeriesNotFound(i64),
    InvalidArgument(String),
    LockPoisoned(String),
    FlushInProgress,
}
Then implement Encoder for EngineError to convert to Elixir terms.
	Perf impact: Neutral to slight improvement. Rust enum dispatch is the same speed as returning a String. For static error variants (e.g., FlushInProgress), may actually be slightly faster since no heap allocation is needed (vs String::from("...")). The Encoder impl to Elixir terms is identical cost either way.

13. engine_info returns all values as f64
	File: lib.rs ~lines 1848-1872
	Problem: engine_info returns a Rustler map with all values as f64. For large integers like total_bytes or buffer_memory_bytes, values above 2^53 lose precision in IEEE 754 doubles.
	Fix: Return integer-valued fields as i64 or u64 instead. Rustler supports encoding i64 / u64 directly. This may require changes on the Elixir side if it pattern-matches on floats.
	Perf impact: Neutral (0%). Encoding i64 vs f64 via Rustler is identical cost (both are a single NIF term creation).


PURE PERFORMANCE WINS (No correctness/risk trade-off)
A. Eliminate clone in resolve_series read path
	File: lib.rs line 452
	Problem: reg.series_map.get(&(metric_name.to_string(), labels.clone())) allocates a new String and clones the entire BTreeMap<String, String> on every read-path lookup, even on cache hits that don't need to create anything. This is ~200-500ns of pure waste per lookup.
	Current code:if let Some(&id) = reg.series_map.get(&(metric_name.to_string(), labels.clone())) {
    return Ok(id);
}

	Fix options:	(a) Use a two-level map: HashMap<String, HashMap<Labels, i64>> where the outer key is metric_name. Then lookup is map.get(metric_name)?.get(labels) — no clone on &str lookup.
	(b) Implement Borrow for a custom key type that allows borrowed lookups. This is more complex but preserves the single-map structure.
	(c) Use a HashMap<Arc<str>, HashMap<Labels, i64>> to avoid cloning metric names across the registry.


	Recommendation: Option (a) — two-level map. Simple, idiomatic, eliminates both the String and BTreeMap clone.
	Perf impact: ~200-500ns per resolve miss. The read lock is already held, so this directly reduces the critical section duration. Also reduces allocator pressure under high concurrency.

B. Use chunks_exact or cast in write_batch_raw
	File: lib.rs lines 581-586
	Problem: The raw batch write loop does per-field slice creation + try_into().unwrap() + bounds checks on every iteration:for i in 0..count {
    let o = i * ENTRY_SIZE;
    let series_id = i64::from_ne_bytes(data[o..o + 8].try_into().unwrap());
    let ts = i64::from_ne_bytes(data[o + 8..o + 16].try_into().unwrap());
    let val = f64::from_ne_bytes(data[o + 16..o + 24].try_into().unwrap());
    self.write_point(series_id, ts, val);
}
The length is already validated before the loop (line 573), so the per-iteration bounds checks are redundant.
	Fix options:	(a) Use chunks_exact(24) which eliminates per-chunk bounds checks:for chunk in data.chunks_exact(24) {
    let series_id = i64::from_ne_bytes([chunk[0], chunk[1], ...]);
    // or: let series_id = i64::from_ne_bytes(chunk[0..8].try_into().unwrap());
}

	(b) Cast the slice to &[[u8; 24]] (safe since length is validated). Then use fixed array indexing — LLVM can fully unroll and eliminate bounds checks.
	(c) Use unsafe pointer casts: *(data.as_ptr().add(o) as *const i64). Maximum speed but requires careful alignment/soundness reasoning.


	Recommendation: Option (a) — chunks_exact. Safe, idiomatic, and LLVM will eliminate the remaining bounds checks. Option (c) for an additional ~5% if benchmarking shows it matters.
	Perf impact: 10-30% on raw write path throughput for large batches. The raw write path is the hot path for pre-resolved writes (steady-state scraping). Each iteration currently does 3x [o..o+N] slice + 3x try_into() + 3x bounds check = 9 branches eliminated to ~0.

C. Track out-of-order flag on PartitionBuffer, skip sort scan
	File: lib.rs line 775 (in compress_partition)
	Problem: Every flush calls timestamps.windows(2).any(|w| w[0] > w[1]) to check if timestamps are sorted. This is an O(n) scan over every point. For typical time-series data (Prometheus scraping), timestamps are almost always monotonic — the sort is rarely needed.
	Current code:let needs_sort = timestamps.windows(2).any(|w| w[0] > w[1]);
let sorted_points = if needs_sort { /* expensive sort + allocate */ } else { None };

	Fix: Add an out_of_order: bool field to PartitionBuffer. Set it to true in write_point when a new timestamp is less than the last timestamp in the buffer:if !buf.timestamps.is_empty() && ts < *buf.timestamps.last().unwrap() {
    buf.out_of_order = true;
}
Then in compress_partition, check the flag instead of scanning:let needs_sort = out_of_order_flag; // O(1) instead of O(n)
Reset the flag when draining the partition.
	Perf impact: 1-5% on flush time. The O(n) scan is ~1ns per point, so for a 10k-point partition this saves ~10μs. Small but free. More importantly, it avoids the sort+unzip allocation on the common path (which is a larger win when partitions are large).

D. Bounded header reads during index rebuild (BIGGEST WIN)
	File: lib.rs lines 1406 (read_pco1_header) and 1454 (read_pcb1_headers)
	Problem: During startup, rebuild_index scans all chunk files. Both read_pco1_header and read_pcb1_headers call fs::read(path) which reads the entire file into memory, but only parse the header. For PCO1 files, the header is ~60 bytes + pk_len. For PCB1, the header is 9 + 64*n bytes. The compressed data (which can be megabytes per file) is loaded and immediately discarded.fn read_pco1_header(path: &PathBuf) -> Result<...> {
    let data = fs::read(path).map_err(|e| e.to_string())?;  // reads ENTIRE file
    // ... only reads first ~60 bytes
}

	Fix: Use bounded reads:	For PCO1: Read only the first ~256 bytes (header is small and variable-length due to pk_len, but bounded). Use File::open + read_exact into a small stack buffer.
	For PCB1: Read 9 bytes first to get n, then read 9 + 64*n bytes for the full header table.fn read_pco1_header(path: &PathBuf) -> Result<...> {
  let mut file = File::open(path)?;
  let mut header = vec![0u8; 256]; // generous bound for header
  let bytes_read = file.read(&mut header)?;
  let data = &header[..bytes_read];
  // parse as before
}
For PCB1, do a two-phase read: first 9 bytes for n, then the rest.


	Perf impact: 5-20x faster startup when chunks are large. If you have 10k chunks averaging 1MB each, current code reads ~10GB from disk. After fix, it reads ~1MB of headers. On SSD this could be the difference between 2-second and 100ms startup. On HDD even more dramatic. This is the single biggest pure performance win in the codebase.

E. Replace flush_queue Mutex with lock-free structure
	File: lib.rs lines 373 (field), 532 (producer in write_point), 594-599 (consumer in flush_pending)
	Problem: flush_queue: Mutex<Vec<PartitionKey>> is contended on every write_point that crosses the flush threshold. The consumer in flush_pending drains it, allocates a HashSet for dedup, and iterates. This is a mutex on the write hot path.// Producer (write_point, line 532):
if needs_flush {
    self.flush_queue.lock().unwrap().push(key);
}
// Consumer (flush_pending, lines 594-599):
let keys: Vec<PartitionKey> = {
    let mut queue = self.flush_queue.lock().unwrap();
    std::mem::take(&mut *queue)
};
let mut seen = HashSet::new();
let unique: Vec<PartitionKey> = keys.into_iter().filter(|k| seen.insert(*k)).collect();

	Fix options:	(a) Use DashSet<PartitionKey> instead of Mutex<Vec>. Producers do set.insert(key), consumer does set.iter() + set.clear(). No mutex, automatic dedup, no separate HashSet step.
	(b) Use crossbeam::channel::unbounded(). Producer sends, consumer drains. Doesn't dedup but avoids mutex.
	(c) Use a lock-free MPSC queue (e.g., seg_queue from crossbeam).


	Recommendation: Option (a) — DashSet. Simplest, eliminates mutex AND the dedup step. DashSet is already a dependency (via dashmap crate which is already imported).
	Perf impact: 50-200ns per write that crosses the flush threshold. Not huge per-operation, but eliminates a mutex contention point under high concurrency. Also eliminates the HashSet allocation and dedup iteration in flush_pending.

F. Merge PartitionBuffer fields into Vec<(i64, f64)>
	File: lib.rs ~line 330 (PartitionBuffer struct)
	Problem: PartitionBuffer has separate timestamps: Vec<i64> and values: Vec<f64>. Each point's timestamp and value are always accessed together (write, query, flush), but they're stored in separate heap allocations with separate cache lines. This causes cache misses on every access pattern.struct PartitionBuffer {
    timestamps: Vec<i64>,
    values: Vec<f64>,
    last_write: Instant,
}

	Fix: Merge into a single Vec<Point> where struct Point { ts: i64, val: f64 }, or use Vec<(i64, f64)>:struct PartitionBuffer {
    points: Vec<(i64, f64)>,
    last_write: Instant,
    out_of_order: bool, // from item C above
}
Update write_point, query functions, and flush functions accordingly. The sort in compress_partition becomes points.sort_unstable_by_key(|&(ts, _)| ts) which is cleaner.
	Perf impact: 5-15% on both write and query paths.	Write: One push instead of two, one allocation instead of two, better cache line utilization.
	Query: Iterating points gives (ts, val) in adjacent memory — one cache line fetch serves both values. Currently two separate cache line fetches.
	Flush: Sort operates on a single vec instead of creating a zipped vec.
	Memory: Saves one Vec header (24 bytes: ptr + len + cap) per series. For 100k series, saves ~2.4MB of metadata plus reduces heap fragmentation.


	Trade-off: Slightly worse for operations that only need timestamps (e.g., buf.timestamps.iter().min() becomes buf.points.iter().map(|(ts,_)| ts).min()). But these are rare and the compiler may optimize equally well.

G. Batch-resolve then batch-write in write_batch_labeled
	File: lib.rs lines 562-565 (write_batch_labeled)
	Problem: Labeled batch writes resolve each series ID individually, then immediately write the point. This means DashMap lookups and potential lock acquisitions are interleaved per-entry:for (metric, labels_hm, ts, val) in entries {
    let series_id = self.resolve_cached(&metric, &labels_hm)?;
    self.write_point(series_id, ts, val);
}
For Prometheus scraping, many entries share the same series (e.g., 100 samples for http_requests_total{method="GET"}). Each hits the same DashMap shard, causing repeated lock/unlock cycles.
	Fix: Two-pass approach:// Pass 1: Resolve all series IDs (cache hits are ~50ns each)
let resolved: Vec<(i64, i64, f64)> = entries.into_iter().map(|(metric, labels_hm, ts, val)| {
    let series_id = self.resolve_cached(&metric, &labels_hm)?;
    Ok((series_id, ts, val))
}).collect::<EngineResult<Vec<_>>>()?;

// Pass 2: Group by series_id, then batch-write
resolved.sort_unstable_by_key(|(sid, _, _)| *sid);
for (series_id, ts, val) in resolved {
    self.write_point(series_id, ts, val);
}
Alternatively, use itertools::group_by or a small HashMap to batch writes per series. Since write_point already uses DashMap::entry, consecutive writes to the same key hit the same shard and the entry is likely hot in cache.
	Perf impact: 10-20% on labeled write batch throughput when entries share series (typical in Prometheus scraping where a single scrape produces N samples per metric). The sort is O(n log n) but n is typically small (<10k per batch). The DashMap locality improvement dominates for large batches with repeated series.
	Trade-off: Adds an allocation for the resolved vec. For very small batches (<10 entries) this might be slightly slower. Consider only applying the two-pass approach when entries.len() > SOME_THRESHOLD (e.g., 64).
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    Grafana Integration

TimelessMetrics exposes a Prometheus-compatible query endpoint that works with Grafana's built-in Prometheus data source.
Adding as a data source
	In Grafana, go to Configuration > Data Sources > Add data source

	Select Prometheus

	Set the URL to your TimelessMetrics instance with the /prometheus prefix:
http://your-host:8428/prometheus

	If authentication is enabled, add a custom header:
	Header: Authorization
	Value: Bearer your-token


	Click Save & Test


Supported PromQL patterns
The /prometheus/api/v1/query_range endpoint supports a subset of PromQL that covers the most common dashboard queries:
Simple selectors
cpu_usage{hostname="host_0"}
Regex label matching
cpu_usage{hostname=~"host_0|host_1"}
Range vector functions
max_over_time(cpu_usage{hostname="host_0"}[1h])
avg_over_time(mem_usage{hostname="host_0"}[5m])
rate(http_requests_total{job="web"}[5m])
Supported functions:
	avg_over_time
	min_over_time
	max_over_time
	sum_over_time
	count_over_time
	rate
	irate

Outer aggregation with group-by
max(max_over_time(cpu_usage{hostname=~"host_.*"}[1h])) by (hostname)
Supported outer aggregations: avg, min, max, sum, count
Threshold filtering
max(max_over_time(cpu_usage{hostname="host_0"}[1h])) by (hostname) > 90
Multi-metric with regex __name__
max(max_over_time({__name__=~"cpu_.*",hostname=~"host_0"}[1h])) by (hostname)
Negative matching
cpu_usage{hostname!="host_0"}
cpu_usage{hostname!~"host_0|host_1"}
Dashboard examples
Time series panel
Create a panel with a Prometheus data source query:
avg_over_time(cpu_usage{hostname=~"$hostname"}[5m])
This returns a time series for each matching host, plotted as separate lines.
Grouped aggregation
max(max_over_time(cpu_usage{region=~"$region"}[1h])) by (hostname)
Rate queries
rate(http_requests_total{job="web"}[5m])
Variable queries
Use Grafana's variable feature to create dynamic dropdowns:
	Add a variable of type Query
	Data source: your TimelessMetrics Prometheus source
	Query type: Label values
	Label: the label key (e.g., hostname)
	Metric: the metric name (e.g., cpu_usage)

The label values endpoint is:
/api/v1/label/{label_name}/values?metric={metric_name}
List all metric names
For a metric name variable, use label __name__:
/api/v1/label/__name__/values
Annotation queries
Grafana can display TimelessMetrics annotations on panels:
	Go to Dashboard Settings > Annotations

	Add a new annotation source

	Use a Generic HTTP data source or query the annotations API directly:
http://your-host:8428/api/v1/annotations?from=${__from:date:seconds}&to=${__to:date:seconds}

	Or filter by tags:
http://your-host:8428/api/v1/annotations?from=${__from:date:seconds}&to=${__to:date:seconds}&tags=deploy


Authentication setup
Bearer token
If bearer_token is configured on the HTTP server:
	In the Grafana data source configuration, under Custom HTTP Headers:	Header: Authorization
	Value: Bearer your-token



No authentication
If no bearer token is set, Grafana connects without authentication. This is suitable for trusted networks where the TimelessMetrics instance is not publicly accessible.
Native query endpoint
In addition to the Prometheus-compatible endpoint, you can use TimelessMetrics' native query_range endpoint with Grafana's JSON API data source plugin:
http://your-host:8428/api/v1/query_range?metric=cpu_usage&from=${__from:date:seconds}&to=${__to:date:seconds}&step=${__interval_ms:raw}
This supports additional features like:
	group_by for cross-series aggregation
	cross_aggregate for specifying the cross-series function
	metrics for multi-metric queries
	threshold_gt / threshold_lt for server-side filtering
	transform for data transforms like rate
	limit for top-N queries

See API Reference for the full query_range documentation.
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    Operations

This guide covers monitoring, backup, maintenance, and troubleshooting for TimelessMetrics.
Store info
Elixir API
info = TimelessMetrics.info(:metrics)
Returns a map with:
	Field	Description
	series_count	Number of active metric series
	total_points	Total stored data points across all series
	storage_bytes	Total storage size on disk
	raw_buffer_points	Points currently in the raw buffer (not yet compressed)
	bytes_per_point	Average bytes per point (compression efficiency)

HTTP API
curl http://localhost:8428/health

Response:
{
  "status": "ok",
  "series": 150,
  "points": 1250000,
  "storage_bytes": 24000000,
  "buffer_points": 320,
  "bytes_per_point": 0.67
}
The /health endpoint is always accessible without authentication, making it suitable for load balancer health checks.
Flushing
Force flush all buffered data to compressed blocks on disk:
TimelessMetrics.flush(:metrics)
# There is no dedicated HTTP endpoint for flush, but you can trigger it
# before a backup to ensure all data is persisted.

