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    gRPC interface

Hyper's native API is BEAM-native (Elixir/Erlang processes calling Hyper.*).
The gRPC interface puts that same machine lifecycle behind a language-agnostic
contract, so consumers in any language -- and off-BEAM services -- can
create, stop, locate, and list microVMs.
v0 -- unstable. The contract may change without notice during early
development. Pin to a commit if you depend on it.

No authentication
The gRPC API has no authentication. Any client that can reach the port can
create and stop VMs and load images. It is off by default (grpc.enabled = false). When you enable it, bind it to loopback or a trusted network, or put
it behind a proxy that terminates TLS and authenticates callers. TLS (cred)
encrypts the channel but does not authenticate the client. Authentication is
planned for a later release; the v0 contract is UNSTABLE.
Configuration
By default, the gRPC interface is disabled. The simplest way to enable it
is the [grpc] table of /etc/hyper/config.toml:
[grpc]
enabled = true
port = 50051
cred = { cert = "/path/to/cert.pem", key = "/path/to/key.pem" }
Alternatively, configure Hyper.Cfg.Grpc from Elixir — in the operator config
file /etc/hyper/config.exs (loaded at runtime), or in your own application's
config/runtime.exs when you embed Hyper as a dependency. Application env
takes precedence over the TOML table:
config :hyper, Hyper.Cfg.Grpc,
  enabled: true,
  port: 50_051,
  cred: GRPC.Credential.new(
    ssl: [certfile: "/path/to/cert.pem", keyfile: "/path/to/key.pem"]
  )
Omit cred to serve plaintext gRPC.
No authentication
The gRPC API currently has no authentication or authorization: any
client that can reach the port has full VM lifecycle control (create, stop,
load images). TLS (cred) encrypts the transport but does not
authenticate callers. Only enable the interface on a network you trust —
bind it to a private interface or firewall the port so that just your own
services can reach it.
Client Usage
With Hyper running, you can create a new gRPC client in your favorite
language. We will be using Python here:
import grpc
from google.protobuf import empty_pb2
from hyper.grpc.v0 import hyper_pb2, hyper_pb2_grpc

# Plaintext. For TLS, pass grpc.ssl_channel_credentials(ca_pem) to
# grpc.aio.secure_channel(...) instead.
client = hyper_pb2_grpc.HyperStub(grpc.aio.insecure_channel("localhost:50051"))
Loading Images
Before you can create a VM you need an image in the cluster. LoadImage pulls an
OCI image, builds its rootfs, and records it -- returning the img_id you pass to
CreateVm. It blocks until the load finishes (this can take minutes), so set a
generous deadline.
loaded = await client.LoadImage(
    hyper_pb2.LoadImageRequest(
        image_ref="docker.io/library/alpine:3.19",
        # label is optional; defaults to image_ref.
    )
)
print(loaded.img_id)  # pass this to CreateVm
Creating VMs
You can create new VMs with the CreateVm RPC.
created = await client.CreateVm(
    hyper_pb2.CreateVmRequest(
        img_id=loaded.img_id,
        instance_type=hyper_pb2.INSTANCE_TYPE_DECI,
        arch=hyper_pb2.ARCHITECTURE_X86_64,
        # boot_args is optional; omit it for the default kernel cmdline.
    )
)
print(created.vm_id, created.node)
Listing VMs
You can list running virtual machines with ListVms, which takes a
google.protobuf.Empty:
listed = await client.ListVms(empty_pb2.Empty())
for vm in listed.vms:
    print(vm.vm_id, vm.node)
Getting VM Info
You can query a VM with GetVm, which returns the node it runs on:
info = await client.GetVm(hyper_pb2.GetVmRequest(vm_id=created.vm_id))
print(info.vm_id, info.node)
Reading VM Usage
You can read a VM's metered compute with GetVmUsage. It reports the
cumulative CPU time the VM has actually executed — measured from its
cgroup, so an idle VM accrues (almost) nothing. This is the counter to bill
on: compute performed, not compute allocated. Stopped VMs report their
recorded lifetime total. A VM that never accrued any compute (for example,
created and stopped while fully idle) has no recorded usage and returns
NOT_FOUND.
usage = await client.GetVmUsage(hyper_pb2.GetVmUsageRequest(vm_id=created.vm_id))
print(f"{usage.vm_id} consumed {usage.cpu_usec / 1e6:.2f} CPU-seconds")
Under the hood, usage is persisted once a minute as append-only windows in
the vm_usage Postgres table (vm_id, window_start, window_end,
cpu_usec), so billing pipelines can also aggregate ranges with SQL directly.
Stopping a VM
You can stop a running VM with StopVm, which returns a
google.protobuf.Empty:
await client.StopVm(hyper_pb2.StopVmRequest(vm_id=created.vm_id))
For full documentation, please read the documentation in the
.proto
file.
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    Quick Start

Boot a real Firecracker microVM on your own Linux machine in about five
minutes.
This is the fastest path to a running Hyper node. It is a dev/eval setup -- for
a production install (dedicated system user, managed PostgreSQL, systemd)
follow the installation guide.
What you need
	An Ubuntu/Debian host (x86_64 or aarch64) with KVM -- stat /dev/kvm must
succeed. (Other distros work too, via the manual installation
guide.)
	cgroups v2 (the default on any modern distro).
	sudo -- host provisioning (device-mapper, the setuid helper) needs root.
Hyper itself never runs as root.
	Docker -- for the side-car
Postgres.
	Elixir ~> 1.20 OTP 28+ (install).
	Rust via rustup -- the build compiles the setuid helper
and the in-guest agent.

setup.sh checks every requirement up front and stops with an actionable
error before touching the host.
Run it
git clone https://github.com/harmont-dev/hyper && cd hyper
./setup.sh    # one-time host provisioning (asks for sudo)
              # NOTE: please read this script and ensure you're comfortable
              # with it

iex -S mix    # boot a Hyper node
Boot a VM
In the iex shell:
{:ok, img_id} = Hyper.Img.OciLoader.load("docker.io/library/alpine:3.19")
{:ok, vm} = Hyper.create_vm(%Hyper.Vm.Spec{img_id: img_id, type: :micro})
{:ok, %{stdout: "hello\n"}} = Hyper.exec(vm, ["/bin/echo", "hello"])
That is a real Firecracker microVM with a copy-on-write rootfs. The
intro walks through loading images, booting VMs, and
running commands; for other languages there is a
gRPC interface.
Where next
	Intro -- concepts and the usage walkthrough.
	Installation guide -- the manual, production-grade setup.
	Configuration guide -- every /etc/hyper/config.toml knob.
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    Intro

Hyper is a distributed VM orchestrator, similar to
Daytona, Runloop, etc.
Although, at this stage, Hyper is a smaller project than any of these
existing products, it aims to achieve similar, if not better, performance
characteristics at scale, while ensuring extremely high availability and fault
tolerance.
Hyper has been developed completely greenfield, with no reference to any of
the aforementioned systems.
The absolute best way to understand Hyper and how it works is to play around
with it.
Getting Started
Running Hyper requires a Linux host with KVM, a handful of OS packages, a
PostgreSQL database, and two privileged artifacts (the Firecracker binaries and
the setuid helper). The installation guide walks through every
step; the configuration guide documents every knob. This page
gives you the shape of things.
Installation
Follow the installation guide. In short:
	Prepare the host: KVM, cgroups v2, device-mapper modules, OS packages,
PostgreSQL, a dedicated unprivileged hyper user.
	Add hypervm to your Mix project's dependencies (or work from a source
checkout).
	Install the Firecracker binaries (mix firecracker.install) and the setuid
helper (mix suidhelper.install).
	Write /etc/hyper/config.toml and run the database migrations.

Configuration
All node configuration lives in two root-owned files: /etc/hyper/config.toml
(static settings, shared with the setuid helper) and, optionally,
/etc/hyper/config.exs (runtime Elixir config — secrets, cluster topology).
The configuration guide documents the full four-layer precedence
and every table; the installation guide shows a
minimal working config.toml.
Usage
Hyper is a library-first orchestrator: add it as a dependency and its
supervision tree boots with your application, turning the node into a VM
runner. Nodes that join the BEAM cluster become additional runners
automatically. For non-BEAM consumers there is an optional
gRPC interface.
Loading Images
Before an image can be booted, it needs to be loaded into Hyper. Currently,
the only way to load images is through an OCI image, either through the native
interface, or through gRPC:
{:ok, img_id} = Hyper.Img.OciLoader.load("docker.io/library/alpine:3.19")
Booting a VM
With the image loaded, and an img_id in hand, you can boot it:
{:ok, vm} = Hyper.create_vm(%Hyper.Vm.Spec{img_id: img_id, type: :micro})
The VM is scheduled onto the most available node in the cluster, preferring
nodes that already hold the image's layers.
Running Commands
Hyper.exec/3 runs a command inside the guest and captures its output. Use an
absolute path for the executable — the guest boots with a near-empty
environment, so there is no PATH to resolve bare names against:
{:ok, %{stdout: out, exit_code: 0}} = Hyper.exec(vm, ["/bin/echo", "hello"])
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    Installation

This document walks through a full installation of Hyper on a node. For the
fastest dev/eval path, see the quickstart, which automates
this guide via setup.sh.
Configuration
Before you can use Hyper, you must do a large amount of configuration. The
following guide must be applied on all nodes you run Hyper on.
Before proceeding, ensure you meet all of these hard requirements:
	Requirement	Test
	KVM available	stat /dev/kvm returns zero.
	You have root access through sudo.	-
	Your machine has cgroups V2	stat -fc %T /sys/fs/cgroup returns zero.

OS Packages
Ubuntu
You can install the required packages by running:
sudo apt update && sudo apt install -y \
  coreutils \
  e2fsprogs \
  libc-bin \
  linux-modules-extra-$(uname -r) \
  lvm2 \
  skopeo \
  thin-provisioning-tools \
  util-linux
Rocky
You can install the required packages by running:
sudo dnf install -y \
  coreutils \
  device-mapper-persistent-data \
  e2fsprogs \
  glibc-common \
  kernel-modules-extra-$(uname -r) \
  lvm2 \
  skopeo \
  util-linux
Untested
Rocky has not been tested, but should work.
thin_dump
thin-provisioning-tools (device-mapper-persistent-data on Rocky) provides
thin_dump, which fork publish requires to read a thin snapshot's
provisioned ranges straight from the pool's metadata. Without it,
Hyper.Vm.fork/1's cross-node path fails; same-node fast_fork/1 is
unaffected.
Build Toolchain
Hyper compiles two Rust components as part of mix compile -- the setuid
helper and the in-guest agent -- and generates its Firecracker/gRPC bindings
from the shipped specs. Every machine that compiles Hyper (including as a
Mix dependency) therefore needs, besides Elixir ~> 1.20 on OTP 28+:
# Rust via rustup (the helper pins its toolchain via rust-toolchain.toml,
# which rustup auto-installs on first build), plus the static musl target
# for the guest agent:
curl --proto '=https' --tlsv1.2 -sSf https://sh.rustup.rs | sh
rustup target add "$(uname -m)-unknown-linux-musl"

# protoc + the protoc-gen-elixir plugin, for the generated gRPC bindings:
sudo apt install -y protobuf-compiler   # dnf install protobuf-compiler
mix escript.install hex protobuf 0.17.0
~/.mix/escripts does not need to be on your PATH -- the build finds
protoc-gen-elixir there itself.
Device Mapper Config
Hyper relies on dm-snapshot and dm-thin to build COW filesystems. Load the
modules and confirm the targets are present:
sudo modprobe -a dm_snapshot dm_thin_pool loop
sudo dmsetup targets # must list snapshot, thin, and thin-pool
Persistent Config
Loading modules via modprobe is ephemeral and will be reset on next boot.
To make your config persistent:
printf 'dm_snapshot\ndm_thin_pool\nloop\n' \
    | sudo tee /etc/modules-load.d/hyper.conf
PostgreSQL
Hyper needs a PostgreSQL server reachable from every node - it is the image
database and the only stateful external dependency.
For local development the quickest path is Docker. The connection details below
match the defaults in config/config.exs (Hyper.Img.Db.Repo):
docker run -d --name hyper-pg \
  -e POSTGRES_USER=postgres \
  -e POSTGRES_PASSWORD=postgres \
  -e POSTGRES_DB=hyper_dev \
  -p 5432:5432 \
  postgres:16
Persistence
Note that the example container should not be used in production -- it will
be deleted on boot.
We highly suggest you get a managed PostgresSQL instance. The following
commonly used options are available:
	AWS RDS if you're in the AWS
ecosystem.
	GCP CloudSQL if you're in the GCP
ecosystem.

The author uses GCP.
Configuration
It is mandatory that you create an /etc/hyper/config.toml file on every node.
A reasonable starting point is:
# The working directory for hyper. Hyper will create a directory tree in this
# directory and running images, sockets and scratch space will be created in
# this directory. We **strongly** encourage this be mounted on an NVMe drive.
work_dir = "/srv/hyper"

# Paths to every external binary hyper uses. All paths must be absolute.
#
# The privileged binaries the setuid helper runs (firecracker, jailer, dmsetup,
# losetup, blockdev) must be root-owned and not group/world writable -- the
# helper refuses them otherwise. The node-run tools (skopeo, umoci, mke2fs) have
# no such requirement.
[tools]
# **required**. basename **must** be 'firecracker'.
firecracker = "/opt/firecracker/firecracker"

# **required**. basename **must** be 'jailer'.
jailer = "/opt/firecracker/jailer"

# optional -- privileged device tools, default to /usr/sbin/<name>.
# dmsetup  = "/usr/sbin/dmsetup"
# losetup  = "/usr/sbin/losetup"
# blockdev = "/usr/sbin/blockdev"

# optional -- node-run tools. skopeo/mke2fs default to the name on PATH; omit
# umoci to let hyper download and cache a pinned release.
# skopeo     = "skopeo"
# mke2fs     = "mke2fs"
# umoci      = "/usr/bin/umoci"
# suidhelper = "/usr/local/bin/hyper-suidhelper"

[jails]
# The valid range of user/group IDs in which new VMs will be spawned. Hyper
# will create new VM jails for each VM within the given range.
uid_gid_range = [900000, 999999]
# optional
cgroup = "hyper"
Security
This file must be owned by root, not group and not world writable.
Hyper will refuse to boot otherwise.
For more details on configuring and tuning Hyper, we suggest you see the
configuration guide.
VM Networking (required)
VM networking is mandatory: a node refuses to start without a [network]
table in /etc/hyper/config.toml, and every VM gets NAT'd egress out through a
physical interface on the host. There is no opt-out — a node that fails this
preflight will not boot ({:error, :network_not_configured}, a missing uplink,
or IPv4 forwarding off). The hyper nft table itself is created (and owned) by
host-init, which runs automatically at node start — you never create nft rules
by hand. You must prepare the host first:
Install iproute2 and nftables:
sudo apt install -y iproute2 nftables   # dnf install -y iproute nftables
Enable IPv4 forwarding. host-init only asserts this is on — it refuses to
proceed rather than setting it for you:
sudo sysctl -w net.ipv4.ip_forward=1
Persistent Config
Loading this via sysctl -w is ephemeral and resets on reboot. Persist it:
echo 'net.ipv4.ip_forward=1' \
    | sudo tee /etc/sysctl.d/99-hyper-ip-forward.conf
Conflicting FORWARD firewall
Guest egress is forwarded (per-VM netns veth → uplink). If the host already
runs a firewall that defaults the filter FORWARD chain to DROP — Docker does
this, and so do some hardened base images — those drops silently eat every
guest packet: the guest configures its NIC correctly but nothing ever returns.
Admit the clone pool through the firewall's user hook (Docker evaluates
DOCKER-USER before its own drops); the hyper nft forward chain still
enforces guest isolation:
sudo iptables -I DOCKER-USER -s 172.31.0.0/16 -j ACCEPT
sudo iptables -I DOCKER-USER -d 172.31.0.0/16 -j ACCEPT
On a host without Docker, ensure nothing else sets the FORWARD policy to DROP.
Then set uplink to the physical NIC guests should NAT out through — the
default-route interface is a reasonable choice on a single-uplink host:
ip route show default | awk '{print $5; exit}'
[network]
# **required**. The physical uplink interface guests NAT egress through.
uplink = "eth0"

# optional, defaults shown
clone_pool = "172.31.0.0/16"
resolver = "1.1.1.1"
Cgroups
Hyper uses cgroups to impose limits on each VM. Each VM has its own cgroup,
which is spawned ephemerally, for the lifetime of the VM. These cgroups are all
managed by a parent cgroup which you must create. You can name this cgroup
whatever you like, as long as it matches the jails.cgroup value in the
/etc/hyper/config.toml:
sudo mkdir -p /sys/fs/cgroup/hyper
You must allow permissions on cpu and memory control on the subtree:
echo '+cpu +memory' | sudo tee /sys/fs/cgroup/hyper/cgroup.subtree_control
Security
Note that Hyper does not manage the cgroup with its user -- it rather
delegates to hyper-suidhelper, which is why /sys/fs/cgroup/hyper should
be root:root owned.
Persistence
The configuration, as given, will not survive reboots. To persist it, you can
use systemd-tmpfiles:
echo 'd /sys/fs/cgroup/hyper 0755 root root -' \
  | sudo tee /etc/tmpfiles.d/hyper-cgroup.conf
User Configuration
Hyper must not run as root, and you should not run it as your login user
either. Instead, give it a dedicated, unprivileged system user. The BEAM runs
as this user; every operation that genuinely needs root is routed through the
setuid helper (see SUID Helper), so the node itself never holds
privilege.
Create the user -- system account, no login shell:
sudo useradd --system --shell /usr/sbin/nologin --home-dir /srv/hyper hyper
Start Hyper as this user (for example sudo -u hyper ..., or User=hyper in a
systemd unit). The rest of this section covers the few permissions it needs --
and the ones it deliberately does not.
Working directory
The node builds its entire on-disk tree (jails, socks, scratch, layers,
redist) under work_dir (from /etc/hyper/config.toml, default /srv/hyper)
as this user. It must therefore own that directory. Boot validation
(Hyper.Node.Layer.Repo.test_system/0) refuses to start unless the layers
subdirectory already exists -- the node only creates it lazily on first image
load, so pre-create it now:
sudo mkdir -p /srv/hyper/layers
sudo chown -R hyper:hyper /srv/hyper
Installation
Hyper Itself
Hyper is a library-first orchestrator: add it to your own Mix project and its
supervision tree boots with your application, turning the node into a VM
runner.
def deps do
  [
    {:hypervm, "~> 0.1"}
  ]
end
Then mix deps.get && mix compile. Alternatively, work from a source
checkout of the repository -- every
step below is identical.
Firecracker
Hyper drives Firecracker and its
jailer, pinned to a known-good version. Download, verify, and install both
with:
mix firecracker.install            # installs to /opt/firecracker
The task installs the binaries under their bare basenames (firecracker,
jailer -- the setuid helper rejects version-stamped names), marks them
executable, and prints the [tools] snippet for /etc/hyper/config.toml.
After installing, make both binaries root-owned and not group- or
world-writable (the task prints the exact chown command); the helper refuses
them otherwise.
SUID Helper
Hyper does not run as root. Running Hyper as root is considered unsafe and an
anti-pattern. Unfortunately, Hyper needs root for certain classes of system
operations. This is achieved through a side-car binary called
hyper-suidhelper, which you must install setuid-root.
Build identity
At boot, Hyper checks that the installed helper is the exact binary your
build produced: mix compile stamps the helper with a BLAKE3 checksum and
bakes that identity into the release, and a deployed helper whose version or
checksum differs is refused. A binary from another machine or build will not
pass -- always install the helper from the same tree you compiled.
Build and install it with:
mix suidhelper.install
If sudo needs a password, the task builds and stamps the binary, then prints
the exact privileged copy for you to run yourself:
sudo install -o root -g root -m 4755 \
  path/to/built/hyper-suidhelper \
  /usr/local/bin/hyper-suidhelper
Database Migrations
With PostgreSQL reachable (see above) and your database credentials configured
(see the configuration guide), create and migrate the image
database -- once per cluster, from any node:
mix ecto.create -r Hyper.Img.Db.Repo
mix ecto.migrate -r Hyper.Img.Db.Repo
Booting
Start your application as the hyper user -- Hyper's supervision tree boots
with it and the node becomes a VM runner. From a source checkout, an
interactive session is the quickest smoke test:
sudo -u hyper iex -S mix
At boot Hyper validates the node: config file ownership, the setuid helper's
build identity, and the device-mapper targets. A misconfigured node refuses to
start with a specific error rather than limping along. Once up, load an image
and boot a VM -- see the intro for the walkthrough.
For production, run it under a supervisor of your choice (e.g. a systemd unit
with User=hyper). Nodes that join the BEAM cluster become additional VM
runners automatically.
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    Configuration

Configuring Hyper is done through four layers, in priority:
Configuration Files
	File	Description
	/etc/hyper/config.exs	The config.exs file is exclusively used by the unprivileged hyper application. The purpose of this file is to allow you to load configuration values at runtime. If you are using a secrets manager, this is the right place to load the secrets. Must be owned by root and only writeable by root.
	/etc/hyper/config.toml	The /etc/hyper/config.toml file is used for static configuration. Unlike config.exs, it is used by both Hyper and hyper-suidhelper which means that it can impact the behavior of a process running under root. Must be owned by root and only writable by root.
	Compile-Time config.exs	The compile-time configuration is generally used to fine-tune the performance of Hyper. You likely do not need to edit most of the configuration fields exposed by this file for day-to-day usage, but they are available for you to tweak.
	Defaults	Hyper has a set of sane defaults for some, but not all config fields.

Note that not all layers allow all configuration fields to be tweaked. Read
further for more details on where and how each configuration field is set.
Configuration Fields
This section briefly outlines the configuration fields available in Hyper.
Note the keys are abbreviated for better layout:
	config.exs refers to /etc/hyper/config.exs.
	config.toml refers to /etc/hyper/config.toml.
	All keys under config.exs are written in short-hand form. The parent
group is given as the section title. For example, .mke2fs in the tool
configuration section expands to
:hyper, Hyper.Cfg.Tools, mke2fs: "/path/to/mke2fs".

Root Keys
	Config Key	config.exs	config.toml	Default	Notes
	work_dir	-	work_dir	"/srv/hyper"	Absolute Path where Hyper creates its working tree.

config.toml
work_dir = "/srv/hyper"
Tool Configuration
Hyper relies on a large number of external tools, of which the paths are
configurable:
	Config Key	config.exs	config.toml	Default	Notes
	firecracker	-	.firecracker	-	Safe Path
	jailer	-	.jailer	-	Safe Path
	dmsetup	-	.dmsetup	"/usr/sbin/dmsetup"	Safe Path
	losetup	-	.losetup	"/usr/sbin/losetup"	Safe Path
	blockdev	-	.blockdev	"/usr/sbin/blockdev"	Safe Path
	thin_dump	-	.thin_dump	"/usr/sbin/thin_dump"	Safe Path. Reads thin snapshot metadata for fork publish; required for Hyper.Vm.fork/1's cross-node path (same-node fast_fork/1 is unaffected).
	mke2fs	.mke2fs	.mke2fs	$PATH["mke2fs"]	
	skopeo	.skopeo	.skopeo	$PATH["skopeo"]	
	umoci	.umoci	.umoci	Automatically downloaded.	
	suidhelper	.suidhelper	.suidhelper	"/usr/local/bin/hyper-suidhelper"	Absolute Path

config.exs
# Note that not all the tools are available here. Privileged tools, used by the
# suidhelper, cannot be configured here.
config :hyper, Hyper.Cfg.Tools,
  skopeo: "/usr/local/bin/skopeo",
  mke2fs: "/usr/local/bin/mke2fs",
  umoci: "/usr/local/bin/umoci",
  suidhelper: "/usr/local/bin/hyper-suidhelper"
config.toml
[tools]
# Privileged tools -- config.toml only (shared with the suidhelper).
firecracker = "/opt/firecracker/firecracker"
jailer      = "/opt/firecracker/jailer"
dmsetup     = "/usr/sbin/dmsetup"
losetup     = "/usr/sbin/losetup"
blockdev    = "/usr/sbin/blockdev"
thin_dump   = "/usr/sbin/thin_dump"

# Node tools -- may also be set in config.exs, which wins when both are set.
skopeo     = "/usr/local/bin/skopeo"
mke2fs     = "/usr/local/bin/mke2fs"
umoci      = "/usr/local/bin/umoci"
suidhelper = "/usr/local/bin/hyper-suidhelper"
Jail Confinement
	Config Key	config.exs	config.toml	Default	Notes
	cgroup	-	.cgroup	"hyper"	Parent cgroup under which each VM's cgroup is nested. Each VM receives its own ephemeral cgroup which lives under the umbrella of this cgroup.
	uid_gid_range	-	.uid_gid_range	-	Required. Range limiting the UID/GID values given to VMs. Each VM receives its own UID/GID pair, within these bounds. Must not be an existing user/group.

config.toml
[jails]
cgroup = "hyper"
uid_gid_range = [900000, 999999]
VM Networking Configuration
Required. Every VM gets NAT'd egress out through a physical host interface,
and a node refuses to start without a [network] table (see the
install guide for the host prerequisites:
iproute2/nftables and net.ipv4.ip_forward=1). config.toml-only — the
setuid helper reads the same uplink and clone_pool to build each VM's netns,
veth pair, and NAT rules, so it cannot live in config.exs.
config.toml
[network]
# **required**. The physical uplink interface guest egress is NAT'd out through.
# On a single-uplink host, the default-route NIC is the usual choice:
#   ip route show default | awk '{print $5; exit}'
uplink = "eth0"

# optional -- defaults shown. The IPv4 CIDR the per-VM /30s are carved from.
clone_pool = "172.31.0.0/16"

# optional -- defaults shown. DNS resolver handed to guests via the kernel
# cmdline (the guest agent writes it to /etc/resolv.conf).
resolver = "1.1.1.1"
gRPC Configuration
Hyper supports a gRPC interface enabling you to interface
with Hyper from any language.
	Config Key	config.exs	config.toml	Default	Notes
	enabled	.enabled	.enabled	false	
	port	.port	.port	50051	The port on which to serve the interface.
	cred	.cred	.cred	nil	Either a GRPC.Credential or a TOML struct { cert = "/path/to/cert.pem", key = "/path/to/key.pem"}. Cleartext mode when nil.
	adapter_opts	.adapter_opts	.adapter_opts	[]	Options forwarded to the gRPC server adapter, e.g. the bind address ip: {0, 0, 0, 0}.

Uniqueness
Note that if you choose to use a homogenous configuration across all your
nodes and you enable the gRPC server on all of them, you will spawn multiple
gRPC servers, one-per-node, in your cluster.
This is perfectly legal, if you so desire, but it is important to note that
you can also conditionally enable the gRPC server based on logic in your
config.exs, for example, to only spawn it on your "main" server.
config.exs
config :hyper, Hyper.Cfg.Grpc,
  enabled: true,
  port: 50_051,
  cred:
    GRPC.Credential.new(
      ssl: [certfile: "/etc/hyper/tls/cert.pem", keyfile: "/etc/hyper/tls/key.pem"]
    )
config.toml
[grpc]
enabled = true
port = 50051
cred = { cert = "/etc/hyper/tls/cert.pem", key = "/etc/hyper/tls/key.pem" }
Telemetry Configuration
You can configure telemetry with Hyper by adding this section to your
configuration and Hyper will emit tracing spans as configured.
	Config Key	config.exs	config.toml	Default	Notes
	proto	.proto	.proto	http_protobuf	One of http_protobuf or grpc.
	endpoint	.endpoint	.endpoint	-	OTLP collector URL. Falls back to the standard OTEL_EXPORTER_OTLP_ENDPOINT environment variable; telemetry is disabled when none is set.
	headers	.headers	.headers	-	Headers sent with each export, e.g. an auth token for your backend.

config.exs
config :hyper, Hyper.Cfg.Otel,
  proto: :http_protobuf,
  endpoint: "https://otel-collector.internal:4318",
  headers: %{"authorization" => "Bearer YOUR_TOKEN"}
config.toml
[otel]
proto = "http_protobuf"
endpoint = "https://otel-collector.internal:4318"
headers = { "authorization" = "Bearer YOUR_TOKEN" }
Budget Configuration
Hyper allows you to control the absolute maximal budgets that are available to
all VMs on a particular node. Every field has a built-in default; set only the
keys you need to change.
	Config Key	config.exs	config.toml	Default	Notes
	mem_max	.mem_max	.mem_max	4 GiB	$\alpha$ (hard) budget: total unit of RAM the node offers VMs. Must not exceed available system memory.
	disk_max	.disk_max	.disk_max	4 GiB	$\alpha$ (hard) budget: total unit of disk the node offers VMs. Must not exceed available system disk.
	cpu_max_load	.cpu_max_load	.cpu_max_load	0.8	$\beta$ (soft) budget: instantaneous CPU load threshold, a fraction 0.0–1.0 of the cap.
	cpu_max_cap	.cpu_max_cap	.cpu_max_cap	4.0	$\beta$ (soft) budget: soft CPU capacity in cores (a float). Optional — an explicit nil in config.exs disables the cap.
	disk_bw_cap	.disk_bw_cap	.disk_bw_cap	1 GiBps	$\beta$ (soft) budget: soft disk-bandwidth capacity (unit).
	disk_bw_max_load	.disk_bw_max_load	.disk_bw_max_load	0.8	$\beta$ (soft) budget: disk-bandwidth load threshold, a fraction 0.0–1.0 of the cap.
	net_bw_cap	.net_bw_cap	.net_bw_cap	1 GiBps	$\beta$ (soft) budget: soft network-bandwidth capacity (unit).
	net_bw_max_load	.net_bw_max_load	.net_bw_max_load	0.8	$\beta$ (soft) budget: network-bandwidth load threshold, a fraction 0.0–1.0 of the cap.

config.exs
config :hyper, Hyper.Cfg.Budget,
  mem_max: Unit.Information.gib(4),
  disk_max: Unit.Information.gib(64),
  cpu_max_load: 0.8,
  cpu_max_cap: 4.0,
  disk_bw_cap: Unit.Bandwidth.gibps(1),
  disk_bw_max_load: 0.8,
  net_bw_cap: Unit.Bandwidth.gibps(1),
  net_bw_max_load: 0.8
config.toml
[budget]
mem_max = "4GiB"
disk_max = "64GiB"
cpu_max_load = 0.8
cpu_max_cap = 4.0
disk_bw_cap = "1GiBps"
disk_bw_max_load = 0.8
net_bw_cap = "1GiBps"
net_bw_max_load = 0.8
VmLinux Paths
Hyper requires Linux images for the architectures it runs on:
	Config Key	config.exs	config.toml	Default	Notes
	amd64	.amd64	.amd64	Automatically downloaded from hyper-vmlinux.	Absolute Path.
	aarch64	.aarch64	.aarch64	Automatically downloaded from hyper-vmlinux.	Absolute Path.

config.exs
config :hyper, Hyper.Cfg.VmLinux,
  amd64: "/opt/hyper/kernels/vmlinux-amd64",
  aarch64: "/opt/hyper/kernels/vmlinux-aarch64"
config.toml
[vmlinux]
amd64 = "/opt/hyper/kernels/vmlinux-amd64"
aarch64 = "/opt/hyper/kernels/vmlinux-aarch64"
Image Configuration
Hyper's image provisioning layer stores read-only layers on a configurable
medium. (The device-mapper geometry behind it is fixed at compile time and
rarely needs tweaking.)
	Config Key	config.exs	config.toml	Default	Notes
	store	.store	.store	<work_dir>/layers	Absolute Path to the layer storage medium.

config.exs
config :hyper, Hyper.Cfg.Img,
  store: "/mnt/hyper/layers"
config.toml
[img]
store = "/mnt/hyper/layers"
Additionally, sub-sections are available.
Database Configuration
These are secrets, so they are config.exs-only. Any key you set overrides the
image-database repo's compiled-in connection config; keys you omit keep that
built-in value.
	Config Key	config.exs	config.toml	Default	Notes
	database	.database	-	-	Postgres database name.
	username	.username	-	-	Postgres role.
	password	.password	-	-	Postgres password — load it from a secrets manager.
	hostname	.hostname	-	-	Postgres host.

config.exs
config :hyper, Hyper.Cfg.Img.Db,
  database: "hyper",
  username: "hyper",
  password: System.fetch_env!("HYPER_DB_PASSWORD"),
  hostname: "db.internal"
Garbage Collector Configuration
Hyper supports a mechanism to prune unreferenced image layers. Unreferenced
image layers occur when an ungraceful crash happens, resulting in entries in
the layer medium which are not referenced by the database, and, consequently,
unusable. This is always enabled. Since this scans through the whole layer
database, it can have an impact on performance, and tweaking it may be
necessary.
	Config Key	config.exs	config.toml	Default	Notes
	batch_size	.batch_size	.batch_size	200	
	batch_pause	.batch_pause	.batch_pause	100ms	
	sweep_interval	.sweep_interval	.sweep_interval	60s	
	acquire_interval	.acquire_interval	.acquire_interval	5s	
	retry	.retry	.retry	60s	
	timeout	.timeout	.timeout	5s	
	grace_period	.grace_period	.grace_period	1h	

config.exs
config :hyper, Hyper.Cfg.Img.Gc,
  batch_size: 200,
  batch_pause: Unit.Time.ms(100),
  sweep_interval: Unit.Time.s(60),
  acquire_interval: Unit.Time.s(5),
  retry: Unit.Time.s(60),
  timeout: Unit.Time.s(5),
  grace_period: Unit.Time.s(3600)
config.toml
[img.gc]
batch_size = 200
batch_pause = "100ms"
sweep_interval = "60s"
acquire_interval = "5s"
retry = "60s"
timeout = "5s"
grace_period = "1h"
Cluster Topology
Hyper forms a BEAM cluster (Distributed Erlang) so nodes discover each other and
share VM routing and budget state. The topology is given in
libcluster syntax and forwarded
directly to it. Because a topology references strategy modules, it is
config.exs-only. Omit it — the default — to run a single, unclustered node.
	Config Key	config.exs	config.toml	Default	Notes
	topologies	.topologies	-	[]	A libcluster topology keyword list. [] is single-node.

config.exs
config :hyper, Hyper.Cfg.Cluster,
  topologies: [
    hyper: [
      strategy: Cluster.Strategy.DNSPoll,
      config: [query: "hyper.svc.cluster.local", node_basename: "hyper"]
    ]
  ]
config.toml
# Cluster topologies reference strategy modules, so they are set in config.exs only.
Key Types
Absolute Path
	Typed as a string in TOML and elixir.
	Must be given as an absolute path.

Safe Path
	Is an Absolute Path.
	The basename must match the configuration, eg. firecracker must have
a path /foo/bar/firecracker.
	Must be owned by root.
	Must be only writable by root.
	Must not be a symlink.

Range
	Typed as a 2-tuple in Elixir
	Typed as an array of two elements in TOML.
	[min, max] semantics.

Unit
	Represents a unit as defined in Unit.*.

