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OpenTelemetry-compatible observability library for Erlang with high-performance NIF-based metrics.
OpenTelemetry Compatibility
	Component	Version	Notes
	OTLP Protocol	1.0+	HTTP/JSON encoding for traces, metrics, logs
	Trace API	1.0+	Spans, attributes, events, links, status
	Metrics API	1.0+	Counter, Gauge, Histogram with attributes
	Context/Propagation	1.0+	W3C TraceContext, W3C Baggage, B3/B3Multi
	Resource	1.0+	Service name, SDK info, environment detection
	Sampling	1.0+	always_on, always_off, traceidratio, parentbased

Tested with:
	Jaeger 1.50+ (OTLP receiver)
	Prometheus 2.40+ (scraping /metrics endpoint)

Features
	OpenTelemetry API: Full OTel-compatible Meter and Tracer interfaces
	Distributed Tracing: Spans with W3C TraceContext, B3, and Baggage propagation
	High-Performance Metrics: NIF-based atomic counters, gauges, and histograms
	Labeled Metrics: Vector metrics with dimension labels (attributes)
	Span Attributes: Indexable metadata on spans for filtering and querying
	Export Options: OTLP, Prometheus, Console exporters
	Test Framework: Built-in collectors and assertions for testing instrumented code
	No External Dependencies: Pure Erlang/OTP implementation

Installation
rebar3
{deps, [
    {instrument, "1.0.0"}
]}.
mix (Elixir)
{:instrument, "~> 1.0.0"}
Quick Start
OpenTelemetry API (Recommended)
%% Get a meter for your service
Meter = instrument_meter:get_meter(<<"my_service">>),

%% Create instruments with attributes support
Counter = instrument_meter:create_counter(Meter, <<"http_requests_total">>, #{
    description => <<"Total HTTP requests">>,
    unit => <<"1">>
}),

Histogram = instrument_meter:create_histogram(Meter, <<"http_request_duration_seconds">>, #{
    description => <<"Request duration">>,
    unit => <<"s">>
}),

%% Record with attributes (dimensions)
instrument_meter:add(Counter, 1, #{method => <<"GET">>, status => 200}),
instrument_meter:record(Histogram, 0.125, #{endpoint => <<"/api/users">>}).
Distributed Tracing
%% Create spans with indexable attributes
instrument_tracer:with_span(<<"process_order">>, #{kind => server}, fun() ->
    %% Add attributes - these are indexed and queryable in backends
    instrument_tracer:set_attributes(#{
        <<"order.id">> => <<"12345">>,
        <<"customer.id">> => <<"67890">>,
        <<"order.total">> => 99.99
    }),

    %% Add timestamped events
    instrument_tracer:add_event(<<"order_validated">>),

    Result = do_work(),

    instrument_tracer:set_status(ok),
    Result
end).
Standalone Metrics (Without OTel)
For simple use cases, use metrics directly without the OTel API:
Counter
%% Create and use a counter
Counter = instrument_metric:new_counter(requests_total, "Total requests"),
instrument_metric:inc_counter(Counter),
instrument_metric:inc_counter(Counter, 5),
Value = instrument_metric:get_counter(Counter).  %% 6.0
Gauge
%% Create and use a gauge
Gauge = instrument_metric:new_gauge(connections_active, "Active connections"),
instrument_metric:set_gauge(Gauge, 100),
instrument_metric:inc_gauge(Gauge),       %% 101
instrument_metric:dec_gauge(Gauge, 5),    %% 96
Value = instrument_metric:get_gauge(Gauge).
Histogram
%% Create with default buckets
Histogram = instrument_metric:new_histogram(request_duration_seconds, "Request duration"),

%% Or with custom buckets
Histogram2 = instrument_metric:new_histogram(response_size_bytes, "Response size",
    [100, 500, 1000, 5000, 10000]),

%% Record observations
instrument_metric:observe_histogram(Histogram, 0.125),

%% Get distribution data
#{count := Count, sum := Sum, buckets := Buckets} = instrument_metric:get_histogram(Histogram).
Vector Metrics (Labeled)
Add dimensions to standalone metrics:
%% Create vector metrics
instrument_metric:new_counter_vec(http_requests_total, "HTTP requests", [method, status]),
instrument_metric:new_gauge_vec(pool_connections, "Pool connections", [pool, state]),
instrument_metric:new_histogram_vec(db_query_duration, "Query duration", [operation]),

%% Record with labels
instrument_metric:inc_counter_vec(http_requests_total, ["GET", "200"]),
instrument_metric:set_gauge_vec(pool_connections, ["default", "active"], 10),
instrument_metric:observe_histogram_vec(db_query_duration, ["SELECT"], 0.05).
Context Propagation
W3C TraceContext (Default)
%% Inject into outgoing request headers
Headers = instrument_propagation:inject_headers(instrument_context:current()),

%% Extract from incoming request headers
Ctx = instrument_propagation:extract_headers(IncomingHeaders),
instrument_context:attach(Ctx).
B3 Propagation (Zipkin)
Configure B3 propagation for Zipkin compatibility:
%% Via environment variable
os:putenv("OTEL_PROPAGATORS", "b3"),
instrument_config:init().

%% Or programmatically
instrument_propagator:set_propagators([instrument_propagator_b3]).
B3 multi-header format:
os:putenv("OTEL_PROPAGATORS", "b3multi"),
instrument_config:init().
Cross-Process Propagation
%% Spawn with trace context preserved
instrument_propagation:spawn(fun() ->
    instrument_tracer:with_span(<<"background_task">>, fun() ->
        do_work()
    end)
end).
Span Attributes
Attributes are key-value pairs attached to spans. They are indexed by observability backends, enabling filtering, grouping, and querying.
instrument_tracer:with_span(<<"http_request">>, #{kind => server}, fun() ->
    %% Set attributes for indexing and querying
    instrument_tracer:set_attributes(#{
        %% HTTP semantic conventions
        <<"http.method">> => <<"POST">>,
        <<"http.url">> => <<"https://api.example.com/orders">>,
        <<"http.status_code">> => 201,

        %% Custom business attributes
        <<"order.id">> => OrderId,
        <<"customer.tier">> => <<"premium">>,
        <<"order.item_count">> => length(Items)
    }),

    %% These attributes can be used in your backend to:
    %% - Filter traces by customer tier
    %% - Group latencies by HTTP method
    %% - Alert on specific order patterns
    process_order(Order)
end).
Prometheus Export
%% Get Prometheus-formatted metrics
Body = instrument_prometheus:format(),
ContentType = instrument_prometheus:content_type().

%% In your HTTP handler
handle_metrics(_Req) ->
    {200, [{<<"content-type">>, ContentType}], Body}.
Logger Integration
%% Install at application start
instrument_logger:install(),

%% Logs within spans include trace_id and span_id
instrument_tracer:with_span(<<"my_operation">>, fun() ->
    logger:info("Processing request"),  %% Includes trace context
    do_work()
end).
Testing Instrumentation
The instrument_test module provides collectors and assertions for testing instrumented code:
-module(my_module_test).
-include_lib("eunit/include/eunit.hrl").

my_test_() ->
    {setup,
        fun() -> instrument_test:setup() end,
        fun(_) -> instrument_test:cleanup() end,
        [fun test_span_creation/0]
    }.

test_span_creation() ->
    instrument_test:reset(),

    %% Call instrumented code
    my_module:process_request(#{id => 123}),

    %% Assert span was created with correct attributes
    instrument_test:assert_span_exists(<<"process_request">>),
    instrument_test:assert_span_attribute(<<"process_request">>, <<"request.id">>, 123),
    instrument_test:assert_span_status(<<"process_request">>, ok).
Test metrics and logs:
%% Assert counter value
instrument_test:assert_counter(requests_total, 5.0),

%% Assert gauge value
instrument_test:assert_gauge(active_connections, 42.0),

%% Assert log exists with trace context
instrument_test:assert_log_exists(<<"Processing request">>),
instrument_test:assert_log_trace_context(<<"Processing request">>).
See the Testing Instrumentation Guide for details.
Documentation
Erlang Observability Handbook
A step-by-step guide to instrumenting Erlang applications:
	Introduction
	Why Observability Matters
	Your First Metrics
	Adding Dimensions with Labels
	Understanding Traces
	Building Effective Spans
	Connecting Services
	Logs That Tell the Story
	Getting Data Out
	Sampling for Scale
	Complete Example
	Quick Reference
	Troubleshooting

Guides
	Getting Started Guide
	Elixir Users Guide
	Instrumentation Guide
	Context Propagation Guide
	Sampling and Processing Guide
	Exporters Guide
	Features Reference
	Benchmarks

Reference
	Metrics Reference
	Tracing Reference
	Semantic Conventions
	Testing Instrumentation
	Production Operations
	Migration Guide

Modules
	Module	Purpose
	instrument	Standalone metrics API (counter, gauge, histogram)
	instrument_meter	OpenTelemetry Meter API
	instrument_tracer	Span creation and tracing
	instrument_context	Context management
	instrument_propagation	Cross-process/service propagation
	instrument_prometheus	Prometheus export
	instrument_test	Test collectors and assertions

Configuration
Environment Variables
	Variable	Description
	OTEL_SERVICE_NAME	Service name for resource
	OTEL_TRACES_SAMPLER	Sampler type (alwayson, always_off, traceidratio, parentbased*)
	OTEL_TRACES_SAMPLER_ARG	Sampler argument (e.g., probability ratio)
	OTEL_PROPAGATORS	Propagators (tracecontext, baggage, b3, b3multi)
	OTEL_EXPORTER_OTLP_ENDPOINT	OTLP endpoint URL

Application Config
%% In sys.config
{instrument, [
    {service_name, <<"my_service">>},
    {sampler, {instrument_sampler_probability, #{ratio => 0.1}}}
]}.
Building
rebar3 compile
rebar3 ct
rebar3 dialyzer

License
MIT License - see LICENSE for details.


  

    Changelog

All notable changes to this project will be documented in this file.
[0.6.1] - 2026-04-16
Fixed
	Moved hex package files list from rebar.config to instrument.app.src so do_build.sh, do_cmake.sh, and c_src/ build assets are actually shipped in the published tarball (the rebar.config {hex, [{files, ...}]} entry was silently ignored for non-standard files)
	ex_doc XML parse errors caused by <<...>> literals and comparison operators in doc comments

[0.6.0] - 2026-04-16
Changed
	Renamed instrument module to instrument_metric to avoid conflict with Erlang's runtime_tools instrument module
	Bumped application version in instrument.app.src to 0.6.0

[0.5.0] - 2026-04-08
Added
	OTel spec compliance features: span limits, dropped counts tracking, exemplar support
	B3 ParentSpanId injection for nested spans
	Aggregation temporality support (cumulative/delta)
	Observable instrument 1-arity callbacks with attributes
	Tests for OTel spec compliance (30 new test cases)
	Throughput optimizations for exporter and processor lookup
	Updated benchmarks documentation

Fixed
	Spawned-child trace leak with session-based cleanup
	OpenTelemetry spec compliance issues in OTLP export
	Preserved tracer scope in OTLP span export

[0.4.0] - 2026-04-07
Added
	Tail-based sampling span processor
	Generic client tracing utilities and attribute-based sampling
	Flight recorder using erl_tracer NIF for low-overhead message tracing
	Global tracing enable flag for performance optimization
	Custom span_id support to tracer API
	instrument_test module for validating instrumentation
	startTimeUnixNano to OTLP metrics export
	Debug logging to broad exception handlers
	Error logging to span processor callbacks
	Benchmarks for OpenTelemetry APIs and client tracing strategies
	Design and internals documentation
	Book chapters and reference guides
	Elixir users guide
	Runnable cross-process tracing and logging examples
	Tests for metric names and attributes in exporter
	Tests for tracing disabled and custom span_id
	Regression tests for 4 bug fixes (record_only sampling, metric description/unit, histogram view boundaries, OTLP scope config)

Fixed
	Critical tracing and OTLP spec compliance issues
	Histogram and OTLP spec compliance issues
	Empty bucket validation crash in histogram
	Tuple metric name handling for OTEL metrics
	Race condition in tracer exporter list
	Race condition in metric index updates
	Vec metric cleanup and concurrent attribute race condition
	mark/1,2 not working in spawned child processes
	erl_tracer issues: teardown, idempotency, async parent spans
	Multiple bugs in client and tail sampler
	5 bugs in span processors, metrics, and context propagation
	5 client tracing issues
	Test failures in metrics exporter and span processor
	E2E test skip behavior and timing issues

Changed
	Replaced seq_trace with erl_tracer NIF for flight recorder performance
	Improved flight recorder eviction performance
	Improved config auto-registration and processor shutdown handling
	Improved edge case handling in tail sampler
	Renamed exporter callbacks to avoid gen_server conflicts
	Added xref checks
	Documented processor callback restrictions
	Filter internal tracer bootstrap messages in trace_receive

[0.3.0] - 2026-04-01
Added
	OpenTelemetry-compatible API with native implementation
	Context propagation via instrument_context module
	W3C TraceContext format support in instrument_propagation
	W3C Baggage propagation via instrument_baggage module
	B3 single-header propagator (instrument_propagator_b3) for Zipkin compatibility
	B3 multi-header propagator (instrument_propagator_b3_multi) for X-B3-* headers
	Support for b3 and b3multi in OTEL_PROPAGATORS environment variable
	Native span implementation via instrument_tracer with full lifecycle management
	OTel-compatible MeterProvider/Meter API via instrument_meter
	Attribute handling via instrument_attributes
	Erlang logger integration via instrument_logger with automatic trace correlation
	Trace/Span ID generation per W3C spec via instrument_id
	Span exporter system via instrument_exporter with batch processing
	Console exporter (instrument_exporter_console) with text and JSON formats
	OTLP HTTP exporter (instrument_exporter_otlp) for OpenTelemetry collectors
	Cross-process context propagation helpers
	New test suites for context, tracer, meter, and exporter modules
	New instrument_otel.hrl header with OTel record definitions
	Documentation guides: getting started, instrumentation, context propagation, exporters
	E2E tests with Docker (Prometheus + Jaeger)
	Stress tests and race condition tests
	OpenTelemetry compatibility info to README
	Sampling and processing guide, external collectors documentation

Fixed
	Context/memory leaks with instrument cleanup

Changed
	Extended metric record with OTel fields (description, unit, meter, attributes)
	Updated application description to mention OpenTelemetry support
	Added hackney 3.2.1 as dependency for OTLP HTTP export
	Documentation updates for B3 propagation and OTel clarity

[0.2.0] - 2026-03-31
Added
	Vec API for labeled metrics (prometheus-cpp style): new_counter_vec/3, new_gauge_vec/3, new_histogram_vec/3
	Direct vec operations: inc_counter_vec/2,3, get_counter_vec/2, inc_gauge_vec/2,3, dec_gauge_vec/2,3, set_gauge_vec/3, get_gauge_vec/2, observe_histogram_vec/3, get_histogram_vec/2
	labels/2 function to get labeled metric instances
	Prometheus text format export via instrument_prometheus:format/0
	GitHub Actions CI for OTP 26/27 on Linux and macOS
	ex_doc documentation support
	Type specs for prometheus, vector, and registry modules

Changed
	Modernized NIF code from C++ to C11 with CMake build system
	Updated README with examples and API documentation
	Updated copyright to 2017-2026

[0.1.0] - 2017-04-28
Added
	Initial release
	Counter metrics with new_counter/2, inc_counter/1,2, get_counter/1
	Gauge metrics with new_gauge/2, inc_gauge/1,2, dec_gauge/1,2, set_gauge/2, get_gauge/1
	Histogram metrics with new_histogram/2,3, observe_histogram/2, get_histogram/1
	Vector support for labeled metrics
	NIF-based implementation for high performance



  

    LICENSE


Copyright (c) 2017-2026, Benoit Chesneau <bchesneau@gmail.com>.
All rights reserved.

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.


  

    Introduction

Welcome to the Erlang Observability Handbook. This book will guide you through instrumenting your Erlang applications using the instrument library.
What This Book Covers
You will learn how to:
	Collect Metrics: Track counters, gauges, and histograms to understand your system's behavior
	Create Traces: Follow requests across your distributed system with spans and context propagation
	Correlate Logs: Connect your existing logs to traces for debugging
	Export Data: Send telemetry to backends like Prometheus, Jaeger, and OTLP-compatible systems

Prerequisites
This book assumes you have:
	Basic Erlang knowledge (modules, functions, processes)
	A working Erlang/OTP 25+ installation
	rebar3 for building projects

You do not need prior experience with observability tools.
How to Read This Book
Each chapter builds on previous ones. Start from the beginning if you are new to observability. If you have experience with OpenTelemetry in other languages, you can skip to specific chapters.
Part 1: Foundations
	Chapter 1: Why Observability Matters
	Chapter 2: Your First Metrics
	Chapter 3: Adding Dimensions with Labels

Part 2: Distributed Tracing
	Chapter 4: Understanding Traces
	Chapter 5: Building Effective Spans
	Chapter 6: Connecting Services

Part 3: Integration
	Chapter 7: Logs That Tell the Story
	Chapter 8: Getting Data Out
	Chapter 9: Sampling for Scale

Part 4: Putting It Together
	Chapter 10: Complete Example

Code Examples
All code examples are complete and runnable. You can type them into an Erlang shell or save them in modules.
%% Start the instrument application
application:ensure_all_started(instrument).
The instrument Library
instrument is a native Erlang observability library with OpenTelemetry compatibility. It provides:
	High-performance NIF-based metrics
	Distributed tracing with W3C TraceContext
	Multiple export formats (OTLP, Prometheus, Console)
	No external dependencies beyond hackney for HTTP

Install it in your rebar.config:
{deps, [
    {instrument, "0.3.0"}
]}.
Let's begin with understanding why observability matters for your systems.


  

    Why Observability Matters

Before writing code, let's understand what observability means and when you need it.
The Problem
Your Erlang application is running in production. Users report slow responses. Where do you look?
	Is the database slow?
	Is a specific endpoint causing issues?
	Are certain users affected more than others?
	Did the problem start after a recent deployment?

Without observability, you are flying blind.
The Three Pillars
Observability rests on three types of telemetry:
Metrics
Metrics are numeric measurements over time. They answer "how much" and "how many" questions:
	How many requests per second?
	What is the average response time?
	How many active connections?
	What percentage of requests fail?

Metrics are lightweight. You can collect thousands of metrics with minimal overhead.
Traces
Traces follow a request through your system. They answer "what happened" questions:
	Which services did this request touch?
	Where did it spend the most time?
	What data did it process?
	Where did it fail?

Each trace contains spans representing units of work. Spans form a tree showing the request's path.
Logs
Logs are timestamped records of events. They provide detailed context:
	What values did the function receive?
	What error message was returned?
	What decisions did the code make?

Logs become powerful when correlated with traces, letting you find the exact log lines for a problematic request.
When to Use Each
Use metrics when:
	You need aggregated data (averages, percentiles, counts)
	You want to set up alerting thresholds
	You care about system-wide behavior
	You need low-overhead collection

Use traces when:
	You need to understand request flow
	You are debugging latency issues
	You have multiple services communicating
	You need to see the full picture of one request

Use logs when:
	You need detailed context about specific events
	You are debugging business logic
	You need human-readable records
	You want to capture unexpected conditions

Why instrument?
The instrument library gives you all three pillars in one package:
%% Metrics
Counter = instrument_metric:new_counter(requests_total, <<"Total requests">>),
instrument_metric:inc_counter(Counter).

%% Traces
instrument_tracer:with_span(<<"handle_request">>, fun() ->
    instrument_tracer:set_attribute(<<"user.id">>, UserId),
    process_request()
end).

%% Logs (with trace correlation)
instrument_logger:install(),
logger:info("Processing user ~s", [UserId]).  %% Includes trace_id
The Cost of Not Observing
Without observability:
	Debugging takes hours instead of minutes
	You can't prove whether fixes work
	You react to problems instead of preventing them
	You can't understand your system's behavior

What You Will Build
By the end of this book, you will have instrumented an Erlang application with:
	Request counters and latency histograms
	Distributed traces across services
	Correlated logs
	Export to Prometheus and Jaeger

Let's start by creating your first metrics.


  

    Your First Metrics

This chapter introduces the three fundamental metric types: counters, gauges, and histograms.
Setting Up
First, add instrument to your project and start the application:
%% In rebar.config
{deps, [
    {instrument, "0.3.0"}
]}.

%% In your code or shell
application:ensure_all_started(instrument).
Counters
A counter is a value that only goes up. Use counters when you want to count events.
Creating a Counter
Counter = instrument_metric:new_counter(http_requests_total, <<"Total HTTP requests">>).
The arguments are:
	http_requests_total - the metric name (atom, string, or binary)
	<<"Total HTTP requests">> - a description for documentation

Using a Counter
%% Increment by 1
instrument_metric:inc_counter(Counter).

%% Increment by a specific amount
instrument_metric:inc_counter(Counter, 5).

%% Read the current value
Value = instrument_metric:get_counter(Counter).  %% Returns 6.0
When to Use Counters
Counters are ideal for:
	Request counts
	Error counts
	Bytes sent/received
	Tasks completed
	Messages processed

Counter Best Practices
Do:
	Use _total suffix for counters
	Count things that complete, not things that start
	Reset counters only at process restart

Don't:
	Use counters for values that can decrease
	Decrement counters (use gauges instead)

Gauges
A gauge is a value that can go up or down. Use gauges for current state.
Creating a Gauge
Gauge = instrument_metric:new_gauge(active_connections, <<"Current active connections">>).
Using a Gauge
%% Set to a specific value
instrument_metric:set_gauge(Gauge, 100).

%% Increment by 1
instrument_metric:inc_gauge(Gauge).  %% Now 101

%% Decrement
instrument_metric:dec_gauge(Gauge).        %% Now 100
instrument_metric:dec_gauge(Gauge, 10).    %% Now 90

%% Set to current time
instrument_metric:set_gauge_to_current_time(Gauge).

%% Read the value
Value = instrument_metric:get_gauge(Gauge).
When to Use Gauges
Gauges are ideal for:
	Connection pool sizes
	Queue lengths
	Memory usage
	Temperature readings
	Cache sizes

Gauge Best Practices
Do:
	Use gauges for "current" values
	Update gauges when state changes
	Consider using observable gauges for expensive computations

Don't:
	Use gauges for cumulative totals (use counters)
	Forget to decrement when connections close

Histograms
A histogram tracks the distribution of values. Use histograms for latencies and sizes.
Creating a Histogram
%% With default buckets
Histogram = instrument_metric:new_histogram(
    request_duration_seconds,
    <<"Request duration in seconds">>
).

%% With custom buckets
Histogram2 = instrument_metric:new_histogram(
    response_size_bytes,
    <<"Response size in bytes">>,
    [100, 500, 1000, 5000, 10000]
).
Using a Histogram
%% Record an observation
instrument_metric:observe_histogram(Histogram, 0.125).
instrument_metric:observe_histogram(Histogram, 0.250).
instrument_metric:observe_histogram(Histogram, 0.050).

%% Get the distribution
#{
    count := Count,
    sum := Sum,
    buckets := Buckets
} = instrument_metric:get_histogram(Histogram).
Understanding Buckets
Buckets define the boundaries for counting observations:
%% Default buckets
[0.005, 0.01, 0.025, 0.05, 0.075, 0.1, 0.25, 0.5, 0.75, 1.0, 2.5, 5.0, 7.5, 10.0]
Each bucket counts observations less than or equal to its value. The histogram data includes:
	count: Total number of observations
	sum: Sum of all observed values
	buckets: List of {Boundary, Count} pairs

When to Use Histograms
Histograms are ideal for:
	Request latencies
	Response sizes
	Batch sizes
	Queue wait times

Histogram Best Practices
Do:
	Use _seconds suffix for durations
	Use _bytes suffix for sizes
	Choose buckets that match your SLOs
	Observe all requests, including errors

Don't:
	Create too many buckets (10-15 is usually enough)
	Use histograms for counts (use counters)

Putting It Together
Here is a complete example instrumenting an HTTP handler:
-module(my_handler).
-export([init/0, handle/2]).

init() ->
    %% Create metrics at startup
    instrument_metric:new_counter(http_requests_total, <<"Total HTTP requests">>),
    instrument_metric:new_gauge(http_active_requests, <<"Active HTTP requests">>),
    instrument_metric:new_histogram(http_request_duration_seconds, <<"Request duration">>).

handle(Method, Path) ->
    %% Track active requests
    instrument_metric:inc_gauge(http_active_requests),

    %% Time the request
    Start = erlang:monotonic_time(microsecond),

    try
        Result = do_handle(Method, Path),

        %% Count successful request
        instrument_metric:inc_counter(http_requests_total),
        Result
    after
        %% Always record duration and decrement active
        Duration = (erlang:monotonic_time(microsecond) - Start) / 1000000,
        instrument_metric:observe_histogram(http_request_duration_seconds, Duration),
        instrument_metric:dec_gauge(http_active_requests)
    end.
Exercise
Instrument a simple cache module:
	Create a counter for cache hits
	Create a counter for cache misses
	Create a gauge for cache size
	Create a histogram for lookup latencies

Test your instrumentation in the shell.
Next Steps
Your metrics now track individual values. In the next chapter, you will learn how to add dimensions using labels.


  

    Adding Dimensions with Labels

Plain metrics answer simple questions. Labels let you slice and dice your data by dimensions.
The Problem
A counter tells you there were 1,000 requests. But you need to know:
	How many were GET vs POST?
	How many returned 200 vs 500?
	Which endpoints are busiest?

Labels add these dimensions to your metrics.
The Vec API
The "Vec" (vector) API creates metrics with label dimensions:
%% Create a counter with labels
instrument_metric:new_counter_vec(
    http_requests_total,
    <<"HTTP requests by method and status">>,
    [method, status]
).
The third argument is a list of label names. Each measurement includes values for these labels.
Using Labeled Metrics
Counters with Labels
%% Create the metric once
instrument_metric:new_counter_vec(http_requests_total, <<"HTTP requests">>, [method, status]).

%% Record with label values
instrument_metric:inc_counter_vec(http_requests_total, [<<"GET">>, <<"200">>]).
instrument_metric:inc_counter_vec(http_requests_total, [<<"POST">>, <<"201">>]).
instrument_metric:inc_counter_vec(http_requests_total, [<<"GET">>, <<"404">>]).

%% Increment by more than 1
instrument_metric:inc_counter_vec(http_requests_total, [<<"GET">>, <<"200">>], 5).

%% Get a specific combination
Value = instrument_metric:get_counter_vec(http_requests_total, [<<"GET">>, <<"200">>]).
Gauges with Labels
instrument_metric:new_gauge_vec(connection_pool_size, <<"Pool connections">>, [pool, state]).

%% Track different pools and states
instrument_metric:set_gauge_vec(connection_pool_size, [<<"default">>, <<"active">>], 10).
instrument_metric:set_gauge_vec(connection_pool_size, [<<"default">>, <<"idle">>], 5).
instrument_metric:set_gauge_vec(connection_pool_size, [<<"secondary">>, <<"active">>], 3).
Histograms with Labels
instrument_metric:new_histogram_vec(
    db_query_duration_seconds,
    <<"Database query duration">>,
    [operation]
).

%% Record by operation type
instrument_metric:observe_histogram_vec(db_query_duration_seconds, [<<"SELECT">>], 0.05).
instrument_metric:observe_histogram_vec(db_query_duration_seconds, [<<"INSERT">>], 0.02).
instrument_metric:observe_histogram_vec(db_query_duration_seconds, [<<"UPDATE">>], 0.08).
The labels/2 Function
For repeated operations, get a reference to a specific label combination:
%% Get a metric handle for specific labels
Metric = instrument_metric:labels(http_requests_total, [<<"GET">>, <<"200">>]).

%% Use like a regular metric
instrument_metric:inc_counter(Metric).
instrument_metric:inc_counter(Metric, 5).
This is more efficient when you will update the same combination multiple times.
Cardinality: The Hidden Cost
Every unique combination of label values creates a new time series. This is called cardinality.
%% Labels: method (3 values) x status (5 values) = 15 combinations
instrument_metric:new_counter_vec(http_requests_total, <<"">>, [method, status]).

%% Labels: method x status x user_id = potentially millions!
%% DON'T DO THIS
instrument_metric:new_counter_vec(http_requests_total, <<"">>, [method, status, user_id]).
High Cardinality Labels to Avoid
Never use these as labels:
	User IDs
	Request IDs
	Session IDs
	Timestamps
	Email addresses
	IP addresses (unless you have very few)

Safe label values:
	HTTP methods (GET, POST, PUT, DELETE)
	Status code categories (2xx, 4xx, 5xx)
	Endpoint names
	Service names
	Boolean flags

Managing Cardinality
%% BAD: Creates a series for every endpoint path
instrument_metric:inc_counter_vec(requests, [<<"/users/123">>]).
instrument_metric:inc_counter_vec(requests, [<<"/users/456">>]).

%% GOOD: Use the route pattern instead
instrument_metric:inc_counter_vec(requests, [<<"/users/{id}">>]).
Removing Labels
You can remove specific label combinations or clear all:
%% Remove a specific combination
instrument_metric:remove_label(http_requests_total, [<<"DELETE">>, <<"200">>]).

%% Clear all label combinations (keeps the metric definition)
instrument_metric:clear_labels(http_requests_total).
This is useful for:
	Cleaning up after tests
	Removing discontinued endpoints
	Managing memory in long-running systems

OpenTelemetry Style API
The instrument_meter module provides an OTel-compatible API with attributes:
%% Create a meter
Meter = instrument_meter:get_meter(<<"my_service">>).

%% Create instruments
Counter = instrument_meter:create_counter(Meter, <<"http_requests_total">>, #{
    description => <<"Total HTTP requests">>,
    unit => <<"1">>
}).

%% Record with attributes (like labels)
instrument_meter:add(Counter, 1, #{method => <<"GET">>, status => 200}).
instrument_meter:add(Counter, 1, #{method => <<"POST">>, status => 201}).
The OTel API uses maps for attributes instead of ordered lists for labels.
Practical Example
Instrument a connection pool:
-module(pool_metrics).
-export([init/0, checkout/1, checkin/1, timeout/1]).

init() ->
    instrument_metric:new_counter_vec(pool_operations_total, <<"Pool operations">>,
        [pool, operation]),
    instrument_metric:new_gauge_vec(pool_connections, <<"Pool connection state">>,
        [pool, state]),
    instrument_metric:new_histogram_vec(pool_wait_seconds, <<"Pool wait time">>,
        [pool]).

checkout(Pool) ->
    PoolName = atom_to_binary(Pool),
    Start = erlang:monotonic_time(microsecond),

    Result = do_checkout(Pool),

    Duration = (erlang:monotonic_time(microsecond) - Start) / 1000000,
    instrument_metric:observe_histogram_vec(pool_wait_seconds, [PoolName], Duration),

    case Result of
        {ok, Conn} ->
            instrument_metric:inc_counter_vec(pool_operations_total, [PoolName, <<"checkout">>]),
            instrument_metric:inc_gauge_vec(pool_connections, [PoolName, <<"active">>]),
            instrument_metric:dec_gauge_vec(pool_connections, [PoolName, <<"idle">>]),
            {ok, Conn};
        {error, timeout} ->
            instrument_metric:inc_counter_vec(pool_operations_total, [PoolName, <<"timeout">>]),
            {error, timeout}
    end.

checkin(Pool) ->
    PoolName = atom_to_binary(Pool),
    instrument_metric:inc_counter_vec(pool_operations_total, [PoolName, <<"checkin">>]),
    instrument_metric:dec_gauge_vec(pool_connections, [PoolName, <<"active">>]),
    instrument_metric:inc_gauge_vec(pool_connections, [PoolName, <<"idle">>]),
    ok.

timeout(Pool) ->
    PoolName = atom_to_binary(Pool),
    instrument_metric:inc_counter_vec(pool_operations_total, [PoolName, <<"timeout">>]).
Exercise
Extend your cache module from the previous chapter:
	Add a cache_name label to distinguish multiple caches
	Add an operation label (get, set, delete)
	Track hit rate by cache name

Consider: What labels would cause cardinality problems?
Next Steps
You now know how to create dimensional metrics. In the next chapter, you will learn about distributed tracing and how traces complement metrics.


  

    Understanding Traces

Metrics tell you what is happening. Traces tell you why.
What is a Trace?
A trace represents a request's journey through your system. It captures:
	Which operations executed
	How long each took
	How operations relate to each other
	What context was available

Anatomy of a Trace
Trace ID
Every trace has a unique identifier:
Trace ID: 4bf92f3577b34da6a3ce929d0e0e4736
All operations in the same request share this ID.
Spans
A span represents one unit of work. Each span has:
	Name: What operation this is (e.g., process_order)
	Start time: When it began
	Duration: How long it took
	Span ID: Unique identifier for this span
	Parent span ID: The span that created this one (if any)

Span Tree
Spans form a tree showing the request flow:
handle_request (100ms)
├── validate_input (5ms)
├── fetch_user (20ms)
│   └── db_query (15ms)
├── process_data (50ms)
│   ├── calculate (30ms)
│   └── transform (15ms)
└── send_response (10ms)
Creating Your First Span
The simplest way to create a span is with_span:
instrument_tracer:with_span(<<"process_order">>, fun() ->
    %% Your code here
    Result = do_processing(),
    Result
end).
This creates a span named process_order that:
	Starts when the function begins
	Ends when the function returns
	Captures the duration automatically
	Records exceptions if they occur

See It In Action
Here is a complete, runnable example you can paste into an Erlang shell:
-module(trace_demo).
-export([run/0]).

run() ->
    application:ensure_all_started(instrument),

    %% Register console exporter to see spans
    instrument_tracer:register_exporter(
        fun(Span) ->
            instrument_exporter_console:export([Span], {state, text, standard_io})
        end
    ),

    instrument_tracer:with_span(<<"process_order">>, fun() ->
        instrument_tracer:set_attribute(<<"order.id">>, <<"ORD-123">>),

        instrument_tracer:with_span(<<"validate">>, fun() ->
            timer:sleep(10)
        end),

        instrument_tracer:with_span(<<"save">>, fun() ->
            timer:sleep(20)
        end),

        instrument_tracer:set_status(ok)
    end).
Run it:
1> c(trace_demo).
2> trace_demo:run().
Expected output:
=== SPAN ===
Name:       validate
TraceId:    a1b2c3d4e5f67890a1b2c3d4e5f67890
SpanId:     1234abcd5678efgh
ParentId:   5678efgh1234abcd
Kind:       internal
Duration:   10.25ms
Status:     UNSET
============

=== SPAN ===
Name:       save
TraceId:    a1b2c3d4e5f67890a1b2c3d4e5f67890  <-- Same trace ID!
SpanId:     9abc12345def6789
ParentId:   5678efgh1234abcd                   <-- Same parent
Kind:       internal
Duration:   20.18ms
Status:     UNSET
============

=== SPAN ===
Name:       process_order
TraceId:    a1b2c3d4e5f67890a1b2c3d4e5f67890
SpanId:     5678efgh1234abcd
ParentId:   none
Kind:       internal
Duration:   32.45ms
Status:     OK
Attributes: order.id = ORD-123
============
Notice how all three spans share the same TraceId. The validate and save spans both have process_order as their parent.
Span Context
The span context contains the trace and span IDs needed to connect spans:
%% Get the current span context
SpanCtx = instrument_tracer:span_ctx().

%% Get individual IDs
TraceId = instrument_tracer:trace_id().   %% <<"4bf92f3577b34da6...">>
SpanId = instrument_tracer:span_id().      %% <<"00f067aa0ba902b7">>
Span Kinds
Spans have a "kind" that describes their role:
	Kind	Use Case
	internal	Default. Work within a service
	server	Handling an incoming request
	client	Making an outgoing request
	producer	Sending a message to a queue
	consumer	Receiving a message from a queue

Set the kind when creating a span:
%% Server span for incoming HTTP request
instrument_tracer:with_span(<<"handle_http">>, #{kind => server}, fun() ->
    process_request()
end).

%% Client span for outgoing HTTP request
instrument_tracer:with_span(<<"call_api">>, #{kind => client}, fun() ->
    make_http_request()
end).
Nested Spans
Child spans are created automatically within parent spans:
instrument_tracer:with_span(<<"handle_request">>, fun() ->
    %% This span is a child of handle_request
    instrument_tracer:with_span(<<"validate">>, fun() ->
        validate(Input)
    end),

    %% This is also a child of handle_request
    instrument_tracer:with_span(<<"process">>, fun() ->
        %% This is a grandchild
        instrument_tracer:with_span(<<"transform">>, fun() ->
            transform(Data)
        end)
    end)
end).
Trace Context Propagation
For distributed systems, trace context must travel between services.
Between Processes
Use instrument_propagation to maintain context across process boundaries:
%% Spawn with context propagated
instrument_propagation:spawn(fun() ->
    %% This process has the same trace context
    instrument_tracer:with_span(<<"background_task">>, fun() ->
        do_background_work()
    end)
end).
Between Services
Inject context into HTTP headers for service-to-service calls:
%% Sending service
Headers = instrument_propagation:inject_headers(instrument_context:current()),
%% Headers now contains traceparent and tracestate

%% Receiving service
Ctx = instrument_propagation:extract_headers(IncomingHeaders),
instrument_context:attach(Ctx),
%% Now spans will be children of the calling service's span
We cover this in detail in Chapter 6.
The Current Span
The library tracks the current span in the process dictionary:
%% Get the current span
Span = instrument_tracer:current_span().

%% Check if we're inside a span
case instrument_tracer:current_span() of
    undefined -> not_tracing;
    _Span -> tracing
end.

%% Check if the current span is being recorded
IsRecording = instrument_tracer:is_recording().

%% Check if the current span is sampled
IsSampled = instrument_tracer:is_sampled().
Manual Span Management
Sometimes you need more control than with_span provides:
%% Start a span manually
Span = instrument_tracer:start_span(<<"manual_operation">>),

try
    do_work(),
    instrument_tracer:set_status(ok)
catch
    _:Error ->
        instrument_tracer:record_exception(Error),
        instrument_tracer:set_status(error)
after
    %% Always end the span
    instrument_tracer:end_span(Span)
end.
Use with_span when possible. It handles exceptions and cleanup automatically.
When to Create Spans
Create spans for:
	Incoming requests (HTTP, gRPC, message handlers)
	Outgoing requests (HTTP calls, database queries)
	Significant internal operations
	Background jobs and scheduled tasks

Don't create spans for:
	Trivial operations (simple math, data access)
	Tight loops (creates too much overhead)
	Every function call (too noisy)

A good rule: Create spans for operations you might want to debug or optimize.
Exercise
Create a trace for a simple workflow:
-module(order_processor).
-export([process/1]).

process(Order) ->
    %% Add tracing to this workflow
    validate(Order),
    Items = fetch_items(Order),
    Total = calculate_total(Items),
    save_order(Order, Items, Total).
	Create a root span for process/1
	Create child spans for each step
	Set the appropriate span kind
	Print the trace ID

Next Steps
You now understand the basics of traces. In the next chapter, you will learn how to enrich spans with attributes, events, and status information.


  

    Building Effective Spans

A span captures more than timing. This chapter covers how to add context that makes debugging easier.
Span Attributes
Attributes are key-value pairs that describe the span. They are indexed by backends, enabling filtering and searching.
Setting Attributes
instrument_tracer:with_span(<<"process_order">>, fun() ->
    %% Set multiple attributes at once
    instrument_tracer:set_attributes(#{
        <<"order.id">> => <<"ORD-12345">>,
        <<"customer.id">> => <<"CUST-789">>,
        <<"order.total">> => 149.99,
        <<"order.item_count">> => 5
    }),

    process(Order)
end).

%% Or set one at a time
instrument_tracer:set_attribute(<<"payment.method">>, <<"credit_card">>).
Attribute Types
Attributes support these value types:
%% Strings
instrument_tracer:set_attribute(<<"user.email">>, <<"alice@example.com">>).

%% Numbers
instrument_tracer:set_attribute(<<"http.status_code">>, 200).
instrument_tracer:set_attribute(<<"order.total">>, 49.99).

%% Booleans
instrument_tracer:set_attribute(<<"user.premium">>, true).
Attribute Best Practices
Useful attributes:
	Request identifiers (order ID, transaction ID)
	User context (user ID, tenant ID, role)
	Request parameters (HTTP method, endpoint)
	Business data (order total, item count)
	Error details (error code, message)

Attribute naming:
	Use dot notation for namespacing: http.method, db.operation
	Use lowercase with underscores or dots
	Be consistent across your codebase

Avoid:
	Sensitive data (passwords, tokens, PII)
	High-cardinality values in excessive quantities
	Duplicate information already in the span name

Span Events
Events mark points in time within a span. They're useful for capturing milestones or occurrences.
Adding Events
instrument_tracer:with_span(<<"process_order">>, fun() ->
    instrument_tracer:add_event(<<"order_validated">>),

    Items = fetch_items(Order),
    instrument_tracer:add_event(<<"items_fetched">>, #{
        <<"count">> => length(Items)
    }),

    calculate_shipping(Items),
    instrument_tracer:add_event(<<"shipping_calculated">>),

    complete_order(Order)
end).
Events vs Child Spans
Use events for:
	Quick checkpoints (validation passed, cache hit)
	Things that happen but don't have duration
	Debugging markers

Use child spans for:
	Operations with meaningful duration
	Operations you might want to optimize
	Work that might fail independently

%% Event: quick check, no meaningful duration
instrument_tracer:add_event(<<"input_validated">>).

%% Span: database call with meaningful duration
instrument_tracer:with_span(<<"db_query">>, fun() ->
    run_query(SQL)
end).
Recording Exceptions
The with_span function automatically records exceptions, but you can also record them manually:
try
    risky_operation()
catch
    error:Reason:Stacktrace ->
        instrument_tracer:record_exception(Reason, #{
            stacktrace => Stacktrace
        }),
        handle_error(Reason)
end.
Recorded exceptions appear as span events with:
	exception.type: The error type
	exception.message: Formatted error
	exception.stacktrace: Stack trace if provided

Span Status
Set the span status to indicate success or failure:
%% Successful operation
instrument_tracer:set_status(ok).

%% Failed operation
instrument_tracer:set_status(error).

%% Failed with description
instrument_tracer:set_status(error, <<"Payment declined">>).
Status values:
	ok: Operation completed successfully
	error: Operation failed
	unset: Default, no status set

Status Best Practices
	Set ok for successful operations
	Set error for failures that need attention
	Include a description for errors
	Don't set status for operations that are "expected" to fail sometimes

Span Links
Links connect spans that are related but not in a parent-child relationship:
%% Link to a span from another trace
OtherSpanCtx = get_triggering_span_context(),
instrument_tracer:add_link(OtherSpanCtx).

%% Link with attributes
instrument_tracer:add_link(#{
    span_ctx => OtherSpanCtx,
    attributes => #{<<"link.reason">> => <<"retry">>}
}).
Use links for:
	Batch processing (link to all source items)
	Fan-out operations (link to triggering span)
	Retries (link to original attempt)

Updating the Span Name
Sometimes you don't know the final name until later:
instrument_tracer:with_span(<<"http_request">>, fun() ->
    {Method, Path} = parse_request(Req),

    %% Update name with actual details
    instrument_tracer:update_name(<<Method/binary, " ", Path/binary>>),

    handle_request(Method, Path)
end).
Span Options
Create spans with specific options:
instrument_tracer:with_span(<<"operation">>, #{
    kind => server,
    attributes => #{<<"initial">> => <<"value">>},
    links => [OtherSpanCtx],
    start_time => erlang:system_time(nanosecond)
}, fun() ->
    do_work()
end).
Available options:
	kind: client, server, producer, consumer, internal
	attributes: Initial attributes map
	links: List of span contexts to link
	start_time: Override the start timestamp
	parent: Override the parent span context

Complete Example: HTTP Handler
-module(http_handler).
-export([handle/2]).

handle(Method, Path) ->
    instrument_tracer:with_span(<<"http_request">>, #{kind => server}, fun() ->
        %% Set HTTP attributes
        instrument_tracer:set_attributes(#{
            <<"http.method">> => Method,
            <<"http.target">> => Path,
            <<"http.scheme">> => <<"https">>
        }),

        %% Validate request
        case validate_request(Method, Path) of
            {error, Reason} ->
                instrument_tracer:set_status(error, Reason),
                {400, Reason};

            ok ->
                instrument_tracer:add_event(<<"request_validated">>),

                %% Process the request
                Result = instrument_tracer:with_span(<<"process_request">>, fun() ->
                    process(Method, Path)
                end),

                %% Set response attributes
                {Status, Body} = Result,
                instrument_tracer:set_attributes(#{
                    <<"http.status_code">> => Status
                }),

                case Status >= 400 of
                    true ->
                        instrument_tracer:set_status(error);
                    false ->
                        instrument_tracer:set_status(ok)
                end,

                Result
        end
    end).
Exercise
Enhance the order processor from the previous chapter:
	Add attributes for order ID, customer ID, and total
	Add events for validation, payment processing, and completion
	Record exceptions properly
	Set appropriate status based on outcome

Then introduce a deliberate error and observe how it appears in the span.
Next Steps
Your spans now carry rich context. In the next chapter, you will learn how to connect spans across service boundaries.


  

    Connecting Services

Modern systems span multiple services. This chapter covers how to maintain trace continuity across boundaries.
The Challenge
When Service A calls Service B:
Service A                    Service B
┌─────────────┐             ┌─────────────┐
│ span A      │ ─── HTTP ─→ │ span B      │
└─────────────┘             └─────────────┘
Without propagation, span B starts a new trace. You lose the connection.
With propagation:
Trace: abc123
├── span A (Service A)
│   └── span B (Service B)
Both spans share the same trace ID.
How Propagation Works
	Service A injects trace context into the request
	The context travels with the request (usually in headers)
	Service B extracts the context
	Service B creates a child span

W3C TraceContext (Default)
The W3C TraceContext standard uses two headers:
traceparent: 00-4bf92f3577b34da6a3ce929d0e0e4736-00f067aa0ba902b7-01
tracestate: vendor1=value1,vendor2=value2
The traceparent header contains:
	Version (00)
	Trace ID (32 hex characters)
	Parent Span ID (16 hex characters)
	Trace flags (sampling decision)

Injecting Context
Before making an outgoing request, inject the trace context:
%% Create the outgoing span
instrument_tracer:with_span(<<"call_user_service">>, #{kind => client}, fun() ->
    %% Get current context
    Ctx = instrument_context:current(),

    %% Inject into headers
    Headers = instrument_propagation:inject_headers(Ctx),
    %% Headers: [{<<"traceparent">>, <<"00-abc...xyz-01">>}, ...]

    %% Make the HTTP request with these headers
    Response = httpc:request(get, {URL, Headers}, [], []),
    Response
end).
Using with hackney
call_service(URL, Body) ->
    instrument_tracer:with_span(<<"external_call">>, #{kind => client}, fun() ->
        instrument_tracer:set_attribute(<<"http.url">>, URL),

        %% Inject trace context into headers
        Headers = instrument_propagation:inject_headers(instrument_context:current()),

        %% Make request
        case hackney:request(post, URL, Headers, Body, []) of
            {ok, Status, _RespHeaders, ClientRef} ->
                {ok, RespBody} = hackney:body(ClientRef),
                instrument_tracer:set_attribute(<<"http.status_code">>, Status),
                {ok, Status, RespBody};
            {error, Reason} ->
                instrument_tracer:record_exception(Reason),
                instrument_tracer:set_status(error),
                {error, Reason}
        end
    end).
Extracting Context
When receiving a request, extract the context before creating spans:
handle_request(Req) ->
    %% Get headers from request
    Headers = get_headers(Req),

    %% Extract trace context
    Ctx = instrument_propagation:extract_headers(Headers),

    %% Attach context to this process
    Token = instrument_context:attach(Ctx),

    try
        %% Now spans will be children of the caller's span
        instrument_tracer:with_span(<<"handle_request">>, #{kind => server}, fun() ->
            process_request(Req)
        end)
    after
        instrument_context:detach(Token)
    end.
B3 Propagation (Zipkin)
If you're integrating with Zipkin or systems using B3, configure B3 propagation:
%% Via environment variable (before starting the app)
os:putenv("OTEL_PROPAGATORS", "b3"),
instrument_config:init().

%% Or programmatically
instrument_propagator:set_propagators([instrument_propagator_b3]).
B3 uses a single header:
b3: 80f198ee56343ba864fe8b2a57d3eff7-e457b5a2e4d86bd1-1-05e3ac9a4f6e3b90
For multi-header B3:
os:putenv("OTEL_PROPAGATORS", "b3multi"),
instrument_config:init().
Multi-header B3 uses separate headers:
X-B3-TraceId: 80f198ee56343ba864fe8b2a57d3eff7
X-B3-SpanId: e457b5a2e4d86bd1
X-B3-Sampled: 1
X-B3-ParentSpanId: 05e3ac9a4f6e3b90
Multiple Propagators
You can use multiple propagators simultaneously:
os:putenv("OTEL_PROPAGATORS", "tracecontext,baggage,b3").
The library will inject all formats and extract from whichever is present.
Propagation Within Erlang Processes
For communication between Erlang processes, use the propagation helpers:
Spawning Processes
%% Spawn with trace context
instrument_propagation:spawn(fun() ->
    instrument_tracer:with_span(<<"background_job">>, fun() ->
        do_work()
    end)
end).

%% Spawn linked with context
instrument_propagation:spawn_link(fun() ->
    process_async()
end).

%% Spawn with monitor
{Pid, Ref} = instrument_propagation:spawn_monitor(fun() ->
    do_monitored_work()
end).
Gen Server Calls
For gen_server communication:
%% Client side
Result = instrument_propagation:call_with_context(Server, {process, Data}).

%% Server side handle_call
handle_call({'$instrument_call', Ctx, {process, Data}}, From, State) ->
    Token = instrument_context:attach(Ctx),
    try
        Result = instrument_tracer:with_span(<<"process">>, fun() ->
            do_process(Data)
        end),
        {reply, Result, State}
    after
        instrument_context:detach(Token)
    end;
handle_call(Request, From, State) ->
    %% Handle non-instrumented calls normally
    {reply, ok, State}.
Baggage
Baggage carries arbitrary key-value pairs across service boundaries:
%% Set baggage
instrument_baggage:set(<<"user.id">>, <<"123">>),
instrument_baggage:set(<<"tenant">>, <<"acme">>).

%% Baggage is automatically propagated with trace context
Headers = instrument_propagation:inject_headers(instrument_context:current()).

%% On the receiving side, baggage is extracted automatically
Ctx = instrument_propagation:extract_headers(Headers),
instrument_context:attach(Ctx),

%% Read baggage
UserId = instrument_baggage:get(<<"user.id">>).
Use baggage for:
	User context needed across services
	Tenant identification
	Feature flags
	A/B test assignments

Complete Example: Microservices
Order Service
-module(order_service).
-export([create_order/1]).

create_order(OrderData) ->
    instrument_tracer:with_span(<<"create_order">>, #{kind => server}, fun() ->
        instrument_tracer:set_attribute(<<"order.items">>, length(OrderData)),

        %% Validate with user service
        {ok, User} = call_user_service(OrderData),
        instrument_tracer:add_event(<<"user_validated">>),

        %% Check inventory
        {ok, Available} = call_inventory_service(OrderData),
        instrument_tracer:add_event(<<"inventory_checked">>),

        %% Process payment
        {ok, PaymentId} = call_payment_service(OrderData, User),
        instrument_tracer:set_attribute(<<"payment.id">>, PaymentId),

        instrument_tracer:set_status(ok),
        {ok, create_order_record(OrderData, PaymentId)}
    end).

call_user_service(OrderData) ->
    instrument_tracer:with_span(<<"call_user_service">>, #{kind => client}, fun() ->
        URL = "http://user-service/validate",
        Headers = instrument_propagation:inject_headers(instrument_context:current()),

        case hackney:request(post, URL, Headers, encode(OrderData), []) of
            {ok, 200, _, Ref} ->
                {ok, Body} = hackney:body(Ref),
                instrument_tracer:set_attribute(<<"http.status_code">>, 200),
                {ok, decode(Body)};
            {ok, Status, _, _} ->
                instrument_tracer:set_attribute(<<"http.status_code">>, Status),
                instrument_tracer:set_status(error),
                {error, Status}
        end
    end).
User Service
-module(user_service_handler).
-export([handle/1]).

handle(Req) ->
    Headers = cowboy_req:headers(Req),
    Ctx = instrument_propagation:extract_headers(maps:to_list(Headers)),
    Token = instrument_context:attach(Ctx),

    try
        instrument_tracer:with_span(<<"validate_user">>, #{kind => server}, fun() ->
            Body = cowboy_req:read_body(Req),
            UserId = extract_user_id(Body),

            instrument_tracer:set_attribute(<<"user.id">>, UserId),

            case validate_user(UserId) of
                {ok, User} ->
                    instrument_tracer:set_status(ok),
                    {200, #{}, encode(User)};
                {error, not_found} ->
                    instrument_tracer:set_status(error, <<"User not found">>),
                    {404, #{}, <<>>}
            end
        end)
    after
        instrument_context:detach(Token)
    end.
Complete Example: Tracing Across Processes
Here is a runnable example showing trace context propagation across Erlang processes:
-module(cross_process_trace).
-export([run/0]).

run() ->
    application:ensure_all_started(instrument),
    instrument_logger:install(),

    %% Register console exporter
    instrument_tracer:register_exporter(
        fun(Span) ->
            instrument_exporter_console:export([Span], {state, text, standard_io})
        end
    ),

    %% Parent process creates a span
    instrument_tracer:with_span(<<"coordinator">>, #{kind => server}, fun() ->
        TraceId = instrument_tracer:trace_id(),
        logger:info("Coordinator started, trace_id=~s", [TraceId]),

        %% Spawn worker WITH context propagation
        WorkerPid = instrument_propagation:spawn(fun() ->
            %% This process inherits the trace context!
            instrument_tracer:with_span(<<"worker">>, fun() ->
                WorkerTraceId = instrument_tracer:trace_id(),
                logger:info("Worker running, trace_id=~s", [WorkerTraceId]),
                timer:sleep(50),
                instrument_tracer:set_status(ok)
            end)
        end),

        %% Wait for worker
        monitor(process, WorkerPid),
        receive {'DOWN', _, _, WorkerPid, _} -> ok end,

        instrument_tracer:set_status(ok)
    end).
Run it:
1> c(cross_process_trace).
2> cross_process_trace:run().
Expected output proving the same trace_id in both processes:
2024-01-15T10:30:00.123Z [INFO] [trace_id=a1b2c3d4... span_id=1111abcd...] Coordinator started, trace_id=a1b2c3d4...
2024-01-15T10:30:00.125Z [INFO] [trace_id=a1b2c3d4... span_id=2222efgh...] Worker running, trace_id=a1b2c3d4...