Use this before backups or graceful shutdowns to ensure no data is lost in the buffer.
Backup
Elixir API
{:ok, result} = TimelessMetrics.backup(:metrics, "/tmp/metrics_backup")
Returns:
{:ok, %{
  path: "/tmp/metrics_backup",
  files: ["metrics.db"],
  total_bytes: 24000000
}}
With engine: :libsql, the backup is a consistent SQLite snapshot containing
both time-series blocks and admin data, so files contains only metrics.db.
The Rust and legacy engines can return additional engine data files.
HTTP API
# Backup to data_dir/backups/nightly
curl -X POST http://localhost:8428/api/v1/backup \
  -H 'Content-Type: application/json' \
  -d '{"path": "nightly"}'

# Backup to default location (data_dir/backups/timestamp)
curl -X POST http://localhost:8428/api/v1/backup

Response:
{
  "status": "ok",
  "path": "/data/backups/nightly",
  "files": ["metrics.db"],
  "total_bytes": 24000000
}
Backup procedure
	Flush buffered data: TimelessMetrics.flush(:metrics)
	Create backup: TimelessMetrics.backup(:metrics, target_dir)
	The backup creates a consistent snapshot of the active engine's databases and data files
	Copy the backup directory to offsite storage

Restore procedure
	Stop the TimelessMetrics instance
	Replace the data directory contents with the backup files
	Start the instance -- it will load from the restored data

Rust-to-libSQL migration
This section applies only to the standalone embedded-library engine selector.
The default Timeless Stack release detects legacy storage at startup and runs
its versioned, restartable side-by-side conversion automatically before the
external Rust/libSQL owner becomes ready; use the Stack operator runbook for
that production path.
For a standalone embedded store, migration is explicit, offline, staged, and
verified. Stop every process using the store, keep enough free space for
another copy of the data, then run:
mix timeless_metrics.migrate_libsql /var/lib/metrics

This creates /var/lib/metrics/.libsql-migration/metrics.db, imports every
Rust series (including empty catalog entries), verifies each point bit-for-bit,
and runs SQLite's integrity check. It does not change the active store.
Inspect the result, retain a separate backup, then activate it:
mix timeless_metrics.migrate_libsql /var/lib/metrics --activate

Activation moves the former admin database to metrics.db.pre-libsql and
installs the verified staged database as metrics.db. It deliberately leaves
rust_engine/ in place for rollback. Configure engine: :libsql only after
activation. To roll back while no store process is running, move the current
metrics.db aside, restore metrics.db.pre-libsql as metrics.db, and switch
the configuration back to engine: :rust.
Never bypass the migration by merely changing the engine option: libSQL startup
refuses a non-empty Rust store unless metrics.db contains the migration marker.
Merge compaction
On the legacy engine, each SegmentBuilder periodically seals completed time
windows into immutable .seg files. The Rust engine compacts its own chunk
files. The libSQL engine compacts shadow-table blocks inside metrics.db.
Manual trigger
TimelessMetrics.merge_now(:metrics)
# => :ok (if any series merged blocks) or :noop (if no merge was needed)
Configuration
	Setting	Default	Description
	segment_duration	14,400 (4 hours)	Legacy-engine time window per segment file
	flush_threshold	10,000	Legacy-engine points per shard before immediate flush
	flush_interval	5,000 (5 sec)	Legacy-engine buffer flush interval

See Configuration Reference for tuning guidance.
Daily rollups
Rollups compute daily aggregates (avg, min, max, sum, count, last) for each series. They run automatically on a configurable interval (default: every 5 minutes).
Manual trigger
TimelessMetrics.rollup(:metrics)
Query rollup data
{:ok, rollups} = TimelessMetrics.query_daily(:metrics, "cpu_usage", %{"host" => "web-1"},
  System.os_time(:second) - 30 * 86_400,
  System.os_time(:second))
Returns:
{:ok, [
  %{bucket: 1700006400, avg: 73.5, min: 45.2, max: 98.7, count: 288, sum: 21168.0, last: 72.1},
  %{bucket: 1700092800, avg: 71.2, min: 42.8, max: 95.3, count: 288, sum: 20505.6, last: 70.8}
]}
Retention enforcement
Retention runs automatically (default: every hour) and deletes data older than the configured thresholds.
Manual trigger
TimelessMetrics.enforce_retention(:metrics)
Configuration
	Setting	Default	Description
	raw_retention_seconds	604,800 (7 days)	How long to keep raw point data
	daily_retention_seconds	31,536,000 (365 days)	How long to keep daily rollup data

See Configuration Reference for all options.
Self-monitoring
Prometheus metrics endpoint
GET /metrics exposes metrics in Prometheus text exposition format:
curl http://localhost:8428/metrics

# HELP vm_memory_total_bytes Total BEAM memory usage in bytes.
# TYPE vm_memory_total_bytes gauge
vm_memory_total_bytes 123456789
# HELP vm_memory_processes_bytes BEAM process memory in bytes.
# TYPE vm_memory_processes_bytes gauge
vm_memory_processes_bytes 45678901
# HELP vm_memory_ets_bytes BEAM ETS table memory in bytes.
# TYPE vm_memory_ets_bytes gauge
vm_memory_ets_bytes 12345678
# HELP vm_memory_binary_bytes BEAM binary memory in bytes.
# TYPE vm_memory_binary_bytes gauge
vm_memory_binary_bytes 9876543
# HELP vm_memory_atom_bytes BEAM atom memory in bytes.
# TYPE vm_memory_atom_bytes gauge
vm_memory_atom_bytes 654321
# HELP vm_memory_system_bytes BEAM system memory in bytes.
# TYPE vm_memory_system_bytes gauge
vm_memory_system_bytes 78901234
# HELP vm_process_count Number of BEAM processes.
# TYPE vm_process_count gauge
vm_process_count 342
# HELP vm_port_count Number of BEAM ports.
# TYPE vm_port_count gauge
vm_port_count 12
# HELP vm_run_queue_length Total BEAM scheduler run queue length.
# TYPE vm_run_queue_length gauge
vm_run_queue_length 0
# HELP timeless_series_count Number of active metric series.
# TYPE timeless_series_count gauge
timeless_series_count 150
# HELP timeless_total_points Total stored data points.
# TYPE timeless_total_points gauge
timeless_total_points 1250000
# HELP timeless_storage_bytes Storage size in bytes.
# TYPE timeless_storage_bytes gauge
timeless_storage_bytes 24000000
# HELP timeless_buffer_points Number of points in raw buffer.
# TYPE timeless_buffer_points gauge
timeless_buffer_points 320
Monitoring recommendations
Key metrics to watch:
	Metric	Alert threshold	Description
	timeless_series_count	Growing unexpectedly	Cardinality explosion (too many label combinations)
	timeless_buffer_points	Consistently high	Flush may be falling behind
	vm_memory_total_bytes	System-dependent	BEAM memory usage
	vm_process_count	> series_count + baseline	Each series is a process
	vm_run_queue_length	Sustained > 0	Schedulers overloaded
	timeless_storage_bytes	Disk capacity	Storage growth

Scrape health
If scraping is enabled, monitor target health:
curl http://localhost:8428/api/v1/scrape_targets

Check the health field for each target: "up", "down", or "unknown".
Self-monitoring metrics written per scrape target:
	Metric	Labels	Description
	up	job, instance	1 if last scrape succeeded, 0 if failed
	scrape_duration_seconds	job, instance	Last scrape duration
	scrape_samples_scraped	job, instance	Samples from last scrape

Troubleshooting
High memory usage
	Check timeless_series_count -- high cardinality (many unique label combinations) creates many processes
	Reduce buffer_shards or flush_threshold to limit buffer memory
	Reduce flush_interval to flush more frequently
	Disable self_monitor: false if the store is monitoring itself recursively

Slow queries
	Multi-series queries fan out across shards. Use label filters to narrow the query.
	Use aggregated queries (query_aggregate_multi) instead of raw queries for dashboards
	For long time ranges, use daily rollups (query_daily) instead of raw data
	Trigger merge compaction to consolidate small blocks: TimelessMetrics.merge_now(:metrics)
	Check vm_run_queue_length -- sustained values > 0 indicate CPU saturation

Disk space growing
	Check retention settings: raw_retention_seconds and daily_retention_seconds
	Run TimelessMetrics.enforce_retention(:metrics) manually to trigger cleanup
	Monitor timeless_storage_bytes over time
	High cardinality (many series) multiplies storage linearly

Scrape failures
	Check target health via GET /api/v1/scrape_targets
	The last_error field shows the failure reason
	Common causes: target down, DNS resolution failure, timeout, wrong port
	Increase scrape_timeout for slow targets

Data appears missing
	Check that data was actually written: TimelessMetrics.list_metrics(:metrics)
	Verify the time range: timestamps are unix seconds, not milliseconds
	Check label filters: exact match is required unless using regex filters
	Flush the buffer: TimelessMetrics.flush(:metrics) to ensure buffered data is queryable

OpenAPI documentation
Interactive API documentation is available at http://localhost:8428/api/docs, served via Scalar UI. The OpenAPI spec is at /api/openapi.json.
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    Rust Engine Optimization Notes

These are focused follow-ups from a June 2026 review of the Rust engine hot paths.
Candidates
	Deduplicate pending flush queue entries for hot partitions.
A partition that has already crossed flush_threshold should not push its key into the global flush queue on every subsequent write before the periodic flush drains it. This keeps the queue bounded under hot-series workloads without changing storage format or query semantics.

	Start series matching from the smallest candidate set.
find_series/2 currently starts from all series for a metric, then intersects label filters. For high-cardinality metrics with selective labels, choose the smallest set among the metric index and label indexes first.

	Read only headers during index rebuild.
Startup index rebuild currently reads whole .pco1 and .pcb1 files to parse metadata. Large stores would benefit from bounded header reads and seeks.

	Revisit the Rust labeled-write cache only if labeled writes become the main API path.
The public Elixir write path resolves through ETS and calls the raw binary NIF. The Rust labeled cache verifies cache hits under the registry read lock, so it is not currently the first place to optimize.
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    TimelessMetrics Scaling Notes

This guide focuses on the current rust-default engine. Older ETS shard and SegmentBuilder tuning advice is intentionally omitted here because it no longer describes the default deployment path.
Architecture overview
The rust engine keeps the hot path inside a single native resource:
write(store, metric, labels, value)
  -> resolve series id in rust
  -> append point to an in-memory partition buffer
  -> flush compressed chunks to disk
Supporting features such as alerts, annotations, scrape targets, and rollup metadata still use the Elixir-side SQLite admin database, but raw point ingestion and querying go through the rust engine.
What scales well
Batch writes
If you control the caller, write_batch/2 is the first scaling lever to use.
	It amortizes Elixir-to-NIF overhead.
	It reduces repeated label resolution work.
	It produces the most representative ingest numbers for sustained workloads.

In the current benchmark set, batch ingest is materially stronger than point-at-a-time writes.
Warm steady-state ingest
TimelessMetrics performs best once the active series set already exists and writes are flowing into established series.
	Cold population includes series creation and metadata persistence.
	Warm ingest reflects ongoing workload throughput.

When benchmarking or capacity planning, separate those two phases. Mixing them leads to misleading conclusions.
Query fan-out by label filter
Multi-series queries scale best when label filters narrow the working set early.
	Exact-label queries are cheapest.
	Partial-label queries are fine when cardinality is bounded.
	Wide-open queries across large metrics are the most expensive path.

Multiple store instances
If one node must serve very different workloads, separate them into different stores instead of over-tuning one global instance.
Examples:
	high-churn application metrics in one store
	long-retention infrastructure metrics in another
	isolated benchmark or test stores in memory mode

What to tune
ingest_workers
ingest_workers affects only HTTP imports. It controls how many background workers drain the HTTP ingest queue.
	Increase it when HTTP import is saturated and CPU is available.
	Leave it near the default for most deployments.
	Lower it for small embedded or mostly-query workloads.

schema
The schema controls rollup tiers and retention. This is one of the most important operational choices because it affects both disk usage and long-range query cost.
	Short raw retention reduces storage cost for high-volume workloads.
	Longer rollup retention keeps dashboards cheap over long windows.
	Custom tiers are preferable to forcing every query through raw history.

raw_retention_seconds and daily_retention_seconds
These are the coarse controls for storage growth.
	Increase them only when you need that data online.
	For dense operational metrics, extra raw retention adds up quickly.
	Long-term planning should usually lean on rollups, not unlimited raw data.

mode
	:disk is the normal production path.
	:memory is for tests, ephemeral services, and isolated benchmarks.

Benchmarking guidance
Use the maintained benchmark set in bench/README.md.
For ingest performance, treat these as separate questions:
	How expensive is cold population?
	What is warm steady-state throughput?
	How much time does flush/compression add?
	How do real HTTP workloads compare to direct library writes?

The updated bench/write_bench.exs follows that split and is the best starting point for write-path analysis.
What not to optimize first
	Do not assume compression is the bottleneck. Current compression efficiency is already strong.
	Do not compare cold-start benchmarks to warm-ingest benchmarks as if they measured the same thing.
	Do not tune legacy-only options unless you are intentionally running engine: :legacy.
	Do not widen queries unnecessarily when dashboards only need aggregated or filtered results.
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    Scraping

TimelessMetrics includes a built-in Prometheus-compatible scraper that polls /metrics endpoints on a configurable interval. This lets you pull metrics from any application that exposes a Prometheus text exposition endpoint.
How scraping works
Each scrape target is a background worker process that:
	Sends an HTTP GET to the target's metrics endpoint
	Parses the Prometheus text exposition response
	Applies relabel and metric relabel configs (if any)
	Writes the parsed metrics into the store via write_batch
	Updates scrape health tracking (up/down, duration, sample count)
	Auto-registers metric metadata (type and unit inferred from metric name suffixes)

Workers use anchor-based scheduling to avoid clock drift, with initial jitter to spread load across targets.
Elixir API
The scraper process is named :"#{store_name}_scraper". You can interact with it directly or through the HTTP API.
# The scraper name for a store called :metrics
scraper = :metrics_scraper

# Add a target
{:ok, id} = TimelessMetrics.Scraper.add_target(scraper, %{
  "job_name" => "my_app",
  "address" => "localhost:4000",
  "metrics_path" => "/metrics",
  "scrape_interval" => 30
})

# List all targets with health status
{:ok, targets} = TimelessMetrics.Scraper.list_targets(scraper)

# Get a single target
{:ok, target} = TimelessMetrics.Scraper.get_target(scraper, id)

# Update a target
:ok = TimelessMetrics.Scraper.update_target(scraper, id, %{
  "scrape_interval" => 15
})

# Delete a target
:ok = TimelessMetrics.Scraper.delete_target(scraper, id)
HTTP API
Create a scrape target
curl -X POST http://localhost:8428/api/v1/scrape_targets \
  -H 'Content-Type: application/json' \
  -d '{
    "job_name": "my_phoenix_app",
    "address": "localhost:4000",
    "metrics_path": "/metrics",
    "scrape_interval": 30
  }'
# => {"id": 1, "status": "created"}

List all targets
curl http://localhost:8428/api/v1/scrape_targets

Response includes health information for each target:
{
  "data": [
    {
      "id": 1,
      "job_name": "my_phoenix_app",
      "address": "localhost:4000",
      "metrics_path": "/metrics",
      "scrape_interval": 30,
      "enabled": true,
      "health": {
        "health": "up",
        "last_scrape": 1700000060,
        "last_duration_ms": 12,
        "last_error": null,
        "samples_scraped": 42
      }
    }
  ]
}
Get a single target
curl http://localhost:8428/api/v1/scrape_targets/1

Update a target
curl -X PUT http://localhost:8428/api/v1/scrape_targets/1 \
  -H 'Content-Type: application/json' \
  -d '{"job_name": "my_phoenix_app", "address": "localhost:4000", "scrape_interval": 15}'

Delete a target
curl -X DELETE http://localhost:8428/api/v1/scrape_targets/1

Target options
	Field	Type	Default	Description
	job_name	string	(required)	Identifies this scrape job (added as job label)
	address	string	(required)	Host and port to scrape (e.g., "localhost:4000")
	scheme	string	"http"	URL scheme ("http" or "https")
	metrics_path	string	"/metrics"	Path to the metrics endpoint
	scrape_interval	integer	30	Seconds between scrapes
	scrape_timeout	integer	10	Seconds before a scrape request times out
	labels	map	{}	Extra labels added to all scraped metrics
	honor_labels	boolean	false	If true, scraped labels take precedence over target labels on conflict
	honor_timestamps	boolean	true	If true, use timestamps from the scraped response; if false, use scrape time
	relabel_configs	list	null	Relabel configs applied before scraping (see below)
	metric_relabel_configs	list	null	Relabel configs applied after scraping (see below)
	enabled	boolean	true	Whether this target is actively scraped

Relabel configs
Relabel configs transform labels using regex-based rules, following the Prometheus relabeling model. Each config is a JSON object with these fields:
	Field	Default	Description
	source_labels	["__name__"]	Label keys to concatenate (joined by ;) as the input
	separator	";"	Separator for joining source labels
	regex	".*"	Regex to match against the concatenated source labels
	target_label		Label key to write the result to
	replacement	"$1"	Replacement string (supports regex capture groups)
	action	"replace"	Action: replace, keep, drop, labelmap, labeldrop, labelkeep