Total Examples
A complete config.exs and config.toml exercising every section:
config.exs
import Config

config :hyper, Hyper.Cfg.Cluster,
  topologies: [
    hyper: [
      strategy: Cluster.Strategy.DNSPoll,
      config: [query: "hyper.svc.cluster.local", node_basename: "hyper"]
    ]
  ]

# Node-only tools (config.exs wins over config.toml for these).
config :hyper, Hyper.Cfg.Tools,
  skopeo: "/usr/local/bin/skopeo",
  mke2fs: "/usr/local/bin/mke2fs"

config :hyper, Hyper.Cfg.Grpc,
  enabled: true,
  port: 50_051

config :hyper, Hyper.Cfg.Otel,
  proto: :http_protobuf,
  endpoint: "https://otel-collector.internal:4318",
  headers: %{"authorization" => System.fetch_env!("OTEL_AUTH_TOKEN")}

config :hyper, Hyper.Cfg.Budget,
  mem_max: Unit.Information.gib(4),
  disk_max: Unit.Information.gib(64),
  cpu_max_load: 0.8,
  cpu_max_cap: 4.0,
  disk_bw_cap: Unit.Bandwidth.gibps(1),
  disk_bw_max_load: 0.8,
  net_bw_cap: Unit.Bandwidth.gibps(1),
  net_bw_max_load: 0.8

config :hyper, Hyper.Cfg.Img,
  store: "/mnt/hyper/layers"

config :hyper, Hyper.Cfg.Img.Db,
  database: "hyper",
  username: "hyper",
  password: System.fetch_env!("HYPER_DB_PASSWORD"),
  hostname: "db.internal"
config.toml
work_dir = "/srv/hyper"

[tools]
firecracker = "/opt/firecracker/firecracker"
jailer      = "/opt/firecracker/jailer"

[jails]
cgroup = "hyper"
uid_gid_range = [900000, 999999]

[grpc]
enabled = true
port = 50051

[otel]
proto = "http_protobuf"
endpoint = "https://otel-collector.internal:4318"

[budget]
mem_max = "4GiB"
disk_max = "64GiB"
cpu_max_load = 0.8
cpu_max_cap = 4.0
disk_bw_cap = "1GiBps"
disk_bw_max_load = 0.8
net_bw_cap = "1GiBps"
net_bw_max_load = 0.8

[vmlinux]
amd64 = "/opt/hyper/kernels/vmlinux-amd64"
aarch64 = "/opt/hyper/kernels/vmlinux-aarch64"

[img]
store = "/mnt/hyper/layers"

[img.gc]
batch_size = 200
sweep_interval = "60s"
grace_period = "1h"
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    Architecture

This document briefly outlines the architecture of Hyper.
Layers and Images
Each layer acts as a COW block device on top of another layer. Three types of
layers exist:
	Base layers are layers which are immutable, and require no parent
layer to represent the full state of an immutable image.
	Intermediate layers are immutable layers which record the difference
state between two states. As an example, if L1 is a base layer, and L2
is an intermediate layer on top of it, the composition of these two layers
is a block device containing state of taking L1 and applying the writes
in L2.
	Mutable layers are ephemeral layers which support writes, and may, or
may not be converted into intermediate layers.

An image is defined as a chain of layers. For an image to be legal, the first
layer in the chain must be a base layer. There may be an arbitrary number
of intermediate layers. A mutable image is an image in which the last
layer is a mutable layer.
In algebraic terms, layers compose as a semi-group into an image, and it is
legal to observe an image as merely an application of the layer composition
operation onto an image and a layer, recursively:
$$
I_i = \begin{cases}
B & i = 0 \\
I_{i-1} \cdot L_i & \text{ else}
\end{cases}
$$
This mechanism supports mounting mutable images I into VMs. The value add of
doing this fragmented, COW-style operations is twofold:
	We significantly reduce the amount of memory necessary to store each image
by only really storing the diffs between each layer.
	We significantly speed up the forking operation.

A helpful illustration of layers and images is given here, as well as how they
are mounted into VMs:
flowchart LR
  subgraph I1
    L1[(L1)]
    M1
    L1 -->|cow| M1
  end
  VM1[[VM1]]
  M1 -.->|mount| VM1

  subgraph I2
    L2[(L2)]
    M2
    L2 -->|cow| M2
  end

  L1 -->|cow| L2
  VM2[[VM2]]
  M2 -.->|mount| VM2

  subgraph I2'
    L2'[(L2')]
    M2'
    L2' -->|cow| M2'
  end

  L1 -->|cow| L2'
  VM2'[[VM2']]
  M2' -.->|mount| VM2'

  subgraph I3
    L3[(L3)]
    M3
    L3 -->|cow| M3
  end

  L2 -->|cow| L3
  VM3[[VM3]]
  M3 -.->|mount| VM3
Storage
Hyper expects your layers and images to be stored in a shared pool filesystem.
This filesystem must contain images I.img, L.img, etc. The directory
structure of this filesystem follows that of a flat directory structure, so you
can back this with any of NFS, S3
Files,
Archil, Mesa or any other
filesystem. The author uses the local filesystem for debugging, and NFS for
production use. This medium is referred to as the layer storage medium.
A side-car PostgreSQL database stores:
	The dependency relationships between each individual layer and image.
	Leases issued out to virtual machines to track which layers are currently
considered active.

The aforementioned PostgreSQL database is coined the metadata database.
Composition
Composing layers and images is a surprisingly non-trivial task and we describe
here how it has been achieved. When attempting to compose a chain of layers
[:b, :l1, :l2, :m] where :b refers to the base layer, :l* refer to
intermediate layers and :m refers to the mutable layer, Hyper employs the
following strategy:
	The base layer, B.img is first mounted as a loopback block device via
losetup. This results in a /dev/loop* block device, call it
/dev/loopB.
	All intermediate layers, L1.img, L2.img are mounted as loopback block
devices into /dev/loopL1, /dev/loopL2.
	The image I containing [:b, :l1, :l2] (but not :m), is composed
through dev-snapshot. This results in a /dev/mapper block device, call
it /dev/mapper/I.
	Finally, a mutable layer :m is attached on top of /dev/mapper/I via
dm-thin. This creates a mutable layer on top of the I image, which can
be given to firecracker to run the VM.

Nodes
Hyper is designed as a distributed system, which allows you to add compute to
the cluster, on-demand. As your workload increases, Hyper allows you to add
more nodes. Hyper itself, currently, does not add additional nodes, but will
automatically distribute workloads across your cluster, as required.
VM Specs
Virtual machines have a spec that they are identified with. Each machine has a
set of pre-configured specs defined in Hyper.Vm.Instance.specs that describe
the absolute maximum limits that the given machine can have. For example, the
base image has the following spec:
base: %Spec{
  vcpus: 4,
  mem: Information.mib(2048),
  disk: Information.gib(32),
  disk_bw: Bandwidth.mibps(256),
  net_bw: Bandwidth.mibps(128)
}
The configurable values are:
	Value	Description
	vcpus	A fractional value of how many CPU cores a machine may consume. Note that this is potentially a value less than 1, as we can allocate fractions of a CPU's scheduling time
	mem	The absolute maximum RAM a machine can allocate.
	disk	The absolute maximum disk usage a machine can use.
	disk_bw	The absolute maximum disk bandwidth a machine can use.
	net_bw	The absolute maximum network bandwidth a machine use.

Budgets
Two categories of budgets $\alpha$ and $\beta$ are defined
on a per VM-basis.
$\alpha$ budgets measure the resources required to execute this VM. Two
types of the hard budget exist $\alpha_{\text{mem}}(\texttt{VM})$ and
$\alpha_{\text{disk}}(\texttt{VM})$. In order for a node N to be able to support
executing a VM, it must have at least $\alpha_{\text{mem}}(\texttt{VM})$ and
$\alpha_{\text{disk}}(\texttt{VM})$ of memory and disk space available for use.
Breaking any of these invariants results in VMs potentially crashing, as they
use up memory or disk space, potentially in unexpected ways.
On the other hand, the $\beta$ category of budgets enables
overloading nodes with VMs. Exceeding a soft budget on the node results in a
speed degradation, but it does not result in a service degradation. It is in
this category that vcpus, disk_bw and net_bw fit.
To summarize budgets:
	Value	Budget Category	Overloading Impact
	vcpus	$\beta$	All VMs on the node experience slowdown.
	mem	$\alpha$	VMs spuriously crash.
	disk	$\alpha$	VMs spuriously crash.
	disk_bw	$\beta$	Disk speed is degraded on all VMs.
	net_bw	$\beta$	Network speed is degraded on all VMs.

Each node measures its own budget at any given state. Hard budgets are measured
by simply tracking which VMs are currently running, and what their specs are,
effectively:
$$
\alpha_m(N) = \alpha^{\text{total}}_m(N) - \sum_{\texttt{VM}} \alpha_m(\text{spec}(\texttt{VM}))
$$
The soft budget is more involved and requires real-time monitoring of the
active load on any node. Unfortunately, it is impossible to predict what kind
of soft load any particular VM will cause. We define two soft thresholds:
	An instantaneous soft-threshold $\beta_m^i(N) = k_m \beta_m^{\text{cap}}$
with a tweakable $0 < k_m$ load coefficient. This expresses the idea of
we shall avoid scheduling on machines which have more than 80% load.
	A total maximal threshold which is capped at the same logic as $\alpha$,
except that it is allowed to overflow full load:

$$
\beta_m^{\text{max}}(N) = k^{\text{max}}_m \beta^{\text{total}}_m(N) - \sum_{\texttt{VM}} \beta_m(\text{spec}(\texttt{VM}))
$$
The $\beta_m^{\text{max}}(N)$ value should never be exceeded, just as the
$\alpha_m(N)$ is never to be exceeded. On the other hand, the $\beta_m^i(N)$
value, acts as a cap -- if a machine is above that threshold, then no further
VMs can be scheduled. This acts as an instantaneous measurement.
Scheduling
The process of deciding which node N to deploy a VM is referred to as
scheduling in Hyper.
Hard Budget
Out of the set of nodes $\mathbb{N}$, we first filter out nodes which do not
have the hard budget to run the given VM. Note we do not filter machines out of
soft budget yet. The set of nodes with available hard budget is:
$$
\text{havail}\left(\mathbb{N}, \texttt{VM}\right) = \left\lbrace
N \in \mathbb{N} \text{ if }
\bigwedge_{m \in \alpha} \left( \alpha_m(\texttt{VM}) < \alpha_m(N) \right)
\right\rbrace
$$
Soft Budgeting
With the hard budget nodes filtered out, we then subsequently filter out nodes
which have their theoretical soft budget exhausted.
$$
\text{savail}\left(\mathbb{N}, \texttt{VM}\right) = \left\lbrace
N \in \text{havail}\left(\mathbb{N}, \texttt{VM}\right) \text{ if }
\bigwedge_{m \in \beta} \left( \beta_m(\texttt{VM}) < \beta_m^{\text{max}}(N) \right)
\right\rbrace
$$
This leaves us with nodes which could theoretically support more nodes, but it
is important to note that some of these machines may already be overloaded, so
we filter out according to the instantaneous load:
$$
\text{possible}\left(\mathbb{N}, \texttt{VM}\right) = \left\lbrace
N \in \text{savail}\left(\mathbb{N}, \texttt{VM}\right) \text{ if }
\bigwedge_{m \in \beta} \left( \beta_m(N) < k_m \beta_m^{\text{cap}}(N) \right)
\right\rbrace
$$
Colocation
Since the layer storage medium is many orders of magnitude larger than the
NVMe drives on each node, there is a desirable property in colocating VMs on
machines that already have the pre-requisite layers loaded, as that enables
avoiding the relatively long and painful download of each layer.
A further optimization, as it turns out, exists -- colocation can be improved
not only by spawning VMs on nodes that have layers mounted, but by also
colocating VMs on nodes which have recently had the required layers
mounted.
At current, a layer is considered mounted if the layers are all mounted as
block devices. The net result is that even though a block device is umounted
(and by proxy -- Hyper believes the layer is not locally available), the
shared layer medium may cache the data itself, which could be useful to
speed up bootup.
It is worth noting that in this document, the author hand-waves what
"caching a layer" means -- many network-attached media cache at the block
layer, so in certain cases it is more valuable to ask "how much of an image
is cached".
This is considered a future improvement.

This effectively means sorting the list of possible nodes and picking the one
with the highest number of bytes already mounted.
Formally, let $\Lambda(\texttt{VM})$ be the set of layers in the image chain of
the VM, $\text{mnt}(N)$ the set of layers currently mounted on node $N$, and
$|L|$ the size of layer $L$ in bytes. The colocation score of a node is the
number of required bytes already resident on it:
$$
\text{colo}(N, \texttt{VM}) = \sum_{L \in \Lambda(\texttt{VM}) \cap \text{mnt}(N)} |L|
$$
The scheduler then deploys onto the highest-scoring node among the viable
candidates:
$$
\text{schedule}(\texttt{VM}) = \underset{N \in \text{possible}(\mathbb{N}, \texttt{VM})}{\operatorname{arg\,max}}\; \text{colo}(N, \texttt{VM})
$$
Strategy
In total, the scheduling strategy is naive:
	Find all nodes for scheduling a new VM would not cause them to overfill
their hard caps.
	Out of those nodes, find all nodes where scheduling a new VM would not
cause them to overflow the theoretical maximal soft budget.
	Out of those nodes, find all nodes with their instantaneous soft loads
are under the instantaneous soft load.
	Out of those nodes, sort them by the highest number of layer bytes that
are already loaded in.
	Schedule on the first available machine.

Forking
Forking clones a running VM's disk at a point in time. Two paths exist:
	Fast fork (Hyper.Vm.fast_fork/1) — guaranteed colocation. The
parent's mutable dm-thin volume is suspended for an instant while the
node's thin pool takes an internal snapshot (create_snap), then
resumed. The child activates the snapshot against the same composed
read-only image origin and boots fresh. No bytes are copied; parent and
child share pool blocks copy-on-write. If the node refuses admission
(memory, disk, or load), fast fork errors gracefully.

	Fork (Hyper.Vm.fork/1) — fast fork first; on local refusal the
parent's divergence is materialized: a temporary thin snapshot's
provisioned ranges — read from the pool's own metadata, and with an
external origin exactly the blocks ever written — are copied into a fresh
dm-snapshot exception store, which is published to the layer storage
medium as an intermediate (:delta) layer and recorded as a derived image
(the parent's chain plus the new layer). The child is then scheduled
normally; colocation scoring prefers nodes that already hold the parent's
base layers, so only the delta travels.


Both paths are disk-only: the child cold-boots a fresh kernel over the
forked rootfs. The snapshot is crash-consistent (the guest is asked to sync
best-effort first). Memory-state forking via Firecracker snapshots is future
work.
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Hyper 
    



      
Hyper is a distrubuted elixir virtual machine orchestrator.

      


      
        Summary


  
    Functions
  


    
      
        create_vm(spec)

      


        Create a new virtual machine from an image.



    


    
      
        exec(vm, argv, opts \\ [])

      


        Run argv inside VM vm — a pid (from create_vm/1) or a Hyper.Vm.Id.t()
binary — and return its captured output.



    


    
      
        fork_vm(vm_id)

      


        Fork the running VM vm_id: boot a child from a copy-on-write clone of its
disk, colocated when the parent's node has room and re-placed cluster-wide
otherwise. Returns the child VM. See Hyper.Vm.fork/1 for the semantics.



    


    
      
        id(pid)

      


        The vm id for a VM handle -- the pid returned by create_vm/1. Resolves on the
pid's owning node, so a VM just placed on a remote node is found immediately
rather than waiting for the routing CRDT to propagate. nil if unknown.



    


    
      
        stop_vm(vm_id)

      


        Stop and tear down vm_id, wherever it runs in the cluster.



    


    
      
        usage(vm)

      


        Total CPU time vm has actually executed, metered from its cgroup: the
sum of its flushed usage windows (Hyper.Metering.Usage) plus the owning
node's not-yet-flushed remainder. An idle VM accrues (almost) nothing — this
measures compute performed, not compute allocated, and is the billing
counter.



    


    
      
        whereis(vm_id)

      


        Cluster-wide: which node currently runs vm_id? nil if unknown.



    





      


      
        Functions


        


  
    
      
    
    
      create_vm(spec)



        
          
        

    

  


  

      

          @spec create_vm(Hyper.Vm.Spec.t()) :: {:ok, Hyper.Vm.t()} | {:error, term()}


      


Create a new virtual machine from an image.
Placement: scheduled onto the most available node (Hyper.Cluster.Scheduler),
preferring nodes that already have the image's layers resident. On the chosen
node a per-VM writable rootfs is built over the image and the guest is booted.

  



    

  
    
      
    
    
      exec(vm, argv, opts \\ [])



        
          
        

    

  


  

      

          @spec exec(Hyper.Vm.t() | Hyper.Vm.Id.t(), [String.t()], keyword()) ::
  {:ok, %{stdout: binary(), stderr: binary(), exit_code: integer()}}
  | {:error, term()}


      


Run argv inside VM vm — a pid (from create_vm/1) or a Hyper.Vm.Id.t()
binary — and return its captured output.
Cluster-routed: a pid resolves to its owning node directly (node(pid)); a
vm_id resolves via the routing registry (whereis/1). The command runs on
whichever node hosts the VM, via that node's Hyper.Node.exec/3.
Returns {:ok, %{stdout: binary(), stderr: binary(), exit_code: integer()}}, or
{:error, reason} — :agent_unavailable if the relay/agent is not yet
reachable, :timeout if the gRPC deadline expired, :not_found if the VM
cannot be resolved (unknown vm_id, or a pid whose id/owning node is gone),
:node_unreachable if the owning node cannot be reached over the cluster.
opts: :env (map %{String.t() => String.t()}), :cwd (string), :timeout
(ms, gRPC deadline forwarded to the relay; default 30 000).
argv is executed directly, not through a shell. Use an absolute argv
head (["/bin/echo", "hi"]): the guest runs as PID 1 with a near-empty
environment, and a non-empty :env replaces it entirely, so a bare command
name has no PATH to resolve against and returns exit code 127.

  



  
    
      
    
    
      fork_vm(vm_id)



        
          
        

    

  


  

      

          @spec fork_vm(Hyper.Vm.Id.t()) :: {:ok, Hyper.Vm.t()} | {:error, term()}


      


Fork the running VM vm_id: boot a child from a copy-on-write clone of its
disk, colocated when the parent's node has room and re-placed cluster-wide
otherwise. Returns the child VM. See Hyper.Vm.fork/1 for the semantics.

  



  
    
      
    
    
      id(pid)



        
          
        

    

  


  

      

          @spec id(Hyper.Vm.t()) :: Hyper.Vm.Id.t() | nil


      


The vm id for a VM handle -- the pid returned by create_vm/1. Resolves on the
pid's owning node, so a VM just placed on a remote node is found immediately
rather than waiting for the routing CRDT to propagate. nil if unknown.
Returns nil (rather than crashing the caller) if the owning node is
unreachable -- e.g. it died with a VM just placed on it. In that case the VM
died with its host, so "unknown" is the truthful answer. Only :erpc's own
transport failures are swallowed; a genuine fault in the lookup still raises.

  



  
    
      
    
    
      stop_vm(vm_id)



        
          
        

    

  


  

      

          @spec stop_vm(Hyper.Vm.Id.t()) :: :ok | {:error, :not_found | :machine_unreachable}


      


Stop and tear down vm_id, wherever it runs in the cluster.
Resolves the VM's supervisor through the routing registry and terminates it
on its owning node (Hyper.Node.stop_image_vm/1), which unwinds the whole
per-VM tree: guest killed, writable volume reclaimed, routing entry removed.
Registry removal propagates via CRDT, so whereis/1 may briefly still
resolve a just-stopped VM on other nodes.
Returns {:error, :not_found} when no such VM is registered anywhere, and
{:error, :machine_unreachable} when the owning node cannot be reached.

  



  
    
      
    
    
      usage(vm)



        
          
        

    

  


  

      

          @spec usage(Hyper.Vm.t() | Hyper.Vm.Id.t()) ::
  {:ok, Unit.Time.t()} | {:error, :not_found}


      


Total CPU time vm has actually executed, metered from its cgroup: the
sum of its flushed usage windows (Hyper.Metering.Usage) plus the owning
node's not-yet-flushed remainder. An idle VM accrues (almost) nothing — this
measures compute performed, not compute allocated, and is the billing
counter.
Works for live and stopped VMs alike; a stopped VM reports its recorded
lifetime total. Returns {:error, :not_found} only when vm is entirely
unknown: not running anywhere and never metered. If the owning node is
unreachable, the flushed total alone is returned — an under-count of at most
one flush window (~60s), consistent with metering's crash guarantee.

  



  
    
      
    
    
      whereis(vm_id)



        
          
        

    

  


  

      

          @spec whereis(Hyper.Vm.Id.t()) :: node() | nil


      


Cluster-wide: which node currently runs vm_id? nil if unknown.
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Hyper.Cfg 
    



      
The one place every Hyper configuration value is read.
Configuration is layered, highest priority first:
	/etc/hyper/config.exs — runtime app env, unprivileged node only. The
right place for secrets loaded at boot.
	/etc/hyper/config.toml — static, shared with hyper-suidhelper.
Anything that influences a root process lives here so the two sides can
never drift.
	Compile-time config/config.exs — performance fine-tuning.
	Built-in defaults.

Each value names which of these layers it may be read from. Privileged tool
paths and the helper-shared [jails] table are config.toml-only, so the
unprivileged config.exs can never override a root-impacting path.
Read values through the focused submodules — Hyper.Cfg.Tools,
Hyper.Cfg.Dirs, Hyper.Cfg.Jails, Hyper.Cfg.Budget, ... — never reach for
Application.get_env or Hyper.Cfg.Toml directly.

      


      
        Summary


  
    Types
  


    
      
        source()

      


    





      


      
        Types


        


  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() ::
  {:exs, {keyword(), atom()}}
  | {:runtime, atom() | {module(), atom()}}
  | {:toml, String.t()}
  | {:default, term()}
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Hyper.Cfg.Budget 
    



      
This node's resource budget. Each field reads from config.exs
(config :hyper, Hyper.Cfg.Budget, ..., typically set via the operator
override file /etc/hyper/config.exs), then the [budget] table in
/etc/hyper/config.toml, then its built-in default. Unit.* quantities may
be given as Elixir terms in config.exs or as strings ("4GiB", "1GiBps")
in TOML.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        get()

      


    


    
      
        load()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Cfg.Budget{
  cpu_max_cap: float() | nil,
  cpu_max_load: float(),
  disk_bw_cap: Unit.Bandwidth.t(),
  disk_bw_max_load: float(),
  disk_max: Unit.Information.t(),
  mem_max: Unit.Information.t(),
  net_bw_cap: Unit.Bandwidth.t(),
  net_bw_max_load: float()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      get()



        
          
        

    

  


  

      

          @spec get() :: t()


      



  



  
    
      
    
    
      load()



        
          
        

    

  


  

      

          @spec load() :: {:ok, t()} | {:error, term()}
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Hyper.Cfg.Cluster 
    



      
BEAM cluster (Distributed Erlang) topology for Hyper. Set it in config.exs
via config :hyper, Hyper.Cfg.Cluster, topologies: [...] using
libcluster topology syntax;
Hyper.Application forwards it straight to Cluster.Supervisor, which is what
Horde's members: :auto registries form over. config.exs-only because a
topology references strategy modules. The default — [] — is a single,
unclustered node.

      


      
        Summary


  
    Functions
  


    
      
        topologies()

      


        The libcluster topologies to form the BEAM cluster with.



    





      


      
        Functions


        


  
    
      
    
    
      topologies()



        
          
        

    

  


  

      

          @spec topologies() :: keyword()


      


The libcluster topologies to form the BEAM cluster with.
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Hyper.Cfg.Dirs 
    



      
The node's work directory and every directory derived from it.
work_dir is the single configurable root (config.toml-only, shared with the
setuid helper); everything else is a fixed sub-path so the node and helper
agree on layout without a second key to keep in sync.

      


      
        Summary


  
    Functions
  


    
      
        chroot_base()

      


        Per-VM chroot directories (<work_dir>/jails).



    


    
      
        firecracker_install_dir()

      


        Where a node-downloaded firecracker installs (<work_dir>/redist/firecracker).



    


    
      
        layer_dir()

      


        Read-only image layer store. Delegates to Hyper.Cfg.Img.store/0.



    


    
      
        redist_dir()

      


        Node-downloaded binaries (<work_dir>/redist).



    


    
      
        scratch_dir()

      


        Per-VM copy-on-write writable layers (<work_dir>/scratch).



    


    
      
        socket_dir()

      


        Per-VM control/gRPC sockets (<work_dir>/socks).



    


    
      
        umoci_install_dir()

      


        Where the default umoci installs (<work_dir>/redist/umoci).



    


    
      
        vmlinux_install_dir()

      


        Where guest kernels install (<work_dir>/redist/vmlinux).



    


    
      
        work_dir()

      


        Root work directory for this node. config.toml work_dir, default /srv/hyper.



    





      


      
        Functions


        


  
    
      
    
    
      chroot_base()



        
          
        

    

  


  

      

          @spec chroot_base() :: Path.t()


      


Per-VM chroot directories (<work_dir>/jails).

  



  
    
      
    
    
      firecracker_install_dir()



        
          
        

    

  


  

      

          @spec firecracker_install_dir() :: Path.t()


      


Where a node-downloaded firecracker installs (<work_dir>/redist/firecracker).

  



  
    
      
    
    
      layer_dir()



        
          
        

    

  


  

      

          @spec layer_dir() :: Path.t()


      


Read-only image layer store. Delegates to Hyper.Cfg.Img.store/0.

  



  
    
      
    
    
      redist_dir()



        
          
        

    

  


  

      

          @spec redist_dir() :: Path.t()


      


Node-downloaded binaries (<work_dir>/redist).

  



  
    
      
    
    
      scratch_dir()



        
          
        

    

  


  

      

          @spec scratch_dir() :: Path.t()


      


Per-VM copy-on-write writable layers (<work_dir>/scratch).

  



  
    
      
    
    
      socket_dir()



        
          
        

    

  


  

      

          @spec socket_dir() :: Path.t()


      


Per-VM control/gRPC sockets (<work_dir>/socks).

  



  
    
      
    
    
      umoci_install_dir()



        
          
        

    

  


  

      

          @spec umoci_install_dir() :: Path.t()


      


Where the default umoci installs (<work_dir>/redist/umoci).

  



  
    
      
    
    
      vmlinux_install_dir()



        
          
        

    

  


  

      

          @spec vmlinux_install_dir() :: Path.t()


      


Where guest kernels install (<work_dir>/redist/vmlinux).

  



  
    
      
    
    
      work_dir()



        
          
        

    

  


  

      

          @spec work_dir() :: Path.t()


      


Root work directory for this node. config.toml work_dir, default /srv/hyper.
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Hyper.Cfg.Gc 
    



      
Layer garbage collector tuning. Each field reads from config.exs
(config :hyper, Hyper.Cfg.Gc, ...), then the [img.gc] table, then its
default. Durations are Unit.Time — Elixir terms in config.exs, strings
("60s", "1h") in TOML.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        load()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Cfg.Gc{
  acquire_interval: Unit.Time.t(),
  batch_pause: Unit.Time.t(),
  batch_size: pos_integer(),
  grace_period: Unit.Time.t(),
  retry: Unit.Time.t(),
  sweep_interval: Unit.Time.t(),
  timeout: Unit.Time.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      load()



        
          
        

    

  


  

      

          @spec load() :: t()
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Hyper.Cfg.Grpc 
    



      
gRPC server configuration, read from application env into a struct:
config :hyper, Hyper.Cfg.Grpc,
  enabled: true,
  port: 50_051,
  cred: GRPC.Credential.new(ssl: [certfile: "/path/cert.pem", keyfile: "/path/key.pem"])
Fields:
	:enabled -- whether the server starts. Defaults to false.
	:port -- the listen port. Defaults to 50051.
	:cred -- a GRPC.Credential for TLS, or nil (the default) for
plaintext.
	:adapter_opts -- options forwarded to the server adapter, e.g.
[ip: {0, 0, 0, 0}].

Build the credential where you load your keys (e.g. config/runtime.exs);
Hyper never reads the filesystem on your behalf.
Each field also reads from the [grpc] table of config.toml when not set in
config.exs. There, cred is given as an inline table
{ cert = "/path/cert.pem", key = "/path/key.pem" }, which is coerced into a
GRPC.Credential.
Co-located nodes
Every node binds :port. Running multiple nodes on one host (e.g. a local
cluster) requires giving each a distinct port via its own config.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        load()

      


        Load the gRPC server configuration: config.exs > [grpc] toml > defaults.



    


    
      
        server_options(config)

      


        The GRPC.Server.Supervisor options for this config: the endpoint and port,
plus the TLS credential and adapter options when set.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Cfg.Grpc{
  adapter_opts: keyword(),
  cred: GRPC.Credential.t() | nil,
  enabled: boolean(),
  port: :inet.port_number()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      load()



        
          
        

    

  


  

      

          @spec load() :: t()


      


Load the gRPC server configuration: config.exs > [grpc] toml > defaults.

  



  
    
      
    
    
      server_options(config)



        
          
        

    

  


  

      

          @spec server_options(t()) :: keyword()


      


The GRPC.Server.Supervisor options for this config: the endpoint and port,
plus the TLS credential and adapter options when set.
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Hyper.Cfg.Img 
    



      
This node's image storage configuration: the device-mapper geometry behind the
read-only layer chain (dm-snapshot) and the per-VM writable layers (dm-thin).
	chunk_sectors - dm-snapshot exception-store chunk size.
	thin_block_sectors - dm-thin pool allocation block size.
	thin_pool_data_size / thin_pool_meta_size - sparse sizes of the node's
dm-thin pool backing devices.
	store - absolute path to the read-only layer store.


      


      
        Summary


  
    Functions
  


    
      
        chunk_sectors()

      


        dm-snapshot exception-store chunk size, in 512-byte sectors (8 = 4 KiB).
Standardised repo-wide; deltas must be created with this chunk size.



    


    
      
        store()

      


        Absolute path to the read-only layer store. config.exs (store:) > [img] store
toml > <work_dir>/layers.



    


    
      
        thin_block_sectors()

      


        dm-thin pool data block size, in 512-byte sectors (128 = 64 KiB).



    


    
      
        thin_pool_data_size()

      


        Sparse size of the node's dm-thin pool data device.



    


    
      
        thin_pool_meta_size()

      


        Sparse size of the node's dm-thin pool metadata device.



    





      


      
        Functions


        


  
    
      
    
    
      chunk_sectors()



        
          
        

    

  


  

      

          @spec chunk_sectors() :: pos_integer()


      


dm-snapshot exception-store chunk size, in 512-byte sectors (8 = 4 KiB).
Standardised repo-wide; deltas must be created with this chunk size.

  



  
    
      
    
    
      store()



        
          
        

    

  


  

      

          @spec store() :: Path.t()


      


Absolute path to the read-only layer store. config.exs (store:) > [img] store
toml > <work_dir>/layers.

  



  
    
      
    
    
      thin_block_sectors()



        
          
        

    

  


  

      

          @spec thin_block_sectors() :: pos_integer()


      


dm-thin pool data block size, in 512-byte sectors (128 = 64 KiB).

  



  
    
      
    
    
      thin_pool_data_size()



        
          
        

    

  


  

      

          @spec thin_pool_data_size() :: Unit.Information.t()


      


Sparse size of the node's dm-thin pool data device.

  



  
    
      
    
    
      thin_pool_meta_size()



        
          
        

    

  


  

      

          @spec thin_pool_meta_size() :: Unit.Information.t()


      


Sparse size of the node's dm-thin pool metadata device.
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Hyper.Cfg.Img.Db 
    



      
Image-database (Ecto/Postgres) connection settings — database/username/
password/hostname. These are secrets, so they are read from config.exs
only (config :hyper, Hyper.Cfg.Img.Db, ...), never the shared config.toml.
Hyper.Img.Db.Repo.init/2 merges these over its compile-time defaults.

      


      
        Summary


  
    Functions
  


    
      
        repo_opts()

      


        Operator-set repo options (only the keys actually set), for Repo.init/2.



    





      


      
        Functions


        


  
    
      
    
    
      repo_opts()



        
          
        

    

  


  

      

          @spec repo_opts() :: keyword()


      


Operator-set repo options (only the keys actually set), for Repo.init/2.
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Hyper.Cfg.Jails 
    



      
VM confinement settings from the [jails] table — config.toml-only because
the setuid helper enforces the same uid_gid_range it reads from this file.

      


      
        Summary


  
    Functions
  


    
      
        cgroup()

      


        Parent cgroup for every VM cgroup. [jails] cgroup, default "hyper".



    


    
      
        uid_gid_range()

      


        UID/GID allocation band each VM jail draws from ([jails] uid_gid_range, a
required [min, max] integer array). Raises Hyper.Cfg.MissingError when it
is unset, and ArgumentError when it is not a pair of integers — a bogus band
must never silently confine a VM.



    





      


      
        Functions


        


  
    
      
    
    
      cgroup()



        
          
        

    

  


  

      

          @spec cgroup() :: String.t()


      


Parent cgroup for every VM cgroup. [jails] cgroup, default "hyper".

  



  
    
      
    
    
      uid_gid_range()



        
          
        

    

  


  

      

          @spec uid_gid_range() :: {integer(), integer()}


      


UID/GID allocation band each VM jail draws from ([jails] uid_gid_range, a
required [min, max] integer array). Raises Hyper.Cfg.MissingError when it
is unset, and ArgumentError when it is not a pair of integers — a bogus band
must never silently confine a VM.

  


        

      


  

  
    
    Hyper.Cfg.Network - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cfg.Network 
    



      
VM egress networking settings from the [network] table — config.toml-only
because the setuid helper reads the same uplink and clone_pool to build
each VM's netns, veth, and NAT rules.
Networking is mandatory: a node refuses to start unless [network] is
configured (see Hyper.Node.FireVMM.Jailer.Checks.network_ready/0). Every VM
gets a NIC; there is no opt-out. configured?/0 exists only so the startup
preflight can fail fast with a clear message rather than crash later.

      


      
        Summary


  
    Functions
  


    
      
        clone_pool()

      


        IPv4 CIDR the per-VM clone /30s are carved from. [network] clone_pool.



    


    
      
        configured?()

      


        Whether the required [network] uplink is present. Used only by the startup
preflight to fail fast; once a node is running, networking is guaranteed
configured, so runtime code calls uplink/0 directly.



    


    
      
        resolver()

      


        DNS resolver IP handed to the guest via the hyper.resolver= kernel cmdline
param, since the kernel's ip= autoconfig sets the guest's address/route but
never DNS. The PID-1 guest agent reads this back out of /proc/cmdline and
writes it to /etc/resolv.conf. [network] resolver.



    


    
      
        uplink()

      


        Physical uplink interface guest egress is NAT'd out of. Raises if unset (a running node has already passed the preflight).



    





      


      
        Functions


        


  
    
      
    
    
      clone_pool()



        
          
        

    

  


  

      

          @spec clone_pool() :: String.t()


      


IPv4 CIDR the per-VM clone /30s are carved from. [network] clone_pool.

  



  
    
      
    
    
      configured?()



        
          
        

    

  


  

      

          @spec configured?() :: boolean()


      


Whether the required [network] uplink is present. Used only by the startup
preflight to fail fast; once a node is running, networking is guaranteed
configured, so runtime code calls uplink/0 directly.

  



  
    
      
    
    
      resolver()



        
          
        

    

  


  

      

          @spec resolver() :: String.t()


      


DNS resolver IP handed to the guest via the hyper.resolver= kernel cmdline
param, since the kernel's ip= autoconfig sets the guest's address/route but
never DNS. The PID-1 guest agent reads this back out of /proc/cmdline and
writes it to /etc/resolv.conf. [network] resolver.

  



  
    
      
    
    
      uplink()



        
          
        

    

  


  

      

          @spec uplink() :: String.t()


      


Physical uplink interface guest egress is NAT'd out of. Raises if unset (a running node has already passed the preflight).

  


        

      


  

  
    
    Hyper.Cfg.Otel - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cfg.Otel 
    



      
OpenTelemetry exporter configuration. Resolved from config :hyper, Hyper.Cfg.Otel, proto:/endpoint:/headers: (config.exs), the [otel] toml
table, then the standard OTEL_EXPORTER_OTLP_ENDPOINT env var.
config/runtime.exs calls exporter_options/1 and feeds the result to
config :opentelemetry_exporter.