=== SPAN ===
Name:       worker
TraceId:    a1b2c3d4e5f67890a1b2c3d4e5f67890
SpanId:     2222efgh3333ijkl
ParentId:   1111abcd5555mnop      <-- Child of coordinator!
Kind:       internal
Duration:   50.12ms
Status:     OK
============

=== SPAN ===
Name:       coordinator
TraceId:    a1b2c3d4e5f67890a1b2c3d4e5f67890  <-- Same trace!
SpanId:     1111abcd5555mnop
ParentId:   none
Kind:       server
Duration:   52.34ms
Status:     OK
============
The key points:
	Both log lines show the same trace_id
	The worker span has the coordinator span as its parent
	This works because instrument_propagation:spawn/1 copies the trace context

Gen Server with Context Propagation
For gen_server processes, here is a complete example:
-module(traced_worker).
-behaviour(gen_server).
-export([start_link/0, process/1]).
-export([init/1, handle_call/3, handle_cast/2]).

start_link() ->
    gen_server:start_link({local, ?MODULE}, ?MODULE, [], []).

process(Data) ->
    %% Call with context propagation
    instrument_propagation:call_with_context(?MODULE, {process, Data}).

init([]) ->
    {ok, #{}}.

handle_call({'$instrument_call', Ctx, {process, Data}}, _From, State) ->
    Token = instrument_context:attach(Ctx),
    try
        Result = instrument_tracer:with_span(<<"worker_process">>, fun() ->
            logger:info("Processing: ~p", [Data]),
            timer:sleep(100),
            {ok, processed}
        end),
        {reply, Result, State}
    after
        instrument_context:detach(Token)
    end;
handle_call(_Request, _From, State) ->
    {reply, ok, State}.

handle_cast(_Msg, State) ->
    {noreply, State}.
Use it:
test_gen_server() ->
    {ok, _} = traced_worker:start_link(),
    instrument_tracer:with_span(<<"main">>, fun() ->
        logger:info("Calling worker"),
        traced_worker:process(#{item => 123}),
        logger:info("Worker done")
    end).
Exercise
Build a simple two-service system:
	Service A: Accepts requests and calls Service B
	Service B: Processes requests

Verify that:
	Spans from both services share the same trace ID
	The parent-child relationship is correct
	Attributes appear on both services' spans

Next Steps
Your traces now flow across services. In the next chapter, you will learn how to correlate logs with traces.


  

    Logs That Tell the Story

Logs are the most detailed form of telemetry. When correlated with traces, they become powerful debugging tools.
The Problem with Logs
Traditional logs are isolated. When debugging, you:
	Find an error in logs
	Try to find related logs by timestamp
	Hope you can piece together what happened

With trace correlation:
	Find the problematic trace
	See all logs for that exact request
	Understand the full context

Logger Integration
The instrument_logger module integrates with Erlang's logger to add trace context automatically.
Installation
%% In your application startup
instrument_logger:install().
This installs a logger filter that adds trace_id and span_id to all log metadata.
Basic Usage
instrument_tracer:with_span(<<"process_order">>, fun() ->
    %% These logs automatically include trace context
    logger:info("Starting order processing"),
    logger:info("Order validated", #{order_id => OrderId}),

    case process(Order) of
        ok ->
            logger:info("Order completed");
        {error, Reason} ->
            logger:error("Order failed: ~p", [Reason])
    end
end).
Output includes trace context:
2024-01-15T10:30:00.123Z [INFO] [trace_id=abc... span_id=xyz...] Starting order processing
2024-01-15T10:30:00.125Z [INFO] [trace_id=abc... span_id=xyz...] Order validated
Manual Context Addition
If you prefer not to install the global filter:
%% Add trace context to metadata manually
Meta = instrument_logger:add_trace_context(#{}),
logger:info("Processing request", Meta).
Log Exporter
For backends that support the OpenTelemetry Logs data model, use the exporter mode:
%% Register a log exporter
instrument_log_exporter:register(instrument_log_exporter_console:new()).

%% Install with exporter enabled
instrument_logger:install(#{exporter => true}).
This converts Erlang logs to OTel log records with proper severity mapping:
	Erlang Level	OTel Severity
	emergency	FATAL
	alert	FATAL
	critical	ERROR
	error	ERROR
	warning	WARN
	notice	INFO
	info	INFO
	debug	DEBUG

Structured Logging
Use maps for structured log data:
instrument_tracer:with_span(<<"http_request">>, fun() ->
    logger:info(#{
        msg => "Request received",
        method => Method,
        path => Path,
        headers => Headers
    }),

    %% Or with format strings
    logger:info("Processing ~s ~s", [Method, Path], #{
        method => Method,
        path => Path
    })
end).
Logging Best Practices
What to Log
Do log:
	Request/response boundaries
	Business events (order created, payment processed)
	Errors with context
	Configuration changes
	Security events (login, access denied)

Don't log:
	Every function entry/exit (use spans)
	Sensitive data (passwords, tokens)
	High-frequency operations in tight loops

Log Levels
Use levels appropriately:
%% DEBUG: Detailed information for debugging
logger:debug("Cache lookup for key ~p", [Key]).

%% INFO: Normal operations worth noting
logger:info("User ~s logged in", [UserId]).

%% NOTICE: Normal but significant
logger:notice("Configuration reloaded").

%% WARNING: Something unexpected but handled
logger:warning("Retrying failed request, attempt ~p", [Attempt]).

%% ERROR: Something failed
logger:error("Database connection failed: ~p", [Reason]).

%% CRITICAL: System is in trouble
logger:critical("Out of memory, dropping messages").
Context in Logs
Include relevant context without duplicating span attributes:
instrument_tracer:with_span(<<"process_order">>, fun() ->
    %% Span already has order.id attribute
    instrument_tracer:set_attribute(<<"order.id">>, OrderId),

    %% Log adds detail not in span
    logger:info("Order has ~p items, total $~.2f", [ItemCount, Total]).
end).
Correlating Logs and Traces
In Your Backend
Most observability backends support trace-to-log correlation:
	Jaeger + Elasticsearch: Click on a span to see related logs
	Grafana + Loki: Use the trace ID to query logs
	Datadog: Logs and traces are automatically correlated

Query logs by trace ID:
trace_id:4bf92f3577b34da6a3ce929d0e0e4736
OTLP Log Export
For full OTel log support, configure OTLP export:
%% Configure OTLP endpoint
os:putenv("OTEL_EXPORTER_OTLP_ENDPOINT", "http://collector:4318").

%% Register OTLP log exporter
instrument_log_exporter:register(
    instrument_log_exporter_otlp:new(#{
        endpoint => "http://collector:4318/v1/logs"
    })
).

%% Install with exporter
instrument_logger:install(#{exporter => true}).
File-based Log Export
For JSON log files compatible with log aggregators:
%% Export logs to file
instrument_log_exporter:register(
    instrument_log_exporter_file:new(#{
        path => "/var/log/myapp/otel.log",
        format => json
    })
).
Emitting Logs Directly
Use instrument_logger:emit/2 for logs that should always include trace context:
%% Emit with automatic trace context
instrument_logger:emit(info, "Custom log message").
instrument_logger:emit(error, #{error => Reason, context => Ctx}).
Complete Example
-module(payment_processor).
-export([process/2]).

process(Order, PaymentMethod) ->
    instrument_tracer:with_span(<<"process_payment">>, fun() ->
        instrument_tracer:set_attributes(#{
            <<"order.id">> => Order#order.id,
            <<"payment.method">> => PaymentMethod
        }),

        logger:info("Starting payment processing", #{
            amount => Order#order.total,
            currency => Order#order.currency
        }),

        case validate_payment_method(PaymentMethod) of
            {error, invalid} ->
                logger:warning("Invalid payment method: ~s", [PaymentMethod]),
                instrument_tracer:set_status(error, <<"Invalid payment method">>),
                {error, invalid_payment_method};

            ok ->
                logger:debug("Payment method validated"),

                case charge_card(Order, PaymentMethod) of
                    {ok, TransactionId} ->
                        logger:info("Payment successful", #{
                            transaction_id => TransactionId
                        }),
                        instrument_tracer:set_attribute(
                            <<"payment.transaction_id">>, TransactionId
                        ),
                        instrument_tracer:set_status(ok),
                        {ok, TransactionId};

                    {error, declined} ->
                        logger:warning("Payment declined by provider"),
                        instrument_tracer:add_event(<<"payment_declined">>),
                        instrument_tracer:set_status(error, <<"Payment declined">>),
                        {error, declined};

                    {error, Reason} ->
                        logger:error("Payment failed: ~p", [Reason]),
                        instrument_tracer:record_exception(Reason),
                        instrument_tracer:set_status(error),
                        {error, Reason}
                end
        end
    end).
Logging Across Processes
Here is a complete runnable example showing log correlation across multiple spawned processes:
-module(log_trace_demo).
-export([run/0]).

run() ->
    application:ensure_all_started(instrument),
    instrument_logger:install(),  %% Adds trace context to all logs

    instrument_tracer:with_span(<<"main_task">>, fun() ->
        logger:info("Starting main task"),

        %% Spawn 3 workers, all with same trace
        Pids = [instrument_propagation:spawn(fun() ->
            instrument_tracer:with_span(<<"worker">>, fun() ->
                logger:info("Worker ~p processing", [self()]),
                timer:sleep(rand:uniform(100)),
                logger:info("Worker ~p done", [self()])
            end)
        end) || _ <- lists:seq(1, 3)],

        %% Wait for all workers
        [begin
            monitor(process, P),
            receive {'DOWN', _, _, P, _} -> ok end
        end || P <- Pids],

        logger:info("All workers complete")
    end).
Run it:
1> c(log_trace_demo).
2> log_trace_demo:run().
Output shows ALL logs share the same trace_id:
[INFO] [trace_id=abc123def456... span_id=1111aaaa...] Starting main task
[INFO] [trace_id=abc123def456... span_id=2222bbbb...] Worker <0.123.0> processing
[INFO] [trace_id=abc123def456... span_id=3333cccc...] Worker <0.124.0> processing
[INFO] [trace_id=abc123def456... span_id=4444dddd...] Worker <0.125.0> processing
[INFO] [trace_id=abc123def456... span_id=2222bbbb...] Worker <0.123.0> done
[INFO] [trace_id=abc123def456... span_id=3333cccc...] Worker <0.124.0> done
[INFO] [trace_id=abc123def456... span_id=4444dddd...] Worker <0.125.0> done
[INFO] [trace_id=abc123def456... span_id=1111aaaa...] All workers complete
Key observations:
	Same trace_id in all log lines - you can query all logs for this request
	Different span_ids - each worker has its own span for granular timing
	The main task logs use span_id 1111aaaa..., workers have their own span_ids

This pattern is essential for debugging distributed workflows. When something fails, search your logs by trace_id to see everything that happened across all processes.
Exercise
Add logging to your order processing system:
	Install the logger integration
	Add appropriate log statements at each stage
	Use different log levels based on severity
	Verify logs include trace_id and span_id

Query your logs by trace ID to see all logs for a single order.
Next Steps
Your logs and traces are now connected. In the next chapter, you will learn how to export this data to various backends.


  

    Getting Data Out

Telemetry is only useful when you can view and analyze it. This chapter covers exporting to various backends.
Export Destinations
The instrument library supports multiple export formats:
	Exporter	Format	Best For
	Console	Text	Development, debugging
	OTLP	OpenTelemetry Protocol	Jaeger, Tempo, any OTLP backend
	Prometheus	Text/OpenMetrics	Prometheus scraping

Console Export
The console exporter prints telemetry to stdout. It's useful for development.
Spans
%% Register console span exporter
instrument_tracer:register_exporter(
    fun(Span) -> instrument_exporter_console:export(Span) end
).

%% Now spans print when they end
instrument_tracer:with_span(<<"test">>, fun() ->
    ok
end).
%% Output: Span: test (1.234ms) trace_id=abc... span_id=xyz...
Metrics
%% Format all metrics as Prometheus text
Text = instrument_prometheus:format(),
io:format("~s", [Text]).
Logs
%% Register console log exporter
instrument_log_exporter:register(instrument_log_exporter_console:new()).
instrument_logger:install(#{exporter => true}).
OTLP Export
OTLP (OpenTelemetry Protocol) is the standard format for sending telemetry to backends like Jaeger, Grafana Tempo, and Honeycomb.
Configuration
%% Via environment variables
os:putenv("OTEL_EXPORTER_OTLP_ENDPOINT", "http://localhost:4318"),
os:putenv("OTEL_SERVICE_NAME", "my-service"),
instrument_config:init().
Or programmatically:
%% Configure OTLP exporter
Exporter = instrument_exporter_otlp:new(#{
    endpoint => "http://localhost:4318/v1/traces",
    headers => [{<<"Authorization">>, <<"Bearer token">>}]
}).
Trace Export
%% Register OTLP span exporter
OtlpExporter = instrument_exporter_otlp:new(#{
    endpoint => "http://jaeger:4318/v1/traces"
}),
instrument_tracer:register_exporter(fun(Span) ->
    instrument_exporter_otlp:export(OtlpExporter, Span)
end).
Metric Export
%% Export metrics via OTLP
MetricExporter = instrument_metrics_exporter_otlp:new(#{
    endpoint => "http://collector:4318/v1/metrics"
}),
instrument_metrics_exporter:register(MetricExporter).
Log Export
%% Export logs via OTLP
LogExporter = instrument_log_exporter_otlp:new(#{
    endpoint => "http://collector:4318/v1/logs"
}),
instrument_log_exporter:register(LogExporter),
instrument_logger:install(#{exporter => true}).
Prometheus Export
Prometheus pulls metrics by scraping an HTTP endpoint.
Setting Up the Endpoint
%% In your HTTP server (e.g., cowboy handler)
handle_metrics(_Req) ->
    Body = instrument_prometheus:format(),
    ContentType = instrument_prometheus:content_type(),
    {200, [{<<"content-type">>, ContentType}], Body}.
Prometheus Configuration
Add a scrape target in prometheus.yml:
scrape_configs:
  - job_name: 'my-erlang-app'
    static_configs:
      - targets: ['localhost:8080']
    metrics_path: '/metrics'
    scrape_interval: 15s
Metric Naming for Prometheus
Prometheus has naming conventions:
%% Good names
instrument_metric:new_counter(http_requests_total, <<"Total HTTP requests">>).
instrument_metric:new_gauge(http_active_connections, <<"Active connections">>).
instrument_metric:new_histogram(http_request_duration_seconds, <<"Request duration">>).

%% Counter: use _total suffix
%% Histogram: use _seconds or _bytes suffix
%% Gauge: describe current state
Jaeger Setup
Jaeger accepts OTLP traces. Quick setup with Docker:
docker run -d --name jaeger \
  -p 16686:16686 \
  -p 4318:4318 \
  jaegertracing/all-in-one:latest

Configure your application:
os:putenv("OTEL_EXPORTER_OTLP_ENDPOINT", "http://localhost:4318"),
os:putenv("OTEL_SERVICE_NAME", "my-service"),
instrument_config:init().
View traces at http://localhost:16686.
Batch Processing
For production, use the batch processor to reduce overhead:
%% Configure batch span processor
instrument_span_processor_batch:start_link(#{
    exporter => instrument_exporter_otlp:new(#{
        endpoint => "http://collector:4318/v1/traces"
    }),
    max_queue_size => 2048,
    scheduled_delay => 5000,  %% 5 seconds
    max_export_batch_size => 512
}).
Batch processing:
	Buffers spans in memory
	Exports in batches periodically
	Reduces network overhead
	Handles temporary backend unavailability

Resource Configuration
Resources identify your service:
%% Via environment
os:putenv("OTEL_SERVICE_NAME", "order-service"),
os:putenv("OTEL_SERVICE_VERSION", "1.2.3"),
os:putenv("OTEL_RESOURCE_ATTRIBUTES", "deployment.environment=production").

%% Or programmatically
Resource = instrument_resource:create(#{
    <<"service.name">> => <<"order-service">>,
    <<"service.version">> => <<"1.2.3">>,
    <<"deployment.environment">> => <<"production">>
}).
Multiple Exporters
You can export to multiple destinations:
%% Console for development
instrument_tracer:register_exporter(
    fun(Span) -> instrument_exporter_console:export(Span) end
),

%% OTLP for production
OtlpExporter = instrument_exporter_otlp:new(#{endpoint => "http://collector:4318/v1/traces"}),
instrument_tracer:register_exporter(
    fun(Span) -> instrument_exporter_otlp:export(OtlpExporter, Span) end
).
Complete Setup Example
-module(telemetry_setup).
-export([init/0]).

init() ->
    %% Configure from environment
    instrument_config:init(),

    %% Set up batch processor for traces
    {ok, _} = instrument_span_processor_batch:start_link(#{
        exporter => instrument_exporter_otlp:new(#{
            endpoint => os:getenv("OTEL_EXPORTER_OTLP_ENDPOINT", "http://localhost:4318") ++ "/v1/traces"
        }),
        max_queue_size => 2048,
        scheduled_delay => 5000,
        max_export_batch_size => 512
    }),

    %% Set up log exporter
    case os:getenv("OTEL_EXPORTER_OTLP_ENDPOINT") of
        false ->
            %% Development: console logging
            ok;
        Endpoint ->
            %% Production: OTLP logging
            LogExporter = instrument_log_exporter_otlp:new(#{
                endpoint => Endpoint ++ "/v1/logs"
            }),
            instrument_log_exporter:register(LogExporter),
            instrument_logger:install(#{exporter => true})
    end,

    %% Set up metrics exporter
    MetricExporter = instrument_metrics_exporter_otlp:new(#{
        endpoint => os:getenv("OTEL_EXPORTER_OTLP_ENDPOINT", "http://localhost:4318") ++ "/v1/metrics"
    }),
    instrument_metrics_exporter:register(MetricExporter),

    ok.
Graceful Shutdown
Ensure all telemetry is exported before shutdown:
%% In your application stop callback
stop(_State) ->
    %% Flush pending spans
    instrument_span_processor:force_flush(),

    %% Allow time for export
    timer:sleep(1000),
    ok.
Exercise
Set up a complete observability stack:
	Start Jaeger with Docker
	Configure OTLP export for traces
	Set up Prometheus metrics endpoint
	Verify data appears in both backends

Generate some traffic and explore the UIs.
Next Steps
Your telemetry is now flowing to backends. In the next chapter, you will learn how to control costs through sampling.


  

    Sampling for Scale

At scale, collecting every span is expensive. Sampling lets you control costs while maintaining visibility.
Why Sample?
Consider:
	1,000 requests/second
	10 spans per request
	10,000 spans/second

That's a lot of data to store and analyze. Sampling collects a representative subset.
Sampling Basics
A sampler decides whether to record each trace:
	Sampled: Span is recorded and exported
	Not sampled: Span is dropped (but trace context is still propagated)

The sampling decision is made at trace start and propagates to all spans in the trace.
Built-in Samplers
Always On
Records every trace. Use for development or low-traffic services.
os:putenv("OTEL_TRACES_SAMPLER", "always_on"),
instrument_config:init().
Always Off
Records no traces. Use to disable tracing completely.
os:putenv("OTEL_TRACES_SAMPLER", "always_off"),
instrument_config:init().
Probability (TraceIdRatio)
Records a percentage of traces. Use for high-traffic services.
%% Sample 10% of traces
os:putenv("OTEL_TRACES_SAMPLER", "traceidratio"),
os:putenv("OTEL_TRACES_SAMPLER_ARG", "0.1"),
instrument_config:init().
The ratio is a decimal between 0.0 and 1.0:
	0.1 = 10% of traces
	0.01 = 1% of traces
	1.0 = 100% of traces

Parent-Based Samplers
Respect the parent's sampling decision. This keeps traces complete.
%% Default: parent-based with always_on root
os:putenv("OTEL_TRACES_SAMPLER", "parentbased_always_on").

%% Parent-based with probability for root spans
os:putenv("OTEL_TRACES_SAMPLER", "parentbased_traceidratio"),
os:putenv("OTEL_TRACES_SAMPLER_ARG", "0.1").
Parent-based sampling:
	If parent is sampled: sample this span
	If parent is not sampled: don't sample
	If no parent (root): apply the configured sampler

Programmatic Configuration
Configure samplers in code:
%% Always on
instrument_sampler:set_sampler({instrument_sampler_always_on, #{}}).

%% Always off
instrument_sampler:set_sampler({instrument_sampler_always_off, #{}}).

%% Probability
instrument_sampler:set_sampler({instrument_sampler_probability, #{ratio => 0.1}}).

%% Parent-based
instrument_sampler:set_sampler({instrument_sampler_parent_based, #{
    root => {instrument_sampler_probability, #{ratio => 0.1}},
    remote_parent_sampled => {instrument_sampler_always_on, #{}},
    remote_parent_not_sampled => {instrument_sampler_always_off, #{}},
    local_parent_sampled => {instrument_sampler_always_on, #{}},
    local_parent_not_sampled => {instrument_sampler_always_off, #{}}
}}).
Custom Samplers
For complex requirements, implement a custom sampler:
-module(my_sampler).
-behaviour(instrument_sampler).
-export([should_sample/6]).

should_sample(TraceId, SpanName, SpanKind, Attributes, Links, ParentCtx) ->
    %% Sample all errors
    case maps:get(<<"error">>, Attributes, false) of
        true ->
            #sampling_result{
                decision = record_and_sample,
                attributes = #{},
                trace_state = []
            };
        false ->
            %% Sample 10% of normal requests
            case rand:uniform() < 0.1 of
                true ->
                    #sampling_result{decision = record_and_sample};
                false ->
                    #sampling_result{decision = drop}
            end
    end.
Use your custom sampler:
instrument_sampler:set_sampler({my_sampler, #{}}).
Sampling Decisions
A sampling decision can be:
	Decision	Recording	Exported
	record_and_sample	Yes	Yes
	record_only	Yes	No
	drop	No	No

Use record_only when you want to process spans locally but not export them.
Checking Sampling Status
In your code, check if the current span is sampled:
%% Check if being recorded
case instrument_tracer:is_recording() of
    true ->
        %% Span is being recorded, expensive attributes are worth it
        instrument_tracer:set_attributes(expensive_to_compute());
    false ->
        ok
end.

%% Check if sampled for export
IsSampled = instrument_tracer:is_sampled().
Sampling Strategies
Head-based Sampling
Decision made at trace start. All spans in the trace follow the same decision.
Pros:
	Simple to implement
	Consistent (whole trace or nothing)
	Low overhead

Cons:
	Can't sample based on outcome
	May miss interesting traces

Tail-based Sampling (External)
Decision made after trace completes. Requires a collector.
Pros:
	Can sample based on errors, latency, etc.
	Keeps interesting traces

Cons:
	Higher complexity
	Requires buffering
	Higher resource usage

The instrument library uses head-based sampling. For tail-based sampling, use an OpenTelemetry Collector.
Production Recommendations
Low Traffic (< 100 req/s)
%% Sample everything
os:putenv("OTEL_TRACES_SAMPLER", "always_on").
Medium Traffic (100-1000 req/s)
%% Sample 50%
os:putenv("OTEL_TRACES_SAMPLER", "parentbased_traceidratio"),
os:putenv("OTEL_TRACES_SAMPLER_ARG", "0.5").
High Traffic (> 1000 req/s)
%% Sample 10% or less
os:putenv("OTEL_TRACES_SAMPLER", "parentbased_traceidratio"),
os:putenv("OTEL_TRACES_SAMPLER_ARG", "0.1").
Mixed Strategy
Use different rates for different operations:
-module(my_sampler).
-export([should_sample/6]).

should_sample(_TraceId, SpanName, _Kind, Attrs, _Links, _Parent) ->
    Rate = case SpanName of
        <<"health_check">> -> 0.01;      %% 1% for health checks
        <<"process_order">> -> 0.5;       %% 50% for orders
        <<"critical_", _/binary>> -> 1.0; %% 100% for critical ops
        _ -> 0.1                           %% 10% default
    end,

    case rand:uniform() < Rate of
        true -> #sampling_result{decision = record_and_sample};
        false -> #sampling_result{decision = drop}
    end.
Span Processors
Span processors run before export. Use them for filtering or enrichment.
Simple Processor
Exports spans immediately (synchronously):
instrument_span_processor_simple:start_link(#{
    exporter => MyExporter
}).
Batch Processor
Buffers and exports in batches (asynchronously):
instrument_span_processor_batch:start_link(#{
    exporter => MyExporter,
    max_queue_size => 2048,
    scheduled_delay => 5000,
    max_export_batch_size => 512
}).
Exercise
	Measure trace volume with always_on sampling
	Calculate an appropriate sampling rate
	Configure probability sampling
	Verify traces are still representative

Questions to answer:
	How many traces per minute with 100% sampling?
	What rate keeps it under 1000 traces/minute?
	Do error traces still appear in samples?

Next Steps
You now understand how to control costs with sampling. In the final chapter, you will build a complete instrumented service.


  

    Putting It All Together

This chapter brings together everything you have learned to build a complete instrumented service.
The Application
We will build an order processing service with:
	HTTP API for creating orders
	Database operations
	External payment service integration
	Background order processing

Project Structure
order_service/
├── rebar.config
├── config/
│   └── sys.config
├── src/
│   ├── order_service_app.erl
│   ├── order_service_sup.erl
│   ├── order_service_telemetry.erl
│   ├── order_service_http.erl
│   ├── order_service_handler.erl
│   ├── order_service_db.erl
│   └── order_service_payment.erl
└── priv/
    └── schema.sql
Dependencies
%% rebar.config
{deps, [
    {instrument, "0.3.0"},
    {cowboy, "2.10.0"},
    {hackney, "1.20.1"},
    {jiffy, "1.1.1"}
]}.
Configuration
%% config/sys.config
[
    {order_service, [
        {http_port, 8080},
        {db_pool_size, 10},
        {payment_service_url, "http://payment-service:8080"}
    ]},
    {instrument, [
        {service_name, <<"order-service">>}
    ]}
].
Telemetry Setup
%% src/order_service_telemetry.erl
-module(order_service_telemetry).
-export([init/0]).

init() ->
    %% Initialize from environment
    instrument_config:init(),

    %% Create metrics
    create_metrics(),

    %% Set up span processor
    setup_tracing(),

    %% Set up logging
    setup_logging(),

    ok.

create_metrics() ->
    %% HTTP metrics
    instrument_metric:new_counter_vec(
        http_requests_total,
        <<"Total HTTP requests">>,
        [method, status, endpoint]
    ),
    instrument_metric:new_histogram_vec(
        http_request_duration_seconds,
        <<"HTTP request duration">>,
        [method, endpoint]
    ),
    instrument_metric:new_gauge(
        http_active_requests,
        <<"Currently active HTTP requests">>
    ),

    %% Database metrics
    instrument_metric:new_counter_vec(
        db_queries_total,
        <<"Total database queries">>,
        [operation]
    ),
    instrument_metric:new_histogram_vec(
        db_query_duration_seconds,
        <<"Database query duration">>,
        [operation]
    ),
    instrument_metric:new_gauge(
        db_pool_connections_active,
        <<"Active database connections">>
    ),

    %% Business metrics
    instrument_metric:new_counter_vec(
        orders_total,
        <<"Total orders">>,
        [status]
    ),
    instrument_metric:new_histogram(
        order_value_dollars,
        <<"Order value distribution">>,
        [10, 25, 50, 100, 250, 500, 1000]
    ),

    ok.

setup_tracing() ->
    case os:getenv("OTEL_EXPORTER_OTLP_ENDPOINT") of
        false ->
            %% Development: console export
            instrument_tracer:register_exporter(
                fun(Span) -> instrument_exporter_console:export(Span) end
            );
        Endpoint ->
            %% Production: batch OTLP export
            {ok, _} = instrument_span_processor_batch:start_link(#{
                exporter => instrument_exporter_otlp:new(#{
                    endpoint => Endpoint ++ "/v1/traces"
                }),
                max_queue_size => 2048,
                scheduled_delay => 5000,
                max_export_batch_size => 512
            })
    end,
    ok.

setup_logging() ->
    case os:getenv("OTEL_EXPORTER_OTLP_ENDPOINT") of
        false ->
            %% Just add trace context to logs
            instrument_logger:install();
        Endpoint ->
            %% Export logs via OTLP
            LogExporter = instrument_log_exporter_otlp:new(#{
                endpoint => Endpoint ++ "/v1/logs"
            }),
            instrument_log_exporter:register(LogExporter),
            instrument_logger:install(#{exporter => true})
    end,
    ok.
HTTP Handler
%% src/order_service_http.erl
-module(order_service_http).
-export([init/2]).

init(Req0, State) ->
    %% Extract trace context from headers
    Headers = cowboy_req:headers(Req0),
    Ctx = instrument_propagation:extract_headers(maps:to_list(Headers)),
    Token = instrument_context:attach(Ctx),

    %% Track active requests
    instrument_metric:inc_gauge(http_active_requests),

    Method = cowboy_req:method(Req0),
    Path = cowboy_req:path(Req0),

    try
        instrument_tracer:with_span(<<"http_request">>, #{kind => server}, fun() ->
            instrument_tracer:set_attributes(#{
                <<"http.method">> => Method,
                <<"http.target">> => Path,
                <<"http.scheme">> => <<"http">>
            }),

            %% Route and handle
            Start = erlang:monotonic_time(microsecond),
            {Status, RespHeaders, Body} = route(Method, Path, Req0),
            Duration = (erlang:monotonic_time(microsecond) - Start) / 1000000,

            %% Record metrics
            Endpoint = normalize_path(Path),
            instrument_metric:inc_counter_vec(http_requests_total, [Method, integer_to_binary(Status), Endpoint]),
            instrument_metric:observe_histogram_vec(http_request_duration_seconds, [Method, Endpoint], Duration),

            %% Set span attributes
            instrument_tracer:set_attribute(<<"http.status_code">>, Status),
            case Status >= 400 of
                true -> instrument_tracer:set_status(error);
                false -> instrument_tracer:set_status(ok)
            end,

            Req = cowboy_req:reply(Status, RespHeaders, Body, Req0),
            {ok, Req, State}
        end)
    after
        instrument_metric:dec_gauge(http_active_requests),
        instrument_context:detach(Token)
    end.

route(<<"POST">>, <<"/orders">>, Req) ->
    order_service_handler:create_order(Req);
route(<<"GET">>, <<"/orders/", OrderId/binary>>, _Req) ->
    order_service_handler:get_order(OrderId);
route(<<"GET">>, <<"/health">>, _Req) ->
    {200, #{}, <<"{\"status\":\"ok\"}">>};
route(<<"GET">>, <<"/metrics">>, _Req) ->
    Body = instrument_prometheus:format(),
    {200, #{<<"content-type">> => instrument_prometheus:content_type()}, Body};
route(_, _, _) ->
    {404, #{}, <<"{\"error\":\"not_found\"}">>}.

normalize_path(<<"/orders/", _/binary>>) -> <<"/orders/{id}">>;
normalize_path(Path) -> Path.
Order Handler
%% src/order_service_handler.erl
-module(order_service_handler).
-export([create_order/1, get_order/1]).

create_order(Req) ->
    instrument_tracer:with_span(<<"create_order">>, fun() ->
        {ok, Body, _} = cowboy_req:read_body(Req),
        Order = jiffy:decode(Body, [return_maps]),

        OrderId = generate_order_id(),
        instrument_tracer:set_attributes(#{
            <<"order.id">> => OrderId,
            <<"order.items">> => length(maps:get(<<"items">>, Order, []))
        }),

        logger:info("Creating order", #{order_id => OrderId}),

        %% Validate order
        case validate_order(Order) of
            {error, Reason} ->
                logger:warning("Order validation failed: ~p", [Reason]),
                instrument_tracer:set_status(error, <<"Validation failed">>),
                instrument_metric:inc_counter_vec(orders_total, [<<"validation_failed">>]),
                {400, #{}, jiffy:encode(#{error => Reason})};

            ok ->
                instrument_tracer:add_event(<<"order_validated">>),

                %% Calculate total
                Total = calculate_total(Order),
                instrument_tracer:set_attribute(<<"order.total">>, Total),
                instrument_metric:observe_histogram(order_value_dollars, Total),

                %% Process payment
                case process_payment(OrderId, Total, Order) of
                    {ok, PaymentId} ->
                        instrument_tracer:add_event(<<"payment_completed">>, #{
                            <<"payment.id">> => PaymentId
                        }),

                        %% Save order
                        case save_order(OrderId, Order, PaymentId) of
                            ok ->
                                logger:info("Order created successfully"),
                                instrument_tracer:set_status(ok),
                                instrument_metric:inc_counter_vec(orders_total, [<<"completed">>]),
                                {201, #{}, jiffy:encode(#{
                                    order_id => OrderId,
                                    payment_id => PaymentId,
                                    total => Total
                                })};

                            {error, DbError} ->
                                logger:error("Failed to save order: ~p", [DbError]),
                                instrument_tracer:record_exception(DbError),
                                instrument_tracer:set_status(error, <<"Database error">>),
                                instrument_metric:inc_counter_vec(orders_total, [<<"db_error">>]),
                                {500, #{}, jiffy:encode(#{error => <<"internal_error">>})}
                        end;

                    {error, PaymentError} ->
                        logger:warning("Payment failed: ~p", [PaymentError]),
                        instrument_tracer:set_status(error, <<"Payment failed">>),
                        instrument_metric:inc_counter_vec(orders_total, [<<"payment_failed">>]),
                        {402, #{}, jiffy:encode(#{error => <<"payment_failed">>})}
                end
        end
    end).

get_order(OrderId) ->
    instrument_tracer:with_span(<<"get_order">>, fun() ->
        instrument_tracer:set_attribute(<<"order.id">>, OrderId),

        case order_service_db:get_order(OrderId) of
            {ok, Order} ->
                instrument_tracer:set_status(ok),
                {200, #{}, jiffy:encode(Order)};
            {error, not_found} ->
                instrument_tracer:set_status(error, <<"Not found">>),
                {404, #{}, jiffy:encode(#{error => <<"not_found">>})}
        end
    end).

validate_order(Order) ->
    instrument_tracer:with_span(<<"validate_order">>, fun() ->
        Items = maps:get(<<"items">>, Order, []),
        case Items of
            [] -> {error, <<"no_items">>};
            _ -> ok
        end
    end).

calculate_total(Order) ->
    Items = maps:get(<<"items">>, Order, []),
    lists:foldl(fun(Item, Acc) ->
        Price = maps:get(<<"price">>, Item, 0),
        Qty = maps:get(<<"quantity">>, Item, 1),
        Acc + (Price * Qty)
    end, 0, Items).

process_payment(OrderId, Total, Order) ->
    order_service_payment:charge(OrderId, Total, Order).

save_order(OrderId, Order, PaymentId) ->
    order_service_db:insert_order(OrderId, Order, PaymentId).

generate_order_id() ->
    list_to_binary(uuid:to_string(uuid:v4())).
Database Layer
%% src/order_service_db.erl
-module(order_service_db).
-export([insert_order/3, get_order/1]).

insert_order(OrderId, Order, PaymentId) ->
    instrument_tracer:with_span(<<"db_insert_order">>, #{kind => client}, fun() ->
        instrument_tracer:set_attributes(#{
            <<"db.system">> => <<"postgresql">>,
            <<"db.operation">> => <<"INSERT">>,
            <<"db.table">> => <<"orders">>
        }),

        Start = erlang:monotonic_time(microsecond),

        %% Simulated database insert
        Result = do_insert(OrderId, Order, PaymentId),

        Duration = (erlang:monotonic_time(microsecond) - Start) / 1000000,
        instrument_metric:inc_counter_vec(db_queries_total, [<<"INSERT">>]),
        instrument_metric:observe_histogram_vec(db_query_duration_seconds, [<<"INSERT">>], Duration),

        case Result of
            ok ->
                instrument_tracer:set_status(ok),
                ok;
            {error, _} = Err ->
                instrument_tracer:set_status(error),
                Err
        end
    end).

get_order(OrderId) ->
    instrument_tracer:with_span(<<"db_get_order">>, #{kind => client}, fun() ->
        instrument_tracer:set_attributes(#{
            <<"db.system">> => <<"postgresql">>,
            <<"db.operation">> => <<"SELECT">>,
            <<"db.table">> => <<"orders">>
        }),

        Start = erlang:monotonic_time(microsecond),

        %% Simulated database query
        Result = do_select(OrderId),

        Duration = (erlang:monotonic_time(microsecond) - Start) / 1000000,
        instrument_metric:inc_counter_vec(db_queries_total, [<<"SELECT">>]),
        instrument_metric:observe_histogram_vec(db_query_duration_seconds, [<<"SELECT">>], Duration),

        Result
    end).

%% Simulated database operations
do_insert(_OrderId, _Order, _PaymentId) ->
    timer:sleep(10), %% Simulate latency
    ok.

do_select(_OrderId) ->
    timer:sleep(5),
    {ok, #{id => <<"test">>, items => [], total => 0}}.
Payment Integration
%% src/order_service_payment.erl
-module(order_service_payment).
-export([charge/3]).

charge(OrderId, Amount, Order) ->
    instrument_tracer:with_span(<<"payment_charge">>, #{kind => client}, fun() ->
        instrument_tracer:set_attributes(#{
            <<"payment.amount">> => Amount,
            <<"payment.currency">> => <<"USD">>
        }),

        %% Inject trace context into outgoing request
        Ctx = instrument_context:current(),
        Headers = instrument_propagation:inject_headers(Ctx),

        URL = get_payment_url(),
        Body = jiffy:encode(#{
            order_id => OrderId,
            amount => Amount,
            currency => <<"USD">>,
            customer => maps:get(<<"customer">>, Order, #{})
        }),

        logger:debug("Calling payment service", #{url => URL}),

        case hackney:request(post, URL, Headers, Body, [{recv_timeout, 30000}]) of
            {ok, 200, _RespHeaders, ClientRef} ->
                {ok, RespBody} = hackney:body(ClientRef),
                Response = jiffy:decode(RespBody, [return_maps]),
                PaymentId = maps:get(<<"payment_id">>, Response),
                instrument_tracer:set_attributes(#{
                    <<"http.status_code">> => 200,
                    <<"payment.id">> => PaymentId
                }),
                instrument_tracer:set_status(ok),
                {ok, PaymentId};

            {ok, Status, _RespHeaders, ClientRef} ->
                {ok, RespBody} = hackney:body(ClientRef),
                logger:warning("Payment failed with status ~p: ~s", [Status, RespBody]),
                instrument_tracer:set_attributes(#{
                    <<"http.status_code">> => Status
                }),
                instrument_tracer:set_status(error, <<"Payment declined">>),
                {error, declined};

            {error, Reason} ->
                logger:error("Payment service error: ~p", [Reason]),
                instrument_tracer:record_exception(Reason),
                instrument_tracer:set_status(error, <<"Payment service unavailable">>),
                {error, service_unavailable}
        end
    end).

get_payment_url() ->
    BaseUrl = application:get_env(order_service, payment_service_url, "http://localhost:8081"),
    BaseUrl ++ "/charge".
Running the Service
# Start dependencies
docker-compose up -d jaeger prometheus

# Set environment
export OTEL_EXPORTER_OTLP_ENDPOINT=http://localhost:4318
export OTEL_SERVICE_NAME=order-service
export OTEL_TRACES_SAMPLER=parentbased_traceidratio
export OTEL_TRACES_SAMPLER_ARG=0.5

# Run the service
rebar3 shell

Testing
# Create an order
curl -X POST http://localhost:8080/orders \
  -H "Content-Type: application/json" \
  -d '{"items": [{"name": "Widget", "price": 29.99, "quantity": 2}]}'

# Get metrics
curl http://localhost:8080/metrics

# View traces
open http://localhost:16686

What You Built
You now have a service with:
	Request tracing across HTTP and database calls
	Distributed trace propagation to external services
	Metrics for requests, latencies, and business events
	Correlated logs with trace context
	Prometheus metrics endpoint
	OTLP export to Jaeger

Next Steps
	Add more business metrics specific to your domain
	Implement custom sampling based on your needs
	Set up alerting on key metrics
	Create dashboards in Grafana
	Add SLO monitoring

Congratulations on completing this handbook!


  

    Appendix A: Quick Reference

A cheat sheet for common operations.
Metrics Quick Reference
Counter
%% Create
Counter = instrument_metric:new_counter(requests_total, <<"Total requests">>).

%% Use
instrument_metric:inc_counter(Counter).
instrument_metric:inc_counter(Counter, 5).

%% Read
Value = instrument_metric:get_counter(Counter).
Gauge
%% Create
Gauge = instrument_metric:new_gauge(active_conns, <<"Active connections">>).

%% Use
instrument_metric:set_gauge(Gauge, 100).
instrument_metric:inc_gauge(Gauge).
instrument_metric:dec_gauge(Gauge, 5).

%% Read
Value = instrument_metric:get_gauge(Gauge).
Histogram
%% Create
Hist = instrument_metric:new_histogram(duration_seconds, <<"Duration">>).
Hist = instrument_metric:new_histogram(size_bytes, <<"Size">>, [100, 500, 1000]).

%% Use
instrument_metric:observe_histogram(Hist, 0.125).

%% Read
#{count := C, sum := S, buckets := B} = instrument_metric:get_histogram(Hist).
Vector Metrics (Labeled)
%% Create
instrument_metric:new_counter_vec(http_requests, <<"Requests">>, [method, status]).
instrument_metric:new_gauge_vec(pool_conns, <<"Pool">>, [pool, state]).
instrument_metric:new_histogram_vec(query_time, <<"Query">>, [operation]).

%% Use
instrument_metric:inc_counter_vec(http_requests, [<<"GET">>, <<"200">>]).
instrument_metric:set_gauge_vec(pool_conns, [<<"default">>, <<"active">>], 10).
instrument_metric:observe_histogram_vec(query_time, [<<"SELECT">>], 0.05).
Tracing Quick Reference
Basic Span
instrument_tracer:with_span(<<"operation">>, fun() ->
    do_work()
end).
Span with Options
instrument_tracer:with_span(<<"operation">>, #{
    kind => server,          %% client | server | producer | consumer | internal
    attributes => #{<<"key">> => <<"value">>}
}, fun() ->
    do_work()
end).
Span Attributes
instrument_tracer:set_attribute(<<"key">>, <<"value">>).
instrument_tracer:set_attributes(#{
    <<"http.method">> => <<"GET">>,
    <<"http.status_code">> => 200
}).
Span Events
instrument_tracer:add_event(<<"event_name">>).
instrument_tracer:add_event(<<"event_name">>, #{<<"key">> => <<"value">>}).
Span Status
instrument_tracer:set_status(ok).
instrument_tracer:set_status(error).
instrument_tracer:set_status(error, <<"Error description">>).
Exception Recording
instrument_tracer:record_exception(Reason).
instrument_tracer:record_exception(Reason, #{stacktrace => Stacktrace}).
Span Context
TraceId = instrument_tracer:trace_id().   %% <<"abc123...">>
SpanId = instrument_tracer:span_id().      %% <<"def456...">>
IsRecording = instrument_tracer:is_recording().
IsSampled = instrument_tracer:is_sampled().
Context Propagation
HTTP Headers
%% Inject (outgoing)
Headers = instrument_propagation:inject_headers(instrument_context:current()).

%% Extract (incoming)
Ctx = instrument_propagation:extract_headers(Headers),
Token = instrument_context:attach(Ctx),
%% ... do work ...
instrument_context:detach(Token).
Process Spawning
instrument_propagation:spawn(fun() -> work() end).
instrument_propagation:spawn_link(fun() -> work() end).
{Pid, Ref} = instrument_propagation:spawn_monitor(fun() -> work() end).
Logging
%% Install
instrument_logger:install().

%% Use (trace context added automatically)
logger:info("Message").
logger:error("Error: ~p", [Reason]).
Export
Prometheus
Body = instrument_prometheus:format().
ContentType = instrument_prometheus:content_type().
Console
instrument_tracer:register_exporter(
    fun(Span) -> instrument_exporter_console:export(Span) end
).
OTLP
os:putenv("OTEL_EXPORTER_OTLP_ENDPOINT", "http://localhost:4318"),
instrument_config:init().
Configuration
Environment Variables
	Variable	Description
	OTEL_SERVICE_NAME	Service name
	OTEL_TRACES_SAMPLER	Sampler type
	OTEL_TRACES_SAMPLER_ARG	Sampler argument
	OTEL_PROPAGATORS	Propagators (tracecontext, b3, baggage)
	OTEL_EXPORTER_OTLP_ENDPOINT	OTLP endpoint URL

Samplers
os:putenv("OTEL_TRACES_SAMPLER", "always_on").
os:putenv("OTEL_TRACES_SAMPLER", "always_off").
os:putenv("OTEL_TRACES_SAMPLER", "traceidratio").
os:putenv("OTEL_TRACES_SAMPLER", "parentbased_traceidratio").
os:putenv("OTEL_TRACES_SAMPLER_ARG", "0.1").  %% 10%
Decision Trees
Which Metric Type?
Does the value only increase?
├── Yes → Counter
└── No
    Does it represent a distribution?
    ├── Yes → Histogram
    └── No → Gauge
Should I Create a Span?
Is this an entry point (HTTP request, message)?
├── Yes → Create server/consumer span
└── No
    Is this an outgoing call (HTTP, DB)?
    ├── Yes → Create client/producer span
    └── No
        Is this significant internal work?
        ├── Yes → Create internal span
        └── No → Don't create a span
Should I Use Labels?
Do I need to filter/group this metric?
├── No → Simple metric
└── Yes
    Is the cardinality bounded (<100 values)?
    ├── Yes → Use labels
    └── No
        Can I bucket/categorize values?
        ├── Yes → Use categorized labels
        └── No → Use span attributes instead
Common Patterns
HTTP Handler
handle(Req) ->
    Ctx = instrument_propagation:extract_headers(Headers),
    Token = instrument_context:attach(Ctx),
    try
        instrument_tracer:with_span(<<"http_request">>, #{kind => server}, fun() ->
            instrument_tracer:set_attributes(#{
                <<"http.method">> => Method,
                <<"http.target">> => Path
            }),
            Result = process(Req),
            instrument_tracer:set_attribute(<<"http.status_code">>, Status),
            Result
        end)
    after
        instrument_context:detach(Token)
    end.
Database Call
query(SQL, Params) ->
    instrument_tracer:with_span(<<"db_query">>, #{kind => client}, fun() ->
        instrument_tracer:set_attributes(#{
            <<"db.system">> => <<"postgresql">>,
            <<"db.operation">> => <<"SELECT">>,
            <<"db.statement">> => SQL
        }),
        execute(SQL, Params)
    end).
External Service Call
call_service(URL, Body) ->
    instrument_tracer:with_span(<<"external_call">>, #{kind => client}, fun() ->
        Headers = instrument_propagation:inject_headers(instrument_context:current()),
        Result = http_request(URL, Headers, Body),
        Result
    end).


  

    Appendix B: Troubleshooting

Common problems and their solutions.
Traces Not Appearing
Problem: No traces in my backend
Check 1: Is tracing configured?
%% Verify configuration was initialized
instrument_config:init().

%% Check if exporter is registered
%% Add console exporter to verify spans are created
instrument_tracer:register_exporter(
    fun(Span) -> io:format("Span: ~p~n", [Span]) end
).
Check 2: Is sampling dropping traces?
%% Temporarily enable all sampling
os:putenv("OTEL_TRACES_SAMPLER", "always_on"),
instrument_config:init().

%% Check sampling status in code
instrument_tracer:with_span(<<"test">>, fun() ->
    io:format("Recording: ~p~n", [instrument_tracer:is_recording()]),
    io:format("Sampled: ~p~n", [instrument_tracer:is_sampled()])
end).
Check 3: Is the endpoint correct?
%% Verify OTLP endpoint
io:format("Endpoint: ~s~n", [os:getenv("OTEL_EXPORTER_OTLP_ENDPOINT", "not set")]).

%% Test connectivity
{ok, _} = httpc:request("http://localhost:4318/v1/traces").
Check 4: Is the batch processor running?
%% Check if batch processor is alive
whereis(instrument_span_processor_batch).

%% Force flush pending spans
instrument_span_processor:force_flush().
Problem: Traces are incomplete (missing spans)
Check 1: Context propagation
%% Verify context is being propagated
instrument_tracer:with_span(<<"parent">>, fun() ->
    %% Child should have same trace ID
    instrument_tracer:with_span(<<"child">>, fun() ->
        ParentTraceId = instrument_tracer:trace_id(),
        io:format("Trace ID: ~s~n", [ParentTraceId])
    end)
end).
Check 2: Process boundaries
%% Wrong: context lost across spawn
spawn(fun() ->
    instrument_tracer:with_span(<<"orphan">>, fun() -> ok end)
end).

%% Correct: propagate context
instrument_propagation:spawn(fun() ->
    instrument_tracer:with_span(<<"connected">>, fun() -> ok end)
end).
Check 3: HTTP header propagation
%% Debug: print injected headers
Headers = instrument_propagation:inject_headers(instrument_context:current()),
io:format("Headers: ~p~n", [Headers]).

%% Should see: [{<<"traceparent">>, <<"00-...">>}, ...]
Metrics Issues
Problem: Metrics not showing in Prometheus
Check 1: Verify metrics exist
%% List all registered metrics
instrument_prometheus:format().

%% Should show your metrics in Prometheus format
Check 2: Check metric names
%% Prometheus has naming rules
%% Names must match: [a-zA-Z_:][a-zA-Z0-9_:]*

%% Good
instrument_metric:new_counter(http_requests_total, <<"">>).

%% Bad (will be sanitized)
instrument_metric:new_counter('http.requests.total', <<"">>).
Check 3: Verify endpoint is accessible
curl http://localhost:8080/metrics

Problem: High cardinality warnings
Solution: Review labels
%% Bad: unbounded cardinality
instrument_metric:new_counter_vec(requests, <<"">>, [user_id]).  %% Millions of users!

%% Good: bounded cardinality
instrument_metric:new_counter_vec(requests, <<"">>, [user_tier]).  %% free, pro, enterprise
Problem: Metric values seem wrong
Check 1: Counter only increases
%% Counters can only increase
instrument_metric:inc_counter(Counter, -1).  %% This won't work!

%% Use gauge for values that decrease
instrument_metric:dec_gauge(Gauge, 1).
Check 2: Histogram bucket boundaries
%% Observations are counted in buckets <= value
%% 0.5 goes in buckets 0.5, 0.75, 1.0, 2.5, etc.

%% Choose buckets that match your expected distribution
instrument_metric:new_histogram(latency, <<"">>, [0.01, 0.05, 0.1, 0.5, 1.0]).
Logging Issues
Problem: Logs don't have trace context
Check 1: Logger filter installed
%% Install the filter
instrument_logger:install().

%% Verify it's installed
logger:get_primary_config().
%% Should show instrument_trace_context filter
Check 2: Logs are inside a span
%% Outside span: no trace context
logger:info("No trace context").

%% Inside span: has trace context
instrument_tracer:with_span(<<"test">>, fun() ->
    logger:info("Has trace context")
end).
Problem: Logs not exported via OTLP
Check 1: Exporter registered
%% Register log exporter
instrument_log_exporter:register(
    instrument_log_exporter_otlp:new(#{endpoint => "http://localhost:4318/v1/logs"})
).

%% Install with exporter mode
instrument_logger:install(#{exporter => true}).
Performance Issues
Problem: High CPU usage from tracing
Solutions:
	Reduce sampling rate:
os:putenv("OTEL_TRACES_SAMPLER", "traceidratio"),
os:putenv("OTEL_TRACES_SAMPLER_ARG", "0.1").  %% 10%

	Use batch processor:
instrument_span_processor_batch:start_link(#{
 max_queue_size => 2048,
 scheduled_delay => 5000
}).

	Reduce attribute collection:
%% Skip expensive attributes when not recording
case instrument_tracer:is_recording() of
 true -> instrument_tracer:set_attributes(expensive_computation());
 false -> ok
end.