Metric relabel configs
Applied after scraping, these let you filter or transform metrics before they're stored. Common uses:
Drop unwanted metrics:
{
  "metric_relabel_configs": [
    {
      "source_labels": ["__name__"],
      "regex": "go_.*",
      "action": "drop"
    }
  ]
}
Keep only specific metrics:
{
  "metric_relabel_configs": [
    {
      "source_labels": ["__name__"],
      "regex": "http_requests_total|http_request_duration_seconds.*",
      "action": "keep"
    }
  ]
}
Rename a metric:
{
  "metric_relabel_configs": [
    {
      "source_labels": ["__name__"],
      "regex": "old_metric_name",
      "target_label": "__name__",
      "replacement": "new_metric_name"
    }
  ]
}
Health monitoring
Each scrape worker tracks health status and writes self-monitoring metrics:
	Metric	Description
	up	1 if the last scrape succeeded, 0 if it failed
	scrape_duration_seconds	Duration of the last scrape in seconds
	scrape_samples_scraped	Number of samples parsed from the last scrape

These metrics have job and instance labels matching the target's job_name and address.
Health status is also stored in the scrape_health SQLite table and returned in the target listing API.
Auto-registered metadata
When new metric names are discovered during scraping, the worker automatically registers metadata based on Prometheus naming conventions:
	Suffix	Inferred type	Inferred unit
	_bytes	gauge	byte
	_seconds	gauge	second
	_milliseconds	gauge	millisecond
	_total	counter	--
	_count	counter	--
	_ratio	gauge	ratio
	_percent	gauge	percent
	(other)	gauge	--

Example: scraping a Phoenix app
A Phoenix app using :telemetry_metrics_prometheus_core exposes metrics at /metrics:
curl -X POST http://localhost:8428/api/v1/scrape_targets \
  -H 'Content-Type: application/json' \
  -d '{
    "job_name": "phoenix_app",
    "address": "localhost:4000",
    "metrics_path": "/metrics",
    "scrape_interval": 15,
    "labels": {"env": "production"},
    "metric_relabel_configs": [
      {"source_labels": ["__name__"], "regex": "go_.*", "action": "drop"}
    ]
  }'

Example: scraping Node Exporter
curl -X POST http://localhost:8428/api/v1/scrape_targets \
  -H 'Content-Type: application/json' \
  -d '{
    "job_name": "node_exporter",
    "address": "localhost:9100",
    "scrape_interval": 30,
    "labels": {"host": "web-1"}
  }'

Disabling scraping
If you don't need scraping, disable it to save resources:
{TimelessMetrics, name: :metrics, data_dir: "/data", scraping: false}
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    TimelessMetrics Global Registry (Future Project)

Design notes for a distributed ingest gateway that sits in front of a cluster
of TimelessMetrics nodes. Separate project from TimelessMetrics itself.
Goal
Single entry point for metric ingestion across a cluster of TimelessMetrics nodes.
Pre-resolves series IDs at the gateway layer so every downstream node stays on
the write_batch_resolved/2 hot path (~4M+ pts/sec per node).
Target headline: 50-100M pts/sec cluster ingestion (20-40 nodes).
Architecture
Load Balancer (round-robin)
    ├──> Gateway 1 ──┐
    ├──> Gateway 2 ──┤    ETS: {metric, labels} → {node, series_id, replica_node}
    └──> Gateway N ──┘
                     │
         ┌───────────┼───────────┐
         ▼           ▼           ▼
      Node 1      Node 2      Node N
      (TimelessMetrics)  (Timeless)  (Timeless)
Gateway Responsibilities
	Ingest — accept HTTP requests (same VM JSON / Prometheus endpoints as TimelessMetrics)
	Resolve — look up {metric, labels} → {node, series_id} in local ETS cache
	Assign — on cache miss, pick an owner node (consistent hash or least-loaded), call resolve_series/3 on it, cache the result
	Batch — group entries by target node
	Forward — send pre-resolved batches via write_batch_resolved/2 over Erlang distribution (avoids HTTP serialization overhead)
	Route queries — proxy reads to the owning node (no fan-out needed)

Key Design Decisions
Gateways Are Stateless
The ETS routing cache is rebuildable from the nodes' series registries on
startup. Lose a gateway, spin up another — it warms its cache from the nodes
in seconds. Run as many gateways as needed behind a load balancer.
Nodes Are Independent
TimelessMetrics nodes don't know about each other. No Erlang clustering between nodes.
Only gateways connect to nodes via Erlang distribution. Nodes are just standard
TimelessMetrics containers.
No Query Fan-Out
Each series has exactly one owner node (plus optional replica). The gateway
knows the owner, so queries route directly — no distributed merge, no
coordination, no scatter-gather.
Replication for HA
Gateway writes to both primary and replica for each series. On primary failure,
gateway flips reads to the replica. No consensus protocol needed — the gateway
owns the routing table and makes failover decisions.
Sharding Strategy (To Be Tested)
Several options to explore:
	Consistent hashing on metric+labels — automatic, even distribution, but
series move when nodes are added/removed. Good default.
	Tag-based routing — e.g., all region=east goes to node 1. Simple,
predictable, manual. Good for logical separation.
	Tiered registries — hierarchical routing for very large clusters.
	Hybrid — consistent hash by default, tag-based overrides for specific
metrics or label patterns.

Multiple nodes per series (primary + replica) for HA regardless of strategy.
Node Discovery
	DNS for initial discovery — fits Podman/container deployment model
	Erlang distribution between gateways and nodes for internal communication (connect_node after DNS resolution)
	Gateways discover nodes, pull their series registries, build local ETS cache

Bottleneck Analysis
At 50M pts/sec the bottleneck chain is:
	HTTP parsing — OTP :json.decode (C NIF) is fast but there's a limit.
Multiple gateways behind a load balancer solves this.
	ETS lookups — millions of entries, concurrent reads, near-zero overhead.
Not a bottleneck.
	Erlang distribution — binary term format is efficient but has per-node
throughput limits. Batching amortizes this. May need benchmarking at scale.
	Node write throughput — proven at 2.5M pts/sec per node over HTTP,
should be faster over distribution (no HTTP overhead).

Project Structure
Separate Elixir project (timeless_gateway), likely structured as:
	TimelessGateway.Router — HTTP endpoints (same API surface as TimelessMetrics.HTTP)
	TimelessGateway.Registry — ETS cache of series → node mappings
	TimelessGateway.Discovery — DNS-based node discovery + Erlang connect
	TimelessGateway.Forwarder — batches and sends pre-resolved writes to nodes
	TimelessGateway.HealthCheck — monitors node liveness, triggers failover

Depends on TimelessMetrics as a library (for resolve_series/3, write_batch_resolved/2
type specs) but does not start a local TimelessMetrics instance.
Open Questions
	Rebalancing: what happens when a node is added? Gradual migration of series
or let new series land on the new node and old ones stay put?
	Cache invalidation: how does a gateway learn about series created by another
gateway on the same node?
	Backpressure: if a node falls behind, should the gateway buffer, drop, or
redirect to the replica?
	Metrics about metrics: the gateway itself should expose throughput/latency
stats, probably via its own TimelessMetrics instance.
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    TimelessMetrics UI — Requirements

Separate hex package (timeless_ui) providing a Phoenix LiveView admin panel for TimelessMetrics. Follows the phoenix_live_dashboard pattern — optional, pluggable, zero impact on the core library.
Package Design
	Name: timeless_ui
	Depends on: timeless_metrics (core library), phoenix_live_view
	Install: {:timeless_ui, "~> 0.1"} — people who don't want it, don't add it
	Mount: pluggable into any Phoenix router

# In your Phoenix router:
import TimelessUI.Router

scope "/" do
  pipe_through [:browser, :admin_auth]
  timeless_dashboard "/timeless", store: :metrics
end
Features
Read-Only (config is infrastructure-as-code)
	Feature	Description
	Schema viewer	Display rollup tiers, resolutions, retention policies, rollup interval
	Shard status	Per-shard DB size, segment count, watermarks, last flush time
	Store health	Series count, total points, storage bytes, bytes/point, buffer backlog
	Rollup status	Last rollup time, tier watermarks, rows per tier, rollup duration
	Retention status	Last cleanup time, rows purged, next scheduled run

Read-Write (operational data)
	Feature	Description
	Alert management	Create/edit/delete alert rules, view current state per series, test webhooks
	Annotation management	Create/delete annotations, view on timeline
	Metadata editor	Register/update metric type, unit, description

Interactive
	Feature	Description
	Series browser	List all metrics, filter by name/labels, view label cardinality
	Chart explorer	Interactive metric charting with time range picker, aggregate selector, forecast/anomaly toggles
	Query builder	Visual query constructor → shows equivalent curl/Elixir code
	Alert history	Timeline of alert state transitions (firing → resolved)

Pages
	Dashboard (/timeless) — overview: store health, active alerts, recent annotations, shard status summary
	Metrics (/timeless/metrics) — series browser with search, label filters, cardinality stats
	Explorer (/timeless/explorer) — interactive chart with controls for time range, aggregation, forecast, anomalies
	Alerts (/timeless/alerts) — alert rule CRUD, current states, firing history, webhook test button
	Annotations (/timeless/annotations) — annotation list with create/delete, timeline view
	Schema (/timeless/schema) — read-only view of tiers, retention, rollup config
	Health (/timeless/health) — per-shard details, DB sizes, watermarks, buffer stats

Authentication
Two modes:
	Inherit from core — if TIMELESS_BEARER_TOKEN is set, the UI requires the same token (passed via session cookie after initial auth)
	Phoenix auth pipeline — the user's existing auth (Guardian, pow, etc.) via pipe_through in the router

The UI should never bypass the core library's token auth when making API calls internally.
Technical Approach
	LiveView for real-time updates (alert states, buffer backlog, health stats)
	Server-rendered — no JS build step beyond LiveView's standard JS hooks
	Tailwind CSS via CDN or inline styles (no build pipeline)
	Charts: render using TimelessMetrics.Chart (the existing SVG renderer) embedded in LiveView
	All data access through the public TimelessMetrics API — no direct DB access

API Surface Required from Core
The UI will need these functions from timeless (most already exist):
	Function	Status	Notes
	TimelessMetrics.info/1	Exists	Store health stats
	TimelessMetrics.list_alerts/1	Exists	Alert rules + states
	TimelessMetrics.create_alert/2	Exists	
	TimelessMetrics.delete_alert/2	Exists	
	TimelessMetrics.evaluate_alerts/1	Exists	Manual trigger
	TimelessMetrics.annotations/3	Exists	Query annotations
	TimelessMetrics.annotate/3	Exists	Create annotation
	TimelessMetrics.get_metadata/2	Exists	
	TimelessMetrics.register_metric/4	Exists	
	TimelessMetrics.query_aggregate_multi/4	Exists	For chart explorer
	TimelessMetrics.forecast/4	Exists	
	TimelessMetrics.detect_anomalies/4	Exists	
	TimelessMetrics.list_metrics/1	Needed	List all metric names
	TimelessMetrics.list_series/2	Needed	List series for a metric with labels
	TimelessMetrics.delete_annotation/2	Exists	Via HTTP, may need Elixir API

Functions marked Needed would be added to the core library before building the UI.
Non-Goals (v1)
	User management / RBAC (use reverse proxy or Phoenix auth)
	Grafana datasource plugin (use the existing Prometheus-compatible endpoint)
	Log viewer (TimelessMetrics is metrics only)
	Distributed cluster management (future — see docs/timeless_global_registry.md)

Release Strategy
	Separate hex package, separate git repo
	Own version cadence independent of timeless_metrics core
	Minimum timeless_metrics version pinned (e.g. ~> 0.3 once the needed API functions are added)
	Phoenix 1.7+ / LiveView 0.20+ required
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TimelessMetrics 
    



      
Embedded time series storage for Elixir.
TimelessMetrics runs as an embedded store inside your application and defaults to
a Rust-backed engine for raw point ingestion and queries. Administrative data such
as annotations, alerts, scrape targets, and rollup metadata stays on the Elixir side.
Quick Start
# Add to your supervision tree
children = [
  {TimelessMetrics, name: :metrics, data_dir: "/tmp/metrics"}
]

# Write metrics
TimelessMetrics.write(:metrics, "cpu_usage", %{"host" => "web-1"}, 73.2)

# Query
TimelessMetrics.query(:metrics, "cpu_usage", %{"host" => "web-1"},
  from: System.os_time(:second) - 3600,
  to: System.os_time(:second)
)
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    Functions
  


    
      
        acknowledge_alert(store, history_id)

      


        Acknowledge an alert history entry by ID.



    


    
      
        alert_history(store, opts \\ [])

      


        List recent alert history entries.



    


    
      
        annotate(store, timestamp, title, opts \\ [])

      


        Create an annotation (event marker).



    


    
      
        annotations(store, from, to, opts \\ [])

      


        Query annotations within a time range.



    


    
      
        backup(store, target_dir)

      


        Create a consistent online backup.



    


    
      
        child_spec(opts)

      


        Start a TimelessMetrics instance as part of a supervision tree.



    


    
      
        clear_alert_history(store, opts \\ [])

      


        Clear alert history entries.



    


    
      
        create_alert(store, opts)

      


        Create an alert rule.



    


    
      
        delete_alert(store, rule_id)

      


        Delete an alert rule.



    


    
      
        delete_annotation(store, id)

      


        Delete an annotation by ID.



    


    
      
        detect_anomalies(store, metric_name, labels, opts)

      


        Detect anomalies in matching series.



    


    
      
        enforce_retention(store)

      


        Force retention enforcement now.



    


    
      
        evaluate_alerts(store)

      


        Evaluate all alert rules against current data.



    


    
      
        flush(store)

      


        Force flush all buffered data to disk.



    


    
      
        forecast(store, metric_name, labels, opts)

      


        Forecast future values for matching series.



    


    
      
        get_metadata(store, metric_name)

      


        Get metadata for a metric.



    


    
      
        info(store)

      


        Get store info and statistics.



    


    
      
        label_values(store, metric_name, label_key)

      


        List distinct values for a specific label key across all series of a metric.



    


    
      
        latest(store, metric_name, labels)

      


        Get the latest value for a series.



    


    
      
        latest_multi(store, metric_name, label_filter \\ %{})

      


        Get the latest value for ALL series matching a metric name and label filter.



    


    
      
        latest_text(store, metric_name, labels)

      


        Get the latest text value for a series.



    


    
      
        list_alerts(store)

      


        List all alert rules with current state.



    


    
      
        list_metrics(store)

      


        List all distinct metric names in the store.



    


    
      
        list_series(store, metric_name)

      


        List all series for a given metric name.



    


    
      
        merge_now(store)

      


        No-op for sharded engine (no per-series blocks to merge).



    


    
      
        query(store, metric_name, labels, opts \\ [])

      


        Query raw time series points for a single series (exact label match).



    


    
      
        query_aggregate(store, metric_name, labels, opts)

      


        Query with time-bucket aggregation for a single series (exact label match).



    


    
      
        query_aggregate_grouped(store, metric_name, label_filter \\ %{}, opts)

      


        Query with cross-series aggregation, grouping results by a label key.



    


    
      
        query_aggregate_grouped_metrics(store, metric_names, label_filter \\ %{}, opts)

      


        Query with cross-series aggregation across multiple metrics, with group-by.



    


    
      
        query_aggregate_multi(store, metric_name, label_filter \\ %{}, opts)

      


        Query with aggregation across multiple series matching a label filter.



    


    
      
        query_aggregate_multi_filtered(store, metric_name, label_filter \\ %{}, opts)

      


        Query with aggregation and threshold filtering.



    


    
      
        query_aggregate_multi_metrics(store, metric_names, label_filter \\ %{}, opts)

      


        Query with aggregation across multiple metric names matching a label filter.



    


    
      
        query_daily(store, metric_name, labels, from, to)

      


        Query pre-computed daily rollup data.



    


    
      
        query_multi(store, metric_name, label_filter \\ %{}, opts \\ [])

      


        Query raw points across multiple series matching a label filter.



    


    
      
        query_multi_metrics(store, metric_names, label_filter \\ %{}, opts \\ [])

      


        Query raw points for several metric names in one engine operation.



    


    
      
        query_text(store, metric_name, labels, opts \\ [])

      


        Query text time series points for a single series.



    


    
      
        query_text_multi(store, metric_name, label_filter \\ %{}, opts \\ [])

      


        Query text points across multiple series matching a label filter.



    


    
      
        register_metric(store, metric_name, metric_type, opts \\ [])

      


        Register metadata for a metric (type, unit, description).



    


    
      
        resolve_series(store, metric_name, labels)

      


        Resolve a series to an integer ID for use with write_resolved/4.



    


    
      
        rollup(store)

      


        Force a daily rollup run.