      


      
        Summary


  
    Functions
  


    
      
        exporter_options(exs)

      


        Resolve the :opentelemetry_exporter options, or :none.



    





      


      
        Functions


        


  
    
      
    
    
      exporter_options(exs)



        
          
        

    

  


  

      

          @spec exporter_options(keyword()) :: {:ok, keyword()} | :none


      


Resolve the :opentelemetry_exporter options, or :none.

  


        

      


  

  
    
    Hyper.Cfg.Tools - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cfg.Tools 
    



      
Paths to every external binary Hyper runs, read from the [tools] table.
The privileged tools (firecracker, jailer, dmsetup, losetup,
blockdev) are read only from /etc/hyper/config.toml — the file the
setuid helper also parses, so node and helper can never disagree on a
root-impacting path. The node-only tools (skopeo, mke2fs, umoci,
suidhelper) run unprivileged, so /etc/hyper/config.exs may override them
(e.g. a path from a secrets manager), then config.toml, then the default.

      


      
        Summary


  
    Functions
  


    
      
        firecracker()

      


        Firecracker binary. Required — raises if [tools] firecracker is unset.



    


    
      
        firecracker_configured()

      


        Non-raising firecracker/0.



    


    
      
        jailer()

      


        Jailer binary. Required — raises if [tools] jailer is unset.



    


    
      
        jailer_configured()

      


        Non-raising jailer/0.



    


    
      
        mke2fs()

      


        mke2fs binary (node tool). config.exs > config.toml > mke2fs on PATH.



    


    
      
        skopeo()

      


        skopeo binary (node tool). config.exs > config.toml > skopeo on PATH.



    


    
      
        suidhelper()

      


        setuid device helper (node tool). config.exs > config.toml > install default.



    


    
      
        umoci()

      


        umoci binary (node tool), or nil to let Hyper download a pinned release.



    





      


      
        Functions


        


  
    
      
    
    
      firecracker()



        
          
        

    

  


  

      

          @spec firecracker() :: Path.t()


      


Firecracker binary. Required — raises if [tools] firecracker is unset.

  



  
    
      
    
    
      firecracker_configured()



        
          
        

    

  


  

      

          @spec firecracker_configured() :: {:ok, Path.t()} | :error


      


Non-raising firecracker/0.

  



  
    
      
    
    
      jailer()



        
          
        

    

  


  

      

          @spec jailer() :: Path.t()


      


Jailer binary. Required — raises if [tools] jailer is unset.

  



  
    
      
    
    
      jailer_configured()



        
          
        

    

  


  

      

          @spec jailer_configured() :: {:ok, Path.t()} | :error


      


Non-raising jailer/0.

  



  
    
      
    
    
      mke2fs()



        
          
        

    

  


  

      

          @spec mke2fs() :: String.t()


      


mke2fs binary (node tool). config.exs > config.toml > mke2fs on PATH.

  



  
    
      
    
    
      skopeo()



        
          
        

    

  


  

      

          @spec skopeo() :: String.t()


      


skopeo binary (node tool). config.exs > config.toml > skopeo on PATH.

  



  
    
      
    
    
      suidhelper()



        
          
        

    

  


  

      

          @spec suidhelper() :: String.t()


      


setuid device helper (node tool). config.exs > config.toml > install default.

  



  
    
      
    
    
      umoci()



        
          
        

    

  


  

      

          @spec umoci() :: String.t() | nil


      


umoci binary (node tool), or nil to let Hyper download a pinned release.

  


        

      


  

  
    
    Hyper.Cfg.VmLinux - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cfg.VmLinux 
    



      
Per-architecture guest-kernel image paths. Operators set amd64/aarch64
(mapped to :x86_64/:aarch64) in config :hyper, Hyper.Cfg.VmLinux, ... or
the [vmlinux] toml table. An unset architecture is simply absent from the map.

      


      
        Summary


  
    Functions
  


    
      
        images()

      


        Resolved %{arch => path} kernel map (config.exs per key > [vmlinux] toml).



    





      


      
        Functions


        


  
    
      
    
    
      images()



        
          
        

    

  


  

      

          @spec images() :: %{optional(Sys.Arch.t()) => Path.t()}


      


Resolved %{arch => path} kernel map (config.exs per key > [vmlinux] toml).

  


        

      


  

  
    
    Hyper.Cluster - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cluster 
    



      
Owns this node's participation in the cluster-wide CRDTs: the VM routing
registry (Hyper.Cluster.Routing) and the budget telemetry registry
(Hyper.Cluster.Budget). One supervisor, one membership story, two
independent DeltaCRDTs.
Started once per BEAM node, before Hyper.Node, so VM registrations and budget
advertisements have their registries available on boot. Also starts
Hyper.Img.Db.Gc, the cluster-singleton that continuously prunes blob rows
whose data is no longer on the shared medium.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      



  


        

      


  

  
    
    Hyper.Cluster.Budget - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cluster.Budget 
    



      
Cluster-wide budget telemetry: one Hyper.Node.Budget.NodeState per node,
keyed {:node, node()}. A Horde.Registry (DeltaCRDT) with members: :auto.
Each node's Hyper.Node.Budget.Advertiser owns its entry (the registration is
tied to that pid, so a dead node's entry disappears cluster-wide). Schedulers
read the local replica via all_states/0 — eventually consistent and
partition-tolerant.

      


      
        Summary


  
    Functions
  


    
      
        all_states()

      


        Every node's published NodeState from this node's local replica.



    


    
      
        key()

      


        This node's registration key.



    


    
      
        name()

      


        The registry name.



    





      


      
        Functions


        


  
    
      
    
    
      all_states()



        
          
        

    

  


  

      

          @spec all_states() :: [Hyper.Node.Budget.NodeState.t()]


      


Every node's published NodeState from this node's local replica.

  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @spec key() :: {:node, node()}


      


This node's registration key.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @spec name() :: atom()


      


The registry name.

  


        

      


  

  
    
    Hyper.Cluster.Routing - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cluster.Routing 
    



      
Cluster-wide VM routing registry: maps {vm_id, component} -> pid so any node
can name a VM's processes (via/1) and find which machine runs a VM
(whereis/1). A Horde.Registry (DeltaCRDT) with members: :auto, so it
forms over the BEAM cluster libcluster builds.
Kept as its own CRDT, separate from Hyper.Cluster.Budget, so high-frequency
budget telemetry never shares this routing table's delta stream or failure
domain.

      


      
        Summary


  
    Functions
  


    
      
        all()

      


        Every VM the cluster currently knows about, paired with the node it runs on.



    


    
      
        id_for(pid)

      


        The vm_id whose :supervisor process is pid, or nil. Consults the local
replica via a registry match spec; intended to be called on the node that owns
pid (see Hyper.id/1).



    


    
      
        name()

      


        The registry name.



    


    
      
        register_self(key)

      


        Register the calling process under key from inside its own init.



    


    
      
        supervisor_of(vm_id)

      


        The pid of vm_id's VM supervisor process, or nil if unknown.



    


    
      
        via(key)

      


        A :via tuple for registering/naming a process under key.



    


    
      
        whereis(vm_id)

      


        Which node currently runs vm_id? nil if unknown.



    





      


      
        Functions


        


  
    
      
    
    
      all()



        
          
        

    

  


  

      

          @spec all() :: [{Hyper.Vm.Id.t(), node()}]


      


Every VM the cluster currently knows about, paired with the node it runs on.

  



  
    
      
    
    
      id_for(pid)



        
          
        

    

  


  

      

          @spec id_for(pid()) :: Hyper.Vm.Id.t() | nil


      


The vm_id whose :supervisor process is pid, or nil. Consults the local
replica via a registry match spec; intended to be called on the node that owns
pid (see Hyper.id/1).

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @spec name() :: atom()


      


The registry name.

  



  
    
      
    
    
      register_self(key)



        
          
        

    

  


  

      

          @spec register_self(term()) :: :ok | {:error, {:already_registered, pid()}}


      


Register the calling process under key from inside its own init.
Prefer this over starting a process with a {:via, Horde.Registry, _} name.
OTP's post-start name check (gen:get_proc_name) calls whereis_name
immediately after the synchronous register, but Horde materialises the name
into its local ETS only asynchronously, via the DeltaCRDT diff loop. Under
registry churn that read loses the race and OTP aborts startup with
{:process_not_registered_via, Horde.Registry}. Registering from within
init carries no such self-check, while leaving the name cluster-resolvable
through via/1 once the diff propagates (callers already tolerate that lag).

  



  
    
      
    
    
      supervisor_of(vm_id)



        
          
        

    

  


  

      

          @spec supervisor_of(Hyper.Vm.Id.t()) :: pid() | nil


      


The pid of vm_id's VM supervisor process, or nil if unknown.

  



  
    
      
    
    
      via(key)



        
          
        

    

  


  

      

          @spec via(term()) :: {:via, module(), {atom(), term()}}


      


A :via tuple for registering/naming a process under key.

  



  
    
      
    
    
      whereis(vm_id)



        
          
        

    

  


  

      

          @spec whereis(Hyper.Vm.Id.t()) :: node() | nil


      


Which node currently runs vm_id? nil if unknown.

  


        

      


  

  
    
    Hyper.Cluster.Scheduler - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cluster.Scheduler 
    



      
Picks the node to run a VM on. The first pass reads the gossip-replicated
Hyper.Node.Budget.NodeStates (Hyper.Cluster.Budget.all_states/0), drops
nodes that cannot fit the spec, and ranks survivors by how many bytes of the
VM's image layers they already have mounted (colo(N, VM) = sum of |L| over
shared mounted layers). The result is an ordered candidate list; the chosen
node confirms authoritatively via Hyper.Node.Budget.admit/2 (see place/3).
All filtering is best-effort on a possibly-stale snapshot: a node that no
longer fits simply refuses at confirmation time.

      


      
        Summary


  
    Types
  


    
      
        layer_sizes()

      


    





  
    Functions
  


    
      
        candidates(spec, layers \\ [])

      


        Fitting nodes for spec, most colocated bytes first.



    


    
      
        colocation_score(state, layers)

      


        Bytes of layers already mounted on state's node.



    


    
      
        place(spec, layers, attempt)

      


        Place spec on the best confirming node.



    


    
      
        run(spec, layers, start_fun, stop_fun)

      


        Place and boot spec somewhere in the cluster.



    





      


      
        Types


        


  
    
      
    
    
      layer_sizes()



        
          
        

    

  


  

      

          @type layer_sizes() :: [{Hyper.Layer.id(), Unit.Information.t()}]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      candidates(spec, layers \\ [])



        
          
        

    

  


  

      

          @spec candidates(Hyper.Vm.Instance.Spec.t(), layer_sizes()) :: [node()]


      


Fitting nodes for spec, most colocated bytes first.

  



  
    
      
    
    
      colocation_score(state, layers)



        
          
        

    

  


  

      

          @spec colocation_score(Hyper.Node.Budget.NodeState.t(), layer_sizes()) ::
  non_neg_integer()


      


Bytes of layers already mounted on state's node.

  



  
    
      
    
    
      place(spec, layers, attempt)



        
          
        

    

  


  

      

          @spec place(Hyper.Vm.Instance.Spec.t(), layer_sizes(), (node() ->
                                                    {:ok, term()}
                                                    | {:error, term()})) ::
  {:ok, {node(), term()}} | {:error, :no_capacity}


      


Place spec on the best confirming node.
Walks candidates/2 in rank order, calling attempt on each until one returns
{:ok, result} (the authoritative confirmation, typically a node running
Hyper.Node.try_run/3 over :erpc). {:error, :no_capacity} if all refuse.

  



  
    
      
    
    
      run(spec, layers, start_fun, stop_fun)



        
          
        

    

  


  

      

          @spec run(
  Hyper.Vm.Instance.Spec.t(),
  layer_sizes(),
  (-> {:ok, pid()} | {:error, term()}),
  (pid() ->
     :ok)
) ::
  {:ok, {node(), pid()}} | {:error, :no_capacity}


      


Place and boot spec somewhere in the cluster.
Confirms each candidate by RPC-ing Hyper.Node.try_run/3 on it; the first node
to boot the VM and reserve its budget wins. start_fun/stop_fun describe how
to boot/tear down the VM on the target node.

  


        

      


  

  
    
    Hyper.Firecracker.Api.ArmRegisterModifier - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.ArmRegisterModifier 
    



      
Provides struct and type for a ArmRegisterModifier

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.ArmRegisterModifier from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.ArmRegisterModifier{
  __info__: any(),
  addr: String.t(),
  bitmap: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.ArmRegisterModifier from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Balloon - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Balloon 
    



      
Provides struct and type for a Balloon

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.Balloon from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.Balloon{
  __info__: any(),
  amount_mib: integer(),
  deflate_on_oom: boolean(),
  free_page_hinting: boolean() | nil,
  free_page_reporting: boolean() | nil,
  stats_polling_interval_s: integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.Balloon from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.BalloonHintingStatus - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.BalloonHintingStatus 
    



      
Provides struct and type for a BalloonHintingStatus

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.BalloonHintingStatus from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.BalloonHintingStatus{
  __info__: any(),
  guest_cmd: integer() | nil,
  host_cmd: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.BalloonHintingStatus from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.BalloonStartCmd - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.BalloonStartCmd 
    



      
Provides struct and type for a BalloonStartCmd

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.BalloonStartCmd from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.BalloonStartCmd{
  __info__: any(),
  acknowledge_on_stop: boolean() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.BalloonStartCmd from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.BalloonStats - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.BalloonStats 
    



      
Provides struct and type for a BalloonStats

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.BalloonStats from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.BalloonStats{
  __info__: any(),
  actual_mib: integer(),
  actual_pages: integer(),
  alloc_stall: integer() | nil,
  async_reclaim: integer() | nil,
  async_scan: integer() | nil,
  available_memory: integer() | nil,
  direct_reclaim: integer() | nil,
  direct_scan: integer() | nil,
  disk_caches: integer() | nil,
  free_memory: integer() | nil,
  hugetlb_allocations: integer() | nil,
  hugetlb_failures: integer() | nil,
  major_faults: integer() | nil,
  minor_faults: integer() | nil,
  oom_kill: integer() | nil,
  swap_in: integer() | nil,
  swap_out: integer() | nil,
  target_mib: integer(),
  target_pages: integer(),
  total_memory: integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.BalloonStats from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.BalloonStatsUpdate - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.BalloonStatsUpdate 
    



      
Provides struct and type for a BalloonStatsUpdate

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.BalloonStatsUpdate from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.BalloonStatsUpdate{
  __info__: any(),
  stats_polling_interval_s: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.BalloonStatsUpdate from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.BalloonUpdate - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.BalloonUpdate 
    



      
Provides struct and type for a BalloonUpdate

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.BalloonUpdate from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.BalloonUpdate{
  __info__: any(),
  amount_mib: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.BalloonUpdate from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.BootSource - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.BootSource 
    



      
Provides struct and type for a BootSource

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.BootSource from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.BootSource{
  __info__: any(),
  boot_args: String.t() | nil,
  initrd_path: String.t() | nil,
  kernel_image_path: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.BootSource from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Codec - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Codec 
    



      
Compile-time JSON codec injected into every generated schema via the
generator's schema_use option.
oapi_generator emits each schema's struct and its __fields__/1 type
metadata, but no code that moves data on or off the wire. This macro fills
both directions at compile time, so each schema carries its own conversion:
	encode -- a Jason.Encoder implementation that omits unset (nil) and
internal (:__info__) fields, because Firecracker rejects some explicit
nulls and absent optionals must simply not be sent.
	decode -- a decode/1 specialized from the schema's __fields__/1 (read
via @before_compile, since the function can't be called during its own
module's compilation). Field casts are baked in: nested schemas and lists
dispatch to their own generated decode/1, everything else passes through.
No runtime type reflection.


      




  

  
    
    Hyper.Firecracker.Api.CpuConfig - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.CpuConfig 
    



      
Provides struct and type for a CpuConfig

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.CpuConfig from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.CpuConfig{
  __info__: any(),
  cpuid_modifiers: [Hyper.Firecracker.Api.CpuidLeafModifier.t()] | nil,
  kvm_capabilities: [String.t()] | nil,
  msr_modifiers: [Hyper.Firecracker.Api.MsrModifier.t()] | nil,
  reg_modifiers: [Hyper.Firecracker.Api.ArmRegisterModifier.t()] | nil,
  vcpu_features: [Hyper.Firecracker.Api.VcpuFeatures.t()] | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.CpuConfig from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.CpuidLeafModifier - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.CpuidLeafModifier 
    



      
Provides struct and type for a CpuidLeafModifier

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.CpuidLeafModifier from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.CpuidLeafModifier{
  __info__: any(),
  flags: integer(),
  leaf: String.t(),
  modifiers: [Hyper.Firecracker.Api.CpuidRegisterModifier.t()],
  subleaf: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.CpuidLeafModifier from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.CpuidRegisterModifier - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.CpuidRegisterModifier 
    



      
Provides struct and type for a CpuidRegisterModifier

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.CpuidRegisterModifier from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.CpuidRegisterModifier{
  __info__: any(),
  bitmap: String.t(),
  register: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.CpuidRegisterModifier from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Drive - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Drive 
    



      
Provides struct and type for a Drive

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.Drive from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.Drive{
  __info__: any(),
  cache_type: String.t() | nil,
  drive_id: String.t(),
  io_engine: String.t() | nil,
  is_read_only: boolean() | nil,
  is_root_device: boolean(),
  partuuid: String.t() | nil,
  path_on_host: String.t() | nil,
  rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil,
  socket: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.Drive from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.EntropyDevice - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.EntropyDevice 
    



      
Provides struct and type for a EntropyDevice

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.EntropyDevice from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.EntropyDevice{
  __info__: any(),
  rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.EntropyDevice from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Error - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Error 
    



      
Provides struct and type for a Error

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.Error from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.Error{
  __info__: any(),
  fault_message: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.Error from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.FirecrackerVersion - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.FirecrackerVersion 
    



      
Provides struct and type for a FirecrackerVersion

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.FirecrackerVersion from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.FirecrackerVersion{
  __info__: any(),
  firecracker_version: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.FirecrackerVersion from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.FullVmConfiguration - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.FullVmConfiguration 
    



      
Provides struct and type for a FullVmConfiguration

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.FullVmConfiguration from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.FullVmConfiguration{
  __info__: any(),
  balloon: Hyper.Firecracker.Api.Balloon.t() | nil,
  boot_source: Hyper.Firecracker.Api.BootSource.t() | nil,
  cpu_config: Hyper.Firecracker.Api.CpuConfig.t() | nil,
  drives: [Hyper.Firecracker.Api.Drive.t()] | nil,
  entropy: Hyper.Firecracker.Api.EntropyDevice.t() | nil,
  logger: Hyper.Firecracker.Api.Logger.t() | nil,
  machine_config: Hyper.Firecracker.Api.MachineConfiguration.t() | nil,
  memory_hotplug: Hyper.Firecracker.Api.MemoryHotplugConfig.t() | nil,
  metrics: Hyper.Firecracker.Api.Metrics.t() | nil,
  mmds_config: Hyper.Firecracker.Api.MmdsConfig.t() | nil,
  network_interfaces: [Hyper.Firecracker.Api.NetworkInterface.t()] | nil,
  pmem: [Hyper.Firecracker.Api.Pmem.t()] | nil,
  vsock: Hyper.Firecracker.Api.Vsock.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.FullVmConfiguration from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.InstanceActionInfo - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.InstanceActionInfo 
    



      
Provides struct and type for a InstanceActionInfo

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.InstanceActionInfo from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.InstanceActionInfo{
  __info__: any(),
  action_type: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.InstanceActionInfo from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.InstanceInfo - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.InstanceInfo 
    



      
Provides struct and type for a InstanceInfo

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.InstanceInfo from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.InstanceInfo{
  __info__: any(),
  app_name: String.t(),
  id: String.t(),
  state: String.t(),
  vmm_version: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.InstanceInfo from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Logger - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Logger 
    



      
Provides struct and type for a Logger

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.Logger from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.Logger{
  __info__: any(),
  level: String.t() | nil,
  log_path: String.t() | nil,
  module: String.t() | nil,
  show_level: boolean() | nil,
  show_log_origin: boolean() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.Logger from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.MachineConfiguration - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.MachineConfiguration 
    



      
Provides struct and type for a MachineConfiguration

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.MachineConfiguration from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.MachineConfiguration{
  __info__: any(),
  cpu_template: String.t() | nil,
  huge_pages: String.t() | nil,
  mem_size_mib: integer(),
  smt: boolean() | nil,
  track_dirty_pages: boolean() | nil,
  vcpu_count: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.MachineConfiguration from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.MemoryBackend - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.MemoryBackend 
    



      
Provides struct and type for a MemoryBackend

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.MemoryBackend from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.MemoryBackend{
  __info__: any(),
  backend_path: String.t(),
  backend_type: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.MemoryBackend from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.MemoryHotplugConfig - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.MemoryHotplugConfig 
    



      
Provides struct and type for a MemoryHotplugConfig

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.MemoryHotplugConfig from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.MemoryHotplugConfig{
  __info__: any(),
  block_size_mib: integer() | nil,
  slot_size_mib: integer() | nil,
  total_size_mib: integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.MemoryHotplugConfig from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.MemoryHotplugSizeUpdate - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.MemoryHotplugSizeUpdate 
    



      
Provides struct and type for a MemoryHotplugSizeUpdate

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.MemoryHotplugSizeUpdate from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.MemoryHotplugSizeUpdate{
  __info__: any(),
  requested_size_mib: integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.MemoryHotplugSizeUpdate from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.MemoryHotplugStatus - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.MemoryHotplugStatus 
    



      
Provides struct and type for a MemoryHotplugStatus

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.MemoryHotplugStatus from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.MemoryHotplugStatus{
  __info__: any(),
  block_size_mib: integer() | nil,
  plugged_size_mib: integer() | nil,
  requested_size_mib: integer() | nil,
  slot_size_mib: integer() | nil,
  total_size_mib: integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.MemoryHotplugStatus from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Metrics - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Metrics 
    



      
Provides struct and type for a Metrics

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.Metrics from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.Metrics{__info__: any(), metrics_path: String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.Metrics from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.MmdsConfig - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.MmdsConfig 
    



      
Provides struct and type for a MmdsConfig

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.MmdsConfig from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.MmdsConfig{
  __info__: any(),
  imds_compat: boolean() | nil,
  ipv4_address: String.t() | nil,
  network_interfaces: [String.t()],
  version: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.MmdsConfig from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.MsrModifier - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.MsrModifier 
    



      
Provides struct and type for a MsrModifier

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.MsrModifier from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.MsrModifier{
  __info__: any(),
  addr: String.t(),
  bitmap: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.MsrModifier from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.NetworkInterface - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.NetworkInterface 
    



      
Provides struct and type for a NetworkInterface

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.NetworkInterface from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.NetworkInterface{
  __info__: any(),
  guest_mac: String.t() | nil,
  host_dev_name: String.t(),
  iface_id: String.t(),
  mtu: integer() | nil,
  rx_rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil,
  tx_rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.NetworkInterface from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.NetworkOverride - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.NetworkOverride 
    



      
Provides struct and type for a NetworkOverride

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.NetworkOverride from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.NetworkOverride{
  __info__: any(),
  host_dev_name: String.t(),
  iface_id: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.NetworkOverride from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Operations - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Operations 
    



      
Provides API endpoints related to operations

      


      
        Summary


  
    Functions
  


    
      
        create_snapshot(body, opts \\ [])

      


        Creates a full or diff snapshot. Post-boot only.



    


    
      
        create_sync_action(body, opts \\ [])

      


        Creates a synchronous action.



    


    
      
        describe_balloon_config(opts \\ [])

      


        Returns the current balloon device configuration.



    


    
      
        describe_balloon_hinting(opts \\ [])

      


        Returns the balloon hinting statistics, only if enabled pre-boot.



    


    
      
        describe_balloon_stats(opts \\ [])

      


        Returns the latest balloon device statistics, only if enabled pre-boot.



    


    
      
        describe_instance(opts \\ [])

      


        Returns general information about an instance.



    


    
      
        get_export_vm_config(opts \\ [])

      


        Gets the full VM configuration.



    


    
      
        get_firecracker_version(opts \\ [])

      


        Gets the Firecracker version.



    


    
      
        get_machine_configuration(opts \\ [])

      


        Gets the machine configuration of the VM.



    


    
      
        get_memory_hotplug(opts \\ [])

      


        Retrieves the status of the hotpluggable memory



    


    
      
        get_mmds(opts \\ [])

      


        Get the MMDS data store.



    


    
      
        load_snapshot(body, opts \\ [])

      


        Loads a snapshot. Pre-boot only.



    


    
      
        patch_balloon(body, opts \\ [])

      


        Updates a balloon device.



    


    
      
        patch_balloon_stats_interval(body, opts \\ [])

      


        Updates a balloon device statistics polling interval.



    


    
      
        patch_guest_drive_by_id(drive_id, body, opts \\ [])

      


        Updates the properties of a drive. Post-boot only.



    


    
      
        patch_guest_network_interface_by_id(iface_id, body, opts \\ [])

      


        Updates the rate limiters applied to a network interface. Post-boot only.



    


    
      
        patch_guest_pmem_by_id(id, body, opts \\ [])

      


        Updates the rate limiter of a pmem device. Post-boot only.



    


    
      
        patch_machine_configuration(body, opts \\ [])

      


        Partially updates the Machine Configuration of the VM. Pre-boot only.



    


    
      
        patch_memory_hotplug(body, opts \\ [])

      


        Updates the size of the hotpluggable memory region



    


    
      
        patch_mmds(body, opts \\ [])

      


        Updates the MMDS data store.



    


    
      
        patch_vm(body, opts \\ [])

      


        Updates the microVM state.



    


    
      
        put_balloon(body, opts \\ [])

      


        Creates or updates a balloon device.



    


    
      
        put_cpu_configuration(body, opts \\ [])

      


        Configures CPU features flags for the vCPUs of the guest VM. Pre-boot only.



    


    
      
        put_entropy_device(body, opts \\ [])

      


        Creates an entropy device. Pre-boot only.



    


    
      
        put_guest_boot_source(body, opts \\ [])

      


        Creates or updates the boot source. Pre-boot only.



    


    
      
        put_guest_drive_by_id(drive_id, body, opts \\ [])

      


        Creates or updates a drive. Pre-boot only.



    


    
      
        put_guest_network_interface_by_id(iface_id, body, opts \\ [])

      


        Creates a network interface. Pre-boot only.



    


    
      
        put_guest_pmem_by_id(id, body, opts \\ [])

      


        Creates or updates a pmem device. Pre-boot only.



    


    
      
        put_guest_vsock(body, opts \\ [])

      


        Creates/updates a vsock device. Pre-boot only.



    


    
      
        put_logger(body, opts \\ [])

      


        Initializes the logger by specifying a named pipe or a file for the logs output.



    


    
      
        put_machine_configuration(body, opts \\ [])

      


        Updates the Machine Configuration of the VM. Pre-boot only.



    


    
      
        put_memory_hotplug(body, opts \\ [])

      


        Configures the hotpluggable memory



    


    
      
        put_metrics(body, opts \\ [])

      


        Initializes the metrics system by specifying a named pipe or a file for the metrics output.



    


    
      
        put_mmds(body, opts \\ [])

      


        Creates a MMDS (Microvm Metadata Service) data store.



    


    
      
        put_mmds_config(body, opts \\ [])

      


        Set MMDS configuration. Pre-boot only.



    


    
      
        put_serial_device(body, opts \\ [])

      


        Configures the serial console



    


    
      
        start_balloon_hinting(body, opts \\ [])

      


        Starts a free page hinting run only if enabled pre-boot.



    


    
      
        stop_balloon_hinting(opts \\ [])

      


        Stops a free page hinting run only if enabled pre-boot.



    





      


      
        Functions


        


    

  
    
      
    
    
      create_snapshot(body, opts \\ [])



        
          
        

    

  


  

      

          @spec create_snapshot(
  body :: Hyper.Firecracker.Api.SnapshotCreateParams.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates a full or diff snapshot. Post-boot only.
Creates a snapshot of the microVM state. The microVM should be in the Paused state.
Request Body
Content Types: application/json
The configuration used for creating a snapshot.

  



    

  
    
      
    
    
      create_sync_action(body, opts \\ [])



        
          
        

    

  


  

      

          @spec create_sync_action(
  body :: Hyper.Firecracker.Api.InstanceActionInfo.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates a synchronous action.
Request Body
Content Types: application/json

  



    

  
    
      
    
    
      describe_balloon_config(opts \\ [])



        
          
        

    

  


  

      

          @spec describe_balloon_config(opts :: keyword()) ::
  {:ok, Hyper.Firecracker.Api.Balloon.t()}
  | {:error, Hyper.Firecracker.Api.Error.t()}


      


Returns the current balloon device configuration.

  



    

  
    
      
    
    
      describe_balloon_hinting(opts \\ [])



        
          
        

    

  


  

      

          @spec describe_balloon_hinting(opts :: keyword()) ::
  {:ok, Hyper.Firecracker.Api.BalloonHintingStatus.t()}
  | {:error, Hyper.Firecracker.Api.Error.t()}


      


Returns the balloon hinting statistics, only if enabled pre-boot.

  



    

  
    
      
    
    
      describe_balloon_stats(opts \\ [])



        
          
        

    

  


  

      

          @spec describe_balloon_stats(opts :: keyword()) ::
  {:ok, Hyper.Firecracker.Api.BalloonStats.t()}
  | {:error, Hyper.Firecracker.Api.Error.t()}


      


Returns the latest balloon device statistics, only if enabled pre-boot.

  



    

  
    
      
    
    
      describe_instance(opts \\ [])



        
          
        

    

  


  

      

          @spec describe_instance(opts :: keyword()) ::
  {:ok, Hyper.Firecracker.Api.InstanceInfo.t()}
  | {:error, Hyper.Firecracker.Api.Error.t()}


      


Returns general information about an instance.

  



    

  
    
      
    
    
      get_export_vm_config(opts \\ [])



        
          
        

    

  


  

      

          @spec get_export_vm_config(opts :: keyword()) ::
  {:ok, Hyper.Firecracker.Api.FullVmConfiguration.t()}
  | {:error, Hyper.Firecracker.Api.Error.t()}


      


Gets the full VM configuration.
Gets configuration for all VM resources. If the VM is restored from a snapshot, the boot-source, machine-config.smt and machine-config.cpu_template will be empty.

  



    

  
    
      
    
    
      get_firecracker_version(opts \\ [])



        
          
        

    

  


  

      

          @spec get_firecracker_version(opts :: keyword()) ::
  {:ok, Hyper.Firecracker.Api.FirecrackerVersion.t()}
  | {:error, Hyper.Firecracker.Api.Error.t()}


      


Gets the Firecracker version.

  



    

  
    
      
    
    
      get_machine_configuration(opts \\ [])



        
          
        

    

  


  

      

          @spec get_machine_configuration(opts :: keyword()) ::
  {:ok, Hyper.Firecracker.Api.MachineConfiguration.t()}
  | {:error, Hyper.Firecracker.Api.Error.t()}


      


Gets the machine configuration of the VM.
Gets the machine configuration of the VM. When called before the PUT operation, it will return the default values for the vCPU count (=1), memory size (=128 MiB). By default SMT is disabled and there is no CPU Template.

  



    

  
    
      
    
    
      get_memory_hotplug(opts \\ [])



        
          
        

    

  


  

      

          @spec get_memory_hotplug(opts :: keyword()) ::
  {:ok, Hyper.Firecracker.Api.MemoryHotplugStatus.t()}
  | {:error, Hyper.Firecracker.Api.Error.t()}


      


Retrieves the status of the hotpluggable memory
Reuturn the status of the hotpluggable memory. This can be used to follow the progress of the guest after a PATCH API.

  



    

  
    
      
    
    
      get_mmds(opts \\ [])



        
          
        

    

  


  

      

          @spec get_mmds(opts :: keyword()) ::
  {:ok, map()} | {:error, Hyper.Firecracker.Api.Error.t()}


      


Get the MMDS data store.

  



    

  
    
      
    
    
      load_snapshot(body, opts \\ [])



        
          
        

    

  


  

      

          @spec load_snapshot(
  body :: Hyper.Firecracker.Api.SnapshotLoadParams.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Loads a snapshot. Pre-boot only.
Loads the microVM state from a snapshot. Only accepted on a fresh Firecracker process (before configuring any resource other than the Logger and Metrics).
Request Body
Content Types: application/json
The configuration used for loading a snapshot.

  



    

  
    
      
    
    
      patch_balloon(body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_balloon(
  body :: Hyper.Firecracker.Api.BalloonUpdate.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates a balloon device.
Updates an existing balloon device, before or after machine startup. Will fail if update is not possible.
Request Body
Content Types: application/json
Balloon properties

  



    

  
    
      
    
    
      patch_balloon_stats_interval(body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_balloon_stats_interval(
  body :: Hyper.Firecracker.Api.BalloonStatsUpdate.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates a balloon device statistics polling interval.
Updates an existing balloon device statistics interval, before or after machine startup. Will fail if update is not possible.
Request Body
Content Types: application/json
Balloon properties

  



    

  
    
      
    
    
      patch_guest_drive_by_id(drive_id, body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_guest_drive_by_id(
  drive_id :: String.t(),
  body :: Hyper.Firecracker.Api.PartialDrive.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates the properties of a drive. Post-boot only.
Updates the properties of the drive with the ID specified by drive_id path parameter. Will fail if update is not possible.
Request Body
Content Types: application/json
Guest drive properties

  



    

  
    
      
    
    
      patch_guest_network_interface_by_id(iface_id, body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_guest_network_interface_by_id(
  iface_id :: String.t(),
  body :: Hyper.Firecracker.Api.PartialNetworkInterface.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates the rate limiters applied to a network interface. Post-boot only.
Updates the rate limiters applied to a network interface.
Request Body
Content Types: application/json
A subset of the guest network interface properties

  



    

  
    
      
    
    
      patch_guest_pmem_by_id(id, body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_guest_pmem_by_id(
  id :: String.t(),
  body :: Hyper.Firecracker.Api.PartialPmem.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates the rate limiter of a pmem device. Post-boot only.
Updates the rate limiter applied to the pmem device with the ID specified by the id path parameter.
Request Body
Content Types: application/json
Pmem rate limiter properties

  



    

  
    
      
    
    
      patch_machine_configuration(body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_machine_configuration(
  body :: Hyper.Firecracker.Api.MachineConfiguration.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Partially updates the Machine Configuration of the VM. Pre-boot only.
Partially updates the Virtual Machine Configuration with the specified input. If any of the parameters has an incorrect value, the whole update fails.
Request Body
Content Types: application/json
A subset of Machine Configuration Parameters

  



    

  
    
      
    
    
      patch_memory_hotplug(body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_memory_hotplug(
  body :: Hyper.Firecracker.Api.MemoryHotplugSizeUpdate.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates the size of the hotpluggable memory region
Updates the size of the hotpluggable memory region. The guest will plug and unplug memory to hit the requested memory.
Request Body
Content Types: application/json
Hotpluggable memory size update

  



    

  
    
      
    
    
      patch_mmds(body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_mmds(body :: map(), opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates the MMDS data store.
Request Body
Content Types: application/json
The MMDS data store patch JSON.