Problem: Memory growth from metrics
Solutions:
	Check for cardinality explosion:
%% Count unique label combinations
%% If growing unbounded, you have a cardinality problem

	Clean up unused label combinations:
instrument_metric:remove_label(metric_name, [<<"old">>, <<"labels">>]).

	Use views to aggregate (future feature)


Context Issues
Problem: Context leaking between requests
Check: Proper detach
%% Wrong: context not detached
Token = instrument_context:attach(Ctx),
process_request().
%% Missing: instrument_context:detach(Token)

%% Correct: always detach
Token = instrument_context:attach(Ctx),
try
    process_request()
after
    instrument_context:detach(Token)
end.
Problem: Context lost in gen_server
Solution: Use context-aware calls
%% Client side
instrument_propagation:call_with_context(Server, Request).

%% Server side
handle_call({'$instrument_call', Ctx, Request}, From, State) ->
    Token = instrument_context:attach(Ctx),
    try
        %% Handle request
    after
        instrument_context:detach(Token)
    end.
Common Error Messages
"Metric not found"
The metric was not created before use:
%% Error: using before creating
instrument_metric:inc_counter(my_counter).  %% Returns {error, not_found}

%% Fix: create first
instrument_metric:new_counter(my_counter, <<"Description">>),
instrument_metric:inc_counter(my_counter).
"Invalid operation"
Wrong operation for metric type:
%% Error: histogram doesn't support inc
instrument_metric:inc_counter(my_histogram).  %% Wrong!

%% Fix: use observe
instrument_metric:observe_histogram(my_histogram, Value).
"Connection refused" (OTLP)
Backend not running or wrong endpoint:
# Check if Jaeger/collector is running
curl http://localhost:4318/v1/traces

# Verify endpoint URL
echo $OTEL_EXPORTER_OTLP_ENDPOINT

Debug Mode
Enable verbose logging for troubleshooting:
%% Set logger level to debug
logger:set_primary_config(level, debug).

%% Add debug exporter
instrument_tracer:register_exporter(fun(Span) ->
    io:format("DEBUG SPAN: ~p~n", [Span])
end).
Getting Help
If problems persist:
	Check the GitHub issues
	Enable debug logging and capture output
	Create a minimal reproduction case
	File an issue with:	Erlang/OTP version
	instrument version
	Configuration
	Error messages
	Steps to reproduce





  

    Getting Started with Instrument

This guide will help you get started with the instrument library for metrics and tracing in your Erlang application.
Installation
rebar3
Add instrument to your rebar.config:
{deps, [
    {instrument, "0.3.0"}
]}.
mix (Elixir)
{:instrument, "~> 0.3.0"}
Starting the Application
Instrument starts automatically when included as a dependency. You can also start it manually:
application:start(instrument).
Your First Metrics
Counter
Counters track cumulative values that only increase (e.g., total requests):
%% Create a counter
Counter = instrument_metric:new_counter(http_requests_total, "Total HTTP requests"),

%% Increment by 1
instrument_metric:inc_counter(Counter),

%% Increment by a specific value
instrument_metric:inc_counter(Counter, 10),

%% Get current value
Value = instrument_metric:get_counter(Counter).  %% Returns 11.0
Gauge
Gauges track values that can go up or down (e.g., current connections):
%% Create a gauge
Gauge = instrument_metric:new_gauge(active_connections, "Current active connections"),

%% Set to a specific value
instrument_metric:set_gauge(Gauge, 100),

%% Increment/decrement
instrument_metric:inc_gauge(Gauge),      %% Now 101
instrument_metric:dec_gauge(Gauge, 5),   %% Now 96

%% Get current value
Value = instrument_metric:get_gauge(Gauge).
Histogram
Histograms track distributions of values (e.g., request latencies):
%% Create with default buckets
Histogram = instrument_metric:new_histogram(request_duration_seconds, "Request duration"),

%% Create with custom buckets
Histogram2 = instrument_metric:new_histogram(response_size_bytes, "Response size",
    [100, 500, 1000, 5000, 10000]),

%% Record observations
instrument_metric:observe_histogram(Histogram, 0.125),
instrument_metric:observe_histogram(Histogram, 0.250),

%% Get histogram data
#{count := Count, sum := Sum, buckets := Buckets} = instrument_metric:get_histogram(Histogram).
Labeled Metrics (Vec API)
Add dimensions to your metrics with labels:
%% Create a counter with labels
instrument_metric:new_counter_vec(http_requests_total, "HTTP requests", [method, status]),

%% Increment specific label combinations
instrument_metric:inc_counter_vec(http_requests_total, ["GET", "200"]),
instrument_metric:inc_counter_vec(http_requests_total, ["POST", "201"]),
instrument_metric:inc_counter_vec(http_requests_total, ["GET", "404"]),

%% Get value for specific labels
Value = instrument_metric:get_counter_vec(http_requests_total, ["GET", "200"]).
Prometheus Export
Export all metrics in Prometheus text format:
%% In your HTTP handler
handle_metrics_request(Req) ->
    Body = instrument_prometheus:format(),
    ContentType = instrument_prometheus:content_type(),
    {200, [{<<"content-type">>, ContentType}], Body}.
Your First Trace
Basic Span
%% Create a span around an operation
instrument_tracer:with_span(<<"process_order">>, fun() ->
    %% Your code here
    Order = fetch_order(OrderId),
    process(Order)
end).
Adding Indexable Attributes to Spans
Attributes are key-value pairs that get indexed by your observability backend, enabling filtering and querying:
instrument_tracer:with_span(<<"process_order">>, fun() ->
    %% Add indexable attributes - these can be queried in Jaeger, Tempo, etc.
    instrument_tracer:set_attributes(#{
        %% String attributes
        <<"order.id">> => OrderId,
        <<"customer.id">> => CustomerId,
        <<"customer.tier">> => <<"premium">>,

        %% Numeric attributes (can filter by range)
        <<"order.total">> => 149.99,
        <<"order.item_count">> => 5,

        %% Boolean attributes
        <<"order.express">> => true
    }),

    %% Add timestamped events
    instrument_tracer:add_event(<<"order_validated">>),

    Result = process_order(Order),

    %% Set status
    instrument_tracer:set_status(ok),
    Result
end).
Now you can query traces in your backend:
	Find all orders from premium customers: customer.tier = "premium"
	Find expensive orders: order.total > 100
	Find failed express orders: order.express = true AND status = error

Nested Spans
instrument_tracer:with_span(<<"handle_request">>, fun() ->
    %% Child span automatically linked to parent
    instrument_tracer:with_span(<<"validate_input">>, fun() ->
        validate(Input)
    end),

    instrument_tracer:with_span(<<"process_data">>, fun() ->
        process(Data)
    end),

    instrument_tracer:with_span(<<"send_response">>, fun() ->
        send(Response)
    end)
end).
Logger Integration
Automatically add trace context to your logs:
%% Install the logger integration (typically in your app start)
instrument_logger:install(),

%% Now all logs within spans include trace_id and span_id
instrument_tracer:with_span(<<"my_operation">>, fun() ->
    logger:info("Processing request"),  %% Includes trace context
    do_work()
end).
Next Steps
	Read the Instrumentation Guide for best practices
	Learn about Context Propagation for distributed tracing



  

    Instrumentation Guide

This guide covers best practices for instrumenting Erlang applications with the instrument library, providing observability through metrics, traces, and logs.
Table of Contents
	Overview
	Metrics Instrumentation
	Tracing Instrumentation
	Context Propagation
	Logger Integration
	OTel-Compatible API
	Best Practices
	Examples

Overview
The instrument library provides three pillars of observability:
	Signal	Purpose	Module
	Metrics	Aggregate numerical measurements	instrument, instrument_meter
	Traces	Request flow across services	instrument_tracer
	Logs	Discrete events with context	instrument_logger

All three signals can be correlated using trace context (trace_id, span_id).
Metrics Instrumentation
Choosing the Right Metric Type
	Metric	Use When	Examples
	Counter	Value only increases	Requests, errors, bytes sent
	Gauge	Value goes up and down	Connections, queue size, temperature
	Histogram	Measuring distributions	Latency, request size, response time

Counter Patterns
Total Counts
%% Application startup
init_metrics() ->
    instrument_metric:new_counter_vec(
        http_requests_total,
        "Total HTTP requests",
        [method, path, status]
    ).

%% In request handler
handle_request(Method, Path, _Req) ->
    try
        Response = process_request(Method, Path),
        Status = response_status(Response),
        instrument_metric:inc_counter_vec(http_requests_total, [Method, Path, Status]),
        Response
    catch
        _:_ ->
            instrument_metric:inc_counter_vec(http_requests_total, [Method, Path, "500"]),
            {error, internal_error}
    end.
Error Tracking
init_metrics() ->
    instrument_metric:new_counter_vec(errors_total, "Total errors", [type, module]).

%% In error handler
log_error(Type, Module, _Reason) ->
    instrument_metric:inc_counter_vec(errors_total, [atom_to_list(Type), atom_to_list(Module)]).
Gauge Patterns
Resource Monitoring
init_metrics() ->
    instrument_metric:new_gauge(memory_usage_bytes, "Current memory usage"),
    instrument_metric:new_gauge(process_count, "Number of processes"),
    instrument_metric:new_gauge_vec(pool_connections, "Pool connections", [pool, state]).

%% Periodic update (e.g., in a gen_server)
update_system_metrics() ->
    MemInfo = erlang:memory(),
    instrument_metric:set_gauge(memory_usage_bytes, proplists:get_value(total, MemInfo)),
    instrument_metric:set_gauge(process_count, erlang:system_info(process_count)).

update_pool_metrics(PoolName, Active, Idle) ->
    instrument_metric:set_gauge_vec(pool_connections, [PoolName, "active"], Active),
    instrument_metric:set_gauge_vec(pool_connections, [PoolName, "idle"], Idle).
In-Flight Tracking
init_metrics() ->
    instrument_metric:new_gauge(requests_in_flight, "Current in-flight requests").

handle_request(Req) ->
    instrument_metric:inc_gauge(requests_in_flight),
    try
        process_request(Req)
    after
        instrument_metric:dec_gauge(requests_in_flight)
    end.
Histogram Patterns
Latency Measurement
init_metrics() ->
    %% Use buckets appropriate for your SLOs
    instrument_metric:new_histogram_vec(
        http_request_duration_seconds,
        "HTTP request duration",
        [method, path],
        [0.001, 0.005, 0.01, 0.025, 0.05, 0.1, 0.25, 0.5, 1.0, 2.5, 5.0, 10.0]
    ).

handle_request(Method, Path, Req) ->
    Start = erlang:monotonic_time(),
    try
        process_request(Req)
    after
        Duration = erlang:convert_time_unit(
            erlang:monotonic_time() - Start,
            native,
            microsecond
        ) / 1_000_000,  %% Convert to seconds
        instrument_metric:observe_histogram_vec(
            http_request_duration_seconds,
            [Method, Path],
            Duration
        )
    end.
Size Distribution
init_metrics() ->
    instrument_metric:new_histogram_vec(
        http_response_size_bytes,
        "HTTP response size",
        [method, path],
        [100, 1000, 10000, 100000, 1000000]
    ).

send_response(Method, Path, Body) ->
    Size = byte_size(Body),
    instrument_metric:observe_histogram_vec(http_response_size_bytes, [Method, Path], Size),
    Body.
Tracing Instrumentation
Span Naming Conventions
Use descriptive, low-cardinality names:
%% Good: Operation-focused names
instrument_tracer:with_span(<<"HTTP GET /api/users">>, fun() -> ... end).
instrument_tracer:with_span(<<"db.query">>, fun() -> ... end).
instrument_tracer:with_span(<<"cache.get">>, fun() -> ... end).

%% Bad: High-cardinality names (avoid!)
instrument_tracer:with_span(<<"GET /api/users/12345">>, fun() -> ... end).  %% User ID in name
Span Kinds
Set the appropriate span kind for proper visualization:
%% Server span: handling an incoming request
instrument_tracer:with_span(<<"handle_request">>, #{kind => server}, fun() ->
    process_request(Req)
end).

%% Client span: making an outgoing request
instrument_tracer:with_span(<<"http.request">>, #{kind => client}, fun() ->
    httpc:request(Url)
end).

%% Internal span: internal processing (default)
instrument_tracer:with_span(<<"validate_input">>, #{kind => internal}, fun() ->
    validate(Input)
end).

%% Producer span: producing a message
instrument_tracer:with_span(<<"send_message">>, #{kind => producer}, fun() ->
    send_to_queue(Message)
end).

%% Consumer span: consuming a message
instrument_tracer:with_span(<<"process_message">>, #{kind => consumer}, fun() ->
    handle_message(Message)
end).
Adding Indexable Attributes
Span attributes are indexed metadata that observability backends use for filtering, grouping, and querying. Use semantic conventions for consistent attributes:
instrument_tracer:with_span(<<"http.request">>, #{kind => server}, fun() ->
    %% HTTP attributes - indexed for filtering/querying
    instrument_tracer:set_attributes(#{
        <<"http.method">> => Method,          %% Filter by GET/POST/etc.
        <<"http.url">> => Url,
        <<"http.target">> => Path,            %% Group latencies by endpoint
        <<"http.host">> => Host,
        <<"http.scheme">> => <<"https">>,
        <<"http.user_agent">> => UserAgent
    }),

    Response = handle(Req),

    %% Add response attributes - enables status code filtering
    instrument_tracer:set_attributes(#{
        <<"http.status_code">> => StatusCode,
        <<"http.response_content_length">> => ContentLength
    }),

    Response
end).
Attribute Types and Indexing
Backends index attributes by type, enabling different query operations:
instrument_tracer:set_attributes(#{
    %% String attributes - exact match, contains, regex
    <<"user.id">> => <<"user-12345">>,
    <<"customer.tier">> => <<"enterprise">>,

    %% Numeric attributes - range queries, aggregations
    <<"order.total">> => 299.99,
    <<"retry.count">> => 3,

    %% Boolean attributes - binary filtering
    <<"cache.hit">> => true,
    <<"auth.mfa_used">> => false
}).
Example queries in observability backends:
	customer.tier = "enterprise" AND order.total > 100
	http.status_code >= 500
	cache.hit = false AND duration > 1s

Recording Errors
instrument_tracer:with_span(<<"process_order">>, fun() ->
    try
        Result = do_process(Order),
        instrument_tracer:set_status(ok),
        Result
    catch
        error:Reason:Stacktrace ->
            %% Record exception details
            instrument_tracer:record_exception(Reason, #{
                stacktrace => Stacktrace
            }),
            instrument_tracer:set_status(error, <<"Order processing failed">>),
            {error, Reason}
    end
end).
Adding Events
Events are timestamped annotations within a span:
instrument_tracer:with_span(<<"process_order">>, fun() ->
    instrument_tracer:add_event(<<"order.received">>, #{
        <<"order.id">> => OrderId
    }),

    ValidatedOrder = validate(Order),
    instrument_tracer:add_event(<<"order.validated">>),

    ProcessedOrder = process(ValidatedOrder),
    instrument_tracer:add_event(<<"order.processed">>),

    save(ProcessedOrder),
    instrument_tracer:add_event(<<"order.saved">>),

    ProcessedOrder
end).
Manual Span Management
When with_span doesn't fit your control flow:
handle_async_operation(Data) ->
    %% Start span manually
    Span = instrument_tracer:start_span(<<"async_operation">>, #{
        attributes => #{<<"data.size">> => byte_size(Data)}
    }),

    %% Pass span context to async handler
    SpanCtx = instrument_tracer:span_ctx(Span),

    spawn(fun() ->
        %% In the spawned process, restore context
        Ctx = instrument_context:set_value(instrument_context:new(), span_ctx, SpanCtx),
        instrument_context:attach(Ctx),

        try
            do_async_work(Data),
            instrument_tracer:set_status(ok)
        catch
            _:Reason ->
                instrument_tracer:record_exception(Reason),
                instrument_tracer:set_status(error)
        after
            instrument_tracer:end_span(Span)
        end
    end).
Context Propagation
Within the Same Process
Context is automatically propagated through the process dictionary:
instrument_tracer:with_span(<<"parent">>, fun() ->
    %% Child span automatically has parent context
    instrument_tracer:with_span(<<"child">>, fun() ->
        %% Both share the same trace_id
        do_work()
    end)
end).
Across Process Boundaries
Use propagation helpers to maintain trace context:
%% Spawning with context
instrument_tracer:with_span(<<"coordinator">>, fun() ->
    %% Context automatically propagated
    Pid = instrument_propagation:spawn(fun() ->
        %% This process has the trace context
        instrument_tracer:with_span(<<"worker">>, fun() ->
            do_work()
        end)
    end),

    %% Or spawn_link
    Pid2 = instrument_propagation:spawn_link(fun() ->
        process_task()
    end)
end).
Across Service Boundaries (HTTP)
Injecting Context (Client Side)
make_request(Method, Url, Body) ->
    instrument_tracer:with_span(<<"http.request">>, #{kind => client}, fun() ->
        instrument_tracer:set_attributes(#{
            <<"http.method">> => Method,
            <<"http.url">> => Url
        }),

        %% Inject trace context into headers
        Headers = instrument_propagation:inject_headers(instrument_context:current()),

        %% Make request with propagated context
        Response = httpc:request(Method, {Url, Headers, "application/json", Body}, [], []),

        Response
    end).
Extracting Context (Server Side)
handle_request(Headers, Body) ->
    %% Extract context from incoming headers
    Ctx = instrument_propagation:extract_headers(Headers),
    instrument_context:attach(Ctx),

    %% Continue the trace
    instrument_tracer:with_span(<<"handle_request">>, #{kind => server}, fun() ->
        process(Body)
    end).
Baggage Propagation
Propagate key-value pairs across service boundaries:
%% Set baggage (propagates to downstream services)
instrument_baggage:set(<<"user.id">>, UserId),
instrument_baggage:set(<<"request.id">>, RequestId),

%% Read baggage (from upstream services)
UserId = instrument_baggage:get(<<"user.id">>),

%% Baggage is automatically included in propagation headers
Headers = instrument_propagation:inject_headers(instrument_context:current()).
Logger Integration
Installation
%% In your application start
start(_StartType, _StartArgs) ->
    %% Install logger filter for automatic trace context
    instrument_logger:install(),

    %% Your supervisor start
    my_app_sup:start_link().
Automatic Trace Correlation
Once installed, all logger calls within spans automatically include trace context:
instrument_tracer:with_span(<<"process_order">>, fun() ->
    %% These logs automatically include trace_id and span_id
    logger:info("Starting order processing"),
    logger:info("Order validated", #{order_id => OrderId}),
    logger:warning("Inventory low", #{product_id => ProductId}),

    process_order(Order)
end).
Log output includes trace context:
2024-01-15T10:30:45.123Z [INFO] [trace_id=abc123... span_id=def456...] Starting order processing
Manual Context Addition
If you need to add context manually:
Meta = instrument_logger:add_trace_context(#{custom_field => value}),
logger:info("Message", Meta).
OTel-Compatible API
For OpenTelemetry-style instrumentation:
Meter API
%% Get a meter
Meter = instrument_meter:get_meter(<<"my_service">>, #{
    version => <<"1.0.0">>
}),

%% Create instruments
Counter = instrument_meter:create_counter(Meter, <<"requests_total">>, #{
    description => <<"Total requests processed">>,
    unit => <<"1">>
}),

Histogram = instrument_meter:create_histogram(Meter, <<"request_duration">>, #{
    description => <<"Request duration">>,
    unit => <<"s">>,
    boundaries => [0.01, 0.05, 0.1, 0.5, 1.0, 5.0]
}),

Gauge = instrument_meter:create_gauge(Meter, <<"queue_size">>, #{
    description => <<"Current queue size">>,
    unit => <<"1">>
}),

%% Record measurements with attributes
instrument_meter:add(Counter, 1, #{method => <<"GET">>, status => 200}),
instrument_meter:record(Histogram, 0.125, #{endpoint => <<"/api/users">>}),
instrument_meter:set(Gauge, 42, #{queue => <<"default">>}).
Tracer API
%% Get a tracer
Tracer = instrument_tracer:get_tracer(<<"my_service">>, #{
    version => <<"1.0.0">>
}),

%% Create spans with full control
Span = instrument_tracer:start_span(<<"operation">>, #{
    kind => server,
    attributes => #{<<"key">> => <<"value">>},
    links => [PreviousSpanCtx]
}),

%% Modify span
instrument_tracer:set_attribute(<<"result">>, <<"success">>),
instrument_tracer:add_event(<<"checkpoint_reached">>),

%% End span
instrument_tracer:end_span(Span).
Best Practices
Metric Naming
%% Use snake_case with unit suffix
http_request_duration_seconds    %% Good
http_requests_total              %% Good
httpRequestDuration              %% Bad (camelCase)
http_request_duration            %% Bad (missing unit)

%% Use _total suffix for counters
requests_total                   %% Good
request_count                    %% Avoid
Label Cardinality
%% Good: Low cardinality labels
[method, status_code, endpoint_pattern]

%% Bad: High cardinality labels (causes memory issues!)
[user_id, request_id, timestamp]  %% Millions of unique combinations!
Span Granularity
%% Good: Meaningful operations
instrument_tracer:with_span(<<"db.query">>, fun() -> ... end).
instrument_tracer:with_span(<<"cache.get">>, fun() -> ... end).
instrument_tracer:with_span(<<"http.request">>, fun() -> ... end).

%% Bad: Too granular
instrument_tracer:with_span(<<"parse_integer">>, fun() -> ... end).
instrument_tracer:with_span(<<"string_concat">>, fun() -> ... end).
Error Handling
%% Always set status and record exceptions
instrument_tracer:with_span(<<"operation">>, fun() ->
    try
        Result = risky_operation(),
        instrument_tracer:set_status(ok),
        Result
    catch
        Class:Reason:Stacktrace ->
            instrument_tracer:record_exception(Reason, #{stacktrace => Stacktrace}),
            instrument_tracer:set_status(error, format_error(Class, Reason)),
            erlang:raise(Class, Reason, Stacktrace)
    end
end).
Examples
Complete HTTP Server Instrumentation
-module(my_http_handler).
-export([init/0, handle/2]).

init() ->
    %% Initialize metrics
    instrument_metric:new_counter_vec(http_requests_total, "HTTP requests", [method, path, status]),
    instrument_metric:new_histogram_vec(http_request_duration_seconds, "Request duration",
        [method, path], [0.001, 0.01, 0.1, 1.0, 10.0]),
    instrument_metric:new_gauge(http_requests_in_flight, "In-flight requests"),

    %% Install logger integration
    instrument_logger:install().

handle(#{method := Method, path := Path, headers := Headers} = Req, State) ->
    %% Extract trace context from headers
    Ctx = instrument_propagation:extract_headers(Headers),
    instrument_context:attach(Ctx),

    %% Track in-flight
    instrument_metric:inc_gauge(http_requests_in_flight),
    Start = erlang:monotonic_time(),

    instrument_tracer:with_span(<<"http.request">>, #{kind => server}, fun() ->
        instrument_tracer:set_attributes(#{
            <<"http.method">> => Method,
            <<"http.target">> => Path
        }),

        try
            {Status, Body} = process_request(Req),

            %% Record success metrics
            Duration = duration_seconds(Start),
            instrument_metric:inc_counter_vec(http_requests_total, [Method, Path, integer_to_list(Status)]),
            instrument_metric:observe_histogram_vec(http_request_duration_seconds, [Method, Path], Duration),

            instrument_tracer:set_attributes(#{<<"http.status_code">> => Status}),
            instrument_tracer:set_status(ok),

            {Status, Body, State}
        catch
            _:Reason:Stack ->
                Duration = duration_seconds(Start),
                instrument_metric:inc_counter_vec(http_requests_total, [Method, Path, "500"]),
                instrument_metric:observe_histogram_vec(http_request_duration_seconds, [Method, Path], Duration),

                instrument_tracer:record_exception(Reason, #{stacktrace => Stack}),
                instrument_tracer:set_status(error, <<"Internal server error">>),

                {500, <<"Internal Server Error">>, State}
        after
            instrument_metric:dec_gauge(http_requests_in_flight)
        end
    end).

duration_seconds(Start) ->
    erlang:convert_time_unit(erlang:monotonic_time() - Start, native, microsecond) / 1_000_000.

process_request(#{path := <<"/api/users">>} = Req) ->
    instrument_tracer:with_span(<<"fetch_users">>, fun() ->
        Users = db_fetch_users(),
        {200, encode_json(Users)}
    end);
process_request(_) ->
    {404, <<"Not Found">>}.
Database Client Instrumentation
-module(my_db).
-export([query/2, transaction/1]).

query(SQL, Params) ->
    instrument_tracer:with_span(<<"db.query">>, #{kind => client}, fun() ->
        instrument_tracer:set_attributes(#{
            <<"db.system">> => <<"postgresql">>,
            <<"db.statement">> => sanitize_sql(SQL),
            <<"db.operation">> => extract_operation(SQL)
        }),

        Start = erlang:monotonic_time(),
        try
            Result = pgsql:query(SQL, Params),
            Duration = duration_seconds(Start),
            instrument_metric:observe_histogram(db_query_duration_seconds, Duration),
            instrument_tracer:set_status(ok),
            Result
        catch
            _:Reason:Stack ->
                instrument_metric:inc_counter(db_errors_total),
                instrument_tracer:record_exception(Reason, #{stacktrace => Stack}),
                instrument_tracer:set_status(error, <<"Query failed">>),
                error(Reason)
        end
    end).

transaction(Fun) ->
    instrument_tracer:with_span(<<"db.transaction">>, #{kind => client}, fun() ->
        pgsql:transaction(fun() ->
            Fun()
        end)
    end).
Message Queue Consumer
-module(my_consumer).
-export([handle_message/1]).

handle_message(#{headers := Headers, body := Body, queue := Queue}) ->
    %% Extract context from message headers
    Ctx = instrument_propagation:extract_headers(Headers),
    instrument_context:attach(Ctx),

    instrument_tracer:with_span(<<"process_message">>, #{kind => consumer}, fun() ->
        instrument_tracer:set_attributes(#{
            <<"messaging.system">> => <<"rabbitmq">>,
            <<"messaging.destination">> => Queue,
            <<"messaging.operation">> => <<"process">>
        }),

        try
            Result = process_message_body(Body),
            instrument_metric:inc_counter_vec(messages_processed_total, [Queue, "success"]),
            instrument_tracer:set_status(ok),
            Result
        catch
            _:Reason:Stack ->
                instrument_metric:inc_counter_vec(messages_processed_total, [Queue, "error"]),
                instrument_tracer:record_exception(Reason, #{stacktrace => Stack}),
                instrument_tracer:set_status(error),
                {error, Reason}
        end
    end).

Summary
	Metrics: Use counters for totals, gauges for current state, histograms for distributions
	Traces: Wrap operations in spans, set meaningful attributes, record errors
	Context: Propagate across processes and services using propagation helpers
	Logs: Install logger integration for automatic trace correlation
	Best Practices: Low cardinality labels, meaningful span names, proper error handling



  

    Context Propagation

This guide covers context propagation in depth, including manual context management without helpers.
Table of Contents
	Understanding Context
	Context API
	Manual Context Management
	Process Spawning
	Cross-Service Propagation
	Baggage
	Advanced Patterns

Understanding Context
Context is a mechanism for propagating request-scoped data across API boundaries and between processes. It carries:
	Span Context: Trace ID, span ID, and trace flags for distributed tracing
	Baggage: Key-value pairs that propagate across service boundaries
	Custom Values: Any application-specific data you want to propagate

Context is immutable. Every operation that modifies context returns a new context.
Context API
Creating and Manipulating Context
%% Create a new empty context
Ctx = instrument_context:new().
%% Returns: #{}

%% Get the current context (from process dictionary)
Ctx = instrument_context:current().

%% Set a value in context (returns new context)
Ctx2 = instrument_context:set_value(Ctx, my_key, my_value).

%% Get a value from context
Value = instrument_context:get_value(Ctx2, my_key).
%% Returns: my_value

%% Get with default
Value = instrument_context:get_value(Ctx2, missing_key, default_value).
%% Returns: default_value

%% Remove a value (returns new context)
Ctx3 = instrument_context:remove_value(Ctx2, my_key).
Attaching and Detaching Context
%% Attach context to current process
%% Returns a token for proper restoration
Token = instrument_context:attach(Ctx).

%% ... do work with Ctx as the current context ...

%% Detach and restore previous context
ok = instrument_context:detach(Token).
Important: Always pair attach with detach to avoid context leaks. Use try/after for safety:
safe_with_context(Ctx, Fun) ->
    Token = instrument_context:attach(Ctx),
    try
        Fun()
    after
        instrument_context:detach(Token)
    end.
Scoped Context Execution
%% Execute a function with a specific context
Result = instrument_context:with_context(Ctx, fun() ->
    %% Current context is Ctx here
    Current = instrument_context:current(),
    %% Current =:= Ctx
    do_work()
end).
%% Context is automatically restored after
Manual Context Management
Without Helpers: Basic Pattern
When you need full control over context propagation:
%% Step 1: Capture current context
Ctx = instrument_context:current().

%% Step 2: Pass context explicitly or through message
spawn(fun() ->
    %% Step 3: Attach context in new process
    Token = instrument_context:attach(Ctx),
    try
        %% Step 4: Work is now in the same trace context
        do_work()
    after
        %% Step 5: Clean up
        instrument_context:detach(Token)
    end
end).
Manual Span Propagation
%% In the parent process
parent_process() ->
    %% Start a span
    _Span = instrument_tracer:start_span(<<"parent_operation">>),

    %% Get the full context (includes span_ctx)
    Ctx = instrument_context:current(),

    %% Spawn child and pass context
    Pid = spawn(fun() -> child_process(Ctx) end),

    %% Continue parent work...
    do_parent_work(),

    %% End parent span
    instrument_tracer:end_span().

%% In the child process
child_process(ParentCtx) ->
    %% Attach parent context
    Token = instrument_context:attach(ParentCtx),
    try
        %% Now we're in the same trace
        %% Start a child span (will be linked to parent)
        instrument_tracer:with_span(<<"child_operation">>, fun() ->
            do_child_work()
        end)
    after
        instrument_context:detach(Token)
    end.
Extracting Span Context Directly
%% Get just the span context record
SpanCtx = instrument_tracer:span_ctx().
%% Returns: #span_ctx{trace_id, span_id, trace_flags, trace_state, is_remote}

%% Or from a specific span
Span = instrument_tracer:start_span(<<"my_span">>),
SpanCtx = instrument_tracer:span_ctx(Span).

%% Access individual fields
TraceId = instrument_tracer:trace_id().       %% Hex string
SpanId = instrument_tracer:span_id().         %% Hex string
IsRecording = instrument_tracer:is_recording().
IsSampled = instrument_tracer:is_sampled().
Building Context from Span Context
%% If you have a span context from elsewhere
SpanCtx = #span_ctx{
    trace_id = TraceId,
    span_id = SpanId,
    trace_flags = 1,
    is_remote = true
}.

%% Build a context containing this span context
Ctx = instrument_context:new(),
Ctx2 = instrument_context:set_value(Ctx, span_ctx, SpanCtx).

%% Attach and create child spans
Token = instrument_context:attach(Ctx2),
try
    %% This span will be a child of SpanCtx
    instrument_tracer:with_span(<<"child">>, fun() ->
        do_work()
    end)
after
    instrument_context:detach(Token)
end.
Process Spawning
Manual Spawning (Without Helpers)
%% Capture context before spawn
spawn_with_trace(Fun) ->
    Ctx = instrument_context:current(),
    spawn(fun() ->
        Token = instrument_context:attach(Ctx),
        try
            Fun()
        after
            instrument_context:detach(Token)
        end
    end).

%% With spawn_link
spawn_link_with_trace(Fun) ->
    Ctx = instrument_context:current(),
    spawn_link(fun() ->
        Token = instrument_context:attach(Ctx),
        try
            Fun()
        after
            instrument_context:detach(Token)
        end
    end).

%% With spawn_monitor
spawn_monitor_with_trace(Fun) ->
    Ctx = instrument_context:current(),
    spawn_monitor(fun() ->
        Token = instrument_context:attach(Ctx),
        try
            Fun()
        after
            instrument_context:detach(Token)
        end
    end).
Using Helper Functions
The library provides helpers for common patterns:
%% Simple spawn with context
Pid = instrument_propagation:spawn(fun() -> work() end).

%% Spawn link with context
Pid = instrument_propagation:spawn_link(fun() -> work() end).

%% Spawn monitor with context
{Pid, Ref} = instrument_propagation:spawn_monitor(fun() -> work() end).

%% Spawn with options
Pid = instrument_propagation:spawn_opt(fun() -> work() end, [link, {priority, high}]).
gen_server Integration
%% Without helpers: explicit context in messages
-module(my_server).
-behaviour(gen_server).

%% Client functions pass context
call_with_context(Pid, Request) ->
    Ctx = instrument_context:current(),
    gen_server:call(Pid, {with_ctx, Ctx, Request}).

cast_with_context(Pid, Msg) ->
    Ctx = instrument_context:current(),
    gen_server:cast(Pid, {with_ctx, Ctx, Msg}).

%% Server handles context
handle_call({with_ctx, Ctx, Request}, From, State) ->
    Token = instrument_context:attach(Ctx),
    try
        instrument_tracer:with_span(<<"handle_call">>, fun() ->
            do_handle_call(Request, From, State)
        end)
    after
        instrument_context:detach(Token)
    end;
handle_call(Request, From, State) ->
    %% No context - handle normally
    do_handle_call(Request, From, State).

handle_cast({with_ctx, Ctx, Msg}, State) ->
    Token = instrument_context:attach(Ctx),
    try
        instrument_tracer:with_span(<<"handle_cast">>, fun() ->
            do_handle_cast(Msg, State)
        end)
    after
        instrument_context:detach(Token)
    end.
Or use the provided helpers:
%% Using helpers
Result = instrument_propagation:call_with_context(Pid, Request),
ok = instrument_propagation:cast_with_context(Pid, Msg).

%% Server side: check for wrapped messages
handle_call({'$instrument_call', Ctx, Request}, From, State) ->
    Token = instrument_context:attach(Ctx),
    try
        handle_call(Request, From, State)
    after
        instrument_context:detach(Token)
    end;
handle_call(Request, From, State) ->
    %% Normal handling
    ...
Cross-Service Propagation
Propagation Formats
The library supports multiple propagation formats:
W3C TraceContext (Default)
traceparent: 00-{trace_id}-{span_id}-{flags}
tracestate: vendor1=value1,vendor2=value2
baggage: key1=value1,key2=value2
B3 Single Header (Zipkin)
b3: {trace_id}-{span_id}-{sampling_state}-{parent_span_id}
Configure via environment or code:
%% Environment variable
os:putenv("OTEL_PROPAGATORS", "b3"),
instrument_config:init().

%% Or programmatically
instrument_propagator:set_propagators([instrument_propagator_b3]).
B3 Multi Header (Zipkin)
X-B3-TraceId: {trace_id}
X-B3-SpanId: {span_id}
X-B3-ParentSpanId: {parent_span_id}
X-B3-Sampled: 0 or 1
X-B3-Flags: 1 (debug)
Configure:
os:putenv("OTEL_PROPAGATORS", "b3multi"),
instrument_config:init().

%% Or programmatically
instrument_propagator:set_propagators([instrument_propagator_b3_multi]).
Manual Header Injection
%% Get current context
Ctx = instrument_context:current(),

%% Inject into a carrier map
Carrier = instrument_propagation:inject(Ctx, #{}),
%% Carrier now contains:
%% #{
%%   <<"traceparent">> => <<"00-abc123...-def456...-01">>,
%%   <<"tracestate">> => <<"...">>,
%%   <<"baggage">> => <<"key1=value1">>
%% }

%% Convert to HTTP headers format
Headers = maps:to_list(Carrier).
%% [{<<"traceparent">>, <<"...">>}, ...]
Manual Header Extraction
%% From HTTP headers (list of tuples)
Headers = [{<<"traceparent">>, <<"00-abc...-def...-01">>},
           {<<"baggage">>, <<"user_id=123">>}],

%% Extract into context
Ctx = instrument_propagation:extract_headers(Headers),

%% Attach and continue trace
Token = instrument_context:attach(Ctx),
try
    instrument_tracer:with_span(<<"handle_request">>, #{kind => server}, fun() ->
        %% This span continues the trace from the caller
        process_request()
    end)
after
    instrument_context:detach(Token)
end.
Using inject/extract Directly
%% Inject into any carrier map
Carrier = #{},
Carrier2 = instrument_propagation:inject(Ctx, Carrier).

%% Extract from any carrier map
Carrier = #{<<"traceparent">> => Value, ...},
Ctx = instrument_propagation:extract(Carrier).

%% Or extract into existing context
ExistingCtx = instrument_context:new(),
NewCtx = instrument_propagation:extract(Carrier, ExistingCtx).
Raw Traceparent Parsing
For complete manual control:
%% Parse traceparent header manually
Traceparent = <<"00-0af7651916cd43dd8448eb211c80319c-b7ad6b7169203331-01">>,

%% Split into components
[Version, TraceIdHex, SpanIdHex, FlagsHex] = binary:split(Traceparent, <<"-">>, [global]),

%% Convert to binary
TraceId = instrument_id:hex_to_trace_id(TraceIdHex),
SpanId = instrument_id:hex_to_span_id(SpanIdHex),
Flags = binary_to_integer(FlagsHex, 16),

%% Build span context
SpanCtx = #span_ctx{
    trace_id = TraceId,
    span_id = SpanId,
    trace_flags = Flags,
    is_remote = true
},

%% Put into context
Ctx = instrument_context:set_value(instrument_context:new(), span_ctx, SpanCtx).
Baggage
Baggage is key-value data that propagates across service boundaries.
Setting and Getting Baggage
%% Set baggage (updates current context)
ok = instrument_baggage:set(<<"user_id">>, <<"12345">>),
ok = instrument_baggage:set(<<"tenant">>, <<"acme">>),

%% Set with metadata
ok = instrument_baggage:set(<<"request_id">>, <<"req-abc">>, #{
    <<"propagation">> => <<"always">>
}),

%% Get baggage
UserId = instrument_baggage:get(<<"user_id">>),      %% <<"12345">>
Missing = instrument_baggage:get(<<"missing">>),     %% undefined
Default = instrument_baggage:get(<<"missing">>, <<"default">>),  %% <<"default">>

%% Get all baggage
All = instrument_baggage:get_all().
%% #{<<"user_id">> => <<"12345">>, <<"tenant">> => <<"acme">>}

%% Remove baggage
ok = instrument_baggage:remove(<<"user_id">>),

%% Clear all baggage
ok = instrument_baggage:clear().
Manual Baggage with Context
%% Get baggage from a context
Ctx = instrument_context:current(),
Baggage = instrument_baggage:from_context(Ctx).

%% Put baggage into a context
NewBaggage = #{<<"key">> => {<<"value">>, #{}}},
NewCtx = instrument_baggage:to_context(Ctx, NewBaggage).
W3C Baggage Format
%% Encode baggage to W3C format
Baggage = #{
    <<"user_id">> => {<<"123">>, #{}},
    <<"tenant">> => {<<"acme">>, #{}}
},
Encoded = instrument_baggage:encode(Baggage).
%% <<"user_id=123,tenant=acme">>

%% Decode from W3C format
Decoded = instrument_baggage:decode(<<"user_id=123,tenant=acme">>).
%% #{<<"user_id">> => {<<"123">>, #{}}, ...}
Advanced Patterns
Worker Pool with Trace Context
-module(traced_pool).

%% Submit work with trace context
submit(Pool, Work) ->
    Ctx = instrument_context:current(),
    poolboy:transaction(Pool, fun(Worker) ->
        gen_server:call(Worker, {work, Ctx, Work})
    end).

%% Worker implementation
handle_call({work, Ctx, Work}, _From, State) ->
    Token = instrument_context:attach(Ctx),
    try
        Result = instrument_tracer:with_span(<<"pool_work">>, fun() ->
            execute_work(Work)
        end),
        {reply, Result, State}
    after
        instrument_context:detach(Token)
    end.
Async Task with Context
%% Start async task that preserves context
start_async_task(Task) ->
    Ctx = instrument_context:current(),
    Span = instrument_tracer:start_span(<<"async_task">>),
    SpanCtx = instrument_tracer:span_ctx(Span),

    Pid = spawn(fun() ->
        Token = instrument_context:attach(Ctx),
        try
            %% Restore span context for this task
            instrument_tracer:with_span(<<"async_work">>, #{
                parent => SpanCtx
            }, fun() ->
                execute_task(Task)
            end)
        after
            instrument_context:detach(Token),
            %% End the parent span when async work completes
            instrument_tracer:end_span(Span)
        end
    end),

    {ok, Pid}.
Context in ETS/Persistent Storage
%% Store context for later retrieval
store_context(Key) ->
    Ctx = instrument_context:current(),
    ets:insert(context_store, {Key, Ctx}).

%% Retrieve and use stored context
with_stored_context(Key, Fun) ->
    case ets:lookup(context_store, Key) of
        [{Key, Ctx}] ->
            Token = instrument_context:attach(Ctx),
            try
                Fun()
            after
                instrument_context:detach(Token)
            end;
        [] ->
            Fun()
    end.
Timeout with Context Cleanup
%% Execute with timeout, ensuring context cleanup
execute_with_timeout(Fun, Timeout) ->
    Parent = self(),
    Ctx = instrument_context:current(),

    {Pid, Ref} = spawn_monitor(fun() ->
        Token = instrument_context:attach(Ctx),
        try
            Result = Fun(),
            Parent ! {self(), {ok, Result}}
        catch
            Class:Reason:Stack ->
                Parent ! {self(), {error, Class, Reason, Stack}}
        after
            instrument_context:detach(Token)
        end
    end),

    receive
        {Pid, {ok, Result}} ->
            demonitor(Ref, [flush]),
            Result;
        {Pid, {error, Class, Reason, Stack}} ->
            demonitor(Ref, [flush]),
            erlang:raise(Class, Reason, Stack);
        {'DOWN', Ref, process, Pid, Reason} ->
            error({worker_died, Reason})
    after Timeout ->
        demonitor(Ref, [flush]),
        exit(Pid, kill),
        error(timeout)
    end.

Summary
	Need	With Helpers	Without Helpers
	Get context	instrument_context:current()	Same
	Set value	instrument_context:set_value(Ctx, K, V)	Same
	Attach context	instrument_context:attach(Ctx)	Same
	Spawn with context	instrument_propagation:spawn(Fun)	Capture + attach manually
	HTTP inject	instrument_propagation:inject_headers(Ctx)	Build traceparent manually
	HTTP extract	instrument_propagation:extract_headers(Headers)	Parse + build span_ctx

Key principles:
	Context is immutable - operations return new contexts
	Always pair attach with detach
	Use try/after for safe cleanup
	Explicitly pass context across process boundaries



  

    Exporters Guide

This guide covers exporting telemetry data (spans, metrics, logs) to various backends.
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Overview
The instrument library provides export systems for spans (traces), metrics, and logs. All systems support batch export and multiple simultaneous backends.
	Span exporters handle trace data via instrument_exporter
	Metrics exporters handle metric data via instrument_metrics_exporter
	Log exporters handle log data via instrument_log_exporter

All exporter systems start automatically with the application.
Quick Start
%% Register span exporters
instrument_exporter:register(instrument_exporter_console:new()),
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})),

%% Register metrics exporters
instrument_metrics_exporter:register(instrument_metrics_exporter_console:new()),
instrument_metrics_exporter:register(instrument_metrics_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})),

%% Register log exporters
instrument_log_exporter:register(instrument_log_exporter_console:new()),
instrument_log_exporter:register(instrument_log_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})),
%% Enable log export via logger
instrument_logger:install(#{exporter => true}),

%% Spans are exported when they end
instrument_tracer:with_span(<<"my_operation">>, fun() ->
    do_work()
end).

%% Metrics are collected and exported periodically (default: 60s)
instrument_metric:inc_counter(my_counter).

%% Logs are exported when using logger
logger:info("This will be exported with trace context").
Span Exporters
Console Exporter
The console exporter prints spans to stdout or a file. Useful for debugging and development.
Basic Usage
%% Default: text format to stdout
instrument_exporter:register(instrument_exporter_console:new()).
Configuration Options
	Option	Type	Default	Description
	format	text | json	text	Output format
	output	standard_io | standard_error | {file, Path}	standard_io	Output destination

Text Format
instrument_exporter:register(instrument_exporter_console:new(#{
    format => text
})).
Output example:
=== SPAN ===
Name:       process_order
TraceId:    abc123def456...
SpanId:     789xyz...
ParentId:   none
Kind:       server
Duration:   125.34ms
Status:     OK
Attributes:
  order.id: <<"12345">>
  customer.id: <<"67890">>
Events:
  @2024-01-15T10:30:45.123456Z: order_validated
  @2024-01-15T10:30:45.234567Z: payment_processed
============
JSON Format
instrument_exporter:register(instrument_exporter_console:new(#{
    format => json
})).
Output example (one line per span):
{"name":"process_order","traceId":"abc123...","spanId":"789xyz...","kind":"server","status":{"code":"OK"},...}
Writing to File
instrument_exporter:register(instrument_exporter_console:new(#{
    format => json,
    output => {file, "/var/log/traces.jsonl"}
})).
OTLP Exporter
The OTLP exporter sends spans to an OpenTelemetry Collector or compatible backend using OTLP/HTTP with JSON encoding.
Basic Usage
%% Export to local collector
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})).
Configuration Options
	Option	Type	Default	Description
	endpoint	string | binary	required	Base URL of OTLP receiver
	headers	map	#{}	Additional HTTP headers
	compression	none | gzip	none	Request compression
	timeout	integer	10000	Request timeout in ms
	traces_path	binary	<<"/v1/traces">>	API path

With Authentication
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "https://otel.example.com:4318",
    headers => #{
        <<"Authorization">> => <<"Bearer your-api-key">>,
        <<"X-Custom-Header">> => <<"value">>
    }
})).
With Compression
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "http://localhost:4318",
    compression => gzip
})).
Configuring Service Name
Set the service name via application environment:
%% In sys.config
{instrument, [
    {service_name, <<"my-service">>}
]}
Or at runtime:
application:set_env(instrument, service_name, <<"my-service">>).
Metrics Exporters
The metrics exporter system collects and exports metrics periodically (default: 60 seconds). Metrics are collected from the instrument registry and sent to all registered exporters.
Metrics Console Exporter
The console exporter prints metrics to stdout for debugging.
Basic Usage
%% Default: text format to stdout
instrument_metrics_exporter:register(instrument_metrics_exporter_console:new()).
Configuration Options
	Option	Type	Default	Description
	format	text | json	text	Output format
	output	standard_io | standard_error | {file, Path}	standard_io	Output destination

Text Format
instrument_metrics_exporter:register(instrument_metrics_exporter_console:new(#{
    format => text
})).
Output example:
# HTTP request counter
[2026-03-31T12:00:00.000000Z] http_requests_total{method="GET",status="200"} 1234
[2026-03-31T12:00:00.000000Z] active_connections{} 42
JSON Format
instrument_metrics_exporter:register(instrument_metrics_exporter_console:new(#{
    format => json
})).
Output example (one line per metric):
{"name":"http_requests_total","type":"counter","dataPoints":[{"attributes":{},"value":1234,"timeUnixNano":1711879200000000000}]}
Metrics OTLP Exporter
The OTLP metrics exporter sends metrics to an OpenTelemetry Collector using OTLP/HTTP with JSON encoding.
Basic Usage
instrument_metrics_exporter:register(instrument_metrics_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})).
Configuration Options
	Option	Type	Default	Description
	endpoint	string | binary	required	Base URL of OTLP receiver
	headers	map	#{}	Additional HTTP headers
	compression	none | gzip	none	Request compression
	timeout	integer	10000	Request timeout in ms
	metrics_path	binary	<<"/v1/metrics">>	API path

With Authentication
instrument_metrics_exporter:register(instrument_metrics_exporter_otlp:new(#{
    endpoint => "https://otel.example.com:4318",
    headers => #{
        <<"Authorization">> => <<"Bearer your-api-key">>
    }
})).
With Compression
instrument_metrics_exporter:register(instrument_metrics_exporter_otlp:new(#{
    endpoint => "http://localhost:4318",
    compression => gzip
})).
Metrics Export Configuration
Configure the export interval via application environment:
%% In sys.config
{instrument, [
    {metrics_export_interval, 30000}  %% 30 seconds
]}
Or at runtime:
application:set_env(instrument, metrics_export_interval, 30000).
Manual Metrics Flush
Force immediate export of metrics:
ok = instrument_metrics_exporter:flush().
Log Exporters
The log exporter system integrates with Erlang's logger to export log records to various backends. Log records include trace context when available, enabling correlation between logs and traces.
Log Console Exporter
The console log exporter prints log records to stdout or stderr. Useful for debugging and development.
Basic Usage
%% Register console exporter for logs
instrument_log_exporter:register(instrument_log_exporter_console:new()),

%% Enable exporter mode in logger
instrument_logger:install(#{exporter => true}).
Configuration Options
	Option	Type	Default	Description
	format	text | json	text	Output format
	output	standard_io | standard_error	standard_io	Output destination

Text Format
instrument_log_exporter:register(instrument_log_exporter_console:new(#{
    format => text
})).
Output example:
[2026-03-31T12:00:00.000000Z] INFO [trace_id=abc123... span_id=def456...] User logged in {"user":"john"}
JSON Format
instrument_log_exporter:register(instrument_log_exporter_console:new(#{
    format => json
})).
Output example (OTLP-compatible, one line per log):
{"timeUnixNano":"...","severityText":"INFO","body":{"stringValue":"User logged in"},"traceId":"...","spanId":"..."}
Log File Exporter
The file log exporter writes log records to a file with optional rotation support.
Basic Usage
instrument_log_exporter:register(instrument_log_exporter_file:new(#{
    path => "/var/log/app.log"
})).
Configuration Options
	Option	Type	Default	Description
	path	string | binary	required	Log file path
	format	text | json	text	Output format
	max_size	integer	10485760	Max file size in bytes (10MB), 0 = unlimited
	max_files	integer	5	Number of rotated files to keep
	compress	boolean	false	Compress rotated files with gzip

With Rotation
instrument_log_exporter:register(instrument_log_exporter_file:new(#{
    path => "/var/log/app.log",
    format => json,
    max_size => 52428800,   %% 50MB
    max_files => 10,
    compress => true
})).
File rotation behavior:
	When max_size is reached: app.log -> app.log.1 -> app.log.2 -> ...
	If compress=true: rotated files become app.log.1.gz, app.log.2.gz, etc.
	Oldest files beyond max_files are deleted

Log OTLP Exporter
The OTLP log exporter sends log records to an OpenTelemetry Collector using OTLP/HTTP with JSON encoding.
Basic Usage
instrument_log_exporter:register(instrument_log_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})).
Configuration Options
	Option	Type	Default	Description
	endpoint	string | binary	required	Base URL of OTLP receiver
	headers	map	#{}	Additional HTTP headers
	compression	none | gzip	none	Request compression
	timeout	integer	10000	Request timeout in ms
	logs_path	binary	<<"/v1/logs">>	API path

With Authentication
instrument_log_exporter:register(instrument_log_exporter_otlp:new(#{
    endpoint => "https://otel.example.com:4318",
    headers => #{
        <<"Authorization">> => <<"Bearer your-api-key">>
    },
    compression => gzip
})).
Logger Integration
To enable log export, install the logger integration with exporter mode:
%% Register exporters first
instrument_log_exporter:register(instrument_log_exporter_console:new()),

%% Enable exporter mode (logs go to registered exporters)
instrument_logger:install(#{exporter => true}).

%% Now logs are automatically exported
logger:info("This message will be exported"),
logger:error("This error will be exported with trace context").
Within a span, logs automatically include trace context:
instrument_tracer:with_span(<<"process_order">>, fun() ->
    logger:info("Processing order"),  %% Includes trace_id and span_id
    do_work()
end).
Manual Log Flush
Force immediate export of pending logs:
ok = instrument_log_exporter:flush().
Custom Exporters
You can create custom exporters by implementing the exporter behaviour.
Behaviour Callbacks
-module(my_exporter).

%% Required callbacks
-export([init/1, export/2, shutdown/1, force_flush/1]).

%% Initialize the exporter
%% Config is the map passed during registration
-spec init(Config :: map()) -> {ok, State} | {error, Reason}.
init(Config) ->
    %% Setup your exporter
    {ok, #state{...}}.

%% Export a batch of spans
%% Called periodically or when batch is full
-spec export(Spans :: [#span{}], State) -> {ok, NewState} | {error, Reason, NewState}.
export(Spans, State) ->
    %% Send spans to your backend
    lists:foreach(fun(Span) ->
        send_to_backend(Span, State)
    end, Spans),
    {ok, State}.

%% Shutdown the exporter
%% Called when unregistered or application stops
-spec shutdown(State) -> ok.
shutdown(State) ->
    %% Cleanup resources
    ok.

%% Force flush pending data
%% Called on explicit flush
-spec force_flush(State) -> {ok, NewState}.
force_flush(State) ->
    {ok, State}.
Example: Kafka Exporter
-module(instrument_exporter_kafka).

-export([new/1, init/1, export/2, shutdown/1, force_flush/1]).