    


    
      
        top_n(results, n, order_fn \\ &last_value/1)

      


        Sort results by a value function and take top N.



    


    
      
        update_alert(store, rule_id, opts)

      


        Update an alert rule (partial update). Returns :ok.



    


    
      
        write(store, metric_name, labels, value, opts \\ [])

      


        Write a single metric point.



    


    
      
        write_batch(store, entries)

      


        Write a batch of metric points.



    


    
      
        write_each(store, entries)

      


        Write entries directly, one per unique series. Same as write_batch/2
for the sharded engine.



    


    
      
        write_resolved(store, series_id, value, opts \\ [])

      


        Write directly using a pre-resolved series ID. Zero lookup cost.



    


    
      
        write_text(store, metric_name, labels, value, opts \\ [])

      


        Write a single text metric point.



    


    
      
        write_text_batch(store, entries)

      


        Write a batch of text metric points.
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          @type command_result() :: :ok | :noop | {:error, term()}
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          @type labels() :: %{optional(String.t()) => String.t()}
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          @type timestamp() :: integer()


      



  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: number() | String.t()
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          @type write_entry() ::
  {metric_name(), labels(), value()}
  | {metric_name(), labels(), value(), timestamp()}
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          @spec acknowledge_alert(store(), integer()) :: command_result()


      


Acknowledge an alert history entry by ID.

  



    

  
    
      
    
    
      alert_history(store, opts \\ [])



        
          
        

    

  


  

      

          @spec alert_history(store(), keyword()) :: api_result([map()])


      


List recent alert history entries.
Options: :limit, :rule_id, :acknowledged (true/false/nil).

  



    

  
    
      
    
    
      annotate(store, timestamp, title, opts \\ [])



        
          
        

    

  


  

      

          @spec annotate(store(), timestamp(), String.t(), keyword()) :: api_result(integer())


      


Create an annotation (event marker).
Returns {:ok, id}.

  



    

  
    
      
    
    
      annotations(store, from, to, opts \\ [])



        
          
        

    

  


  

      

          @spec annotations(store(), timestamp(), timestamp(), keyword()) :: api_result([map()])


      


Query annotations within a time range.
Returns {:ok, [%{id: n, timestamp: ts, title: "...", description: "...", tags: [...]}]}.
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          @spec backup(store(), Path.t()) :: api_result(map())


      


Create a consistent online backup.

  



  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      


Start a TimelessMetrics instance as part of a supervision tree.

  



    

  
    
      
    
    
      clear_alert_history(store, opts \\ [])



        
          
        

    

  


  

      

          @spec clear_alert_history(store(), keyword()) :: command_result()


      


Clear alert history entries.
Options: :acknowledged_only (default true), :before (timestamp cutoff).
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          @spec create_alert(store(), keyword()) :: api_result(integer())


      


Create an alert rule.
Returns {:ok, rule_id}.
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          @spec delete_alert(store(), integer()) :: command_result()


      


Delete an alert rule.
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          @spec delete_annotation(store(), integer()) :: command_result()


      


Delete an annotation by ID.

  



  
    
      
    
    
      detect_anomalies(store, metric_name, labels, opts)



        
          
        

    

  


  

      

          @spec detect_anomalies(store(), metric_name(), labels(), keyword()) ::
  api_result([map()])


      


Detect anomalies in matching series.
Returns {:ok, [%{labels: map, analysis: [%{timestamp, value, expected, score, anomaly}]}, ...]}.
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          @spec enforce_retention(store()) :: command_result()


      


Force retention enforcement now.

  



  
    
      
    
    
      evaluate_alerts(store)



        
          
        

    

  


  

      

          @spec evaluate_alerts(store()) :: command_result()


      


Evaluate all alert rules against current data.

  



  
    
      
    
    
      flush(store)



        
          
        

    

  


  

      

          @spec flush(store()) :: command_result()


      


Force flush all buffered data to disk.

  



  
    
      
    
    
      forecast(store, metric_name, labels, opts)



        
          
        

    

  


  

      

          @spec forecast(store(), metric_name(), labels(), keyword()) :: api_result([map()])


      


Forecast future values for matching series.
Returns {:ok, [%{labels: map, data: [{ts, val}], forecast: [{ts, val}]}, ...]}.

  



  
    
      
    
    
      get_metadata(store, metric_name)



        
          
        

    

  


  

      

          @spec get_metadata(store(), metric_name()) :: api_result(map() | nil)


      


Get metadata for a metric.
Returns {:ok, %{type: :gauge, unit: "%", description: "..."}} or {:ok, nil}.
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          @spec info(store()) :: map() | {:error, term()}


      


Get store info and statistics.

  



  
    
      
    
    
      label_values(store, metric_name, label_key)



        
          
        

    

  


  

      

          @spec label_values(store(), metric_name(), String.t()) :: api_result([String.t()])


      


List distinct values for a specific label key across all series of a metric.
Returns {:ok, ["web-1", "web-2", ...]}.

  



  
    
      
    
    
      latest(store, metric_name, labels)



        
          
        

    

  


  

      

          @spec latest(store(), metric_name(), labels()) :: api_result(point() | nil)


      


Get the latest value for a series.
Returns {:ok, {timestamp, value}} or {:ok, nil}.

  



    

  
    
      
    
    
      latest_multi(store, metric_name, label_filter \\ %{})



        
          
        

    

  


  

      

          @spec latest_multi(store(), metric_name(), labels()) :: api_result([map()])


      


Get the latest value for ALL series matching a metric name and label filter.
Returns {:ok, [%{labels: %{...}, timestamp: ts, value: val}, ...]}.

  



  
    
      
    
    
      latest_text(store, metric_name, labels)



        
          
        

    

  


  

      

          @spec latest_text(store(), metric_name(), labels()) :: api_result(point() | nil)


      


Get the latest text value for a series.

  



  
    
      
    
    
      list_alerts(store)



        
          
        

    

  


  

      

          @spec list_alerts(store()) :: api_result([map()])


      


List all alert rules with current state.

  



  
    
      
    
    
      list_metrics(store)



        
          
        

    

  


  

      

          @spec list_metrics(store()) :: api_result([metric_name()])


      


List all distinct metric names in the store.
Returns {:ok, ["cpu_usage", "mem_usage", ...]}.

  



  
    
      
    
    
      list_series(store, metric_name)



        
          
        

    

  


  

      

          @spec list_series(store(), metric_name()) :: api_result([map()])


      


List all series for a given metric name.
Returns {:ok, [%{labels: %{"host" => "web-1"}, ...}, ...]}.
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          @spec merge_now(store()) :: :noop


      


No-op for sharded engine (no per-series blocks to merge).

  



    

  
    
      
    
    
      query(store, metric_name, labels, opts \\ [])



        
          
        

    

  


  

      

          @spec query(store(), metric_name(), labels(), keyword()) :: api_result([point()])


      


Query raw time series points for a single series (exact label match).
Options
	:from - Start timestamp (unix seconds, default: 0)
	:to - End timestamp (unix seconds, default: now)

Returns {:ok, [{timestamp, value}, ...]}.

  



  
    
      
    
    
      query_aggregate(store, metric_name, labels, opts)



        
          
        

    

  


  

      

          @spec query_aggregate(store(), metric_name(), labels(), keyword()) ::
  api_result([point()])


      


Query with time-bucket aggregation for a single series (exact label match).
Options
	:from - Start timestamp
	:to - End timestamp
	:bucket - Bucket size: :minute, :hour, :day, or {n, :seconds}
	:aggregate - Aggregate function: :avg, :min, :max, :sum, :count, :last, :first

Returns {:ok, [{bucket_timestamp, aggregate_value}, ...]}.

  



    

  
    
      
    
    
      query_aggregate_grouped(store, metric_name, label_filter \\ %{}, opts)



        
          
        

    

  


  

      

          @spec query_aggregate_grouped(store(), metric_name(), labels(), keyword()) ::
  api_result([map()])


      


Query with cross-series aggregation, grouping results by a label key.
Returns {:ok, [%{group: %{"hostname" => "host_0"}, data: [{ts, val}]}, ...]}.

  



    

  
    
      
    
    
      query_aggregate_grouped_metrics(store, metric_names, label_filter \\ %{}, opts)



        
          
        

    

  


  

      

          @spec query_aggregate_grouped_metrics(store(), [metric_name()], labels(), keyword()) ::
  api_result([map()])


      


Query with cross-series aggregation across multiple metrics, with group-by.
Returns {:ok, [%{group: %{...}, data: [{ts, val}]}, ...]}.

  



    

  
    
      
    
    
      query_aggregate_multi(store, metric_name, label_filter \\ %{}, opts)



        
          
        

    

  


  

      

          @spec query_aggregate_multi(store(), metric_name(), labels(), keyword()) ::
  api_result([map()])


      


Query with aggregation across multiple series matching a label filter.
Returns {:ok, [%{labels: %{...}, data: [{bucket_ts, agg_value}, ...]}, ...]}.

  



    

  
    
      
    
    
      query_aggregate_multi_filtered(store, metric_name, label_filter \\ %{}, opts)



        
          
        

    

  


  

      

          @spec query_aggregate_multi_filtered(store(), metric_name(), labels(), keyword()) ::
  api_result([map()])


      


Query with aggregation and threshold filtering.
Returns {:ok, [%{labels: %{...}, data: [{ts, val}]}, ...]}.

  



    

  
    
      
    
    
      query_aggregate_multi_metrics(store, metric_names, label_filter \\ %{}, opts)



        
          
        

    

  


  

      

          @spec query_aggregate_multi_metrics(store(), [metric_name()], labels(), keyword()) ::
  api_result([map()])


      


Query with aggregation across multiple metric names matching a label filter.
Returns {:ok, [%{metric: name, labels: %{...}, data: [{ts, val}, ...]}, ...]}.

  



  
    
      
    
    
      query_daily(store, metric_name, labels, from, to)



        
          
        

    

  


  

      

          @spec query_daily(store(), metric_name(), labels(), timestamp(), timestamp()) ::
  api_result([map()])


      


Query pre-computed daily rollup data.
Returns {:ok, [%{bucket: ts, avg: v, min: v, max: v, count: n, sum: v, last: v}, ...]}.

  



    

    

  
    
      
    
    
      query_multi(store, metric_name, label_filter \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec query_multi(store(), metric_name(), labels(), keyword()) :: api_result([map()])


      


Query raw points across multiple series matching a label filter.
Returns {:ok, [%{labels: %{...}, points: [{ts, val}, ...]}, ...]}.
Point order is stable within each series. As with the legacy/Rust parallel
query paths, the outer series list is unordered; sort it in the caller when
presentation order matters.

  



    

    

  
    
      
    
    
      query_multi_metrics(store, metric_names, label_filter \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec query_multi_metrics(store(), [metric_name()], labels(), keyword()) ::
  api_result([map()])


      


Query raw points for several metric names in one engine operation.
Returns {:ok, [%{metric: name, labels: labels, points: points}, ...]}.

  



    

  
    
      
    
    
      query_text(store, metric_name, labels, opts \\ [])



        
          
        

    

  


  

      

          @spec query_text(store(), metric_name(), labels(), keyword()) :: api_result([point()])


      


Query text time series points for a single series.

  



    

    

  
    
      
    
    
      query_text_multi(store, metric_name, label_filter \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec query_text_multi(store(), metric_name(), labels(), keyword()) ::
  api_result([map()])


      


Query text points across multiple series matching a label filter.

  



    

  
    
      
    
    
      register_metric(store, metric_name, metric_type, opts \\ [])



        
          
        

    

  


  

      

          @spec register_metric(store(), metric_name(), atom(), keyword()) ::
  TimelessMetrics.DB.query_result()


      


Register metadata for a metric (type, unit, description).

  



  
    
      
    
    
      resolve_series(store, metric_name, labels)



        
          
        

    

  


  

      

          @spec resolve_series(store(), metric_name(), labels()) :: api_result(integer())


      


Resolve a series to an integer ID for use with write_resolved/4.
Cache the result for repeated writes to the same series.

  



  
    
      
    
    
      rollup(store)



        
          
        

    

  


  

      

          @spec rollup(store()) :: command_result()


      


Force a daily rollup run.

  



    

  
    
      
    
    
      top_n(results, n, order_fn \\ &last_value/1)



        
          
        

    

  


  

      

          @spec top_n([item], non_neg_integer(), (item -> term())) :: [item] when item: term()


      


Sort results by a value function and take top N.

  



  
    
      
    
    
      update_alert(store, rule_id, opts)



        
          
        

    

  


  

      

          @spec update_alert(store(), integer(), keyword()) :: command_result()


      


Update an alert rule (partial update). Returns :ok.

  



    

  
    
      
    
    
      write(store, metric_name, labels, value, opts \\ [])



        
          
        

    

  


  

      

          @spec write(store(), metric_name(), labels(), value(), keyword()) :: command_result()


      


Write a single metric point.
Parameters
	store - The store name (atom)
	metric_name - String metric name (e.g., "cpu_usage")
	labels - Map of string labels (e.g., %{"host" => "web-1"})
	value - Numeric value (float or integer)
	opts - Optional keyword list:	:timestamp - Unix timestamp in seconds (default: now)




  



  
    
      
    
    
      write_batch(store, entries)



        
          
        

    

  


  

      

          @spec write_batch(store(), [write_entry()]) :: command_result()


      


Write a batch of metric points.
Each entry is a tuple of {metric_name, labels, value} or
{metric_name, labels, value, timestamp}.

  



  
    
      
    
    
      write_each(store, entries)



        
          
        

    

  


  

      

          @spec write_each(store(), [write_entry()]) :: command_result()


      


Write entries directly, one per unique series. Same as write_batch/2
for the sharded engine.

  



    

  
    
      
    
    
      write_resolved(store, series_id, value, opts \\ [])



        
          
        

    

  


  

      

          @spec write_resolved(store(), integer(), value(), keyword()) :: command_result()


      


Write directly using a pre-resolved series ID. Zero lookup cost.
{:ok, sid} = TimelessMetrics.resolve_series(:metrics, "cpu_usage", %{"host" => "web-1"})
TimelessMetrics.write_resolved(:metrics, sid, 73.2, timestamp: ts)

  



    

  
    
      
    
    
      write_text(store, metric_name, labels, value, opts \\ [])



        
          
        

    

  


  

      

          @spec write_text(store(), metric_name(), labels(), String.t(), keyword()) ::
  command_result()


      


Write a single text metric point.

  



  
    
      
    
    
      write_text_batch(store, entries)



        
          
        

    

  


  

      

          @spec write_text_batch(store(), [write_entry()]) :: command_result()


      


Write a batch of text metric points.

  


        

      


  

  
    
    TimelessMetrics.Aggregation - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Aggregation 
    



      
Shared aggregation helpers for the actor engine.
Extracted from TimelessMetrics.Query — bucket_to_seconds, compute_aggregate,
and bucket_points are needed by both the sharded query engine and the actor
engine's in-process aggregation.

      


      
        Summary


  
    Functions
  


    
      
        bucket_points(points, bucket_seconds, agg_fn)

      


        Group points into time buckets and compute an aggregate per bucket.



    


    
      
        bucket_rate(sorted_points, align_fun)

      


        Per-bucket counter rate with carry-in.



    


    
      
        bucket_to_seconds(n)

      


        Convert a bucket spec to seconds.



    


    
      
        compute_aggregate(atom, values, points)

      


        Compute an aggregate value from a list of values.



    





      


      
        Functions


        


  
    
      
    
    
      bucket_points(points, bucket_seconds, agg_fn)



        
          
        

    

  


  

Group points into time buckets and compute an aggregate per bucket.
Returns [{bucket_timestamp, aggregate_value}, ...] sorted by timestamp.

  



  
    
      
    
    
      bucket_rate(sorted_points, align_fun)



        
          
        

    

  


  

Per-bucket counter rate with carry-in.
Takes timestamp-sorted points and an alignment function ts -> bucket_ts.
Each bucket's rate is computed from pairwise deltas over the bucket's points
plus the last point of the previous bucket (so one-sample-per-bucket data —
the common scrape case — still yields rates). Negative deltas (counter
resets) are skipped. Buckets with no computable delta are omitted, matching
Prometheus/VM (no rate at the first sample).
Returns [{bucket_timestamp, rate_per_second}, ...] sorted by timestamp.

  



  
    
      
    
    
      bucket_to_seconds(n)



        
          
        

    

  


  

Convert a bucket spec to seconds.

  



  
    
      
    
    
      compute_aggregate(atom, values, points)



        
          
        

    

  


  

Compute an aggregate value from a list of values.

  


        

      


  

  
    
    TimelessMetrics.Alert - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Alert 
    



      
Alert engine that evaluates threshold rules against metric data.
Piggybacks on the rollup tick interval — no extra timer. Call evaluate/1
from the rollup tick or manually.
State transitions: ok → pending → firing → resolved
Delivers structured JSON webhooks on firing and resolved transitions.