  



    

  
    
      
    
    
      patch_vm(body, opts \\ [])



        
          
        

    

  


  

      

          @spec patch_vm(body :: Hyper.Firecracker.Api.Vm.t(), opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates the microVM state.
Sets the desired state (Paused or Resumed) for the microVM.
Request Body
Content Types: application/json
The microVM state

  



    

  
    
      
    
    
      put_balloon(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_balloon(body :: Hyper.Firecracker.Api.Balloon.t(), opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates or updates a balloon device.
Creates a new balloon device if one does not already exist, otherwise updates it, before machine startup. This will fail after machine startup. Will fail if update is not possible.
Request Body
Content Types: application/json
Balloon properties

  



    

  
    
      
    
    
      put_cpu_configuration(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_cpu_configuration(
  body :: Hyper.Firecracker.Api.CpuConfig.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Configures CPU features flags for the vCPUs of the guest VM. Pre-boot only.
Provides configuration to the Firecracker process to specify vCPU resource configuration prior to launching the guest machine.
Request Body
Content Types: application/json
CPU configuration request

  



    

  
    
      
    
    
      put_entropy_device(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_entropy_device(
  body :: Hyper.Firecracker.Api.EntropyDevice.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates an entropy device. Pre-boot only.
Enables an entropy device that provides high-quality random data to the guest.
Request Body
Content Types: application/json
Guest entropy device properties

  



    

  
    
      
    
    
      put_guest_boot_source(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_guest_boot_source(
  body :: Hyper.Firecracker.Api.BootSource.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates or updates the boot source. Pre-boot only.
Creates new boot source if one does not already exist, otherwise updates it. Will fail if update is not possible.
Request Body
Content Types: application/json
Guest boot source properties

  



    

  
    
      
    
    
      put_guest_drive_by_id(drive_id, body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_guest_drive_by_id(
  drive_id :: String.t(),
  body :: Hyper.Firecracker.Api.Drive.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates or updates a drive. Pre-boot only.
Creates new drive with ID specified by drive_id path parameter. If a drive with the specified ID already exists, updates its state based on new input. Will fail if update is not possible.
Request Body
Content Types: application/json
Guest drive properties

  



    

  
    
      
    
    
      put_guest_network_interface_by_id(iface_id, body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_guest_network_interface_by_id(
  iface_id :: String.t(),
  body :: Hyper.Firecracker.Api.NetworkInterface.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates a network interface. Pre-boot only.
Creates new network interface with ID specified by iface_id path parameter.
Request Body
Content Types: application/json
Guest network interface properties

  



    

  
    
      
    
    
      put_guest_pmem_by_id(id, body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_guest_pmem_by_id(
  id :: String.t(),
  body :: Hyper.Firecracker.Api.Pmem.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates or updates a pmem device. Pre-boot only.
Creates new pmem device with ID specified by id parameter. If a pmem device with the specified ID already exists, updates its state based on new input. Will fail if update is not possible.
Request Body
Content Types: application/json
Guest pmem device properties

  



    

  
    
      
    
    
      put_guest_vsock(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_guest_vsock(body :: Hyper.Firecracker.Api.Vsock.t(), opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates/updates a vsock device. Pre-boot only.
The first call creates the device with the configuration specified in body. Subsequent calls will update the device configuration. May fail if update is not possible.
Request Body
Content Types: application/json
Guest vsock properties

  



    

  
    
      
    
    
      put_logger(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_logger(body :: Hyper.Firecracker.Api.Logger.t(), opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Initializes the logger by specifying a named pipe or a file for the logs output.
Request Body
Content Types: application/json
Logging system description

  



    

  
    
      
    
    
      put_machine_configuration(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_machine_configuration(
  body :: Hyper.Firecracker.Api.MachineConfiguration.t(),
  opts :: keyword()
) :: :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Updates the Machine Configuration of the VM. Pre-boot only.
Updates the Virtual Machine Configuration with the specified input. Firecracker starts with default values for vCPU count (=1) and memory size (=128 MiB). The vCPU count is restricted to the [1, 32] range. With SMT enabled, the vCPU count is required to be either 1 or an even number in the range. otherwise there are no restrictions regarding the vCPU count. If 2M hugetlbfs pages are specified, then mem_size_mib must be a multiple of 2. If any of the parameters has an incorrect value, the whole update fails. All parameters that are optional and are not specified are set to their default values (smt = false, track_dirty_pages = false, cpu_template = None, huge_pages = None).
Request Body
Content Types: application/json
Machine Configuration Parameters

  



    

  
    
      
    
    
      put_memory_hotplug(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_memory_hotplug(
  body :: Hyper.Firecracker.Api.MemoryHotplugConfig.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Configures the hotpluggable memory
Configure the hotpluggable memory, which is a virtio-mem device, with an associated memory area that can be hot(un)plugged in the guest on demand using the PATCH API.
Request Body
Content Types: application/json
Hotpluggable memory configuration

  



    

  
    
      
    
    
      put_metrics(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_metrics(body :: Hyper.Firecracker.Api.Metrics.t(), opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Initializes the metrics system by specifying a named pipe or a file for the metrics output.
Request Body
Content Types: application/json
Metrics system description

  



    

  
    
      
    
    
      put_mmds(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_mmds(body :: map(), opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Creates a MMDS (Microvm Metadata Service) data store.
Request Body
Content Types: application/json
The MMDS data store as JSON.

  



    

  
    
      
    
    
      put_mmds_config(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_mmds_config(body :: Hyper.Firecracker.Api.MmdsConfig.t(), opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Set MMDS configuration. Pre-boot only.
Configures MMDS version, IPv4 address used by the MMDS network stack and interfaces that allow MMDS requests.
Request Body
Content Types: application/json
The MMDS configuration as JSON.

  



    

  
    
      
    
    
      put_serial_device(body, opts \\ [])



        
          
        

    

  


  

      

          @spec put_serial_device(
  body :: Hyper.Firecracker.Api.SerialDevice.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Configures the serial console
Configure the serial console, which the guest can write its kernel logs to. Has no effect if the serial console is not also enabled on the guest kernel command line
Request Body
Content Types: application/json
Serial console properties

  



    

  
    
      
    
    
      start_balloon_hinting(body, opts \\ [])



        
          
        

    

  


  

      

          @spec start_balloon_hinting(
  body :: Hyper.Firecracker.Api.BalloonStartCmd.t(),
  opts :: keyword()
) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Starts a free page hinting run only if enabled pre-boot.
Request Body
Content Types: application/json
When the device completes the hinting whether we should automatically ack this.

  



    

  
    
      
    
    
      stop_balloon_hinting(opts \\ [])



        
          
        

    

  


  

      

          @spec stop_balloon_hinting(opts :: keyword()) ::
  :ok | {:error, Hyper.Firecracker.Api.Error.t()}


      


Stops a free page hinting run only if enabled pre-boot.

  


        

      


  

  
    
    Hyper.Firecracker.Api.PartialDrive - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.PartialDrive 
    



      
Provides struct and type for a PartialDrive

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.PartialDrive from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.PartialDrive{
  __info__: any(),
  drive_id: String.t(),
  path_on_host: String.t() | nil,
  rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.PartialDrive from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.PartialNetworkInterface - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.PartialNetworkInterface 
    



      
Provides struct and type for a PartialNetworkInterface

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.PartialNetworkInterface from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.PartialNetworkInterface{
  __info__: any(),
  iface_id: String.t(),
  rx_rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil,
  tx_rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.PartialNetworkInterface from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.PartialPmem - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.PartialPmem 
    



      
Provides struct and type for a PartialPmem

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.PartialPmem from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.PartialPmem{
  __info__: any(),
  id: String.t(),
  rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.PartialPmem from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Pmem - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Pmem 
    



      
Provides struct and type for a Pmem

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.Pmem from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.Pmem{
  __info__: any(),
  id: String.t(),
  path_on_host: String.t(),
  rate_limiter: Hyper.Firecracker.Api.RateLimiter.t() | nil,
  read_only: boolean() | nil,
  root_device: boolean() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.Pmem from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.RateLimiter - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.RateLimiter 
    



      
Provides struct and type for a RateLimiter

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.RateLimiter from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.RateLimiter{
  __info__: any(),
  bandwidth: Hyper.Firecracker.Api.TokenBucket.t() | nil,
  ops: Hyper.Firecracker.Api.TokenBucket.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.RateLimiter from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.SerialDevice - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.SerialDevice 
    



      
Provides struct and type for a SerialDevice

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.SerialDevice from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.SerialDevice{
  __info__: any(),
  rate_limiter: Hyper.Firecracker.Api.TokenBucket.t() | nil,
  serial_out_path: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.SerialDevice from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.SnapshotCreateParams - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.SnapshotCreateParams 
    



      
Provides struct and type for a SnapshotCreateParams

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.SnapshotCreateParams from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.SnapshotCreateParams{
  __info__: any(),
  mem_file_path: String.t(),
  snapshot_path: String.t(),
  snapshot_type: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.SnapshotCreateParams from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.SnapshotLoadParams - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.SnapshotLoadParams 
    



      
Provides struct and type for a SnapshotLoadParams

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.SnapshotLoadParams from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.SnapshotLoadParams{
  __info__: any(),
  clock_realtime: boolean() | nil,
  enable_diff_snapshots: boolean() | nil,
  mem_backend: Hyper.Firecracker.Api.MemoryBackend.t() | nil,
  mem_file_path: String.t() | nil,
  network_overrides: [Hyper.Firecracker.Api.NetworkOverride.t()] | nil,
  resume_vm: boolean() | nil,
  snapshot_path: String.t(),
  track_dirty_pages: boolean() | nil,
  vsock_override: Hyper.Firecracker.Api.VsockOverride.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.SnapshotLoadParams from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.TokenBucket - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.TokenBucket 
    



      
Provides struct and type for a TokenBucket

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.TokenBucket from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.TokenBucket{
  __info__: any(),
  one_time_burst: integer() | nil,
  refill_time: integer(),
  size: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.TokenBucket from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Transport - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Transport 
    



      
oapi_generator client backend for the Firecracker API. Each generated
operation calls request/1 with a plain map describing the call; this issues
it over the target daemon's HTTP-over-Unix-socket API via Req and decodes the
typed response.
The per-VM socket path arrives as opts[:socket_path] (injected by
Hyper.Node.FireVMM.Client). Request bodies are generated structs encoded by
Hyper.Firecracker.Api.Codec (nil-stripped) or, for free-form bodies like
MMDS, plain maps sent verbatim. Typed responses are decoded by the schema's
own generated decode/1 (also from Hyper.Firecracker.Api.Codec).
Returns: :ok (204 / empty), {:ok, decoded} (2xx with a typed body),
{:error, {:api, status, fault_message}} (non-2xx), or
{:error, {:transport, reason}} (socket/connection failure).

      


      
        Summary


  
    Types
  


    
      
        result()

      


    





  
    Functions
  


    
      
        request(info)

      


    





      


      
        Types


        


  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() ::
  :ok
  | {:ok, term()}
  | {:error, {:api, pos_integer(), String.t() | nil} | {:transport, term()}}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      request(info)



        
          
        

    

  


  

      

          @spec request(map()) :: result()


      



  


        

      


  

  
    
    Hyper.Firecracker.Api.VcpuFeatures - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.VcpuFeatures 
    



      
Provides struct and type for a VcpuFeatures

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.VcpuFeatures from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.VcpuFeatures{
  __info__: any(),
  bitmap: String.t(),
  index: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.VcpuFeatures from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Vm - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Vm 
    



      
Provides struct and type for a Vm

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.Vm from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.Vm{__info__: any(), state: String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.Vm from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.Vsock - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.Vsock 
    



      
Provides struct and type for a Vsock

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.Vsock from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.Vsock{
  __info__: any(),
  guest_cid: integer(),
  uds_path: String.t(),
  vsock_id: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.Vsock from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Firecracker.Api.VsockOverride - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Firecracker.Api.VsockOverride 
    



      
Provides struct and type for a VsockOverride

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(data)

      


        Build a Hyper.Firecracker.Api.VsockOverride from a decoded-JSON map. Compile-time generated.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Firecracker.Api.VsockOverride{
  __info__: any(),
  uds_path: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(data)



        
          
        

    

  


  

      

          @spec decode(term()) :: t() | nil | term()


      


Build a Hyper.Firecracker.Api.VsockOverride from a decoded-JSON map. Compile-time generated.

  


        

      


  

  
    
    Hyper.Grpc - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Grpc 
    



      
Public gRPC interface to a Hyper cluster.
The service contract is hyper.grpc.v0.Hyper (see
proto/hyper/grpc/v0/hyper.proto). Any gRPC client, in any language, can
create, stop, locate, and list microVMs. Off-BEAM clients generate their own
stubs from the .proto; BEAM clients can use the generated
Hyper.Grpc.V0.Hyper.Stub together with connect/2.

      


      
        Summary


  
    Functions
  


    
      
        server_children()

      


        The gRPC server's supervisor child, or [] when the server is disabled (the
default). Spliced into the app supervision tree by Hyper.Application.



    





      


      
        Functions


        


  
    
      
    
    
      server_children()



        
          
        

    

  


  

      

          @spec server_children() :: [{module(), keyword()}]


      


The gRPC server's supervisor child, or [] when the server is disabled (the
default). Spliced into the app supervision tree by Hyper.Application.

  


        

      


  

  
    
    Hyper.Grpc.Codec - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Grpc.Codec 
    



      
Translation between the gRPC wire types (Hyper.Grpc.V0.*) and Hyper's domain
types. Two entry points, each dispatching by pattern match on the value's type:
	from_grpc/1 -- an inbound request message -> a domain value.
	to_grpc/1   -- a domain result (or error) -> an outbound response message,
or a GRPC.RPCError for the server to raise.


      


      
        Summary


  
    Functions
  


    
      
        from_grpc(req)

      


        Convert an inbound request message to a domain value.



    


    
      
        to_grpc(arg1)

      


        Convert a domain result to an outbound response message, or an error to GRPC.RPCError.



    





      


      
        Functions


        


  
    
      
    
    
      from_grpc(req)



        
          
        

    

  


  

      

          @spec from_grpc(Hyper.Grpc.V0.CreateVmRequest.t()) ::
  {:ok, Hyper.Vm.Spec.t()} | {:error, term()}


          @spec from_grpc(Hyper.Grpc.V0.LoadImageRequest.t()) ::
  {:ok, {String.t(), keyword()}} | {:error, :missing_image_ref}


      


Convert an inbound request message to a domain value.

  



  
    
      
    
    
      to_grpc(arg1)



        
          
        

    

  


  

      

          @spec to_grpc({:created, Hyper.Vm.Id.t(), node()}) ::
  Hyper.Grpc.V0.CreateVmResponse.t()


          @spec to_grpc({:forked, Hyper.Vm.Id.t(), node()}) :: Hyper.Grpc.V0.ForkVmResponse.t()


          @spec to_grpc({:located, Hyper.Vm.Id.t(), node()}) :: Hyper.Grpc.V0.GetVmResponse.t()


          @spec to_grpc({:usage, Hyper.Vm.Id.t(), Unit.Time.t()}) ::
  Hyper.Grpc.V0.GetVmUsageResponse.t()


          @spec to_grpc({:vms, [{Hyper.Vm.Id.t(), node()}]}) ::
  Hyper.Grpc.V0.ListVmsResponse.t()


          @spec to_grpc({:loaded, Hyper.Img.id()}) :: Hyper.Grpc.V0.LoadImageResponse.t()


          @spec to_grpc(:stopped) :: Google.Protobuf.Empty.t()


          @spec to_grpc({:error, term()}) :: GRPC.RPCError.t()


      


Convert a domain result to an outbound response message, or an error to GRPC.RPCError.

  


        

      


  

  
    
    Hyper.Grpc.Endpoint - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Grpc.Endpoint 
    



      
The gRPC endpoint: logs each call and routes to Hyper.Grpc.Server.

      




  

  
    
    Hyper.Grpc.Server - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Grpc.Server 
    



      
gRPC handler for hyper.grpc.v0.Hyper. A thin translation layer: each RPC
maps its request to a domain value via Hyper.Grpc.Codec.from_grpc/1, calls
the existing Hyper BEAM API, and maps the result back with
Hyper.Grpc.Codec.to_grpc/1 (raising the GRPC.RPCError it returns on error).

      


      
        Summary


  
    Functions
  


    
      
        create_vm(req, stream)

      


    


    
      
        fork_vm(fork_vm_request, stream)

      


    


    
      
        get_vm(get_vm_request, stream)

      


    


    
      
        get_vm_usage(get_vm_usage_request, stream)

      


    


    
      
        list_vms(empty, stream)

      


    


    
      
        load_image(req, stream)

      


    


    
      
        service_name(_)

      


    


    
      
        stop_vm(stop_vm_request, stream)

      


    





      


      
        Functions


        


  
    
      
    
    
      create_vm(req, stream)



        
          
        

    

  


  

      

          @spec create_vm(Hyper.Grpc.V0.CreateVmRequest.t(), GRPC.Server.Stream.t()) ::
  Hyper.Grpc.V0.CreateVmResponse.t()


      



  



  
    
      
    
    
      fork_vm(fork_vm_request, stream)



        
          
        

    

  


  

      

          @spec fork_vm(Hyper.Grpc.V0.ForkVmRequest.t(), GRPC.Server.Stream.t()) ::
  Hyper.Grpc.V0.ForkVmResponse.t()


      



  



  
    
      
    
    
      get_vm(get_vm_request, stream)



        
          
        

    

  


  

      

          @spec get_vm(Hyper.Grpc.V0.GetVmRequest.t(), GRPC.Server.Stream.t()) ::
  Hyper.Grpc.V0.GetVmResponse.t()


      



  



  
    
      
    
    
      get_vm_usage(get_vm_usage_request, stream)



        
          
        

    

  


  

      

          @spec get_vm_usage(Hyper.Grpc.V0.GetVmUsageRequest.t(), GRPC.Server.Stream.t()) ::
  Hyper.Grpc.V0.GetVmUsageResponse.t()


      



  



  
    
      
    
    
      list_vms(empty, stream)



        
          
        

    

  


  

      

          @spec list_vms(Google.Protobuf.Empty.t(), GRPC.Server.Stream.t()) ::
  Hyper.Grpc.V0.ListVmsResponse.t()


      



  



  
    
      
    
    
      load_image(req, stream)



        
          
        

    

  


  

      

          @spec load_image(Hyper.Grpc.V0.LoadImageRequest.t(), GRPC.Server.Stream.t()) ::
  Hyper.Grpc.V0.LoadImageResponse.t()


      



  



  
    
      
    
    
      service_name(_)



        
          
        

    

  


  


  



  
    
      
    
    
      stop_vm(stop_vm_request, stream)



        
          
        

    

  


  

      

          @spec stop_vm(Hyper.Grpc.V0.StopVmRequest.t(), GRPC.Server.Stream.t()) ::
  Google.Protobuf.Empty.t()


      



  


        

      


  

  
    
    Hyper.Metering.Usage - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Metering.Usage 
    



      
One VM's metered compute over one wall-clock window: cpu_usec is CPU time
the VM actually executed between window_start and window_end, measured
from its cgroup's cpu.stat by Hyper.Node.FireVMM.Meter.
Append-only: one row per VM per flush window (plus a final row at teardown),
never updated. Windows with zero consumption are not recorded — absence of
rows over a span means no compute happened. Billing reads total/1 (a VM's
lifetime compute) or total/3 (compute over a half-open [from, to) range,
bucketed by window_start so consecutive ranges never double-count).
Stored in the cluster's shared Postgres via Hyper.Img.Db.Repo — usage
rows have no foreign keys so a billing record outlives the VM, its image,
and its lease.

      


      
        Summary


  
    Types
  


    
      
        attrs()

      


    





  
    Functions
  


    
      
        record(attrs)

      


        Record one usage window. Zero-consumption windows are refused, not stored.



    


    
      
        total(vm_id)

      


        A VM's lifetime metered compute; nil when the VM was never metered.



    


    
      
        total(vm_id, from, to)

      


        A VM's metered compute across windows starting in [from, to); nil when
none do. A window straddling to counts whole — usage is bucketed by
window_start, so consecutive ranges never double-count.



    





      


      
        Types


        


  
    
      
    
    
      attrs()



        
          
        

    

  


  

      

          @type attrs() :: %{
  vm_id: Hyper.Vm.Id.t(),
  node_id: String.t(),
  window_start: DateTime.t(),
  window_end: DateTime.t(),
  cpu_time: Unit.Time.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      record(attrs)



        
          
        

    

  


  

      

          @spec record(attrs()) :: :ok | {:error, Ecto.Changeset.t() | Exception.t()}


      


Record one usage window. Zero-consumption windows are refused, not stored.
Idempotent on (vm_id, window_start): a retried flush whose earlier attempt
actually committed (the insert succeeded server-side but the client saw an
error) is dropped by the unique index rather than double-billed. DB failures
(connection loss, timeouts) are returned as {:error, exception}, never
raised — the meter's keep-and-retry loop depends on that.

  



  
    
      
    
    
      total(vm_id)



        
          
        

    

  


  

      

          @spec total(Hyper.Vm.Id.t()) :: Unit.Time.t() | nil


      


A VM's lifetime metered compute; nil when the VM was never metered.

  



  
    
      
    
    
      total(vm_id, from, to)



        
          
        

    

  


  

      

          @spec total(Hyper.Vm.Id.t(), DateTime.t(), DateTime.t()) :: Unit.Time.t() | nil


      


A VM's metered compute across windows starting in [from, to); nil when
none do. A window straddling to counts whole — usage is bucketed by
window_start, so consecutive ranges never double-count.

  


        

      


  

  
    
    Hyper.SuidHelper.Blockcopy - Hyper v0.1.0
    
    

    


  
  

    
Hyper.SuidHelper.Blockcopy 
    



      
Chunked ranged copy between block devices, via the setuid helper's
blockcopy tool — used to fill a fork delta layer's COW store with exactly
the divergent chunks.

      


      
        Summary


  
    Types
  


    
      
        err()

      


    





  
    Functions
  


    
      
        copy(src, dst, ranges_spec)

      


        Copy exactly the provisioned block ranges in ranges_spec (the map
Hyper.Node.Img.ThinPool.mappings/1 returns) from src into dst at
identical offsets, via the setuid helper's blockcopy tool.



    





      


      
        Types


        


  
    
      
    
    
      err()



        
          
        

    

  


  

      

          @type err() :: Hyper.SuidHelper.err()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      copy(src, dst, ranges_spec)



        
          
        

    

  


  

      

          @spec copy(Path.t(), Path.t(), %{
  block_sectors: pos_integer(),
  ranges: [[non_neg_integer()]]
}) ::
  {:ok, %{scanned: non_neg_integer(), written: non_neg_integer()}}
  | {:error, err() | File.posix()}


      


Copy exactly the provisioned block ranges in ranges_spec (the map
Hyper.Node.Img.ThinPool.mappings/1 returns) from src into dst at
identical offsets, via the setuid helper's blockcopy tool.
The range list rides to the helper as a temp file — it can be thousands of
entries, far past argv limits — written and cleaned up here; the helper
validates it pre-privilege.

  


        

      


  

  
    
    Hyper.SuidHelper.Blockdev - Hyper v0.1.0
    
    

    


  
  

    
Hyper.SuidHelper.Blockdev 
    



      
Block-device queries, via the setuid helper's blockdev tool.

      


      
        Summary


  
    Types
  


    
      
        err()

      


    





  
    Functions
  


    
      
        device_sectors(path)

      


        Size of the block device at path, in 512-byte sectors.



    





      


      
        Types


        


  
    
      
    
    
      err()



        
          
        

    

  


  

      

          @type err() :: Hyper.SuidHelper.err()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      device_sectors(path)



        
          
        

    

  


  

      

          @spec device_sectors(Path.t()) :: {:ok, pos_integer()} | {:error, err()}


      


Size of the block device at path, in 512-byte sectors.

  


        

      


  

  
    
    Hyper.SuidHelper.ChrootJail - Hyper v0.1.0
    
    

    


  
  

    
Hyper.SuidHelper.ChrootJail 
    



      
Privileged chroot/jail lifecycle, via the setuid helper's chroot-jail
subcommands (prepare / remove). These are built into the helper (no
external binary), so there is no separate test_system/0 -
Hyper.SuidHelper.test_system/0 already checks the helper itself is present.

      


      
        Summary


  
    Types
  


    
      
        err()

      


    





  
    Functions
  


    
      
        grant_api(socket)

      


        Hand the firecracker API socket to the node user so the unprivileged
controller can connect() to it. The jailer drops firecracker to a per-VM
uid/gid and chroots it, so the socket it creates is owned by that per-VM id and
the node (a different uid) gets EACCES on connect. The helper chowns just
that one socket to its caller (the node user) and chmods it 0660, leaving the
rest of the per-VM isolation intact.



    


    
      
        grant_vsock(socket)

      


        Hand the firecracker vsock socket to the node user so the unprivileged
controller can set up the guest AF_VSOCK connection. Firecracker creates the
vsock Unix-domain socket inside the jail owned by the per-VM uid/gid; the node
(a different uid) gets EACCES. The helper chowns just that one socket to its
caller and chmods it 0660, leaving the rest of the per-VM isolation intact.



    


    
      
        prepare(chroot_root, kernel, device, uid, gid)

      


        Prepare chroot_root's boot artifacts: stage the kernel file in and mknod
a node mirroring the rootfs device, both owned uid:gid. The helper places
them at the fixed in-jail names (/vmlinux, /rootfs) and reads the device's
major:minor itself.



    


    
      
        remove(chroot, cgroup)

      


        Remove a VM's stale jail before (re)launch: recursively delete the per-VM
chroot dir and rmdir its (empty) cgroup leaf. Idempotent - a first boot with no
prior state is a no-op. The helper confines chroot under the jail base and
cgroup under /sys/fs/cgroup (see native/suidhelper).



    





      


      
        Types


        


  
    
      
    
    
      err()



        
          
        

    

  


  

      

          @type err() :: Hyper.SuidHelper.err()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      grant_api(socket)



        
          
        

    

  


  

      

          @spec grant_api(Path.t()) :: :ok | {:error, :socket_pending} | {:error, err()}


      


Hand the firecracker API socket to the node user so the unprivileged
controller can connect() to it. The jailer drops firecracker to a per-VM
uid/gid and chroots it, so the socket it creates is owned by that per-VM id and
the node (a different uid) gets EACCES on connect. The helper chowns just
that one socket to its caller (the node user) and chmods it 0660, leaving the
rest of the per-VM isolation intact.
Returns {:error, :socket_pending} while firecracker has not yet created the
socket, so the caller can keep waiting.

  



  
    
      
    
    
      grant_vsock(socket)



        
          
        

    

  


  

      

          @spec grant_vsock(Path.t()) :: :ok | {:error, :socket_pending} | {:error, err()}


      


Hand the firecracker vsock socket to the node user so the unprivileged
controller can set up the guest AF_VSOCK connection. Firecracker creates the
vsock Unix-domain socket inside the jail owned by the per-VM uid/gid; the node
(a different uid) gets EACCES. The helper chowns just that one socket to its
caller and chmods it 0660, leaving the rest of the per-VM isolation intact.
Returns {:error, :socket_pending} while firecracker has not yet created the
vsock socket, so the caller can keep waiting.

  



  
    
      
    
    
      prepare(chroot_root, kernel, device, uid, gid)



        
          
        

    

  


  

      

          @spec prepare(Path.t(), Path.t(), Path.t(), non_neg_integer(), non_neg_integer()) ::
  :ok | {:error, err()}


      


Prepare chroot_root's boot artifacts: stage the kernel file in and mknod
a node mirroring the rootfs device, both owned uid:gid. The helper places
them at the fixed in-jail names (/vmlinux, /rootfs) and reads the device's
major:minor itself.

  



  
    
      
    
    
      remove(chroot, cgroup)



        
          
        

    

  


  

      

          @spec remove(Path.t(), Path.t()) :: :ok | {:error, err()}


      


Remove a VM's stale jail before (re)launch: recursively delete the per-VM
chroot dir and rmdir its (empty) cgroup leaf. Idempotent - a first boot with no
prior state is a no-op. The helper confines chroot under the jail base and
cgroup under /sys/fs/cgroup (see native/suidhelper).

  


        

      


  

  
    
    Hyper.SuidHelper.Dmsetup - Hyper v0.1.0
    
    

    


  
  

    
Hyper.SuidHelper.Dmsetup 
    



      
device-mapper operations (snapshot / thin), via the setuid helper's dmsetup tool.

      


      
        Summary


  
    Types
  


    
      
        err()

      


    





  
    Functions
  


    
      
        create_snapshot(name, origin_dev, cow_dev, sectors)

      


        Create a read-only dm-snapshot device named name, layering cow_dev
(exception store) over origin_dev. sectors is the logical size in 512-byte
sectors. Returns the /dev/mapper/<name> path.



    


    
      
        create_snapshot_rw(name, origin_dev, cow_dev, sectors)

      


        Create a writable dm-snapshot device named name over origin_dev, with
cow_dev as its exception store. Writes to the device land in cow_dev,
which is how a fork's delta layer file is populated. Same table as
create_snapshot/4, minus --readonly.



    


    
      
        create_thin_external(name, pool_dev, dev_id, sectors, origin_dev)

      


        Create a dm-thin volume name of sectors from thin device id dev_id in
pool_dev, with origin_dev as its read-only external origin. Returns
/dev/mapper/<name>.



    


    
      
        create_thin_pool(name, meta_dev, data_dev, sectors, block_sectors, low_water)

      


        Create a dm-thin pool name backed by meta_dev (metadata loop) and
data_dev (data loop). sectors is the data device size; block_sectors the
allocation block size; low_water the low-water mark in blocks. Returns the
/dev/mapper/<name> path.



    


    
      
        list()

      


        Names of every device-mapper device currently present on this host.



    


    
      
        message(name, message)

      


        Send a thin-pool message to dm device name.



    


    
      
        remove(name)

      


        Remove the dm device name.



    


    
      
        resume(name)

      


        Resume the suspended dm device name.



    


    
      
        suspend(name)

      


        Suspend dm device name, flushing queued I/O. Pair with resume/1.



    


    
      
        test_system()

      


        Verify the kernel exposes the dm targets we use (snapshot, thin, thin-pool).



    





      


      
        Types


        


  
    
      
    
    
      err()



        
          
        

    

  


  

      

          @type err() :: Hyper.SuidHelper.err()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      create_snapshot(name, origin_dev, cow_dev, sectors)



        
          
        

    

  


  

      

          @spec create_snapshot(String.t(), Path.t(), Path.t(), pos_integer()) ::
  {:ok, Path.t()} | {:error, err()}


      


Create a read-only dm-snapshot device named name, layering cow_dev
(exception store) over origin_dev. sectors is the logical size in 512-byte
sectors. Returns the /dev/mapper/<name> path.

  



  
    
      
    
    
      create_snapshot_rw(name, origin_dev, cow_dev, sectors)



        
          
        

    

  


  

      

          @spec create_snapshot_rw(String.t(), Path.t(), Path.t(), pos_integer()) ::
  {:ok, Path.t()} | {:error, err()}


      


Create a writable dm-snapshot device named name over origin_dev, with
cow_dev as its exception store. Writes to the device land in cow_dev,
which is how a fork's delta layer file is populated. Same table as
create_snapshot/4, minus --readonly.

  



  
    
      
    
    
      create_thin_external(name, pool_dev, dev_id, sectors, origin_dev)



        
          
        

    

  


  

      

          @spec create_thin_external(
  String.t(),
  Path.t(),
  non_neg_integer(),
  pos_integer(),
  Path.t()
) ::
  {:ok, Path.t()} | {:error, err()}


      


Create a dm-thin volume name of sectors from thin device id dev_id in
pool_dev, with origin_dev as its read-only external origin. Returns
/dev/mapper/<name>.

  



  
    
      
    
    
      create_thin_pool(name, meta_dev, data_dev, sectors, block_sectors, low_water)



        
          
        

    

  


  

      

          @spec create_thin_pool(
  String.t(),
  Path.t(),
  Path.t(),
  pos_integer(),
  pos_integer(),
  non_neg_integer()
) :: {:ok, Path.t()} | {:error, err()}


      


Create a dm-thin pool name backed by meta_dev (metadata loop) and
data_dev (data loop). sectors is the data device size; block_sectors the
allocation block size; low_water the low-water mark in blocks. Returns the
/dev/mapper/<name> path.

  



  
    
      
    
    
      list()



        
          
        

    

  


  

      

          @spec list() :: {:ok, [String.t()]} | {:error, err()}


      


Names of every device-mapper device currently present on this host.

  



  
    
      
    
    
      message(name, message)



        
          
        

    

  


  

      

          @spec message(String.t(), String.t()) :: :ok | {:error, err()}


      


Send a thin-pool message to dm device name.

  



  
    
      
    
    
      remove(name)



        
          
        

    

  


  

      

          @spec remove(String.t()) :: :ok | {:error, err()}


      


Remove the dm device name.

  



  
    
      
    
    
      resume(name)



        
          
        

    

  


  

      

          @spec resume(String.t()) :: :ok | {:error, err()}


      


Resume the suspended dm device name.

  



  
    
      
    
    
      suspend(name)



        
          
        

    

  


  

      

          @spec suspend(String.t()) :: :ok | {:error, err()}


      


Suspend dm device name, flushing queued I/O. Pair with resume/1.

  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      


Verify the kernel exposes the dm targets we use (snapshot, thin, thin-pool).
Routes through the setuid helper: dmsetup targets opens /dev/mapper/control,
which needs root, and the BEAM runs unprivileged. The helper validates its
configured dmsetup binary before running it, so a missing or unsafe binary
surfaces here too.

  


        

      


  

  
    
    Hyper.SuidHelper.Losetup - Hyper v0.1.0
    
    

    


  
  

    
Hyper.SuidHelper.Losetup 
    



      
Loop-device operations, via the setuid helper's losetup tool.

      


      
        Summary


  
    Types
  


    
      
        err()

      


    





  
    Functions
  


    
      
        attach_ro(path)

      


        Attach path as a read-only loop-back block device.



    


    
      
        attach_rw(path)

      


        Attach path as a read-write loop-back block device.



    


    
      
        detach(dev)

      


        Detach the loop block device at dev.



    


    
      
        list()

      


        Currently-attached loop devices as {device, backing_file} pairs.



    





      


      
        Types


        


  
    
      
    
    
      err()



        
          
        

    

  


  

      

          @type err() :: Hyper.SuidHelper.err()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      attach_ro(path)



        
          
        

    

  


  

      

          @spec attach_ro(Path.t()) :: {:ok, Path.t()} | {:error, err()}


      


Attach path as a read-only loop-back block device.

  



  
    
      
    
    
      attach_rw(path)



        
          
        

    

  


  

      

          @spec attach_rw(Path.t()) :: {:ok, Path.t()} | {:error, err()}


      


Attach path as a read-write loop-back block device.

  



  
    
      
    
    
      detach(dev)



        
          
        

    

  


  

      

          @spec detach(Path.t()) :: :ok | {:error, err()}


      


Detach the loop block device at dev.

  



  
    
      
    
    
      list()



        
          
        

    

  


  

      

          @spec list() :: {:ok, [{Path.t(), Path.t()}]} | {:error, err()}


      


Currently-attached loop devices as {device, backing_file} pairs.

  


        

      


  

  
    
    Hyper.SuidHelper.Network - Hyper v0.1.0
    
    

    


  
  

    
Hyper.SuidHelper.Network 
    



      
Privileged per-VM egress networking via the setuid helper's network
subcommands. The helper derives every address, interface name, and netns path
from vm_id + the validated uid + the root-owned [network] config — the
node passes only those two untrusted values.

      


      
        Summary


  
    Types
  


    
      
        err()

      


    





  
    Functions
  


    
      
        host_init()

      


        Ensure the host-wide hyper nft table (masquerade + forward policy) exists. Idempotent.



    


    
      
        prepare(vm_id, uid)

      


        Create vm_id's netns, veth pair, TAP, and NAT rules. Idempotent-safe on relaunch.



    


    
      
        teardown(vm_id, uid)

      


        Remove vm_id's netns and host veth. Idempotent (a never-prepared VM is a no-op).



    


    
      
        teardown_orphan(vm_id)

      


        Remove vm_id's netns by id alone, with no uid — for the Reaper's
crashed-node backstop, where the owning node never persisted a uid to derive
the clone-pool slot from. Idempotent: a netns already gone (raced with a
normal teardown/2, or never fully created) is not an error.