-record(state, {
    topic :: binary(),
    producer :: pid()
}).

new(Config) ->
    #{module => ?MODULE, config => Config}.

init(#{topic := Topic, brokers := Brokers}) ->
    {ok, Producer} = kafka_producer:start(Brokers),
    {ok, #state{topic = Topic, producer = Producer}}.

export(Spans, #state{topic = Topic, producer = Producer} = State) ->
    Messages = [encode_span(S) || S <- Spans],
    ok = kafka_producer:send(Producer, Topic, Messages),
    {ok, State}.

shutdown(#state{producer = Producer}) ->
    kafka_producer:stop(Producer),
    ok.

force_flush(State) ->
    {ok, State}.

encode_span(Span) ->
    %% Convert span to your preferred format
    json:encode(span_to_map(Span)).
Registering Custom Exporters
instrument_exporter:register(instrument_exporter_kafka:new(#{
    topic => <<"traces">>,
    brokers => ["localhost:9092"]
})).
Batch Processing
The exporter manager batches spans for efficient export.
Batch Configuration
Default settings:
	Batch size: 512 spans
	Batch timeout: 5000ms (5 seconds)

Spans are exported when either threshold is reached.
Manual Flush
Force immediate export of pending spans:
%% Flush all pending spans
ok = instrument_exporter:flush().
Shutdown
Gracefully shutdown all exporters (flushes pending spans first):
ok = instrument_exporter:shutdown().
Configuration
Multiple Exporters
You can register multiple exporters simultaneously:
%% Console for debugging
instrument_exporter:register(instrument_exporter_console:new(#{
    format => text
})),

%% OTLP for collector
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})),

%% Custom exporter for specific needs
instrument_exporter:register(my_custom_exporter:new(#{...})).
Listing Exporters
%% Get list of registered exporter modules
Exporters = instrument_exporter:list().
%% [instrument_exporter_console, instrument_exporter_otlp, ...]
Unregistering Exporters
%% Unregister a specific exporter
ok = instrument_exporter:unregister(instrument_exporter_console).
Production Recommendations
	Use OTLP exporter for production with a collector (Jaeger, Zipkin, etc.)

	Enable compression for high-volume scenarios:
instrument_exporter_otlp:new(#{
    endpoint => "...",
    compression => gzip
})

	Set appropriate timeouts based on your network:
instrument_exporter_otlp:new(#{
    endpoint => "...",
    timeout => 30000  %% 30 seconds for slow networks
})

	Use console exporter only for debugging - it's not designed for production load

	Flush before shutdown in your application stop:
stop(_State) ->
    instrument_exporter:flush(),
    ok.


Sending to External Collectors
The OTLP exporter can send telemetry to any OTLP-compatible backend. Here are common configurations.
OpenTelemetry Collector
The OpenTelemetry Collector is a vendor-agnostic proxy that receives, processes, and exports telemetry data.
Docker Setup:
# Run the collector
docker run -p 4317:4317 -p 4318:4318 \
  -v $(pwd)/otel-collector-config.yaml:/etc/otelcol/config.yaml \
  otel/opentelemetry-collector:latest

Minimal collector config (otel-collector-config.yaml):
receivers:
  otlp:
    protocols:
      http:
        endpoint: 0.0.0.0:4318

exporters:
  debug:
    verbosity: detailed

service:
  pipelines:
    traces:
      receivers: [otlp]
      exporters: [debug]
    metrics:
      receivers: [otlp]
      exporters: [debug]
    logs:
      receivers: [otlp]
      exporters: [debug]
Erlang configuration:
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})),
instrument_metrics_exporter:register(instrument_metrics_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})),
instrument_log_exporter:register(instrument_log_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})).
Jaeger
Jaeger natively supports OTLP. Send traces directly to Jaeger's OTLP endpoint.
Docker Setup:
docker run -d --name jaeger \
  -p 4317:4317 \
  -p 4318:4318 \
  -p 16686:16686 \
  jaegertracing/all-in-one:latest

Erlang configuration:
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})).
Access the Jaeger UI at http://localhost:16686.
Grafana Tempo
Tempo is Grafana's distributed tracing backend with native OTLP support.
Docker Compose Setup:
version: "3"
services:
  tempo:
    image: grafana/tempo:latest
    command: ["-config.file=/etc/tempo.yaml"]
    volumes:
      - ./tempo.yaml:/etc/tempo.yaml
    ports:
      - "4318:4318"   # OTLP HTTP
      - "3200:3200"   # Tempo API

  grafana:
    image: grafana/grafana:latest
    ports:
      - "3000:3000"
    environment:
      - GF_AUTH_ANONYMOUS_ENABLED=true
      - GF_AUTH_ANONYMOUS_ORG_ROLE=Admin
Tempo config (tempo.yaml):
server:
  http_listen_port: 3200

distributor:
  receivers:
    otlp:
      protocols:
        http:

storage:
  trace:
    backend: local
    local:
      path: /tmp/tempo/blocks
Erlang configuration:
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "http://localhost:4318"
})).
Cloud Backends
Most cloud observability platforms support OTLP. The pattern is similar: provide the endpoint URL and authentication headers.
Generic OTLP Pattern:
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "https://otlp.your-provider.com:4318",
    headers => #{
        <<"Authorization">> => <<"Bearer your-api-key">>,
        <<"X-Custom-Header">> => <<"value">>
    },
    compression => gzip
})).
Datadog (via OTLP):
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "https://trace.agent.datadoghq.com:4318",
    headers => #{
        <<"DD-API-KEY">> => <<"your-datadog-api-key">>
    }
})).
Honeycomb:
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "https://api.honeycomb.io:443",
    headers => #{
        <<"x-honeycomb-team">> => <<"your-api-key">>,
        <<"x-honeycomb-dataset">> => <<"your-dataset">>
    }
})).
New Relic:
instrument_exporter:register(instrument_exporter_otlp:new(#{
    endpoint => "https://otlp.nr-data.net:4318",
    headers => #{
        <<"api-key">> => <<"your-license-key">>
    }
})).
Environment Variable Configuration
Configure endpoints via environment variables for flexibility across environments:
export OTEL_EXPORTER_OTLP_ENDPOINT="http://otel-collector:4318"
export OTEL_EXPORTER_OTLP_HEADERS="Authorization=Bearer token"

%% Initialize from environment
instrument_config:init().

%% Get configured endpoint
Endpoint = instrument_config:get_otlp_endpoint().
Span Data Structure
Exporters receive spans with the following structure:
#span{
    name :: binary(),              %% Span name
    ctx :: #span_ctx{              %% Span context
        trace_id :: <<_:128>>,
        span_id :: <<_:64>>,
        trace_flags :: 0 | 1,
        trace_state :: [{binary(), binary()}],
        is_remote :: boolean()
    },
    parent_ctx :: #span_ctx{} | undefined,
    kind :: client | server | producer | consumer | internal,
    start_time :: integer(),       %% Monotonic nanoseconds
    end_time :: integer() | undefined,
    attributes :: map(),
    events :: [#span_event{}],
    links :: [#span_link{}],
    status :: unset | ok | {error, binary()},
    is_recording :: boolean()
}
For events:
#span_event{
    name :: binary(),
    timestamp :: integer(),
    attributes :: map()
}
For links:
#span_link{
    ctx :: #span_ctx{},
    attributes :: map()
}


  

    Sampling and Processing Guide

This guide covers how to configure sampling (which spans to record) and processing (how to handle and export spans) in the instrument library.
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Overview
The tracing pipeline has two key stages:
	Sampling - Decides whether a span should be recorded and exported. This happens at span creation time.
	Processing - Handles recorded spans, typically batching and exporting them to backends.

             ┌──────────────┐       ┌─────────────┐       ┌──────────────┐
Span Start ──▶   Sampler    ├──────▶  Processor   ├──────▶   Exporter    │
             │ (drop/record)│       │(batch/export)│       │(OTLP/Console)│
             └──────────────┘       └─────────────┘       └──────────────┘
Samplers
Samplers determine whether spans should be sampled (recorded and exported). The decision is made when a span starts.
Sampling Decisions
	drop - Don't record the span
	record_only - Record but don't export
	record_and_sample - Record and export

AlwaysOn Sampler
Samples every span. Default sampler, suitable for development or low-traffic services.
instrument_sampler:set_sampler(instrument_sampler_always_on).
AlwaysOff Sampler
Drops all spans. Useful for temporarily disabling tracing.
instrument_sampler:set_sampler(instrument_sampler_always_off).
Probability Sampler
Samples a percentage of traces based on trace ID. The decision is deterministic: the same trace ID always produces the same decision, ensuring consistent sampling across services.
%% Sample 10% of traces
instrument_sampler:set_sampler(instrument_sampler_probability, #{ratio => 0.1}).

%% Sample 50% of traces
instrument_sampler:set_sampler(instrument_sampler_probability, #{ratio => 0.5}).
Configuration:
	Option	Type	Default	Description
	ratio	float	1.0	Sampling probability (0.0 to 1.0)

ParentBased Sampler
Respects the parent span's sampling decision. Essential for distributed tracing to maintain consistent sampling across services.
	If parent is sampled, child is sampled
	If parent is not sampled, child is not sampled
	If no parent (root span), delegates to a configurable root sampler

%% ParentBased with probability sampling for root spans
instrument_sampler:set_sampler(instrument_sampler_parent_based, #{
    root => instrument_sampler_probability,
    root_config => #{ratio => 0.1}
}).

%% ParentBased with always-on for root spans (default behavior)
instrument_sampler:set_sampler(instrument_sampler_parent_based, #{
    root => instrument_sampler_always_on
}).
Configuration:
	Option	Type	Default	Description
	root	module	instrument_sampler_always_on	Sampler for root spans
	root_config	map	#{}	Configuration for root sampler
	remote_parent_sampled	module	instrument_sampler_always_on	Sampler when remote parent is sampled
	remote_parent_sampled_config	map	#{}	Config for remote sampled
	remote_parent_not_sampled	module	instrument_sampler_always_off	Sampler when remote parent is not sampled
	remote_parent_not_sampled_config	map	#{}	Config for remote not sampled
	local_parent_sampled	module	instrument_sampler_always_on	Sampler when local parent is sampled
	local_parent_sampled_config	map	#{}	Config for local sampled
	local_parent_not_sampled	module	instrument_sampler_always_off	Sampler when local parent is not sampled
	local_parent_not_sampled_config	map	#{}	Config for local not sampled

Span Processors
Span processors handle spans after they're created. They receive spans on start and end, and are responsible for batching and exporting.
Simple Processor
Exports each span immediately when it ends. Suitable for development and debugging.
instrument_span_processor:register(instrument_span_processor_simple, #{
    exporter => instrument_exporter_console,
    exporter_config => #{format => text}
}).
Configuration:
	Option	Type	Default	Description
	exporter	module	required	Exporter module
	exporter_config	map	#{}	Configuration for exporter

When to use:
	Development and debugging
	Low-traffic applications
	When you need immediate visibility

Batch Processor
Queues spans and exports them in batches. Recommended for production use.
instrument_span_processor:register(instrument_span_processor_batch, #{
    exporter => instrument_exporter_otlp,
    exporter_config => #{endpoint => "http://localhost:4318"},
    max_queue_size => 2048,
    max_export_batch_size => 512,
    schedule_delay_millis => 5000
}).
Configuration:
	Option	Type	Default	Description
	exporter	module	required	Exporter module
	exporter_config	map	#{}	Configuration for exporter
	max_queue_size	integer	2048	Max spans in queue before dropping
	max_export_batch_size	integer	512	Max spans per export batch
	schedule_delay_millis	integer	5000	Delay between scheduled exports (ms)
	export_timeout_millis	integer	30000	Export timeout (ms)

Behavior:
	Spans are exported when the batch reaches max_export_batch_size
	Or after schedule_delay_millis has elapsed
	If queue reaches max_queue_size, new spans are dropped

Managing Processors
%% List registered processors
instrument_span_processor:list().
%% [instrument_span_processor_batch]

%% Force flush all pending spans
instrument_span_processor:force_flush().

%% Unregister a processor
instrument_span_processor:unregister(instrument_span_processor_batch).

%% Shutdown all processors
instrument_span_processor:shutdown().
Complete Pipeline
Here's how to set up a complete tracing pipeline:
%% 1. Configure sampler (10% sampling with parent-based)
instrument_sampler:set_sampler(instrument_sampler_parent_based, #{
    root => instrument_sampler_probability,
    root_config => #{ratio => 0.1}
}).

%% 2. Register processor with exporter
instrument_span_processor:register(instrument_span_processor_batch, #{
    exporter => instrument_exporter_otlp,
    exporter_config => #{
        endpoint => "http://localhost:4318",
        compression => gzip
    },
    max_queue_size => 4096,
    schedule_delay_millis => 2000
}).

%% 3. Create spans - they flow through the pipeline automatically
instrument_tracer:with_span(<<"process_order">>, fun() ->
    instrument_tracer:set_attributes(#{<<"order.id">> => <<"123">>}),
    do_work()
end).
Environment Variables
Configure sampling and processing via environment variables:
Sampler Configuration
	Variable	Description	Example Values
	OTEL_TRACES_SAMPLER	Sampler type	always_on, always_off, traceidratio, parentbased_always_on, parentbased_always_off, parentbased_traceidratio
	OTEL_TRACES_SAMPLER_ARG	Sampler argument	0.1 (for traceidratio)

Batch Processor Configuration
	Variable	Description	Default
	OTEL_BSP_SCHEDULE_DELAY	Export interval in ms	5000
	OTEL_BSP_MAX_QUEUE_SIZE	Max queue size	2048
	OTEL_BSP_MAX_EXPORT_BATCH_SIZE	Max batch size	512

Using Environment Variables
# Sample 10% of traces with parent-based sampling
export OTEL_TRACES_SAMPLER=parentbased_traceidratio
export OTEL_TRACES_SAMPLER_ARG=0.1

# Configure batch processor
export OTEL_BSP_SCHEDULE_DELAY=2000
export OTEL_BSP_MAX_QUEUE_SIZE=4096

Then initialize configuration in your application:
%% Read and apply environment variables
instrument_config:init().
Examples
Development Setup
Use simple processor with console exporter for immediate feedback:
%% Sample everything
instrument_sampler:set_sampler(instrument_sampler_always_on).

%% Export immediately to console
instrument_span_processor:register(instrument_span_processor_simple, #{
    exporter => instrument_exporter_console,
    exporter_config => #{format => text}
}).
Production Setup with 10% Sampling
%% Parent-based 10% sampling
instrument_sampler:set_sampler(instrument_sampler_parent_based, #{
    root => instrument_sampler_probability,
    root_config => #{ratio => 0.1}
}).

%% Batch export to OTLP collector
instrument_span_processor:register(instrument_span_processor_batch, #{
    exporter => instrument_exporter_otlp,
    exporter_config => #{
        endpoint => "http://otel-collector:4318",
        compression => gzip
    }
}).
High-Volume Setup
For high-throughput services, tune batch processor for efficiency:
%% Low sampling rate
instrument_sampler:set_sampler(instrument_sampler_parent_based, #{
    root => instrument_sampler_probability,
    root_config => #{ratio => 0.01}  %% 1% sampling
}).

%% Optimized batch settings
instrument_span_processor:register(instrument_span_processor_batch, #{
    exporter => instrument_exporter_otlp,
    exporter_config => #{
        endpoint => "http://otel-collector:4318",
        compression => gzip,
        timeout => 10000
    },
    max_queue_size => 8192,
    max_export_batch_size => 1024,
    schedule_delay_millis => 1000  %% Export more frequently
}).
Application Configuration
Configure via sys.config:
[
  {instrument, [
    {sampler, {instrument_sampler_parent_based, #{
        root => instrument_sampler_probability,
        root_config => #{ratio => 0.1}
    }}},
    {span_processor, {instrument_span_processor_batch, #{
        max_queue_size => 4096,
        schedule_delay_millis => 2000,
        max_export_batch_size => 512
    }}},
    {span_exporter, {instrument_exporter_otlp, #{
        endpoint => <<"http://localhost:4318/v1/traces">>
    }}}
  ]}
].
Graceful Shutdown
Ensure spans are exported before shutdown:
stop(_State) ->
    %% Flush pending spans
    instrument_span_processor:force_flush(),
    %% Shutdown processors
    instrument_span_processor:shutdown(),
    ok.


  

    Client Tracing Guide

Generic utilities for tracing client operations: databases, HTTP clients, message queues, RPC calls, and more.
Overview
The instrument_client module provides reusable utilities for creating client-kind spans following OpenTelemetry semantic conventions. It works with any client operation type and automatically sets appropriate attributes based on the system type.
Key features:
	Generic client spans - Works for databases, HTTP, messaging, RPC
	Text sanitization - Remove sensitive data from queries and URLs
	Trace context injection - SQLCommenter-style trace propagation
	Resource pool monitoring - Track pool checkout/checkin
	Attribute-based sampling - Fine-grained sampling control

Client Span Helpers
Basic Usage
%% Simple client span
instrument_client:with_client_span(postgresql, <<"SELECT">>, fun() ->
    epgsql:equery(Conn, SQL, Params)
end).

%% With options
instrument_client:with_client_span(postgresql, <<"SELECT">>, #{
    target => <<"users">>,
    statement => <<"SELECT * FROM users WHERE id = $1">>,
    sanitize => true,
    attributes => #{<<"db.name">> => <<"mydb">>}
}, fun() ->
    epgsql:equery(Conn, SQL, Params)
end).
Manual Span Control
When you need more control over span lifecycle:
Span = instrument_client:start_client_span(redis, <<"GET">>, #{
    target => <<"session:abc">>
}),
try
    Result = eredis:q(Conn, ["GET", "session:abc"]),
    instrument_tracer:set_status(ok),
    Result
catch
    _:Reason ->
        instrument_tracer:set_status(error, format_error(Reason)),
        erlang:raise(error, Reason, erlang:get_stacktrace())
after
    instrument_tracer:end_span(Span)
end.
Span Naming
Span names follow semantic conventions: system operation [target]
%% Without target: "postgresql SELECT"
instrument_client:client_span_name(postgresql, <<"SELECT">>).

%% With target: "postgresql SELECT users"
instrument_client:client_span_name(postgresql, <<"SELECT">>, #{target => <<"users">>}).
Text Sanitization
Remove sensitive data from queries before including in spans.
Basic Sanitization
%% SQL: Replace string literals and numbers
instrument_client:sanitize_text(<<"SELECT * FROM users WHERE email = 'john@secret.com' AND id = 123">>).
%% => <<"SELECT * FROM users WHERE email = ? AND id = ?">>
Custom Patterns
%% URL path sanitization
instrument_client:sanitize_text(<<"/users/12345/orders">>, #{
    patterns => [<<"/\\d+">>],
    placeholder => <<"/:id">>
}).
%% => <<"/users/:id/orders">>

%% Preserve PostgreSQL placeholders
instrument_client:sanitize_text(
    <<"SELECT * FROM users WHERE id = $1 AND name = 'John'">>,
    #{preserve => [<<"\\$\\d+">>]}
).
%% => <<"SELECT * FROM users WHERE id = $1 AND name = ?">>
Custom Placeholder
instrument_client:sanitize_text(<<"WHERE x = 'secret'">>, #{
    placeholder => <<"<REDACTED>">>
}).
%% => <<"WHERE x = <REDACTED>">>
Trace Context Propagation
Inject trace context into queries for database log correlation (SQLCommenter-style).
SQL Comment Format
instrument_tracer:with_span(<<"db_query">>, fun() ->
    SQL = <<"SELECT * FROM users">>,
    TracedSQL = instrument_client:inject_trace_comment(SQL),
    %% => <<"SELECT * FROM users /*traceparent='00-abc...-def...-01'*/">>
    epgsql:squery(Conn, TracedSQL)
end).
URL Query Parameter Format
URL = <<"/api/data">>,
TracedURL = instrument_client:inject_trace_comment(URL, #{format => url}).
%% => <<"/api/data?traceparent=00-abc...-def...-01">>
Selective Injection
Only inject for verbose/debug mode:
SQL = case instrument_config:is_verbose_tracing() of
    true -> instrument_client:inject_trace_comment(OriginalSQL);
    false -> OriginalSQL
end.
Resource Pool Monitoring
Track connection pool checkout/checkin times separately from operation time.
With Pool Span
%% Wraps pool acquire/release around your operation
instrument_client:with_pool_span(<<"db_pool">>, postgresql, fun() ->
    Conn = poolboy:checkout(db_pool),
    try
        instrument_client:with_client_span(postgresql, <<"SELECT">>, #{
            target => <<"users">>
        }, fun() ->
            epgsql:equery(Conn, SQL, Params)
        end)
    after
        poolboy:checkin(db_pool, Conn)
    end
end).
Manual Pool Spans
%% Start acquisition span
AcquireSpan = instrument_client:pool_acquire_span(<<"db_pool">>, postgresql),
Conn = poolboy:checkout(db_pool),
instrument_tracer:end_span(AcquireSpan),

%% Use connection
Result = query(Conn, SQL),

%% Record release
poolboy:checkin(db_pool, Conn),
instrument_client:pool_release_span(<<"db_pool">>).
Attribute Builders
Build Attributes from Options
Attrs = instrument_client:build_attributes(#{
    system => postgresql,
    operation => <<"SELECT">>,
    target => <<"users">>,
    statement => <<"SELECT * FROM users">>,
    sanitize => true,
    attributes => #{<<"db.name">> => <<"mydb">>}
}).
%% #{<<"db.system">> => <<"postgresql">>,
%%   <<"db.operation">> => <<"SELECT">>,
%%   <<"db.sql.table">> => <<"users">>,
%%   <<"db.statement">> => <<"SELECT * FROM users">>,
%%   <<"db.name">> => <<"mydb">>}
Set Response Attributes
instrument_client:with_client_span(postgresql, <<"SELECT">>, #{}, fun() ->
    case epgsql:equery(Conn, SQL, Params) of
        {ok, Cols, Rows} ->
            instrument_client:set_response_attributes(#{
                rows_returned => length(Rows)
            }),
            instrument_tracer:set_status(ok),
            {ok, Cols, Rows};
        {error, Reason} ->
            instrument_tracer:set_status(error, format_error(Reason)),
            {error, Reason}
    end
end).
Attribute-Based Sampling
The instrument_sampler_attribute module provides fine-grained sampling control based on span attributes.
Important: Sampling Timing
Sampling decisions are made at span start, before your code executes. This means:
	Attributes must be passed in Opts.attributes to influence sampling
	Attributes set later with set_attribute/2 do NOT affect sampling
	set_status(error) does NOT retroactively force sampling

For effective sampling, pass known attributes at span creation time:
%% WRONG: error attribute set too late
instrument_client:with_client_span(postgresql, Op, #{}, fun() ->
    case query() of
        {error, _} ->
            instrument_tracer:set_attribute(<<"error">>, true),  %% Too late!
            ...
    end
end).

%% RIGHT: Use known attributes at span start
instrument_client:with_client_span(postgresql, Op, #{
    attributes => #{
        <<"db.operation">> => Op,
        <<"db.sql.table">> => Table
    }
}, fun() -> ... end).
Configuration
instrument_sampler:set_sampler(instrument_sampler_attribute, #{
    default_ratio => 0.001,  %% 0.1% baseline
    attribute_rules => [
        %% These attributes MUST be set at span creation time
        {<<"db.operation">>, <<"SELECT">>, 0.001},
        {<<"db.operation">>, <<"INSERT">>, 0.01},
        {<<"db.operation">>, <<"UPDATE">>, 0.01},
        {<<"db.operation">>, <<"DELETE">>, 0.05},

        %% Critical tables always sampled
        {<<"db.sql.table">>, <<"payments">>, 1.0},
        {<<"db.sql.table">>, <<"audit_log">>, 1.0}
    ]
}).
Note: Rules like {<<"error">>, true, 1.0} only work if the error attribute is passed at span creation. For error sampling based on execution results, use tail-based sampling (post-export filtering) or custom span processors.
Rule Matching
	Rules are evaluated in order
	First matching rule determines sampling rate
	If no rules match, default_ratio is used
	Same trace ID always produces same decision (deterministic)

HTTP Example
instrument_sampler:set_sampler(instrument_sampler_attribute, #{
    default_ratio => 0.1,
    attribute_rules => [
        {<<"http.method">>, <<"GET">>, 0.01},
        {<<"http.method">>, <<"POST">>, 0.1},
        {<<"http.status_code">>, 500, 1.0}  %% Always sample 500s
    ]
}).
Messaging Example
instrument_sampler:set_sampler(instrument_sampler_attribute, #{
    default_ratio => 0.05,
    attribute_rules => [
        {<<"messaging.destination">>, <<"critical-events">>, 1.0},
        {<<"messaging.operation">>, <<"process">>, 0.1}
    ]
}).
Sampling Errors After Execution
To sample based on execution results (like errors), use tail-based sampling (see below).
Tail-Based Sampling
The instrument_span_processor_tail_sampler makes sampling decisions after spans complete, enabling filtering based on final state: errors, duration, attributes, and events.
When to Use Tail Sampling
	Error sampling - Always keep spans that ended with errors
	Latency sampling - Keep slow operations (e.g., > 100ms)
	Post-execution attributes - Sample based on attributes set during execution
	Exception events - Keep spans that recorded exceptions

Configuration
instrument_span_processor:register(instrument_span_processor_tail_sampler, #{
    %% Always keep spans matching these conditions (OR logic)
    always_keep => [
        {status, error},                    %% Keep all error spans
        {duration_ms, '>', 100},            %% Keep spans > 100ms
        {attribute, <<"priority">>, high},  %% Keep high priority spans
        has_exception                       %% Keep spans with exceptions
    ],

    %% Always drop spans matching these conditions (evaluated after always_keep)
    always_drop => [
        {attribute, <<"health_check">>, true}  %% Drop health checks
    ],

    %% Probabilistic sampling for remaining spans
    default_ratio => 0.01,  %% 1% of remaining spans

    %% Forward kept spans to this exporter
    exporter => instrument_exporter_otlp,
    exporter_config => #{endpoint => <<"http://localhost:4318">>}
}).
Rule Types
	Rule	Syntax	Description
	Status	{status, error} or {status, ok}	Match span status
	Duration	{duration_ms, Op, Value}	Op: '>', '<', '>=', '<='
	Attribute	{attribute, Key, Value}	Exact attribute match
	Attribute exists	{attribute_exists, Key}	Attribute is present
	Has event	{has_event, EventName}	Span has named event
	Has exception	has_exception	Span has exception event

Processing Order
	Check always_keep rules (OR logic) - if any match, span is KEPT
	Check always_drop rules (OR logic) - if any match, span is DROPPED
	Apply default_ratio probability - if passed, span is KEPT
	Otherwise span is DROPPED

Example: Error and Latency Sampling
%% Keep all errors and slow requests, drop health checks, sample 0.1% of the rest
instrument_span_processor:register(instrument_span_processor_tail_sampler, #{
    always_keep => [
        {status, error},
        {duration_ms, '>', 500}   %% > 500ms is slow
    ],
    always_drop => [
        {attribute, <<"http.route">>, <<"/health">>},
        {attribute, <<"http.route">>, <<"/ready">>}
    ],
    default_ratio => 0.001,
    exporter => instrument_exporter_otlp,
    exporter_config => #{endpoint => <<"http://localhost:4318">>}
}).
Example: Debug Spans
%% Keep spans with debug flag or that recorded retries
instrument_span_processor:register(instrument_span_processor_tail_sampler, #{
    always_keep => [
        {attribute_exists, <<"debug">>},
        {has_event, <<"retry">>}
    ],
    default_ratio => 0.0,  %% Drop everything else
    exporter => instrument_exporter_console,
    exporter_config => #{}
}).
Tail vs Head Sampling
	Aspect	Head Sampling (Attribute-Based)	Tail Sampling
	Decision time	At span start	At span end
	Error sampling	Must predict errors upfront	Works on actual errors
	Latency sampling	Cannot sample by duration	Can filter by duration
	Memory usage	Lower (drops spans early)	Higher (keeps until end)
	Use case	High-volume production	Debug, error analysis

For production, combine both: use head sampling for volume control and tail sampling for error/latency capture.
Examples
PostgreSQL with epgsql
-module(myapp_db).
-export([query/3]).

query(Conn, SQL, Params) ->
    Op = detect_operation(SQL),
    Table = detect_table(SQL),

    instrument_client:with_client_span(postgresql, Op, #{
        target => Table,
        statement => SQL,
        sanitize => true,
        attributes => #{
            <<"db.name">> => <<"myapp">>,
            <<"db.user">> => <<"appuser">>
        }
    }, fun() ->
        %% Optional: inject trace context for DB log correlation
        TracedSQL = case instrument_config:is_verbose_tracing() of
            true -> instrument_client:inject_trace_comment(SQL);
            false -> SQL
        end,

        case epgsql:equery(Conn, TracedSQL, Params) of
            {ok, Cols, Rows} ->
                instrument_client:set_response_attributes(#{
                    rows_returned => length(Rows)
                }),
                instrument_tracer:set_status(ok),
                {ok, Cols, Rows};
            {error, Reason} ->
                instrument_tracer:set_status(error, format_error(Reason)),
                instrument_tracer:set_attribute(<<"db.error.code">>,
                    error_code(Reason)),
                {error, Reason}
        end
    end).

detect_operation(SQL) ->
    case SQL of
        <<"SELECT", _/binary>> -> <<"SELECT">>;
        <<"INSERT", _/binary>> -> <<"INSERT">>;
        <<"UPDATE", _/binary>> -> <<"UPDATE">>;
        <<"DELETE", _/binary>> -> <<"DELETE">>;
        _ -> <<"UNKNOWN">>
    end.

detect_table(SQL) ->
    %% Simple table detection - use a proper SQL parser for production
    case re:run(SQL, "(?:FROM|INTO|UPDATE)\\s+(\\w+)", [{capture, [1], binary}, caseless]) of
        {match, [Table]} -> Table;
        nomatch -> <<"unknown">>
    end.
Redis with eredis
-module(myapp_redis).
-export([cmd/2]).

cmd(Conn, Command) ->
    [Op | _] = Command,
    instrument_client:with_client_span(redis, Op, #{
        statement => iolist_to_binary(lists:join(<<" ">>, Command)),
        sanitize => true
    }, fun() ->
        case eredis:q(Conn, Command) of
            {ok, Result} ->
                instrument_tracer:set_status(ok),
                {ok, Result};
            {error, Reason} ->
                instrument_tracer:set_status(error, format_error(Reason)),
                {error, Reason}
        end
    end).
Mnesia
-module(myapp_mnesia).
-export([read/2, write/2]).

read(Tab, Key) ->
    instrument_client:with_client_span(mnesia, <<"read">>, #{
        target => atom_to_binary(Tab)
    }, fun() ->
        case mnesia:read(Tab, Key) of
            [] ->
                instrument_tracer:set_status(ok),
                [];
            Records ->
                instrument_client:set_response_attributes(#{
                    rows_returned => length(Records)
                }),
                instrument_tracer:set_status(ok),
                Records
        end
    end).

write(Tab, Record) ->
    instrument_client:with_client_span(mnesia, <<"write">>, #{
        target => atom_to_binary(Tab)
    }, fun() ->
        ok = mnesia:write(Tab, Record, write),
        instrument_tracer:set_status(ok),
        ok
    end).
HTTP Client
-module(myapp_http).
-export([request/3]).

request(Method, URL, Body) ->
    instrument_client:with_client_span(http, Method, #{
        target => extract_path(URL),
        attributes => #{
            <<"http.url">> => URL,
            <<"http.method">> => Method
        }
    }, fun() ->
        case hackney:request(Method, URL, [], Body, []) of
            {ok, StatusCode, _Headers, ClientRef} ->
                {ok, ResponseBody} = hackney:body(ClientRef),
                instrument_client:set_response_attributes(#{
                    status_code => StatusCode,
                    response_size => byte_size(ResponseBody)
                }),
                case StatusCode >= 400 of
                    true ->
                        instrument_tracer:set_status(error, <<"HTTP error">>);
                    false ->
                        instrument_tracer:set_status(ok)
                end,
                {ok, StatusCode, ResponseBody};
            {error, Reason} ->
                instrument_tracer:set_status(error, format_error(Reason)),
                {error, Reason}
        end
    end).
Kafka Producer
-module(myapp_kafka).
-export([publish/3]).

publish(Topic, Key, Value) ->
    instrument_client:with_client_span(kafka, <<"publish">>, #{
        target => Topic,
        attributes => #{
            <<"messaging.system">> => <<"kafka">>,
            <<"messaging.destination">> => Topic,
            <<"messaging.destination.kind">> => <<"topic">>
        }
    }, fun() ->
        case brod:produce_sync(client, Topic, Key, Value) of
            ok ->
                instrument_tracer:set_status(ok),
                ok;
            {error, Reason} ->
                instrument_tracer:set_status(error, format_error(Reason)),
                {error, Reason}
        end
    end).
Runtime Controls
Verbose Tracing
%% WARNING: Only enable for debugging
instrument_config:set_verbose_tracing(true).
%% ... debug ...
instrument_config:set_verbose_tracing(false).
Exporter Control
%% Disable exporter during incident
instrument_config:disable_exporter(instrument_exporter_otlp).

%% Re-enable
instrument_config:enable_exporter(instrument_exporter_otlp).
Custom Span Processors
Implementing a Custom Processor
Custom span processors implement the instrument_span_processor behaviour:
-module(my_processor).
-behaviour(instrument_span_processor).

-export([init/1, on_start/2, on_end/1, shutdown/0, shutdown/1, force_flush/0, force_flush/1]).

init(Config) -> {ok, #{config => Config}}.

on_start(Span, _ParentCtx) ->
    %% Called when a span starts
    %% Return the (possibly modified) span
    Span.

on_end(Span) ->
    %% Called when a span ends
    %% Perform export, logging, etc.
    ok.

shutdown() -> ok.
shutdown(_State) -> ok.
force_flush() -> ok.
force_flush(_State) -> ok.
Processor Callback Restrictions
WARNING: Processor callbacks must NOT call back into the span processor system.
The on_start/2 and on_end/1 callbacks execute within the span processor gen_server. Calling instrument_span_processor functions from within these callbacks will cause a deadlock:
%% WRONG - Will deadlock!
on_end(Span) ->
    instrument_span_processor:force_flush(),  %% Deadlock!
    ok.

%% WRONG - Will deadlock!
on_start(Span, _ParentCtx) ->
    instrument_span_processor:list(),  %% Deadlock!
    Span.
Safe patterns:
%% OK - Async export in separate process
on_end(Span) ->
    spawn(fun() -> export_span(Span) end),
    ok.

%% OK - Direct API calls that don't use span processor
on_start(Span, _ParentCtx) ->
    instrument_tracer:trace_id(Span),  %% OK, doesn't use processor
    Span.

%% OK - Store in ETS for batch processing
on_end(Span) ->
    ets:insert(my_span_buffer, {make_ref(), Span}),
    ok.
What to avoid in processor callbacks:
	instrument_span_processor:register/2
	instrument_span_processor:unregister/1
	instrument_span_processor:list/0
	instrument_span_processor:shutdown/0
	instrument_span_processor:force_flush/0
	Any synchronous call that might eventually call back into the span processor

Production Recommendations
Performance Overhead
	Operation	Overhead	Impact
	Single client span	~7 us	Negligible for most operations
	Text sanitization	~1-2 us	Scales with query length
	Trace comment injection	~0.5 us	Simple string concatenation

For a 10ms database query, tracing adds approximately 0.07% overhead.
Sampling Recommendations
	Throughput	Recommended Sampling
	< 100 ops/sec	100% (AlwaysOn)
	100 - 1K ops/sec	10-50%
	1K - 10K ops/sec	1-10%
	10K - 100K ops/sec	0.1-1%
	> 100K ops/sec	0.01-0.1% + errors

Note: Error sampling via attributes only works if you pass error hints at span start. For runtime error sampling, use tail-based sampling or span processors.
Production Configuration
-module(myapp_tracing).
-export([configure/0]).

configure() ->
    instrument_sampler:set_sampler(instrument_sampler_attribute, #{
        default_ratio => 0.001,
        attribute_rules => [
            %% Sample slow operations (must be set at span start)
            {<<"slow_operation">>, true, 1.0},

            %% Higher rate for writes
            {<<"db.operation">>, <<"INSERT">>, 0.01},
            {<<"db.operation">>, <<"UPDATE">>, 0.01},
            {<<"db.operation">>, <<"DELETE">>, 0.05},

            %% DDL always sampled
            {<<"db.operation">>, <<"CREATE">>, 1.0},
            {<<"db.operation">>, <<"DROP">>, 1.0},
            {<<"db.operation">>, <<"ALTER">>, 1.0},

            %% Critical tables
            {<<"db.sql.table">>, <<"payments">>, 1.0}
        ]
    }),

    %% Ensure verbose tracing is OFF
    instrument_config:set_verbose_tracing(false),

    ok.
Security Checklist
	[ ] Queries sanitized (no PII in spans)
	[ ] Verbose tracing disabled in production
	[ ] Error sampling at 100%
	[ ] Exporter timeouts configured
	[ ] Sensitive tables excluded or specially handled

Marking Slow Operations
{QueryTime, Result} = timer:tc(fun() -> do_query(Conn, SQL) end),
case QueryTime > 100000 of  %% > 100ms
    true ->
        instrument_tracer:set_attribute(<<"slow_operation">>, true);
    false ->
        ok
end.


  

    Instrument Features

Overview
Instrument is an Erlang library providing high-performance metrics and tracing capabilities with OpenTelemetry compatibility.
Feature Support Matrix
Metrics
	Feature	Status	Description
	Counter	Stable	Monotonically increasing cumulative metric
	Gauge	Stable	Point-in-time measurement
	Histogram	Stable	Distribution of values with configurable buckets
	UpDownCounter	Stable	Counter that can increase or decrease
	Observable Counter	Stable	Async counter with callback
	Observable Gauge	Stable	Async gauge with callback
	Observable UpDownCounter	Stable	Async up/down counter with callback
	Metric Views	Stable	Transform and filter metrics during export
	Attribute Support	Stable	Key-value dimensions for metrics

Tracing
	Feature	Status	Description
	Span Creation	Stable	Create and manage trace spans
	Context Propagation	Stable	W3C TraceContext, B3, B3Multi propagation
	Baggage	Stable	W3C Baggage propagation
	Samplers	Stable	AlwaysOn, AlwaysOff, Probability, ParentBased
	Span Processors	Stable	Simple and Batch processors
	Span Attributes	Stable	Indexable key-value metadata on spans
	Span Events	Stable	Timestamped events within spans
	Span Links	Stable	Connect causally related spans

Export
	Feature	Status	Description
	Console Exporter	Stable	Export to stdout for debugging
	OTLP Exporter	Stable	Export via OTLP/HTTP (protobuf)
	File Exporter	Stable	Export logs to file
	Prometheus Format	Stable	Compatible with Prometheus scraping

Context
	Feature	Status	Description
	Process Dictionary Context	Stable	Context storage per process
	Context Values	Stable	Get/set arbitrary context values
	Context Propagation	Stable	Inject/extract across service boundaries

OpenTelemetry Specification Compliance
Tracing API (v1.0)
	Component	Compliance	Notes
	TracerProvider	Partial	Single global tracer
	Tracer	Full	Start/end spans with attributes
	Span	Full	Name, attributes, events, links, status
	SpanContext	Full	TraceId, SpanId, TraceFlags, TraceState
	SpanKind	Full	Internal, Server, Client, Producer, Consumer
	SpanProcessor	Full	Simple and Batch implementations
	Sampler	Full	AlwaysOn, AlwaysOff, TraceIdRatio, ParentBased

Metrics API (v1.0)
	Component	Compliance	Notes
	MeterProvider	Partial	Single global meter provider
	Meter	Full	Create instruments with options
	Counter	Full	Monotonic increment only
	UpDownCounter	Full	Bidirectional counter
	Histogram	Full	Configurable bucket boundaries
	Gauge	Full	Point-in-time values
	Observable Instruments	Full	Callback-based async instruments
	Attributes	Full	Key-value dimensions
	Views	Full	Transform metrics during collection

Context and Propagation (v1.0)
	Component	Compliance	Notes
	Context	Full	Process dictionary based
	Propagator API	Full	Inject/extract interface
	W3C TraceContext	Full	traceparent and tracestate headers
	W3C Baggage	Full	baggage header
	B3 Single Header	Full	Zipkin b3 header format
	B3 Multi Header	Full	X-B3-* headers format
	Composite Propagator	Full	Chain multiple propagators

Resource (v1.0)
	Component	Compliance	Notes
	Resource	Full	Service name, version, etc.
	Resource Detectors	Full	Auto-detect environment
	Resource Merging	Full	Combine multiple resource sources

API Reference Summary
Metrics API
%% Create instruments
Meter = instrument_meter:get_meter(<<"service_name">>).
Counter = instrument_meter:create_counter(Meter, <<"requests_total">>, #{
  description => <<"Total requests">>,
  unit => <<"1">>
}).

%% Record values
instrument_meter:add(Counter, 1).
instrument_meter:add(Counter, 1, #{method => <<"GET">>}).
Tracing API
%% Create spans (with_span is preferred)
instrument_tracer:with_span(<<"operation_name">>, fun() ->
    instrument_tracer:set_attributes(#{key => value}),
    instrument_tracer:add_event(<<"event_name">>, #{}),
    do_work()
end).

%% Or manual span management
Span = instrument_tracer:start_span(<<"operation_name">>),
instrument_tracer:set_attributes(#{key => value}),
instrument_tracer:add_event(<<"event_name">>, #{}),
instrument_tracer:end_span(Span).
Context API
%% Propagation (W3C TraceContext is default)
Carrier = instrument_propagator:inject(Context, #{}).
Context = instrument_propagator:extract(Carrier).

%% Configure B3 propagation (Zipkin compatibility)
instrument_propagator:set_propagators([instrument_propagator_b3]).

%% Or B3 multi-header format
instrument_propagator:set_propagators([instrument_propagator_b3_multi]).
Span Attributes (Indexable Metadata)
Span attributes are key-value pairs that provide searchable context:
instrument_tracer:with_span(<<"process_order">>, fun() ->
    %% Set indexable attributes - queryable in backends like Jaeger, Tempo, etc.
    instrument_tracer:set_attributes(#{
        %% String attributes
        <<"order.id">> => <<"ORD-12345">>,
        <<"customer.tier">> => <<"premium">>,

        %% Numeric attributes (for aggregation/filtering)
        <<"order.total">> => 149.99,
        <<"order.item_count">> => 3,

        %% Boolean attributes
        <<"order.express_shipping">> => true
    }),

    %% These attributes enable:
    %% - Filtering traces by customer.tier = "premium"
    %% - Aggregating latencies by order.item_count
    %% - Alerting when order.total > threshold
    process(Order)
end).
Legacy API
%% Direct counter/gauge/histogram
Counter = instrument_metric:new_counter(name, <<"help">>).
instrument_metric:inc_counter(Counter).

%% Vector metrics (labeled)
instrument_metric:new_counter_vec(name, <<"help">>, [method, status]).
instrument_metric:inc_counter_vec(name, [<<"GET">>, <<"200">>]).
Configuration Options
Application Environment
%% In sys.config or application:set_env/3
[
  {instrument, [
    %% Resource configuration
    {resource, #{
      service_name => <<"my_service">>,
      service_version => <<"1.0.0">>
    }},

    %% Sampler configuration
    {sampler, {instrument_sampler_probability, #{ratio => 0.1}}},

    %% Span processor configuration
    {span_processor, {instrument_span_processor_batch, #{
      max_queue_size => 2048,
      schedule_delay_millis => 5000,
      max_export_batch_size => 512
    }}},

    %% Exporter configuration
    {span_exporter, {instrument_exporter_otlp, #{
      endpoint => <<"http://localhost:4318/v1/traces">>
    }}},

    {metrics_exporter, {instrument_metrics_exporter_otlp, #{
      endpoint => <<"http://localhost:4318/v1/metrics">>
    }}}
  ]}
].
Environment Variables
	Variable	Description	Default
	OTEL_SERVICE_NAME	Service name for resource	unknown_service
	OTEL_RESOURCE_ATTRIBUTES	Additional resource attributes	-
	OTEL_TRACES_SAMPLER	Sampler type	parentbased_always_on
	OTEL_TRACES_SAMPLER_ARG	Sampler argument (e.g., ratio)	-
	OTEL_PROPAGATORS	Propagators: tracecontext, baggage, b3, b3multi	tracecontext,baggage
	OTEL_EXPORTER_OTLP_ENDPOINT	OTLP endpoint URL	http://localhost:4318
	OTEL_EXPORTER_OTLP_HEADERS	Additional headers	-

Programmatic Configuration
%% Set sampler at runtime
instrument_sampler:set_sampler(instrument_sampler_probability, #{ratio => 0.5}).

%% Register span processor
instrument_span_processor:register(instrument_span_processor_batch, #{
  exporter => instrument_exporter_otlp,
  exporter_config => #{endpoint => <<"http://collector:4318/v1/traces">>}
}).

%% Register propagators
instrument_propagator:set_propagators([
  instrument_propagator_tracecontext,
  instrument_propagator_baggage
]).

%% Register metric views
instrument_metric_view:register(#metric_view{
  instrument_name => <<"http_request_duration">>,
  name => <<"http.server.duration">>,
  attribute_keys => [<<"http.method">>, <<"http.status_code">>]
}).
Performance Characteristics
	NIF-based atomic operations for counters and gauges
	Lock-free concurrent access to metrics
	Efficient histogram bucket updates with linear search (optimized for typical 10-15 buckets)
	Batch span processing to reduce export overhead
	Process dictionary context for zero-overhead context access

Dependencies
	Erlang/OTP 24+
	crypto application for ID generation
	Optional: jsx or jiffy for JSON encoding (OTLP export)



  

    Benchmarks

Performance benchmarks for the instrument library, measuring throughput of core operations.
Running Benchmarks
# Run core benchmarks
./bench/run_bench.escript

# Run real-world scenario benchmarks
rebar3 compile
erl -pa _build/default/lib/*/ebin -noshell -eval \
  "c:c(\"bench/instrument_realworld_bench.erl\"), instrument_realworld_bench:run(), halt()."

# Run client tracing strategy benchmarks
erl -pa _build/default/lib/*/ebin -noshell -eval \
  "c:c(\"bench/instrument_client_bench.erl\"), instrument_client_bench:run(), halt()."