      


      
        Summary


  
    Functions
  


    
      
        acknowledge_alert(db, history_id)

      


        Acknowledge a history entry by ID.



    


    
      
        clear_history(db, opts \\ [])

      


        Clear history entries.



    


    
      
        create_rule(db, opts)

      


        Create an alert rule.



    


    
      
        delete_rule(db, rule_id)

      


        Delete an alert rule and its state.



    


    
      
        evaluate(store)

      


        Evaluate all enabled alert rules against current data.



    


    
      
        list_history(db, opts \\ [])

      


        List recent alert history entries, newest first.



    


    
      
        list_rules(db)

      


        List all alert rules with their current state.



    


    
      
        update_rule(db, rule_id, opts)

      


        Update an alert rule (partial update).



    





      


      
        Functions


        


  
    
      
    
    
      acknowledge_alert(db, history_id)



        
          
        

    

  


  

Acknowledge a history entry by ID.

  



    

  
    
      
    
    
      clear_history(db, opts \\ [])



        
          
        

    

  


  

Clear history entries.
Options:
	:acknowledged_only - only delete acknowledged entries (default true)
	:before - delete entries older than this timestamp (default: 7 days ago)


  



  
    
      
    
    
      create_rule(db, opts)



        
          
        

    

  


  

Create an alert rule.
Returns {:ok, id}.

  



  
    
      
    
    
      delete_rule(db, rule_id)



        
          
        

    

  


  

Delete an alert rule and its state.

  



  
    
      
    
    
      evaluate(store)



        
          
        

    

  


  

Evaluate all enabled alert rules against current data.
Called from the rollup tick or manually.

  



    

  
    
      
    
    
      list_history(db, opts \\ [])



        
          
        

    

  


  

List recent alert history entries, newest first.
Options:
	:limit - max entries (default 50)
	:rule_id - filter by rule ID
	:acknowledged - filter: true, false, or nil (all)


  



  
    
      
    
    
      list_rules(db)



        
          
        

    

  


  

List all alert rules with their current state.

  



  
    
      
    
    
      update_rule(db, rule_id, opts)



        
          
        

    

  


  

Update an alert rule (partial update).
Supported fields: name, metric, labels, condition, threshold, duration, aggregate, webhook_url, webhook_format, enabled.
Only provided fields are updated.
Returns :ok.

  


        

      


  

  
    
    TimelessMetrics.AlertEvaluator - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.AlertEvaluator 
    



      
Periodic alert evaluation timer.
Ticks every :interval milliseconds (default 60s) and evaluates all
alert rules against current metric data.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.Anomaly - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Anomaly 
    



      
Anomaly detection via z-score analysis on residuals from a trend model.
Fits the same polynomial + seasonal model as TimelessMetrics.Forecast, computes
residuals (actual - predicted), and flags points where the z-score exceeds
a threshold based on the chosen sensitivity level.
Sensitivity thresholds:
	:low — z > 3.0 (flags only extreme outliers)
	:medium — z > 2.5 (default, good balance)
	:high — z > 2.0 (flags more subtle anomalies)


      


      
        Summary


  
    Functions
  


    
      
        detect(data, opts \\ [])

      


        Detect anomalies in time series data.



    





      


      
        Functions


        


    

  
    
      
    
    
      detect(data, opts \\ [])



        
          
        

    

  


  

Detect anomalies in time series data.
Parameters
	data - List of {timestamp, value} tuples
	opts - Options:	:sensitivity - :low, :medium, or :high (default: :medium)
	:periods - Seasonal period lengths in seconds (default: auto-detected)



Returns {:ok, [%{timestamp, value, expected, score, anomaly}, ...]} or {:error, reason}.

  


        

      


  

  
    
    TimelessMetrics.Application - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Application 
    






  

  
    
    TimelessMetrics.Buffer - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Buffer 
    



      
Sharded ETS write buffer.
Incoming metrics land in one of N ETS shards (selected by series_id).
Each shard flushes periodically or when a point threshold is exceeded,
handing accumulated points to the SegmentBuilder for compression.
Supports backpressure: when the SegmentBuilder mailbox exceeds a
configurable threshold, writes return {:error, :backpressure}.

      


      
        Summary


  
    Functions
  


    
      
        buffer_size(shard_name)

      


        Get the current point count in this shard's buffer.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        read_points(shard_name, series_id, from, to)

      


        Read buffered points for a series within a time range. Lock-free.



    


    
      
        start_link(opts)

      


    


    
      
        write(shard_name, series_id, timestamp, value)

      


        Write a point to the appropriate shard's ETS table. Lock-free.



    


    
      
        write_bulk(shard_name, points)

      


        Bulk-write pre-resolved points to a shard. Called by write_batch.



    





      


      
        Functions


        


  
    
      
    
    
      buffer_size(shard_name)



        
          
        

    

  


  

Get the current point count in this shard's buffer.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      read_points(shard_name, series_id, from, to)



        
          
        

    

  


  

Read buffered points for a series within a time range. Lock-free.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      write(shard_name, series_id, timestamp, value)



        
          
        

    

  


  

Write a point to the appropriate shard's ETS table. Lock-free.
Returns :ok on success or {:error, :backpressure} if the
SegmentBuilder is overwhelmed.

  



  
    
      
    
    
      write_bulk(shard_name, points)



        
          
        

    

  


  

Bulk-write pre-resolved points to a shard. Called by write_batch.
points is a list of {series_id, timestamp, value} tuples.
Single ETS insert + single atomics update for the whole batch.

  


        

      


  

  
    
    TimelessMetrics.Chart - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Chart 
    



      
Pure-Elixir SVG chart generator for time series data.
Generates clean, embeddable SVG line charts with no external dependencies.
Use in <img> tags, markdown, emails, notebooks — anywhere that renders images.
Example
data = [
  %{labels: %{"host" => "web-1"}, data: [{1700000000, 73.2}, {1700000060, 74.1}]},
  %{labels: %{"host" => "web-2"}, data: [{1700000000, 81.0}, {1700000060, 79.5}]}
]

svg = TimelessMetrics.Chart.render("cpu_usage", data, width: 800, height: 300)

      


      
        Summary


  
    Functions
  


    
      
        render(title, series, opts \\ [])

      


        Render a multi-series SVG chart.



    





      


      
        Functions


        


    

  
    
      
    
    
      render(title, series, opts \\ [])



        
          
        

    

  


  

Render a multi-series SVG chart.
Parameters
	title - Chart title (usually the metric name)
	series - List of %{labels: map, data: [{timestamp, value}, ...]}
	opts - Options:	:width - SVG width in pixels (default: 800)
	:height - SVG height in pixels (default: 300)
	:label_key - Label key to use for legend (auto-detected if omitted)
	:theme - :light, :dark, or :auto (default: :auto)	:auto uses CSS prefers-color-scheme to switch at render time


	:annotations - List of %{timestamp: ts, title: "..."} for vertical markers
	:x_domain - {from_ts, to_ts} to force the visible time range



Returns an SVG string.

  


        

      


  

  
    
    TimelessMetrics.DB - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.DB 
    



      
SQLite connection manager with a single writer and pooled readers.
Uses WAL mode for concurrent reads during writes. The writer is serialized
through a GenServer to respect SQLite's single-writer constraint.

      


      
        Summary


  
    Types
  


    
      
        query_result()

      


    


    
      
        row()

      


    


    
      
        server()

      


    





  
    Functions
  


    
      
        backup(db, target_path)

      


        Create a consistent backup of this database using VACUUM INTO.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        db_path(db)

      


        Get the database path.



    


    
      
        read(db, sql, params \\ [])

      


        Execute a read query using a reader connection from the pool.



    


    
      
        start_link(opts)

      


    


    
      
        write(db, sql, params \\ [])

      


        Execute a write query (INSERT, UPDATE, DELETE) through the serialized writer.



    


    
      
        write_transaction(db, fun)

      


        Execute multiple write queries in a single transaction.



    





      


      
        Types


        


  
    
      
    
    
      query_result()



        
          
        

    

  


  

      

          @type query_result() :: {:ok, [row()]} | {:error, term()}


      



  



  
    
      
    
    
      row()



        
          
        

    

  


  

      

          @type row() :: [term()]


      



  



  
    
      
    
    
      server()



        
          
        

    

  


  

      

          @type server() :: GenServer.server()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      backup(db, target_path)



        
          
        

    

  


  

      

          @spec backup(server(), Path.t()) :: query_result()


      


Create a consistent backup of this database using VACUUM INTO.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      db_path(db)



        
          
        

    

  


  

      

          @spec db_path(server()) :: String.t() | {:error, term()}


      


Get the database path.

  



    

  
    
      
    
    
      read(db, sql, params \\ [])



        
          
        

    

  


  

      

          @spec read(server(), String.t(), list()) :: query_result()


      


Execute a read query using a reader connection from the pool.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      



  



    

  
    
      
    
    
      write(db, sql, params \\ [])



        
          
        

    

  


  

      

          @spec write(server(), String.t(), list()) :: query_result()


      


Execute a write query (INSERT, UPDATE, DELETE) through the serialized writer.

  



  
    
      
    
    
      write_transaction(db, fun)



        
          
        

    

  


  

      

          @spec write_transaction(server(), (term() -> result)) ::
  {:ok, result} | {:error, term()}
when result: term()


      


Execute multiple write queries in a single transaction.

  


        

      


  

  
    
    TimelessMetrics.Dashboard - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Dashboard 
    



      
Zero-dependency HTML dashboard generator.
Renders a responsive page of metric charts using embedded SVG <img> tags,
alert status badges, and auto-refresh. No JavaScript frameworks — just inline
CSS and ~30 lines of vanilla JS.

      


      
        Summary


  
    Functions
  


    
      
        render(opts)

      


        Render the dashboard HTML page.



    





      


      
        Functions


        


  
    
      
    
    
      render(opts)



        
          
        

    

  


  

Render the dashboard HTML page.
Options
	:store - Store name (required)
	:from - Time range start (default: "-1h")
	:to - Time range end (default: "now")
	:filter - Label filter map from query params
	:width - Chart width (default: 740)
	:height - Chart height (default: 220)


  


        

      


  

  
    
    TimelessMetrics.DataGenerator - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.DataGenerator 
    



      
Realistic telemetry data generators for benchmarks and testing.
Generates node_exporter-compatible metric names and values that
produce realistic compression patterns:
	Gauges: oscillate around a base with drift and noise
	Counters: monotonically increase with variable increments
	Constants: rarely change (filesystem size, boot time, etc.)

Usage
# Generate a list of metric definitions
metrics = TimelessMetrics.DataGenerator.metrics()

# Generate a value for a specific metric at a given timestamp
val = TimelessMetrics.DataGenerator.value("node_load1", ts_ms, device_id)

# Generate a full scrape payload (all metrics for one device)
points = TimelessMetrics.DataGenerator.scrape(:metrics, device_id, timestamp)

      


      
        Summary


  
    Functions
  


    
      
        metric_count()

      


        Return the number of metrics per device.



    


    
      
        metrics()

      


        Return the list of metric names.



    


    
      
        points(metric, dev_id, count, start_ts \\ 1_700_000_000, interval \\ 15)

      


        Generate count time series points for a single metric + device.



    


    
      
        prometheus_body(dev_id, ts_ms)

      


        Generate a Prometheus text exposition body for one device scrape.



    


    
      
        value(metric, ts_ms, dev_id)

      


        Generate a realistic value for a metric at a given timestamp and device.



    


    
      
        write_batch_entries(dev_id, ts)

      


        Generate a list of {metric_name, labels, value} tuples for one device.



    





      


      
        Functions


        


  
    
      
    
    
      metric_count()



        
          
        

    

  


  

Return the number of metrics per device.

  



  
    
      
    
    
      metrics()



        
          
        

    

  


  

Return the list of metric names.

  



    

    

  
    
      
    
    
      points(metric, dev_id, count, start_ts \\ 1_700_000_000, interval \\ 15)



        
          
        

    

  


  

Generate count time series points for a single metric + device.
Returns [{timestamp, value}, ...] sorted by timestamp.
Useful for compression benchmarks.

  



  
    
      
    
    
      prometheus_body(dev_id, ts_ms)



        
          
        

    

  


  

Generate a Prometheus text exposition body for one device scrape.
Returns a string with one line per metric, ready to POST to
/api/v1/import/prometheus.

  



  
    
      
    
    
      value(metric, ts_ms, dev_id)



        
          
        

    

  


  

Generate a realistic value for a metric at a given timestamp and device.
Uses deterministic hashing so the same (metric, ts, device) always
produces the same value — reproducible benchmarks.

  



  
    
      
    
    
      write_batch_entries(dev_id, ts)



        
          
        

    

  


  

Generate a list of {metric_name, labels, value} tuples for one device.
Ready to pass to TimelessMetrics.write_batch/2.

  


        

      


  

  
    
    TimelessMetrics.DictTrainer - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.DictTrainer 
    



      
Manages zstd dictionaries for legacy compressed segments.
On startup, loads any existing dictionary from data_dir/dict_v*.zstd.
Stores compiled cdict/ddict in persistent_term for zero-cost access
during compression and decompression.
Dictionaries are trained via mix tm.train_dict or train/2.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_cdict(store)

      


        Get the compiled compression dictionary for a store, or nil if none.



    


    
      
        get_ddict(store)

      


        Get the compiled decompression dictionary for a store, or nil if none.



    


    
      
        get_dict(store)

      


        Get the raw dictionary binary for a store, or nil if none.



    


    
      
        get_dict_version(store)

      


        Get the dictionary version for a store, or 0 if none.



    


    
      
        start_link(opts)

      


    


    
      
        train(store, opts \\ [])

      


        Train a dictionary from existing segment data.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      get_cdict(store)



        
          
        

    

  


  

Get the compiled compression dictionary for a store, or nil if none.

  



  
    
      
    
    
      get_ddict(store)



        
          
        

    

  


  

Get the compiled decompression dictionary for a store, or nil if none.

  



  
    
      
    
    
      get_dict(store)



        
          
        

    

  


  

Get the raw dictionary binary for a store, or nil if none.

  



  
    
      
    
    
      get_dict_version(store)



        
          
        

    

  


  

Get the dictionary version for a store, or 0 if none.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



    

  
    
      
    
    
      train(store, opts \\ [])



        
          
        

    

  


  

Train a dictionary from existing segment data.
Reads compressed blobs from the store's segments and uses them as training
samples for zstd dictionary building.
Options:
	:sample_count - Number of segments to sample (default: 500)
	:compression_level - zstd compression level for the cdict (default: 9)
	:version - Dictionary version number (default: auto-increment)


  


        

      


  

  
    
    TimelessMetrics.Forecast - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Forecast 
    



      
Time series forecasting using linear regression with seasonal features.
Fits a polynomial trend (degree 2) plus Fourier seasonal terms whose periods
are automatically chosen based on the data's sampling interval:
	Sub-hourly data (e.g. 5-min) → daily + half-daily periods (operational monitoring)
	Hourly data → daily + weekly periods
	Daily data → weekly + yearly periods (capacity planning)

Periods can also be set explicitly via the :periods option (list of seconds).
Uses the normal equation (X'X)⁻¹X'y — no external ML libraries needed.

      


      
        Summary


  
    Functions
  


    
      
        auto_periods(timestamps)

      


        Auto-detect seasonal periods based on median sampling interval.



    


    
      
        fit_predict(data, opts \\ [])

      


        Fit a model to data and return predictions for the training data itself.
Used by anomaly detection to compute residuals.



    


    
      
        predict(data, opts)

      


        Predict future values from historical time series data.



    





      


      
        Functions


        


  
    
      
    
    
      auto_periods(timestamps)



        
          
        

    

  


  

Auto-detect seasonal periods based on median sampling interval.
Returns a list of period lengths in seconds:
	Interval < 1 hour → [86400, 43200] (daily + half-daily)
	Interval 1h–23h → [86400, 604800] (daily + weekly)
	Interval >= 1 day → [604800, 31_536_000] (weekly + yearly)


  



    

  
    
      
    
    
      fit_predict(data, opts \\ [])



        
          
        

    

  


  

Fit a model to data and return predictions for the training data itself.
Used by anomaly detection to compute residuals.
Options
	:periods - List of seasonal period lengths in seconds
(default: auto-detected from sampling interval)


  



  
    
      
    
    
      predict(data, opts)



        
          
        

    

  


  

Predict future values from historical time series data.
Parameters
	data - List of {timestamp, value} tuples
	opts - Options:	:horizon - Seconds to forecast ahead (required)
	:bucket - Seconds between forecast points (default: inferred from data)
	:periods - List of seasonal period lengths in seconds
(default: auto-detected from sampling interval)



Returns {:ok, [{future_timestamp, predicted_value}, ...]} or {:error, reason}.