    





      


      
        Types


        


  
    
      
    
    
      err()



        
          
        

    

  


  

      

          @type err() :: Hyper.SuidHelper.err()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      host_init()



        
          
        

    

  


  

      

          @spec host_init() :: :ok | {:error, err()}


      


Ensure the host-wide hyper nft table (masquerade + forward policy) exists. Idempotent.

  



  
    
      
    
    
      prepare(vm_id, uid)



        
          
        

    

  


  

      

          @spec prepare(Hyper.Vm.Id.t(), non_neg_integer()) :: :ok | {:error, err()}


      


Create vm_id's netns, veth pair, TAP, and NAT rules. Idempotent-safe on relaunch.

  



  
    
      
    
    
      teardown(vm_id, uid)



        
          
        

    

  


  

      

          @spec teardown(Hyper.Vm.Id.t(), non_neg_integer()) :: :ok | {:error, err()}


      


Remove vm_id's netns and host veth. Idempotent (a never-prepared VM is a no-op).

  



  
    
      
    
    
      teardown_orphan(vm_id)



        
          
        

    

  


  

      

          @spec teardown_orphan(Hyper.Vm.Id.t()) :: :ok | {:error, err()}


      


Remove vm_id's netns by id alone, with no uid — for the Reaper's
crashed-node backstop, where the owning node never persisted a uid to derive
the clone-pool slot from. Idempotent: a netns already gone (raced with a
normal teardown/2, or never fully created) is not an error.

  


        

      


  

  
    
    Hyper.SuidHelper.ThinDump - Hyper v0.1.0
    
    

    


  
  

    
Hyper.SuidHelper.ThinDump 
    



      
Extract a thin device's provisioned-range map from the pool's metadata, via
the setuid helper's thin-dump tool (thin-provisioning-tools). Only valid
while the pool's metadata snapshot is reserved — see
Hyper.Node.Img.ThinPool.mappings/1, the sole intended caller.

      


      
        Summary


  
    Types
  


    
      
        err()

      


    





  
    Functions
  


    
      
        mappings(meta_dev, dev_id)

      


        Provisioned [begin, length] ranges of thin device dev_id in pool blocks,
plus the pool block size in 512-byte sectors — the shape
Hyper.SuidHelper.Blockcopy.copy/3 consumes verbatim as ranges_spec.



    





      


      
        Types


        


  
    
      
    
    
      err()



        
          
        

    

  


  

      

          @type err() :: Hyper.SuidHelper.err()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      mappings(meta_dev, dev_id)



        
          
        

    

  


  

      

          @spec mappings(Path.t(), non_neg_integer()) ::
  {:ok, %{block_sectors: pos_integer(), ranges: [[non_neg_integer()]]}}
  | {:error, err()}


      


Provisioned [begin, length] ranges of thin device dev_id in pool blocks,
plus the pool block size in 512-byte sectors — the shape
Hyper.SuidHelper.Blockcopy.copy/3 consumes verbatim as ranges_spec.

  


        

      


  

  
    
    Redist.File - Hyper v0.1.0
    
    

    


  
  

    
Redist.File 
    



      
Fetches a single raw file from a URL, verifies its SHA-256, and installs it at
a destination path. The raw-file analogue of Redist.Targz (used for
assets that ship as plain files rather than tarballs, e.g. vmlinux images).

      


      
        Summary


  
    Functions
  


    
      
        install(url, sha256, dest_path)

      


        Download url, verify its SHA-256 equals sha256 (lowercase hex), and install
the file at dest_path (creating parent directories). The download lands in a
temp dir first, so a failed verify never leaves a partial file at dest_path.



    





      


      
        Functions


        


  
    
      
    
    
      install(url, sha256, dest_path)



        
          
        

    

  


  

      

          @spec install(String.t(), String.t(), Path.t()) ::
  :ok
  | {:error,
     {:download_failed, non_neg_integer()}
     | {:download_error, term()}
     | {:checksum_mismatch, String.t(), String.t()}
     | {:install_failed, term()}}


      


Download url, verify its SHA-256 equals sha256 (lowercase hex), and install
the file at dest_path (creating parent directories). The download lands in a
temp dir first, so a failed verify never leaves a partial file at dest_path.

  


        

      


  

  
    
    Redist.Sha256 - Hyper v0.1.0
    
    

    


  
  

    
Redist.Sha256 
    



      
Streaming SHA-256 of a file, returned as lowercase hex.

      


      
        Summary


  
    Functions
  


    
      
        file(path)

      


        Streaming SHA-256 of the file at path, as lowercase hex.



    





      


      
        Functions


        


  
    
      
    
    
      file(path)



        
          
        

    

  


  

      

          @spec file(Path.t()) :: String.t()


      


Streaming SHA-256 of the file at path, as lowercase hex.

  


        

      


  

  
    
    Redist.Targz - Hyper v0.1.0
    
    

    


  
  

    
Redist.Targz 
    



      
Fetches a gzipped tarball from a URL, verifies its SHA-256, and extracts it
into a directory.
Refusal behaviour:
	A wrong checksum returns {:error, {:checksum_mismatch, …}} before
dest_dir is created.
	A non-200 HTTP response returns {:error, {:download_failed, status}}
before dest_dir is created.
	A path-traversal (../) tar entry causes :erl_tar to refuse the
archive before writing any entry; nothing escapes dest_dir. An empty
dest_dir may be created as a side-effect, but no content is extracted.


      


      
        Summary


  
    Functions
  


    
      
        install(url, sha256, dest_dir)

      


        Download url, verify its SHA-256 equals sha256 (lowercase hex), and extract
the archive into dest_dir.



    





      


      
        Functions


        


  
    
      
    
    
      install(url, sha256, dest_dir)



        
          
        

    

  


  

      

          @spec install(String.t(), String.t(), Path.t()) ::
  :ok
  | {:error,
     {:download_failed, non_neg_integer()}
     | {:download_error, term()}
     | {:checksum_mismatch, String.t(), String.t()}
     | {:unsafe_tar_entry, String.t()}
     | {:extract_failed, term()}}


      


Download url, verify its SHA-256 equals sha256 (lowercase hex), and extract
the archive into dest_dir.

  


        

      


  

  
    
    Hyper.Vm - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Vm 
    



      
A microVM handle (its controller pid) and cluster-wide fork operations.

      


      
        Summary


  
    Types
  


    
      
        source()

      


        What a VM boots from: explicit, already-jail-visible artifact paths for a cold
boot (kernel + root drive). boot_args defaults to a standard serial-console
cmdline when omitted. vm_id is required — networking is mandatory and
BootSpec.resolve/2 derives the guest NIC (ip= cmdline + MAC) from it.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        fast_fork(vm)

      


        Attempt to create a fast fork of this VM.



    


    
      
        fork(vm)

      


        Fork this VM, colocating on its own node when it fits (fast_fork/1). When
the local node refuses admission, the parent's disk state is published as a
new immutable delta layer and the child is scheduled cluster-wide, preferring
nodes that already hold the image's layers. Never refuses for lack of local
resources; can still error on faults (unknown VM, unreachable node, storage
errors) or a cluster-wide :no_capacity or :exhausted.



    





      


      
        Types


        


  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() :: %{
  :kernel_image_path => Path.t(),
  :root_drive_path => Path.t(),
  :vm_id => Hyper.Vm.Id.t(),
  optional(:boot_args) => String.t()
}


      


What a VM boots from: explicit, already-jail-visible artifact paths for a cold
boot (kernel + root drive). boot_args defaults to a standard serial-console
cmdline when omitted. vm_id is required — networking is mandatory and
BootSpec.resolve/2 derives the guest NIC (ip= cmdline + MAC) from it.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: pid()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      fast_fork(vm)



        
          
        

    

  


  

      

          @spec fast_fork(t()) :: {:ok, t()} | {:error, term()}


      


Attempt to create a fast fork of this VM.
A fast fork is guaranteed to co-locate on the same Hyper.Node. If the node does not have
sufficient runtime resources (out-of-memory, out-of-cpu), then this function will gracefully
error.
If you want to, instead, have logic which falls back to a slow fork, ie. one which snapshots
the state of the VM, transferring it to another node, and then spawning the VM there, then you
should see Hyper.Vm.fork/1.

  



  
    
      
    
    
      fork(vm)



        
          
        

    

  


  

      

          @spec fork(t()) :: {:ok, t()} | {:error, term()}


      


Fork this VM, colocating on its own node when it fits (fast_fork/1). When
the local node refuses admission, the parent's disk state is published as a
new immutable delta layer and the child is scheduled cluster-wide, preferring
nodes that already hold the image's layers. Never refuses for lack of local
resources; can still error on faults (unknown VM, unreachable node, storage
errors) or a cluster-wide :no_capacity or :exhausted.

  


        

      


  

  
    
    Hyper.Vm.Id - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Vm.Id 
    



      
A microVM id and its generator.
An id is a v prefix followed by lowercase base32 of 10 random bytes, charset
[a-z2-7] - alphanumeric only, no -, _, or other punctuation. That charset
is the intersection of three independent constraints the id must satisfy at
once:
	firecracker rejects _ in an instance id (InvalidInstanceId);
	dm/jailer names must not start with -;
	registry keys and chroot path components stay trivially safe.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        generate()

      


        Generate a fresh, random VM id (see the module doc for the charset contract).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: String.t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      generate()



        
          
        

    

  


  

      

          @spec generate() :: t()


      


Generate a fresh, random VM id (see the module doc for the charset contract).
The previous base64url encoding emitted - and _, so it could produce ids
firecracker refused at boot (Invalid char (_)).

  


        

      


  

  
    
    Hyper.Vm.Instance - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Vm.Instance 
    



      
Named instance types - fixed (vCPU, memory) sizes, like cloud instance classes.
The caller picks a type instead of juggling raw numbers; this module turns it
into host-side resource caps expressed as firecracker jailer flags.
We run firecracker under the jailer,
which creates the cgroup (+ chroot, namespaces, privilege drop) and applies
--cgroup <file>=<value> settings before exec'ing firecracker. cgroup/1
returns those --cgroup args (cgroup v2 only) ready to splice into the
jailer command.

      


      
        Summary


  
    Types
  


    
      
        arch()

      


        The CPU architecture an instance's guest runs on.



    


    
      
        t()

      


        An instance size.



    





  
    Functions
  


    
      
        arches()

      


        All supported instance architectures.



    


    
      
        spec(type)

      


        The full resource bundle for a type. vcpus and mem feed both the cgroup
caps and firecracker's machine-config; disk sizes the rootfs image; the
disk_bw/net_bw throughputs feed firecracker's drive/NIC rate limiters.



    


    
      
        types()

      


        All known instance types.



    





      


      
        Types


        


  
    
      
    
    
      arch()



        
          
        

    

  


  

      

          @type arch() :: Sys.Arch.t()


      


The CPU architecture an instance's guest runs on.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  :micro
  | :milli
  | :centi
  | :deci
  | :base
  | :deca
  | :hecto
  | :kilo
  | :mega
  | :giga
  | :tera


      


An instance size.

  


        

      

      
        Functions


        


  
    
      
    
    
      arches()



        
          
        

    

  


  

      

          @spec arches() :: [arch()]


      


All supported instance architectures.

  



  
    
      
    
    
      spec(type)



        
          
        

    

  


  

      

          @spec spec(t()) :: Hyper.Vm.Instance.Spec.t()


      


The full resource bundle for a type. vcpus and mem feed both the cgroup
caps and firecracker's machine-config; disk sizes the rootfs image; the
disk_bw/net_bw throughputs feed firecracker's drive/NIC rate limiters.

  



  
    
      
    
    
      types()



        
          
        

    

  


  

      

          @spec types() :: [t()]


      


All known instance types.

  


        

      


  

  
    
    Hyper.Vm.Instance.Spec - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Vm.Instance.Spec 
    



      
Resource bundle for one instance type.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        cgroup_v2(spec)

      


    


    
      
        machine_config(spec)

      


        Firecracker machine-config for this spec, the guest-facing analog of
cgroup_v2/1. vcpus is a fractional cgroup quota; the guest needs a positive
integer count, so it's rounded up and floored at 1 (a 0.25-vCPU :micro still
presents one vCPU). Memory is the spec's mem in MiB.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Vm.Instance.Spec{
  disk: Unit.Information.t(),
  disk_bw: Unit.Bandwidth.t(),
  mem: Unit.Information.t(),
  net_bw: Unit.Bandwidth.t(),
  vcpus: number()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cgroup_v2(spec)



        
          
        

    

  


  

      

          @spec cgroup_v2(t()) :: Sys.Linux.Cgroup.V2.Config.t()


      



  



  
    
      
    
    
      machine_config(spec)



        
          
        

    

  


  

      

          @spec machine_config(t()) :: Hyper.Firecracker.Api.MachineConfiguration.t()


      


Firecracker machine-config for this spec, the guest-facing analog of
cgroup_v2/1. vcpus is a fractional cgroup quota; the guest needs a positive
integer count, so it's rounded up and floored at 1 (a 0.25-vCPU :micro still
presents one vCPU). Memory is the spec's mem in MiB.

  


        

      


  

  
    
    Hyper.Vm.Spec - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Vm.Spec 
    



      
A request to create a VM: which image to boot, the instance size, the guest
architecture, and optional kernel boot args.
type defaults to :base. arch defaults to nil, meaning "resolve to the
scheduling node's architecture at create time" (Hyper.create_vm/1 fills it in
via Sys.Arch.current/0). boot_args defaults to nil, meaning the standard
serial-console cmdline (Hyper.Node.FireVMM.BootSpec's default).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Vm.Spec{
  arch: Hyper.Vm.Instance.arch() | nil,
  boot_args: String.t() | nil,
  img_id: Hyper.Img.id(),
  type: Hyper.Vm.Instance.t()
}


      



  


        

      


  

  
    
    Hyper.Node - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node 
    



      
Per-machine supervisor. Exactly one Hyper.Node runs per BEAM node; it owns
every microVM scheduled onto this machine.
Children:
	VM routing lives in Hyper.Cluster.Routing (a cluster-wide CRDT started by
Hyper.Cluster, above this supervisor), not here - this node only owns the
local processes that run its microVMs.

	Hyper.Node.ImageStore - a node-local content-addressed blob cache. Started
before the VM supervisor so VMs can pull base images on boot.

	Hyper.Node.VMSupervisor - a local DynamicSupervisor that starts one
Hyper.Node.FireVMM per VM. Local on purpose: a firecracker VM is pinned to
this machine's kernel/rootfs/cgroup/tap devices and cannot migrate, so we
deliberately avoid Horde.DynamicSupervisor (which would try to restart
VMs on a surviving node - cold-booting a ghost).

	Hyper.Node.Users - manages an availability pool of users. Each VM gets its own user id
and group id.

	Hyper.Node.Budget.Supervisor - the node's resource budget: hard
memory/disk accounting (Hyper.Node.Budget.Hard) plus the Sys.Mon
real-time monitors backing the soft budget (Hyper.Node.Budget.Soft).
Lives here, not at the application root, because both are per-node and only
meaningful while this node hosts VMs.

	Hyper.Node.Reaper - a periodic, liveness-aware GC for per-VM host
resources (orphaned firecracker cgroups and hyper-rw-* dm volumes) stranded
by an unclean death whose vm_id never reboots. Started last so the VM
supervisor it consults for liveness is already up.



      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        exec(vm_id, argv, opts \\ [])

      


        Run argv in a VM hosted on this node, identified by vm_id, via its
relay/agent. The node-local half of Hyper.exec/3, which resolves the owning
node and :erpc-calls this function there.



    


    
      
        fork_vm_local(parent_vm_id)

      


        Fork the running VM parent_vm_id onto this node: budget-admitted like any
placement (try_run/3), erroring with the node's admission verdict
(:mem_exhausted, :cpu_saturated, ...) instead of falling back elsewhere.
The guest is asked to sync first (best-effort); the snapshot is otherwise
crash-consistent, like a power cut.



    


    
      
        publish_fork_image(vm_id)

      


        Publish the running VM vm_id's disk state as a new derived image and return
what a remote node needs to boot a fork of it: the new img_id plus the
parent's instance type, arch, and boot_args. The slow-fork half of
Hyper.Vm.fork/1; the parent keeps running throughout.



    


    
      
        start_forked_vm(child_vm_id, parent)

      


        Boot a fork of the running parent VM (described by its start Opts) on this
node: same image lineage, rootfs snapshotted COW-style from the parent's
mutable layer.



    


    
      
        start_image_vm(vm_id, spec)

      


        Boot an image-backed VM on this node: claim a uid, build the mutable rootfs
layer, resolve the kernel, and start the VM supervisor. The uid is freed and
the mutable layer torn down automatically when the VM supervisor dies.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        start_vm(opts)

      


        Start a microVM on this node.



    


    
      
        stop_image_vm(pid)

      


        Tear down an image-backed VM started by start_image_vm/2.



    


    
      
        test_system()

      


    


    
      
        try_run(spec, start_fun, stop_fun)

      


        Start a VM here and confirm its budget.



    


    
      
        unflushed_usage(vm_id)

      


        CPU time accrued by vm_id's meter on this node but not yet flushed to
the usage table. The node-local half of Hyper.usage/1, which resolves the
owning node and :erpc-calls this function there.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      exec(vm_id, argv, opts \\ [])



        
          
        

    

  


  

      

          @spec exec(Hyper.Vm.Id.t(), [String.t()], keyword()) ::
  {:ok, %{stdout: binary(), stderr: binary(), exit_code: integer()}}
  | {:error, term()}


      


Run argv in a VM hosted on this node, identified by vm_id, via its
relay/agent. The node-local half of Hyper.exec/3, which resolves the owning
node and :erpc-calls this function there.

  



  
    
      
    
    
      fork_vm_local(parent_vm_id)



        
          
        

    

  


  

      

          @spec fork_vm_local(Hyper.Vm.Id.t()) :: {:ok, pid()} | {:error, term()}


      


Fork the running VM parent_vm_id onto this node: budget-admitted like any
placement (try_run/3), erroring with the node's admission verdict
(:mem_exhausted, :cpu_saturated, ...) instead of falling back elsewhere.
The guest is asked to sync first (best-effort); the snapshot is otherwise
crash-consistent, like a power cut.

  



  
    
      
    
    
      publish_fork_image(vm_id)



        
          
        

    

  


  

      

          @spec publish_fork_image(Hyper.Vm.Id.t()) ::
  {:ok,
   %{
     img_id: Hyper.Img.id(),
     type: Hyper.Vm.Instance.t(),
     arch: Hyper.Vm.Instance.arch(),
     boot_args: String.t() | nil
   }}
  | {:error, term()}


      


Publish the running VM vm_id's disk state as a new derived image and return
what a remote node needs to boot a fork of it: the new img_id plus the
parent's instance type, arch, and boot_args. The slow-fork half of
Hyper.Vm.fork/1; the parent keeps running throughout.

  



  
    
      
    
    
      start_forked_vm(child_vm_id, parent)



        
          
        

    

  


  

      

          @spec start_forked_vm(Hyper.Vm.Id.t(), Hyper.Node.FireVMM.Opts.t()) ::
  {:ok, pid()} | {:error, term()}


      


Boot a fork of the running parent VM (described by its start Opts) on this
node: same image lineage, rootfs snapshotted COW-style from the parent's
mutable layer.

  



  
    
      
    
    
      start_image_vm(vm_id, spec)



        
          
        

    

  


  

      

          @spec start_image_vm(Hyper.Vm.Id.t(), Hyper.Vm.Spec.t()) ::
  {:ok, pid()} | {:error, term()}


      


Boot an image-backed VM on this node: claim a uid, build the mutable rootfs
layer, resolve the kernel, and start the VM supervisor. The uid is freed and
the mutable layer torn down automatically when the VM supervisor dies.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      start_vm(opts)



        
          
        

    

  


  

      

          @spec start_vm(Hyper.Node.FireVMM.Opts.t()) :: DynamicSupervisor.on_start_child()


      


Start a microVM on this node.

  



  
    
      
    
    
      stop_image_vm(pid)



        
          
        

    

  


  

      

          @spec stop_image_vm(pid()) :: :ok


      


Tear down an image-backed VM started by start_image_vm/2.

  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      



  



  
    
      
    
    
      try_run(spec, start_fun, stop_fun)



        
          
        

    

  


  

      

          @spec try_run(
  Hyper.Vm.Instance.Spec.t(),
  (-> {:ok, pid()} | {:error, term()}),
  (pid() -> :ok)
) ::
  {:ok, pid()} | {:error, term()}


      


Start a VM here and confirm its budget.
start_fun boots the VM and returns {:ok, vm_pid}; the reservation is held
against vm_pid and released when it dies. If the reserve loses a race (the
node filled up since the scheduler's snapshot) the just-started VM is torn down
via stop_fun and {:error, reason} is returned.

  



  
    
      
    
    
      unflushed_usage(vm_id)



        
          
        

    

  


  

      

          @spec unflushed_usage(Hyper.Vm.Id.t()) :: Unit.Time.t()


      


CPU time accrued by vm_id's meter on this node but not yet flushed to
the usage table. The node-local half of Hyper.usage/1, which resolves the
owning node and :erpc-calls this function there.

  


        

      


  

  
    
    Hyper.Node.Budget - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Budget 
    



      
Public entry point for this node's resource budget. Thin facade over
Hyper.Node.Budget.Hard, the per-node accounting GenServer supervised by
Hyper.Node.Budget.Supervisor.

      


      
        Summary


  
    Functions
  


    
      
        admit(spec, owner)

      


        Authoritatively confirm this node can run spec, reserving its budget for the
lifetime of owner. Live soft-load check first, then an atomic hard reserve.



    


    
      
        can_run(vm_spec)

      


        Can this node run the given vm spec? :ok if yes, {:error, reason} otherwise.



    


    
      
        with_budget(vm_spec, callable)

      


        Reserve the spec's budget, run callable, and release the budget afterwards.



    





      


      
        Functions


        


  
    
      
    
    
      admit(spec, owner)



        
          
        

    

  


  

      

          @spec admit(Hyper.Vm.Instance.Spec.t(), pid()) :: :ok | {:error, term()}


      


Authoritatively confirm this node can run spec, reserving its budget for the
lifetime of owner. Live soft-load check first, then an atomic hard reserve.

  



  
    
      
    
    
      can_run(vm_spec)



        
          
        

    

  


  

      

          @spec can_run(Hyper.Vm.Instance.Spec.t()) :: :ok | {:error, term()}


      


Can this node run the given vm spec? :ok if yes, {:error, reason} otherwise.

  



  
    
      
    
    
      with_budget(vm_spec, callable)



        
          
        

    

  


  

      

          @spec with_budget(Hyper.Vm.Instance.Spec.t(), (-> result)) ::
  result | {:error, term()}
when result: var


      


Reserve the spec's budget, run callable, and release the budget afterwards.

  


        

      


  

  
    
    Hyper.Node.Budget.Advertiser - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Budget.Advertiser 
    



      
Owns this node's entry in Hyper.Cluster.Budget. Registers a fresh
Hyper.Node.Budget.NodeState on start and re-publishes it on demand
(publish/0, called on every allocation by Hyper.Node.Budget.Hard) and on a
periodic heartbeat (keeps drifting soft-load fresh and restores the
registration if the registry restarted).

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        publish()

      


        Recompute and re-publish this node's state now.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      publish()



        
          
        

    

  


  

      

          @spec publish() :: :ok


      


Recompute and re-publish this node's state now.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      



  


        

      


  

  
    
    Hyper.Node.Budget.Hard - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Budget.Hard 
    



      
Hard per-node resource accounting. One Hard runs per BEAM node (named
__MODULE__, started under Hyper.Node.Budget.Supervisor) and tracks how much
memory and disk the VMs scheduled onto this machine have reserved.
"Hard" means the limits are inviolable: a reservation that would push the
running total past the node's configured mem_max/disk_max
(Hyper.Cfg.Budget) is refused outright. Callers reserve through
with_budget/2, which holds the budget for the duration of the callback and
releases it afterwards.

      


      
        Summary


  
    Functions
  


    
      
        can_run(vm_spec)

      


        Can this node run the given vm spec? :ok if yes, {:error, reason} otherwise.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        headroom()

      


        Configured caps minus what is currently reserved.



    


    
      
        reserve(spec, owner)

      


        Reserve spec's budget for the lifetime of owner.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        with_budget(vm_spec, callable)

      


        Reserve vm_spec's budget, run callable, and release the budget afterwards.



    





      


      
        Functions


        


  
    
      
    
    
      can_run(vm_spec)



        
          
        

    

  


  

      

          @spec can_run(Hyper.Vm.Instance.Spec.t()) :: :ok | {:error, term()}


      


Can this node run the given vm spec? :ok if yes, {:error, reason} otherwise.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      headroom()



        
          
        

    

  


  

      

          @spec headroom() :: %{mem: Unit.Information.t(), disk: Unit.Information.t()}


      


Configured caps minus what is currently reserved.

  



  
    
      
    
    
      reserve(spec, owner)



        
          
        

    

  


  

      

          @spec reserve(Hyper.Vm.Instance.Spec.t(), pid()) :: :ok | {:error, term()}


      


Reserve spec's budget for the lifetime of owner.
Atomic: refuses ({:error, reason}) if spec does not fit remaining headroom.
On success the reservation releases automatically when owner dies.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      with_budget(vm_spec, callable)



        
          
        

    

  


  

      

          @spec with_budget(Hyper.Vm.Instance.Spec.t(), (-> result)) ::
  result | {:error, term()}
when result: var


      


Reserve vm_spec's budget, run callable, and release the budget afterwards.
Returns callable's value if the reservation succeeds, or {:error, reason}
if the node cannot fit the spec. The budget is released even if callable
raises.

  


        

      


  

  
    
    Hyper.Node.Budget.NodeState - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Budget.NodeState 
    



      
The per-node resource snapshot published into Hyper.Cluster.Budget and read by
Hyper.Cluster.Scheduler as the first pass of placement.
Approximate by design: hard headroom is exact at publish time but soft load is
an EWMA that drifts and the record gossips with lag. The authoritative decision
is always the owning node's Hyper.Node.Budget.admit/2. Each record carries the
node's load and its ceilings, so a scheduler anywhere can evaluate fit without
knowing the target's config or core count.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        build()

      


        Snapshot this node's current budget state.



    


    
      
        fits?(state, spec)

      


        Whether this snapshot's node can hold spec: hard memory/disk headroom plus the
soft cpu/disk-bw/net-bw load ceilings. A pure predicate over the published
snapshot; the authoritative check is still the owning node's
Hyper.Node.Budget.admit/2.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.Budget.NodeState{
  cpu_capacity: pos_integer(),
  cpu_load: float(),
  cpu_max_load: float(),
  disk_bw_ceiling: Unit.Bandwidth.t(),
  disk_bw_load: Unit.Bandwidth.t(),
  disk_free: Unit.Information.t(),
  layers: [Hyper.Layer.id()],
  mem_free: Unit.Information.t(),
  net_bw_ceiling: Unit.Bandwidth.t(),
  net_bw_load: Unit.Bandwidth.t(),
  node: node()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build()



        
          
        

    

  


  

      

          @spec build() :: t()


      


Snapshot this node's current budget state.

  



  
    
      
    
    
      fits?(state, spec)



        
          
        

    

  


  

      

          @spec fits?(t(), Hyper.Vm.Instance.Spec.t()) :: boolean()


      


Whether this snapshot's node can hold spec: hard memory/disk headroom plus the
soft cpu/disk-bw/net-bw load ceilings. A pure predicate over the published
snapshot; the authoritative check is still the owning node's
Hyper.Node.Budget.admit/2.

  


        

      


  

  
    
    Hyper.Node.Budget.Soft - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Budget.Soft 
    



      
Soft per-node admission check. Where Hyper.Node.Budget.Hard tracks memory and
disk reserved from VM specs, Soft holds no state: it answers, from this node's
live resource monitors (Sys.Mon), whether the machine currently has the
instantaneous headroom to take on another VM.
The soft metrics are the ones whose overcommitment degrades speed rather than
correctness: CPU utilization, disk bandwidth, and network bandwidth. For each,
the node carries a load ceiling in Hyper.Cfg.Budget (e.g. "never
schedule onto a machine already past 80% CPU"). A spec is admissible only if the
measured load plus the spec's nominal demand stays under that ceiling on every
metric.
This is purely the instantaneous load filter; it does not model per-VM
reservations or node overcommit, which are Hard's concern.

      


      
        Summary


  
    Functions
  


    
      
        can_run(spec)

      


        Does this node's current measured load leave room to run spec?



    





      


      
        Functions


        


  
    
      
    
    
      can_run(spec)



        
          
        

    

  


  

      

          @spec can_run(Hyper.Vm.Instance.Spec.t()) :: :ok | {:error, term()}


      


Does this node's current measured load leave room to run spec?
:ok if every soft metric stays under its load ceiling once spec's demand is
added, otherwise {:error, reason} naming the first saturated metric.

  


        

      


  

  
    
    Hyper.Node.Budget.Supervisor - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Budget.Supervisor 
    



      
Per-node supervisor for the budget subsystem. Runs once per BEAM node and owns
both sides of the budget plus the cluster advertisement:
	Hyper.Node.Budget.Hard - hard memory/disk accounting from VM specs.
	Sys.Mon - real-time soft-metric monitors (CPU/disk/net) backing
Hyper.Node.Budget.Soft.
	Hyper.Node.Budget.Advertiser - publishes NodeState into
Hyper.Cluster.Budget on start, on each allocation, and on a periodic
heartbeat.

All three are independent (:one_for_one): a crash in any child does not
restart the others.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      



  


        

      


  

  
    
    Hyper.Node.FireVMM - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM 
    



      
Supervises a single Firecracker microVM, split into four independent children
so no lifecycle invariant rides on the ordering of a flat child list:
	Hyper.Node.FireVMM.Core - the daemon container + :gen_statem
controller, coupled under :one_for_all (a controller crash also discards
the daemon, so no VM is orphaned). All order-sensitivity is contained there.
	Hyper.Node.FireVMM.Client - the API client. It depends only on vm_id
(it derives the socket itself) and on nothing else in the tree, so it is
an independent peer: its crashes don't disturb the core, and a core
restart doesn't cycle it.
	Hyper.Node.FireVMM.Agent.Relay - the host-side gRPC relay that bridges
inbound Unix-socket connections to the in-guest agent over vsock. Restart
is :transient: an abnormal crash (unexpected accept error) is restarted;
a clean stop (:shutdown from the supervisor) is not.
	Hyper.Node.FireVMM.Meter - the per-VM compute meter, sampling the
VM's cgroup cpu.stat into Hyper.Metering.Usage billing windows.
Deliberately the last child: it stops first at teardown, capturing the
final usage window before the daemon removes the cgroup.

Strategy is :one_for_one: the four children are restarted independently.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        cpu_period()

      


        The scheduler period of each VM.



    


    
      
        start_link(opts)

      


    


    
      
        test_system()

      


        Test whether the system can run firecracker VMMs.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

      

          @spec child_spec(Hyper.Node.FireVMM.Opts.t()) :: Supervisor.child_spec()


      


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

  



  
    
      
    
    
      cpu_period()



        
          
        

    

  


  

      

          @spec cpu_period() :: Unit.Time.t()


      


The scheduler period of each VM.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(Hyper.Node.FireVMM.Opts.t()) :: Supervisor.on_start()


      



  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      


Test whether the system can run firecracker VMMs.

  


        

      


  

  
    
    Hyper.Node.FireVMM.Agent - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Agent 
    



      
gRPC client to the in-guest agent, dialed through the per-VM relay UDS.
relay_socket_path/1 is the single source of truth for the host-side
Unix-domain socket the relay listens on. The relay GenServer (Task 7) will
call this function to derive its own listen path, so both sides agree
without a process-registry lookup.

      


      
        Summary


  
    Functions
  


    
      
        exec(vm_id, argv, opts \\ [])

      


        Run argv in the guest VM identified by vm_id via gRPC through the relay.



    


    
      
        relay_socket_path(vm_id)

      


        Deterministic host-side path for the per-VM relay Unix socket.



    





      


      
        Functions


        


    

  
    
      
    
    
      exec(vm_id, argv, opts \\ [])



        
          
        

    

  


  

      

          @spec exec(Hyper.Vm.Id.t(), [String.t()], keyword()) ::
  {:ok, %{stdout: binary(), stderr: binary(), exit_code: integer()}}
  | {:error, term()}


      


Run argv in the guest VM identified by vm_id via gRPC through the relay.
Returns {:ok, %{stdout: binary(), stderr: binary(), exit_code: integer()}},
or {:error, term()}. Error values: :agent_unavailable (relay unreachable —
gRPC UNAVAILABLE), :timeout (gRPC DEADLINE_EXCEEDED), or raw transport
errors for unexpected failures.
Options
	:env — environment map %{String.t() => String.t()} for the guest process
	:cwd — working directory inside the guest (nil → not set)
	:timeout — gRPC deadline in milliseconds (default: 30000)


  



  
    
      
    
    
      relay_socket_path(vm_id)



        
          
        

    

  


  

      

          @spec relay_socket_path(Hyper.Vm.Id.t()) :: Path.t()


      


Deterministic host-side path for the per-VM relay Unix socket.
Derived from Hyper.Cfg.Dirs.socket_dir/0 so both this client and the
relay GenServer agree without a registry lookup.
Task 7: the relay GenServer listens here.

  


        

      


  

  
    
    Hyper.Node.FireVMM.Agent.Relay - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Agent.Relay 
    



      
Per-VM gRPC relay: listens on a host Unix-domain socket and for each
inbound connection performs the Firecracker vsock CONNECT/OK handshake
via RelayDialer, then pipes bytes bidirectionally until either side
closes.
Process topology:
	The GenServer owns the listen socket and spawns a linked acceptor
process via handle_continue. The acceptor blocks on :socket.accept
without blocking the GenServer itself.
	Each accepted connection spawns an unlinked connection process that
calls RelayDialer.dial/3 then spawns two linked+monitored pipe workers
(one per direction). The link ensures a connection handler death reaps
both workers; the monitor lets the handler react to a worker's normal end
and close both sockets cleanly. When either worker ends, the handler
unlinks the sibling before killing it so the resulting :killed exit does
not cascade back to the handler via the link.
	terminate/2 closes the listen socket (which causes the acceptor to
exit on its next accept call) and removes the socket file so a
subsequent start_link with the same path can rebind.


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        listen_path(server)

      


    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

      

          @spec child_spec(%{vm_id: term(), vsock_uds: Path.t(), listen_path: Path.t()}) ::
  Supervisor.child_spec()


      


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

  



  
    
      
    
    
      listen_path(server)



        
          
        

    

  


  

      

          @spec listen_path(GenServer.server()) :: Path.t()


      



  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(%{
  :vm_id => term(),
  :vsock_uds => Path.t(),
  :listen_path => Path.t(),
  optional(:name) => GenServer.name()
}) :: GenServer.on_start()


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.Agent.RelayDialer - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Agent.RelayDialer 
    



      
Connects to a Firecracker vsock Unix-domain socket and performs the
host-initiated CONNECT/OK handshake, returning the open socket ready for
use as a transparent byte pipe to the guest agent.
Firecracker exposes its guest vsock as a host UDS. Before the connection
becomes a transparent pipe, the host must send "CONNECT <port>\n" and
receive a line starting with "OK ". This module implements that handshake.

      


      
        Summary


  
    Functions
  


    
      
        dial(vsock_uds, port, timeout_ms)

      


    





      


      
        Functions


        


  
    
      
    
    
      dial(vsock_uds, port, timeout_ms)



        
          
        

    

  


  

      

          @spec dial(Path.t(), pos_integer(), non_neg_integer()) ::
  {:ok, :socket.socket()} | {:error, term()}


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.BootSpec - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.BootSpec 
    



      
Resolves a Hyper.Vm.source() + instance type into a concrete, API-shaped
cold-boot spec the :configuring state issues: machine config (from the
instance type), a kernel boot source, and a root drive.