Results
Benchmarks run on Apple M1 Pro, OTP 28, 100,000 iterations per test (April 2026).
Counter Operations
	Operation	Throughput	Latency
	inc_counter/1	43.6M ops/sec	0.023 us/op
	inc_counter/2	36.4M ops/sec	0.028 us/op
	get_counter/1	42.0M ops/sec	0.024 us/op

Gauge Operations
	Operation	Throughput	Latency
	set_gauge/2	38.1M ops/sec	0.026 us/op
	inc_gauge/1	47.6M ops/sec	0.021 us/op
	dec_gauge/1	45.8M ops/sec	0.022 us/op
	get_gauge/1	41.0M ops/sec	0.024 us/op

Histogram Operations
	Operation	Throughput	Latency
	observe/2	22.1M ops/sec	0.045 us/op
	get/1	3.0M ops/sec	0.328 us/op

OpenTelemetry Meter API
	Operation	Throughput	Latency
	meter:add/2	65.8M ops/sec	0.015 us/op
	meter:add/3 (with attrs)	2.8M ops/sec	0.352 us/op
	meter:record/2	30.7M ops/sec	0.033 us/op
	meter:record/3 (with attrs)	3.7M ops/sec	0.267 us/op
	meter:set/2	75.2M ops/sec	0.013 us/op

OpenTelemetry Tracer API
	Operation	Throughput	Latency
	with_span/2	294K ops/sec	3.40 us/op
	with_span/3 (with kind)	298K ops/sec	3.36 us/op
	with_span + set_attributes	288K ops/sec	3.48 us/op
	with_span + add_event	308K ops/sec	3.25 us/op
	Nested spans (3 levels)	184K ops/sec	5.44 us/op
	start_span/end_span	312K ops/sec	3.20 us/op

OpenTelemetry Logger Integration
	Operation	Throughput	Latency
	logger:info (no span)	52.8M ops/sec	0.019 us/op
	logger:info (in span)	48.2M ops/sec	0.021 us/op
	logger:info (with metadata)	46.7M ops/sec	0.021 us/op
	instrument_logger:emit	3.2M ops/sec	0.316 us/op

Real-World Scenarios
Simulated production workloads to measure end-to-end performance.
DB Query Tracing
	Scenario	Throughput	Latency
	DB query traced	200K ops/sec	5.01 us/op
	DB query metrics only	1.79M ops/sec	0.56 us/op

Tracing overhead: ~4.5 us per operation.
HTTP Request Pipeline
	Scenario	Throughput	Latency
	3 nested spans (auth + db + response)	98K ops/sec	10.2 us/op
	1 span only	189K ops/sec	5.3 us/op
	No tracing	1.60M ops/sec	0.62 us/op

Concurrent Load
	100 workers x 1,000 requests = 100,000 total
	Result: 27,465 req/sec sustained throughput

Memory Impact
	100,000 spans with attributes and events
	Throughput: 245,700 spans/sec
	Memory overhead: negligible (GC-friendly design)

Client Tracing Strategies
Comparing different approaches to instrument client operations (DB, HTTP, etc).
Strategy Comparison
	Strategy	Throughput	Latency	Notes
	No tracing (baseline)	442M ops/sec	0.002 us/op	Reference
	Manual with_span	249K ops/sec	4.02 us/op	Direct tracer use
	instrument_client:with_span	259K ops/sec	3.86 us/op	Helper (slightly faster)
	Full options	249K ops/sec	4.02 us/op	With target, statement, attrs
	With sanitization	94K ops/sec	10.60 us/op	Regex-based sanitization

Sanitization Performance
	Strategy	Throughput	Latency	Notes
	No sanitization	600M ops/sec	0.002 us/op	Reference
	Default (short SQL)	200K ops/sec	5.00 us/op	~60 chars
	Default (long SQL)	166K ops/sec	6.04 us/op	~200 chars
	Custom placeholder	196K ops/sec	5.10 us/op	User-defined
	Preserve $N params	156K ops/sec	6.42 us/op	Keep $1, $2 placeholders
	URL path sanitize	452K ops/sec	2.21 us/op	Simple pattern match

Sampling Strategies
	Strategy	Throughput	Latency	Notes
	always_on (100%)	284K ops/sec	3.52 us/op	All spans recorded
	always_off (0%)	1.45M ops/sec	0.69 us/op	Dropped spans are cheap
	probability (50%)	410K ops/sec	2.44 us/op	Half sampled
	probability (10%)	847K ops/sec	1.18 us/op	Low sampling
	probability (1%)	1.21M ops/sec	0.83 us/op	Very low sampling
	attribute (no rules)	830K ops/sec	1.20 us/op	Default ratio only
	attribute (1 rule)	409K ops/sec	2.45 us/op	Single rule match
	attribute (7 rules)	1.15M ops/sec	0.87 us/op	Multiple rules, early exit

Trace Context Injection
	Strategy	Throughput	Latency	Notes
	No injection	428M ops/sec	0.002 us/op	Reference
	SQL comment format	2.15M ops/sec	0.46 us/op	/*traceparent=...*/
	URL param format	1.33M ops/sec	0.75 us/op	?traceparent=...
	Custom format	2.17M ops/sec	0.46 us/op	User-defined delimiters
	format_trace_comment/0	2.53M ops/sec	0.40 us/op	Format only, no append

Pool Span Helpers
	Strategy	Throughput	Latency	Notes
	No pool tracking	243M ops/sec	0.004 us/op	Reference
	Manual pool spans	255K ops/sec	3.93 us/op	Direct tracer use
	pool_acquire/release	258K ops/sec	3.88 us/op	Helper functions
	with_pool_span	230K ops/sec	4.35 us/op	Wrapped operation

Analysis
Metrics Performance
Counter and gauge operations achieve 38-48 million operations per second thanks to NIF-based atomic operations. The OpenTelemetry Meter API adds minimal overhead for operations without attributes (65-75M ops/sec).
Operations with attributes are slower (2.8-3.7M ops/sec) due to attribute map handling and vec metric creation, but still very fast for most use cases.
Tracing Performance
Span creation costs ~3.2-3.5 us per span due to:
	Context management (process dictionary operations)
	Span ID generation
	Timestamp collection
	Exporter callbacks

The library achieves ~300K spans/second for simple spans. Nested spans scale sub-linearly: 3 nested spans take ~5.4 us (not 3x single span time) due to context reuse.
Sampling Impact
Sampling dramatically reduces overhead:
	always_off: 5x faster than always_on (dropped spans skip most work)
	1% sampling: Nearly as fast as always_off
	Attribute-based: Scales well, early exit on rule match

Optimization Tips
	Use sampling in production - even 10% sampling reduces overhead by 3x
	Prefer counters over histograms when you only need counts
	Batch operations rather than creating many small spans
	Pre-create instruments at startup rather than on-demand
	Sanitization adds ~6-7 us - only use when necessary
	Attribute operations are slower - minimize attribute cardinality
	Dropped spans are 5x cheaper - sampling helps significantly



  

    Design and Internals

This guide describes the architecture, design decisions, and internal workings of the instrument library for developers who want to understand or extend the system.
Architecture Overview
+------------------+     +------------------+     +------------------+
|   Application    |     |    Tracing       |     |    Metrics       |
|------------------|     |------------------|     |------------------|
| instrument_app   |---->| instrument_tracer|     | instrument_counter|
| instrument_sup   |     | instrument_sampler     | instrument_gauge  |
| instrument_config|     | instrument_span_*|     | instrument_hist...|
+------------------+     +------------------+     +------------------+
         |                       |                       |
         v                       v                       v
+------------------+     +------------------+     +------------------+
|    Context       |     |   Processing     |     |    Registry      |
|------------------|     |------------------|     |------------------|
| instrument_ctx   |<--->| span_processor   |     | instrument_reg...|
| instrument_prop..      | instrument_exp...|<--->| instrument_lib   |
+------------------+     +------------------+     +------------------+
                                |
                                v
                         +------------------+
                         | Flight Recorder  |
                         |------------------|
                         | flight_recorder  |
                         | tracer_pool      |
                         | tracer_nif (C)   |
                         +------------------+
Startup Sequence
	instrument_app:start/2 - Initializes configuration via instrument_config:init()
	Creates the instrument_span_exporters ETS table for span export hooks
	instrument_sup:start_link/0 - Starts the supervisor tree

The supervisor (instrument_sup) starts these children with one_for_all strategy:
	Order	Child ID	Module	Purpose
	1	registry	instrument_registry	Metric registration and lookup
	2	exporter	instrument_exporter	Span export batching
	3	metrics_exporter	instrument_metrics_exporter	Metrics export
	4	log_exporter	instrument_log_exporter	Log export
	5	span_processor	instrument_span_processor	Span processing chain
	6	flight_recorder	instrument_flight_recorder	Message tracing

Design Principles
Lock-free Operations: Metrics use NIF-based C11 atomics for updates, avoiding locks entirely.
Scheduler-aware Storage: ETS tables are partitioned per-scheduler (instrument_registry_1 through instrument_registry_N) to eliminate cross-scheduler contention.
Persistent Term Caching: Metric lookups use persistent_term for O(1) read access with zero copying overhead.
Process Dictionary Context: Span context is stored in the process dictionary for zero-cost reads within a process.
Module Organization
By Subsystem
	Subsystem	Modules	Purpose
	Application	instrument_app, instrument_sup, instrument_config	Lifecycle and configuration
	Tracing	instrument_tracer, instrument_sampler, instrument_id	Span creation and sampling
	Metrics	instrument_counter, instrument_gauge, instrument_histogram	Metric types
	Context	instrument_context, instrument_propagator, instrument_propagator_*	Context propagation
	Processing	instrument_span_processor, instrument_span_processor_*, instrument_exporter	Span processing pipeline
	Flight Recorder	instrument_flight_recorder, instrument_tracer_pool, instrument_tracer_nif	Message capture
	Registry	instrument_registry, instrument_lib	Metric storage

Module Dependencies
instrument_tracer
    |
    +---> instrument_context (span storage)
    +---> instrument_sampler (sampling decisions)
    +---> instrument_id (ID generation)
    +---> instrument_span_processor (on_start/on_end hooks)
    +---> instrument_flight_recorder (message tracing)
Key Modules
instrument_tracer: Core span lifecycle management. Handles span creation, context attachment, and export hooks. Uses the process dictionary via instrument_context to maintain the current span stack.
instrument_registry: Central metric storage using a gen_server with scheduler-partitioned ETS tables and persistent_term caching. The gen_server serializes writes while reads bypass it entirely.
instrument_span_processor: Manages a chain of span processors, invoking on_start/2 and on_end/1 callbacks. Supports both simple (immediate) and batch processing.
instrument_exporter: Batches completed spans and distributes them to registered exporters. Default batch size is 512 spans with a 5-second timeout.
instrument_flight_recorder: Low-overhead message tracing using erlang:trace with a custom erl_tracer NIF. Distributes trace events across a worker pool to avoid single-process bottlenecks.
Key Data Structures
Tracing Records (instrument_otel.hrl)
#span_ctx{} - W3C TraceContext identifier
-record(span_ctx, {
  trace_id :: <<_:128>>,           % 16 bytes (128 bits)
  span_id :: <<_:64>>,             % 8 bytes (64 bits)
  trace_flags = 1 :: 0 | 1,        % sampled flag
  trace_state = [] :: [{binary(), binary()}],  % vendor key-value pairs
  is_remote = false :: boolean()   % extracted from remote?
}).
#span{} - Complete span record
-record(span, {
  name :: binary(),
  ctx :: #span_ctx{},
  parent_ctx :: #span_ctx{} | undefined,
  kind = internal :: client | server | producer | consumer | internal,
  start_time :: integer(),         % monotonic nanoseconds
  end_time :: integer() | undefined,
  attributes = #{} :: map(),
  events = [] :: [#span_event{}],
  links = [] :: [#span_link{}],
  status = unset :: unset | ok | {error, binary()},
  is_recording = true :: boolean()
}).
#span_event{} - Timestamped annotation
-record(span_event, {
  name :: binary(),
  timestamp :: integer(),          % monotonic nanoseconds
  attributes = #{} :: map()
}).
#sampling_result{} - Sampler output
-record(sampling_result, {
  decision :: drop | record_only | record_and_sample,
  attributes = #{} :: map(),
  trace_state = [] :: [{binary(), binary()}]
}).
Metrics Records (instrument.hrl)
#metric{} - Core metric wrapper
-record(metric, {
  name,
  handle :: term(),                % NIF resource or #vector{}
  collect :: tuple(),              % {Module, Function, Args}
  description :: binary() | undefined,
  unit :: binary() | undefined,
  meter :: binary() | undefined,
  attributes = #{} :: map()
}).
#vector{} - Labeled/dimensional metrics
-record(vector, {
  name,
  help,
  metric,                          % counter | gauge | histogram
  buckets = [],                    % histogram boundaries
  labels = [],                     % label keys
  labels_map = #{}                 % {LabelValues} => #metric{}
}).
Internal Workflows
Span Lifecycle
start_span(Name, Opts)
    |
    v
[Check tracing enabled] --no--> [Create noop span] --> [Attach] --> Return
    |
    yes
    v
[Get parent context from opts or current span]
    |
    v
[Generate trace_id (new trace) or inherit from parent]
[Generate span_id]
    |
    v
[Call sampler: should_sample/6]
    |
    +---> decision = drop         --> is_recording = false, trace_flags = 0
    +---> decision = record_only  --> is_recording = true, trace_flags = 0
    +---> decision = record_and_sample --> is_recording = true, trace_flags = 1
    |
    v
[Create #span{} with merged attributes]
    |
    v
[If is_recording: call span_processor:on_start/2]
    |
    v
[Attach span to context (process dictionary)]
    |
    v
[If flight recorder enabled: enable_flight_tracing/1]
    |
    v
Return #span{}
Span End Flow
end_span(Span)
    |
    v
[If is_recording = false] --> [Detach from context] --> Return ok
    |
    v
[Set end_time = now()]
    |
    v
[Call span_processor:on_end/1]
    |
    v
[Mark is_recording = false]
    |
    v
[Call all registered exporters via ETS lookup]
    |
    v
[If flight recorder owner: disable tracing]
    |
    v
[Detach span from context, restore parent if any]
    |
    v
Return ok
Metrics Recording Flow
instrument_counter:inc(Name, Value)
    |
    v
[Lookup metric via persistent_term]
    |
    +---> #metric{handle = NIF_Resource}
    |         |
    |         v
    |     [Call NIF: atomic increment]
    |
    +---> #metric{handle = #vector{}}
              |
              v
          [Lookup labeled metric from labels_map]
              |
              v
          [Call NIF on resolved metric]
Context Propagation Flow
Outbound (inject):
    instrument_propagator:inject(Carrier)
        |
        v
    [Get current context from process dictionary]
        |
        v
    [For each registered propagator:]
        +---> propagator:inject(Ctx, Carrier) --> Updated Carrier
        |
        v
    Return final Carrier with all headers


Inbound (extract):
    instrument_propagator:extract(Carrier)
        |
        v
    [Create new empty context]
        |
        v
    [For each registered propagator:]
        +---> propagator:extract(Carrier, Ctx) --> Updated Ctx
        |
        v
    Return context with span_ctx, baggage, etc.
Flight Recorder Message Flow
[Root span starts]
    |
    v
[enable_flight_tracing(TraceId)]
    |
    v
[Store label in process dictionary]
    |
    v
[Get tracer state from instrument_tracer_pool]
    |
    v
[erlang:trace(self(), true, [send, 'receive', set_on_spawn,
                             {tracer, instrument_tracer_nif, State}])]
    |
    v
[All send/receive events captured by NIF]
    |
    +---> [NIF hashes tracee PID to select worker]
    |         |
    |         v
    |     [Send {trace, ...} to worker]
    |         |
    |         v
    |     [Worker inserts into ETS ring buffer]
    |
    v
[On span end: erlang:trace(self(), false, ...)]
Extension Points
Custom Sampler
Implement the instrument_sampler behavior:
-module(my_sampler).
-behaviour(instrument_sampler).

-export([should_sample/7, get_description/1]).

-include_lib("instrument/include/instrument_otel.hrl").

%% Rate limit to N spans per second
should_sample(Config, TraceId, SpanName, SpanKind, Attributes, Links, ParentCtx) ->
  RateLimit = maps:get(rate_limit, Config, 100),
  case check_rate_limit(RateLimit) of
    allow ->
      #sampling_result{
        decision = record_and_sample,
        attributes = #{},
        trace_state = []
      };
    deny ->
      #sampling_result{decision = drop}
  end.

get_description(Config) ->
  RateLimit = maps:get(rate_limit, Config, 100),
  iolist_to_binary(io_lib:format("RateLimitSampler{~p/s}", [RateLimit])).

%% Register:
%% instrument_sampler:set_sampler(my_sampler, #{rate_limit => 50}).
Custom Span Processor
Implement the instrument_span_processor behavior:
-module(my_span_processor).
-behaviour(instrument_span_processor).

-export([init/1, on_start/2, on_end/1, shutdown/1, force_flush/1]).

-include_lib("instrument/include/instrument_otel.hrl").

init(Config) ->
  %% Initialize state (e.g., open connections)
  {ok, #{filter => maps:get(filter, Config, fun(_) -> true end)}}.

on_start(Span, _ParentCtx) ->
  %% Called synchronously at span start
  %% Add attributes, modify span, etc.
  Span#span{attributes = maps:put(<<"processor">>, <<"custom">>,
                                  Span#span.attributes)}.

on_end(Span) ->
  %% Called asynchronously at span end
  %% Filter, transform, forward to external systems
  case should_export(Span) of
    true -> send_to_analytics(Span);
    false -> ok
  end.

shutdown(_State) ->
  ok.

force_flush(_State) ->
  ok.

%% Register:
%% instrument_span_processor:register(my_span_processor, #{}).
Custom Exporter
Implement the exporter callbacks:
-module(my_exporter).

-export([init/1, export/2, shutdown/1, force_flush/1]).

-include_lib("instrument/include/instrument_otel.hrl").

init(Config) ->
  Endpoint = maps:get(endpoint, Config),
  {ok, #{endpoint => Endpoint, conn => connect(Endpoint)}}.

export(Spans, State) ->
  %% Spans is a list of #span{} records
  #{endpoint := Endpoint, conn := Conn} = State,
  Payload = encode_spans(Spans),
  case send_request(Conn, Endpoint, Payload) of
    ok ->
      {ok, State};
    {error, Reason} ->
      logger:warning("Export failed: ~p", [Reason]),
      {error, Reason, State}
  end.

shutdown(#{conn := Conn}) ->
  close(Conn),
  ok.

force_flush(State) ->
  {ok, State}.

%% Register:
%% instrument_exporter:register(#{module => my_exporter,
%%                                config => #{endpoint => "..."}}).
Custom Propagator
Implement the instrument_propagator behavior:
-module(my_propagator).
-behaviour(instrument_propagator).

-export([inject/2, extract/2, fields/0]).

-define(HEADER, <<"x-my-trace">>).

inject(Ctx, Carrier) ->
  case maps:get(span_ctx, Ctx, undefined) of
    undefined ->
      Carrier;
    #span_ctx{trace_id = TraceId, span_id = SpanId} ->
      Value = encode(TraceId, SpanId),
      maps:put(?HEADER, Value, Carrier)
  end.

extract(Carrier, Ctx) ->
  case maps:get(?HEADER, Carrier, undefined) of
    undefined ->
      Ctx;
    Value ->
      {TraceId, SpanId} = decode(Value),
      SpanCtx = #span_ctx{
        trace_id = TraceId,
        span_id = SpanId,
        is_remote = true
      },
      maps:put(span_ctx, SpanCtx, Ctx)
  end.

fields() ->
  [?HEADER].

%% Register:
%% instrument_propagator:register(my_propagator).
Performance Design Choices
NIF-based Atomic Metrics
Metrics use C11 atomics via NIFs for lock-free updates:
// From c_src/gauge.c
static void instrument_gauge_change(instrument_gauge_t *g, double delta) {
    double current = atomic_load(&g->value);
    while (!atomic_compare_exchange_weak(&g->value, &current, current + delta))
        ;
}
This provides:
	Lock-free updates using CAS (compare-and-swap)
	No contention between concurrent writers
	Sub-microsecond update latency

Scheduler-aware ETS Tables
The registry creates one ETS table per scheduler:
% From instrument_lib.erl
tables() ->
  [table(S) || S <- lists:seq(1,erlang:system_info(schedulers))].

table() ->
  table(erlang:system_info(scheduler_id)).

table(1) -> instrument_registry_1;
table(2) -> instrument_registry_2;
% ... up to instrument_registry_64
Benefits:
	Each scheduler accesses its own table
	Eliminates cross-scheduler ETS lock contention
	Linear scaling with core count

Persistent Term Caching
Metric lookups use persistent_term for O(1) access:
% From instrument_registry.erl
lookup(Name) ->
  persistent_term:get({instrument_metric, Name}, undefined).

cache_label(Name, LabelValues, Metric) ->
  persistent_term:put({instrument_label, Name, LabelValues}, Metric).
Characteristics:
	Reads are essentially free (no copying)
	Writes trigger global GC but are rare
	Perfect for read-heavy metric lookups

Process Dictionary Context
Context is stored in the process dictionary:
% From instrument_context.erl
current() ->
  case erlang:get(?CONTEXT_KEY) of
    undefined -> new();
    Ctx -> Ctx
  end.

set_current(Ctx) when is_map(Ctx) ->
  erlang:put(?CONTEXT_KEY, Ctx),
  ok.
Benefits:
	Zero-cost reads (direct memory access)
	No message passing or function calls
	Natural process isolation

Worker Pool Distribution
The flight recorder distributes trace events across workers:
// From c_src/instrument_tracer_nif.c
ErlNifUInt64 hash = enif_hash(ERL_NIF_INTERNAL_HASH, tracee, 0);
unsigned int worker_idx = hash % pool_size;
This avoids the single-process bottleneck that would occur if all trace events went to one handler.
Batched Export
Spans are batched before export:
	Setting	Default	Purpose
	max_export_batch_size	512	Spans per batch
	schedule_delay_millis	5000	Time trigger
	max_queue_size	2048	Queue limit
	export_timeout_millis	30000	Export timeout

Performance Summary
	Operation	Mechanism	Typical Latency	Concurrency
	Metric increment	NIF atomic CAS	<100ns	Lock-free
	Metric lookup	persistent_term	<10ns	Copy-free
	Context read	Process dictionary	<10ns	Process-local
	Span start	Erlang + sampling	~1-5us	Per-process
	Span end	Async cast	<1us	Non-blocking
	Flight trace event	NIF + hash	~500ns	Pool-distributed
	Batch export	Async process	Background	Configurable



  

    Elixir Users Guide

This guide covers using instrument in Elixir applications, including Elixir-idiomatic patterns and migration from Telemetry.
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Introduction
instrument is an OpenTelemetry-compatible observability library written in Erlang. Since Elixir runs on the BEAM, you can call instrument directly from Elixir using Erlang module syntax (:module_name).
Key features for Elixir developers:
	Native BEAM integration with process dictionary context
	OpenTelemetry Meter and Tracer APIs
	W3C TraceContext and B3 propagation
	Direct Prometheus export
	Built-in test assertions

Installation
mix.exs
Add instrument to your dependencies:
def deps do
  [
    {:instrument, "~> 0.3.0"}
  ]
end
Application Configuration
Configure instrument in config/config.exs:
config :instrument,
  service_name: "my_elixir_service",
  sampler: {:instrument_sampler_probability, %{ratio: 0.1}}
Or use environment variables (recommended for production):
# config/runtime.exs
config :instrument,
  service_name: System.get_env("OTEL_SERVICE_NAME", "my_service")
Common environment variables:
	Variable	Description
	OTEL_SERVICE_NAME	Service name for resource
	OTEL_TRACES_SAMPLER	Sampler type (always_on, traceidratio, etc.)
	OTEL_EXPORTER_OTLP_ENDPOINT	OTLP endpoint URL
	OTEL_PROPAGATORS	Propagators (tracecontext, b3, b3multi)

Quick Start
Counter
# Create a counter
counter = :instrument.new_counter(:http_requests_total, "Total HTTP requests")

# Increment
:instrument.inc_counter(counter)
:instrument.inc_counter(counter, 5)

# Get value
value = :instrument.get_counter(counter)  # 6.0
Gauge
# Create a gauge
gauge = :instrument.new_gauge(:active_connections, "Active connections")

# Set value
:instrument.set_gauge(gauge, 100)

# Increment/decrement
:instrument.inc_gauge(gauge)       # 101
:instrument.dec_gauge(gauge, 5)    # 96

# Get value
value = :instrument.get_gauge(gauge)
Histogram
# Create with default buckets
histogram = :instrument.new_histogram(:request_duration_seconds, "Request duration")

# Create with custom buckets
histogram = :instrument.new_histogram(
  :response_size_bytes,
  "Response size",
  [100, 500, 1000, 5000, 10000]
)

# Record observations
:instrument.observe_histogram(histogram, 0.125)

# Get distribution
%{count: count, sum: sum, buckets: buckets} = :instrument.get_histogram(histogram)
OpenTelemetry Meter API
For labeled metrics with attributes:
# Get a meter for your service
meter = :instrument_meter.get_meter("my_service")

# Create instruments
counter = :instrument_meter.create_counter(meter, "http_requests_total", %{
  description: "Total HTTP requests",
  unit: "1"
})

histogram = :instrument_meter.create_histogram(meter, "http_request_duration_seconds", %{
  description: "Request duration",
  unit: "s"
})

# Record with attributes (dimensions)
:instrument_meter.add(counter, 1, %{method: "GET", status: 200})
:instrument_meter.record(histogram, 0.125, %{endpoint: "/api/users"})
Distributed Tracing
Creating Spans
defmodule MyApp.Orders do
  def process_order(order) do
    :instrument_tracer.with_span("process_order", %{kind: :server}, fn ->
      # Add attributes for filtering and querying in your backend
      :instrument_tracer.set_attributes(%{
        "order.id" => order.id,
        "customer.id" => order.customer_id,
        "order.total" => order.total
      })

      # Add events for important moments
      :instrument_tracer.add_event("order_validated")

      result = do_process(order)

      # Set status
      :instrument_tracer.set_status(:ok)
      result
    end)
  end
end
Nested Spans
def handle_request(request) do
  :instrument_tracer.with_span("handle_request", fn ->
    # Child spans automatically link to parent
    :instrument_tracer.with_span("validate_input", fn ->
      validate(request)
    end)

    :instrument_tracer.with_span("process_data", fn ->
      process(request)
    end)

    :instrument_tracer.with_span("send_response", fn ->
      send_response()
    end)
  end)
end
Error Handling
def risky_operation(data) do
  :instrument_tracer.with_span("risky_operation", fn ->
    try do
      dangerous_work(data)
    rescue
      e ->
        :instrument_tracer.set_status(:error, Exception.message(e))
        :instrument_tracer.add_event("exception", %{
          "exception.type" => inspect(e.__struct__),
          "exception.message" => Exception.message(e)
        })
        reraise e, __STACKTRACE__
    end
  end)
end
Span Options
# Server span (incoming request)
:instrument_tracer.with_span("api_request", %{kind: :server}, fn -> ... end)

# Client span (outgoing request)
:instrument_tracer.with_span("db_query", %{kind: :client}, fn -> ... end)

# Internal span (within a service)
:instrument_tracer.with_span("compute", %{kind: :internal}, fn -> ... end)
Cross-Process Context Propagation
Using instrument_propagation.spawn
Spawn a process with trace context automatically propagated:
def start_background_work do
  :instrument_tracer.with_span("initiate_work", fn ->
    # Spawned process inherits trace context
    :instrument_propagation.spawn(fn ->
      :instrument_tracer.with_span("background_work", fn ->
        # This span is a child of "initiate_work"
        do_background_work()
      end)
    end)
  end)
end
Task.async with Context Propagation
For Elixir's Task module, capture and attach context manually:
def parallel_operations(items) do
  :instrument_tracer.with_span("parallel_processing", fn ->
    # Capture current context BEFORE creating tasks
    ctx = :instrument_context.current()

    tasks =
      Enum.map(items, fn item ->
        Task.async(fn ->
          # Attach context in the task process
          token = :instrument_context.attach(ctx)
          try do
            :instrument_tracer.with_span("process_item", fn ->
              :instrument_tracer.set_attribute("item.id", item.id)
              process_item(item)
            end)
          after
            :instrument_context.detach(token)
          end
        end)
      end)

    Task.await_many(tasks)
  end)
end
GenServer Integration
Pass context with GenServer calls using the provided helpers:
# Client side - use call_with_context
def get_data(server, key) do
  :instrument_propagation.call_with_context(server, {:get, key})
end

def update_data(server, key, value) do
  :instrument_propagation.cast_with_context(server, {:update, key, value})
end
# Server side - handle wrapped messages
defmodule MyApp.DataServer do
  use GenServer

  def handle_call({:"$instrument_call", ctx, request}, from, state) do
    token = :instrument_context.attach(ctx)
    try do
      handle_call(request, from, state)
    after
      :instrument_context.detach(token)
    end
  end

  def handle_call({:get, key}, _from, state) do
    :instrument_tracer.with_span("data_server.get", fn ->
      :instrument_tracer.set_attribute("key", key)
      {:reply, Map.get(state, key), state}
    end)
  end

  def handle_cast({:"$instrument_cast", ctx, msg}, state) do
    token = :instrument_context.attach(ctx)
    try do
      handle_cast(msg, state)
    after
      :instrument_context.detach(token)
    end
  end

  def handle_cast({:update, key, value}, state) do
    :instrument_tracer.with_span("data_server.update", fn ->
      :instrument_tracer.set_attributes(%{"key" => key})
      {:noreply, Map.put(state, key, value)}
    end)
  end
end
Manual Context Passing
For custom process patterns:
defmodule MyApp.Worker do
  def start_with_context(work) do
    ctx = :instrument_context.current()

    spawn(fn ->
      token = :instrument_context.attach(ctx)
      try do
        :instrument_tracer.with_span("worker.execute", fn ->
          execute(work)
        end)
      after
        :instrument_context.detach(token)
      end
    end)
  end

  # With spawn_link
  def start_linked_with_context(work) do
    ctx = :instrument_context.current()

    spawn_link(fn ->
      token = :instrument_context.attach(ctx)
      try do
        execute(work)
      after
        :instrument_context.detach(token)
      end
    end)
  end
end
HTTP Header Propagation
Inject and extract trace context from HTTP headers:
# Inject into outgoing request
def make_request(url, body) do
  :instrument_tracer.with_span("http_request", %{kind: :client}, fn ->
    headers = :instrument_propagation.inject_headers(:instrument_context.current())

    # headers is a list of tuples like:
    # [{"traceparent", "00-abc123..."}, {"tracestate", "..."}]

    HTTPoison.post(url, body, headers)
  end)
end

# Extract from incoming request
def handle_incoming(conn) do
  headers = Enum.map(conn.req_headers, fn {k, v} -> {k, v} end)
  ctx = :instrument_propagation.extract_headers(headers)
  token = :instrument_context.attach(ctx)

  try do
    :instrument_tracer.with_span("handle_request", %{kind: :server}, fn ->
      process_request(conn)
    end)
  after
    :instrument_context.detach(token)
  end
end
Migrating from Telemetry
Concept Mapping
	Telemetry	instrument
	:telemetry.execute/3	:instrument_meter.add/2,3
	:telemetry.span/3	:instrument_tracer.with_span/2,3
	:telemetry.attach/4	Exporters (OTLP, Prometheus)
	Telemetry.Metrics.counter/2	:instrument_meter.create_counter/3
	Telemetry.Metrics.last_value/2	:instrument_meter.create_gauge/3
	Telemetry.Metrics.distribution/2	:instrument_meter.create_histogram/3

Counter Migration
Before (Telemetry):
# Emitting
:telemetry.execute([:my_app, :request], %{count: 1}, %{method: "GET", status: 200})

# Handling
:telemetry.attach("request-counter", [:my_app, :request], fn _name, measurements, metadata, _config ->
  # Forward to monitoring system
end, nil)
After (instrument):
# Setup (once at application start)
meter = :instrument_meter.get_meter("my_app")
counter = :instrument_meter.create_counter(meter, "my_app_requests_total", %{
  description: "Total requests"
})

# Record
:instrument_meter.add(counter, 1, %{method: "GET", status: 200})

# Export happens automatically via configured exporters
Span Migration
Before (Telemetry):
:telemetry.span([:my_app, :process], %{id: id}, fn ->
  result = do_work()
  {result, %{result: :ok}}
end)
After (instrument):
:instrument_tracer.with_span("my_app.process", fn ->
  :instrument_tracer.set_attribute("id", id)
  result = do_work()
  :instrument_tracer.set_status(:ok)
  result
end)
Handler Migration
Telemetry handlers forward metrics to backends. With instrument, configure exporters instead:
Before (Telemetry):
# Using telemetry_metrics_prometheus
Telemetry.Metrics.counter("http.request.count", tags: [:method, :status])

# Handler collects and exposes metrics
TelemetryMetricsPrometheus.init(metrics: metrics)
After (instrument):
# Metrics are exported automatically
# Expose Prometheus endpoint in your router:
get "/metrics" do
  body = :instrument_prometheus.format()
  content_type = :instrument_prometheus.content_type()

  conn
  |> put_resp_content_type(content_type)
  |> send_resp(200, body)
end
Complete Migration Example
Before:
defmodule MyApp.Orders do
  def create_order(params) do
    :telemetry.span([:my_app, :orders, :create], %{}, fn ->
      result = do_create_order(params)
      {result, %{status: :ok, order_id: result.id}}
    end)
  end
end

# In application.ex
def start(_type, _args) do
  :telemetry.attach_many(
    "order-metrics",
    [[:my_app, :orders, :create, :stop]],
    &handle_event/4,
    nil
  )
end
After:
defmodule MyApp.Orders do
  def create_order(params) do
    :instrument_tracer.with_span("orders.create", %{kind: :server}, fn ->
      :instrument_tracer.set_attribute("customer.id", params.customer_id)

      result = do_create_order(params)

      :instrument_tracer.set_attributes(%{
        "order.id" => result.id,
        "order.total" => result.total
      })
      :instrument_tracer.set_status(:ok)
      result
    end)
  end
end

# Metrics via OTel Meter API
defmodule MyApp.Metrics do
  def setup do
    meter = :instrument_meter.get_meter("my_app")

    :instrument_meter.create_counter(meter, "orders_created_total", %{
      description: "Total orders created"
    })
  end

  def record_order_created(order) do
    :instrument_meter.add("orders_created_total", 1, %{
      customer_tier: order.customer.tier
    })
  end
end
Phoenix Integration
Plug for Trace Context Extraction
defmodule MyAppWeb.Plugs.TraceContext do
  import Plug.Conn

  def init(opts), do: opts

  def call(conn, _opts) do
    # Extract trace context from headers
    headers = Enum.map(conn.req_headers, fn {k, v} -> {k, v} end)
    ctx = :instrument_propagation.extract_headers(headers)
    token = :instrument_context.attach(ctx)

    # Store token for cleanup
    conn = assign(conn, :instrument_token, token)

    # Register callback to detach context
    register_before_send(conn, fn conn ->
      if token = conn.assigns[:instrument_token] do
        :instrument_context.detach(token)
      end
      conn
    end)
  end
end
Instrumenting Controllers
defmodule MyAppWeb.OrderController do
  use MyAppWeb, :controller

  def create(conn, params) do
    :instrument_tracer.with_span("orders.create", %{kind: :server}, fn ->
      :instrument_tracer.set_attributes(%{
        "http.method" => "POST",
        "http.route" => "/orders"
      })

      case Orders.create_order(params) do
        {:ok, order} ->
          :instrument_tracer.set_attributes(%{
            "http.status_code" => 201,
            "order.id" => order.id
          })
          :instrument_tracer.set_status(:ok)

          conn
          |> put_status(:created)
          |> render(:show, order: order)

        {:error, changeset} ->
          :instrument_tracer.set_attributes(%{
            "http.status_code" => 422
          })
          :instrument_tracer.set_status(:error, "validation_failed")

          conn
          |> put_status(:unprocessable_entity)
          |> render(:error, changeset: changeset)
      end
    end)
  end
end
Router-Level Instrumentation
defmodule MyAppWeb.Router do
  use MyAppWeb, :router

  pipeline :instrumented do
    plug MyAppWeb.Plugs.TraceContext
  end

  scope "/api", MyAppWeb do
    pipe_through [:api, :instrumented]

    resources "/orders", OrderController
  end
end
LiveView Considerations
For LiveView, instrument at mount and handle_event:
defmodule MyAppWeb.OrderLive do
  use MyAppWeb, :live_view

  def mount(_params, session, socket) do
    :instrument_tracer.with_span("order_live.mount", fn ->
      orders = Orders.list_orders()
      :instrument_tracer.set_attribute("orders.count", length(orders))
      {:ok, assign(socket, orders: orders)}
    end)
  end

  def handle_event("delete", %{"id" => id}, socket) do
    :instrument_tracer.with_span("order_live.delete", fn ->
      :instrument_tracer.set_attribute("order.id", id)
      Orders.delete_order(id)
      :instrument_tracer.set_status(:ok)
      {:noreply, assign(socket, orders: Orders.list_orders())}
    end)
  end
end
Testing
ExUnit Setup
defmodule MyApp.InstrumentedTest do
  use ExUnit.Case

  setup do
    :instrument_test.setup()

    on_exit(fn ->
      :instrument_test.cleanup()
    end)

    :ok
  end

  setup do
    :instrument_test.reset()
    :ok
  end
end
Testing Spans
defmodule MyApp.OrdersTest do
  use ExUnit.Case

  setup do
    :instrument_test.setup()
    on_exit(fn -> :instrument_test.cleanup() end)
    :instrument_test.reset()
    :ok
  end

  test "create_order creates span with attributes" do
    order = MyApp.Orders.create_order(%{customer_id: 123, total: 99.99})

    # Assert span was created
    :instrument_test.assert_span_exists("orders.create")

    # Assert attributes
    :instrument_test.assert_span_attribute("orders.create", "customer.id", 123)
    :instrument_test.assert_span_attribute("orders.create", "order.id", order.id)

    # Assert status
    :instrument_test.assert_span_status("orders.create", :ok)
  end

  test "nested spans have parent-child relationship" do
    MyApp.Orders.process_with_validation(%{id: 1})

    :instrument_test.assert_span_exists("orders.process")
    :instrument_test.assert_span_exists("orders.validate")
    :instrument_test.assert_parent_child("orders.process", "orders.validate")
  end
end
Testing Metrics
test "counter increments on order creation" do
  :instrument_test.reset()

  MyApp.Orders.create_order(%{customer_id: 1})
  MyApp.Orders.create_order(%{customer_id: 2})

  :instrument_test.assert_counter(:orders_created_total, 2.0)
end

test "gauge tracks active orders" do
  :instrument_test.reset()

  MyApp.Orders.set_active_count(42)

  :instrument_test.assert_gauge(:active_orders, 42.0)
end
Testing Async Operations
test "async operations propagate trace context" do
  parent = self()

  :instrument_tracer.with_span("parent", fn ->
    parent_trace_id = :instrument_tracer.trace_id()

    :instrument_propagation.spawn(fn ->
      :instrument_tracer.with_span("child", fn ->
        child_trace_id = :instrument_tracer.trace_id()
        send(parent, {:trace_id, child_trace_id})
      end)
    end)

    receive do
      {:trace_id, ^parent_trace_id} -> :ok
    after
      1000 -> flunk("Trace ID mismatch or timeout")
    end
  end)

  # Wait for spans to be collected
  :ok = :instrument_test.wait_for_spans(2, 1000)

  :instrument_test.assert_span_exists("parent")
  :instrument_test.assert_span_exists("child")
end
Test Helper Module
Create a shared test helper:
defmodule MyApp.InstrumentCase do
  use ExUnit.CaseTemplate

  setup do
    :instrument_test.setup()

    on_exit(fn ->
      :instrument_test.cleanup()
    end)

    :ok
  end

  setup do
    :instrument_test.reset()
    :ok
  end
end
Use in tests:
defmodule MyApp.SomeTest do
  use MyApp.InstrumentCase

  test "my instrumented code" do
    # test body
  end
end

Next Steps
	Getting Started Guide for Erlang examples
	Context Propagation Guide for advanced patterns
	Exporters Guide for OTLP and Prometheus setup
	Testing Instrumentation for more test patterns



  

    Metrics Reference

Complete API reference for the metrics system.
Overview
The instrument library provides two APIs for metrics:
	Simple API (instrument module) - Direct metric manipulation
	OTel API (instrument_meter module) - OpenTelemetry-compatible interface

Both APIs use the same high-performance NIF backend.
Simple API
Counters
Counters track cumulative values that only increase.
instrument_metric:new_counter/2
Creates a new counter metric.
-spec new_counter(Name, Help) -> Counter when
    Name :: metric_name(),
    Help :: binary() | string(),
    Counter :: metric().
Example:
Counter = instrument_metric:new_counter(http_requests_total, <<"Total HTTP requests">>).
instrument_metric:inc_counter/1
Increments a counter by 1.
-spec inc_counter(Counter) -> ok | {error, not_found} when
    Counter :: metric().
instrument_metric:inc_counter/2
Increments a counter by a specific value.
-spec inc_counter(Counter, Value) -> ok | {error, not_found} when
    Counter :: metric(),
    Value :: number().
Note: Value must be non-negative.
instrument_metric:get_counter/1
Returns the current counter value.
-spec get_counter(Counter) -> float() | {error, not_found} when
    Counter :: metric().
Gauges
Gauges track values that can increase or decrease.
instrument_metric:new_gauge/2
Creates a new gauge metric.
-spec new_gauge(Name, Help) -> Gauge when
    Name :: metric_name(),
    Help :: binary() | string(),
    Gauge :: metric().
instrument_metric:set_gauge/2
Sets the gauge to a specific value.
-spec set_gauge(Gauge, Value) -> ok | {error, not_found} when
    Gauge :: metric(),
    Value :: number().
instrument_metric:inc_gauge/1, instrument_metric:inc_gauge/2
Increments the gauge.
-spec inc_gauge(Gauge) -> ok | {error, not_found}.
-spec inc_gauge(Gauge, Value) -> ok | {error, not_found}.
instrument_metric:dec_gauge/1, instrument_metric:dec_gauge/2
Decrements the gauge.
-spec dec_gauge(Gauge) -> ok | {error, not_found}.
-spec dec_gauge(Gauge, Value) -> ok | {error, not_found}.
instrument_metric:set_gauge_to_current_time/1
Sets the gauge to the current Unix timestamp.
-spec set_gauge_to_current_time(Gauge) -> ok | {error, not_found}.
instrument_metric:get_gauge/1
Returns the current gauge value.
-spec get_gauge(Gauge) -> float() | {error, not_found}.
Histograms
Histograms track the distribution of values.
instrument_metric:new_histogram/2
Creates a histogram with default buckets.
-spec new_histogram(Name, Help) -> Histogram when
    Name :: metric_name(),
    Help :: binary() | string(),
    Histogram :: metric().
Default buckets: [0.005, 0.01, 0.025, 0.05, 0.075, 0.1, 0.25, 0.5, 0.75, 1.0, 2.5, 5.0, 7.5, 10.0]
instrument_metric:new_histogram/3
Creates a histogram with custom buckets.
-spec new_histogram(Name, Help, Buckets) -> Histogram when
    Name :: metric_name(),
    Help :: binary() | string(),
    Buckets :: [number()],
    Histogram :: metric().
Example:
Hist = instrument_metric:new_histogram(
    response_size_bytes,
    <<"Response size">>,
    [100, 500, 1000, 5000, 10000]
).
instrument_metric:observe_histogram/2
Records an observation in the histogram.
-spec observe_histogram(Histogram, Value) -> ok | {error, not_found} when
    Histogram :: metric(),
    Value :: number().
instrument_metric:get_histogram/1
Returns histogram data.
-spec get_histogram(Histogram) -> #{
    count := non_neg_integer(),
    sum := float(),
    buckets := [{float(), non_neg_integer()}]
} | {error, not_found}.
Vector Metrics (Labeled)
Vector metrics add label dimensions.
instrument_metric:new_counter_vec/3
Creates a labeled counter.
-spec new_counter_vec(Name, Help, Labels) -> ok when
    Name :: metric_name(),
    Help :: binary() | string(),
    Labels :: [atom() | binary() | string()].
Example:
instrument_metric:new_counter_vec(http_requests_total, <<"HTTP requests">>, [method, status]).
instrument_metric:new_gauge_vec/3
Creates a labeled gauge.
-spec new_gauge_vec(Name, Help, Labels) -> ok.
instrument_metric:new_histogram_vec/3, instrument_metric:new_histogram_vec/4
Creates a labeled histogram.
-spec new_histogram_vec(Name, Help, Labels) -> ok.
-spec new_histogram_vec(Name, Help, Labels, Buckets) -> ok.
Vec Operations
%% Counter operations
instrument_metric:inc_counter_vec(Name, LabelValues).
instrument_metric:inc_counter_vec(Name, LabelValues, Value).
instrument_metric:get_counter_vec(Name, LabelValues).

%% Gauge operations
instrument_metric:set_gauge_vec(Name, LabelValues, Value).
instrument_metric:inc_gauge_vec(Name, LabelValues).
instrument_metric:inc_gauge_vec(Name, LabelValues, Value).
instrument_metric:dec_gauge_vec(Name, LabelValues).
instrument_metric:dec_gauge_vec(Name, LabelValues, Value).
instrument_metric:get_gauge_vec(Name, LabelValues).

%% Histogram operations
instrument_metric:observe_histogram_vec(Name, LabelValues, Value).
instrument_metric:get_histogram_vec(Name, LabelValues).
Example:
instrument_metric:inc_counter_vec(http_requests_total, [<<"GET">>, <<"200">>]).
instrument_metric:inc_counter_vec(http_requests_total, [<<"POST">>, <<"201">>], 5).
instrument_metric:labels/2
Returns a metric reference for specific label values.
-spec labels(Name, LabelValues) -> metric() | {error, term()}.
Example:
Metric = instrument_metric:labels(http_requests_total, [<<"GET">>, <<"200">>]),
instrument_metric:inc_counter(Metric).
instrument_metric:remove_label/2
Removes a specific label combination.
-spec remove_label(Name, LabelValues) -> ok | {error, not_found}.
instrument_metric:clear_labels/1
Removes all label combinations for a metric.
-spec clear_labels(Name) -> ok.
Registry
instrument_metric:register/1
Registers a metric with the global registry.
-spec register(Metric) -> ok.
instrument_metric:unregister/1
Unregisters a metric by name.
-spec unregister(Name) -> ok | {error, not_found}.
instrument_metric:unregister_all/0
Unregisters all metrics.
-spec unregister_all() -> ok.
OTel API
The instrument_meter module provides an OpenTelemetry-compatible API.
MeterProvider
instrument_meter:get_meter/1, instrument_meter:get_meter/2
Gets or creates a meter.
-spec get_meter(Name) -> meter().
-spec get_meter(Name, Opts) -> meter() when
    Opts :: #{
        version => binary(),
        schema_url => binary(),
        resource => map()
    }.
Example:
Meter = instrument_meter:get_meter(<<"my_service">>).
Meter = instrument_meter:get_meter(<<"my_service">>, #{version => <<"1.0.0">>}).
Creating Instruments
instrument_meter:create_counter/2, instrument_meter:create_counter/3
Creates a counter instrument.
-spec create_counter(Meter, Name) -> instrument().
-spec create_counter(Meter, Name, Opts) -> instrument() when
    Opts :: #{
        description => binary(),
        unit => binary()
    }.
instrument_meter:create_up_down_counter/2, instrument_meter:create_up_down_counter/3
Creates an up-down counter (can increase and decrease).
-spec create_up_down_counter(Meter, Name) -> instrument().
-spec create_up_down_counter(Meter, Name, Opts) -> instrument().
instrument_meter:create_histogram/2, instrument_meter:create_histogram/3
Creates a histogram instrument.
-spec create_histogram(Meter, Name) -> instrument().
-spec create_histogram(Meter, Name, Opts) -> instrument() when
    Opts :: #{
        description => binary(),
        unit => binary(),
        boundaries => [number()]
    }.
instrument_meter:create_gauge/2, instrument_meter:create_gauge/3
Creates a gauge instrument.
-spec create_gauge(Meter, Name) -> instrument().
-spec create_gauge(Meter, Name, Opts) -> instrument().
Observable Instruments
%% Observable counter (read-only, callback-based)
instrument_meter:create_observable_counter(Meter, Name, Callback).

%% Observable gauge
instrument_meter:create_observable_gauge(Meter, Name, Callback).

%% Observable up-down counter
instrument_meter:create_observable_up_down_counter(Meter, Name, Callback).
Example:
instrument_meter:create_observable_gauge(Meter, <<"memory_usage">>, fun() ->
    erlang:memory(total)
end).
Recording Values
instrument_meter:add/2, instrument_meter:add/3
Adds a value to a counter or up-down counter.
-spec add(Instrument, Value) -> ok.
-spec add(Instrument, Value, Attributes) -> ok when
    Attributes :: map().
Example:
instrument_meter:add(Counter, 1).
instrument_meter:add(Counter, 1, #{method => <<"GET">>, status => 200}).
instrument_meter:record/2, instrument_meter:record/3
Records a value in a histogram.
-spec record(Instrument, Value) -> ok.
-spec record(Instrument, Value, Attributes) -> ok.
instrument_meter:set/2, instrument_meter:set/3
Sets a gauge value.
-spec set(Instrument, Value) -> ok.
-spec set(Instrument, Value, Attributes) -> ok.
Utility
%% Get instrument by name
instrument_meter:get_instrument(Name).

%% List all instruments
instrument_meter:list_instruments().

%% Trigger observable callbacks
instrument_meter:collect_observables().

%% Cleanup
instrument_meter:unregister_instrument(Name).
instrument_meter:unregister_all_instruments().
Types
-type metric_name() :: atom() | binary() | string().
-type metric() :: #metric{} | atom().
-type metric_type() :: counter | gauge | histogram.
-type label() :: atom() | binary() | string().
-type labels() :: [label()].

-type meter() :: #meter{}.
-type instrument() :: #otel_instrument{}.
-type instrument_opts() :: #{
    description => binary(),
    unit => binary(),
    boundaries => [number()]
}.
Prometheus Export
The instrument_prometheus module formats metrics for Prometheus.
%% Get Prometheus text format
Body = instrument_prometheus:format().

%% Get content type header
ContentType = instrument_prometheus:content_type().
%% Returns: <<"text/plain; version=0.0.4; charset=utf-8">>
Best Practices
Naming Conventions
	Use snake_case for metric names
	Include unit in name: _seconds, _bytes, _total
	Counter names should end with _total
	Use descriptive names: http_requests_total not requests

Labels
	Keep cardinality bounded (< 100 unique combinations)
	Don't use high-cardinality values (user IDs, request IDs)
	Use consistent label names across metrics
	Order label values consistently

Performance
	Create metrics at startup, not per-request
	Use labels/2 for repeated updates to same label combination
	Monitor cardinality growth
	Consider sampling for high-frequency metrics



  

    Tracing Reference

Complete API reference for the distributed tracing system.
Overview
The instrument_tracer module provides an OpenTelemetry-compatible tracing API with:
	Span creation and lifecycle management
	Attributes, events, and status
	Context propagation
	Multiple export options

TracerProvider API
instrument_tracer:get_tracer/1, instrument_tracer:get_tracer/2
Gets or creates a tracer.
-spec get_tracer(Name) -> tracer() when
    Name :: binary() | atom().

-spec get_tracer(Name, Opts) -> tracer() when
    Name :: binary() | atom(),
    Opts :: #{
        version => binary(),
        schema_url => binary(),
        resource => map()
    }.
Example:
Tracer = instrument_tracer:get_tracer(<<"my_service">>).
Tracer = instrument_tracer:get_tracer(my_service, #{version => <<"1.0.0">>}).
Span Lifecycle
instrument_tracer:with_span/2, instrument_tracer:with_span/3
Executes a function within a span. Recommended for most use cases.
-spec with_span(Name, Fun) -> Result when
    Name :: binary() | atom(),
    Fun :: fun(() -> Result),
    Result :: term().

-spec with_span(Name, Opts, Fun) -> Result when
    Name :: binary() | atom(),
    Opts :: span_opts(),
    Fun :: fun(() -> Result),
    Result :: term().
Span Options:
-type span_opts() :: #{
    kind => client | server | producer | consumer | internal,
    attributes => map(),
    links => [#span_link{}],
    start_time => integer(),
    parent => #span_ctx{} | undefined,
    span_id => binary()     %% Custom 8-byte binary or 16-char hex string
}.
Examples:
%% Basic span
Result = instrument_tracer:with_span(<<"operation">>, fun() ->
    do_work()
end).

%% Span with options
Result = instrument_tracer:with_span(<<"http_request">>, #{
    kind => server,
    attributes => #{<<"http.method">> => <<"GET">>}
}, fun() ->
    handle_request()
end).
Behavior:
	Automatically starts the span
	Captures exceptions and records them
	Sets error status on exceptions
	Re-raises exceptions after recording
	Ends the span in all cases (success, error, exception)

instrument_tracer:start_span/1, instrument_tracer:start_span/2
Manually starts a span. Use when you need more control.
-spec start_span(Name) -> span().
-spec start_span(Name, Opts) -> span().
Example:
Span = instrument_tracer:start_span(<<"manual_operation">>),
try
    do_work()
after
    instrument_tracer:end_span(Span)
end.
instrument_tracer:end_span/0, instrument_tracer:end_span/1
Ends a span.
-spec end_span() -> ok.
-spec end_span(Span) -> ok when Span :: span().
instrument_tracer:current_span/0
Returns the current span or undefined.
-spec current_span() -> span() | undefined.
Span Modification
instrument_tracer:set_attributes/1
Sets multiple attributes on the current span.
-spec set_attributes(Attrs) -> ok when
    Attrs :: map().
Example:
instrument_tracer:set_attributes(#{
    <<"http.method">> => <<"GET">>,
    <<"http.url">> => <<"https://example.com/api">>,
    <<"http.status_code">> => 200
}).
instrument_tracer:set_attribute/2
Sets a single attribute.
-spec set_attribute(Key, Value) -> ok when
    Key :: term(),
    Value :: term().
instrument_tracer:add_event/1, instrument_tracer:add_event/2
Adds a timestamped event to the span.
-spec add_event(Name) -> ok when
    Name :: binary().

-spec add_event(Name, Attrs) -> ok when
    Name :: binary(),
    Attrs :: map().
Example:
instrument_tracer:add_event(<<"cache_hit">>).
instrument_tracer:add_event(<<"query_executed">>, #{
    <<"db.rows_affected">> => 5
}).
instrument_tracer:set_status/1, instrument_tracer:set_status/2
Sets the span status.
-spec set_status(Status) -> ok when
    Status :: ok | error.

-spec set_status(error, Description) -> ok when
    Description :: binary().
Example:
instrument_tracer:set_status(ok).
instrument_tracer:set_status(error, <<"Payment declined">>).
instrument_tracer:record_exception/1, instrument_tracer:record_exception/2
Records an exception as a span event.
-spec record_exception(Exception) -> ok when
    Exception :: term().

-spec record_exception(Exception, Opts) -> ok when
    Exception :: term(),
    Opts :: #{stacktrace => list()}.
Example:
try
    risky_operation()
catch
    error:Reason:Stacktrace ->
        instrument_tracer:record_exception(Reason, #{
            stacktrace => Stacktrace
        }),
        handle_error(Reason)
end.
instrument_tracer:add_link/1
Adds a link to another span.
-spec add_link(SpanCtx | Opts) -> ok when
    SpanCtx :: #span_ctx{},
    Opts :: #{
        span_ctx := #span_ctx{},
        attributes => map()
    }.
instrument_tracer:update_name/1
Updates the span name.
-spec update_name(Name) -> ok when
    Name :: binary().
SpanContext
instrument_tracer:span_ctx/0, instrument_tracer:span_ctx/1
Gets the span context.
-spec span_ctx() -> #span_ctx{} | undefined.
-spec span_ctx(Span) -> #span_ctx{}.
instrument_tracer:trace_id/0, instrument_tracer:trace_id/1
Gets the trace ID as a hex string.
-spec trace_id() -> binary() | undefined.
-spec trace_id(Span) -> binary().
instrument_tracer:span_id/0, instrument_tracer:span_id/1
Gets the span ID as a hex string.
-spec span_id() -> binary() | undefined.
-spec span_id(Span) -> binary().
instrument_tracer:is_recording/0
Checks if the current span is recording.
-spec is_recording() -> boolean().
instrument_tracer:is_sampled/0
Checks if the current span is sampled.
-spec is_sampled() -> boolean().
Export
instrument_tracer:register_exporter/1
Registers a span exporter function.
-spec register_exporter(Exporter) -> ok when
    Exporter :: fun((span()) -> ok).
Example:
%% Console exporter
instrument_tracer:register_exporter(
    fun(Span) -> instrument_exporter_console:export(Span) end
).

%% Custom exporter
instrument_tracer:register_exporter(fun(Span) ->
    io:format("Span: ~s (~.3f ms)~n", [
        Span#span.name,
        (Span#span.end_time - Span#span.start_time) / 1000000
    ])
end).
instrument_tracer:unregister_exporter/1
Unregisters an exporter.
-spec unregister_exporter(Exporter) -> ok.
Context Module
The instrument_context module manages context propagation.
instrument_context:new/0
Creates an empty context.
-spec new() -> context().
instrument_context:current/0
Returns the current context.
-spec current() -> context().
instrument_context:attach/1
Attaches a context, returning a token for detachment.
-spec attach(Context) -> token().
instrument_context:detach/1
Detaches and restores the previous context.
-spec detach(Token) -> ok.
instrument_context:set_current/1
Sets the current context without history (for spawned processes).
-spec set_current(Context) -> ok.
instrument_context:with_context/2
Executes a function with a context attached.
-spec with_context(Context, Fun) -> Result.
Context Values
%% Get a value
Value = instrument_context:get_value(Ctx, Key).
Value = instrument_context:get_value(Ctx, Key, Default).

%% Set a value (returns new context)
NewCtx = instrument_context:set_value(Ctx, Key, Value).

%% Remove a value
NewCtx = instrument_context:remove_value(Ctx, Key).
Process Spawning
%% Spawn with context
Pid = instrument_context:spawn_with_context(Fun).
Pid = instrument_context:spawn_with_context(Module, Function).

%% Spawn linked with context
Pid = instrument_context:spawn_link_with_context(Fun).
Pid = instrument_context:spawn_link_with_context(Module, Function).
Propagation Module
The instrument_propagation module handles cross-boundary propagation.
Process Spawning
Pid = instrument_propagation:spawn(Fun).
Pid = instrument_propagation:spawn(Fun, Args).
Pid = instrument_propagation:spawn_link(Fun).
Pid = instrument_propagation:spawn_link(Fun, Args).
{Pid, Ref} = instrument_propagation:spawn_monitor(Fun).
Pid = instrument_propagation:spawn_opt(Fun, Opts).
Gen Server Integration
%% Call with context
Result = instrument_propagation:call_with_context(Server, Request).
Result = instrument_propagation:call_with_context(Server, Request, Timeout).

%% Cast with context
ok = instrument_propagation:cast_with_context(Server, Msg).
HTTP Headers
%% Inject into headers
Headers = instrument_propagation:inject_headers(Context).
%% Returns: [{<<"traceparent">>, <<"00-...">>}, ...]

%% Extract from headers
Context = instrument_propagation:extract_headers(Headers).
Generic Carrier
%% Inject into map
Carrier = instrument_propagation:inject(#{}).
Carrier = instrument_propagation:inject(Context, #{}).

%% Extract from map
Context = instrument_propagation:extract(Carrier).
Context = instrument_propagation:extract(Carrier, BaseContext).
Types
-type tracer() :: #tracer{
    name :: binary(),
    version :: binary() | undefined,
    schema_url :: binary() | undefined,
    resource :: map() | undefined
}.

-type span() :: #span{
    name :: binary(),
    ctx :: #span_ctx{},
    parent_ctx :: #span_ctx{} | undefined,
    kind :: span_kind(),
    start_time :: integer(),
    end_time :: integer() | undefined,
    attributes :: map(),
    events :: [#span_event{}],
    links :: [#span_link{}],
    status :: ok | error | {error, binary()} | unset,
    is_recording :: boolean()
}.

-type span_ctx() :: #span_ctx{
    trace_id :: binary(),
    span_id :: binary(),
    trace_flags :: integer(),
    trace_state :: list(),
    is_remote :: boolean()
}.