  


        

      


  

  
    
    TimelessMetrics.HTTP - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.HTTP 
    



      
Optional HTTP ingest interface compatible with VictoriaMetrics JSON line import format.
Usage
Add to your supervision tree alongside TimelessMetrics:
children = [
  {TimelessMetrics, name: :metrics, data_dir: "/var/lib/metrics"},
  {TimelessMetrics.HTTP, store: :metrics, port: 8428}
]
Endpoints
Ingest
	POST /api/v1/import - VictoriaMetrics JSON line import

Query
	GET /api/v1/export - Export raw points in VM JSON line format
	GET /api/v1/query - Latest value for a series
	GET /api/v1/query_range - Range query with bucketed aggregation

Charts
	GET /chart - SVG line chart, embeddable via <img> tag

Operational
	GET /health - Health check with store stats

Query Parameters
All query endpoints accept:
	metric - metric name (required)
	Any other param becomes a label filter (e.g. ?metric=cpu_usage&host=web-1)

Range endpoints also accept:
	start or from - start timestamp (unix seconds, default: 1 hour ago)
	end or to - end timestamp (unix seconds, default: now)

/api/v1/query_range also accepts:
	step - bucket size in seconds (default: 60)
	aggregate - one of: avg, min, max, sum, count, last, first (default: avg)

VictoriaMetrics JSON Line Format
Each line is a JSON object:
{"metric":{"__name__":"cpu_usage","host":"web-1"},"values":[73.2,74.1],"timestamps":[1700000000,1700000060]}
The __name__ field is the metric name; all other fields in metric become labels.
values and timestamps are parallel arrays.
Vector Configuration
[sinks.metricstore]
type = "http"
inputs = ["metrics_transform"]
uri = "http://localhost:8428/api/v1/import"
encoding.codec = "text"
framing.method = "newline_delimited"

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


    


    
      
        dispatch(arg1, arg2, req)

      


    


    
      
        handle(req)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      dispatch(arg1, arg2, req)



        
          
        

    

  


  


  



  
    
      
    
    
      handle(req)



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.IngestWorker - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.IngestWorker 
    



      
Background ingest worker that drains raw HTTP bodies from an ETS queue,
parses them, resolves series, and writes to Buffer shards.
The HTTP handler inserts raw bodies into the queue and returns 204
immediately. This worker processes them in the background.
Multiple workers share one ETS queue table. Each worker takes batches
using :ets.take (atomic) to avoid contention.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        enqueue(queue_table, body, format)

      


        Queue a raw HTTP body for background processing.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      enqueue(queue_table, body, format)



        
          
        

    

  


  

Queue a raw HTTP body for background processing.
Called from the HTTP handler. Returns immediately.
format is :prometheus or :json.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.LabelMatch - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.LabelMatch 
    



      
Shared label-filter matching for query paths (both engines).
Filter entries take the shapes produced by the PromQL parser and native
HTTP params:
	{key, "value"} — exact match
	{key, {:regex, pattern}} — anchored regex match
	{key, {:not_equal, "value"}} — negation
	{key, {:not_regex, pattern}} — anchored regex negation

Semantics follow Prometheus: a series that lacks the label is treated as
having the empty-string value, so label!="v" and label=~".*" match
series without the label, and label="" matches only series without it.
Invalid regex patterns match nothing (the query layer is expected to
reject them earlier).

      


      
        Summary


  
    Functions
  


    
      
        compile(label_filter)

      


        Pre-compile the regex entries of a filter. Returns an opaque compiled
filter for match?/2.



    


    
      
        match?(labels, compiled_filter)

      


        Does a series' label map satisfy every entry of a compiled filter?



    


    
      
        split_libsql_pushdown(label_filter)

      


        Build the strongest libSQL matcher JSON that is provably equivalent to a
necessary subset of label_filter.



    


    
      
        split_pushdown(label_filter)

      


        Split a filter into {equality_map, complex_entries} where the equality
map contains only non-empty exact matches (safe to push down to storage
lookups keyed on present labels) and complex entries need match?/2
post-filtering.



    





      


      
        Functions


        


  
    
      
    
    
      compile(label_filter)



        
          
        

    

  


  

Pre-compile the regex entries of a filter. Returns an opaque compiled
filter for match?/2.

  



  
    
      
    
    
      match?(labels, compiled_filter)



        
          
        

    

  


  

Does a series' label map satisfy every entry of a compiled filter?

  



  
    
      
    
    
      split_libsql_pushdown(label_filter)



        
          
        

    

  


  

Build the strongest libSQL matcher JSON that is provably equivalent to a
necessary subset of label_filter.
The extension supports equality, inequality, and RE2-family regex matchers,
while TimelessMetrics currently evaluates regular expressions with PCRE.
Only a deliberately portable regex subset is pushed down. Unsupported
patterns remain in the residual filter, so correctness never depends on a
dialect guess. Duplicate matchers keep their full residual AND expression;
one safe matcher may still narrow the storage candidates.
Returns :none when an invalid regex makes the complete filter impossible,
otherwise {extension_filter, residual_filter}.

  



  
    
      
    
    
      split_pushdown(label_filter)



        
          
        

    

  


  

Split a filter into {equality_map, complex_entries} where the equality
map contains only non-empty exact matches (safe to push down to storage
lookups keyed on present labels) and complex entries need match?/2
post-filtering.

  


        

      


  

  
    
    TimelessMetrics.LibsqlEngine - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.LibsqlEngine 
    



      
SQLite/libSQL-backed metrics engine.
Compressed points live in the metric_samples virtual table and its shadow
tables inside the store's existing metrics.db. A single writer connection
preserves SQLite's write discipline while a small reader pool serves raw
queries and discovery concurrently.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        compact(store, cutoff \\ :all)

      


    


    
      
        delete_before(store, cutoff)

      


    


    
      
        find_series(store, metric, filter)

      


    


    
      
        flush(store)

      


    


    
      
        info(store)

      


    


    
      
        ingest_prometheus(store, body, default_ts \\ nil)

      


    


    
      
        label_values(store, metric, key)

      


    


    
      
        latest(store, metric, labels)

      


    


    
      
        latest_multi(store, metric, filter)

      


    


    
      
        list_metrics(store)

      


    


    
      
        list_series(store, metric)

      


    


    
      
        open_connection(db_path)

      


    


    
      
        open_connection(db_path, extension_path)

      


    


    
      
        open_connection(db_path, extension_path, busy_timeout)

      


    


    
      
        open_readonly_connection(db_path, extension_path)

      


    


    
      
        query_aggregate(store, metric, labels, opts)

      


    


    
      
        query_aggregate_multi(store, metric, label_filter, opts)

      


    


    
      
        query_multi(store, metric, label_filter, opts)

      


    


    
      
        query_multi_metrics(store, metrics, label_filter, opts)

      


    


    
      
        query_raw(store, metric, labels, opts)

      


    


    
      
        query_rollup(store, metric, labels, resolution, from, to)

      


    


    
      
        reader_name(store, index)

      


    


    
      
        resolve_series(store, metric, labels)

      


    


    
      
        resolve_series_batch(store, pairs)

      


    


    
      
        rollup(store)

      


    


    
      
        start_link(opts)

      


    


    
      
        write(store, metric, labels, value, timestamp)

      


    


    
      
        write_batch(store, entries)

      


    


    
      
        write_resolved(store, sid, value, timestamp)

      


    


    
      
        writer_name(store)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      compact(store, cutoff \\ :all)



        
          
        

    

  


  


  



  
    
      
    
    
      delete_before(store, cutoff)



        
          
        

    

  


  


  



  
    
      
    
    
      find_series(store, metric, filter)



        
          
        

    

  


  


  



  
    
      
    
    
      flush(store)



        
          
        

    

  


  


  



  
    
      
    
    
      info(store)



        
          
        

    

  


  


  



    

  
    
      
    
    
      ingest_prometheus(store, body, default_ts \\ nil)



        
          
        

    

  


  


  



  
    
      
    
    
      label_values(store, metric, key)



        
          
        

    

  


  


  



  
    
      
    
    
      latest(store, metric, labels)



        
          
        

    

  


  


  



  
    
      
    
    
      latest_multi(store, metric, filter)



        
          
        

    

  


  


  



  
    
      
    
    
      list_metrics(store)



        
          
        

    

  


  


  



  
    
      
    
    
      list_series(store, metric)



        
          
        

    

  


  


  



  
    
      
    
    
      open_connection(db_path)



        
          
        

    

  


  


  



  
    
      
    
    
      open_connection(db_path, extension_path)



        
          
        

    

  


  


  



  
    
      
    
    
      open_connection(db_path, extension_path, busy_timeout)



        
          
        

    

  


  


  



  
    
      
    
    
      open_readonly_connection(db_path, extension_path)



        
          
        

    

  


  


  



  
    
      
    
    
      query_aggregate(store, metric, labels, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_aggregate_multi(store, metric, label_filter, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_multi(store, metric, label_filter, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_multi_metrics(store, metrics, label_filter, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_raw(store, metric, labels, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_rollup(store, metric, labels, resolution, from, to)



        
          
        

    

  


  


  



  
    
      
    
    
      reader_name(store, index)



        
          
        

    

  


  


  



  
    
      
    
    
      resolve_series(store, metric, labels)



        
          
        

    

  


  


  



  
    
      
    
    
      resolve_series_batch(store, pairs)



        
          
        

    

  


  


  



  
    
      
    
    
      rollup(store)



        
          
        

    

  


  


  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      write(store, metric, labels, value, timestamp)



        
          
        

    

  


  


  



  
    
      
    
    
      write_batch(store, entries)



        
          
        

    

  


  


  



  
    
      
    
    
      write_resolved(store, sid, value, timestamp)



        
          
        

    

  


  


  



  
    
      
    
    
      writer_name(store)



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.LibsqlMigration - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.LibsqlMigration 
    



      
Offline, verified migration from the filesystem Rust engine to libSQL.
The source is never deleted. Import happens in .libsql-migration/metrics.db;
activation is an explicit, same-filesystem rename which retains the prior
administrative database as metrics.db.pre-libsql and leaves rust_engine/
untouched for rollback.

      


      
        Summary


  
    Functions
  


    
      
        run(data_dir, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(data_dir, opts \\ [])



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.PromQL - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.PromQL 
    



      
PromQL parser and evaluator for the Prometheus/VictoriaMetrics-compatible API.
A tokenizer + recursive-descent parser produces an AST; the evaluator
fetches raw samples and evaluates Prometheus/VM semantics on an exact
start + n*step grid — instant selectors take the most recent sample
within the lookback window, range functions slide their [window] over
raw samples, and counter functions (rate/increase/irate) are
reset-adjusted with carry-in from before the window.
Supported
Effectively the full PromQL surface plus the common MetricsQL tier —
every construct is verified against a live VictoriaMetrics instance by
scripts/vm_diff.exs:
	Selectors with all matcher types (duplicates AND together), offset,
the @ modifier, subqueries [W:R], and step-relative [Ni] windows
	Rollups: rate irate increase delta idelta deriv predict_linear changes resets and the *_over_time family (incl. quantile/stddev/ stdvar/present/last/first_over_time), window-less MetricsQL forms
	Aggregations: sum avg min max count group stddev stdvar topk bottomk quantile count_values with by/without in either position
	Binary operators with bool and full vector matching
(on/ignoring/group_left/group_right), set ops, and the
MetricsQL default/if/ifnot operators
	histogram_quantile over classic le buckets
	Transforms and math (abs ceil floor round clamp* sqrt exp ln log2 log10 sgn trig deg rad pi), label_replace label_join label_set label_del alias union sort sort_desc, absent absent_over_time,
time timestamp scalar vector and the clock functions,
keep_metric_names, range_*/running_*

Anything unsupported returns {:error, reason} — never a silent empty
success — so API clients get a Prometheus-style error response.

      


      
        Summary


  
    Functions
  


    
      
        execute(ast, store, start_ts, end_ts, step)

      


        Evaluate a parsed AST over a time range against a store.



    


    
      
        parse(query)

      


        Parse a PromQL query string into an AST.



    


    
      
        selector_info(ast)

      


        Extract the first vector selector from an AST as
%{metric: name | nil, metric_pattern: regex | nil, labels: map}.



    





      


      
        Functions


        


  
    
      
    
    
      execute(ast, store, start_ts, end_ts, step)



        
          
        

    

  


  

Evaluate a parsed AST over a time range against a store.
Evaluation follows Prometheus/VM semantics: every series is evaluated at
the exact grid start, start+step, ..., end. Instant selectors take the
most recent sample within the lookback window (default 300s, configure
with config :timeless_metrics, promql_lookback_seconds: n); range
functions evaluate over their [window] of raw samples ending at each
grid point.
Returns {:ok, prometheus_matrix_response} or {:error, reason}.

  



  
    
      
    
    
      parse(query)



        
          
        

    

  


  

Parse a PromQL query string into an AST.
Returns {:ok, ast} or {:error, reason}. Invalid or unsupported syntax is
always an error — a query never silently degrades to a metric-name lookup.

  



  
    
      
    
    
      selector_info(ast)



        
          
        

    

  


  

Extract the first vector selector from an AST as
%{metric: name | nil, metric_pattern: regex | nil, labels: map}.
Used by the /api/v1/series endpoint, which only needs to know which
series a match[] expression touches.
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TimelessMetrics.PrometheusNif 
    



      
NIF-based Prometheus text format parser.
Parses the entire Prometheus exposition body in a single NIF call,
returning {entries, error_count} where entries is a list of
{metric_name, labels_proplist, value, timestamp} tuples.
Lines without timestamps use 0 as sentinel.
Backed by the Rust parser in native/tms_engine (it replaced an
earlier C++ NIF). Entry binaries are zero-copy sub-binaries of body:
they keep the whole body alive until garbage collected, so anything
storing them long-term must :binary.copy/1 them first.

      


      
        Summary


  
    Functions
  


    
      
        available?()

      


        Check if the NIF is loaded and available.



    


    
      
        parse(body)

      


        Parse Prometheus text format body.



    





      


      
        Functions


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

Check if the NIF is loaded and available.

  



  
    
      
    
    
      parse(body)



        
          
        

    

  


  

Parse Prometheus text format body.
Returns {entries, error_count} where entries is a list of
{metric_name, labels_proplist, value, timestamp} tuples.

  


        

      


  

  
    
    TimelessMetrics.Query - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Query 
    



      
Query engine with automatic tier selection.
For raw queries, reads compressed segments from shard storage.
For aggregate queries, reads from rollup tiers when the time range
falls outside raw retention, or when a matching tier resolution exists.
Stitches results across tiers for queries spanning multiple windows.

      


      
        Summary


  
    Functions
  


    
      
        aggregate(store, series_id, opts \\ [])

      


        Query with aggregation. Automatically selects the best tier.



    


    
      
        latest(store, series_id, opts \\ [])

      


        Query the latest value for a series.
Checks raw segments first (from shard DB), then falls back to the finest rollup tier.



    


    
      
        raw(store, series_id, opts \\ [])

      


        Query raw points for a series within a time range.



    


    
      
        read_tier(store, tier_name, series_id, opts \\ [])

      


        Read pre-computed rollup data directly from a tier table.



    





      


      
        Functions


        


    

  
    
      
    
    
      aggregate(store, series_id, opts \\ [])



        
          
        

    

  


  

Query with aggregation. Automatically selects the best tier.
When a schema is provided, the query router will read from rollup
tables if the data is available there, falling back to raw segments.
Returns {:ok, [{bucket_timestamp, aggregate_value}, ...]}.

  



    

  
    
      
    
    
      latest(store, series_id, opts \\ [])



        
          
        

    

  


  

Query the latest value for a series.
Checks raw segments first (from shard DB), then falls back to the finest rollup tier.

  



    

  
    
      
    
    
      raw(store, series_id, opts \\ [])



        
          
        

    

  


  

Query raw points for a series within a time range.
Reads from the shard DB that owns this series_id.
Returns {:ok, [{timestamp, value}, ...]} sorted by timestamp.

  



    

  
    
      
    
    
      read_tier(store, tier_name, series_id, opts \\ [])



        
          
        

    

  


  

Read pre-computed rollup data directly from a tier table.
Returns {:ok, [%{bucket: ts, avg: v, min: v, max: v, count: n, sum: v, last: v}, ...]}.

  


        

      


  

  
    
    TimelessMetrics.Retention - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Retention 
    



      
Tier-aware retention enforcer.
Periodically deletes expired raw segments (from shard DBs) and rollup rows
(from main DB) based on configured retention periods. Runs incremental
vacuum to reclaim space.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        enforce(retention)

      


        Force retention enforcement now.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      enforce(retention)



        
          
        

    

  


  

Force retention enforcement now.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.Rollup - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Rollup 
    



      
Sharded rollup engine.
Processes data tier-by-tier with parallel per-shard execution.
Each shard maintains its own tier tables and watermarks.
The Rollup GenServer acts as a coordinator, spawning parallel
tasks for each shard.