      


      
        Summary


  
    Functions
  


    
      
        resolve(source, type)

      


    





      


      
        Functions


        


  
    
      
    
    
      resolve(source, type)



        
          
        

    

  


  

      

          @spec resolve(Hyper.Vm.source(), Hyper.Vm.Instance.t()) ::
  Hyper.Node.FireVMM.BootSpec.Cold.t()


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.BootSpec.Cold - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.BootSpec.Cold 
    



      
A resolved cold boot.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.FireVMM.BootSpec.Cold{
  boot_source: Hyper.Firecracker.Api.BootSource.t(),
  drives: [Hyper.Firecracker.Api.Drive.t()],
  machine_config: Hyper.Firecracker.Api.MachineConfiguration.t(),
  network_interfaces: [Hyper.Firecracker.Api.NetworkInterface.t()]
}


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.ChrootJail - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.ChrootJail 
    



      
Places a VM's boot artifacts inside its jailer chroot and points the boot spec
at them.
firecracker runs chrooted, so the kernel (a regular file) is hardlinked/copied
in and the writable rootfs (a block device) gets a matching device node
mknod-ed in - both chowned to the jail uid/gid via the setuid helper. The
resolved BootSpec.Cold carries HOST paths; stage/4 stages them into the
chroot and returns a copy whose kernel + rootfs paths are the in-jail
(chroot-relative) equivalents the chrooted firecracker can open.

      


      
        Summary


  
    Functions
  


    
      
        stage(vm_id, uid, gid, cold)

      


        Stage cold's host kernel + rootfs device into vm_id's chroot (owned
uid:gid), and return cold with its kernel + rootfs paths rewritten to their
in-jail equivalents. Fails the boot if either artifact cannot be staged.



    





      


      
        Functions


        


  
    
      
    
    
      stage(vm_id, uid, gid, cold)



        
          
        

    

  


  

      

          @spec stage(
  Hyper.Vm.Id.t(),
  non_neg_integer(),
  non_neg_integer(),
  Hyper.Node.FireVMM.BootSpec.Cold.t()
) ::
  {:ok, Hyper.Node.FireVMM.BootSpec.Cold.t()} | {:error, term()}


      


Stage cold's host kernel + rootfs device into vm_id's chroot (owned
uid:gid), and return cold with its kernel + rootfs paths rewritten to their
in-jail equivalents. Fails the boot if either artifact cannot be staged.

  


        

      


  

  
    
    Hyper.Node.FireVMM.Client - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Client 
    



      
Per-microVM facade over the generated Firecracker API
(Hyper.Firecracker.Api.Operations). One GenServer per VM, registered
cluster-wide via Hyper.Cluster.Routing.via({vm_id, :client}). It serializes
every request through handle_call (Firecracker's API server is
single-threaded).
The VM's API socket is derived from vm_id alone via
Hyper.Node.FireVMM.Jailer.host_socket/1 (the same function the controller
uses), so the client needs no socket threaded in and the two cannot disagree.
A :socket_path override is accepted for tests/stand-ins.
Call any generated operation through run/2, passing a 1-arity closure that
receives the per-call opts (carrying :socket_path) to forward as the
operation's trailing opts argument:
alias Hyper.Firecracker.Api.Operations

Client.run(Client.via(vm_id), &Operations.describe_instance/1)

Client.run(Client.via(vm_id), fn opts ->
  Operations.put_guest_boot_source(%Hyper.Firecracker.Api.BootSource{
    kernel_image_path: "/vmlinux"
  }, opts)
end)
The closure's return value (:ok / {:ok, struct} / {:error, _} from
Hyper.Firecracker.Api.Transport) is returned to the caller unchanged.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        run(server, op_fun)

      


        Run a generated operation against this VM's daemon, serialized.



    


    
      
        start_link(opts)

      


    


    
      
        via(vm_id)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      run(server, op_fun)



        
          
        

    

  


  

      

          @spec run(GenServer.server(), (keyword() -> result)) :: result when result: var


      


Run a generated operation against this VM's daemon, serialized.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(Hyper.Node.FireVMM.Client.Opts.t()) :: GenServer.on_start()


      



  



  
    
      
    
    
      via(vm_id)



        
          
        

    

  


  

      

          @spec via(Hyper.Vm.Id.t()) :: GenServer.name()


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.Client.Opts - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Client.Opts 
    



      
Start options for Hyper.Node.FireVMM.Client. Only :vm_id is required;
the socket path is derived from it unless :socket_path is given.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.FireVMM.Client.Opts{
  name: GenServer.name() | nil,
  socket_path: Path.t() | nil,
  vm_id: integer() | nil
}


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.Core - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Core 
    



      
The lifecycle-coupled core of one microVM: the jailed firecracker daemon and
its controller, restarted as a pair. Isolated from the API client
(Hyper.Node.FireVMM.Client) so the only order-sensitive relationship in the
VM tree lives in this two-child supervisor.
	Hyper.Node.FireVMM.Daemon - the jailer OS process (under MuonTrap).
MUST be the first child: it must be (re)started before the controller so
the API socket is coming up by the time the controller probes.
	Hyper.Node.FireVMM.State - the :gen_statem controller; drives the boot
protocol (await API -> stage -> configure -> run) against that daemon.

:one_for_all, daemon first: a crash of either child takes both down and
restarts the pair. So:
	controller crash -> daemon also discarded; no orphaned VM, fresh cold boot.
	firecracker crash -> the Daemon child exits; both restart; Daemon
resets the stale jail and relaunches, and the fresh controller cold-boots.

Daemon guarantees firecracker is dead on teardown via the helper's
cgroup.kill (MuonTrap's port-close kill misses the setsid'd firecracker), so
no firecracker process outlives a graceful supervisor shutdown.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(Hyper.Node.FireVMM.Opts.t()) :: Supervisor.on_start()


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.Daemon - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Daemon 
    



      
The jailed firecracker OS process for one microVM, as a static child of
Hyper.Node.FireVMM.Core.
A trap_exit GenServer that owns firecracker's lifetime end to end:
	on every (re)start it resets any stale jail left by a prior incarnation —
the firecracker jailer refuses to reuse an existing chroot — then launches
the jailer under a linked MuonTrap.Daemon. The supervised process is
hyper-suidhelper jailer ..., which execves into the jailer (same pid).
	if firecracker exits, the linked MuonTrap.Daemon exits and this server
stops with that reason, so Core's :one_for_all cold-boots the pair.
	on teardown it guarantees firecracker is dead: MuonTrap's port-close
kills by process group, but the jailer setsids firecracker into its own
session, so it escapes that kill and would leak (holding the cgroup, the
rootfs dm device, loop devices). terminate/2 therefore runs the helper's
cgroup.kill teardown (ChrootJail.remove), which SIGKILLs the whole leaf
cgroup regardless of session. The same call on (re)start cleans up after a
prior incarnation the BEAM could not (a SIGKILL'd node leaves no
terminate/2); the periodic Hyper.Node.Reaper is the final backstop.


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

      

          @spec child_spec(Hyper.Node.FireVMM.Opts.t()) :: Supervisor.child_spec()


      


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

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(Hyper.Node.FireVMM.Opts.t()) :: GenServer.on_start()


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.GuestAgent - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.GuestAgent 
    



      
Resolves the path of the hyper-guest-agent static musl binary that the
:guest_agent_build Mix compiler builds into priv/guest-agent/ at compile
time. The agent ships inside the app (and its release) -- there is no separate
install step.
The binary runs as guest PID 1 inside a Firecracker microVM and is baked into
the rootfs before the VM boots. path/1 is the single source of truth for
where each arch's binary lives; ensure_installed/0 verifies the binary for
this host's arch is present and executable -- the only one a node needs,
since KVM boots same-arch guests.

      


      
        Summary


  
    Functions
  


    
      
        ensure_installed()

      


        Returns :ok when the guest-agent binary for the current host arch is present
and executable. Returns {:error, {:not_installed, arch}} if it is missing,
{:error, {:not_executable, arch}} if it exists without an execute bit, or
{:error, {:unsupported_arch, raw}} if the host arch is unrecognised.



    


    
      
        path(arch)

      


        Absolute path to the guest-agent binary for arch (under the app's priv dir).



    





      


      
        Functions


        


  
    
      
    
    
      ensure_installed()



        
          
        

    

  


  

      

          @spec ensure_installed() :: :ok | {:error, term()}


      


Returns :ok when the guest-agent binary for the current host arch is present
and executable. Returns {:error, {:not_installed, arch}} if it is missing,
{:error, {:not_executable, arch}} if it exists without an execute bit, or
{:error, {:unsupported_arch, raw}} if the host arch is unrecognised.
The binary is produced by the :guest_agent_build Mix compiler; a missing one
means mix compile could not build it for this arch (see that compiler).

  



  
    
      
    
    
      path(arch)



        
          
        

    

  


  

      

          @spec path(Sys.Arch.t()) :: Path.t()


      


Absolute path to the guest-agent binary for arch (under the app's priv dir).

  


        

      


  

  
    
    Hyper.Node.FireVMM.Jailer - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Jailer 
    



      
Builds the hyper-suidhelper jailer command for one VM.
The BEAM does not invoke the jailer directly. Instead it calls the setuid helper
with the jailer subcommand; the helper reads the firecracker binary path, chroot
base, parent cgroup, and cgroup version from its trusted /etc/hyper/config.toml,
re-acquires root, and execves the jailer (same pid, so MuonTrap.Daemon keeps
supervising it).
This means the BEAM passes only untrusted-origin values: --id, --uid, --gid,
repeated --cgroup KEY=VALUE, and --api-sock. The helper derives and validates
everything else; it also inserts the -- separator between its own flags and
firecracker's flags.
Because firecracker is chrooted to <chroot_base>/<exec>/<id>/root, the API
socket it opens at /api.socket lives at host_socket on the host — that's the
path the controller connects to.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        cgroup_dir(id)

      


        Host path of the VM's cgroup leaf (/sys/fs/cgroup/<parent>/<id>), the cgroup
the jailer creates for firecracker. Reconstructed (the jailer owns its
placement) so a relaunch can clear the stale leaf left by a prior incarnation.



    


    
      
        cgroup_parent_dir()

      


        Host path of the cgroup dir holding every VM's leaf (/sys/fs/cgroup/<parent>).
Its immediate subdir names are vm_ids - the leaves the jailer creates for
firecracker - so listing it (directories only; the dir also holds cgroup control
files) enumerates the cgroup leaves on this host.



    


    
      
        chroot_dir(id)

      


        Host path of the VM's per-VM jail dir (<chroot_base>/<exec>/<id>).



    


    
      
        chroot_root(id)

      


        Host path of the VM's chroot root (<chroot_base>/<exec>/<id>/root).



    


    
      
        command(opts)

      


    


    
      
        host_socket(id)

      


        Host-side path of the API socket firecracker opens inside the jail.



    


    
      
        host_vsock(id)

      


        Host-side path of the vsock Unix-domain socket firecracker opens inside the jail.



    


    
      
        test_system()

      


        Test whether the jailer and system pre-requisites are available.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{binary: String.t(), args: [String.t()], host_socket: Path.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cgroup_dir(id)



        
          
        

    

  


  

      

          @spec cgroup_dir(Hyper.Vm.Id.t()) :: Path.t()


      


Host path of the VM's cgroup leaf (/sys/fs/cgroup/<parent>/<id>), the cgroup
the jailer creates for firecracker. Reconstructed (the jailer owns its
placement) so a relaunch can clear the stale leaf left by a prior incarnation.

  



  
    
      
    
    
      cgroup_parent_dir()



        
          
        

    

  


  

      

          @spec cgroup_parent_dir() :: Path.t()


      


Host path of the cgroup dir holding every VM's leaf (/sys/fs/cgroup/<parent>).
Its immediate subdir names are vm_ids - the leaves the jailer creates for
firecracker - so listing it (directories only; the dir also holds cgroup control
files) enumerates the cgroup leaves on this host.
Note the cgroup hierarchy has NO <exec> level: the jailer (cgroup v2,
--parent-cgroup <parent>) places firecracker directly at <parent>/<id>,
unlike the chroot (<chroot_base>/<exec>/<id>). Confirmed via
/proc/<pid>/cgroup = 0::/<parent>/<id>.

  



  
    
      
    
    
      chroot_dir(id)



        
          
        

    

  


  

      

          @spec chroot_dir(Hyper.Vm.Id.t()) :: Path.t()


      


Host path of the VM's per-VM jail dir (<chroot_base>/<exec>/<id>).

  



  
    
      
    
    
      chroot_root(id)



        
          
        

    

  


  

      

          @spec chroot_root(Hyper.Vm.Id.t()) :: Path.t()


      


Host path of the VM's chroot root (<chroot_base>/<exec>/<id>/root).

  



  
    
      
    
    
      command(opts)



        
          
        

    

  


  

      

          @spec command(Hyper.Node.FireVMM.Opts.t()) :: t()


      



  



  
    
      
    
    
      host_socket(id)



        
          
        

    

  


  

      

          @spec host_socket(Hyper.Vm.Id.t()) :: Path.t()


      


Host-side path of the API socket firecracker opens inside the jail.
Deterministic in id alone, so the controller and the API client can each
derive it independently and are guaranteed to agree. We do not control where
the jailer places the socket, so the path is reconstructed here.

  



  
    
      
    
    
      host_vsock(id)



        
          
        

    

  


  

      

          @spec host_vsock(Hyper.Vm.Id.t()) :: Path.t()


      


Host-side path of the vsock Unix-domain socket firecracker opens inside the jail.
Firecracker creates the vsock UDS at uds_path relative to its chroot root,
so on the host it lives at <chroot_root>/vsock.sock. Deterministic in id
alone, mirroring host_socket/1.

  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      


Test whether the jailer and system pre-requisites are available.

  


        

      


  

  
    
    Hyper.Node.FireVMM.Jailer.Checks - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Jailer.Checks 
    



      
Host pre-requisite checks for running the jailer. Each check returns
:ok | {:error, reason}; run/0 evaluates them in order and stops at the
first failure.

      


      
        Summary


  
    Functions
  


    
      
        network_ready()

      


        Host preflight for VM egress networking, which is mandatory: refuses to
start unless [network] is configured, the uplink interface exists, and
the kernel is forwarding IPv4 — all prerequisites
Hyper.SuidHelper.Network.host_init/0 and per-VM prepare/2 depend on but
cannot themselves provision. This is the gate that makes networking
non-optional: a node missing any of these will not boot.



    


    
      
        run()

      


        Run every pre-requisite check, halting at the first failure.



    





      


      
        Functions


        


  
    
      
    
    
      network_ready()



        
          
        

    

  


  

      

          @spec network_ready() :: :ok | {:error, term()}


      


Host preflight for VM egress networking, which is mandatory: refuses to
start unless [network] is configured, the uplink interface exists, and
the kernel is forwarding IPv4 — all prerequisites
Hyper.SuidHelper.Network.host_init/0 and per-VM prepare/2 depend on but
cannot themselves provision. This is the gate that makes networking
non-optional: a node missing any of these will not boot.

  



  
    
      
    
    
      run()



        
          
        

    

  


  

      

          @spec run() :: :ok | {:error, term()}


      


Run every pre-requisite check, halting at the first failure.

  


        

      


  

  
    
    Hyper.Node.FireVMM.Meter - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Meter 
    



      
Per-VM compute meter: samples the VM's cgroup cpu.stat every second,
accrues the CPU time actually executed, and flushes one
Hyper.Metering.Usage window per minute — plus a final one at teardown.
The meter is the FireVMM supervisor's last child, so at shutdown it
stops first, taking its final reading before the Daemon removes the
cgroup.
Billing-grade by construction:
	consumption is accrued from counter deltas (Controls.Accumulator), so
a cgroup recreated by a Core restart re-baselines instead of going
negative;
	the accumulator is baselined at meter start, not at the first
periodic tick: a leaf that already exists is baselined on its current
reading (a restarted meter never re-bills usage a previous incarnation
flushed), and a leaf the jailer has not yet created is baselined at
zero (its counter is born at zero), so a VM that lives and dies inside
one sample interval still has its whole life covered by the final
reading in terminate/2;
	a failed flush keeps the accrued time and retries with the window
extended; the retry is idempotent on (vm_id, window_start), so an
insert that committed but errored client-side is dropped, not
double-billed — recorded usage can never be counted twice;
	every failure mode (meter crash, node crash, unreadable cgroup) loses at
most the unflushed window: metering only ever under-counts, never
over-counts.

Observability contract: because empty windows are dropped without a write,
every drop is logged with the meter's lifetime sample/window counters. A
drop on a VM that has already recorded usage is a normal idle window and
logs at debug; a drop on a VM that has never recorded a window means
the VM's entire life produced no usage row — every cgroup read failed, or
the guest genuinely burned no measurable CPU after the start-of-life
baseline — and logs at warning. Per-sample cpu.stat read failures log
at debug (they are expected while the jailer is still creating the leaf)
and are counted.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


    


    
      
        unflushed(vm_id)

      


        CPU time accrued by vm_id's meter but not yet flushed to the usage table.
Unit.Time.zero() when no meter is reachable (VM stopped, meter mid-restart)
— callers fall back to the flushed record, an under-count of at most one
flush window.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

      

          @spec child_spec(Hyper.Node.FireVMM.Meter.Opts.t()) :: Supervisor.child_spec()


      


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

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(Hyper.Node.FireVMM.Meter.Opts.t()) :: GenServer.on_start()


      



  



  
    
      
    
    
      unflushed(vm_id)



        
          
        

    

  


  

      

          @spec unflushed(Hyper.Vm.Id.t()) :: Unit.Time.t()


      


CPU time accrued by vm_id's meter but not yet flushed to the usage table.
Unit.Time.zero() when no meter is reachable (VM stopped, meter mid-restart)
— callers fall back to the flushed record, an under-count of at most one
flush window.

  


        

      


  

  
    
    Hyper.Node.FireVMM.Meter.Opts - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Meter.Opts 
    



      
Meter wiring: the VM, its cgroup leaf, and the usage sink.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.FireVMM.Meter.Opts{
  cgroup_dir: Path.t(),
  register?: boolean(),
  sink: (Hyper.Metering.Usage.attrs() -> :ok | {:error, term()}),
  vm_id: Hyper.Vm.Id.t()
}


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.Net - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Net 
    



      
The per-VM inner-world networking contract. Every VM's netns is identical —
tap0 at 172.30.0.1/30, guest at 172.30.0.2/30 — so a snapshot clone restores
a correct network with zero renumbering; host-side uniqueness is the helper's
job (see Hyper.SuidHelper.Network). This module owns the three values that
must agree between the guest kernel cmdline, the Firecracker NIC config, and
the helper: the guest MAC, the ip= autoconfig string, and the NIC spec.

      


      
        Summary


  
    Functions
  


    
      
        guest_mac(vm_id)

      


        Stable locally-administered unicast MAC for vm_id. Derived from a SHA-256 of
the id so it is deterministic on any node (aids debugging); duplicate MACs are
harmless since no two guests ever share an L2 segment (each is alone in its netns).



    


    
      
        interface(vm_id)

      


        The Firecracker NIC spec for vm_id (guest eth0 bound to in-netns tap0).



    


    
      
        ip_cmdline()

      


        Kernel ip= autoconfig fragment appended to every networked VM's cmdline.



    


    
      
        resolver_cmdline(resolver)

      


        Kernel hyper.resolver= cmdline fragment carrying the DNS resolver IP the
PID-1 guest agent writes to /etc/resolv.conf — kernel ip= autoconfig sets
the guest's address/route but never DNS, so this closes that gap. Pure:
callers (BootSpec.resolve/2) read the configured resolver themselves.



    





      


      
        Functions


        


  
    
      
    
    
      guest_mac(vm_id)



        
          
        

    

  


  

      

          @spec guest_mac(Hyper.Vm.Id.t()) :: String.t()


      


Stable locally-administered unicast MAC for vm_id. Derived from a SHA-256 of
the id so it is deterministic on any node (aids debugging); duplicate MACs are
harmless since no two guests ever share an L2 segment (each is alone in its netns).

  



  
    
      
    
    
      interface(vm_id)



        
          
        

    

  


  

      

          @spec interface(Hyper.Vm.Id.t()) :: Hyper.Firecracker.Api.NetworkInterface.t()


      


The Firecracker NIC spec for vm_id (guest eth0 bound to in-netns tap0).

  



  
    
      
    
    
      ip_cmdline()



        
          
        

    

  


  

      

          @spec ip_cmdline() :: String.t()


      


Kernel ip= autoconfig fragment appended to every networked VM's cmdline.

  



  
    
      
    
    
      resolver_cmdline(resolver)



        
          
        

    

  


  

      

          @spec resolver_cmdline(String.t()) :: String.t()


      


Kernel hyper.resolver= cmdline fragment carrying the DNS resolver IP the
PID-1 guest agent writes to /etc/resolv.conf — kernel ip= autoconfig sets
the guest's address/route but never DNS, so this closes that gap. Pure:
callers (BootSpec.resolve/2) read the configured resolver themselves.

  


        

      


  

  
    
    Hyper.Node.FireVMM.Opts - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.Opts 
    



      
Per-VM request: instance size + architecture, isolation ids, the kernel
image, optional boot args, and the per-VM Img.Mutable layer the VM boots
from. The root device is read from the mutable layer at configure time, so a
VM can only be booted from a mutable layer - never a bare Hyper.Img.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.FireVMM.Opts{
  arch: Hyper.Vm.Instance.arch(),
  boot_args: String.t() | nil,
  gid: Hyper.Node.Users.id(),
  img_id: Hyper.Img.id(),
  kernel: Path.t(),
  mutable: pid(),
  type: Hyper.Vm.Instance.t(),
  uid: Hyper.Node.Users.id(),
  vm_id: Hyper.Vm.Id.t()
}


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.State - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.State 
    



      
:gen_statem controller for one microVM. It drives the boot protocol against a
daemon whose lifecycle is owned by the supervisor (Hyper.Node.FireVMM.Core,
:one_for_all): the controller does not launch, monitor, or kill the daemon -
if firecracker dies, Core restarts the daemon and this controller together,
and init simply cold-boots again.
:awaiting_api --> :configuring --> :running --> :stopping
States:
	:awaiting_api - poll the (already-launched) daemon's API socket until it              answers, or fail the boot if the readiness deadline lapses.

	:configuring  - stage the kernel + rootfs device into the jail chroot              (rewriting the spec to in-jail paths), then push
              machine-config, boot-source, drives, NICs, and
              `InstanceStart`.

	:running      - guest is live; handles stop.
	:stopping     - teardown requested in-band; reject further calls.

The gen_statem data (this struct) holds the start Opts, the resolved boot
spec, and the readiness deadline; the state is the lifecycle atom above.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(opts)

      


    


    
      
        describe(id)

      


        The start Opts of the running VM id — how a fork recovers the parent's
img_id/type/arch/boot_args from just a vm_id. Exits if the VM is gone;
callers translate that to {:error, :not_found}.



    


    
      
        start_link(opts)

      


    


    
      
        stop(id)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.FireVMM.State{
  api_granted: boolean(),
  boot_deadline: integer() | nil,
  opts: Hyper.Node.FireVMM.Opts.t(),
  spec: Hyper.Node.FireVMM.BootSpec.Cold.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      describe(id)



        
          
        

    

  


  

      

          @spec describe(Hyper.Vm.Id.t()) :: Hyper.Node.FireVMM.Opts.t()


      


The start Opts of the running VM id — how a fork recovers the parent's
img_id/type/arch/boot_args from just a vm_id. Exits if the VM is gone;
callers translate that to {:error, :not_found}.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      stop(id)



        
          
        

    

  


  

      

          @spec stop(Hyper.Vm.Id.t()) :: :ok


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.State.AwaitingApi - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.State.AwaitingApi 
    



      
Poll the (already-launched) daemon's API socket, then advance to :configuring.

      


      
        Summary


  
    Functions
  


    
      
        handle(arg1, arg2, data)

      


    





      


      
        Functions


        


  
    
      
    
    
      handle(arg1, arg2, data)



        
          
        

    

  


  


  


        

      


  

  
    
    Hyper.Node.FireVMM.State.Configuring - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.State.Configuring 
    



      
Stage the kernel + rootfs device into the jail chroot. Enter :running after.

      


      
        Summary


  
    Functions
  


    
      
        handle(arg1, event, data)

      


    





      


      
        Functions


        


  
    
      
    
    
      handle(arg1, event, data)



        
          
        

    

  


  


  


        

      


  

  
    
    Hyper.Node.FireVMM.State.Running - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.State.Running 
    



      
The guest is live. Handles stop (-> :stopping).

      


      
        Summary


  
    Functions
  


    
      
        handle(arg, atom, data)

      


    





      


      
        Functions


        


  
    
      
    
    
      handle(arg, atom, data)



        
          
        

    

  


  


  


        

      


  

  
    
    Hyper.Node.FireVMM.State.Stopping - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.State.Stopping 
    



      
Teardown was requested in-band.
Actual tear-down is handled by the parent supervisor.

      


      
        Summary


  
    Functions
  


    
      
        handle(arg, event, data)

      


    





      


      
        Functions


        


  
    
      
    
    
      handle(arg, event, data)



        
          
        

    

  


  


  


        

      


  

  
    
    Hyper.Node.FireVMM.VmLinux.Manifest - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.VmLinux.Manifest 
    



      
The statically-embedded vmlinux release manifest.
priv/vmlinux/manifest.json is vendored verbatim from a pinned
github.com/harmont-dev/hyper-vmlinux release and read at compile time, so the
per-build SHA-256 sums (used by Hyper.Node.FireVMM.VmLinux.Provider to verify
downloads) are baked into the compiled module and cannot drift from what was
published. @external_resource forces a recompile if the file changes.
All functions here are pure; they never touch the network or the filesystem.

      


      
        Summary


  
    Functions
  


    
      
        asset_url(build)

      


        The download URL for build's asset on the pinned release.



    


    
      
        builds()

      


        All builds in the manifest.



    


    
      
        builds_for(arch)

      


        All builds matching arch.



    


    
      
        default_for(arch)

      


        The default build for arch: the highest version, breaking ties toward the
shorter name (so a plain build wins over a variant like -no-acpi). Returns
nil if the manifest has no build for arch.



    


    
      
        fetch(name)

      


        Look up a build by its name (e.g. "x86_64-6.1").



    





      


      
        Functions


        


  
    
      
    
    
      asset_url(build)



        
          
        

    

  


  

      

          @spec asset_url(Hyper.Node.FireVMM.VmLinux.Manifest.Build.t()) :: String.t()


      


The download URL for build's asset on the pinned release.

  



  
    
      
    
    
      builds()



        
          
        

    

  


  

      

          @spec builds() :: [Hyper.Node.FireVMM.VmLinux.Manifest.Build.t()]


      


All builds in the manifest.

  



  
    
      
    
    
      builds_for(arch)



        
          
        

    

  


  

      

          @spec builds_for(Sys.Arch.t()) :: [Hyper.Node.FireVMM.VmLinux.Manifest.Build.t()]


      


All builds matching arch.

  



  
    
      
    
    
      default_for(arch)



        
          
        

    

  


  

      

          @spec default_for(Sys.Arch.t()) :: Hyper.Node.FireVMM.VmLinux.Manifest.Build.t() | nil


      


The default build for arch: the highest version, breaking ties toward the
shorter name (so a plain build wins over a variant like -no-acpi). Returns
nil if the manifest has no build for arch.

  



  
    
      
    
    
      fetch(name)



        
          
        

    

  


  

      

          @spec fetch(String.t()) ::
  {:ok, Hyper.Node.FireVMM.VmLinux.Manifest.Build.t()} | :error


      


Look up a build by its name (e.g. "x86_64-6.1").

  


        

      


  

  
    
    Hyper.Node.FireVMM.VmLinux.Manifest.Build - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.VmLinux.Manifest.Build 
    



      
One kernel build from the manifest.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.FireVMM.VmLinux.Manifest.Build{
  arch: Sys.Arch.t(),
  asset: String.t(),
  name: String.t(),
  sha256: String.t(),
  version: String.t()
}


      



  


        

      


  

  
    
    Hyper.Node.FireVMM.VmLinux.Provider - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.FireVMM.VmLinux.Provider 
    



      
Installs the guest-kernel (vmlinux) images for the current architecture into
Hyper.Cfg.Dirs.vmlinux_install_dir/0 (<work_dir>/redist/vmlinux).
The available kernels and their SHA-256 sums come from the statically-embedded
Hyper.Node.FireVMM.VmLinux.Manifest. ensure_installed/0 installs every
build for this node's architecture and is idempotent: if all the expected
images are already present it returns :ok without touching the network.
Otherwise it fetches each missing image via Redist.File (download,
SHA-256 verify, install).
This is the download-side counterpart to operator-provided kernels; see
Hyper.Node.Vmlinux, which prefers an operator-configured path and falls back
to default_path/1 here.

      


      
        Summary


  
    Functions
  


    
      
        default_path(arch)

      


        Absolute path to the default (highest-version) kernel for arch. The returned path is only guaranteed to exist for the node's current architecture (the one ensure_installed/0 installs).



    


    
      
        ensure_installed()

      


        Ensure every kernel for this node's architecture is installed.



    


    
      
        install_state(dir, builds)

      


        Install state of builds under dir: :ok if every asset file is present
with the manifest's SHA-256; {:error, :not_installed} if none are;
{:error, :bad_install} if only some are (a partial/corrupt install -
Redist.File keeps existing files, so the remedy is to wipe and reinstall).



    


    
      
        path(name)

      


        Absolute path to the installed kernel for build name (e.g. "x86_64-6.1"). The returned path is only guaranteed to exist for the node's current architecture (the one ensure_installed/0 installs).



    





      


      
        Functions


        


  
    
      
    
    
      default_path(arch)



        
          
        

    

  


  

      

          @spec default_path(Sys.Arch.t()) ::
  {:ok, Path.t()} | {:error, {:no_kernel, Sys.Arch.t()}}


      


Absolute path to the default (highest-version) kernel for arch. The returned path is only guaranteed to exist for the node's current architecture (the one ensure_installed/0 installs).

  



  
    
      
    
    
      ensure_installed()



        
          
        

    

  


  

      

          @spec ensure_installed() :: :ok | {:error, term()}


      


Ensure every kernel for this node's architecture is installed.

  



  
    
      
    
    
      install_state(dir, builds)



        
          
        

    

  


  

      

          @spec install_state(Path.t(), [Hyper.Node.FireVMM.VmLinux.Manifest.Build.t()]) ::
  :ok | {:error, :not_installed | :bad_install}


      


Install state of builds under dir: :ok if every asset file is present
with the manifest's SHA-256; {:error, :not_installed} if none are;
{:error, :bad_install} if only some are (a partial/corrupt install -
Redist.File keeps existing files, so the remedy is to wipe and reinstall).
Presence alone is not enough: after a manifest bump the old release's kernels
sit at the same asset paths, and skipping the hash check would keep booting
guests on the previous release forever.

  



  
    
      
    
    
      path(name)



        
          
        

    

  


  

      

          @spec path(String.t()) :: {:ok, Path.t()} | {:error, {:unknown_build, String.t()}}


      


Absolute path to the installed kernel for build name (e.g. "x86_64-6.1"). The returned path is only guaranteed to exist for the node's current architecture (the one ensure_installed/0 installs).

  


        

      


  

  
    
    Hyper.Node.Img - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Img 
    



      
Supervisor for this node's active images, and the entry point for image
operations. Owns:
	a unique Registry (img_id -> Img.Server), and
	a DynamicSupervisor holding the (shared, read-only) image servers, and
	a separate DynamicSupervisor holding the per-VM mutable layers
(Img.Mutable), so the writable layers form their own process tree.
	a ThinPool, per node, which manages each dm-thin instance on this machine.

On top of that tree it leases an image for the lifetime of a VM
(with_image/3).

      


      
        Summary


  
    Functions
  


    
      
        activate(img_id)

      


        Activate img_id on this node: start (or reuse) its image server.



    


    
      
        active()

      


        Every image id currently active on this node.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        create_fork(img_id, parent_vm_id, child_vm_id)

      


        Create child_vm_id's mutable layer as a thin snapshot of parent_vm_id's
live volume — same img_id lineage, blocks shared COW-style in the node pool.



    


    
      
        create_mutable(img_id, vm_id)

      


        Create a per-VM mutable layer for vm_id over img_id.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        with_image(img, vm_id, callable)

      


        Serve img to vm_id for the duration of callable, holding a DB lease on the
image (and transitively its whole blob chain) the whole time.



    





      


      
        Functions


        


  
    
      
    
    
      activate(img_id)



        
          
        

    

  


  

      

          @spec activate(Hyper.Img.id()) :: {:ok, pid()} | {:error, term()}


      


Activate img_id on this node: start (or reuse) its image server.

  



  
    
      
    
    
      active()



        
          
        

    

  


  

      

          @spec active() :: [Hyper.Img.id()]


      


Every image id currently active on this node.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      create_fork(img_id, parent_vm_id, child_vm_id)



        
          
        

    

  


  

      

          @spec create_fork(Hyper.Img.id(), Hyper.Vm.Id.t(), Hyper.Vm.Id.t()) ::
  {:ok, pid()} | {:error, term()}


      


Create child_vm_id's mutable layer as a thin snapshot of parent_vm_id's
live volume — same img_id lineage, blocks shared COW-style in the node pool.

  



  
    
      
    
    
      create_mutable(img_id, vm_id)



        
          
        

    

  


  

      

          @spec create_mutable(Hyper.Img.id(), Hyper.Vm.Id.t()) ::
  {:ok, pid()} | {:error, term()}


      


Create a per-VM mutable layer for vm_id over img_id.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      with_image(img, vm_id, callable)



        
          
        

    

  


  

      

          @spec with_image(Hyper.Img.id(), Hyper.Vm.Id.t(), (-> result)) ::
  result | {:error, term()}
when result: var


      


Serve img to vm_id for the duration of callable, holding a DB lease on the
image (and transitively its whole blob chain) the whole time.

  


        

      


  

  
    
    Hyper.Node.Img.Mutable - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Img.Mutable 
    



      
The per-VM mutable rootfs. On start it activates (or reuses) the image's
read-only Img.Server, takes a reference on it, reads the composed device's
size, and asks the node ThinPool for a thin volume with that device as a
read-only external origin. blk_path/1 is the mutable host device the VM
boots from (staged into the jail by mknod from this path).
Mutable layers live in their own DynamicSupervisor, separate from the shared
read-only Img.Servers; the firecracker VM is handed this layer directly and
cannot be booted from a bare Hyper.Img.
Monitor-refcounted like Img.Server/Layer.Server: the VM supervisor holds
it; when the last holder dies it idle-reaps, destroying its thin volume in
terminate/2 and releasing the image (which, if it was the last holder, tears
down the RO chain in turn).

      


      
        Summary


  
    Functions
  


    
      
        acquire(server)

      


    


    
      
        acquire(server, holder)

      


    


    
      
        active_vm_ids()

      


        vm_ids of every live mutable layer on this node.



    


    
      
        blk_path(server)

      


    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        describe(server)

      


        The volume's identity for forking: which image it serves, its thin name/id in
the node pool, its device path, and the composed RO origin it reads through.



    


    
      
        release(server)

      


        Release the calling process's hold on the writable volume.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      acquire(server)



        
          
        

    

  


  

      

          @spec acquire(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      acquire(server, holder)



        
          
        

    

  


  

      

          @spec acquire(GenServer.server(), pid()) :: :ok


      



  



  
    
      
    
    
      active_vm_ids()



        
          
        

    

  


  

      

          @spec active_vm_ids() :: [Hyper.Vm.Id.t()]


      


vm_ids of every live mutable layer on this node.