-type span_kind() :: client | server | producer | consumer | internal.

-type context() :: #{term() => term()}.
-type token() :: reference().
Span Kinds
	Kind	Description	Use Case
	internal	Default. Internal operation	Function calls, computations
	server	Handles incoming request	HTTP server, gRPC server
	client	Makes outgoing request	HTTP client, DB client
	producer	Sends message	Queue producer, pub/sub
	consumer	Receives message	Queue consumer, subscriber

Custom Span IDs
You can provide a custom span ID when creating spans. This is useful for:
	Correlating spans with external systems that generate their own IDs
	Replaying or importing traces from external sources
	Testing with predictable IDs

Usage
%% Using 8-byte binary
SpanId = crypto:strong_rand_bytes(8),
instrument_tracer:with_span(<<"operation">>, #{span_id => SpanId}, fun() ->
    do_work()
end).

%% Using 16-character hex string
instrument_tracer:with_span(<<"operation">>, #{span_id => <<"abcd1234abcd1234">>}, fun() ->
    do_work()
end).
ID Format
	Binary format: 8 bytes (64 bits)
	Hex string format: 16 lowercase hex characters

The span ID must be non-zero per W3C TraceContext spec.
Best Practices
Span Naming
	Use descriptive, low-cardinality names
	Include operation type: db_query, http_request
	Avoid dynamic values in names (use attributes)

Attributes
	Follow semantic conventions
	Include relevant context for debugging
	Avoid sensitive data

Context Management
	Always detach attached contexts
	Use with_span when possible
	Propagate context across process boundaries

Performance
	Don't create spans for trivial operations
	Check is_recording() before expensive attribute computation
	Use batch processor in production



  

    Semantic Conventions

Standard attribute names for consistent observability data.
Overview
Semantic conventions define standard names for attributes, making telemetry data consistent and interoperable across services and tools.
Following these conventions ensures:
	Data is queryable in observability backends
	Dashboards and alerts work across services
	Teams use consistent terminology

General Attributes
Service
	Attribute	Type	Description
	service.name	string	Logical name of the service
	service.version	string	Version of the service
	service.namespace	string	Namespace for multi-tenant services
	service.instance.id	string	Unique instance identifier

Example:
instrument_tracer:set_attributes(#{
    <<"service.name">> => <<"order-service">>,
    <<"service.version">> => <<"1.2.3">>,
    <<"service.instance.id">> => node()
}).
Deployment
	Attribute	Type	Description
	deployment.environment	string	Environment name (production, staging)

HTTP Attributes
Client and Server
	Attribute	Type	Description
	http.method	string	HTTP method (GET, POST, etc.)
	http.url	string	Full request URL
	http.target	string	Request target (path + query)
	http.host	string	Host header value
	http.scheme	string	URL scheme (http, https)
	http.status_code	int	HTTP response status code
	http.flavor	string	HTTP version (1.1, 2.0)
	http.user_agent	string	User-Agent header
	http.request_content_length	int	Request body size in bytes
	http.response_content_length	int	Response body size in bytes

Server-specific
	Attribute	Type	Description
	http.route	string	Matched route pattern
	http.client_ip	string	Client IP address

Example - HTTP Server:
instrument_tracer:with_span(<<"http_request">>, #{kind => server}, fun() ->
    instrument_tracer:set_attributes(#{
        <<"http.method">> => <<"POST">>,
        <<"http.target">> => <<"/api/orders">>,
        <<"http.route">> => <<"/api/orders">>,
        <<"http.scheme">> => <<"https">>,
        <<"http.host">> => <<"api.example.com">>,
        <<"http.status_code">> => 201,
        <<"http.client_ip">> => <<"192.168.1.100">>
    }),
    handle_request()
end).
Example - HTTP Client:
instrument_tracer:with_span(<<"http_call">>, #{kind => client}, fun() ->
    instrument_tracer:set_attributes(#{
        <<"http.method">> => <<"GET">>,
        <<"http.url">> => <<"https://api.example.com/users/123">>,
        <<"http.status_code">> => 200
    }),
    make_request()
end).
Client Span Conventions
Client spans represent outbound calls from your service. The instrument_client module simplifies creating properly attributed client spans.
Generic Client Attributes
	Attribute	Type	Description
	pool.name	string	Resource pool name
	pool.type	string	Pool system type

Using instrument_client
The instrument_client module automatically sets semantic convention attributes based on the system type:
%% Database client - automatically sets db.* attributes
instrument_client:with_client_span(postgresql, <<"SELECT">>, #{
    target => <<"users">>,
    statement => <<"SELECT * FROM users">>,
    sanitize => true
}, fun() -> query(Conn, SQL) end).

%% HTTP client - automatically sets http.* attributes
instrument_client:with_client_span(http, <<"GET">>, #{
    target => <<"/api/users">>,
    attributes => #{<<"http.url">> => URL}
}, fun() -> httpc:request(URL) end).

%% Messaging - automatically sets messaging.* attributes
instrument_client:with_client_span(kafka, <<"publish">>, #{
    target => <<"orders-topic">>
}, fun() -> brod:produce(Client, Topic, Msg) end).
See the Client Tracing Guide for detailed examples.
Database Attributes
	Attribute	Type	Description
	db.system	string	Database type (postgresql, mysql, redis)
	db.connection_string	string	Connection string (sanitized)
	db.user	string	Database user
	db.name	string	Database name
	db.statement	string	SQL statement or command
	db.operation	string	Operation type (SELECT, INSERT)
	db.sql.table	string	Table being operated on
	db.rows_returned	int	Number of rows returned
	db.rows_affected	int	Number of rows affected

Example with instrument_client:
instrument_client:with_client_span(postgresql, <<"SELECT">>, #{
    target => <<"orders">>,
    statement => <<"SELECT * FROM orders WHERE id = $1">>,
    sanitize => true,
    attributes => #{
        <<"db.name">> => <<"orders">>,
        <<"db.user">> => <<"app_user">>
    }
}, fun() ->
    case execute_query() of
        {ok, Rows} ->
            instrument_client:set_response_attributes(#{
                rows_returned => length(Rows)
            }),
            {ok, Rows};
        Error ->
            Error
    end
end).
Manual Example:
instrument_tracer:with_span(<<"db_query">>, #{kind => client}, fun() ->
    instrument_tracer:set_attributes(#{
        <<"db.system">> => <<"postgresql">>,
        <<"db.name">> => <<"orders">>,
        <<"db.user">> => <<"app_user">>,
        <<"db.operation">> => <<"SELECT">>,
        <<"db.sql.table">> => <<"orders">>,
        <<"db.statement">> => <<"SELECT * FROM orders WHERE id = $1">>
    }),
    execute_query()
end).
Note: Avoid including sensitive data in db.statement. Use instrument_client:sanitize_text/1 or set sanitize => true.
Messaging Attributes
	Attribute	Type	Description
	messaging.system	string	Messaging system (rabbitmq, kafka)
	messaging.destination	string	Queue/topic name
	messaging.destination_kind	string	Kind (queue, topic)
	messaging.message_id	string	Message identifier
	messaging.conversation_id	string	Conversation/correlation ID
	messaging.message_payload_size_bytes	int	Message size
	messaging.operation	string	Operation (send, receive, process)

Example - Producer:
instrument_tracer:with_span(<<"send_message">>, #{kind => producer}, fun() ->
    instrument_tracer:set_attributes(#{
        <<"messaging.system">> => <<"rabbitmq">>,
        <<"messaging.destination">> => <<"orders.created">>,
        <<"messaging.destination_kind">> => <<"queue">>,
        <<"messaging.message_id">> => MessageId,
        <<"messaging.operation">> => <<"send">>
    }),
    publish_message()
end).
Example - Consumer:
instrument_tracer:with_span(<<"process_message">>, #{kind => consumer}, fun() ->
    instrument_tracer:set_attributes(#{
        <<"messaging.system">> => <<"rabbitmq">>,
        <<"messaging.destination">> => <<"orders.created">>,
        <<"messaging.message_id">> => MessageId,
        <<"messaging.operation">> => <<"process">>
    }),
    handle_message()
end).
RPC Attributes
	Attribute	Type	Description
	rpc.system	string	RPC system (grpc, thrift)
	rpc.service	string	Service name
	rpc.method	string	Method name
	rpc.grpc.status_code	int	gRPC status code

Example:
instrument_tracer:with_span(<<"grpc_call">>, #{kind => client}, fun() ->
    instrument_tracer:set_attributes(#{
        <<"rpc.system">> => <<"grpc">>,
        <<"rpc.service">> => <<"UserService">>,
        <<"rpc.method">> => <<"GetUser">>,
        <<"rpc.grpc.status_code">> => 0
    }),
    call_grpc()
end).
Exception Attributes
	Attribute	Type	Description
	exception.type	string	Exception class/type
	exception.message	string	Exception message
	exception.stacktrace	string	Stack trace as string

These are set automatically by record_exception/1,2.
Network Attributes
	Attribute	Type	Description
	net.transport	string	Transport (ip_tcp, ip_udp)
	net.peer.ip	string	Remote IP address
	net.peer.port	int	Remote port
	net.peer.name	string	Remote hostname
	net.host.ip	string	Local IP address
	net.host.port	int	Local port
	net.host.name	string	Local hostname

Erlang-specific Attributes
While not part of the OTel specification, these are useful for Erlang applications:
	Attribute	Type	Description
	erlang.process.pid	string	Process identifier
	erlang.process.name	string	Registered process name
	erlang.node	string	Node name
	erlang.application	string	OTP application
	erlang.module	string	Module name
	erlang.function	string	Function name

Example:
instrument_tracer:set_attributes(#{
    <<"erlang.node">> => atom_to_binary(node()),
    <<"erlang.process.pid">> => list_to_binary(pid_to_list(self())),
    <<"erlang.module">> => <<"my_module">>,
    <<"erlang.function">> => <<"handle_call">>
}).
Custom Attributes
For domain-specific data, use a namespace prefix:
%% Order processing
instrument_tracer:set_attributes(#{
    <<"order.id">> => OrderId,
    <<"order.total">> => Total,
    <<"order.currency">> => <<"USD">>,
    <<"order.item_count">> => ItemCount,
    <<"order.customer_tier">> => <<"premium">>
}).

%% User context
instrument_tracer:set_attributes(#{
    <<"user.id">> => UserId,
    <<"user.email">> => Email,  %% Consider privacy implications
    <<"user.role">> => Role
}).

%% Feature flags
instrument_tracer:set_attributes(#{
    <<"feature.new_checkout">> => true,
    <<"feature.ab_test_variant">> => <<"B">>
}).
Metric Naming Conventions
Counter Names
	Use _total suffix
	Describe what is being counted
	Use lowercase with underscores

http_requests_total
db_queries_total
messages_sent_total
errors_total
Gauge Names
	Describe current state
	No special suffix needed

http_active_connections
db_pool_size
queue_length
cache_size_bytes
Histogram Names
	Include unit in name: _seconds, _bytes
	Describe what is measured

http_request_duration_seconds
db_query_duration_seconds
response_size_bytes
message_size_bytes
Label Names
	Use lowercase with underscores
	Keep names short but descriptive
	Be consistent across metrics

method      %% HTTP method
status      %% Status code or status name
endpoint    %% API endpoint
operation   %% Database operation
pool        %% Connection pool name
Best Practices
Do
	Use standard attribute names when they exist
	Namespace custom attributes
	Include relevant context for debugging
	Be consistent across your codebase

Don't
	Include sensitive data (passwords, tokens)
	Use high-cardinality attribute values excessively
	Duplicate information in span name and attributes
	Create new names when standards exist

Attribute Value Guidelines
	Strings: Use lowercase, consistent formats
	Numbers: Use standard units (seconds, bytes)
	Booleans: Use for feature flags, binary states
	Arrays: Avoid unless necessary, impacts cardinality

Privacy Considerations
Be careful with:
	User emails
	IP addresses
	Request bodies
	Authentication tokens
	Personal identifiers

Consider:
	Hashing sensitive values
	Using IDs instead of raw values
	Applying attribute filtering before export



  

    Testing Instrumentation

Patterns and practices for testing instrumented code using the instrument_test module.
Quick Start with instrument_test
The instrument_test module provides collectors and assertions for testing spans, metrics, and logs.
EUnit Example
-module(my_instrumented_module_test).
-include_lib("eunit/include/eunit.hrl").
-include("instrument_otel.hrl").

my_test_() ->
    {setup,
        fun() -> instrument_test:setup() end,
        fun(_) -> instrument_test:cleanup() end,
        [
            fun test_span_creation/0,
            fun test_metric_increment/0
        ]
    }.

test_span_creation() ->
    instrument_test:reset(),

    %% Call your instrumented function
    my_module:process_request(#{id => 123}),

    %% Assert span was created with correct attributes
    instrument_test:assert_span_exists(<<"process_request">>),
    instrument_test:assert_span_attribute(<<"process_request">>, <<"request.id">>, 123),
    instrument_test:assert_span_status(<<"process_request">>, ok).

test_metric_increment() ->
    instrument_test:reset(),

    my_module:handle_event(success),

    instrument_test:assert_counter(events_total, 1.0).
Common Test Example
-module(my_instrumented_module_SUITE).
-include("instrument_otel.hrl").

-export([all/0, init_per_suite/1, end_per_suite/1,
         init_per_testcase/2, end_per_testcase/2]).
-export([test_span_creation/1, test_nested_spans/1]).

all() -> [test_span_creation, test_nested_spans].

init_per_suite(Config) ->
    instrument_test:setup(),
    Config.

end_per_suite(_Config) ->
    instrument_test:cleanup(),
    ok.

init_per_testcase(_TestCase, Config) ->
    instrument_test:reset(),
    Config.

end_per_testcase(_TestCase, _Config) ->
    ok.

test_span_creation(_Config) ->
    %% Call instrumented code
    my_module:process_request(#{id => 123}),

    %% Assertions
    instrument_test:assert_span_exists(<<"process_request">>),
    instrument_test:assert_span(<<"process_request">>, #{
        kind => server,
        status => ok,
        attributes => #{<<"request.id">> => 123}
    }),
    ok.

test_nested_spans(_Config) ->
    my_module:complex_operation(),

    %% Verify parent-child relationship
    instrument_test:assert_span_exists(<<"outer_operation">>),
    instrument_test:assert_span_exists(<<"inner_operation">>),
    instrument_test:assert_parent_child(<<"outer_operation">>, <<"inner_operation">>),
    ok.
Testing Spans
Capturing Spans
Spans are automatically captured after calling instrument_test:setup():
%% Your instrumented code
instrument_tracer:with_span(<<"my_operation">>, fun() ->
    instrument_tracer:set_attribute(<<"user.id">>, UserId),
    do_work()
end),

%% Get all captured spans
Spans = instrument_test:get_spans(),

%% Get a specific span by name
{ok, Span} = instrument_test:get_span(<<"my_operation">>),
Span Assertions
%% Assert span exists
instrument_test:assert_span_exists(<<"my_operation">>),

%% Assert span does not exist
instrument_test:assert_no_span(<<"unexpected_span">>),

%% Assert specific attribute
instrument_test:assert_span_attribute(<<"my_operation">>, <<"user.id">>, 42),

%% Assert span has an event
instrument_test:assert_span_event(<<"my_operation">>, <<"cache_miss">>),

%% Assert span status
instrument_test:assert_span_status(<<"my_operation">>, ok),
instrument_test:assert_span_status(<<"failed_op">>, error),
instrument_test:assert_span_status(<<"failed_op">>, {error, <<"timeout">>}),

%% Assert multiple properties at once
instrument_test:assert_span(<<"my_operation">>, #{
    kind => server,
    status => ok,
    attributes => #{
        <<"http.method">> => <<"GET">>,
        <<"http.status_code">> => 200
    }
}),
Testing Nested Spans
test_nested_spans(_Config) ->
    instrument_tracer:with_span(<<"parent">>, fun() ->
        instrument_tracer:with_span(<<"child">>, fun() ->
            ok
        end)
    end),

    %% Verify parent-child relationship
    instrument_test:assert_parent_child(<<"parent">>, <<"child">>),

    %% Both spans should exist
    instrument_test:assert_span_exists(<<"parent">>),
    instrument_test:assert_span_exists(<<"child">>),

    %% Get spans to verify trace IDs match
    {ok, Parent} = instrument_test:get_span(<<"parent">>),
    {ok, Child} = instrument_test:get_span(<<"child">>),
    Parent#span.ctx#span_ctx.trace_id = Child#span.ctx#span_ctx.trace_id.
Testing Exception Handling
test_exception_span(_Config) ->
    try
        instrument_tracer:with_span(<<"failing_op">>, fun() ->
            error(something_bad)
        end)
    catch
        error:something_bad -> ok
    end,

    %% Span should have error status
    instrument_test:assert_span_status(<<"failing_op">>, error),

    %% Should have exception event
    instrument_test:assert_span_event(<<"failing_op">>, <<"exception">>),

    %% Can check exception attributes
    {ok, Span} = instrument_test:get_span(<<"failing_op">>),
    [Event] = Span#span.events,
    <<"exception">> = Event#span_event.name,
    true = maps:is_key(<<"exception.type">>, Event#span_event.attributes).
Testing Cross-Process Propagation
test_cross_process_propagation(_Config) ->
    Parent = self(),

    instrument_tracer:with_span(<<"parent_process">>, fun() ->
        ParentTraceId = instrument_tracer:trace_id(),

        %% Spawn with context propagation
        Pid = instrument_propagation:spawn(fun() ->
            instrument_tracer:with_span(<<"child_process">>, fun() ->
                ChildTraceId = instrument_tracer:trace_id(),
                Parent ! {trace_id, ChildTraceId}
            end)
        end),

        receive
            {trace_id, ParentTraceId} ->
                %% Same trace ID means context was propagated
                _ = Pid,
                ok
        after 1000 ->
            ct:fail(timeout)
        end
    end),

    %% Both spans should be captured
    ok = instrument_test:wait_for_spans(2, 1000),
    instrument_test:assert_span_exists(<<"parent_process">>),
    instrument_test:assert_span_exists(<<"child_process">>).
Waiting for Async Spans
test_async_operation(_Config) ->
    %% Start async operation that creates spans
    start_background_job(),

    %% Wait for expected spans
    ok = instrument_test:wait_for_spans(3, 5000),

    %% Now assert
    instrument_test:assert_span_exists(<<"job_start">>),
    instrument_test:assert_span_exists(<<"job_process">>),
    instrument_test:assert_span_exists(<<"job_complete">>).
Testing Metrics
Counter Assertions
test_counter(_Config) ->
    Counter = instrument_metric:new_counter(requests_total, <<"Total requests">>),
    instrument_metric:inc_counter(Counter, 5),

    instrument_test:assert_counter(requests_total, 5.0).
Gauge Assertions
test_gauge(_Config) ->
    Gauge = instrument_metric:new_gauge(active_connections, <<"Active connections">>),
    instrument_metric:set_gauge(Gauge, 42),

    instrument_test:assert_gauge(active_connections, 42.0).
Histogram Assertions
test_histogram(_Config) ->
    Hist = instrument_metric:new_histogram(request_duration, <<"Request duration">>, [0.1, 0.5, 1.0]),

    instrument_metric:observe_histogram(Hist, 0.2),
    instrument_metric:observe_histogram(Hist, 0.3),
    instrument_metric:observe_histogram(Hist, 0.8),

    %% Assert observation count
    instrument_test:assert_histogram_count(request_duration, 3),

    %% Assert sum of observations
    instrument_test:assert_histogram_sum(request_duration, 1.3).
OTel Meter API Metrics
test_otel_counter(_Config) ->
    Meter = instrument_meter:get_meter(<<"my_service">>),
    Counter = instrument_meter:create_counter(Meter, <<"otel_requests">>, #{
        description => <<"Total requests">>
    }),
    instrument_meter:add(Counter, 10),

    instrument_test:assert_counter(<<"otel_requests">>, 10.0).
Testing Logs
Log Assertions
test_log_with_trace_context(_Config) ->
    %% Create log within a span
    instrument_tracer:with_span(<<"operation">>, fun() ->
        %% Your logging code that uses instrument_logger
        logger:info("Processing item", #{item_id => 123})
    end),

    %% Flush logs
    instrument_log_exporter:flush(),

    %% Assert log exists and has trace context
    instrument_test:assert_log_exists(<<"Processing item">>),
    instrument_test:assert_log_trace_context(<<"Processing item">>),

    %% Assert log properties
    instrument_test:assert_log(<<"Processing item">>, #{
        severity_text => <<"INFO">>,
        attributes => #{<<"item_id">> => 123}
    }).
Test Isolation
Using reset/0 Between Tests
The reset/0 function clears all collected data without stopping collectors:
init_per_testcase(_TestCase, Config) ->
    instrument_test:reset(),
    Config.
Full Cleanup
Use cleanup/0 for complete teardown:
end_per_suite(_Config) ->
    instrument_test:cleanup(),
    ok.
Unique Metric Names
To avoid collisions between tests, use unique metric names:
test_counter_1(_Config) ->
    Counter = instrument_metric:new_counter(test1_counter, <<"Test 1 counter">>),
    %% ...

test_counter_2(_Config) ->
    Counter = instrument_metric:new_counter(test2_counter, <<"Test 2 counter">>),
    %% ...
Advanced Patterns
Property-Based Testing
Using PropEr for property-based tests:
-include_lib("proper/include/proper.hrl").

prop_counter_monotonic() ->
    ?FORALL(Increments, list(pos_integer()),
        begin
            instrument_test:reset(),
            Counter = instrument_metric:new_counter(prop_counter, <<"">>),

            lists:foreach(fun(Inc) ->
                instrument_metric:inc_counter(Counter, Inc)
            end, Increments),

            Expected = float(lists:sum(Increments)),
            try
                instrument_test:assert_counter(prop_counter, Expected),
                true
            catch
                error:{assertion_failed, _} -> false
            end
        end).
Integration Testing
integration_test(_Config) ->
    %% Start your application
    application:ensure_all_started(my_app),
    instrument_test:reset(),

    %% Make HTTP request
    {ok, {{_, 200, _}, _, _}} = httpc:request(
        post,
        {"http://localhost:8080/api/orders", [], "application/json", "{}"},
        [],
        []
    ),

    %% Wait for spans (may be exported asynchronously)
    ok = instrument_test:wait_for_spans(1, 5000),

    %% Verify instrumentation
    instrument_test:assert_span_exists(<<"http_request">>),
    instrument_test:assert_span(<<"http_request">>, #{
        kind => server,
        attributes => #{
            <<"http.method">> => <<"POST">>,
            <<"http.status_code">> => 200
        }
    }).
Testing with Mocks
-include_lib("meck/include/meck.hrl").

mocked_external_call_test(_Config) ->
    meck:new(http_client, [passthrough]),
    meck:expect(http_client, request, fun(_, _, _) ->
        {ok, 200, [], <<"{\"id\": 123}">>}
    end),

    try
        my_module:call_external_api(),

        %% Verify span was created with correct attributes
        instrument_test:assert_span_exists(<<"external_api_call">>),
        instrument_test:assert_span_attribute(<<"external_api_call">>,
            <<"http.status_code">>, 200)
    after
        meck:unload(http_client)
    end.
Best Practices
Test Isolation
	Always call reset/0 between tests
	Use unique metric names per test
	Clean up metrics after tests

Deterministic Testing
	Use always_on sampler for tests (default)
	Control timing with wait_for_spans/2
	Mock external dependencies

Assertion Failures
Assertion failures provide detailed context:
%% Example failure message:
%% {assertion_failed, {span_not_found, <<"my_span">>, [<<"other_span">>]}}
%%
%% Shows: what was expected, what spans were actually captured
Coverage
Ensure tests cover:
	Normal operation paths
	Error handling paths
	Edge cases (empty data, large values)
	Context propagation boundaries
	Async operations



  

    Production Operations

Configuration and tuning for production deployments.
Configuration
Environment Variables
Configure instrument using OpenTelemetry-compatible environment variables:
	Variable	Description	Default
	OTEL_SERVICE_NAME	Service name for resource	unknown_service
	OTEL_SERVICE_VERSION	Service version	none
	OTEL_RESOURCE_ATTRIBUTES	Additional resource attributes	none
	OTEL_TRACES_SAMPLER	Sampler type	parentbased_always_on
	OTEL_TRACES_SAMPLER_ARG	Sampler argument	none
	OTEL_PROPAGATORS	Propagators	tracecontext,baggage
	OTEL_EXPORTER_OTLP_ENDPOINT	OTLP endpoint	none
	OTEL_EXPORTER_OTLP_HEADERS	OTLP headers	none
	OTEL_EXPORTER_OTLP_TIMEOUT	Export timeout (ms)	10000

Application Configuration
%% config/sys.config
[
    {instrument, [
        {service_name, <<"my-service">>},
        {service_version, <<"1.2.3">>},
        {sampler, {instrument_sampler_probability, #{ratio => 0.1}}},
        {span_processor, {instrument_span_processor_batch, #{
            max_queue_size => 2048,
            scheduled_delay => 5000,
            max_export_batch_size => 512
        }}}
    ]}
].
Initialization
%% In your application startup
init() ->
    %% Load configuration from environment
    instrument_config:init(),

    %% Or configure programmatically
    configure_telemetry(),
    ok.

configure_telemetry() ->
    %% Set sampler
    instrument_sampler:set_sampler({instrument_sampler_probability, #{
        ratio => get_sample_rate()
    }}),

    %% Configure batch processor
    {ok, _} = instrument_span_processor_batch:start_link(#{
        exporter => get_exporter(),
        max_queue_size => 2048,
        scheduled_delay => 5000,
        max_export_batch_size => 512
    }),

    %% Configure logging
    instrument_logger:install(#{exporter => true}),

    ok.
Sampling Strategies
Low Traffic (< 100 req/s)
Sample everything to maximize visibility:
os:putenv("OTEL_TRACES_SAMPLER", "always_on").
Medium Traffic (100-1000 req/s)
Sample a portion to balance cost and visibility:
os:putenv("OTEL_TRACES_SAMPLER", "parentbased_traceidratio"),
os:putenv("OTEL_TRACES_SAMPLER_ARG", "0.5").  %% 50%
High Traffic (> 1000 req/s)
Sample aggressively to control costs:
os:putenv("OTEL_TRACES_SAMPLER", "parentbased_traceidratio"),
os:putenv("OTEL_TRACES_SAMPLER_ARG", "0.1").  %% 10%
Adaptive Sampling
Implement custom sampling based on conditions:
-module(adaptive_sampler).
-behaviour(instrument_sampler).
-export([should_sample/6]).

should_sample(TraceId, SpanName, Kind, Attrs, Links, Parent) ->
    Rate = case SpanName of
        <<"health_check">> -> 0.01;       %% 1% for health checks
        <<"critical_", _/binary>> -> 1.0; %% 100% for critical ops
        _ -> base_rate()
    end,

    %% Always sample errors
    Rate2 = case maps:get(<<"error">>, Attrs, false) of
        true -> 1.0;
        false -> Rate
    end,

    case rand:uniform() < Rate2 of
        true -> #sampling_result{decision = record_and_sample};
        false -> #sampling_result{decision = drop}
    end.

base_rate() ->
    %% Adjust based on current load
    case erlang:statistics(run_queue) of
        N when N > 100 -> 0.01;  %% High load: 1%
        N when N > 50 -> 0.05;   %% Medium load: 5%
        _ -> 0.1                  %% Normal: 10%
    end.
Batch Processing
Configuration
instrument_span_processor_batch:start_link(#{
    %% Exporter to use
    exporter => instrument_exporter_otlp:new(#{
        endpoint => "http://collector:4318/v1/traces"
    }),

    %% Maximum spans to queue
    max_queue_size => 2048,

    %% Export interval (ms)
    scheduled_delay => 5000,

    %% Maximum spans per export batch
    max_export_batch_size => 512,

    %% Timeout for export (ms)
    export_timeout => 30000
}).
Tuning Guidelines
	Setting	Low Latency	High Throughput
	max_queue_size	512	4096
	scheduled_delay	1000	10000
	max_export_batch_size	128	512

Handling Backpressure
When the queue is full, new spans are dropped. Monitor this:
%% Create metric for dropped spans
instrument_metric:new_counter(otel_dropped_spans_total, <<"Dropped spans due to backpressure">>).

%% In your batch processor wrapper
handle_queue_full(Span) ->
    instrument_metric:inc_counter(otel_dropped_spans_total),
    logger:warning("Span dropped due to queue full").
Resource Management
Memory
Monitor memory usage from metrics:
%% Periodic memory check
check_memory() ->
    MemUsed = erlang:memory(total),
    MaxMem = 1024 * 1024 * 1024,  %% 1GB limit

    case MemUsed > MaxMem * 0.8 of
        true ->
            logger:warning("High memory usage: ~p bytes", [MemUsed]),
            %% Consider reducing sampling
            instrument_sampler:set_sampler({instrument_sampler_probability, #{
                ratio => 0.01
            }});
        false ->
            ok
    end.
Cardinality Control
Monitor and limit metric cardinality:
%% Track unique label combinations
check_cardinality() ->
    %% This is a simplified example
    Metrics = instrument_prometheus:format(),
    LineCount = length(binary:split(Metrics, <<"\n">>, [global])),

    case LineCount > 10000 of
        true ->
            logger:warning("High metric cardinality: ~p lines", [LineCount]);
        false ->
            ok
    end.
Graceful Shutdown
Flushing Telemetry
%% In your application stop callback
stop(_State) ->
    logger:info("Shutting down, flushing telemetry"),

    %% Flush pending spans
    ok = instrument_span_processor:force_flush(),

    %% Allow time for final export
    timer:sleep(2000),

    %% Shutdown processors
    instrument_span_processor_batch:stop(),

    logger:info("Telemetry flushed"),
    ok.
SIGTERM Handling
%% In your application
init() ->
    %% Handle SIGTERM
    os:set_signal(sigterm, handle),
    loop().

handle_signal(sigterm) ->
    logger:info("Received SIGTERM"),
    application:stop(my_app).
Monitoring the Telemetry System
Self-Monitoring Metrics
init_self_monitoring() ->
    %% Spans
    instrument_metric:new_counter(otel_spans_created_total, <<"Total spans created">>),
    instrument_metric:new_counter(otel_spans_exported_total, <<"Total spans exported">>),
    instrument_metric:new_counter(otel_spans_dropped_total, <<"Total spans dropped">>),
    instrument_metric:new_histogram(otel_export_duration_seconds, <<"Export duration">>),

    %% Queue
    instrument_metric:new_gauge(otel_queue_size, <<"Current queue size">>),

    ok.
Health Checks
%% Health check endpoint
health_check() ->
    Checks = [
        {span_processor, check_span_processor()},
        {exporter, check_exporter()},
        {queue, check_queue()}
    ],

    AllHealthy = lists:all(fun({_, Status}) -> Status == ok end, Checks),
    {AllHealthy, Checks}.

check_span_processor() ->
    case whereis(instrument_span_processor_batch) of
        undefined -> error;
        Pid when is_pid(Pid) -> ok
    end.

check_exporter() ->
    %% Verify exporter can connect
    case instrument_exporter_otlp:health_check() of
        ok -> ok;
        _ -> degraded
    end.

check_queue() ->
    %% Check queue size
    case instrument_span_processor_batch:queue_size() of
        N when N < 1000 -> ok;
        N when N < 2000 -> degraded;
        _ -> error
    end.
Performance Tuning
Reduce Overhead
%% Skip expensive operations when not recording
instrument_tracer:with_span(<<"operation">>, fun() ->
    case instrument_tracer:is_recording() of
        true ->
            %% Full instrumentation
            instrument_tracer:set_attributes(compute_attributes());
        false ->
            %% Minimal path
            ok
    end,
    do_work()
end).
Async Attribute Computation
%% Defer expensive attributes
instrument_tracer:with_span(<<"operation">>, fun() ->
    %% Set cheap attributes immediately
    instrument_tracer:set_attribute(<<"operation.type">>, <<"query">>),

    Result = do_work(),

    %% Set expensive attributes after work completes
    case instrument_tracer:is_recording() of
        true ->
            instrument_tracer:set_attributes(#{
                <<"result.size">> => compute_size(Result)
            });
        false ->
            ok
    end,

    Result
end).
Connection Pooling
For OTLP export, use connection pooling:
%% Configure hackney pool
application:set_env(hackney, max_connections, 100),
application:set_env(hackney, timeout, 30000).

%% Create exporter with pool
Exporter = instrument_exporter_otlp:new(#{
    endpoint => "http://collector:4318/v1/traces",
    pool => otel_pool,
    pool_size => 10
}).
Alerting
Key Metrics to Alert On
# Prometheus alerting rules
groups:
  - name: telemetry
    rules:
      - alert: HighSpanDropRate
        expr: rate(otel_spans_dropped_total[5m]) > 100
        for: 5m
        annotations:
          summary: "High span drop rate"

      - alert: ExportLatencyHigh
        expr: histogram_quantile(0.99, otel_export_duration_seconds) > 5
        for: 5m
        annotations:
          summary: "Export latency too high"

      - alert: QueueBackpressure
        expr: otel_queue_size > 1500
        for: 2m
        annotations:
          summary: "Span queue nearing capacity"
Troubleshooting Production Issues
No Traces Appearing
	Check sampling:
io:format("Sampler: ~p~n", [os:getenv("OTEL_TRACES_SAMPLER")]).

	Check exporter connectivity:
curl -v http://collector:4318/v1/traces


	Force flush and check logs:
instrument_span_processor:force_flush().


High Memory Usage
	Check cardinality:
byte_size(instrument_prometheus:format()).

	Review label usage for high-cardinality values

	Consider reducing max_queue_size


Missing Spans
	Verify context propagation:
Headers = instrument_propagation:inject_headers(instrument_context:current()),
io:format("Headers: ~p~n", [Headers]).

	Check for detach issues in error paths

	Verify batch processor is running


Deployment Checklist
	[ ] Set OTEL_SERVICE_NAME
	[ ] Configure appropriate sampling rate
	[ ] Set up batch processor with tuned settings
	[ ] Configure OTLP endpoint and authentication
	[ ] Set up health checks
	[ ] Configure alerting on telemetry metrics
	[ ] Test graceful shutdown
	[ ] Verify traces appear in backend
	[ ] Verify metrics are scraped
	[ ] Document runbook for common issues



  

    Migration Guide

How to migrate to instrument from other observability libraries.
Overview
This guide covers migrating from:
	Folsom
	Exometer
	OpenCensus
	OpenTelemetry (opentelemetry-erlang)
	Custom Instrumentation

General Migration Strategy
	Add instrument alongside existing library
	Migrate metrics one module at a time
	Verify data in both systems
	Remove old library

From Folsom
Folsom provides counters, gauges, histograms, and meters.
Counters
%% Folsom
folsom_metrics:new_counter(my_counter),
folsom_metrics:notify({my_counter, {inc, 1}}).

%% instrument
Counter = instrument_metric:new_counter(my_counter, <<"My counter">>),
instrument_metric:inc_counter(Counter).
Gauges
%% Folsom
folsom_metrics:new_gauge(my_gauge),
folsom_metrics:notify({my_gauge, 100}).

%% instrument
Gauge = instrument_metric:new_gauge(my_gauge, <<"My gauge">>),
instrument_metric:set_gauge(Gauge, 100).
Histograms
%% Folsom
folsom_metrics:new_histogram(my_hist, slide, 60),
folsom_metrics:notify({my_hist, Value}).

%% instrument
Hist = instrument_metric:new_histogram(my_hist, <<"My histogram">>),
instrument_metric:observe_histogram(Hist, Value).
Meters (Rate)
Folsom meters track rates. In instrument, calculate rates in your monitoring system:
%% Folsom
folsom_metrics:new_meter(requests),
folsom_metrics:notify({requests, 1}).

%% instrument - use counter, Prometheus calculates rate
Counter = instrument_metric:new_counter(requests_total, <<"Total requests">>),
instrument_metric:inc_counter(Counter).

%% In Prometheus: rate(requests_total[5m])
Migration Wrapper
Create a wrapper during migration:
-module(metrics).
-export([inc/1, set/2, observe/2]).

inc(Name) ->
    %% Old
    folsom_metrics:notify({Name, {inc, 1}}),
    %% New
    instrument_metric:inc_counter(Name).

set(Name, Value) ->
    folsom_metrics:notify({Name, Value}),
    instrument_metric:set_gauge(Name, Value).

observe(Name, Value) ->
    folsom_metrics:notify({Name, Value}),
    instrument_metric:observe_histogram(Name, Value).
From Exometer
Exometer provides similar primitives with a different API.
Counters
%% Exometer
exometer:new([my, counter], counter),
exometer:update([my, counter], 1).

%% instrument
Counter = instrument_metric:new_counter(my_counter, <<"My counter">>),
instrument_metric:inc_counter(Counter).
Gauges
%% Exometer
exometer:new([my, gauge], gauge),
exometer:update([my, gauge], 100).

%% instrument
Gauge = instrument_metric:new_gauge(my_gauge, <<"My gauge">>),
instrument_metric:set_gauge(Gauge, 100).
Histograms
%% Exometer
exometer:new([my, hist], histogram),
exometer:update([my, hist], Value).

%% instrument
Hist = instrument_metric:new_histogram(my_hist, <<"My histogram">>),
instrument_metric:observe_histogram(Hist, Value).
Name Conversion
Exometer uses lists for names. Convert to atoms or binaries:
exometer_to_instrument_name([A, B, C]) ->
    list_to_atom(lists:flatten(io_lib:format("~s_~s_~s", [A, B, C]))).
From OpenCensus
OpenCensus has similar concepts but different API structure.
Metrics
%% OpenCensus
oc_stat:record([{Tag, Value}], MeasureName, Amount).

%% instrument
instrument_metric:inc_counter_vec(MeasureName, [Value], Amount).
Tracing
%% OpenCensus
oc_trace:with_span(Name, fun() ->
    oc_trace:put_attribute(Key, Value),
    work()
end).

%% instrument
instrument_tracer:with_span(Name, fun() ->
    instrument_tracer:set_attribute(Key, Value),
    work()
end).
Context Propagation
%% OpenCensus
Headers = oc_propagation_http_tracecontext:to_headers(oc_trace:current_span_ctx()),

%% instrument
Headers = instrument_propagation:inject_headers(instrument_context:current()).
From opentelemetry-erlang
The official OpenTelemetry Erlang SDK. instrument provides a compatible API.
Tracers
%% opentelemetry-erlang
Tracer = opentelemetry:get_tracer(my_app),
?with_span(Tracer, <<"operation">>, #{}, fun(_SpanCtx) ->
    ?set_attribute(<<"key">>, <<"value">>),
    work()
end).

%% instrument
instrument_tracer:with_span(<<"operation">>, fun() ->
    instrument_tracer:set_attribute(<<"key">>, <<"value">>),
    work()
end).
Meters
%% opentelemetry-erlang
Meter = opentelemetry:get_meter(my_app),
Counter = otel_meter:create_counter(Meter, my_counter, #{}),
otel_counter:add(Counter, 1, #{}).

%% instrument
Meter = instrument_meter:get_meter(<<"my_app">>),
Counter = instrument_meter:create_counter(Meter, <<"my_counter">>, #{}),
instrument_meter:add(Counter, 1, #{}).
Context
%% opentelemetry-erlang
otel_ctx:attach(Ctx),
%% ... work ...
otel_ctx:detach(Token).

%% instrument
Token = instrument_context:attach(Ctx),
%% ... work ...
instrument_context:detach(Token).
Propagation
%% opentelemetry-erlang
Headers = otel_propagator_text_map:inject([]),

%% instrument
Headers = instrument_propagation:inject_headers(instrument_context:current()).
Migration Notes
	API is largely compatible
	Remove opentelemetry from deps
	Update macro calls to function calls
	Context management is similar

From Custom Instrumentation
Basic Counters
%% Custom (using ets)
ets:update_counter(metrics, my_counter, 1).

%% instrument
instrument_metric:inc_counter(my_counter).
Custom Timing
%% Custom
Start = erlang:monotonic_time(),
Result = work(),
End = erlang:monotonic_time(),
Duration = End - Start,
record_timing(my_operation, Duration).

%% instrument
Result = instrument_tracer:with_span(<<"my_operation">>, fun() ->
    work()
end).
%% Duration is recorded automatically
Custom Logging with Request IDs
%% Custom
RequestId = generate_request_id(),
logger:info("[~s] Processing request", [RequestId]).

%% instrument
instrument_tracer:with_span(<<"process_request">>, fun() ->
    %% trace_id automatically added to logs
    logger:info("Processing request")
end).
Gradual Migration Pattern
Phase 1: Dual-Write
-module(my_metrics).
-export([inc_counter/1, observe/2]).

inc_counter(Name) ->
    %% Old system
    case application:get_env(my_app, use_old_metrics, true) of
        true -> old_metrics:inc(Name);
        false -> ok
    end,
    %% New system
    case application:get_env(my_app, use_new_metrics, true) of
        true -> instrument_metric:inc_counter(Name);
        false -> ok
    end.
Phase 2: Verify
Compare metrics from both systems to ensure consistency.
Phase 3: Switch
%% config/sys.config
{my_app, [
    {use_old_metrics, false},
    {use_new_metrics, true}
]}.
Phase 4: Remove
Remove old metrics library from deps and code.
Common Migration Issues
Name Differences
Create a mapping:
migrate_name(old_counter_name) -> new_counter_total;
migrate_name(old_gauge) -> new_gauge;
migrate_name(Other) -> Other.
Label Changes
%% Map old tags to new labels
migrate_labels(#{method := M, code := C}) ->
    [M, integer_to_binary(C)];
migrate_labels(#{}) ->
    [].
Histogram Buckets
Ensure bucket boundaries match or data will look different:
%% Old buckets
old_buckets() -> [0.1, 0.5, 1.0, 5.0].

%% Match in instrument
instrument_metric:new_histogram(my_hist, <<"">>, [0.1, 0.5, 1.0, 5.0]).
Missing Features
Some features may not have direct equivalents:
	Old Feature	instrument Equivalent
	Spirals	Use counter + rate() in Prometheus
	Meters	Use counter + rate()
	Derived	Compute in query language
	Duration	Use histogram or span duration

Verification Checklist
	[ ] All metrics appear in Prometheus
	[ ] Metric values match between old and new
	[ ] Traces appear in Jaeger/backend
	[ ] Logs include trace context
	[ ] Dashboards work with new metric names
	[ ] Alerts fire correctly
	[ ] Performance is acceptable
	[ ] No memory leaks

Getting Help
If you encounter issues during migration:
	Check the API reference guides
	Review troubleshooting guide
	Open an issue on GitHub
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Attribute handling for OpenTelemetry-compatible instrumentation.
Attributes are key-value pairs used for dimensions in metrics and metadata in traces. Keys must be atoms or binaries, values can be binaries, integers, floats, or booleans.
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          -spec to_list(t()) -> [{attribute_key(), attribute_value()}].


      


Converts attributes to a list of {key, value} pairs.

  



  
    
      
    
    
      validate(Attrs)



        
          
        

    

  


  

      

          -spec validate(t()) -> {ok, t()} | {error, term()}.


      


Validates all attributes in the set. Returns {ok, Attrs} if valid, {error, Reason} if not.

  


        

      


  

    
instrument_baggage 
    



      
Baggage propagation for OpenTelemetry-compatible instrumentation.
Baggage is used to propagate key-value pairs across service boundaries. It is stored as part of the context and can be encoded/decoded using W3C Baggage format.

      


      
        Summary


  
    Types
  


    
      
        baggage/0

      


    


    
      
        baggage_entry/0

      


    


    
      
        baggage_key/0

      


    


    
      
        baggage_value/0

      


    


    
      
        metadata/0

      


    





  
    Functions
  


    
      
        clear()

      


        Clears all baggage.



    


    
      
        decode(Header)

      


        Decodes W3C Baggage header format to baggage.



    


    
      
        encode(Baggage)

      


        Encodes baggage to W3C Baggage header format. Format: key1=value1;metadata1,key2=value2



    


    
      
        from_context(Ctx)

      


        Extracts baggage from a context.



    


    
      
        get(Key)

      


        Gets a value from the current baggage.



    


    
      
        get(Key, Default)

      


        Gets a value from the current baggage with a default.



    


    
      
        get_all()

      


        Gets all baggage entries.



    


    
      
        remove(Key)

      


        Removes a key from the current baggage.



    


    
      
        set(Key, Value)

      


        Sets a value in the current baggage (no metadata).



    


    
      
        set(Key, Value, Metadata)

      


        Sets a value in the current baggage with metadata.



    


    
      
        to_context(Ctx, Baggage)

      


        Puts baggage into a context.



    





      


      
        Types


        


  
    
      
    
    
      baggage/0



        
          
        

    

  


  

      

          -type baggage() :: #{baggage_key() => baggage_entry()}.


      



  



  
    
      
    
    
      baggage_entry/0



        
          
        

    

  


  

      

          -type baggage_entry() :: {baggage_value(), metadata()}.


      



  



  
    
      
    
    
      baggage_key/0



        
          
        

    

  


  

      

          -type baggage_key() :: binary() | atom() | string().


      



  



  
    
      
    
    
      baggage_value/0



        
          
        

    

  


  

      

          -type baggage_value() :: binary() | atom() | string() | number().


      



  



  
    
      
    
    
      metadata/0



        
          
        

    

  


  

      

          -type metadata() :: #{binary() => binary()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      clear()



        
          
        

    

  


  

      

          -spec clear() -> ok.


      


Clears all baggage.

  



  
    
      
    
    
      decode(Header)



        
          
        

    

  


  

      

          -spec decode(binary() | string()) -> baggage().


      


Decodes W3C Baggage header format to baggage.

  



  
    
      
    
    
      encode(Baggage)



        
          
        

    

  


  

      

          -spec encode(baggage()) -> binary().


      


Encodes baggage to W3C Baggage header format. Format: key1=value1;metadata1,key2=value2

  



  
    
      
    
    
      from_context(Ctx)



        
          
        

    

  


  

      

          -spec from_context(instrument_context:context()) -> baggage().


      


Extracts baggage from a context.

  



  
    
      
    
    
      get(Key)



        
          
        

    

  


  

      

          -spec get(baggage_key()) -> baggage_value() | undefined.


      


Gets a value from the current baggage.

  



  
    
      
    
    
      get(Key, Default)



        
          
        

    

  


  

      

          -spec get(baggage_key(), term()) -> baggage_value() | term().


      


Gets a value from the current baggage with a default.

  



  
    
      
    
    
      get_all()



        
          
        

    

  


  

      

          -spec get_all() -> #{baggage_key() => baggage_value()}.


      


Gets all baggage entries.

  



  
    
      
    
    
      remove(Key)



        
          
        

    

  


  

      

          -spec remove(baggage_key()) -> ok.


      


Removes a key from the current baggage.

  



  
    
      
    
    
      set(Key, Value)



        
          
        

    

  


  

      

          -spec set(baggage_key(), baggage_value()) -> ok.


      


Sets a value in the current baggage (no metadata).

  



  
    
      
    
    
      set(Key, Value, Metadata)



        
          
        

    

  


  

      

          -spec set(baggage_key(), baggage_value(), metadata()) -> ok.


      


Sets a value in the current baggage with metadata.

  



  
    
      
    
    
      to_context(Ctx, Baggage)



        
          
        

    

  


  

      

          -spec to_context(instrument_context:context(), baggage()) -> instrument_context:context().


      


Puts baggage into a context.

  


        

      


  

    
instrument_client 
    



      
Generic client span utilities for tracing client operations.
This module provides reusable utilities for creating client-kind spans for any type of client operation: databases, HTTP clients, message queues, RPC calls, etc.
[bookmark: Features]Features
- Generic client span helpers with semantic convention support - Text sanitization (SQL, URLs, messages) - Trace context comment injection (SQLCommenter-style) - Resource pool monitoring helpers - Attribute builders following OTel conventions
[bookmark: Example_Usage]Example Usage
  %% Database query
  instrument_client:with_client_span(postgresql, <<"SELECT">>, #{
      target => <<"users">>,
      statement => <<"SELECT * FROM users WHERE id = $1">>,
      sanitize => true,
      attributes => #{<<"db.name">> => <<"mydb">>}
  }, fun() ->
      epgsql:equery(Conn, SQL, Params)
  end).
 
  %% HTTP client call
  instrument_client:with_client_span(http, <<"GET">>, #{
      target => <<"/api/users">>,
      attributes => #{<<"http.url">> => URL}
  }, fun() ->
      httpc:request(URL)
  end).
 
  %% Message queue publish
  instrument_client:with_client_span(kafka, <<"publish">>, #{
      target => <<"orders-topic">>,
      attributes => #{<<"messaging.destination">> => <<"orders-topic">>}
  }, fun() ->
      brod:produce(Client, Topic, Key, Value)
  end).

      


      
        Summary


  
    Types
  


    
      
        client_opts/0

      


    


    
      
        client_system/0

      


    


    
      
        comment_opts/0

      


    


    
      
        operation/0

      


    


    
      
        sanitize_opts/0

      


    





  
    Functions
  


    
      
        build_attributes(Opts)

      


        Builds standard attributes from client options.



    


    
      
        client_span_name(System, Operation)

      


        Generates a span name following semantic conventions. Format: "system operation" or "system operation target"



    


    
      
        client_span_name(System, Operation, Opts)

      


    


    
      
        format_trace_comment()

      


        Formats the current trace context as a comment string.



    


    
      
        format_trace_comment(Opts)

      


        Formats trace context with options.



    


    
      
        inject_trace_comment(Text)

      


        Injects trace context as a comment into text. Default format is SQL comment: /* traceparent='...' */



    


    
      
        inject_trace_comment(Text, Opts)

      


        Injects trace context with custom format.



    


    
      
        pool_acquire_span(PoolName, System)

      


        Creates a span for pool resource acquisition. The returned span should be ended AFTER the pool operation completes, not immediately after acquisition. Use pool_release_span/1 with the returned span to properly end it.



    


    
      
        pool_release_span(Span)

      


        Records pool resource release and ends the pool span. When called with a span record, adds release event to the pool span and ends it. When called with just a pool name (legacy), adds release event to current span.



    


    
      
        sanitize_text(Text)

      


        Sanitizes text by replacing common sensitive patterns. Removes string literals, numbers, and common sensitive patterns.



    


    
      
        sanitize_text(Text, Opts)

      


        Sanitizes text with custom options. Patterns are matched and replaced with the placeholder.



    


    
      
        set_client_attributes(Opts)

      


        Sets client attributes on the current span.



    


    
      
        set_response_attributes(Attrs)

      


        Sets response-related attributes on the current span. Accepts: rows_returned, rows_affected, response_size, status_code, etc.



    


    
      
        start_client_span(System, Operation)

      


        Starts a client span without executing a function. Remember to call instrument_tracer:end_span/1 when done.



    


    
      
        start_client_span(System, Operation, Opts)

      


        Starts a client span with options.



    


    
      
        with_client_span(System, Operation, Fun)

      


        Executes a function within a client span. The span name is generated from system and operation.



    


    
      
        with_client_span(System, Operation, Opts, Fun)

      


        Executes a function within a client span with options.



    


    
      
        with_pool_span(PoolName, System, Fun)

      


        Executes a function with pool acquire/release events in a wrapper span. Creates a single span that contains both pool.acquire and pool.release events, properly capturing the full pool operation lifecycle.



    





      


      
        Types


        


  
    
      
    
    
      client_opts/0



        
          
        

    

  


  

      

          -type client_opts() ::
          #{system => client_system(),
            operation => binary(),
            target => binary(),
            statement => binary(),
            sanitize => boolean(),
            attributes => map()}.


      



  



  
    
      
    
    
      client_system/0



        
          
        

    

  


  

      

          -type client_system() :: atom() | binary().


      



  



  
    
      
    
    
      comment_opts/0



        
          
        

    

  


  

      

          -type comment_opts() ::
          #{format => sql | url | custom,
            prefix => binary(),
            suffix => binary(),
            include_span_id => boolean(),
            include_sampled => boolean()}.


      



  



  
    
      
    
    
      operation/0



        
          
        

    

  


  

      

          -type operation() :: atom() | binary().


      



  



  
    
      
    
    
      sanitize_opts/0



        
          
        

    

  


  

      

          -type sanitize_opts() :: #{patterns => [binary()], placeholder => binary(), preserve => [binary()]}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build_attributes(Opts)



        
          
        

    

  


  

      

          -spec build_attributes(client_opts()) -> map().


      


Builds standard attributes from client options.

  



  
    
      
    
    
      client_span_name(System, Operation)



        
          
        

    

  


  

      

          -spec client_span_name(client_system(), operation()) -> binary().


      


Generates a span name following semantic conventions. Format: "system operation" or "system operation target"

  



  
    
      
    
    
      client_span_name(System, Operation, Opts)



        
          
        

    

  


  

      

          -spec client_span_name(client_system(), operation(), client_opts()) -> binary().


      



  



  
    
      
    
    
      format_trace_comment()



        
          
        

    

  


  

      

          -spec format_trace_comment() -> binary().


      


Formats the current trace context as a comment string.

  



  
    
      
    
    
      format_trace_comment(Opts)



        
          
        

    

  


  

      

          -spec format_trace_comment(comment_opts()) -> binary().


      


Formats trace context with options.

  



  
    
      
    
    
      inject_trace_comment(Text)



        
          
        

    

  


  

      

          -spec inject_trace_comment(binary()) -> binary().