      


      
        Summary


  
    Functions
  


    
      
        catch_up(rollup)

      


        Force a late-arrival catch-up scan.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        run(rollup, tier \\ :all)

      


        Force a rollup of a specific tier (or all tiers).



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      catch_up(rollup)



        
          
        

    

  


  

Force a late-arrival catch-up scan.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      run(rollup, tier \\ :all)



        
          
        

    

  


  

Force a rollup of a specific tier (or all tiers).

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.RustEngine - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.RustEngine 
    



      
Rust-native storage engine backend for TimelessMetrics.
Handles the hot path for raw point writes and queries through a single Rust NIF
resource. The Elixir application still owns supervision, HTTP routing, alerts,
annotations, scrape targets, and rollup metadata.
Started as a child of the store's supervisor. The engine reference is
stored in persistent_term for zero-cost access on the hot path.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        compact(store, cutoff_ts \\ :all)

      


        Force a compaction pass: merge raw and undersized chunks older than
cutoff_ts into large pco chunks (:all compacts regardless of age).
Runs automatically on the cold-flush timer when the store uses
defer_compression: true, sparing the last hour so narrow recent
queries stay on small chunks. Returns {:ok, series, chunks_replaced}.



    


    
      
        delete_before(store, before_ts)

      


    


    
      
        find_series(store, metric_name, label_filter)

      


    


    
      
        flush(store)

      


    


    
      
        info(store)

      


    


    
      
        ingest_prometheus(store, body, default_ts \\ nil)

      


        Fused Prometheus ingest: parse exposition text and write all samples in a
single NIF call — no per-sample terms cross the boundary. Samples without
a timestamp get default_ts (epoch seconds).



    


    
      
        label_values(store, metric_name, label_key)

      


    


    
      
        latest(store, metric_name, labels)

      


    


    
      
        latest_multi(store, metric_name, label_filter)

      


        Latest point per series matching a label filter, regardless of age.



    


    
      
        list_metrics(store)

      


    


    
      
        list_series(store, metric_name)

      


    


    
      
        query_aggregate(store, metric_name, labels, opts)

      


    


    
      
        query_aggregate_multi(store, metric_name, label_filter, opts)

      


    


    
      
        query_multi(store, metric_name, label_filter, opts)

      


    


    
      
        query_multi_metrics(store, metric_names, label_filter, opts)

      


    


    
      
        query_raw(store, metric_name, labels, opts)

      


    


    
      
        ref(store)

      


    


    
      
        resolve_series(store, metric_name, labels)

      


    


    
      
        resolve_series_batch(store, pairs)

      


    


    
      
        start_link(opts)

      


    


    
      
        write(store, metric_name, labels, value, timestamp)

      


    


    
      
        write_batch(store, entries)

      


    


    
      
        write_resolved(store, series_id, value, timestamp)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      compact(store, cutoff_ts \\ :all)



        
          
        

    

  


  

Force a compaction pass: merge raw and undersized chunks older than
cutoff_ts into large pco chunks (:all compacts regardless of age).
Runs automatically on the cold-flush timer when the store uses
defer_compression: true, sparing the last hour so narrow recent
queries stay on small chunks. Returns {:ok, series, chunks_replaced}.

  



  
    
      
    
    
      delete_before(store, before_ts)



        
          
        

    

  


  


  



  
    
      
    
    
      find_series(store, metric_name, label_filter)



        
          
        

    

  


  


  



  
    
      
    
    
      flush(store)



        
          
        

    

  


  


  



  
    
      
    
    
      info(store)



        
          
        

    

  


  


  



    

  
    
      
    
    
      ingest_prometheus(store, body, default_ts \\ nil)



        
          
        

    

  


  

Fused Prometheus ingest: parse exposition text and write all samples in a
single NIF call — no per-sample terms cross the boundary. Samples without
a timestamp get default_ts (epoch seconds).
Returns {:ok, count, errors} where count is samples written and errors
is malformed line count. Note: labels are stored exactly as scraped; no
relabeling is applied. Callers needing relabel rules must use
PrometheusNif.parse/1 + write_batch/2 instead.

  



  
    
      
    
    
      label_values(store, metric_name, label_key)



        
          
        

    

  


  


  



  
    
      
    
    
      latest(store, metric_name, labels)



        
          
        

    

  


  


  



  
    
      
    
    
      latest_multi(store, metric_name, label_filter)



        
          
        

    

  


  

Latest point per series matching a label filter, regardless of age.
The NIF has no dedicated latest-point query yet, so this reads the full
range and keeps the newest sample per series.

  



  
    
      
    
    
      list_metrics(store)



        
          
        

    

  


  


  



  
    
      
    
    
      list_series(store, metric_name)



        
          
        

    

  


  


  



  
    
      
    
    
      query_aggregate(store, metric_name, labels, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_aggregate_multi(store, metric_name, label_filter, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_multi(store, metric_name, label_filter, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_multi_metrics(store, metric_names, label_filter, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_raw(store, metric_name, labels, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      ref(store)



        
          
        

    

  


  


  



  
    
      
    
    
      resolve_series(store, metric_name, labels)



        
          
        

    

  


  


  



  
    
      
    
    
      resolve_series_batch(store, pairs)



        
          
        

    

  


  


  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      write(store, metric_name, labels, value, timestamp)



        
          
        

    

  


  


  



  
    
      
    
    
      write_batch(store, entries)



        
          
        

    

  


  


  



  
    
      
    
    
      write_resolved(store, series_id, value, timestamp)



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.Schema - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Schema 
    



      
Declarative DSL for defining metric storage tiers, retention, and rollup schedules.
Example
defmodule MyApp.MetricSchema do
  use TimelessMetrics.Schema

  raw_retention {7, :days}

  tier :hourly,
    resolution: :hour,
    aggregates: [:avg, :min, :max, :count, :sum, :last],
    retention: {30, :days}

  tier :daily,
    resolution: :day,
    aggregates: [:avg, :min, :max, :count, :sum, :last],
    retention: {365, :days}

  tier :monthly,
    resolution: {30, :days},
    aggregates: [:avg, :min, :max, :count, :sum],
    retention: :forever
end
Then pass it to TimelessMetrics:
{TimelessMetrics, name: :metrics, data_dir: "/data", schema: MyApp.MetricSchema}

      


      
        Summary


  
    Functions
  


    
      
        chunk_seconds(duration, resolution_seconds)

      


        Compute chunk_seconds from an explicit :chunk option or default based on resolution.



    


    
      
        default()

      


        Build a default schema when none is provided.



    


    
      
        duration_to_seconds(arg1)

      


    


    
      
        raw_retention(duration)

      


    


    
      
        resolution_to_seconds(arg1)

      


    


    
      
        retention_interval(ms)

      


    


    
      
        rollup_interval(ms)

      


    


    
      
        tier(name, opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      chunk_seconds(duration, resolution_seconds)



        
          
        

    

  


  

Compute chunk_seconds from an explicit :chunk option or default based on resolution.
Defaults: hourly (≤3600s) → 24h, daily (≤86400s) → 30d, coarser → 365d.

  



  
    
      
    
    
      default()



        
          
        

    

  


  

Build a default schema when none is provided.

  



  
    
      
    
    
      duration_to_seconds(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      raw_retention(duration)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      resolution_to_seconds(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      retention_interval(ms)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      rollup_interval(ms)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      tier(name, opts)


        (macro)


        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.SegmentBuilder - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.SegmentBuilder 
    



      
Accumulates points per series and writes compressed segments to file-based
storage (ShardStore).
Each SegmentBuilder owns its own shard directory. Points arrive in batches
from the paired Buffer shard. The SegmentBuilder groups them into
time-bounded segments, compresses with the current fast/ALP/text codecs, and
writes to ShardStore (WAL + immutable .seg files).
Tier chunks, watermarks, and raw segments are all in ShardStore.
No SQLite is used for shard data.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        compact_tier(builder_name, tier_name, opts \\ [])

      


        Compact a tier's chunks.dat by rewriting only live entries. Goes through GenServer.



    


    
      
        delete_raw_before(builder_name, cutoff)

      


        Delete raw segments with end_time before cutoff. Goes through GenServer.



    


    
      
        delete_tier_before(builder_name, tier_name, cutoff)

      


        Delete tier chunks where chunk_end < cutoff. Goes through GenServer.



    


    
      
        flush(builder)

      


        Force flush all open segments to disk.



    


    
      
        ingest(builder, grouped_points)

      


        Ingest a batch of grouped points. Called by Buffer shards after flush.



    


    
      
        ingest_sync(builder, grouped_points)

      


        Synchronous ingest. Used during shutdown to ensure data is received before termination.



    


    
      
        pending_point_count(builder)

      


        Get the count of points held in memory (not yet in a finalized segment).



    


    
      
        raw_series_ids(builder_name)

      


        Get distinct series_ids present in raw storage. Lock-free.



    


    
      
        raw_stats(builder_name)

      


        Get aggregate stats for raw segments in this shard. Lock-free.



    


    
      
        read_raw_for_rollup(builder_name, from, to)

      


        Read raw segments for ALL series within a time range (used by rollup). Lock-free.



    


    
      
        read_raw_latest(builder_name, series_id)

      


        Read the latest raw segment for a series. Lock-free.



    


    
      
        read_raw_segments(builder_name, series_id, from, to)

      


        Read raw segments for a specific series within a time range. Lock-free.



    


    
      
        read_tier_chunk_for_merge(builder_name, tier_name, series_id, chunk_start)

      


        Read a single tier chunk by exact key (for rollup merge). Lock-free.



    


    
      
        read_tier_chunks(builder_name, tier_name, series_id, from, to)

      


        Read tier chunks for a specific series within a time range. Lock-free.



    


    
      
        read_tier_for_rollup(builder_name, tier_name, from, to)

      


        Read tier chunks for ALL series in a time range (for tier-to-tier rollup). Lock-free.



    


    
      
        read_tier_latest(builder_name, tier_name, series_id)

      


        Read the latest tier chunk for a series. Lock-free.



    


    
      
        read_tier_series_ids(builder_name, tier_name)

      


        Get distinct series_ids from a tier. Lock-free.



    


    
      
        read_tier_stats(builder_name, tier_name)

      


        Get aggregate stats for a tier. Lock-free.



    


    
      
        read_watermark(builder_name, tier_name)

      


        Read a watermark value for a tier. Lock-free (ETS lookup).



    


    
      
        start_link(opts)

      


    


    
      
        tier_dead_bytes(builder_name, tier_name)

      


        Calculate dead bytes in a tier's chunks.dat. Lock-free.



    


    
      
        write_tier_batch(builder_name, tier_name, entries)

      


        Write a batch of tier chunks. Goes through GenServer for write serialization.



    


    
      
        write_watermark(builder_name, tier_name, value)

      


        Write a watermark value for a tier. Goes through GenServer.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      compact_tier(builder_name, tier_name, opts \\ [])



        
          
        

    

  


  

Compact a tier's chunks.dat by rewriting only live entries. Goes through GenServer.
Options
	:threshold - minimum dead/total ratio to trigger (default: 0.3)

Returns {:ok, reclaimed_bytes} or :noop.

  



  
    
      
    
    
      delete_raw_before(builder_name, cutoff)



        
          
        

    

  


  

Delete raw segments with end_time before cutoff. Goes through GenServer.

  



  
    
      
    
    
      delete_tier_before(builder_name, tier_name, cutoff)



        
          
        

    

  


  

Delete tier chunks where chunk_end < cutoff. Goes through GenServer.

  



  
    
      
    
    
      flush(builder)



        
          
        

    

  


  

Force flush all open segments to disk.

  



  
    
      
    
    
      ingest(builder, grouped_points)



        
          
        

    

  


  

Ingest a batch of grouped points. Called by Buffer shards after flush.

  



  
    
      
    
    
      ingest_sync(builder, grouped_points)



        
          
        

    

  


  

Synchronous ingest. Used during shutdown to ensure data is received before termination.

  



  
    
      
    
    
      pending_point_count(builder)



        
          
        

    

  


  

Get the count of points held in memory (not yet in a finalized segment).

  



  
    
      
    
    
      raw_series_ids(builder_name)



        
          
        

    

  


  

Get distinct series_ids present in raw storage. Lock-free.
Returns {:ok, [[series_id], ...]}.

  



  
    
      
    
    
      raw_stats(builder_name)



        
          
        

    

  


  

Get aggregate stats for raw segments in this shard. Lock-free.
Returns %{segment_count, total_points, raw_bytes, oldest_ts, newest_ts}.

  



  
    
      
    
    
      read_raw_for_rollup(builder_name, from, to)



        
          
        

    

  


  

Read raw segments for ALL series within a time range (used by rollup). Lock-free.
Returns {:ok, [[series_id, start_time, end_time, data], ...]} sorted by (series_id, start_time).

  



  
    
      
    
    
      read_raw_latest(builder_name, series_id)



        
          
        

    

  


  

Read the latest raw segment for a series. Lock-free.
Returns {:ok, [[data]]} or {:ok, []}.

  



  
    
      
    
    
      read_raw_segments(builder_name, series_id, from, to)



        
          
        

    

  


  

Read raw segments for a specific series within a time range. Lock-free.
Returns {:ok, [[data, start_time, end_time], ...]} sorted by start_time.

  



  
    
      
    
    
      read_tier_chunk_for_merge(builder_name, tier_name, series_id, chunk_start)



        
          
        

    

  


  

Read a single tier chunk by exact key (for rollup merge). Lock-free.
Returns the blob binary, or nil if not found.

  



  
    
      
    
    
      read_tier_chunks(builder_name, tier_name, series_id, from, to)



        
          
        

    

  


  

Read tier chunks for a specific series within a time range. Lock-free.
Returns {:ok, [[data], ...]} sorted by chunk_start.

  



  
    
      
    
    
      read_tier_for_rollup(builder_name, tier_name, from, to)



        
          
        

    

  


  

Read tier chunks for ALL series in a time range (for tier-to-tier rollup). Lock-free.
Returns {:ok, [[series_id, data], ...]}.

  



  
    
      
    
    
      read_tier_latest(builder_name, tier_name, series_id)



        
          
        

    

  


  

Read the latest tier chunk for a series. Lock-free.
Returns {:ok, [[data]]} or {:ok, []}.

  



  
    
      
    
    
      read_tier_series_ids(builder_name, tier_name)



        
          
        

    

  


  

Get distinct series_ids from a tier. Lock-free.
Returns {:ok, [[series_id], ...]}.

  



  
    
      
    
    
      read_tier_stats(builder_name, tier_name)



        
          
        

    

  


  

Get aggregate stats for a tier. Lock-free.
Returns {chunks, buckets, compressed_bytes}.

  



  
    
      
    
    
      read_watermark(builder_name, tier_name)



        
          
        

    

  


  

Read a watermark value for a tier. Lock-free (ETS lookup).
Returns the integer watermark value, or 0 if not set.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      tier_dead_bytes(builder_name, tier_name)



        
          
        

    

  


  

Calculate dead bytes in a tier's chunks.dat. Lock-free.
Returns {dead_bytes, total_file_bytes}.

  



  
    
      
    
    
      write_tier_batch(builder_name, tier_name, entries)



        
          
        

    

  


  

Write a batch of tier chunks. Goes through GenServer for write serialization.
entries = [{series_id, chunk_start, chunk_end, bucket_count, blob}, ...]

  



  
    
      
    
    
      write_watermark(builder_name, tier_name, value)



        
          
        

    

  


  

Write a watermark value for a tier. Goes through GenServer.

  


        

      


  

  
    
    TimelessMetrics.SeriesRegistry - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.SeriesRegistry 
    



      
Hybrid persistent_term + ETS series ID lookup and registration.
The hot read path uses persistent_term (zero-copy shared Map).
New series spill into an ETS overflow table and are periodically
batch-merged into persistent_term to avoid literal-heap churn.
Steady state: 100% persistent_term hits, ETS overflow is empty.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        count(registry)

      


        Return the number of registered series.



    


    
      
        flush_pending(registry)

      


        Flush pending series registrations to SQLite synchronously.



    


    
      
        get_or_create(registry, metric_name, labels)

      


        Get or create a series ID for the given metric name and labels.
Fast path: persistent_term Map lookup (zero-copy).
Warm path: ETS overflow lookup (during warm-up).
Slow path: GenServer → SQLite → ETS overflow → deferred publish.



    


    
      
        lookup(registry, series_id)

      


        Lookup series metadata by ID.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      count(registry)



        
          
        

    

  


  

Return the number of registered series.

  



  
    
      
    
    
      flush_pending(registry)



        
          
        

    

  


  

Flush pending series registrations to SQLite synchronously.

  



  
    
      
    
    
      get_or_create(registry, metric_name, labels)



        
          
        

    

  


  

Get or create a series ID for the given metric name and labels.
Fast path: persistent_term Map lookup (zero-copy).
Warm path: ETS overflow lookup (during warm-up).
Slow path: GenServer → SQLite → ETS overflow → deferred publish.