  



  
    
      
    
    
      blk_path(server)



        
          
        

    

  


  

      

          @spec blk_path(GenServer.server()) :: Path.t()


      



  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      describe(server)



        
          
        

    

  


  

      

          @spec describe(GenServer.server()) :: %{
  img_id: Hyper.Img.id(),
  thin_name: String.t(),
  thin_id: non_neg_integer(),
  blk_path: Path.t(),
  origin_dev: Path.t()
}


      


The volume's identity for forking: which image it serves, its thin name/id in
the node pool, its device path, and the composed RO origin it reads through.

  



  
    
      
    
    
      release(server)



        
          
        

    

  


  

      

          @spec release(GenServer.server()) :: :ok


      


Release the calling process's hold on the writable volume.
The VM-supervisor holder is released via its monitor :DOWN, not this function.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(Hyper.Node.Img.Mutable.Opts.t()) :: GenServer.on_start()


      



  


        

      


  

  
    
    Hyper.Node.Img.Publish - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Img.Publish 
    



      
Materialize a running VM's disk divergence as a new immutable delta layer.
Pipeline: take a temp thin snapshot of the VM's mutable volume (instant;
parent resumes immediately) → build a writable dm-snapshot over the VM's
composed RO image device, backed by a fresh sparse COW file → copy the
snapshot's provisioned ranges (read from the pool metadata — with an
external origin they are exactly the divergence) into it, so exactly the
divergent chunks land in the COW exception store → tear the devices down
(flushing the store) → ingest the COW file via Hyper.Img.create_derived/3.
The result is a kind: :delta blob any node can stack with
Dmsetup.create_snapshot/4 — the same format Img.Server.build_chain/2
already composes.

      


      
        Summary


  
    Functions
  


    
      
        fork_image(parent_vm_id, parent_img_id)

      


        Publish parent_vm_id's current rootfs divergence over parent_img_id.
Returns the derived image id. The parent VM keeps running; its I/O pauses
only for the instant of the thin snapshot.



    





      


      
        Functions


        


  
    
      
    
    
      fork_image(parent_vm_id, parent_img_id)



        
          
        

    

  


  

      

          @spec fork_image(Hyper.Vm.Id.t(), Hyper.Img.id()) ::
  {:ok, Hyper.Img.id()} | {:error, term()}


      


Publish parent_vm_id's current rootfs divergence over parent_img_id.
Returns the derived image id. The parent VM keeps running; its I/O pauses
only for the instant of the thin snapshot.

  


        

      


  

  
    
    Hyper.Node.Img.Server - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Img.Server 
    



      
GenServer representing a single active image on this node.
On start it resolves the image's layer chain, acquires each Layer.Server
(keeping the loop devices mounted), and assembles them into a single read-only
block device by stacking dm-snapshot targets (base at the bottom, each delta's
exception store layered on top). blk_path/1 returns that composed device.
Reference-counted via process monitors, like Layer.Server: holders acquire/1
it; when the last leaves it idle-reaps, removing its dm chain in terminate/2
and releasing its layers (which then unmount once nothing else holds them).

      


      
        Summary


  
    Functions
  


    
      
        acquire(server)

      


        Take a reference on server on behalf of the calling process. The image stays
assembled until every holder releases (or dies). Idempotent per process.



    


    
      
        blk_path(server)

      


        The composed read-only block device path for the image managed by server.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        layers(server)

      


        The ordered layer ids that compose the image managed by server.



    


    
      
        release(server)

      


        Drop the calling process's reference on server.



    


    
      
        start_link(opts)

      


        Start an image server for opts, registered by image id.



    





      


      
        Functions


        


  
    
      
    
    
      acquire(server)



        
          
        

    

  


  

      

          @spec acquire(GenServer.server()) :: :ok


      


Take a reference on server on behalf of the calling process. The image stays
assembled until every holder releases (or dies). Idempotent per process.

  



  
    
      
    
    
      blk_path(server)



        
          
        

    

  


  

      

          @spec blk_path(GenServer.server()) :: Path.t()


      


The composed read-only block device path for the image managed by server.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      layers(server)



        
          
        

    

  


  

      

          @spec layers(GenServer.server()) :: [Hyper.Layer.id()]


      


The ordered layer ids that compose the image managed by server.

  



  
    
      
    
    
      release(server)



        
          
        

    

  


  

      

          @spec release(GenServer.server()) :: :ok


      


Drop the calling process's reference on server.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(Hyper.Node.Img.Server.Opts.t()) :: GenServer.on_start()


      


Start an image server for opts, registered by image id.

  


        

      


  

  
    
    Hyper.Node.Img.Server.Opts - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Img.Server.Opts 
    



      
Options for starting an image server.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.Img.Server.Opts{img_id: Hyper.Img.id()}


      



  


        

      


  

  
    
    Hyper.Node.Img.ThinPool - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Img.ThinPool 
    



      
The node's single dm-thin pool. On start it materialises two sparse backing
files in scratch_dir (metadata + data), attaches them as writable loop
devices, zeroes the metadata (so the kernel treats it as a fresh pool), and
creates the hyper-thinpool device-mapper pool.
create_external/3 provisions a thin volume whose unwritten blocks read
through to a read-only external origin (the composed image device) and whose
writes land in the pool - the per-VM writable rootfs. Thin device ids are a
bump pointer plus a freed-id stack, mirroring Hyper.Node.Users.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        create_external(name, origin_dev, sectors)

      


        Provision a thin volume of sectors over read-only origin_dev.



    


    
      
        destroy(name, id)

      


        Remove thin volume name and free its thin device id.



    


    
      
        mappings(thin_id)

      


        The provisioned ranges of thin device thin_id, from the pool's own
metadata. Because the volume reads through an external origin, provisioned
blocks are exactly the blocks ever written — the divergence a fork publish
must copy, discovered without scanning the device.



    


    
      
        snapshot(name, origin_name, origin_id, sectors, origin_dev)

      


        Take an internal snapshot of live thin volume origin_name (thin id
origin_id) and activate it as name, sharing the pool's blocks COW-style.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      create_external(name, origin_dev, sectors)



        
          
        

    

  


  

      

          @spec create_external(String.t(), Path.t(), pos_integer()) ::
  {:ok, %{dev: Path.t(), id: non_neg_integer()}} | {:error, term()}


      


Provision a thin volume of sectors over read-only origin_dev.

  



  
    
      
    
    
      destroy(name, id)



        
          
        

    

  


  

      

          @spec destroy(String.t(), non_neg_integer()) :: :ok


      


Remove thin volume name and free its thin device id.

  



  
    
      
    
    
      mappings(thin_id)



        
          
        

    

  


  

      

          @spec mappings(non_neg_integer()) ::
  {:ok, %{block_sectors: pos_integer(), ranges: [[non_neg_integer()]]}}
  | {:error, term()}


      


The provisioned ranges of thin device thin_id, from the pool's own
metadata. Because the volume reads through an external origin, provisioned
blocks are exactly the blocks ever written — the divergence a fork publish
must copy, discovered without scanning the device.
Reserves the pool's metadata snapshot for the duration of the dump and
always releases it (one reserve may exist at a time; this call is
serialized by the pool server).

  



  
    
      
    
    
      snapshot(name, origin_name, origin_id, sectors, origin_dev)



        
          
        

    

  


  

      

          @spec snapshot(String.t(), String.t(), non_neg_integer(), pos_integer(), Path.t()) ::
  {:ok, %{dev: Path.t(), id: non_neg_integer()}} | {:error, term()}


      


Take an internal snapshot of live thin volume origin_name (thin id
origin_id) and activate it as name, sharing the pool's blocks COW-style.
dm-thin requires the origin suspended while create_snap is sent; the origin
is resumed on every path out, so a failed snapshot never leaves the parent
VM's I/O frozen. The snapshot is activated with the same external origin
(origin_dev) as its parent — unprovisioned reads must keep resolving
through the composed RO image chain.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      



  


        

      


  

  
    
    Hyper.Node.Layer - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Layer 
    



      
Supervisor for this node's mounted layers. Owns a unique Registry
(layer_id -> Layer.Server) and a DynamicSupervisor that holds those
servers, so a layer can be mounted on demand and looked up by its id.

      


      
        Summary


  
    Functions
  


    
      
        active()

      


        Every layer id currently mounted on this node.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        start_server(layer_id)

      


        Mount layer_id on this node (or reuse the server already mounting it).



    





      


      
        Functions


        


  
    
      
    
    
      active()



        
          
        

    

  


  

      

          @spec active() :: [Hyper.Layer.id()]


      


Every layer id currently mounted on this node.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      start_server(layer_id)



        
          
        

    

  


  

      

          @spec start_server(Hyper.Layer.id()) :: {:ok, pid()} | {:error, term()}


      


Mount layer_id on this node (or reuse the server already mounting it).

  


        

      


  

  
    
    Hyper.Node.Layer.Repo - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Layer.Repo 
    



      
Repo for looking up layers in the shared layer directory. Currently backed by a flat
file-directory.
Hyper expects you to keep your layers in a flat directory, which may be backed by anything you
like: a plain filesystem, an NFS drive. This registry only ever is used to find paths to layers
but not anything more.

      


      
        Summary


  
    Functions
  


    
      
        find_layer(id)

      


        Resolve a layer's path. {:error, :enoent} if absent, {:error, posix} on I/O error.



    


    
      
        test_system()

      


        Test whether the system appears configured for the node registry.



    





      


      
        Functions


        


  
    
      
    
    
      find_layer(id)



        
          
        

    

  


  

      

          @spec find_layer(Hyper.Layer.id()) :: {:ok, Path.t()} | {:error, File.posix()}


      


Resolve a layer's path. {:error, :enoent} if absent, {:error, posix} on I/O error.

  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      


Test whether the system appears configured for the node registry.

  


        

      


  

  
    
    Hyper.Node.Layer.Server - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Layer.Server 
    



      
GenServer responsible for managing a single mounted layer.
Reference-counted via process monitors: each holder acquire/1s the layer and
the server monitors it, so a holder that crashes is released automatically (no
leaked count). When the last holder goes away the server waits a short idle
grace period and then stops, unmounting the block device in terminate/2. The
grace period keeps bursty acquire/release cycles from thrashing the mount.

      


      
        Summary


  
    Functions
  


    
      
        acquire(server)

      


        Take a reference on server on behalf of the calling process. The layer stays
mounted until every holder releases (or dies). Idempotent per process.



    


    
      
        blk_path(server)

      


        Get the block device path of the layer managed by server.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        for_layer(layer_id)

      


        Get the server mounting layer_id, starting it under the layer supervisor if needed.



    


    
      
        release(server)

      


        Drop the calling process's reference on server.



    


    
      
        start_link(opts)

      


        Create a new layer, mounting it as a block device.



    





      


      
        Functions


        


  
    
      
    
    
      acquire(server)



        
          
        

    

  


  

      

          @spec acquire(GenServer.server()) :: :ok


      


Take a reference on server on behalf of the calling process. The layer stays
mounted until every holder releases (or dies). Idempotent per process.

  



  
    
      
    
    
      blk_path(server)



        
          
        

    

  


  

      

          @spec blk_path(GenServer.server()) :: Path.t()


      


Get the block device path of the layer managed by server.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      for_layer(layer_id)



        
          
        

    

  


  

      

          @spec for_layer(Hyper.Layer.id()) :: {:ok, pid()} | {:error, term()}


      


Get the server mounting layer_id, starting it under the layer supervisor if needed.

  



  
    
      
    
    
      release(server)



        
          
        

    

  


  

      

          @spec release(GenServer.server()) :: :ok


      


Drop the calling process's reference on server.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(Hyper.Node.Layer.Server.Opts.t()) :: GenServer.on_start()


      


Create a new layer, mounting it as a block device.

  


        

      


  

  
    
    Hyper.Node.Reaper - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Reaper 
    



      
Per-node periodic, liveness-aware garbage collector for per-VM host resources
that an unclean BEAM death can strand: a firecracker cgroup leaf and a
hyper-rw-<id> dm volume whose owning processes' terminate/2 never ran and
whose vm_id never reboots (so Hyper.Node.Reclaim, which runs once at boot, and
the relaunch-time cleanup in the FireVMM path, never get a chance to clear it).
Liveness is the whole point. The reaper consults three independent sources of
truth for "this vm is alive" — the local VM supervisor's children, the cluster
routing table, and the node's live mutable layers (Img.Mutable.active_vm_ids/0)
— (Plan.orphans/4 removes their union from the candidate set) and only ever
touches hyper-rw-* dm names, per-VM cgroup leaves, and (when networking is
enabled) per-VM netns names under /var/run/netns - never hyper-thinpool,
hyper-img-*, or a live VM's resources. A
candidate must also survive two consecutive ticks (Plan.confirm/2) before it
is reaped, so a VM caught mid-boot (resources present, not yet registered) is
given a grace tick rather than destroyed — this is what protects a netns that
Hyper.Node.FireVMM.Daemon.prelaunch/1 just created for a VM that has not yet
appeared in gather_live/0: it takes two orphan sightings to reap, and a
normally-booting VM never produces a second one.
The decision logic lives in the pure Hyper.Node.Reaper.Plan; this module is a
thin I/O adapter that gathers the inputs, calls the plan, and executes the
best-effort, idempotent removals.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.Reaper{last_orphans: MapSet.t(String.t())}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      



  


        

      


  

  
    
    Hyper.Node.Reaper.Plan - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Reaper.Plan 
    



      
Pure reap-decision core for Hyper.Node.Reaper. No I/O. Every safety invariant
is a property of these functions: a live vm_id is never a candidate, only an
orphan seen on two consecutive ticks is reaped, and only hyper-rw-* dm names
yield candidates (so hyper-thinpool / hyper-img-* can never be reaped).

      


      
        Summary


  
    Functions
  


    
      
        confirm(current, last)

      


        Two-strike grace: reap only ids that were also orphans last tick. Returns {to_reap, next_last}.



    


    
      
        orphans(live, cgroup_leaves, rw_ids, netns_names)

      


        Candidate orphans this tick: (cgroup leaves ∪ rw vm_ids ∪ netns names) minus
the live set. netns_names are the leaf names of /var/run/netns/* — a VM's
netns is named exactly its vm_id (see Hyper.SuidHelper.Network), so it folds
into the same union/difference as the other two sources and is subject to the
same two-strike confirm/2 grace before Hyper.Node.Reaper ever reaps it.



    


    
      
        rw_ids(dm_names)

      


        vm_ids of orphan rw-volumes from raw dmsetup ls names (only hyper-rw-*).



    





      


      
        Functions


        


  
    
      
    
    
      confirm(current, last)



        
          
        

    

  


  

      

          @spec confirm(MapSet.t(String.t()), MapSet.t(String.t())) ::
  {MapSet.t(String.t()), MapSet.t(String.t())}


      


Two-strike grace: reap only ids that were also orphans last tick. Returns {to_reap, next_last}.

  



  
    
      
    
    
      orphans(live, cgroup_leaves, rw_ids, netns_names)



        
          
        

    

  


  

      

          @spec orphans(MapSet.t(String.t()), [String.t()], [String.t()], [String.t()]) ::
  MapSet.t(String.t())


      


Candidate orphans this tick: (cgroup leaves ∪ rw vm_ids ∪ netns names) minus
the live set. netns_names are the leaf names of /var/run/netns/* — a VM's
netns is named exactly its vm_id (see Hyper.SuidHelper.Network), so it folds
into the same union/difference as the other two sources and is subject to the
same two-strike confirm/2 grace before Hyper.Node.Reaper ever reaps it.

  



  
    
      
    
    
      rw_ids(dm_names)



        
          
        

    

  


  

      

          @spec rw_ids([String.t()]) :: [String.t()]


      


vm_ids of orphan rw-volumes from raw dmsetup ls names (only hyper-rw-*).

  


        

      


  

  
    
    Hyper.Node.Reclaim - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Reclaim 
    



      
Boot-time reclamation of device-mapper and loop devices orphaned by an unclean
shutdown (SIGKILL or :erlang.halt, where the owning GenServers' terminate/2
never ran to tear them down).
Hyper names every dm device it creates with a hyper- prefix (hyper-thinpool,
hyper-rw-<vm>, hyper-img-<img>-<n>), so this removes exactly those - never an
operator's unrelated dm devices. Removal is leaf-first: a device still open by
another (the pool under a thin volume, a snapshot under the next in its chain)
refuses until its dependents are gone, so leftovers are retried until a pass
removes nothing new. Loop devices backing files under Hyper's data dirs are then
detached (the dm devices that held them are gone by that point).
Entirely best-effort: every failure is logged and boot continues. It runs once,
before any device-owning GenServer starts, so the freshly-booting node never
collides with its own previous instance's leftovers.

      


      
        Summary


  
    Functions
  


    
      
        run()

      


    





      


      
        Functions


        


  
    
      
    
    
      run()



        
          
        

    

  


  

      

          @spec run() :: :ok


      



  


        

      


  

  
    
    Hyper.Node.Users - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Users 
    



      
Process running on the Hyper.Node responsible for creating and managing POSIX users.
The reason we need this is that Firecracker prefers that each new virtual machine we create is
managed with a unique user. Each said user needs access to /dev/kvm.
To solve this problem, Hyper.Node.Users mints user ids under the configured group.

      


      
        Summary


  
    Types
  


    
      
        id()

      


        A uid/gid.



    





  
    Functions
  


    
      
        bind(id, owner)

      


        Free id automatically when owner dies.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        claim()

      


        Allocate an id without auto-freeing. Pair with release/1 or bind/2.



    


    
      
        release(id)

      


        Return an id to the pool.



    


    
      
        test_system()

      


        Verify the configured uid/gid range is free, raising if anything occupies it.



    


    
      
        with_id(fun)

      


        Run the given callable with a new UID, freeing it afterward.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: integer()


      


A uid/gid.

  


        

      

      
        Functions


        


  
    
      
    
    
      bind(id, owner)



        
          
        

    

  


  

      

          @spec bind(id(), pid()) :: :ok


      


Free id automatically when owner dies.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      claim()



        
          
        

    

  


  

      

          @spec claim() :: {:ok, id()} | {:error, :exhausted}


      


Allocate an id without auto-freeing. Pair with release/1 or bind/2.

  



  
    
      
    
    
      release(id)



        
          
        

    

  


  

      

          @spec release(id()) :: :ok


      


Return an id to the pool.

  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      


Verify the configured uid/gid range is free, raising if anything occupies it.
Run at node startup so we fail closed: handing out a uid that collides with an
existing user would let a VM run as that user - a security hazard. Checks NSS
users and groups (via getent) and the subordinate-id ranges in /etc/subuid
and /etc/subgid for overlap with the configured range.

  



  
    
      
    
    
      with_id(fun)



        
          
        

    

  


  

      

          @spec with_id((id() -> result)) :: result | {:error, :exhausted} when result: var


      


Run the given callable with a new UID, freeing it afterward.

  


        

      


  

  
    
    Hyper.Node.Users.State - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Users.State 
    



      
Bump-pointer + freed-stack id pool. Only ids currently in flight are stored:
	next - the next never-allocated id (bump pointer), advanced up to max
	max  - top of the configured range (inclusive)
	freed - stack of returned ids available for reuse
	owners - map of monitor references to bound ids

The untouched tail of the range (next..max) is never materialised, so memory
is O(ids handed out and returned), not O(range size).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Node.Users.State{
  freed: [Hyper.Node.Users.id()],
  max: Hyper.Node.Users.id(),
  next: Hyper.Node.Users.id(),
  owners: %{required(reference()) => Hyper.Node.Users.id()}
}


      



  


        

      


  

  
    
    Hyper.Node.Vmlinux - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Node.Vmlinux 
    



      
Resolves the guest kernel (vmlinux) image for this node.
Two sources, in priority order:
	An operator-configured path for the node's architecture, via
config :hyper, Hyper.Cfg.VmLinux, amd64: ..., aarch64: ... (see Hyper.Cfg.VmLinux.images/0).
If set, it wins - the operator can pin a custom kernel.
	Otherwise, the default kernel downloaded by
Hyper.Node.FireVMM.VmLinux.Provider (highest version for the arch).

test_system/0 verifies that whichever source applies actually yields a file
on disk for this node's architecture, so a misconfigured node aborts at boot
instead of failing the first VM launch.

      


      
        Summary


  
    Functions
  


    
      
        path(arch)

      


        Absolute path to the kernel image for arch: the operator-configured path if
set, otherwise the Provider's default kernel. Raises if neither resolves
(boot's test_system/0 is expected to have caught that first).



    


    
      
        test_system()

      


        Ensure this node's vmlinux image is present. With an operator-configured path,
returns {:error, {:vmlinux_missing, path}} if that file is absent. Otherwise
falls back to the Provider's default kernel and returns
{:error, {:vmlinux_missing, path}} if it is absent, or {:error, {:no_kernel, arch}}
if the manifest has no kernel for this architecture.



    





      


      
        Functions


        


  
    
      
    
    
      path(arch)



        
          
        

    

  


  

      

          @spec path(Sys.Arch.t()) :: Path.t()


      


Absolute path to the kernel image for arch: the operator-configured path if
set, otherwise the Provider's default kernel. Raises if neither resolves
(boot's test_system/0 is expected to have caught that first).

  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      


Ensure this node's vmlinux image is present. With an operator-configured path,
returns {:error, {:vmlinux_missing, path}} if that file is absent. Otherwise
falls back to the Provider's default kernel and returns
{:error, {:vmlinux_missing, path}} if it is absent, or {:error, {:no_kernel, arch}}
if the manifest has no kernel for this architecture.

  


        

      


  

  
    
    Hyper.Img - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img 
    



      
A content-addressed image: an ordered stack of layers, and the entry point for
putting one into the cluster.
create/2 ingests a prepared image file -- e.g. the ext4 rootfs produced by
Hyper.Img.OciLoader -- into the shared media store and the image database. It
content-addresses the file (sha256 of its bytes = the image id), publishes it
into Hyper.Cfg.Dirs.layer_dir/0 at layer_<id>.img, then records it as a
one-layer base image (blobs + images + image_layers). Producers of image
files stay decoupled from the store and DB: they hand a path to create/2.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    





  
    Functions
  


    
      
        create(path, opts \\ [])

      


        Ingest the image file at path into the cluster and return its
content-addressed id.



    


    
      
        create_derived(parent_img_id, delta_path, opts \\ [])

      


        Ingest the dm-snapshot COW file at delta_path as a new delta layer over
parent_img_id, returning the derived image's id. The file is consumed, like
create/2. Idempotent for identical bytes over the same parent.



    


    
      
        derived_image_id(parent_img_id, delta_blob_id)

      


        The id of the image derived from parent_img_id by applying delta blob
delta_blob_id: a digest of the pair, so re-publishing the same fork is
idempotent while identical delta bytes over different parents still get
distinct image rows.



    


    
      
        derived_layer_rows(image_id, parent_blob_ids, delta_blob_id)

      


        The image_layers rows of a derived image: the parent's blob chain in order
at positions 0..n-1, the delta blob at position n.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: String.t()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      create(path, opts \\ [])



        
          
        

    

  


  

      

          @spec create(
  Path.t(),
  keyword()
) :: {:ok, id()} | {:error, term()}


      


Ingest the image file at path into the cluster and return its
content-addressed id.
Content-addresses path (sha256 of its bytes = the id), publishes it into the
media store at layer_<id>.img, and records it as a one-layer base image. The
file at path is consumed -- moved into the store on success, removed on
failure -- so the caller hands off ownership.
opts[:label] sets the human-readable images.label (defaults to the basename
of path).
Idempotent: creating identical bytes again is a no-op that returns the same id.

  



    

  
    
      
    
    
      create_derived(parent_img_id, delta_path, opts \\ [])



        
          
        

    

  


  

      

          @spec create_derived(id(), Path.t(), keyword()) :: {:ok, id()} | {:error, term()}


      


Ingest the dm-snapshot COW file at delta_path as a new delta layer over
parent_img_id, returning the derived image's id. The file is consumed, like
create/2. Idempotent for identical bytes over the same parent.
opts[:label] sets the derived image's label (defaults to the file basename).

  



  
    
      
    
    
      derived_image_id(parent_img_id, delta_blob_id)



        
          
        

    

  


  

      

          @spec derived_image_id(id(), String.t()) :: id()


      


The id of the image derived from parent_img_id by applying delta blob
delta_blob_id: a digest of the pair, so re-publishing the same fork is
idempotent while identical delta bytes over different parents still get
distinct image rows.

  



  
    
      
    
    
      derived_layer_rows(image_id, parent_blob_ids, delta_blob_id)



        
          
        

    

  


  

      

          @spec derived_layer_rows(id(), [String.t()], String.t()) :: [
  %{image_id: id(), position: non_neg_integer(), blob_id: String.t()}
]


      


The image_layers rows of a derived image: the parent's blob chain in order
at positions 0..n-1, the delta blob at position n.

  


        

      


  

  
    
    Hyper.Img.Db.Blob - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.Db.Blob 
    



      
An immutable, content-addressed leaf object stored on NFS - a base (P.img) or
a delta (L.img). The id is both primary key and identity, so inserts are
conflict-free: two nodes publishing the same bytes write the same row.
The only field that ever changes is state, flipped to :deleting as a tombstone
during a coordinated delete so no new lease can be taken against it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        changeset(blob, attrs)

      


    


    
      
        present_after(after_id, limit)

      


        Keyset page of {id, size} for :present blobs after after_id (nil to start), ordered by id.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Img.Db.Blob{
  __meta__: term(),
  id: term(),
  inserted_at: term(),
  kind: term(),
  size: term(),
  state: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      changeset(blob, attrs)



        
          
        

    

  


  


  



  
    
      
    
    
      present_after(after_id, limit)



        
          
        

    

  


  

      

          @spec present_after(String.t() | nil, pos_integer()) :: [
  {String.t(), non_neg_integer()}
]


      


Keyset page of {id, size} for :present blobs after after_id (nil to start), ordered by id.

  


        

      


  

  
    
    Hyper.Img.Db.Gc - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.Db.Gc 
    



      
Cluster-singleton garbage collector that reconciles the blobs table against
the shared medium: a :present blob whose backing file is gone is a stale row
and is pruned. Runs continuously, one keyset page at a time.
Deletes are irreversible, so a blob is pruned only when all of these agree it is
really gone:
	Errno discrimination - Hyper.Node.Layer.Repo.find_layer/1 reports
:enoent only for a true absence; any other I/O error (NFS ESTALE/EIO,
a vanished mount) is treated as :unknown and never pruned.
	Mount re-check - test_system/0 is re-checked after a page's probes and
before its deletes, so a mount that drops mid-page can't trigger a mass
delete.
	Grace period - rows younger than grace_period are never deleted, so
a blob mid-publish (row present, file not finished) is safe.

The DELETE is also guarded by NOT EXISTS against image_layers, so it can
never violate the FK. A missing-file blob still referenced by an image is a
dangling reference (data loss the GC can't fix) - left in place and reported,
never deleted.
Publish contract: write a layer's file to the medium before inserting its
blobs row (ideally write-temp then atomic rename); the grace period is
insurance, not a substitute.
The delete step itself lives in Hyper.Img.Db.Gc.Prune.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        status()

      


        Local role + last completed sweep, for introspection on this node.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hyper.Img.Db.Gc{
  config: Hyper.Cfg.Gc.t(),
  last_sweep: Hyper.Img.Db.Gc.Sweep.State.t() | nil,
  role: :active | :standby,
  sweep: Hyper.Img.Db.Gc.Sweep.State.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @spec status() :: %{
  role: :active | :standby,
  last_sweep: Hyper.Img.Db.Gc.Sweep.State.t() | nil
}


      


Local role + last completed sweep, for introspection on this node.

  


        

      


  

  
    
    Hyper.Img.Db.Gc.Prune - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.Db.Gc.Prune 
    



      
The delete step of the layer GC, factored out of the Gc server so its
safety contracts are testable against a real database without the
cluster-singleton GenServer around them:
	a missing blob still referenced by an image is dangling — reported,
never deleted;
	rows younger than grace_period are never deleted;
	the DELETE re-checks NOT EXISTS (image_layers), so a reference
that appeared after the caller's snapshot is skipped, not violated;
	the shared medium is re-probed before any delete, so a mount that
vanished mid-page skips the page instead of mass-deleting;
	presence/1 maps only a true :enoent to :missing; any other I/O
error is :unknown and never drives a delete.

Every query runs at low priority: in a transaction with a capped
per-statement timeout, so the GC can never pin a backend.

      


      
        Summary


  
    Functions
  


    
      
        execute(config, missing)

      


        Act on one page's missing set: re-check the medium is still mounted, split
dangling (still referenced) from prunable, delete what is out of grace.
Returns {pruned, pruned_bytes, dangling}.



    


    
      
        presence(id)

      


        Shared-medium presence probe injected into the pure Sweep core.
Distinguishes a genuine absence (:enoent -> prunable) from an I/O error
(:unknown -> never pruned), so a transient NFS hiccup can never drive a
delete.



    


    
      
        with_low_priority(config, fun)

      


        Run a DB operation at low priority: in a transaction with a capped
per-statement timeout, so it can never pin a backend and yields under
contention.



    





      


      
        Functions


        


  
    
      
    
    
      execute(config, missing)



        
          
        

    

  


  

      

          @spec execute(Hyper.Cfg.Gc.t(), [Hyper.Img.Db.Gc.Sweep.blob()]) ::
  {non_neg_integer(), non_neg_integer(), non_neg_integer()}


      


Act on one page's missing set: re-check the medium is still mounted, split
dangling (still referenced) from prunable, delete what is out of grace.
Returns {pruned, pruned_bytes, dangling}.

  



  
    
      
    
    
      presence(id)



        
          
        

    

  


  

      

          @spec presence(String.t()) :: Hyper.Img.Db.Gc.Sweep.presence()


      


Shared-medium presence probe injected into the pure Sweep core.
Distinguishes a genuine absence (:enoent -> prunable) from an I/O error
(:unknown -> never pruned), so a transient NFS hiccup can never drive a
delete.

  



  
    
      
    
    
      with_low_priority(config, fun)



        
          
        

    

  


  

      

          @spec with_low_priority(Hyper.Cfg.Gc.t(), (-> result)) :: result when result: var


      


Run a DB operation at low priority: in a transaction with a capped
per-statement timeout, so it can never pin a backend and yields under
contention.

  


        

      


  

  
    
    Hyper.Img.Db.Gc.Sweep - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.Db.Gc.Sweep 
    



      
Pure accounting core for the layer GC.
A Hyper.Img.Db.Gc.Sweep.State accumulates a single full pass over the blobs
table. absorb/3 classifies a keyset page into present (file on the medium) vs
missing (file gone) and returns the missing blobs for the GC to prune;
record_prune/4 folds the prune outcome back into the tally once the GC has
executed it against the database.

      


      
        Summary


  
    Types
  


    
      
        blob()

      


        A blob page row: content-addressed id and its DB-recorded byte size.



    


    
      
        check_fun()

      


    


    
      
        presence()

      


        Injected shared-medium probe. :present = file is there; :missing = file is
genuinely gone (safe to prune); :unknown = could not determine (I/O error),
so the blob is counted but never pruned.



    





  
    Functions
  


    
      
        absorb(sweep, batch, check_fun)

      


        Fold one keyset page into the sweep. Advances cursor to the last blob's id
(so the next page starts after it), counts present / missing / unknown, and
returns only the genuinely-missing blobs (file confirmed absent) as {id, size}
for the GC to prune. :unknown rows (probe I/O error) are counted but never
returned, so an unreachable medium can never drive a delete.



    


    
      
        continue?(batch, limit)

      


        Full page (length == limit) means more rows may remain; page again.



    


    
      
        new()

      


        A fresh sweep state: nil cursor (start of table), zeroed counters.



    


    
      
        record_prune(sweep, pruned, pruned_bytes, dangling)

      


        Fold the result of pruning one page back into the sweep: pruned rows deleted
totalling pruned_bytes, and dangling rows left in place (file gone but the
blob is still referenced by an image - a data-loss condition the GC reports but
must not delete).



    





      


      
        Types


        


  
    
      
    
    
      blob()



        
          
        

    

  


  

      

          @type blob() :: {String.t(), non_neg_integer()}


      


A blob page row: content-addressed id and its DB-recorded byte size.

  



  
    
      
    
    
      check_fun()



        
          
        

    

  


  

      

          @type check_fun() :: (String.t() -> presence())


      



  



  
    
      
    
    
      presence()



        
          
        

    

  


  

      

          @type presence() :: :present | :missing | :unknown


      


Injected shared-medium probe. :present = file is there; :missing = file is
genuinely gone (safe to prune); :unknown = could not determine (I/O error),
so the blob is counted but never pruned.

  


        

      

      
        Functions


        


  
    
      
    
    
      absorb(sweep, batch, check_fun)



        
          
        

    

  


  

      

          @spec absorb(Hyper.Img.Db.Gc.Sweep.State.t(), [blob()], check_fun()) ::
  {Hyper.Img.Db.Gc.Sweep.State.t(), [blob()]}


      


Fold one keyset page into the sweep. Advances cursor to the last blob's id
(so the next page starts after it), counts present / missing / unknown, and
returns only the genuinely-missing blobs (file confirmed absent) as {id, size}
for the GC to prune. :unknown rows (probe I/O error) are counted but never
returned, so an unreachable medium can never drive a delete.

  



  
    
      
    
    
      continue?(batch, limit)



        
          
        

    

  


  

      

          @spec continue?([term()], pos_integer()) :: boolean()


      


Full page (length == limit) means more rows may remain; page again.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: Hyper.Img.Db.Gc.Sweep.State.t()


      


A fresh sweep state: nil cursor (start of table), zeroed counters.

  



  
    
      
    
    
      record_prune(sweep, pruned, pruned_bytes, dangling)



        
          
        

    

  


  

      

          @spec record_prune(
  Hyper.Img.Db.Gc.Sweep.State.t(),
  non_neg_integer(),
  non_neg_integer(),
  non_neg_integer()
) :: Hyper.Img.Db.Gc.Sweep.State.t()


      


Fold the result of pruning one page back into the sweep: pruned rows deleted
totalling pruned_bytes, and dangling rows left in place (file gone but the
blob is still referenced by an image - a data-loss condition the GC reports but
must not delete).

  


        

      


  

  
    
    Hyper.Img.Db.Image - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.Db.Image 
    



      
A derivation - e.g. P' = P + L. It is resolved at mount time into an
ordered set of blobs via its image_layers. "P'" is a node in the lineage
graph, never a stored file.

      


      
        Summary


  
    Functions
  


    
      
        chain_sizes(image_id)

      


        The image's ordered layers as {blob_id, size}, base first.



    


    
      
        changeset(image, attrs)

      


    


    
      
        resolve_chain(image_id)

      


        Ordered blobs needed to assemble image_id, base (position 0) first.



    





      


      
        Functions


        


  
    
      
    
    
      chain_sizes(image_id)



        
          
        

    

  


  

      

          @spec chain_sizes(String.t()) :: [{String.t(), Unit.Information.t()}]


      


The image's ordered layers as {blob_id, size}, base first.

  



  
    
      
    
    
      changeset(image, attrs)



        
          
        

    

  


  


  



  
    
      
    
    
      resolve_chain(image_id)



        
          
        

    

  


  

      

          @spec resolve_chain(String.t()) :: [Hyper.Img.Db.Blob.t()]


      


Ordered blobs needed to assemble image_id, base (position 0) first.

  


        

      


  

  
    
    Hyper.Img.Db.ImageLayer - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.Db.ImageLayer 
    



      
One rung of an image's assembly chain. position 0 is the base blob; ascending
positions are deltas applied on top (each a dm-snapshot COW store over the layer
below). Selecting all rows for an image ordered by position yields exactly the
ordered blob list and params needed to emit the dmsetup tables.
Insert-only: chains are never edited, only created. The reverse index on
blob_id answers "which images reference this blob" for the delete check, and
the FK's ON DELETE RESTRICT enforces "can't drop a blob a layer still needs."