      


Injects trace context as a comment into text. Default format is SQL comment: /* traceparent='...' */

  



  
    
      
    
    
      inject_trace_comment(Text, Opts)



        
          
        

    

  


  

      

          -spec inject_trace_comment(binary(), comment_opts()) -> binary().


      


Injects trace context with custom format.
Options: - format: sql | url | custom (default: sql) - prefix/suffix: Custom delimiters for format => custom - include_span_id: Include span ID (default: false) - include_sampled: Include sampled flag (default: false)

  



  
    
      
    
    
      pool_acquire_span(PoolName, System)



        
          
        

    

  


  

      

          -spec pool_acquire_span(binary(), client_system()) ->
                           #span{name :: binary(),
                                 ctx ::
                                     #span_ctx{trace_id :: 
  
    
    instrument_config - instrument v0.6.1
    
    

    


  
  

    
instrument_config 
    



      
SDK configuration from environment variables.
This module reads OpenTelemetry SDK configuration from OTEL_* environment variables and applies them to the instrument library.
[bookmark: Supported_Environment_Variables]Supported Environment Variables
- OTEL_SERVICE_NAME - Service name for resource - OTEL_TRACES_SAMPLER - Sampler to use (always_on, always_off, traceidratio, parentbased_always_on, etc.) - OTEL_TRACES_SAMPLER_ARG - Sampler argument (e.g., probability for traceidratio) - OTEL_PROPAGATORS - Comma-separated list of propagators - OTEL_BSP_SCHEDULE_DELAY - Batch span processor delay in ms - OTEL_BSP_MAX_QUEUE_SIZE - Max queue size for batch processor - OTEL_BSP_MAX_EXPORT_BATCH_SIZE - Max batch size for export - OTEL_EXPORTER_OTLP_ENDPOINT - OTLP exporter endpoint - OTEL_EXPORTER_OTLP_TRACES_ENDPOINT - OTLP traces endpoint - OTEL_EXPORTER_OTLP_METRICS_ENDPOINT - OTLP metrics endpoint - OTEL_EXPORTER_OTLP_LOGS_ENDPOINT - OTLP logs endpoint - OTEL_LOG_LEVEL - Log level (debug, info, warning, error)

      


      
        Summary


  
    Functions
  


    
      
        auto_register_exporters()

      


        Auto-registers exporters based on environment variables. Supports standard OTel env vars (OTEL_TRACES_EXPORTER, OTEL_METRICS_EXPORTER, OTEL_LOGS_EXPORTER) and legacy OTEL_EXPORTERS. Supported values: otlp, console, none.



    


    
      
        auto_register_span_processor()

      


        Auto-registers span processor based on config. Reads from application env {span_processor, {Module, Config}} or uses batch processor with OTEL_BSP_* settings if exporter is available.



    


    
      
        disable_exporter(Module)

      


        Disables a specific exporter. Disabled exporters will not receive spans for export.



    


    
      
        enable_exporter(Module)

      


        Enables a specific exporter.



    


    
      
        get(Key)

      


        Gets a configuration value.



    


    
      
        get(Key, Default)

      


        Gets a configuration value with default.



    


    
      
        get_batch_processor_config()

      


        Gets batch processor configuration.



    


    
      
        get_exporters()

      


        Gets list of configured exporters from OTEL_EXPORTERS.



    


    
      
        get_log_level()

      


        Gets the log level.



    


    
      
        get_otlp_endpoint()

      


        Gets the OTLP endpoint.



    


    
      
        get_otlp_endpoint(_)

      


        Gets a specific OTLP endpoint (traces, metrics, logs).



    


    
      
        get_propagators()

      


        Gets the configured propagators.



    


    
      
        get_resource_config()

      


        Gets resource attributes from application config.



    


    
      
        get_sampler()

      


        Gets the configured sampler.



    


    
      
        get_sdk_version()

      


        Gets the SDK version dynamically from app metadata. Checks instrumentation_scope_version env first, then app vsn, then fallback.



    


    
      
        get_service_name()

      


        Gets the service name.



    


    
      
        get_service_version()

      


        Gets the service version.



    


    
      
        get_span_attribute_count_limit()

      


        Gets the span attribute count limit. Reads from OTEL_SPAN_ATTRIBUTE_COUNT_LIMIT env var, defaults to 128.



    


    
      
        get_span_event_count_limit()

      


        Gets the span event count limit. Reads from OTEL_SPAN_EVENT_COUNT_LIMIT env var, defaults to 128.



    


    
      
        get_span_link_count_limit()

      


        Gets the span link count limit. Reads from OTEL_SPAN_LINK_COUNT_LIMIT env var, defaults to 128.



    


    
      
        has_span_processor_config()

      


        Checks if a span processor will be registered. Returns true if either span_processor app config is set, or batch processor env vars are set with an available exporter.



    


    
      
        init()

      


        Initializes configuration from environment variables.



    


    
      
        is_exporter_enabled(Module)

      


        Checks if an exporter is enabled.



    


    
      
        is_flight_recorder_enabled()

      


        Checks if the flight recorder is enabled. Note: This reads from instrument_flight_recorder's persistent_term for consistency.



    


    
      
        is_tracing_enabled()

      


        Checks if tracing is globally enabled.



    


    
      
        is_verbose_tracing()

      


        Checks if verbose tracing is enabled. Verbose tracing captures additional attributes but has higher overhead. WARNING: Not recommended for high-throughput production use.



    


    
      
        set(Key, Value)

      


        Sets a configuration value.



    


    
      
        set_flight_recorder_enabled(_)

      


        Enables or disables the flight recorder. This is a convenience wrapper around instrument_flight_recorder:enable/disable.



    


    
      
        set_tracing_enabled(Enabled)

      


        Enables or disables tracing globally. When disabled, span creation is skipped entirely for maximum performance.



    


    
      
        set_verbose_tracing(Enabled)

      


        Enables or disables verbose tracing. When enabled, more detailed attributes are captured. WARNING: Verbose tracing has significant performance overhead.



    





      


      
        Functions


        


  
    
      
    
    
      auto_register_exporters()



        
          
        

    

  


  

      

          -spec auto_register_exporters() -> ok.


      


Auto-registers exporters based on environment variables. Supports standard OTel env vars (OTEL_TRACES_EXPORTER, OTEL_METRICS_EXPORTER, OTEL_LOGS_EXPORTER) and legacy OTEL_EXPORTERS. Supported values: otlp, console, none.

  



  
    
      
    
    
      auto_register_span_processor()



        
          
        

    

  


  

      

          -spec auto_register_span_processor() -> ok.


      


Auto-registers span processor based on config. Reads from application env {span_processor, {Module, Config}} or uses batch processor with OTEL_BSP_* settings if exporter is available.

  



  
    
      
    
    
      disable_exporter(Module)



        
          
        

    

  


  

      

          -spec disable_exporter(module()) -> ok.


      


Disables a specific exporter. Disabled exporters will not receive spans for export.

  



  
    
      
    
    
      enable_exporter(Module)



        
          
        

    

  


  

      

          -spec enable_exporter(module()) -> ok.


      


Enables a specific exporter.

  



  
    
      
    
    
      get(Key)



        
          
        

    

  


  

      

          -spec get(atom()) -> term() | undefined.


      


Gets a configuration value.

  



  
    
      
    
    
      get(Key, Default)



        
          
        

    

  


  

      

          -spec get(atom(), term()) -> term().


      


Gets a configuration value with default.

  



  
    
      
    
    
      get_batch_processor_config()



        
          
        

    

  


  

      

          -spec get_batch_processor_config() -> map().


      


Gets batch processor configuration.

  



  
    
      
    
    
      get_exporters()



        
          
        

    

  


  

      

          -spec get_exporters() -> [atom()].


      


Gets list of configured exporters from OTEL_EXPORTERS.

  



  
    
      
    
    
      get_log_level()



        
          
        

    

  


  

      

          -spec get_log_level() -> debug | info | warning | error | undefined.


      


Gets the log level.

  



  
    
      
    
    
      get_otlp_endpoint()



        
          
        

    

  


  

      

          -spec get_otlp_endpoint() -> binary() | undefined.


      


Gets the OTLP endpoint.

  



  
    
      
    
    
      get_otlp_endpoint(_)



        
          
        

    

  


  

      

          -spec get_otlp_endpoint(traces | metrics | logs) -> binary() | undefined.


      


Gets a specific OTLP endpoint (traces, metrics, logs).

  



  
    
      
    
    
      get_propagators()



        
          
        

    

  


  

      

          -spec get_propagators() -> [module()] | undefined.


      


Gets the configured propagators.

  



  
    
      
    
    
      get_resource_config()



        
          
        

    

  


  

      

          -spec get_resource_config() -> map().


      


Gets resource attributes from application config.

  



  
    
      
    
    
      get_sampler()



        
          
        

    

  


  

      

          -spec get_sampler() -> {module(), term()} | undefined.


      


Gets the configured sampler.

  



  
    
      
    
    
      get_sdk_version()



        
          
        

    

  


  

      

          -spec get_sdk_version() -> binary().


      


Gets the SDK version dynamically from app metadata. Checks instrumentation_scope_version env first, then app vsn, then fallback.

  



  
    
      
    
    
      get_service_name()



        
          
        

    

  


  

      

          -spec get_service_name() -> binary() | undefined.


      


Gets the service name.

  



  
    
      
    
    
      get_service_version()



        
          
        

    

  


  

      

          -spec get_service_version() -> binary() | undefined.


      


Gets the service version.

  



  
    
      
    
    
      get_span_attribute_count_limit()



        
          
        

    

  


  

      

          -spec get_span_attribute_count_limit() -> pos_integer().


      


Gets the span attribute count limit. Reads from OTEL_SPAN_ATTRIBUTE_COUNT_LIMIT env var, defaults to 128.

  



  
    
      
    
    
      get_span_event_count_limit()



        
          
        

    

  


  

      

          -spec get_span_event_count_limit() -> pos_integer().


      


Gets the span event count limit. Reads from OTEL_SPAN_EVENT_COUNT_LIMIT env var, defaults to 128.

  



  
    
      
    
    
      get_span_link_count_limit()



        
          
        

    

  


  

      

          -spec get_span_link_count_limit() -> pos_integer().


      


Gets the span link count limit. Reads from OTEL_SPAN_LINK_COUNT_LIMIT env var, defaults to 128.

  



  
    
      
    
    
      has_span_processor_config()



        
          
        

    

  


  

      

          -spec has_span_processor_config() -> boolean().


      


Checks if a span processor will be registered. Returns true if either span_processor app config is set, or batch processor env vars are set with an available exporter.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          -spec init() -> ok.


      


Initializes configuration from environment variables.

  



  
    
      
    
    
      is_exporter_enabled(Module)



        
          
        

    

  


  

      

          -spec is_exporter_enabled(module()) -> boolean().


      


Checks if an exporter is enabled.

  



  
    
      
    
    
      is_flight_recorder_enabled()



        
          
        

    

  


  

      

          -spec is_flight_recorder_enabled() -> boolean().


      


Checks if the flight recorder is enabled. Note: This reads from instrument_flight_recorder's persistent_term for consistency.

  



  
    
      
    
    
      is_tracing_enabled()



        
          
        

    

  


  

      

          -spec is_tracing_enabled() -> boolean().


      


Checks if tracing is globally enabled.

  



  
    
      
    
    
      is_verbose_tracing()



        
          
        

    

  


  

      

          -spec is_verbose_tracing() -> boolean().


      


Checks if verbose tracing is enabled. Verbose tracing captures additional attributes but has higher overhead. WARNING: Not recommended for high-throughput production use.

  



  
    
      
    
    
      set(Key, Value)



        
          
        

    

  


  

      

          -spec set(atom(), term()) -> ok.


      


Sets a configuration value.

  



  
    
      
    
    
      set_flight_recorder_enabled(_)



        
          
        

    

  


  

      

          -spec set_flight_recorder_enabled(boolean()) -> ok.


      


Enables or disables the flight recorder. This is a convenience wrapper around instrument_flight_recorder:enable/disable.

  



  
    
      
    
    
      set_tracing_enabled(Enabled)



        
          
        

    

  


  

      

          -spec set_tracing_enabled(boolean()) -> ok.


      


Enables or disables tracing globally. When disabled, span creation is skipped entirely for maximum performance.

  



  
    
      
    
    
      set_verbose_tracing(Enabled)



        
          
        

    

  


  

      

          -spec set_verbose_tracing(boolean()) -> ok.


      


Enables or disables verbose tracing. When enabled, more detailed attributes are captured. WARNING: Verbose tracing has significant performance overhead.

  


        

      


  

  
    
    instrument_context - instrument v0.6.1
    
    

    


  
  

    
instrument_context 
    



      
Context propagation for OpenTelemetry-compatible instrumentation.
This module provides context propagation using the process dictionary. Context is immutable; operations return new context values.
The context can hold arbitrary key-value pairs and is used to propagate trace context, baggage, and other cross-cutting concerns.

      


      
        Summary


  
    Types
  


    
      
        context/0

      


    


    
      
        token/0

      


    





  
    Functions
  


    
      
        attach(Ctx)

      


        Attaches a context to the current process. Returns a token that must be used with detach/1 to restore the previous context.



    


    
      
        current()

      


        Returns the current context from the process dictionary. If no context is attached, returns an empty context.



    


    
      
        detach(Token)

      


        Detaches the current context and restores the previous one. The token must match the one returned by attach/1.



    


    
      
        get_value(Ctx, Key)

      


        Gets a value from the context. Returns undefined if the key is not found.



    


    
      
        get_value(Ctx, Key, Default)

      


        Gets a value from the context with a default.



    


    
      
        new()

      


        Creates a new empty context.



    


    
      
        remove_value(Ctx, Key)

      


        Removes a value from the context. Returns a new context with the value removed.



    


    
      
        set_current(Ctx)

      


        Sets the current context without storing history. Use this for processes that don't need to restore previous context, such as spawned processes that inherit context from their parent. This avoids memory leaks from accumulating context history entries.



    


    
      
        set_value(Ctx, Key, Value)

      


        Sets a value in the context. Returns a new context with the value set.



    


    
      
        spawn_link_with_context(Fun)

      


        Spawns a linked process with the current context propagated.



    


    
      
        spawn_link_with_context(Module, Function)

      


        Spawns a linked process in a module with the current context propagated.



    


    
      
        spawn_with_context(Fun)

      


        Spawns a process with the current context propagated.



    


    
      
        spawn_with_context(Module, Function)

      


        Spawns a process in a module with the current context propagated.



    


    
      
        with_context(Ctx, Fun)

      


        Executes a function with the given context attached. The previous context is restored after the function returns.



    





      


      
        Types


        


  
    
      
    
    
      context/0



        
          
        

    

  


  

      

          -type context() :: #{term() => term()}.


      



  



  
    
      
    
    
      token/0



        
          
        

    

  


  

      

          -type token() :: reference().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      attach(Ctx)



        
          
        

    

  


  

      

          -spec attach(context()) -> token().


      


Attaches a context to the current process. Returns a token that must be used with detach/1 to restore the previous context.

  



  
    
      
    
    
      current()



        
          
        

    

  


  

      

          -spec current() -> context().


      


Returns the current context from the process dictionary. If no context is attached, returns an empty context.

  



  
    
      
    
    
      detach(Token)



        
          
        

    

  


  

      

          -spec detach(token()) -> ok.


      


Detaches the current context and restores the previous one. The token must match the one returned by attach/1.

  



  
    
      
    
    
      get_value(Ctx, Key)



        
          
        

    

  


  

      

          -spec get_value(context(), term()) -> term() | undefined.


      


Gets a value from the context. Returns undefined if the key is not found.

  



  
    
      
    
    
      get_value(Ctx, Key, Default)



        
          
        

    

  


  

      

          -spec get_value(context(), term(), term()) -> term().


      


Gets a value from the context with a default.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          -spec new() -> context().


      


Creates a new empty context.

  



  
    
      
    
    
      remove_value(Ctx, Key)



        
          
        

    

  


  

      

          -spec remove_value(context(), term()) -> context().


      


Removes a value from the context. Returns a new context with the value removed.

  



  
    
      
    
    
      set_current(Ctx)



        
          
        

    

  


  

      

          -spec set_current(context()) -> ok.


      


Sets the current context without storing history. Use this for processes that don't need to restore previous context, such as spawned processes that inherit context from their parent. This avoids memory leaks from accumulating context history entries.

  



  
    
      
    
    
      set_value(Ctx, Key, Value)



        
          
        

    

  


  

      

          -spec set_value(context(), term(), term()) -> context().


      


Sets a value in the context. Returns a new context with the value set.

  



  
    
      
    
    
      spawn_link_with_context(Fun)



        
          
        

    

  


  

      

          -spec spawn_link_with_context(fun(() -> term())) -> pid().


      


Spawns a linked process with the current context propagated.

  



  
    
      
    
    
      spawn_link_with_context(Module, Function)



        
          
        

    

  


  

      

          -spec spawn_link_with_context(module(), atom()) -> pid().


      


Spawns a linked process in a module with the current context propagated.

  



  
    
      
    
    
      spawn_with_context(Fun)



        
          
        

    

  


  

      

          -spec spawn_with_context(fun(() -> term())) -> pid().


      


Spawns a process with the current context propagated.

  



  
    
      
    
    
      spawn_with_context(Module, Function)



        
          
        

    

  


  

      

          -spec spawn_with_context(module(), atom()) -> pid().


      


Spawns a process in a module with the current context propagated.

  



  
    
      
    
    
      with_context(Ctx, Fun)



        
          
        

    

  


  

      

          -spec with_context(context(), fun(() -> Result)) -> Result when Result :: term().


      


Executes a function with the given context attached. The previous context is restored after the function returns.

  


        

      


  

  
    
    instrument_counter - instrument v0.6.1
    
    

    


  
  

    
instrument_counter 
    



      
Counter metric implementation with monotonically increasing semantics.
A counter is a cumulative metric that can only increase. It is typically used to count requests served, tasks completed, or errors occurred.
Counters use NIF-based atomic operations for high-performance concurrent updates without locks.
[bookmark: Example]Example
  Counter = instrument_counter:new_counter(requests, <<"Total requests">>),
  instrument_counter:inc_counter(Counter),      % Increment by 1
  instrument_counter:inc_counter(Counter, 10),  % Increment by 10
  Value = instrument_counter:get_counter(Counter).
See also: instrument.
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        collect(Info, _)

      


    


    
      
        get_counter(Metric)

      


    


    
      
        inc_counter(Metric)

      


    


    
      
        inc_counter(Metric, Val)

      


    


    
      
        new_counter(Name, Help)

      


    


    
      
        with_counter(Counter, F)

      


    


    
      
        with_counter(Counter, F, V)
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      collect(Info, _)



        
          
        

    

  


  


  



  
    
      
    
    
      get_counter(Metric)



        
          
        

    

  


  


  



  
    
      
    
    
      inc_counter(Metric)



        
          
        

    

  


  


  



  
    
      
    
    
      inc_counter(Metric, Val)



        
          
        

    

  


  


  



  
    
      
    
    
      new_counter(Name, Help)



        
          
        

    

  


  


  



  
    
      
    
    
      with_counter(Counter, F)



        
          
        

    

  


  


  



  
    
      
    
    
      with_counter(Counter, F, V)



        
          
        

    

  


  


  


        

      


  

  
    
    instrument_exemplar - instrument v0.6.1
    
    

    


  
  

    
instrument_exemplar 
    



      
Exemplar reservoir sampling for metrics.
Implements fixed-size reservoir sampling for collecting exemplars with trace context per OTel spec. Default reservoir size is 4.
Exemplars capture representative observations with their trace context, allowing correlation between metrics and traces.

      


      
        Summary


  
    Types
  


    
      
        reservoir/0

      


    





  
    Functions
  


    
      
        collect(Reservoir)

      


        Collects all exemplars from the reservoir.



    


    
      
        collect_ref(Ref)

      


        Collects all exemplars from the reservoir identified by reference.



    


    
      
        init_table()

      


        Initialize the ETS table for exemplar storage. Called during application startup.



    


    
      
        new_reservoir()

      


        Creates a new exemplar reservoir with default size (4).



    


    
      
        new_reservoir(Size)

      


        Creates a new exemplar reservoir with specified size.



    


    
      
        new_reservoir_ref()

      


        Creates a new reservoir with default size and returns a reference key.



    


    
      
        new_reservoir_ref(Size)

      


        Creates a new reservoir with specified size and returns a reference key.



    


    
      
        offer(Reservoir, Value, FilteredAttributes)

      


        Offers a value to the reservoir with automatic trace context capture. Uses reservoir sampling to maintain a fixed-size sample.



    


    
      
        offer(Reservoir, Value, FilteredAttrs, _)

      


        Offers a value to the reservoir with explicit trace context.



    


    
      
        offer_ref(Ref, Value, FilteredAttributes)

      


        Offers a value to the reservoir identified by reference.



    


    
      
        reset(Reservoir)

      


        Resets the reservoir, clearing all exemplars.



    


    
      
        reset_ref(Ref)

      


        Resets the reservoir identified by reference.



    





      


      
        Types


        


  
    
      
    
    
      reservoir/0



        
          
        

    

  


  

      

          -opaque reservoir()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      collect(Reservoir)



        
          
        

    

  


  

      

          -spec collect(reservoir()) ->
                 [#exemplar{filtered_attributes :: map(),
                            value :: number(),
                            timestamp :: integer(),
                            span_id :: 
  
    
    instrument_exporter - instrument v0.6.1
    
    

    


  
  

    
instrument_exporter behaviour
    



      
Exporter management for spans and metrics.
This module provides a registry for exporters and batch processing of spans for efficient export.
[bookmark: Example_Usage]Example Usage
  %% Register the console exporter
  instrument_exporter:register(instrument_exporter_console:new()),
 
  %% Register OTLP exporter
  instrument_exporter:register(instrument_exporter_otlp:new(#{
      endpoint => "http://localhost:4318"
  })),
 
  %% Spans are automatically exported when they end
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        export_result/0

      


    


    
      
        exporter/0

      


    





  
    Functions
  


    
      
        behaviour_info(_)

      


        Behaviour callbacks for exporters



    


    
      
        code_change(OldVsn, State, Extra)

      


    


    
      
        export_span(Span)

      


        Exports a single span (adds to batch).



    


    
      
        export_spans(Spans)

      


        Exports multiple spans immediately.



    


    
      
        flush()

      


        Forces a flush of all pending spans.



    


    
      
        handle_call(Request, From, State)

      


    


    
      
        handle_cast(Msg, State)

      


    


    
      
        handle_info(Info, State)

      


    


    
      
        init(_)

      


    


    
      
        list()

      


        Lists all registered exporters.



    


    
      
        register(Exporter)

      


        Registers an exporter.



    


    
      
        shutdown()

      


        Shuts down all exporters.



    


    
      
        start_link()

      


        Starts the exporter manager.



    


    
      
        terminate(Reason, State)

      


    


    
      
        unregister(Module)

      


        Unregisters an exporter.



    





      


      
        Types


        


  
    
      
    
    
      export_result/0



        
          
        

    

  


  

      

          -type export_result() :: ok | {error, term()}.


      



  



  
    
      
    
    
      exporter/0



        
          
        

    

  


  

      

          -type exporter() :: #{module := module(), config := map(), state := term()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      behaviour_info(_)



        
          
        

    

  


  

Behaviour callbacks for exporters

  



  
    
      
    
    
      code_change(OldVsn, State, Extra)



        
          
        

    

  


  


  



  
    
      
    
    
      export_span(Span)



        
          
        

    

  


  

      

          -spec export_span(#span{name :: binary(),
                        ctx ::
                            #span_ctx{trace_id :: 
  
    
    instrument_exporter_console - instrument v0.6.1
    
    

    


  
  

    
instrument_exporter_console 
    



      
Console exporter for spans.
Exports spans to stdout for debugging and development.
[bookmark: Example_Usage]Example Usage
  %% Register with default options
  instrument_exporter:register(instrument_exporter_console:new()),
 
  %% Register with options
  instrument_exporter:register(instrument_exporter_console:new(#{
      format => json,      %% json | text (default: text)
      output => standard_io %% standard_io | standard_error | {file, Path}
  })),

      


      
        Summary


  
    Functions
  


    
      
        export(Spans, State)

      


        Exports spans to the console.



    


    
      
        force_flush(State)

      


        Forces a flush (no-op for console).



    


    
      
        init(Config)

      


        Initializes the exporter.



    


    
      
        new()

      


        Creates a new console exporter configuration with defaults.



    


    
      
        new(Config)

      


        Creates a new console exporter configuration.



    


    
      
        shutdown(State)

      


        Shuts down the exporter.



    





      


      
        Functions


        


  
    
      
    
    
      export(Spans, State)



        
          
        

    

  


  

      

          -spec export([#span{name :: binary(),
                    ctx ::
                        #span_ctx{trace_id :: 
  
    
    instrument_exporter_otlp - instrument v0.6.1
    
    

    


  
  

    
instrument_exporter_otlp 
    



      
OTLP HTTP exporter for spans.
Exports spans to an OpenTelemetry Collector or compatible backend using the OTLP/HTTP protocol with JSON encoding.
[bookmark: Example_Usage]Example Usage
  %% Export to local collector
  instrument_exporter:register(instrument_exporter_otlp:new(#{
      endpoint => "http://localhost:4318"
  })),
 
  %% Export to remote collector with authentication
  instrument_exporter:register(instrument_exporter_otlp:new(#{
      endpoint => "https://otel-collector.example.com:4318",
      headers => #{
          <<"Authorization">> => <<"Bearer token123">>
      },
      compression => gzip
  })),
[bookmark: Configuration_Options]Configuration Options
	endpoint - Base URL of the OTLP receiver (required)
	headers - Additional HTTP headers (default: #{})
	compression - Compression: none | gzip (default: none)
	timeout - Request timeout in ms (default: 10000)


      


      
        Summary


  
    Functions
  


    
      
        export(Spans, State)

      


        Exports spans to the OTLP endpoint.



    


    
      
        force_flush(State)

      


        Forces a flush (handled by exporter manager).



    


    
      
        init(Config)

      


        Initializes the exporter.



    


    
      
        new(Config)

      


        Creates a new OTLP exporter configuration.



    


    
      
        shutdown(State)

      


        Shuts down the exporter.



    





      


      
        Functions


        


  
    
      
    
    
      export(Spans, State)



        
          
        

    

  


  

      

          -spec export([#span{name :: binary(),
                    ctx ::
                        #span_ctx{trace_id :: 
  
    
    instrument_flight_recorder - instrument v0.6.1
    
    

    


  
  

    
instrument_flight_recorder 
    



      
Flight recorder for low-overhead message tracing.
This module captures message passing events at VM level with minimal overhead, correlating them with OpenTelemetry spans via trace_id labels.
Uses erlang:trace with a custom erl_tracer NIF that distributes events across a pool of workers, avoiding the single-process bottleneck of seq_trace.
[bookmark: Example_Usage]Example Usage
  %% Flight recorder starts enabled by default
  instrument_tracer:with_span(<<"request">>, fun() ->
    %% All message passing captured with trace_id label
    gen_server:call(some_server, request),
    another_process ! message
  end),
 
  %% On error or slow request, dump the trace
  TraceId = instrument_tracer:trace_id(),
  Events = instrument_flight_recorder:get_trace(TraceId).

      


      
        Summary
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        clear()

      


        Clears all events from the buffer.



    


    
      
        code_change(OldVsn, State, Extra)

      


    


    
      
        disable()

      


        Disables the flight recorder. Stops the worker pool. Buffer is retained.



    


    
      
        dump_all()

      


        Gets all events in the buffer.



    


    
      
        dump_trace(TraceId)

      


        Gets and clears all events for a trace ID.



    


    
      
        enable()

      


        Enables the flight recorder. Starts the worker pool and enables tracing.



    


    
      
        get_trace(TraceId)

      


        Gets all events for a trace ID. Returns events as a list of {Timestamp, Event} tuples.



    


    
      
        handle_call(Request, From, State)

      


    


    
      
        handle_cast(Msg, State)

      


    


    
      
        handle_info(Info, State)

      


    


    
      
        init(Args)

      


    


    
      
        is_enabled()

      


        Checks if the flight recorder is enabled.



    


    
      
        mark(Name)

      


        Adds a custom marker event with current trace context.



    


    
      
        mark(Name, Meta)

      


        Adds a custom marker event with metadata.



    


    
      
        set_buffer_size(Size)

      


        Sets the buffer size (for testing). Takes effect immediately.



    


    
      
        start_link()

      


        Starts the flight recorder with default options.



    


    
      
        start_link(Args)

      


        Starts the flight recorder with options.



    


    
      
        stats()

      


        Returns statistics about the flight recorder.



    


    
      
        terminate(Reason, State)

      


    


    
      
        tracer_state(TraceId)

      


        Gets the tracer state for use with erlang:trace.



    





      


      
        Functions


        


  
    
      
    
    
      clear()



        
          
        

    

  


  

      

          -spec clear() -> ok.


      


Clears all events from the buffer.

  



  
    
      
    
    
      code_change(OldVsn, State, Extra)



        
          
        

    

  


  


  



  
    
      
    
    
      disable()



        
          
        

    

  


  

      

          -spec disable() -> ok.


      


Disables the flight recorder. Stops the worker pool. Buffer is retained.

  



  
    
      
    
    
      dump_all()



        
          
        

    

  


  

      

          -spec dump_all() -> [{integer(), integer(), term()}].


      


Gets all events in the buffer.

  



  
    
      
    
    
      dump_trace(TraceId)



        
          
        

    

  


  

      

          -spec dump_trace(binary() | integer()) -> [{integer(), term()}].


      


Gets and clears all events for a trace ID.

  



  
    
      
    
    
      enable()



        
          
        

    

  


  

      

          -spec enable() -> ok.


      


Enables the flight recorder. Starts the worker pool and enables tracing.

  



  
    
      
    
    
      get_trace(TraceId)



        
          
        

    

  


  

      

          -spec get_trace(binary() | integer()) -> [{integer(), term()}].


      


Gets all events for a trace ID. Returns events as a list of {Timestamp, Event} tuples.

  



  
    
      
    
    
      handle_call(Request, From, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_cast(Msg, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_info(Info, State)



        
          
        

    

  


  


  



  
    
      
    
    
      init(Args)



        
          
        

    

  


  


  



  
    
      
    
    
      is_enabled()



        
          
        

    

  


  

      

          -spec is_enabled() -> boolean().


      


Checks if the flight recorder is enabled.

  



  
    
      
    
    
      mark(Name)



        
          
        

    

  


  

      

          -spec mark(binary()) -> ok.


      


Adds a custom marker event with current trace context.

  



  
    
      
    
    
      mark(Name, Meta)



        
          
        

    

  


  

      

          -spec mark(binary(), map()) -> ok.


      


Adds a custom marker event with metadata.

  



  
    
      
    
    
      set_buffer_size(Size)



        
          
        

    

  


  

      

          -spec set_buffer_size(pos_integer()) -> ok.


      


Sets the buffer size (for testing). Takes effect immediately.

  



  
    
      
    
    
      start_link()



        
          
        

    

  


  

      

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


      


Starts the flight recorder with default options.

  



  
    
      
    
    
      start_link(Args)



        
          
        

    

  


  

      

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


      


Starts the flight recorder with options.

  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          -spec stats() -> map().


      


Returns statistics about the flight recorder.

  



  
    
      
    
    
      terminate(Reason, State)



        
          
        

    

  


  


  



  
    
      
    
    
      tracer_state(TraceId)



        
          
        

    

  


  

      

          -spec tracer_state(binary()) -> map().


      


Gets the tracer state for use with erlang:trace.

  


        

      


  

  
    
    instrument_flight_tracer - instrument v0.6.1
    
    

    


  
  

    
instrument_flight_tracer 
    



      
Worker process for receiving and storing trace events.
This module implements a worker that receives trace events from the tracer NIF and inserts them into the shared ETS buffer. Each worker handles a subset of tracees based on pid hashing, distributing the load across multiple processes.
Features: - Uses off_heap message queue to reduce GC pressure - Batch inserts events to minimize ETS overhead - Handles overflow by evicting oldest entries
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        code_change(OldVsn, State, Extra)
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        start_link(Index)

      


        Starts a flight tracer worker.
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      init(_)



        
          
        

    

  


  


  



  
    
      
    
    
      start_link(Index)



        
          
        

    

  


  

      

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


      


Starts a flight tracer worker.

  



  
    
      
    
    
      terminate(Reason, State)



        
          
        

    

  


  


  


        

      


  

  
    
    instrument_gauge - instrument v0.6.1
    
    

    


  
  

    
instrument_gauge 
    



      
Gauge metric implementation for point-in-time measurements.
A gauge represents a single numerical value that can arbitrarily go up and down. Gauges are typically used for measured values like temperature, current memory usage, or the number of concurrent requests.
Gauges use NIF-based atomic operations for high-performance concurrent updates without locks.
[bookmark: Example]Example
  Gauge = instrument_gauge:new_gauge(temperature, <<"Current temperature">>),
  instrument_gauge:set_gauge(Gauge, 23.5),       % Set to specific value
  instrument_gauge:inc_gauge(Gauge),             % Increment by 1
  instrument_gauge:dec_gauge(Gauge, 0.5),        % Decrement by 0.5
  Value = instrument_gauge:get_gauge(Gauge).
See also: instrument.

      


      
        Summary


  
    Functions
  


    
      
        collect(Info, Ref)

      


    


    
      
        dec_gauge(Metric)

      


    


    
      
        dec_gauge(Metric, Val)

      


    


    
      
        get_gauge(Metric)

      


    


    
      
        inc_gauge(Metric)

      


    


    
      
        inc_gauge(Metric, Val)

      


    


    
      
        new_gauge(Name, Help)

      


    


    
      
        set_gauge(Metric, Val)

      


    


    
      
        with_gauge(Gauge, F)

      


    


    
      
        with_gauge(Gauge, F, V)

      


    





      


      
        Functions


        


  
    
      
    
    
      collect(Info, Ref)



        
          
        

    

  


  


  



  
    
      
    
    
      dec_gauge(Metric)



        
          
        

    

  


  


  



  
    
      
    
    
      dec_gauge(Metric, Val)



        
          
        

    

  


  


  



  
    
      
    
    
      get_gauge(Metric)



        
          
        

    

  


  


  



  
    
      
    
    
      inc_gauge(Metric)



        
          
        

    

  


  


  



  
    
      
    
    
      inc_gauge(Metric, Val)



        
          
        

    

  


  


  



  
    
      
    
    
      new_gauge(Name, Help)



        
          
        

    

  


  


  



  
    
      
    
    
      set_gauge(Metric, Val)



        
          
        

    

  


  


  



  
    
      
    
    
      with_gauge(Gauge, F)



        
          
        

    

  


  


  



  
    
      
    
    
      with_gauge(Gauge, F, V)



        
          
        

    

  


  


  


        

      


  

  
    
    instrument_histogram - instrument v0.6.1
    
    

    


  
  

    
instrument_histogram 
    



      
Histogram metric for measuring distributions of values.
A histogram samples observations (usually things like request durations or response sizes) and counts them in configurable buckets. It also provides a sum of all observed values and a count of observations.
[bookmark: Bucket_Configuration]Bucket Configuration
Histograms use upper-bound exclusive buckets. Values are counted in the first bucket where value <= boundary. Default buckets follow Prometheus conventions: [0.005, 0.01, 0.025, 0.05, 0.1, 0.25, 0.5, 1, 2.5, 5, 10]
Custom buckets can be created with:
	default_buckets/0 - Standard Prometheus buckets
	linear_buckets/3 - Evenly spaced buckets
	exponential_buckets/3 - Exponentially growing buckets

[bookmark: Example]Example
   %% Create histogram with default buckets
   Hist = instrument_histogram:new_histogram(latency, <<"Request latency">>),
  
   %% Create histogram with custom buckets
   Buckets = instrument_histogram:linear_buckets(0.1, 0.1, 10),
   Hist2 = instrument_histogram:new_histogram(size, <<"Response size">>, Buckets),
  
   %% Record observations
   instrument_histogram:observe_histogram(Hist, 0.042),
   instrument_histogram:observe_histogram(Hist, 0.156).

      


      
        Summary


  
    Functions
  


    
      
        collect(Info, Hist)

      


    


    
      
        default_buckets()

      


    


    
      
        exponential_buckets(Start, Factor, Count)

      


    


    
      
        get_bucket_boundaries(Metric)

      


        Get the bucket boundaries configured for this histogram.



    


    
      
        get_histogram(Metric)

      


    


    
      
        linear_buckets(Start, Width, Count)

      


    


    
      
        new_histogram(Name, Help)

      


    


    
      
        new_histogram(Name, Help, Buckets)

      


    


    
      
        observe_histogram(Metric, Value)

      


    


    
      
        validate_buckets(Rest)

      


    


    
      
        with_histogram(Hist, F)

      


    


    
      
        with_histogram(Hist, F, V)

      


    





      


      
        Functions


        


  
    
      
    
    
      collect(Info, Hist)



        
          
        

    

  


  


  



  
    
      
    
    
      default_buckets()



        
          
        

    

  


  


  



  
    
      
    
    
      exponential_buckets(Start, Factor, Count)



        
          
        

    

  


  


  



  
    
      
    
    
      get_bucket_boundaries(Metric)



        
          
        

    

  


  

      

          -spec get_bucket_boundaries(#metric{name :: term(),
                                    handle :: term(),
                                    collect :: tuple(),
                                    description :: binary() | undefined,
                                    unit :: binary() | undefined,
                                    meter :: binary() | undefined,
                                    attributes :: map()}) ->
                               [number()].


      


Get the bucket boundaries configured for this histogram.

  



  
    
      
    
    
      get_histogram(Metric)



        
          
        

    

  


  


  



  
    
      
    
    
      linear_buckets(Start, Width, Count)



        
          
        

    

  


  


  



  
    
      
    
    
      new_histogram(Name, Help)



        
          
        

    

  


  


  



  
    
      
    
    
      new_histogram(Name, Help, Buckets)



        
          
        

    

  


  


  



  
    
      
    
    
      observe_histogram(Metric, Value)



        
          
        

    

  


  


  



  
    
      
    
    
      validate_buckets(Rest)



        
          
        

    

  


  


  



  
    
      
    
    
      with_histogram(Hist, F)



        
          
        

    

  


  


  



  
    
      
    
    
      with_histogram(Hist, F, V)



        
          
        

    

  


  


  


        

      


  

  
    
    instrument_id - instrument v0.6.1
    
    

    


  
  

    
instrument_id 
    



      
Trace and Span ID generation per W3C TraceContext spec.
Provides cryptographically random ID generation and hex encoding/decoding.

      


      
        Summary


  
    Types
  


    
      
        span_id/0

      


    


    
      
        trace_id/0

      


    





  
    Functions
  


    
      
        generate_span_id()

      


        Generates a random 64-bit span ID. The ID is guaranteed to be non-zero per W3C spec.



    


    
      
        generate_trace_id()

      


        Generates a random 128-bit trace ID. The ID is guaranteed to be non-zero per W3C spec.



    


    
      
        hex_to_span_id(Hex)

      


        Converts a hex string to a span ID.



    


    
      
        hex_to_trace_id(Hex)

      


        Converts a hex string to a trace ID.



    


    
      
        is_valid_span_id(SpanId)

      


        Checks if a span ID is valid (non-zero).



    


    
      
        is_valid_trace_id(TraceId)

      


        Checks if a trace ID is valid (non-zero).



    


    
      
        span_id_to_hex(SpanId)

      


        Converts a span ID to lowercase hex string.



    


    
      
        trace_id_to_hex(TraceId)

      


        Converts a trace ID to lowercase hex string.



    





      


      
        Types


        


  
    
      
    
    
      span_id/0



        
          
        

    

  


  

      

          -type span_id() :: 
  
    
    instrument_lib - instrument v0.6.1
    
    

    


  
  

    
instrument_lib 
    




      
        Summary


  
    Functions
  


    
      
        mk_info(Name, Help)

      


    


    
      
        table()

      


    


    
      
        tables()

      


    





      


      
        Functions


        


  
    
      
    
    
      mk_info(Name, Help)



        
          
        

    

  


  


  



  
    
      
    
    
      table()



        
          
        

    

  


  


  



  
    
      
    
    
      tables()



        
          
        

    

  


  


  


        

      


  

  
    
    instrument_log_exporter - instrument v0.6.1
    
    

    


  
  

    
instrument_log_exporter behaviour
    



      
Log exporter manager for OpenTelemetry-compatible log export.
This module manages log exporters and handles batch processing of log records for efficient export.
[bookmark: Example_Usage]Example Usage
  %% Register console exporter for logs
  instrument_log_exporter:register(instrument_log_exporter_console:new()),
 
  %% Register OTLP exporter
  instrument_log_exporter:register(instrument_log_exporter_otlp:new(#{
      endpoint => "http://localhost:4318"
  })),
 
  %% Logs are exported when using instrument_logger with exporter mode

      


      
        Summary


  
    Types
  


    
      
        export_result/0

      


    


    
      
        exporter/0

      


    





  
    Functions
  


    
      
        behaviour_info(_)

      


        Behaviour callbacks for log exporters



    


    
      
        code_change(OldVsn, State, Extra)

      


    


    
      
        export(Log_record)

      


        Exports a single log record (adds to batch).



    


    
      
        export_batch(LogRecords)

      


        Exports multiple log records immediately.



    


    
      
        flush()

      


        Forces a flush of all pending log records.



    


    
      
        handle_call(Request, From, State)

      


    


    
      
        handle_cast(Msg, State)

      


    


    
      
        handle_info(Info, State)

      


    


    
      
        init(_)

      


    


    
      
        list()

      


        Lists all registered exporters.



    


    
      
        register(Exporter)

      


        Registers a log exporter.



    


    
      
        shutdown()

      


        Shuts down all exporters.



    


    
      
        start_link()

      


        Starts the log exporter manager.



    


    
      
        terminate(Reason, State)

      


    


    
      
        unregister(Module)

      


        Unregisters a log exporter.



    





      


      
        Types


        


  
    
      
    
    
      export_result/0



        
          
        

    

  


  

      

          -type export_result() :: ok | {error, term()}.


      



  



  
    
      
    
    
      exporter/0



        
          
        

    

  


  

      

          -type exporter() :: #{module := module(), config := map(), state := term()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      behaviour_info(_)



        
          
        

    

  


  

Behaviour callbacks for log exporters

  



  
    
      
    
    
      code_change(OldVsn, State, Extra)



        
          
        

    

  


  


  



  
    
      
    
    
      export(Log_record)



        
          
        

    

  


  

      

          -spec export(#log_record{timestamp :: integer() | undefined,
                         observed_timestamp :: integer() | undefined,
                         severity_number :: integer() | undefined,
                         severity_text :: binary() | undefined,
                         body :: term(),
                         attributes :: map(),
                         trace_id :: 
  
    
    instrument_log_exporter_console - instrument v0.6.1
    
    

    


  
  

    
instrument_log_exporter_console 
    



      
Console exporter for log records.
Exports log records to stdout or stderr for debugging and development.
[bookmark: Example_Usage]Example Usage
  %% Register with default options
  instrument_log_exporter:register(instrument_log_exporter_console:new()),
 
  %% Register with options
  instrument_log_exporter:register(instrument_log_exporter_console:new(#{
      format => json,      %% json | text (default: text)
      output => standard_io %% standard_io | standard_error
  })),
[bookmark: Text_Format]Text Format
  [2026-03-31T12:00:00Z] INFO [trace_id=abc span_id=xyz] User logged in {"user":"john"}
[bookmark: JSON_Format_(OTLP-compatible)]JSON Format (OTLP-compatible)
  {"timestamp":"...","severityText":"INFO","body":"User logged in",...}

      


      
        Summary


  
    Functions
  


    
      
        exporter_export(LogRecords, State)

      


        Exports log records to the console.



    


    
      
        exporter_force_flush(State)

      


        Forces a flush (no-op for console).



    


    
      
        exporter_init(Config)

      


        Initializes the exporter.



    


    
      
        exporter_shutdown(State)

      


        Shuts down the exporter.



    


    
      
        new()

      


        Creates a new console log exporter configuration with defaults.



    


    
      
        new(Config)

      


        Creates a new console log exporter configuration.



    





      


      
        Functions


        


  
    
      
    
    
      exporter_export(LogRecords, State)



        
          
        

    

  


  

      

          -spec exporter_export([#log_record{timestamp :: integer() | undefined,
                                   observed_timestamp :: integer() | undefined,
                                   severity_number :: integer() | undefined,
                                   severity_text :: binary() | undefined,
                                   body :: term(),
                                   attributes :: map(),
                                   trace_id :: 
  
    
    instrument_log_exporter_file - instrument v0.6.1
    
    

    


  
  

    
instrument_log_exporter_file 
    



      
File exporter for log records with rotation support.
Exports log records to a file with optional rotation based on file size.
[bookmark: Example_Usage]Example Usage
  %% Register with required path
  instrument_log_exporter:register(instrument_log_exporter_file:new(#{
      path => "/var/log/app.log"
  })),
 
  %% Register with options
  instrument_log_exporter:register(instrument_log_exporter_file:new(#{
      path => "/var/log/app.log",
      format => json,         %% text | json (default: text)
      max_size => 10485760,   %% 10MB (default, 0 = unlimited)
      max_files => 5,         %% number of rotated files (default: 5)
      compress => true        %% compress rotated files (default: false)
  })),
[bookmark: File_Rotation]File Rotation
When max_size is reached, files rotate:
  app.log -> app.log.1 -> app.log.2 -> ... -> app.log.N
If compress=true, rotated files become app.log.1.gz, etc.

      


      
        Summary


  
    Functions
  


    
      
        exporter_export(LogRecords, State)

      


        Exports log records to the file.



    


    
      
        exporter_force_flush(State)

      


        Forces a flush.



    


    
      
        exporter_init(Config)

      


        Initializes the exporter.



    


    
      
        exporter_shutdown(State)

      


        Shuts down the exporter.



    


    
      
        new(Config)

      


        Creates a new file log exporter configuration.



    





      


      
        Functions


        


  
    
      
    
    
      exporter_export(LogRecords, State)



        
          
        

    

  


  

      

          -spec exporter_export([#log_record{timestamp :: integer() | undefined,
                                   observed_timestamp :: integer() | undefined,
                                   severity_number :: integer() | undefined,
                                   severity_text :: binary() | undefined,
                                   body :: term(),
                                   attributes :: map(),
                                   trace_id :: 
  
    
    instrument_log_exporter_otlp - instrument v0.6.1
    
    

    


  
  

    
instrument_log_exporter_otlp 
    



      
OTLP HTTP exporter for log records.
Exports log records to an OpenTelemetry Collector or compatible backend using the OTLP/HTTP protocol with JSON encoding.
[bookmark: Example_Usage]Example Usage
  %% Export to local collector
  instrument_log_exporter:register(instrument_log_exporter_otlp:new(#{
      endpoint => "http://localhost:4318"
  })).
 
  %% Export to remote collector with authentication
  instrument_log_exporter:register(instrument_log_exporter_otlp:new(#{
      endpoint => "https://collector.example.com:4318",
      headers => #{
          <<"Authorization">> => <<"Bearer token123">>
      },
      compression => gzip
  })).
[bookmark: Configuration_Options]Configuration Options
endpoint - Base URL of the OTLP receiver (required)
headers - Additional HTTP headers (default: #{})
compression - Compression: none | gzip (default: none)
timeout - Request timeout in ms (default: 10000)
logs_path - API path (default: "/v1/logs")

      


      
        Summary


  
    Functions
  


    
      
        exporter_export(LogRecords, State)

      


        Exports log records to the OTLP endpoint.



    


    
      
        exporter_force_flush(State)

      


        Forces a flush (handled by exporter manager).



    


    
      
        exporter_init(Config)

      


        Initializes the exporter.



    


    
      
        exporter_shutdown(State)

      


        Shuts down the exporter.



    


    
      
        new(Config)

      


        Creates a new OTLP log exporter configuration.



    





      


      
        Functions


        


  
    
      
    
    
      exporter_export(LogRecords, State)



        
          
        

    

  


  

      

          -spec exporter_export([#log_record{timestamp :: integer() | undefined,
                                   observed_timestamp :: integer() | undefined,
                                   severity_number :: integer() | undefined,
                                   severity_text :: binary() | undefined,
                                   body :: term(),
                                   attributes :: map(),
                                   trace_id :: 
  
    
    instrument_logger - instrument v0.6.1
    
    

    


  
  

    
instrument_logger 
    



      
Erlang logger integration for OpenTelemetry-compatible instrumentation.
This module installs a logger filter that automatically adds trace context (trace_id, span_id) to log metadata when a span is active. It can also export logs to registered log exporters.
[bookmark: Example_Usage]Example Usage
  %% Install the logger integration (filter mode - adds trace context)
  instrument_logger:install(),
 
  %% Install with exporter mode (sends logs to registered exporters)
  instrument_log_exporter:register(instrument_log_exporter_console:new()),
  instrument_logger:install(#{exporter => true}),
 
  %% Within a span, logs automatically include trace context
  instrument_tracer:with_span(<<"my_operation">>, fun() ->
    logger:info("Processing request", #{user => User}),
    %% The log will include trace_id and span_id in metadata
    do_work()
  end).

      


      
        Summary


  
    Types
  


    
      
        install_opts/0

      


    





  
    Functions
  


    
      
        add_trace_context(Metadata)

      


        Adds trace context to a metadata map. This can be used manually if you prefer not to install the filter.



    


    
      
        emit(Body)

      


        Emits a log record with trace context.



    


    
      
        emit(Level, Body)

      


        Emits a log record at the specified level with trace context.



    


    
      
        filter_config(Log)

      


        Filter config callback for logger.



    


    
      
        install()

      


        Installs the logger integration with default options. By default, installs a primary filter that adds trace context to all logs.



    


    
      
        install(Opts)

      


        Installs the logger integration with options. Options: - filter => true (default) - Adds trace context to all logs - handler => true - Installs a handler that formats and outputs logs - exporter => true - Installs a handler that sends logs to registered exporters - level => info (default) - Minimum level for handler



    


    
      
        level_to_severity(_)

      


        Maps Erlang logger level to OTel severity number.



    


    
      
        level_to_severity_text(_)

      


        Maps Erlang logger level to OTel severity text.



    


    
      
        log(_, Config)

      


        Logger handler callback. This is called when installed as a handler (not filter).



    


    
      
        make_log_record(Level, Msg, Meta)

      


        Creates an OTel log record from a logger event.



    


    
      
        uninstall()

      


        Uninstalls the logger integration.



    





      


      
        Types


        


  
    
      
    
    
      install_opts/0



        
          
        

    

  


  

      

          -type install_opts() ::
          #{handler => boolean(), filter => boolean(), exporter => boolean(), level => logger:level()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_trace_context(Metadata)



        
          
        

    

  


  

      

          -spec add_trace_context(map()) -> map().


      


Adds trace context to a metadata map. This can be used manually if you prefer not to install the filter.

  



  
    
      
    
    
      emit(Body)



        
          
        

    

  


  

      

          -spec emit(term()) -> ok.


      


Emits a log record with trace context.

  



  
    
      
    
    
      emit(Level, Body)



        
          
        

    

  


  

      

          -spec emit(logger:level(), term()) -> ok.


      


Emits a log record at the specified level with trace context.

  



  
    
      
    
    
      filter_config(Log)



        
          
        

    

  


  

      

          -spec filter_config(logger:filter_arg()) -> logger:filter_return().


      


Filter config callback for logger.

  



  
    
      
    
    
      install()



        
          
        

    

  


  

      

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


      


Installs the logger integration with default options. By default, installs a primary filter that adds trace context to all logs.

  



  
    
      
    
    
      install(Opts)



        
          
        

    

  


  

      

          -spec install(install_opts()) -> ok | {error, term()}.


      


Installs the logger integration with options. Options: - filter => true (default) - Adds trace context to all logs - handler => true - Installs a handler that formats and outputs logs - exporter => true - Installs a handler that sends logs to registered exporters - level => info (default) - Minimum level for handler

  



  
    
      
    
    
      level_to_severity(_)



        
          
        

    

  


  

      

          -spec level_to_severity(logger:level()) -> integer().


      


Maps Erlang logger level to OTel severity number.

  



  
    
      
    
    
      level_to_severity_text(_)



        
          
        

    

  


  

      

          -spec level_to_severity_text(logger:level()) -> binary().


      


Maps Erlang logger level to OTel severity text.

  



  
    
      
    
    
      log(_, Config)



        
          
        

    

  


  

      

          -spec log(logger:log_event(), logger:handler_config()) -> ok.


      


Logger handler callback. This is called when installed as a handler (not filter).

  



  
    
      
    
    
      make_log_record(Level, Msg, Meta)



        
          
        

    

  


  

      

          -spec make_log_record(logger:level(), term(), map()) ->
                         #log_record{timestamp :: integer() | undefined,
                                     observed_timestamp :: integer() | undefined,
                                     severity_number :: integer() | undefined,
                                     severity_text :: binary() | undefined,
                                     body :: term(),
                                     attributes :: map(),
                                     trace_id :: 
  
    
    instrument_meter - instrument v0.6.1
    
    

    


  
  

    
instrument_meter 
    



      
OpenTelemetry-compatible MeterProvider and Meter API.
This module provides an OTel-style API for creating and using metrics, backed by the existing NIF infrastructure.
[bookmark: Example_Usage]Example Usage
  Meter = instrument_meter:get_meter(<<"my_service">>),
  Counter = instrument_meter:create_counter(Meter, <<"requests_total">>, #{
    description => <<"Total requests">>,
    unit => <<"1">>
  }),
  instrument_meter:add(Counter, 1, #{method => <<"GET">>, status => 200}).