  



  
    
      
    
    
      lookup(registry, series_id)



        
          
        

    

  


  

Lookup series metadata by ID.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

  
    
    TimelessMetrics.ShardStore - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.ShardStore 
    



      
File-based storage backend for raw time series segments and tier chunks.
Replaces SQLite shard tables with immutable .seg files for raw data
and append-only chunks.dat files with ETS indexes for tier data.
File Layout
shard_N/
  raw/
    1706000000.seg    # immutable segment file per window
    current.wal       # rewritten on each flush with latest in-progress data
  tier_hourly/
    chunks.dat        # append-only chunk data (same entry format as WAL)
    index.ets         # persisted ETS table for fast lookups
  tier_daily/
    chunks.dat
    index.ets
.seg File Format
┌─────────────────────────────────────┐
│ "TS" (2) | version (1) | count (4) │  15 bytes header
│ index_offset (8)                    │
├─────────────────────────────────────┤
│ segment blobs (concatenated)        │  variable
├─────────────────────────────────────┤
│ index entries (40 bytes each)       │  count * 40
│   series_id:i64, start:i64, end:i64 │
│   point_count:u32, offset:u64, len:u32│
└─────────────────────────────────────┘
WAL / chunks.dat Entry Format
series_id:i64 | start:i64 | end:i64 | count:u32 | data_len:u32 | data:bytes

      


      
        Summary


  
    Functions
  


    
      
        cleanup_tiers(store)

      


        Delete all tier ETS tables (for cleanup on shutdown).



    


    
      
        cleanup_watermarks(store)

      


        Delete the watermark ETS table (for cleanup on shutdown).



    


    
      
        compact_tier(store, tier_name, opts \\ [])

      


        Compact a tier's chunks.dat by rewriting only live entries.



    


    
      
        delete_before(store, cutoff)

      


        Delete raw .seg files and WAL entries before cutoff.



    


    
      
        delete_tier_before(store, tier_name, cutoff)

      


        Delete tier chunks where chunk_end < cutoff. Removes from ETS index (dead space in chunks.dat).



    


    
      
        distinct_series_ids(store)

      


        Get distinct series_ids across raw .seg files and WAL.



    


    
      
        init(data_dir, shard_id, segment_duration, store_name \\ nil)

      


        Initialize shard storage directory.



    


    
      
        init_tier(store, tier_name)

      


        Initialize tier storage for a specific tier.



    


    
      
        init_watermarks(store, tier_names)

      


        Initialize watermark storage for this shard.



    


    
      
        merge_cache_entries(left, right)

      


        Merge two raw cache/WAL entries that share the same {series_id, start_time} key.



    


    
      
        persist_tier_indexes(store)

      


        Persist all tier ETS indexes to disk.



    


    
      
        persist_watermarks(store)

      


        Persist all watermarks to binary file.



    


    
      
        read_all_entries(store)

      


        Read ALL entries from all .seg files and WAL. Used for startup cache load.



    


    
      
        read_all_segments(store, from, to)

      


        Read raw segments for ALL series within a time range (for rollup).



    


    
      
        read_latest(store, series_id)

      


        Read the latest raw segment for a series.



    


    
      
        read_segments(store, series_id, from, to)

      


        Read raw segments for a specific series within a time range.



    


    
      
        read_tier_chunk(store, tier_name, series_id, chunk_start)

      


        Read a single tier chunk by exact key (for rollup read-modify-write merge).



    


    
      
        read_tier_for_rollup(store, tier_name, from, to)

      


        Read tier chunks for ALL series within a time range (for tier-to-tier rollup).



    


    
      
        read_tier_latest(store, tier_name, series_id)

      


        Read the latest tier chunk for a series.



    


    
      
        read_tier_range(store, tier_name, series_id, from, to)

      


        Read tier chunks for a specific series within a time range.



    


    
      
        read_watermark(store, tier_name)

      


        Read a watermark value. Lock-free (ETS lookup).



    


    
      
        seal_window(store, window_start)

      


        Seal a completed time window: move matching WAL entries into an immutable .seg file.



    


    
      
        stats(store)

      


        Get aggregate stats for raw segments.



    


    
      
        tier_dead_bytes(store, tier_name)

      


        Calculate dead bytes in a tier's chunks.dat file.



    


    
      
        tier_series_ids(store, tier_name)

      


        Get distinct series_ids from a tier.



    


    
      
        tier_stats(store, tier_name)

      


        Get aggregate stats for a tier: {chunks, buckets, compressed_bytes}.



    


    
      
        write_tier_batch(store, tier_name, entries)

      


        Write a batch of tier chunks. Appends blobs to chunks.dat and updates ETS index.



    


    
      
        write_wal(store, entries)

      


        Write/update in-progress segments to the WAL.



    


    
      
        write_watermark(store, tier_name, value)

      


        Write a watermark value. Updates ETS and persists to file.



    





      


      
        Functions


        


  
    
      
    
    
      cleanup_tiers(store)



        
          
        

    

  


  

Delete all tier ETS tables (for cleanup on shutdown).

  



  
    
      
    
    
      cleanup_watermarks(store)



        
          
        

    

  


  

Delete the watermark ETS table (for cleanup on shutdown).

  



    

  
    
      
    
    
      compact_tier(store, tier_name, opts \\ [])



        
          
        

    

  


  

Compact a tier's chunks.dat by rewriting only live entries.
Reads live entries from ETS index, writes a new compact file,
atomically renames it over the old file, then updates ETS offsets.
Options
	:threshold - minimum dead_bytes/total_bytes ratio to trigger (default: 0.3)

Returns {:ok, reclaimed_bytes} or :noop if below threshold or empty.

  



  
    
      
    
    
      delete_before(store, cutoff)



        
          
        

    

  


  

Delete raw .seg files and WAL entries before cutoff.

  



  
    
      
    
    
      delete_tier_before(store, tier_name, cutoff)



        
          
        

    

  


  

Delete tier chunks where chunk_end < cutoff. Removes from ETS index (dead space in chunks.dat).

  



  
    
      
    
    
      distinct_series_ids(store)



        
          
        

    

  


  

Get distinct series_ids across raw .seg files and WAL.

  



    

  
    
      
    
    
      init(data_dir, shard_id, segment_duration, store_name \\ nil)



        
          
        

    

  


  

Initialize shard storage directory.

  



  
    
      
    
    
      init_tier(store, tier_name)



        
          
        

    

  


  

Initialize tier storage for a specific tier.
Creates the tier directory, loads or rebuilds the ETS index from chunks.dat,
and returns the updated store.

  



  
    
      
    
    
      init_watermarks(store, tier_names)



        
          
        

    

  


  

Initialize watermark storage for this shard.
Creates an ETS table for lock-free reads and loads persisted values
from watermarks.bin. Missing tiers default to 0.

  



  
    
      
    
    
      merge_cache_entries(left, right)



        
          
        

    

  


  

Merge two raw cache/WAL entries that share the same {series_id, start_time} key.
Returns a single {series_id, start_time, end_time, count, blob} tuple with
merged points, reusing the same logic as WAL/segment result merging.

  



  
    
      
    
    
      persist_tier_indexes(store)



        
          
        

    

  


  

Persist all tier ETS indexes to disk.

  



  
    
      
    
    
      persist_watermarks(store)



        
          
        

    

  


  

Persist all watermarks to binary file.

  



  
    
      
    
    
      read_all_entries(store)



        
          
        

    

  


  

Read ALL entries from all .seg files and WAL. Used for startup cache load.

  



  
    
      
    
    
      read_all_segments(store, from, to)



        
          
        

    

  


  

Read raw segments for ALL series within a time range (for rollup).

  



  
    
      
    
    
      read_latest(store, series_id)



        
          
        

    

  


  

Read the latest raw segment for a series.

  



  
    
      
    
    
      read_segments(store, series_id, from, to)



        
          
        

    

  


  

Read raw segments for a specific series within a time range.

  



  
    
      
    
    
      read_tier_chunk(store, tier_name, series_id, chunk_start)



        
          
        

    

  


  

Read a single tier chunk by exact key (for rollup read-modify-write merge).
Returns the blob binary, or nil if not found.

  



  
    
      
    
    
      read_tier_for_rollup(store, tier_name, from, to)



        
          
        

    

  


  

Read tier chunks for ALL series within a time range (for tier-to-tier rollup).
Returns {:ok, [[series_id, data], ...]} sorted by (series_id, chunk_start).

  



  
    
      
    
    
      read_tier_latest(store, tier_name, series_id)



        
          
        

    

  


  

Read the latest tier chunk for a series.
Returns {:ok, [[data]]} or {:ok, []}.

  



  
    
      
    
    
      read_tier_range(store, tier_name, series_id, from, to)



        
          
        

    

  


  

Read tier chunks for a specific series within a time range.
Returns {:ok, [[data], ...]} sorted by chunk_start.

  



  
    
      
    
    
      read_watermark(store, tier_name)



        
          
        

    

  


  

Read a watermark value. Lock-free (ETS lookup).

  



  
    
      
    
    
      seal_window(store, window_start)



        
          
        

    

  


  

Seal a completed time window: move matching WAL entries into an immutable .seg file.

  



  
    
      
    
    
      stats(store)



        
          
        

    

  


  

Get aggregate stats for raw segments.

  



  
    
      
    
    
      tier_dead_bytes(store, tier_name)



        
          
        

    

  


  

Calculate dead bytes in a tier's chunks.dat file.
Dead bytes are bytes occupied by overwritten entries (from read-modify-write
during rollup) that are no longer referenced by the ETS index.
Returns {dead_bytes, total_file_bytes}.

  



  
    
      
    
    
      tier_series_ids(store, tier_name)



        
          
        

    

  


  

Get distinct series_ids from a tier.

  



  
    
      
    
    
      tier_stats(store, tier_name)



        
          
        

    

  


  

Get aggregate stats for a tier: {chunks, buckets, compressed_bytes}.

  



  
    
      
    
    
      write_tier_batch(store, tier_name, entries)



        
          
        

    

  


  

Write a batch of tier chunks. Appends blobs to chunks.dat and updates ETS index.
entries = [{series_id, chunk_start, chunk_end, bucket_count, blob}, ...]

  



  
    
      
    
    
      write_wal(store, entries)



        
          
        

    

  


  

Write/update in-progress segments to the WAL.
Merges with existing WAL entries (same series_id+start_time → latest wins).
Written atomically via tmp file + rename.

  



  
    
      
    
    
      write_watermark(store, tier_name, value)



        
          
        

    

  


  

Write a watermark value. Updates ETS and persists to file.

  


        

      


  

  
    
    TimelessMetrics.TextCodec - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.TextCodec 
    



      
RLE + zstd compression codec for text time-series.
Groups consecutive points with the same string value into a single entry,
storing the string once with all associated timestamps. The resulting binary
is then zstd-compressed.
Binary format (pre-zstd):
entry_count    4 bytes  uint32
Per entry:
  ts_count     4 bytes  uint32
  timestamps   ts_count * 8 bytes (each int64)
  value_len    4 bytes  uint32
  value        value_len bytes (UTF-8 string)

      


      
        Summary


  
    Functions
  


    
      
        compress(points)

      


        Compress a list of {timestamp, string} points into a binary.



    


    
      
        decompress(binary)

      


        Decompress a binary back into {timestamp, string} points.



    





      


      
        Functions


        


  
    
      
    
    
      compress(points)



        
          
        

    

  


  

      

          @spec compress([{integer(), String.t()}]) :: {:ok, binary()} | {:error, term()}


      


Compress a list of {timestamp, string} points into a binary.
Points must be sorted by timestamp. Consecutive points with the same
string value are grouped into a single RLE entry.

  



  
    
      
    
    
      decompress(binary)



        
          
        

    

  


  

      

          @spec decompress(binary()) :: {:ok, [{integer(), String.t()}]} | {:error, term()}


      


Decompress a binary back into {timestamp, string} points.

  


        

      


  

  
    
    TimelessMetrics.TierChunk - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.TierChunk 
    



      
Codec for compressed tier segments.
Encodes lists of aggregate buckets into zstd-compressed binary blobs,
replacing individual SQLite rows with packed chunks for ~5-10x storage savings.
Binary Format
<<"TC", version::8, agg_bitmask::8, bucket_count::16, buckets::binary>>
Each bucket is timestamp::int64 followed by aggregate values in bitmask order.
Floats are float64, count is int64. The entire binary is zstd-compressed.
Aggregate Bitmask
bit 0: avg    bit 3: count
bit 1: min    bit 4: sum
bit 2: max    bit 5: last

      


      
        Summary


  
    Functions
  


    
      
        bucket_count(blob)

      


        Return the number of buckets in a compressed blob without fully decoding.



    


    
      
        decode(blob)

      


        Decode a compressed blob back to aggregate metadata and bucket maps.



    


    
      
        encode(buckets, aggregates, compression_level \\ 9)

      


        Encode a list of bucket maps into a compressed blob.



    


    
      
        merge(existing_blob, new_buckets, aggregates, compression_level \\ 9)

      


        Merge new buckets into an existing compressed blob.



    





      


      
        Functions


        


  
    
      
    
    
      bucket_count(blob)



        
          
        

    

  


  

Return the number of buckets in a compressed blob without fully decoding.

  



  
    
      
    
    
      decode(blob)



        
          
        

    

  


  

Decode a compressed blob back to aggregate metadata and bucket maps.
Returns {aggregates, buckets} where aggregates is the list of
aggregate atoms and buckets is a sorted list of maps.

  



    

  
    
      
    
    
      encode(buckets, aggregates, compression_level \\ 9)



        
          
        

    

  


  

Encode a list of bucket maps into a compressed blob.
Parameters
	buckets — list of maps, each with :bucket (timestamp) key and
aggregate keys (:avg, :min, :max, :count, :sum, :last)
	aggregates — list of aggregate atoms to encode

Example
buckets = [
  %{bucket: 1706000000, avg: 73.2, min: 50.1, max: 95.3, count: 12, sum: 878.4, last: 71.0},
  %{bucket: 1706003600, avg: 68.1, min: 45.0, max: 89.7, count: 12, sum: 817.2, last: 65.3}
]

blob = TimelessMetrics.TierChunk.encode(buckets, [:avg, :min, :max, :count, :sum, :last])

  



    

  
    
      
    
    
      merge(existing_blob, new_buckets, aggregates, compression_level \\ 9)



        
          
        

    

  


  

Merge new buckets into an existing compressed blob.
New buckets overwrite existing ones at the same timestamp. If existing
is nil, equivalent to encode/2.

  


        

      


  

  
    
    TimelessMetrics.Transform - timeless_metrics v6.6.7
    
    

    


  
  

    
TimelessMetrics.Transform 
    



      
Post-query value transforms for unit conversion.
Applied to aggregated values after bucketing. Useful for converting
raw SNMP values (e.g. tenths of dBmV) to human-readable units.
Supported transforms
	{:multiply, n} — multiply each value by n
	{:divide, n} — divide each value by n
	{:offset, n} — add n to each value
	{:scale, multiplier, offset} — value * multiplier + offset (e.g. Celsius to Fahrenheit)
	{:log10} — base-10 logarithm (useful for RF power ratios)
	nil — no transform (passthrough)


      


      
        Summary


  
    Functions
  


    
      
        apply(data, arg2)

      


        Apply a transform to a list of {timestamp, value} tuples.



    


    
      
        parse(str)

      


        Parse a transform string from HTTP params.



    


    
      
        parse_threshold(str)

      


        Parse a threshold filter string.



    





      


      
        Functions


        


  
    
      
    
    
      apply(data, arg2)



        
          
        

    

  


  

Apply a transform to a list of {timestamp, value} tuples.

  



  
    
      
    
    
      parse(str)



        
          
        

    

  


  

Parse a transform string from HTTP params.
Examples
parse("divide:10")    #=> {:divide, 10.0}
parse("multiply:100") #=> {:multiply, 100.0}
parse("offset:-273")  #=> {:offset, -273.0}
parse("scale:1.8:32") #=> {:scale, 1.8, 32.0}
parse("log10")        #=> {:log10}
parse(nil)            #=> nil

  



  
    
      
    
    
      parse_threshold(str)



        
          
        

    

  


  

Parse a threshold filter string.
Examples
parse_threshold("filter_gt:90")  #=> {:gt, 90.0}
parse_threshold("filter_lt:10")  #=> {:lt, 10.0}
parse_threshold(nil)             #=> nil

  


        

      


  

  
    
    mix timeless_metrics.migrate_libsql - timeless_metrics v6.6.7
    
    

    


  
  

    
mix timeless_metrics.migrate_libsql 
    



      
Stages and verifies a filesystem-Rust-engine migration.
mix timeless_metrics.migrate_libsql DATA_DIR
mix timeless_metrics.migrate_libsql DATA_DIR --activate
Without --activate, the verified database remains under
DATA_DIR/.libsql-migration. Activation retains metrics.db.pre-libsql and
the original rust_engine/ directory for rollback.
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