      


      
        Summary


  
    Types
  


    
      
        instrument/0

      


    


    
      
        instrument_opts/0

      


    


    
      
        meter/0

      


    





  
    Functions
  


    
      
        add(Instrument, Value)

      


        Adds a value to a Counter or UpDownCounter.



    


    
      
        add(Otel_instrument, Value, Attrs)

      


        Adds a value to a Counter or UpDownCounter with attributes.



    


    
      
        collect_observables()

      


        Invokes all observable instrument callbacks. This should be called before metrics collection to update observable values.



    


    
      
        create_counter(Meter, Name)

      


        Creates a Counter instrument.



    


    
      
        create_counter(Meter, Name, Opts)

      


        Creates a Counter instrument with options.



    


    
      
        create_gauge(Meter, Name)

      


        Creates a Gauge instrument.



    


    
      
        create_gauge(Meter, Name, Opts)

      


        Creates a Gauge instrument with options.



    


    
      
        create_histogram(Meter, Name)

      


        Creates a Histogram instrument.



    


    
      
        create_histogram(Meter, Name, Opts)

      


        Creates a Histogram instrument with options.



    


    
      
        create_observable_counter(Meter, Name, Callback)

      


        Creates an ObservableCounter with a callback. Callback can be: - 0-arity: fun() -> number() - returns a single value - 1-arity: fun(Observe) -> ok - calls Observe(Value, Attrs) for each observation



    


    
      
        create_observable_gauge(Meter, Name, Callback)

      


        Creates an ObservableGauge with a callback. Callback can be: - 0-arity: fun() -> number() - returns a single value - 1-arity: fun(Observe) -> ok - calls Observe(Value, Attrs) for each observation



    


    
      
        create_observable_up_down_counter(Meter, Name, Callback)

      


        Creates an ObservableUpDownCounter with a callback. Callback can be: - 0-arity: fun() -> number() - returns a single value - 1-arity: fun(Observe) -> ok - calls Observe(Value, Attrs) for each observation



    


    
      
        create_up_down_counter(Meter, Name)

      


        Creates an UpDownCounter instrument.



    


    
      
        create_up_down_counter(Meter, Name, Opts)

      


        Creates an UpDownCounter instrument with options.



    


    
      
        force_flush()

      


        Forces a flush of all pending metrics. This is a no-op in the current implementation.



    


    
      
        get_instrument(Name)

      


        Gets an instrument by name.



    


    
      
        get_meter(Name)

      


        Gets or creates a Meter with the given name.



    


    
      
        get_meter(Name, Opts)

      


        Gets or creates a Meter with the given name and options.



    


    
      
        list_instruments()

      


        Lists all registered instruments.



    


    
      
        record(Instrument, Value)

      


        Records a value in a Histogram.



    


    
      
        record(Otel_instrument, Value, Attrs)

      


        Records a value in a Histogram with attributes.



    


    
      
        set(Instrument, Value)

      


        Sets a value on a Gauge.



    


    
      
        set(Otel_instrument, Value, Attrs)

      


        Sets a value on a Gauge with attributes.



    


    
      
        shutdown()

      


        Shuts down the MeterProvider. This is a no-op in the current implementation.



    


    
      
        unregister_all_instruments()

      


        Unregisters all OTel instruments.



    


    
      
        unregister_instrument(Name)

      


        Unregisters an instrument by name. This removes the instrument from persistent_term, unregisters the underlying metric, and cleans up any associated vec metrics created for attributed operations.



    





      


      
        Types


        


  
    
      
    
    
      instrument/0



        
          
        

    

  


  

      

          -type instrument() ::
          #otel_instrument{name :: binary(),
                           kind ::
                               counter | up_down_counter | histogram | gauge | observable_counter |
                               observable_gauge | observable_up_down_counter,
                           description :: binary() | undefined,
                           unit :: binary() | undefined,
                           meter ::
                               #meter{name :: binary(),
                                      version :: binary() | undefined,
                                      schema_url :: binary() | undefined,
                                      resource ::
                                          #resource{attributes :: map(),
                                                    schema_url :: binary() | undefined} |
                                          undefined} |
                               undefined,
                           handle :: term(),
                           temporality :: cumulative | delta}.


      



  



  
    
      
    
    
      instrument_opts/0



        
          
        

    

  


  

      

          -type instrument_opts() ::
          #{description => binary(),
            unit => binary(),
            boundaries => [number()],
            temporality => cumulative | delta}.


      



  



  
    
      
    
    
      meter/0



        
          
        

    

  


  

      

          -type meter() ::
          #meter{name :: binary(),
                 version :: binary() | undefined,
                 schema_url :: binary() | undefined,
                 resource ::
                     #resource{attributes :: map(), schema_url :: binary() | undefined} | undefined}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add(Instrument, Value)



        
          
        

    

  


  

      

          -spec add(instrument(), number()) -> ok.


      


Adds a value to a Counter or UpDownCounter.

  



  
    
      
    
    
      add(Otel_instrument, Value, Attrs)



        
          
        

    

  


  

      

          -spec add(instrument(), number(), map()) -> ok.


      


Adds a value to a Counter or UpDownCounter with attributes.

  



  
    
      
    
    
      collect_observables()



        
          
        

    

  


  

      

          -spec collect_observables() -> ok.


      


Invokes all observable instrument callbacks. This should be called before metrics collection to update observable values.

  



  
    
      
    
    
      create_counter(Meter, Name)



        
          
        

    

  


  

      

          -spec create_counter(meter(), binary() | atom()) -> instrument().


      


Creates a Counter instrument.

  



  
    
      
    
    
      create_counter(Meter, Name, Opts)



        
          
        

    

  


  

      

          -spec create_counter(meter(), binary() | atom(), instrument_opts()) -> instrument().


      


Creates a Counter instrument with options.

  



  
    
      
    
    
      create_gauge(Meter, Name)



        
          
        

    

  


  

      

          -spec create_gauge(meter(), binary() | atom()) -> instrument().


      


Creates a Gauge instrument.

  



  
    
      
    
    
      create_gauge(Meter, Name, Opts)



        
          
        

    

  


  

      

          -spec create_gauge(meter(), binary() | atom(), instrument_opts()) -> instrument().


      


Creates a Gauge instrument with options.

  



  
    
      
    
    
      create_histogram(Meter, Name)



        
          
        

    

  


  

      

          -spec create_histogram(meter(), binary() | atom()) -> instrument().


      


Creates a Histogram instrument.

  



  
    
      
    
    
      create_histogram(Meter, Name, Opts)



        
          
        

    

  


  

      

          -spec create_histogram(meter(), binary() | atom(), instrument_opts()) -> instrument().


      


Creates a Histogram instrument with options.

  



  
    
      
    
    
      create_observable_counter(Meter, Name, Callback)



        
          
        

    

  


  

      

          -spec create_observable_counter(meter(), binary() | atom(), fun()) -> instrument().


      


Creates an ObservableCounter with a callback. Callback can be: - 0-arity: fun() -> number() - returns a single value - 1-arity: fun(Observe) -> ok - calls Observe(Value, Attrs) for each observation

  



  
    
      
    
    
      create_observable_gauge(Meter, Name, Callback)



        
          
        

    

  


  

      

          -spec create_observable_gauge(meter(), binary() | atom(), fun()) -> instrument().


      


Creates an ObservableGauge with a callback. Callback can be: - 0-arity: fun() -> number() - returns a single value - 1-arity: fun(Observe) -> ok - calls Observe(Value, Attrs) for each observation

  



  
    
      
    
    
      create_observable_up_down_counter(Meter, Name, Callback)



        
          
        

    

  


  

      

          -spec create_observable_up_down_counter(meter(), binary() | atom(), fun()) -> instrument().


      


Creates an ObservableUpDownCounter with a callback. Callback can be: - 0-arity: fun() -> number() - returns a single value - 1-arity: fun(Observe) -> ok - calls Observe(Value, Attrs) for each observation

  



  
    
      
    
    
      create_up_down_counter(Meter, Name)



        
          
        

    

  


  

      

          -spec create_up_down_counter(meter(), binary() | atom()) -> instrument().


      


Creates an UpDownCounter instrument.

  



  
    
      
    
    
      create_up_down_counter(Meter, Name, Opts)



        
          
        

    

  


  

      

          -spec create_up_down_counter(meter(), binary() | atom(), instrument_opts()) -> instrument().


      


Creates an UpDownCounter instrument with options.

  



  
    
      
    
    
      force_flush()



        
          
        

    

  


  

      

          -spec force_flush() -> ok.


      


Forces a flush of all pending metrics. This is a no-op in the current implementation.

  



  
    
      
    
    
      get_instrument(Name)



        
          
        

    

  


  

      

          -spec get_instrument(binary() | atom()) -> instrument() | undefined.


      


Gets an instrument by name.

  



  
    
      
    
    
      get_meter(Name)



        
          
        

    

  


  

      

          -spec get_meter(binary() | atom()) -> meter().


      


Gets or creates a Meter with the given name.

  



  
    
      
    
    
      get_meter(Name, Opts)



        
          
        

    

  


  

      

          -spec get_meter(binary() | atom(), map()) -> meter().


      


Gets or creates a Meter with the given name and options.

  



  
    
      
    
    
      list_instruments()



        
          
        

    

  


  

      

          -spec list_instruments() -> [instrument()].


      


Lists all registered instruments.

  



  
    
      
    
    
      record(Instrument, Value)



        
          
        

    

  


  

      

          -spec record(instrument(), number()) -> ok.


      


Records a value in a Histogram.

  



  
    
      
    
    
      record(Otel_instrument, Value, Attrs)



        
          
        

    

  


  

      

          -spec record(instrument(), number(), map()) -> ok.


      


Records a value in a Histogram with attributes.

  



  
    
      
    
    
      set(Instrument, Value)



        
          
        

    

  


  

      

          -spec set(instrument(), number()) -> ok.


      


Sets a value on a Gauge.

  



  
    
      
    
    
      set(Otel_instrument, Value, Attrs)



        
          
        

    

  


  

      

          -spec set(instrument(), number(), map()) -> ok.


      


Sets a value on a Gauge with attributes.

  



  
    
      
    
    
      shutdown()



        
          
        

    

  


  

      

          -spec shutdown() -> ok.


      


Shuts down the MeterProvider. This is a no-op in the current implementation.

  



  
    
      
    
    
      unregister_all_instruments()



        
          
        

    

  


  

      

          -spec unregister_all_instruments() -> ok.


      


Unregisters all OTel instruments.

  



  
    
      
    
    
      unregister_instrument(Name)



        
          
        

    

  


  

      

          -spec unregister_instrument(binary() | atom()) -> ok | {error, not_found}.


      


Unregisters an instrument by name. This removes the instrument from persistent_term, unregisters the underlying metric, and cleans up any associated vec metrics created for attributed operations.

  


        

      


  

  
    
    instrument_metric - instrument v0.6.1
    
    

    


  
  

    
instrument_metric 
    



      
Main API facade for metrics instrumentation.
This module provides a unified interface for creating and manipulating metrics including counters, gauges, and histograms. It supports both simple metrics and vector metrics (metrics with labels).
[bookmark: Simple_Metrics]Simple Metrics
  Counter = instrument:new_counter(requests_total, <<"Total HTTP requests">>),
  instrument:inc_counter(Counter),
  instrument:inc_counter(Counter, 5).
[bookmark: Vector_Metrics_(Labeled)]Vector Metrics (Labeled)
  instrument:new_counter_vec(http_requests, <<"Requests">>, [method, status]),
  instrument:inc_counter_vec(http_requests, [<<"GET">>, <<"200">>]).
For OpenTelemetry-compatible metrics, see instrument_meter.
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          -type label() :: string() | atom() | binary().
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          -type label_value() :: [label()] | #{}.
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          -type labels() :: [label()].
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          -type metric() ::
          #metric{name :: term(),
                  handle :: term(),
                  collect :: tuple(),
                  description :: binary() | undefined,
                  unit :: binary() | undefined,
                  meter :: binary() | undefined,
                  attributes :: map()} |
          atom().
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          -type metric_name() :: string() | atom() | binary().
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          -type metric_type() :: gauge | counter | histogram.
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          -spec clear_labels(Vector :: metric()) -> ok.
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          -spec dec_gauge(Gauge :: metric()) -> Result :: ok | {error, not_found}.
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          -spec dec_gauge(Gauge :: metric(), Value :: number()) -> Result :: ok | {error, not_found}.
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          -spec dec_gauge_vec(Name :: metric_name(), LabelValues :: list(), Value :: number()) ->
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          -spec get_counter(Counter :: metric()) -> Result :: float() | {error, not_found}.
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          -spec get_gauge(Gauge :: metric()) -> Result :: float() | {error, not_found}.
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          -spec get_vector_with(Vector :: metric(), Fun :: mfa()) -> Result :: term().
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          -spec inc_counter(Counter :: metric()) -> Result :: ok | {error, not_found}.
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      inc_counter_vec(Name, LabelValues, Value)



        
          
        

    

  


  

      

          -spec inc_counter_vec(Name :: metric_name(), LabelValues :: list(), Value :: number()) ->
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          -spec with_label(Vector :: metric(), Label :: label_value(), Fun :: mfa(), Val :: number()) ->
                    Result :: term().


      



  


        

      


  

  
    
    instrument_metric_view - instrument v0.6.1
    
    

    


  
  

    
instrument_metric_view 
    



      
OpenTelemetry Metric Views for transformation and filtering.
Metric views allow customizing how metrics are exported by: - Renaming metrics - Changing descriptions - Filtering attributes - Changing aggregation type - Setting histogram bucket boundaries
[bookmark: Example_Usage]Example Usage
  %% Create a view that renames a metric
  instrument_metric_view:register(#metric_view{
    instrument_name = <<"http_requests">>,
    name = <<"http.requests.total">>
  }).
 
  %% Create a view that filters attributes
  instrument_metric_view:register(#metric_view{
    instrument_name = <<"request_latency">>,
    attribute_keys = [<<"method">>, <<"status">>]
  }).
 
  %% Apply views to metrics
  TransformedMetrics = instrument_metric_view:apply_views(Metrics).
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        Applies all registered views to a list of metrics. Returns transformed metrics.
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        Clears all registered views.
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        Lists all registered views.
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        Checks if a view matches a metric.



    


    
      
        register(Metric_view)

      


        Registers a metric view.
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        Unregisters a metric view by instrument name pattern.



    





      


      
        Functions
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          -spec apply_views([map()]) -> [map()].


      


Applies all registered views to a list of metrics. Returns transformed metrics.

  



  
    
      
    
    
      clear()



        
          
        

    

  


  

      

          -spec clear() -> ok.


      


Clears all registered views.
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          -spec list() ->
              [#metric_view{name :: binary() | undefined,
                            description :: binary() | undefined,
                            instrument_name :: binary() | '_',
                            instrument_type :: atom() | '_',
                            meter_name :: binary() | '_',
                            attribute_keys :: [binary()] | undefined,
                            aggregation :: atom() | undefined,
                            boundaries :: [number()] | undefined}].


      


Lists all registered views.
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          -spec match_metric(#metric_view{name :: binary() | undefined,
                                description :: binary() | undefined,
                                instrument_name :: binary() | '_',
                                instrument_type :: atom() | '_',
                                meter_name :: binary() | '_',
                                attribute_keys :: [binary()] | undefined,
                                aggregation :: atom() | undefined,
                                boundaries :: [number()] | undefined},
                   map()) ->
                      boolean().


      


Checks if a view matches a metric.
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          -spec register(#metric_view{name :: binary() | undefined,
                            description :: binary() | undefined,
                            instrument_name :: binary() | '_',
                            instrument_type :: atom() | '_',
                            meter_name :: binary() | '_',
                            attribute_keys :: [binary()] | undefined,
                            aggregation :: atom() | undefined,
                            boundaries :: [number()] | undefined}) ->
                  ok.


      


Registers a metric view.

  



  
    
      
    
    
      unregister(InstrumentName)



        
          
        

    

  


  

      

          -spec unregister(binary() | '_') -> ok.


      


Unregisters a metric view by instrument name pattern.

  


        

      


  

  
    
    instrument_metrics_exporter - instrument v0.6.1
    
    

    


  
  

    
instrument_metrics_exporter behaviour
    



      
Metrics exporter manager for periodic metrics collection and export.
This module manages metrics exporters and handles periodic collection and export of metrics to registered backends.
[bookmark: Example_Usage]Example Usage
  %% Register console exporter for metrics
  instrument_metrics_exporter:register(instrument_metrics_exporter_console:new()),
 
  %% Register OTLP exporter
  instrument_metrics_exporter:register(instrument_metrics_exporter_otlp:new(#{
      endpoint => "http://localhost:4318"
  })),
 
  %% Metrics are collected and exported periodically
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        Behaviour callbacks for metrics exporters
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        collect()

      


        Collects all metrics.
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        Triggers an immediate export.
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        Forces a flush of metrics to all exporters.
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        Lists all registered exporters.
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        Registers a metrics exporter.



    


    
      
        shutdown()

      


        Shuts down all exporters.
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        Starts the metrics exporter manager.
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        Unregisters a metrics exporter.
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          -type data_point() ::
          #{attributes := map(), value := number() | histogram_value(), timestamp := integer()}.
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          -type exporter() :: #{module := module(), config := map(), state := term()}.
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          -type histogram_value() ::
          #{count := integer(), sum := number(), buckets := [#{bound := number(), count := integer()}]}.
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          -type metric_data() ::
          #{name := binary(),
            description := binary(),
            unit := binary(),
            type := counter | gauge | histogram,
            data_points := [data_point()]}.
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Behaviour callbacks for metrics exporters

  



  
    
      
    
    
      code_change(OldVsn, State, Extra)



        
          
        

    

  


  


  



  
    
      
    
    
      collect()



        
          
        

    

  


  

      

          -spec collect() -> [metric_data()].


      


Collects all metrics.

  



  
    
      
    
    
      export()



        
          
        

    

  


  

      

          -spec export() -> ok.


      


Triggers an immediate export.

  



  
    
      
    
    
      flush()



        
          
        

    

  


  

      

          -spec flush() -> ok.


      


Forces a flush of metrics to all exporters.

  



  
    
      
    
    
      handle_call(Request, From, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_cast(Msg, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_info(Info, State)



        
          
        

    

  


  


  



  
    
      
    
    
      init(_)



        
          
        

    

  


  


  



  
    
      
    
    
      list()



        
          
        

    

  


  

      

          -spec list() -> [module()].


      


Lists all registered exporters.

  



  
    
      
    
    
      register(Exporter)



        
          
        

    

  


  

      

          -spec register(#{module := module(), config => map()}) -> ok | {error, term()}.


      


Registers a metrics exporter.

  



  
    
      
    
    
      shutdown()



        
          
        

    

  


  

      

          -spec shutdown() -> ok.


      


Shuts down all exporters.

  



  
    
      
    
    
      start_link()



        
          
        

    

  


  

      

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


      


Starts the metrics exporter manager.

  



  
    
      
    
    
      terminate(Reason, State)



        
          
        

    

  


  


  



  
    
      
    
    
      unregister(Module)



        
          
        

    

  


  

      

          -spec unregister(module()) -> ok.


      


Unregisters a metrics exporter.

  


        

      


  

  
    
    instrument_metrics_exporter_console - instrument v0.6.1
    
    

    


  
  

    
instrument_metrics_exporter_console 
    



      
Console exporter for metrics.
Exports metrics to stdout for debugging and development.
[bookmark: Example_Usage]Example Usage
  %% Register with default options
  instrument_metrics_exporter:register(instrument_metrics_exporter_console:new()),
 
  %% Register with options
  instrument_metrics_exporter:register(instrument_metrics_exporter_console:new(#{
      format => json,      %% json | text (default: text)
      output => standard_io %% standard_io | standard_error | {file, Path}
  })),

      


      
        Summary


  
    Functions
  


    
      
        exporter_export(Metrics, State)

      


        Exports metrics to the console.



    


    
      
        exporter_init(Config)

      


        Initializes the exporter.



    


    
      
        exporter_shutdown(State)

      


        Shuts down the exporter.



    


    
      
        new()

      


        Creates a new console exporter configuration with defaults.



    


    
      
        new(Config)

      


        Creates a new console exporter configuration.



    





      


      
        Functions


        


  
    
      
    
    
      exporter_export(Metrics, State)



        
          
        

    

  


  

      

          -spec exporter_export([map()],
                      #state{format :: text | json,
                             output :: standard_io | standard_error | {file, file:io_device()}}) ->
                         {ok,
                          #state{format :: text | json,
                                 output :: standard_io | standard_error | {file, file:io_device()}}} |
                         {error,
                          term(),
                          #state{format :: text | json,
                                 output :: standard_io | standard_error | {file, file:io_device()}}}.


      


Exports metrics to the console.

  



  
    
      
    
    
      exporter_init(Config)



        
          
        

    

  


  

      

          -spec exporter_init(map()) ->
                       {ok,
                        #state{format :: text | json,
                               output :: standard_io | standard_error | {file, file:io_device()}}} |
                       {error, term()}.


      


Initializes the exporter.

  



  
    
      
    
    
      exporter_shutdown(State)



        
          
        

    

  


  

      

          -spec exporter_shutdown(#state{format :: text | json,
                               output :: standard_io | standard_error | {file, file:io_device()}}) ->
                           ok.


      


Shuts down the exporter.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          -spec new() -> #{module := module(), config := map()}.


      


Creates a new console exporter configuration with defaults.

  



  
    
      
    
    
      new(Config)



        
          
        

    

  


  

      

          -spec new(map()) -> #{module := module(), config := map()}.


      


Creates a new console exporter configuration.

  


        

      


  

  
    
    instrument_metrics_exporter_otlp - instrument v0.6.1
    
    

    


  
  

    
instrument_metrics_exporter_otlp 
    



      
OTLP HTTP exporter for metrics.
Exports metrics to an OpenTelemetry Collector or compatible backend using the OTLP/HTTP protocol with JSON encoding.
[bookmark: Example_Usage]Example Usage
  %% Export to local collector
  instrument_metrics_exporter:register(instrument_metrics_exporter_otlp:new(#{
      endpoint => "http://localhost:4318"
  })),
 
  %% Export to remote collector with authentication
  instrument_metrics_exporter:register(instrument_metrics_exporter_otlp:new(#{
      endpoint => "https://otel-collector.example.com:4318",
      headers => #{
          <<"Authorization">> => <<"Bearer token123">>
      },
      compression => gzip
  })),
[bookmark: Configuration_Options]Configuration Options
	endpoint - Base URL of the OTLP receiver (required)
	headers - Additional HTTP headers (default: #{})
	compression - Compression: none | gzip (default: none)
	timeout - Request timeout in ms (default: 10000)


      


      
        Summary


  
    Functions
  


    
      
        exporter_export(Metrics, State)

      


        Exports metrics to the OTLP endpoint.



    


    
      
        exporter_init(Config)

      


        Initializes the exporter.



    


    
      
        exporter_shutdown(State)

      


        Shuts down the exporter.



    


    
      
        new(Config)

      


        Creates a new OTLP exporter configuration.



    





      


      
        Functions


        


  
    
      
    
    
      exporter_export(Metrics, State)



        
          
        

    

  


  

      

          -spec exporter_export([map()],
                      #state{endpoint :: binary(),
                             metrics_path :: binary(),
                             headers :: [{binary(), binary()}],
                             compression :: none | gzip,
                             timeout :: pos_integer()}) ->
                         {ok,
                          #state{endpoint :: binary(),
                                 metrics_path :: binary(),
                                 headers :: [{binary(), binary()}],
                                 compression :: none | gzip,
                                 timeout :: pos_integer()}} |
                         {error,
                          term(),
                          #state{endpoint :: binary(),
                                 metrics_path :: binary(),
                                 headers :: [{binary(), binary()}],
                                 compression :: none | gzip,
                                 timeout :: pos_integer()}}.


      


Exports metrics to the OTLP endpoint.

  



  
    
      
    
    
      exporter_init(Config)



        
          
        

    

  


  

      

          -spec exporter_init(map()) ->
                       {ok,
                        #state{endpoint :: binary(),
                               metrics_path :: binary(),
                               headers :: [{binary(), binary()}],
                               compression :: none | gzip,
                               timeout :: pos_integer()}} |
                       {error, term()}.


      


Initializes the exporter.

  



  
    
      
    
    
      exporter_shutdown(State)



        
          
        

    

  


  

      

          -spec exporter_shutdown(#state{endpoint :: binary(),
                               metrics_path :: binary(),
                               headers :: [{binary(), binary()}],
                               compression :: none | gzip,
                               timeout :: pos_integer()}) ->
                           ok.


      


Shuts down the exporter.

  



  
    
      
    
    
      new(Config)



        
          
        

    

  


  

      

          -spec new(map()) -> #{module := module(), config := map()}.


      


Creates a new OTLP exporter configuration.

  


        

      


  

  
    
    instrument_nif - instrument v0.6.1
    
    

    


  
  

    
instrument_nif 
    




      
        Summary


  
    Functions
  


    
      
        dec_gauge(Gauge)

      


    


    
      
        dec_gauge(Gauge, V)

      


    


    
      
        get_gauge(Gauge)

      


    


    
      
        inc_gauge(Gauge)

      


    


    
      
        inc_gauge(Gauge, V)

      


    


    
      
        new_gauge()

      


    


    
      
        set_gauge(Gauge, V)

      


    





      


      
        Functions


        


  
    
      
    
    
      dec_gauge(Gauge)



        
          
        

    

  


  


  



  
    
      
    
    
      dec_gauge(Gauge, V)



        
          
        

    

  


  


  



  
    
      
    
    
      get_gauge(Gauge)



        
          
        

    

  


  


  



  
    
      
    
    
      inc_gauge(Gauge)



        
          
        

    

  


  


  



  
    
      
    
    
      inc_gauge(Gauge, V)



        
          
        

    

  


  


  



  
    
      
    
    
      new_gauge()



        
          
        

    

  


  


  



  
    
      
    
    
      set_gauge(Gauge, V)



        
          
        

    

  


  


  


        

      


  

  
    
    instrument_prometheus - instrument v0.6.1
    
    

    


  
  

    
instrument_prometheus 
    




      
        Summary


  
    Functions
  


    
      
        content_type()

      


        Returns the Prometheus content type header value



    


    
      
        format()

      


        Formats all registered metrics in Prometheus text exposition format



    





      


      
        Functions


        


  
    
      
    
    
      content_type()



        
          
        

    

  


  

      

          -spec content_type() -> binary().


      


Returns the Prometheus content type header value

  



  
    
      
    
    
      format()



        
          
        

    

  


  

      

          -spec format() -> binary().


      


Formats all registered metrics in Prometheus text exposition format

  


        

      


  

  
    
    instrument_propagation - instrument v0.6.1
    
    

    


  
  

    
instrument_propagation 
    



      
Context propagation helpers for cross-process communication.
This module provides helpers for propagating context across process boundaries and encoding/decoding W3C TraceContext format.

      


      
        Summary


  
    Functions
  


    
      
        call_with_context(ServerRef, Request)

      


        Makes a gen_server call with the current context propagated. The server must be aware of context propagation to use this.



    


    
      
        call_with_context(ServerRef, Request, Timeout)

      


        Makes a gen_server call with the current context propagated and timeout.



    


    
      
        cast_with_context(ServerRef, Msg)

      


        Makes a gen_server cast with the current context propagated.



    


    
      
        extract(Carrier)

      


        Extracts trace context from a carrier (map). Uses all registered propagators.



    


    
      
        extract(Carrier, Ctx)

      


        Extracts trace context from a carrier into an existing context. Uses all registered propagators.



    


    
      
        extract_headers(Headers)

      


        Extracts context from HTTP headers.



    


    
      
        inject(Carrier)

      


        Injects the current trace context into a carrier (map). Uses all registered propagators.



    


    
      
        inject(Ctx, Carrier)

      


        Injects trace context into a carrier (map). Uses all registered propagators.



    


    
      
        inject_headers(Ctx)

      


        Injects context into HTTP headers format.



    


    
      
        spawn(Fun)

      


        Spawns a process with the current context propagated.



    


    
      
        spawn(Fun, Args)

      


        Spawns a process with args and the current context propagated.



    


    
      
        spawn_link(Fun)

      


        Spawns a linked process with the current context propagated.



    


    
      
        spawn_link(Fun, Args)

      


        Spawns a linked process with args and the current context propagated.



    


    
      
        spawn_monitor(Fun)

      


        Spawns a monitored process with the current context propagated.



    


    
      
        spawn_opt(Fun, Opts)

      


        Spawns a process with options and the current context propagated.



    





      


      
        Functions


        


  
    
      
    
    
      call_with_context(ServerRef, Request)



        
          
        

    

  


  

      

          -spec call_with_context(term(), term()) -> term().


      


Makes a gen_server call with the current context propagated. The server must be aware of context propagation to use this.

  



  
    
      
    
    
      call_with_context(ServerRef, Request, Timeout)



        
          
        

    

  


  

      

          -spec call_with_context(term(), term(), timeout()) -> term().


      


Makes a gen_server call with the current context propagated and timeout.

  



  
    
      
    
    
      cast_with_context(ServerRef, Msg)



        
          
        

    

  


  

      

          -spec cast_with_context(term(), term()) -> ok.


      


Makes a gen_server cast with the current context propagated.

  



  
    
      
    
    
      extract(Carrier)



        
          
        

    

  


  

      

          -spec extract(map()) -> instrument_context:context().


      


Extracts trace context from a carrier (map). Uses all registered propagators.

  



  
    
      
    
    
      extract(Carrier, Ctx)



        
          
        

    

  


  

      

          -spec extract(map(), instrument_context:context()) -> instrument_context:context().


      


Extracts trace context from a carrier into an existing context. Uses all registered propagators.

  



  
    
      
    
    
      extract_headers(Headers)



        
          
        

    

  


  

      

          -spec extract_headers([{binary() | string(), binary() | string()}]) -> instrument_context:context().


      


Extracts context from HTTP headers.

  



  
    
      
    
    
      inject(Carrier)



        
          
        

    

  


  

      

          -spec inject(map()) -> map().


      


Injects the current trace context into a carrier (map). Uses all registered propagators.

  



  
    
      
    
    
      inject(Ctx, Carrier)



        
          
        

    

  


  

      

          -spec inject(instrument_context:context(), map()) -> map().


      


Injects trace context into a carrier (map). Uses all registered propagators.

  



  
    
      
    
    
      inject_headers(Ctx)



        
          
        

    

  


  

      

          -spec inject_headers(instrument_context:context()) -> [{binary(), binary()}].


      


Injects context into HTTP headers format.

  



  
    
      
    
    
      spawn(Fun)



        
          
        

    

  


  

      

          -spec spawn(fun(() -> term())) -> pid().


      


Spawns a process with the current context propagated.

  



  
    
      
    
    
      spawn(Fun, Args)



        
          
        

    

  


  

      

          -spec spawn(fun((...) -> term()), list()) -> pid().


      


Spawns a process with args and the current context propagated.

  



  
    
      
    
    
      spawn_link(Fun)



        
          
        

    

  


  

      

          -spec spawn_link(fun(() -> term())) -> pid().


      


Spawns a linked process with the current context propagated.

  



  
    
      
    
    
      spawn_link(Fun, Args)



        
          
        

    

  


  

      

          -spec spawn_link(fun((...) -> term()), list()) -> pid().


      


Spawns a linked process with args and the current context propagated.

  



  
    
      
    
    
      spawn_monitor(Fun)



        
          
        

    

  


  

      

          -spec spawn_monitor(fun(() -> term())) -> {pid(), reference()}.


      


Spawns a monitored process with the current context propagated.

  



  
    
      
    
    
      spawn_opt(Fun, Opts)



        
          
        

    

  


  

      

          -spec spawn_opt(fun(() -> term()), [term()]) -> pid() | {pid(), reference()}.


      


Spawns a process with options and the current context propagated.

  


        

      


  

  
    
    instrument_propagator - instrument v0.6.1
    
    

    


  
  

    
instrument_propagator behaviour
    



      
Pluggable context propagator registry.
This module provides a registry for context propagators that handle injecting and extracting context from carriers (e.g., HTTP headers).
[bookmark: Built-in_Propagators]Built-in Propagators
- instrument_propagator_tracecontext - W3C TraceContext - instrument_propagator_baggage - W3C Baggage
[bookmark: Example_Usage]Example Usage
  %% Register a propagator
  instrument_propagator:register(instrument_propagator_tracecontext).
 
  %% Get all registered propagators
  Propagators = instrument_propagator:list().
 
  %% Inject context using all propagators
  Carrier = instrument_propagator:inject(#{}).
 
  %% Extract context using all propagators
  Ctx = instrument_propagator:extract(Carrier).

      


      
        Summary


  
    Callbacks
  


    
      
        extract/2

      


    


    
      
        fields/0

      


    


    
      
        inject/2

      


    





  
    Functions
  


    
      
        extract(Carrier)

      


        Extracts context from a carrier using all registered propagators.



    


    
      
        extract(Carrier, Ctx)

      


        Extracts context from a carrier into an existing context.



    


    
      
        fields()

      


        Returns all header fields used by registered propagators.



    


    
      
        get_propagators()

      


        Gets the list of registered propagators.



    


    
      
        inject(Carrier)

      


        Injects context into a carrier using all registered propagators.



    


    
      
        inject(Ctx, Carrier)

      


        Injects context into a carrier using all registered propagators.



    


    
      
        list()

      


        Lists all registered propagators.



    


    
      
        register(Module)

      


        Registers a propagator module.



    


    
      
        set_propagators(Modules)

      


        Sets the list of propagators (replacing existing ones).



    


    
      
        unregister(Module)

      


        Unregisters a propagator module.



    





      


      
        Callbacks


        


  
    
      
    
    
      extract/2



        
          
        

    

  


  

      

          -callback extract(Carrier :: map(), Ctx :: map()) -> map().


      



  



  
    
      
    
    
      fields/0



        
          
        

    

  


  

      

          -callback fields() -> [binary()].


      



  



  
    
      
    
    
      inject/2



        
          
        

    

  


  

      

          -callback inject(Ctx :: map(), Carrier :: map()) -> map().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      extract(Carrier)



        
          
        

    

  


  

      

          -spec extract(map()) -> map().


      


Extracts context from a carrier using all registered propagators.

  



  
    
      
    
    
      extract(Carrier, Ctx)



        
          
        

    

  


  

      

          -spec extract(map(), map()) -> map().


      


Extracts context from a carrier into an existing context.

  



  
    
      
    
    
      fields()



        
          
        

    

  


  

      

          -spec fields() -> [binary()].


      


Returns all header fields used by registered propagators.

  



  
    
      
    
    
      get_propagators()



        
          
        

    

  


  

      

          -spec get_propagators() -> [module()].


      


Gets the list of registered propagators.

  



  
    
      
    
    
      inject(Carrier)



        
          
        

    

  


  

      

          -spec inject(map()) -> map().


      


Injects context into a carrier using all registered propagators.

  



  
    
      
    
    
      inject(Ctx, Carrier)



        
          
        

    

  


  

      

          -spec inject(map(), map()) -> map().


      


Injects context into a carrier using all registered propagators.

  



  
    
      
    
    
      list()



        
          
        

    

  


  

      

          -spec list() -> [module()].


      


Lists all registered propagators.

  



  
    
      
    
    
      register(Module)



        
          
        

    

  


  

      

          -spec register(module()) -> ok.


      


Registers a propagator module.

  



  
    
      
    
    
      set_propagators(Modules)



        
          
        

    

  


  

      

          -spec set_propagators([module()]) -> ok.


      


Sets the list of propagators (replacing existing ones).

  



  
    
      
    
    
      unregister(Module)



        
          
        

    

  


  

      

          -spec unregister(module()) -> ok.


      


Unregisters a propagator module.

  


        

      


  

  
    
    instrument_propagator_b3 - instrument v0.6.1
    
    

    


  
  

    
instrument_propagator_b3 
    



      
B3 Single-Header propagator.
Implements the B3 single-header format per openzipkin/b3-propagation: Format: {TraceId}-{SpanId}-{SamplingState}-{ParentSpanId}
See: https://github.com/openzipkin/b3-propagation

      


      
        Summary


  
    Functions
  


    
      
        extract(Carrier, Ctx)

      


        Extracts trace context from a carrier using B3 single header format.



    


    
      
        fields()

      


        Returns the header fields used by this propagator.



    


    
      
        inject(Ctx, Carrier)

      


        Injects trace context into a carrier using B3 single header format. Format: {TraceId}-{SpanId}-{SamplingState}[-{ParentSpanId}]



    





      


      
        Functions


        


  
    
      
    
    
      extract(Carrier, Ctx)



        
          
        

    

  


  

      

          -spec extract(map(), map()) -> map().


      


Extracts trace context from a carrier using B3 single header format.

  



  
    
      
    
    
      fields()



        
          
        

    

  


  

      

          -spec fields() -> [binary()].


      


Returns the header fields used by this propagator.

  



  
    
      
    
    
      inject(Ctx, Carrier)



        
          
        

    

  


  

      

          -spec inject(map(), map()) -> map().


      


Injects trace context into a carrier using B3 single header format. Format: {TraceId}-{SpanId}-{SamplingState}[-{ParentSpanId}]

  


        

      


  

  
    
    instrument_propagator_b3_multi - instrument v0.6.1
    
    

    


  
  

    
instrument_propagator_b3_multi 
    



      
B3 Multi-Header propagator.
Implements the B3 multi-header format per openzipkin/b3-propagation: - X-B3-TraceId: 32 or 16 hex chars - X-B3-SpanId: 16 hex chars - X-B3-ParentSpanId: 16 hex chars (optional) - X-B3-Sampled: 0 or 1 (optional) - X-B3-Flags: 1 for debug (optional, implies sampled)
See: https://github.com/openzipkin/b3-propagation

      


      
        Summary


  
    Functions
  


    
      
        extract(Carrier, Ctx)

      


        Extracts trace context from a carrier using B3 multi-header format.



    


    
      
        fields()

      


        Returns the header fields used by this propagator.



    


    
      
        inject(Ctx, Carrier)

      


        Injects trace context into a carrier using B3 multi-header format.



    





      


      
        Functions


        


  
    
      
    
    
      extract(Carrier, Ctx)



        
          
        

    

  


  

      

          -spec extract(map(), map()) -> map().


      


Extracts trace context from a carrier using B3 multi-header format.

  



  
    
      
    
    
      fields()



        
          
        

    

  


  

      

          -spec fields() -> [binary()].


      


Returns the header fields used by this propagator.

  



  
    
      
    
    
      inject(Ctx, Carrier)



        
          
        

    

  


  

      

          -spec inject(map(), map()) -> map().


      


Injects trace context into a carrier using B3 multi-header format.

  


        

      


  

  
    
    instrument_propagator_baggage - instrument v0.6.1
    
    

    


  
  

    
instrument_propagator_baggage 
    



      
W3C Baggage propagator.
This propagator handles the W3C Baggage specification for propagating application-defined key-value pairs.
See: https://www.w3.org/TR/baggage/

      


      
        Summary


  
    Functions
  


    
      
        extract(Carrier, Ctx)

      


        Extracts baggage from a carrier.



    


    
      
        fields()

      


        Returns the header fields used by this propagator.



    


    
      
        inject(Ctx, Carrier)

      


        Injects baggage into a carrier.



    





      


      
        Functions


        


  
    
      
    
    
      extract(Carrier, Ctx)



        
          
        

    

  


  

      

          -spec extract(map(), map()) -> map().


      


Extracts baggage from a carrier.

  



  
    
      
    
    
      fields()



        
          
        

    

  


  

      

          -spec fields() -> [binary()].


      


Returns the header fields used by this propagator.

  



  
    
      
    
    
      inject(Ctx, Carrier)



        
          
        

    

  


  

      

          -spec inject(map(), map()) -> map().


      


Injects baggage into a carrier.

  


        

      


  

  
    
    instrument_propagator_tracecontext - instrument v0.6.1
    
    

    


  
  

    
instrument_propagator_tracecontext 
    



      
W3C TraceContext propagator.
This propagator handles the W3C TraceContext specification: - traceparent: version-trace_id-span_id-flags - tracestate: vendor-specific trace information
See: https://www.w3.org/TR/trace-context/

      


      
        Summary


  
    Functions
  


    
      
        extract(Carrier, Ctx)

      


        Extracts trace context from a carrier.



    


    
      
        fields()

      


        Returns the header fields used by this propagator.



    


    
      
        inject(Ctx, Carrier)

      


        Injects trace context into a carrier.



    





      


      
        Functions


        


  
    
      
    
    
      extract(Carrier, Ctx)



        
          
        

    

  


  

      

          -spec extract(map(), map()) -> map().


      


Extracts trace context from a carrier.

  



  
    
      
    
    
      fields()



        
          
        

    

  


  

      

          -spec fields() -> [binary()].


      


Returns the header fields used by this propagator.

  



  
    
      
    
    
      inject(Ctx, Carrier)



        
          
        

    

  


  

      

          -spec inject(map(), map()) -> map().


      


Injects trace context into a carrier.

  


        

      


  

  
    
    instrument_registry - instrument v0.6.1
    
    

    


  
  

    
instrument_registry 
    




      
        Summary


  
    Functions
  


    
      
        cache_label(Name, LabelValues, Metric)

      


    


    
      
        clear_labels(Name)

      


    


    
      
        code_change(OldVsn, State, Extra)

      


    


    
      
        collect_all()

      


    


    
      
        create_vector_metric(Name, Label)

      


    


    
      
        handle_call(Req, From, State)

      


    


    
      
        handle_cast(Msg, State)

      


    


    
      
        handle_info(Info, State)

      


    


    
      
        init(_)

      


    


    
      
        lookup(Name)

      


    


    
      
        lookup_label(Name, LabelValues)

      


    


    
      
        register(Metric)

      


    


    
      
        remove_label(Name, Label)

      


    


    
      
        start_link()

      


    


    
      
        terminate(Reason, State)

      


    


    
      
        unregister(Name)

      


    


    
      
        unregister_all()

      


    


    
      
        with(Metric, Fun)

      


    





      


      
        Functions


        


  
    
      
    
    
      cache_label(Name, LabelValues, Metric)



        
          
        

    

  


  

      

          -spec cache_label(term(),
                  list(),
                  #metric{name :: term(),
                          handle :: term(),
                          collect :: tuple(),
                          description :: binary() | undefined,
                          unit :: binary() | undefined,
                          meter :: binary() | undefined,
                          attributes :: map()}) ->
                     ok.


      



  



  
    
      
    
    
      clear_labels(Name)



        
          
        

    

  


  


  



  
    
      
    
    
      code_change(OldVsn, State, Extra)



        
          
        

    

  


  


  



  
    
      
    
    
      collect_all()



        
          
        

    

  


  

      

          -spec collect_all() -> [map()].


      



  



  
    
      
    
    
      create_vector_metric(Name, Label)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_call(Req, From, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_cast(Msg, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_info(Info, State)



        
          
        

    

  


  


  



  
    
      
    
    
      init(_)



        
          
        

    

  


  


  



  
    
      
    
    
      lookup(Name)



        
          
        

    

  


  

      

          -spec lookup(term()) ->
                #metric{name :: term(),
                        handle :: term(),
                        collect :: tuple(),
                        description :: binary() | undefined,
                        unit :: binary() | undefined,
                        meter :: binary() | undefined,
                        attributes :: map()} |
                undefined.


      



  



  
    
      
    
    
      lookup_label(Name, LabelValues)



        
          
        

    

  


  

      

          -spec lookup_label(term(), list()) ->
                      #metric{name :: term(),
                              handle :: term(),
                              collect :: tuple(),
                              description :: binary() | undefined,
                              unit :: binary() | undefined,
                              meter :: binary() | undefined,
                              attributes :: map()} |
                      undefined.


      



  



  
    
      
    
    
      register(Metric)



        
          
        

    

  


  


  



  
    
      
    
    
      remove_label(Name, Label)



        
          
        

    

  


  


  



  
    
      
    
    
      start_link()



        
          
        

    

  


  


  



  
    
      
    
    
      terminate(Reason, State)



        
          
        

    

  


  


  



  
    
      
    
    
      unregister(Name)



        
          
        

    

  


  


  



  
    
      
    
    
      unregister_all()



        
          
        

    

  


  


  



  
    
      
    
    
      with(Metric, Fun)
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instrument_resource 
    



      
OpenTelemetry Resource representation.
A Resource describes the entity producing telemetry. It contains attributes that identify the service, host, process, etc.
[bookmark: Example_Usage]Example Usage
  %% Create a resource
  Resource = instrument_resource:create(#{
    <<"service.name">> => <<"my-service">>,
    <<"service.version">> => <<"1.0.0">>
  }).
 
  %% Merge resources (later values override)
  Merged = instrument_resource:merge(Resource1, Resource2).
 
  %% Get the default resource (with detectors)
  Default = instrument_resource:default().

      


      
        Summary


  
    Functions
  


    
      
        create(Attributes)

      


        Creates a resource with the given attributes.



    


    
      
        create(Attributes, SchemaUrl)

      


        Creates a resource with attributes and schema URL.



    


    
      
        default()

      


        Creates a default resource with SDK and detected attributes.



    


    
      
        empty()

      


        Creates an empty resource.



    


    
      
        get_attributes(Resource)

      


        Gets the attributes from a resource.



    


    
      
        get_default()

      


        Gets the global default resource.



    


    
      
        get_schema_url(Resource)

      


        Gets the schema URL from a resource.



    


    
      
        merge(Resource, Resource)

      


        Merges two resources. Later resource attributes override earlier ones.



    


    
      
        set_default(Resource)

      


        Sets the global default resource.



    





      


      
        Functions


        


  
    
      
    
    
      create(Attributes)



        
          
        

    

  


  

      

          -spec create(map()) -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Creates a resource with the given attributes.

  



  
    
      
    
    
      create(Attributes, SchemaUrl)



        
          
        

    

  


  

      

          -spec create(map(), binary() | undefined) ->
                #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Creates a resource with attributes and schema URL.

  



  
    
      
    
    
      default()



        
          
        

    

  


  

      

          -spec default() -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Creates a default resource with SDK and detected attributes.

  



  
    
      
    
    
      empty()



        
          
        

    

  


  

      

          -spec empty() -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Creates an empty resource.

  



  
    
      
    
    
      get_attributes(Resource)



        
          
        

    

  


  

      

          -spec get_attributes(#resource{attributes :: map(), schema_url :: binary() | undefined}) -> map().


      


Gets the attributes from a resource.

  



  
    
      
    
    
      get_default()



        
          
        

    

  


  

      

          -spec get_default() -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Gets the global default resource.

  



  
    
      
    
    
      get_schema_url(Resource)



        
          
        

    

  


  

      

          -spec get_schema_url(#resource{attributes :: map(), schema_url :: binary() | undefined}) ->
                        binary() | undefined.


      


Gets the schema URL from a resource.

  



  
    
      
    
    
      merge(Resource, Resource)



        
          
        

    

  


  

      

          -spec merge(#resource{attributes :: map(), schema_url :: binary() | undefined},
            #resource{attributes :: map(), schema_url :: binary() | undefined}) ->
               #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Merges two resources. Later resource attributes override earlier ones.

  



  
    
      
    
    
      set_default(Resource)



        
          
        

    

  


  

      

          -spec set_default(#resource{attributes :: map(), schema_url :: binary() | undefined}) -> ok.


      


Sets the global default resource.
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instrument_resource_detector 
    



      
OpenTelemetry Resource Detector behavior and built-in detectors.
Resource detectors automatically discover attributes about the environment where the application is running.
[bookmark: Built-in_Detectors]Built-in Detectors
- env - Reads OTEL_RESOURCE_ATTRIBUTES environment variable - process - Detects process information (runtime, command, etc.) - host - Detects host information (hostname, OS, arch)
[bookmark: Example_Usage]Example Usage
  %% Register a custom detector
  instrument_resource_detector:register(my_detector, fun() ->
    instrument_resource:create(#{<<"custom.attr">> => <<"value">>})
  end).
 
  %% Detect all resources
  Resource = instrument_resource_detector:detect_all().

      


      
        Summary


  
    Functions
  


    
      
        detect(Name)

      


        Runs a specific detector by name.



    


    
      
        detect_all()

      


        Runs all registered detectors and merges results.



    


    
      
        detect_env()

      


        Detects resource attributes from OTEL_RESOURCE_ATTRIBUTES env var. Format: key1=value1,key2=value2



    


    
      
        detect_host()

      


        Detects host-related attributes.



    


    
      
        detect_process()

      


        Detects process-related attributes.



    


    
      
        detect_service()

      


        Detects service identity from config and environment. Reads service.name from OTEL_SERVICE_NAME, service.version from OTEL_SERVICE_VERSION, and custom attributes from application config.



    


    
      
        list()

      


        Lists all registered detectors.



    


    
      
        register(Name, DetectorFun)

      


        Registers a resource detector. The detector is a function that returns a #resource{}.



    


    
      
        unregister(Name)

      


        Unregisters a resource detector.



    





      


      
        Functions


        


  
    
      
    
    
      detect(Name)



        
          
        

    

  


  

      

          -spec detect(atom()) ->
                #resource{attributes :: map(), schema_url :: binary() | undefined} | {error, not_found}.


      


Runs a specific detector by name.

  



  
    
      
    
    
      detect_all()



        
          
        

    

  


  

      

          -spec detect_all() -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Runs all registered detectors and merges results.

  



  
    
      
    
    
      detect_env()



        
          
        

    

  


  

      

          -spec detect_env() -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Detects resource attributes from OTEL_RESOURCE_ATTRIBUTES env var. Format: key1=value1,key2=value2

  



  
    
      
    
    
      detect_host()



        
          
        

    

  


  

      

          -spec detect_host() -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Detects host-related attributes.

  



  
    
      
    
    
      detect_process()



        
          
        

    

  


  

      

          -spec detect_process() -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Detects process-related attributes.

  



  
    
      
    
    
      detect_service()



        
          
        

    

  


  

      

          -spec detect_service() -> #resource{attributes :: map(), schema_url :: binary() | undefined}.


      


Detects service identity from config and environment. Reads service.name from OTEL_SERVICE_NAME, service.version from OTEL_SERVICE_VERSION, and custom attributes from application config.

  



  
    
      
    
    
      list()



        
          
        

    

  


  

      

          -spec list() -> [atom()].


      


Lists all registered detectors.

  



  
    
      
    
    
      register(Name, DetectorFun)



        
          
        

    

  


  

      

          -spec register(atom(), fun(() -> #resource{attributes :: map(), schema_url :: binary() | undefined})) ->
                  ok.


      


Registers a resource detector. The detector is a function that returns a #resource{}.

  



  
    
      
    
    
      unregister(Name)



        
          
        

    

  


  

      

          -spec unregister(atom()) -> ok.


      


Unregisters a resource detector.
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OpenTelemetry Sampler behavior and registry.
Samplers determine whether a span should be sampled (recorded and exported) based on various criteria like trace ID, parent context, and span attributes.
[bookmark: Built-in_Samplers]Built-in Samplers
- instrument_sampler_always_on - Always sample - instrument_sampler_always_off - Never sample - instrument_sampler_probability - Probability-based sampling - instrument_sampler_parent_based - Defer to parent's sampling decision
[bookmark: Example_Usage]Example Usage
  %% Set global sampler
  instrument_sampler:set_sampler(instrument_sampler_probability, #{ratio => 0.5}).
 
  %% Make a sampling decision
  Result = instrument_sampler:should_sample(TraceId, SpanName, SpanKind, Attributes, Links, ParentCtx).

      


      
        Summary


  
    Types
  


    
      
        sampler_config/0

      


    


    
      
        sampling_decision/0

      


    


    
      
        sampling_result/0

      


    





  
    Callbacks
  


    
      
        get_description/1

      


    


    
      
        should_sample/7

      


    





  
    Functions
  


    
      
        get_description()

      


        Gets the description of the current sampler.



    


    
      
        get_sampler()

      


        Gets the current global sampler module.



    


    
      
        set_sampler(SamplerModule)

      


        Sets the global sampler module.



    


    
      
        set_sampler(SamplerModule, Config)

      


        Sets the global sampler module with configuration.



    


    
      
        should_sample(TraceId, SpanName, SpanKind, Attributes, Links, ParentCtx)

      


        Makes a sampling decision for a new span.



    





      


      
        Types


        


  
    
      
    
    
      sampler_config/0



        
          
        

    

  


  

      

          -type sampler_config() :: map().


      



  



  
    
      
    
    
      sampling_decision/0



        
          
        

    

  


  

      

          -type sampling_decision() :: drop | record_only | record_and_sample.


      



  



  
    
      
    
    
      sampling_result/0



        
          
        

    

  


  

      

          -type sampling_result() ::
          #sampling_result{decision :: drop | record_only | record_and_sample,
                           attributes :: map(),
                           trace_state :: [{binary(), binary()}]}.


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      get_description/1



        
          
        

    

  


  

      

          -callback get_description(Config :: sampler_config()) -> binary().


      



  



  
    
      
    
    
      should_sample/7



        
          
        

    

  


  

      

          -callback should_sample(Config :: sampler_config(),
                        TraceId :: binary(),
                        SpanName :: binary(),
                        SpanKind :: atom(),
                   