      


      
        Summary


  
    Functions
  


    
      
        changeset(layer, attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      changeset(layer, attrs)



        
          
        

    

  


  


  


        

      


  

  
    
    Hyper.Img.Db.Lease - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.Db.Lease 
    



      
A single running VM's claim on an image (and transitively, every blob in that
image's chain).
	take a lease  -> insert a row        (your "increment, before starting the VM")
	release       -> delete the row      (your "decrement, when done")
	heartbeat     -> bump expires_at      (keeps a live VM's claim fresh)

Because the claim is owned and expiring, a node that dies mid-VM does not leak a
reference - its lease simply lapses, and the blob becomes deletable again without
anyone running the missing decrement.

      


      
        Summary


  
    Functions
  


    
      
        bump(image_id, vm_id, ttl)

      


        Take a lease on the given image, bumping its expiry if one already exists.



    


    
      
        changeset(lease, attrs)

      


    


    
      
        default_ttl()

      


    


    
      
        reap_expired()

      


        Reap the expired leases. This is mostly implemented to clean up the database, but does nothing
outside of that. Returns the number of leases removed.



    


    
      
        release(vm_id)

      


        Release the lease issued to the given node_id and the given vm_id. Since each VM only ever uses
one image, it is not necessary to specify the image id.



    





      


      
        Functions


        


  
    
      
    
    
      bump(image_id, vm_id, ttl)



        
          
        

    

  


  

      

          @spec bump(Hyper.Img.id(), Hyper.Vm.Id.t(), Unit.Time.t()) ::
  {:ok,
   %Hyper.Img.Db.Lease{
     __meta__: term(),
     expires_at: term(),
     id: term(),
     image: term(),
     image_id: term(),
     inserted_at: term(),
     node_id: term(),
     vm_id: term()
   }}
  | {:error, Ecto.Changeset.t()}


      


Take a lease on the given image, bumping its expiry if one already exists.
Upserts on (node_id, vm_id) - the same call both takes a fresh lease and
heartbeats a live one.

  



  
    
      
    
    
      changeset(lease, attrs)



        
          
        

    

  


  


  



  
    
      
    
    
      default_ttl()



        
          
        

    

  


  


  



  
    
      
    
    
      reap_expired()



        
          
        

    

  


  

Reap the expired leases. This is mostly implemented to clean up the database, but does nothing
outside of that. Returns the number of leases removed.

  



  
    
      
    
    
      release(vm_id)



        
          
        

    

  


  

      

          @spec release(Hyper.Vm.Id.t()) :: :ok


      


Release the lease issued to the given node_id and the given vm_id. Since each VM only ever uses
one image, it is not necessary to specify the image id.

  


        

      


  

  
    
    Hyper.Img.Db.Repo - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.Db.Repo 
    



      
Global database of all known layers, and how they relate to each other.
At the current stage of this project, we use postgres to track images and how they relate.
Note that images can build on top of images.
This repo is responsible for answering the questions:
	Given an image id, is it a base image or a layered image?
	If an image is a layered image, what are the layers to build it?
	Who is currently actively holding onto an image? This can mean, potentially, in the case of
layered images:	Who is holding onto the image or any of its children?




      


      
        Summary


  
    Functions
  


    
      
        aggregate(queryable, aggregate, opts \\ [])

      


        Callback implementation for Ecto.Repo.aggregate/3.



    


    
      
        aggregate(queryable, aggregate, field, opts)

      


        Callback implementation for Ecto.Repo.aggregate/4.



    


    
      
        all(queryable, opts \\ [])

      


        Callback implementation for Ecto.Repo.all/2.



    


    
      
        all_by(queryable, clauses, opts \\ [])

      


        Callback implementation for Ecto.Repo.all_by/3.



    


    
      
        checked_out?()

      


        Callback implementation for Ecto.Repo.checked_out?/0.



    


    
      
        checkout(fun, opts \\ [])

      


        Callback implementation for Ecto.Repo.checkout/2.



    


    
      
        child_spec(opts)

      


    


    
      
        config()

      


        Callback implementation for Ecto.Repo.config/0.



    


    
      
        default_options(operation)

      


        Callback implementation for Ecto.Repo.default_options/1.



    


    
      
        delete(struct, opts \\ [])

      


        Callback implementation for Ecto.Repo.delete/2.



    


    
      
        delete!(struct, opts \\ [])

      


        Callback implementation for Ecto.Repo.delete!/2.



    


    
      
        delete_all(queryable, opts \\ [])

      


        Callback implementation for Ecto.Repo.delete_all/2.



    


    
      
        disconnect_all(interval, opts \\ [])

      


        Forces all connections in the repo pool to disconnect within the given interval.



    


    
      
        exists?(queryable, opts \\ [])

      


        Callback implementation for Ecto.Repo.exists?/2.



    


    
      
        explain(operation, queryable, opts \\ [])

      


        Executes an EXPLAIN statement or similar for the given query according to its kind and the
adapter in the given repository.



    


    
      
        get(queryable, id, opts \\ [])

      


        Callback implementation for Ecto.Repo.get/3.



    


    
      
        get!(queryable, id, opts \\ [])

      


        Callback implementation for Ecto.Repo.get!/3.



    


    
      
        get_by(queryable, clauses, opts \\ [])

      


        Callback implementation for Ecto.Repo.get_by/3.



    


    
      
        get_by!(queryable, clauses, opts \\ [])

      


        Callback implementation for Ecto.Repo.get_by!/3.



    


    
      
        get_dynamic_repo()

      


        Callback implementation for Ecto.Repo.get_dynamic_repo/0.



    


    
      
        in_transaction?()

      


        Callback implementation for Ecto.Repo.in_transaction?/0.



    


    
      
        insert(struct, opts \\ [])

      


        Callback implementation for Ecto.Repo.insert/2.



    


    
      
        insert!(struct, opts \\ [])

      


        Callback implementation for Ecto.Repo.insert!/2.



    


    
      
        insert_all(schema_or_source, entries, opts \\ [])

      


        Callback implementation for Ecto.Repo.insert_all/3.



    


    
      
        insert_or_update(changeset, opts \\ [])

      


        Callback implementation for Ecto.Repo.insert_or_update/2.



    


    
      
        insert_or_update!(changeset, opts \\ [])

      


        Callback implementation for Ecto.Repo.insert_or_update!/2.



    


    
      
        load(schema_or_types, data)

      


        Callback implementation for Ecto.Repo.load/2.



    


    
      
        one(queryable, opts \\ [])

      


        Callback implementation for Ecto.Repo.one/2.



    


    
      
        one!(queryable, opts \\ [])

      


        Callback implementation for Ecto.Repo.one!/2.



    


    
      
        preload(struct_or_structs_or_nil, preloads, opts \\ [])

      


        Callback implementation for Ecto.Repo.preload/3.



    


    
      
        prepare_query(operation, query, opts)

      


        Callback implementation for Ecto.Repo.prepare_query/3.



    


    
      
        prepare_transaction(fun_or_multi, opts)

      


        Callback implementation for Ecto.Repo.prepare_transaction/2.



    


    
      
        put_dynamic_repo(dynamic)

      


        Callback implementation for Ecto.Repo.put_dynamic_repo/1.



    


    
      
        query(sql, params \\ [], opts \\ [])

      


        Runs a custom SQL query.



    


    
      
        query!(sql, params \\ [], opts \\ [])

      


        Same as query/3 but returns result directly without :ok tuple
and raises on invalid queries



    


    
      
        query_many(sql, params \\ [], opts \\ [])

      


        Runs a custom SQL query that returns multiple results on the given repo.



    


    
      
        query_many!(sql, params \\ [], opts \\ [])

      


        Same as query_many/4 but returns result directly without :ok tuple
and raises on invalid queries



    


    
      
        reload(queryable, opts \\ [])

      


        Callback implementation for Ecto.Repo.reload/2.



    


    
      
        reload!(queryable, opts \\ [])

      


        Callback implementation for Ecto.Repo.reload!/2.



    


    
      
        rollback(value)

      


        Callback implementation for Ecto.Repo.rollback/1.



    


    
      
        start_link(opts \\ [])

      


        Callback implementation for Ecto.Repo.start_link/1.



    


    
      
        stop(timeout \\ 5000)

      


        Callback implementation for Ecto.Repo.stop/1.



    


    
      
        stream(queryable, opts \\ [])

      


        Callback implementation for Ecto.Repo.stream/2.



    


    
      
        to_sql(operation, queryable)

      


        Converts the given query to SQL according to its kind and the
adapter in the given repository.



    


    
      
        transact(fun_or_multi, opts \\ [])

      


        Callback implementation for Ecto.Repo.transact/2.



    


    
      
        transaction(fun_or_multi, opts \\ [])

      


        Callback implementation for Ecto.Repo.transaction/2.



    


    
      
        update(struct, opts \\ [])

      


        Callback implementation for Ecto.Repo.update/2.



    


    
      
        update!(struct, opts \\ [])

      


        Callback implementation for Ecto.Repo.update!/2.



    


    
      
        update_all(queryable, updates, opts \\ [])

      


        Callback implementation for Ecto.Repo.update_all/3.



    





      


      
        Functions


        


    

  
    
      
    
    
      aggregate(queryable, aggregate, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.aggregate/3.

  



  
    
      
    
    
      aggregate(queryable, aggregate, field, opts)



        
          
        

    

  


  

Callback implementation for Ecto.Repo.aggregate/4.

  



    

  
    
      
    
    
      all(queryable, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.all/2.

  



    

  
    
      
    
    
      all_by(queryable, clauses, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.all_by/3.

  



  
    
      
    
    
      checked_out?()



        
          
        

    

  


  

Callback implementation for Ecto.Repo.checked_out?/0.

  



    

  
    
      
    
    
      checkout(fun, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.checkout/2.

  



  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      config()



        
          
        

    

  


  

Callback implementation for Ecto.Repo.config/0.

  



  
    
      
    
    
      default_options(operation)



        
          
        

    

  


  

Callback implementation for Ecto.Repo.default_options/1.

  



    

  
    
      
    
    
      delete(struct, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.delete/2.

  



    

  
    
      
    
    
      delete!(struct, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.delete!/2.

  



    

  
    
      
    
    
      delete_all(queryable, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.delete_all/2.

  



    

  
    
      
    
    
      disconnect_all(interval, opts \\ [])



        
          
        

    

  


  

      

          @spec disconnect_all(non_neg_integer(), opts :: Keyword.t()) :: :ok


      


Forces all connections in the repo pool to disconnect within the given interval.
Once this function is called, the pool will disconnect all of its connections
as they are checked in or as they are pinged. Checked in connections will be
randomly disconnected within the given time interval. Pinged connections are
immediately disconnected - as they are idle (according to :idle_interval).
If the connection has a backoff configured (which is the case by default),
disconnecting means an attempt at a new connection will be done immediately
after, without starting a new process for each connection. However, if backoff
has been disabled, the connection process will terminate. In such cases,
disconnecting all connections may cause the pool supervisor to restart
depending on the max_restarts/max_seconds configuration of the pool,
so you will want to set those carefully.

  



    

  
    
      
    
    
      exists?(queryable, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.exists?/2.

  



    

  
    
      
    
    
      explain(operation, queryable, opts \\ [])



        
          
        

    

  


  

      

          @spec explain(
  :all | :update_all | :delete_all,
  Ecto.Queryable.t(),
  opts :: Keyword.t()
) ::
  String.t() | Exception.t() | [map()]


      


Executes an EXPLAIN statement or similar for the given query according to its kind and the
adapter in the given repository.
Examples
# Postgres
iex> MyRepo.explain(:all, Post)
"Seq Scan on posts p0  (cost=0.00..12.12 rows=1 width=443)"

iex> Ecto.Adapters.SQL.explain(Repo, :all, Post)
"Seq Scan on posts p0  (cost=0.00..12.12 rows=1 width=443)"

# MySQL
iex> MyRepo.explain(:all, from(p in Post, where: p.title == "title")) |> IO.puts()
+----+-------------+-------+------------+------+---------------+------+---------+------+------+----------+-------------+
| id | select_type | table | partitions | type | possible_keys | key  | key_len | ref  | rows | filtered | Extra       |
+----+-------------+-------+------------+------+---------------+------+---------+------+------+----------+-------------+
|  1 | SIMPLE      | p0    | NULL       | ALL  | NULL          | NULL | NULL    | NULL |    1 |    100.0 | Using where |
+----+-------------+-------+------------+------+---------------+------+---------+------+------+----------+-------------+

# Shared opts
iex> MyRepo.explain(:all, Post, analyze: true, timeout: 20_000)
"Seq Scan on posts p0  (cost=0.00..11.70 rows=170 width=443) (actual time=0.013..0.013 rows=0 loops=1)\nPlanning Time: 0.031 ms\nExecution Time: 0.021 ms"
It's safe to execute it for updates and deletes, no data change will be committed:
iex> MyRepo.explain(Repo, :update_all, from(p in Post, update: [set: [title: "new title"]]))
"Update on posts p0  (cost=0.00..11.70 rows=170 width=449)\n  ->  Seq Scan on posts p0  (cost=0.00..11.70 rows=170 width=449)"
This function is also available under the repository with name explain:
iex> MyRepo.explain(:all, from(p in Post, where: p.title == "title"))
"Seq Scan on posts p0  (cost=0.00..12.12 rows=1 width=443)\n  Filter: ((title)::text = 'title'::text)"
Options
Built-in adapters support passing opts to the EXPLAIN statement according to the following:
	Adapter	Supported opts
	Postgrex	analyze, verbose, costs, settings, buffers, timing, summary, format, plan, wrap_in_transaction
	MyXQL	format, wrap_in_transaction

All options except format are boolean valued and default to false.
The allowed format values are :map, :yaml, and :text:
	:map is the deserialized JSON encoding.
	:yaml and :text return the result as a string.

The built-in adapters support the following formats:
	Postgrex: :map, :yaml and :text
	MyXQL: :map and :text

The wrap_in_transaction option is a boolean that controls whether the command is run inside of a
transaction that is rolled back. This is useful when, for example, you'd like to use analyze: true
on an update or delete query without modifying data. Defaults to true.
The :plan option in Postgrex can take the values :custom or :fallback_generic. When :custom
is specified, the explain plan generated will consider the specific values of the query parameters
that are supplied. When using :fallback_generic, the specific values of the query parameters will
be ignored. :fallback_generic does not use PostgreSQL's built-in support for a generic explain
plan (available as of PostgreSQL 16), but instead uses a special implementation that works for PostgreSQL
versions 12 and above. Defaults to :custom.
Any other value passed to opts will be forwarded to the underlying adapter query function, including
shared Repo options such as :timeout. Non built-in adapters may have specific behaviour and you should
consult their documentation for more details.
For version compatibility, please check your database's documentation:
	Postgrex: PostgreSQL doc.
	MyXQL: MySQL doc.


  



    

  
    
      
    
    
      get(queryable, id, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.get/3.

  



    

  
    
      
    
    
      get!(queryable, id, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.get!/3.

  



    

  
    
      
    
    
      get_by(queryable, clauses, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.get_by/3.

  



    

  
    
      
    
    
      get_by!(queryable, clauses, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.get_by!/3.

  



  
    
      
    
    
      get_dynamic_repo()



        
          
        

    

  


  

Callback implementation for Ecto.Repo.get_dynamic_repo/0.

  



  
    
      
    
    
      in_transaction?()



        
          
        

    

  


  

Callback implementation for Ecto.Repo.in_transaction?/0.

  



    

  
    
      
    
    
      insert(struct, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.insert/2.

  



    

  
    
      
    
    
      insert!(struct, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.insert!/2.

  



    

  
    
      
    
    
      insert_all(schema_or_source, entries, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.insert_all/3.

  



    

  
    
      
    
    
      insert_or_update(changeset, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.insert_or_update/2.

  



    

  
    
      
    
    
      insert_or_update!(changeset, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.insert_or_update!/2.

  



  
    
      
    
    
      load(schema_or_types, data)



        
          
        

    

  


  

Callback implementation for Ecto.Repo.load/2.

  



    

  
    
      
    
    
      one(queryable, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.one/2.

  



    

  
    
      
    
    
      one!(queryable, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.one!/2.

  



    

  
    
      
    
    
      preload(struct_or_structs_or_nil, preloads, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.preload/3.

  



  
    
      
    
    
      prepare_query(operation, query, opts)



        
          
        

    

  


  

Callback implementation for Ecto.Repo.prepare_query/3.

  



  
    
      
    
    
      prepare_transaction(fun_or_multi, opts)



        
          
        

    

  


  

Callback implementation for Ecto.Repo.prepare_transaction/2.

  



  
    
      
    
    
      put_dynamic_repo(dynamic)



        
          
        

    

  


  

Callback implementation for Ecto.Repo.put_dynamic_repo/1.

  



    

    

  
    
      
    
    
      query(sql, params \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec query(iodata(), Ecto.Adapters.SQL.query_params(), Keyword.t()) ::
  {:ok, Ecto.Adapters.SQL.query_result()} | {:error, Exception.t()}


      


Runs a custom SQL query.
If the query was successful, it will return an :ok tuple containing
a map with at least two keys:
	:num_rows - the number of rows affected
	:rows - the result set as a list. nil may be returned
instead of the list if the command does not yield any row
as result (but still yields the number of affected rows,
like a delete command without returning would)

Options
	:log - When false, does not log the query
	:timeout - Execute request timeout, accepts: :infinity (default: 15000);

Examples
iex> MyRepo.query("SELECT $1::integer + $2", [40, 2])
{:ok, %{rows: [[42]], num_rows: 1}}

iex> Ecto.Adapters.SQL.query(MyRepo, "SELECT $1::integer + $2", [40, 2])
{:ok, %{rows: [[42]], num_rows: 1}}

  



    

    

  
    
      
    
    
      query!(sql, params \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec query!(iodata(), Ecto.Adapters.SQL.query_params(), Keyword.t()) ::
  Ecto.Adapters.SQL.query_result()


      


Same as query/3 but returns result directly without :ok tuple
and raises on invalid queries

  



    

    

  
    
      
    
    
      query_many(sql, params \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec query_many(iodata(), Ecto.Adapters.SQL.query_params(), Keyword.t()) ::
  {:ok, [Ecto.Adapters.SQL.query_result()]} | {:error, Exception.t()}


      


Runs a custom SQL query that returns multiple results on the given repo.
In case of success, it must return an :ok tuple containing a list of
maps with at least two keys:
	:num_rows - the number of rows affected

	:rows - the result set as a list. nil may be returned
instead of the list if the command does not yield any row
as result (but still yields the number of affected rows,
like a delete command without returning would)


Options
	:log - When false, does not log the query
	:timeout - Execute request timeout, accepts: :infinity (default: 15000);

Examples
iex> MyRepo.query_many("SELECT $1; SELECT $2;", [40, 2])
{:ok, [%{rows: [[40]], num_rows: 1}, %{rows: [[2]], num_rows: 1}]}

iex> Ecto.Adapters.SQL.query_many(MyRepo, "SELECT $1; SELECT $2;", [40, 2])
{:ok, [%{rows: [[40]], num_rows: 1}, %{rows: [[2]], num_rows: 1}]}

  



    

    

  
    
      
    
    
      query_many!(sql, params \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec query_many!(iodata(), Ecto.Adapters.SQL.query_params(), Keyword.t()) :: [
  Ecto.Adapters.SQL.query_result()
]


      


Same as query_many/4 but returns result directly without :ok tuple
and raises on invalid queries

  



    

  
    
      
    
    
      reload(queryable, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.reload/2.

  



    

  
    
      
    
    
      reload!(queryable, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.reload!/2.

  



  
    
      
    
    
      rollback(value)



        
          
        

    

  


  

      

          @spec rollback(term()) :: no_return()


      


Callback implementation for Ecto.Repo.rollback/1.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.start_link/1.

  



    

  
    
      
    
    
      stop(timeout \\ 5000)



        
          
        

    

  


  

Callback implementation for Ecto.Repo.stop/1.

  



    

  
    
      
    
    
      stream(queryable, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.stream/2.

  



  
    
      
    
    
      to_sql(operation, queryable)



        
          
        

    

  


  

      

          @spec to_sql(:all | :update_all | :delete_all, Ecto.Queryable.t()) ::
  {String.t(), Ecto.Adapters.SQL.query_params()}


      


Converts the given query to SQL according to its kind and the
adapter in the given repository.
Examples
The examples below are meant for reference. Each adapter will
return a different result:
iex> MyRepo.to_sql(:all, Post)
{"SELECT p.id, p.title, p.inserted_at, p.created_at FROM posts as p", []}

iex> MyRepo.to_sql(:update_all, from(p in Post, update: [set: [title: ^"hello"]]))
{"UPDATE posts AS p SET title = $1", ["hello"]}

iex> Ecto.Adapters.SQL.to_sql(:all, MyRepo, Post)
{"SELECT p.id, p.title, p.inserted_at, p.created_at FROM posts as p", []}

  



    

  
    
      
    
    
      transact(fun_or_multi, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.transact/2.

  



    

  
    
      
    
    
      transaction(fun_or_multi, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.transaction/2.

  



    

  
    
      
    
    
      update(struct, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.update/2.

  



    

  
    
      
    
    
      update!(struct, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.update!/2.

  



    

  
    
      
    
    
      update_all(queryable, updates, opts \\ [])



        
          
        

    

  


  

Callback implementation for Ecto.Repo.update_all/3.

  


        

      


  

  
    
    Hyper.Img.OciLoader - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.OciLoader 
    



      
Builds an ext4 rootfs from an OCI image and hands it to Hyper.Img.create/2.
load/1 takes a registry reference (e.g. "docker.io/library/alpine:3.19")
and:
	pulls it with skopeo, selecting the manifest entry matching this node's
architecture, into a local OCI layout.
	flattens it with umoci unpack, which applies OCI whiteouts/opaque dirs correctly,
yielding a merged rootfs directory.
	builds an ext4 image of that rootfs with mke2fs -d.
	hands the ext4 file to Hyper.Img.create/2, which content-addresses it,
publishes it into the media store, and records it as a base image --
returning the img_id.

This module owns only the OCI-to-ext4 conversion; ingesting a prepared image
file into the store and database is Hyper.Img's job.

      


      
        Summary


  
    Functions
  


    
      
        load(ref)

      


        Load ref into the store and DB. See the module doc. Label defaults to ref.



    


    
      
        load(ref, opts)

      


        Load ref. opts[:label] sets the human-readable images.label (defaults to
ref).



    


    
      
        test_system()

      


        Verify the external tools the loader needs (skopeo, umoci, mke2fs) are
resolvable on this host. Returns {:error, {:missing_tools, names}} listing
any that are absent.



    





      


      
        Functions


        


  
    
      
    
    
      load(ref)



        
          
        

    

  


  

      

          @spec load(String.t()) :: {:ok, Hyper.Img.id()} | {:error, term()}


      


Load ref into the store and DB. See the module doc. Label defaults to ref.

  



  
    
      
    
    
      load(ref, opts)



        
          
        

    

  


  

      

          @spec load(
  String.t(),
  keyword()
) :: {:ok, Hyper.Img.id()} | {:error, term()}


      


Load ref. opts[:label] sets the human-readable images.label (defaults to
ref).
Returns {:error, {:missing_tools, names}} when the node lacks a required
external tool (skopeo/umoci/mke2fs); the check runs up front so the load
fails fast before the multi-minute pull.

  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      


Verify the external tools the loader needs (skopeo, umoci, mke2fs) are
resolvable on this host. Returns {:error, {:missing_tools, names}} listing
any that are absent.

  


        

      


  

  
    
    Hyper.Img.OciLoader.Umoci - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Img.OciLoader.Umoci 
    



      
Resolves and (when not operator-provided) installs the umoci binary that
Hyper.Img.OciLoader uses to flatten OCI image layers.
Two sources, in priority order (mirrors Hyper.Node.Vmlinux):
	An operator-configured path via [tools] umoci in
/etc/hyper/config.toml (Hyper.Cfg.Tools.umoci/0). If set, it wins
and is never downloaded.
	Otherwise the pinned static binary downloaded by ensure_installed/0
into Hyper.Cfg.Dirs.umoci_install_dir/0 (<work_dir>/redist/umoci).


      


      
        Summary


  
    Functions
  


    
      
        bin()

      


        Absolute path to the umoci binary: the operator-configured path if set,
otherwise the downloaded default for this node's architecture. Raises if the
architecture is unsupported.



    


    
      
        ensure_installed()

      


        Ensure a usable umoci is available on this node. A no-op when the operator
configured umoci_path (they own it); otherwise downloads the pinned static
binary for this node's architecture into the redist cache if it is not already
present and executable, then marks it executable. Idempotent.



    





      


      
        Functions


        


  
    
      
    
    
      bin()



        
          
        

    

  


  

      

          @spec bin() :: Path.t()


      


Absolute path to the umoci binary: the operator-configured path if set,
otherwise the downloaded default for this node's architecture. Raises if the
architecture is unsupported.

  



  
    
      
    
    
      ensure_installed()



        
          
        

    

  


  

      

          @spec ensure_installed() :: :ok | {:error, term()}


      


Ensure a usable umoci is available on this node. A no-op when the operator
configured umoci_path (they own it); otherwise downloads the pinned static
binary for this node's architecture into the redist cache if it is not already
present and executable, then marks it executable. Idempotent.

  


        

      


  

  
    
    Hyper.Layer - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Layer 
    



      
A content-addressed image layer.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: String.t()


      



  


        

      


  

  
    
    Controls.Accumulator - Hyper v0.1.0
    
    

    


  
  

    
Controls.Accumulator 
    



      
Accrues consumption from a monotonically increasing cumulative counter,
tolerating counter resets (the counter's source was destroyed and recreated,
restarting from zero — e.g. a VM's cgroup across a restart).
	observe/2 folds in a cumulative reading: the first reading is a
baseline; a reading >= the previous adds the delta; a reading below
the previous is a reset, and the whole new reading is consumption
accrued since recreation.
	total/1 reads the accrued consumption; flush/1 zeroes it (call after
the total has been durably recorded) while keeping the baseline.

Works on any Unit.Quantity. Laws under test: a monotone sequence accrues
exactly last - first; the total is never negative; observing the same
reading twice adds nothing; interleaved flushes conserve the grand total.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        flush(acc)

      


        Zero the accrued consumption, keeping the baseline.



    


    
      
        new(zero)

      


        A fresh accumulator. zero is the zero quantity of the counter's dimension.



    


    
      
        observe(acc, reading)

      


        Fold in the latest cumulative reading.



    


    
      
        total(accumulator)

      


        Consumption accrued since the last flush/1.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      flush(acc)



        
          
        

    

  


  

      

          @spec flush(t()) :: t()


      


Zero the accrued consumption, keeping the baseline.

  



  
    
      
    
    
      new(zero)



        
          
        

    

  


  

      

          @spec new(Unit.Quantity.t()) :: t()


      


A fresh accumulator. zero is the zero quantity of the counter's dimension.

  



  
    
      
    
    
      observe(acc, reading)



        
          
        

    

  


  

      

          @spec observe(t(), Unit.Quantity.t()) :: t()


      


Fold in the latest cumulative reading.

  



  
    
      
    
    
      total(accumulator)



        
          
        

    

  


  

      

          @spec total(t()) :: Unit.Quantity.t()


      


Consumption accrued since the last flush/1.

  


        

      


  

  
    
    Controls.Ewma - Hyper v0.1.0
    
    

    


  
  

    
Controls.Ewma 
    



      
First-order exponential moving average - a discrete low-pass filter (LPF) with
an irregular-sampling-correct gain.
The continuous first-order LPF tau*y' + y = x has the exact discrete solution,
for a step-held input over an interval dt:
alpha  = 1 - exp(-dt/tau)
y_n = alpha*x_n + (1-alpha)*y_{n-1}
Deriving alpha from the measured dt (never a hardcoded constant) pins the
filter's cutoff at 1/(2*pi*tau) regardless of scheduler jitter or differing
per-monitor sample periods. tau (tau_ms) is the time constant: the output
reaches ~63 % of a step after one tau and ~95 % after 3tau. The first sample
seeds the filter directly, avoiding a warm-up ramp from zero.
A sample is either a plain number or any Unit.Quantity (a Unit.Information,
a Unit.Bandwidth, ...). The filter is written as y + alpha*(x - y) using the
unit-aware +/- from Unit.Operators, with the alpha* scaling done on the
quantity's canonical scalar via Unit.Quantity. A filtered reading therefore
keeps its unit, and the filter is not tied to float().

      


      
        Summary


  
    Types
  


    
      
        sample()

      


        A filterable sample: a plain number or any unit quantity.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(tau_ms)

      


        Build a filter with time constant tau_ms (milliseconds).



    


    
      
        update(e, sample, dt_ms)

      


        Fold one sample, taken dt_ms after the previous one, into the filter.



    


    
      
        value(ewma)

      


        The current filtered value, or nil before the first sample.



    





      


      
        Types


        


  
    
      
    
    
      sample()



        
          
        

    

  


  

      

          @type sample() :: number() | Unit.Quantity.t()


      


A filterable sample: a plain number or any unit quantity.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Controls.Ewma{tau_ms: pos_integer(), value: sample() | nil}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(tau_ms)



        
          
        

    

  


  

      

          @spec new(pos_integer()) :: t()


      


Build a filter with time constant tau_ms (milliseconds).

  



  
    
      
    
    
      update(e, sample, dt_ms)



        
          
        

    

  


  

      

          @spec update(t(), sample(), pos_integer()) :: t()


      


Fold one sample, taken dt_ms after the previous one, into the filter.
The first sample seeds the average (its dt_ms is ignored).

  



  
    
      
    
    
      value(ewma)



        
          
        

    

  


  

      

          @spec value(t()) :: sample() | nil


      


The current filtered value, or nil before the first sample.

  


        

      


  

  
    
    Controls.Rate - Hyper v0.1.0
    
    

    


  
  

    
Controls.Rate 
    



      
Turns a monotonically increasing byte counter (e.g. /proc/diskstats sectors
or /proc/net/dev bytes) into a per-second rate.
The first observation has no baseline, and a reboot resets the counter
backwards; both cases return :skip (carrying the new baseline) rather than a
meaningless or negative rate. mono_ms must come from System.monotonic_time/1.

      


      
        Summary


  
    Types
  


    
      
        state()

      


    





  
    Functions
  


    
      
        compute(arg1, count, mono_ms)

      


        Given the previous state, the latest cumulative count, and the monotonic
timestamp mono_ms of this reading, return the rate in counter-units per
second together with the new state.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: {non_neg_integer(), integer()} | nil


      



  


        

      

      
        Functions


        


  
    
      
    
    
      compute(arg1, count, mono_ms)



        
          
        

    

  


  

      

          @spec compute(state(), non_neg_integer(), integer()) ::
  {:ok, float(), state()} | {:skip, state()}


      


Given the previous state, the latest cumulative count, and the monotonic
timestamp mono_ms of this reading, return the rate in counter-units per
second together with the new state.

  


        

      


  

  
    
    Sys.Mon - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon 
    



      
Supervises this node's real-time resource monitors and exposes their current
readings to the scheduler via readings/0.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        readings()

      


        The current instantaneous + filtered reading for every monitored metric.



    


    
      
        start_link(arg)

      


        Start the monitor supervisor.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      readings()



        
          
        

    

  


  

      

          @spec readings() :: Sys.Mon.Readings.t()


      


The current instantaneous + filtered reading for every monitored metric.

  



  
    
      
    
    
      start_link(arg)



        
          
        

    

  


  

      

          @spec start_link(term()) :: Supervisor.on_start()


      


Start the monitor supervisor.

  


        

      


  

  
    
    Sys.Mon.Cpu - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon.Cpu 
    



      
Monitors instantaneous CPU utilization (the soft beta_vcpus signal).
Samples /proc/stat every 23 ms and reports the busy fraction
(0.0..1.0, normalized across all cores) between consecutive reads - never the
load average, which has different semantics. The first read only establishes a
baseline (:skip). Readings are smoothed with a 30-second time constant
(sampling fast only de-noises the filter; the smoothing window is set by tau).

      


      
        Summary


  
    Functions
  


    
      
        value()

      


        The latest instantaneous + filtered CPU utilization (fractions 0.0..1.0).



    





      


      
        Functions


        


  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @spec value() :: Sys.Mon.Server.Reading.t()


      


The latest instantaneous + filtered CPU utilization (fractions 0.0..1.0).

  


        

      


  

  
    
    Sys.Mon.DiskBw - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon.DiskBw 
    



      
Monitors instantaneous disk bandwidth (the soft beta_disk_bw signal).
Samples cumulative read+write bytes across whole physical disks from
/proc/diskstats every 31 ms and differentiates them into bytes/sec
via Controls.Rate (the first read only establishes a baseline). The rate series
is smoothed with a 20-second time constant. Readings are Unit.Bandwidth.

      


      
        Summary


  
    Functions
  


    
      
        value()

      


        The latest instantaneous + filtered disk bandwidth (Unit.Bandwidth readings).



    





      


      
        Functions


        


  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @spec value() :: Sys.Mon.Server.Reading.t()


      


The latest instantaneous + filtered disk bandwidth (Unit.Bandwidth readings).

  


        

      


  

  
    
    Sys.Mon.Mem - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon.Mem 
    



      
Monitors instantaneous memory pressure.
Samples /proc/meminfo every 29 ms and reports used memory as
MemTotal - MemAvailable, smoothed with a 30-second time constant. Although
memory is an alpha (hard) budget tracked from VM specs, the live figure is useful
for detecting actual pressure. Readings are Unit.Information.

      


      
        Summary


  
    Functions
  


    
      
        value()

      


        The latest instantaneous + filtered used memory (Unit.Information readings).



    





      


      
        Functions


        


  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @spec value() :: Sys.Mon.Server.Reading.t()


      


The latest instantaneous + filtered used memory (Unit.Information readings).

  


        

      


  

  
    
    Sys.Mon.NetBw - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon.NetBw 
    



      
Monitors instantaneous network bandwidth (the soft beta_net_bw signal).
Samples cumulative rx+tx bytes across physical interfaces from /proc/net/dev
every 37 ms and differentiates them into bytes/sec via Controls.Rate
(the first read only establishes a baseline). The rate series is smoothed with a
20-second time constant. Readings are Unit.Bandwidth.

      


      
        Summary


  
    Functions
  


    
      
        value()

      


        The latest instantaneous + filtered network bandwidth (Unit.Bandwidth readings).



    





      


      
        Functions


        


  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @spec value() :: Sys.Mon.Server.Reading.t()


      


The latest instantaneous + filtered network bandwidth (Unit.Bandwidth readings).

  


        

      


  

  
    
    Sys.Mon.Readings - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon.Readings 
    



      
A snapshot of every monitored soft metric at one instant. Each field is a
Sys.Mon.Server.Reading whose instant/smoothed carry that metric's domain
type - cpu a Float fraction, mem a Unit.Information, disk_bw/net_bw
a Unit.Bandwidth.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Mon.Readings{
  cpu: Sys.Mon.Server.Reading.t(),
  disk_bw: Sys.Mon.Server.Reading.t(),
  mem: Sys.Mon.Server.Reading.t(),
  net_bw: Sys.Mon.Server.Reading.t()
}


      



  


        

      


  

  
    
    Sys.Mon.Sampler - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon.Sampler behaviour
    



      
Behaviour for a single soft-metric probe.
A sampler is the I/O-bearing source of instantaneous readings driven by
Sys.Mon.Server. It may carry private state between samples (e.g. the previous
/proc/stat snapshot needed to turn cumulative counters into a rate).
The sampler module fully describes its monitor: alongside the readings it
declares its own schedule (period/0, tau/0), so
Sys.Mon.Server.start_link(SamplerModule) needs nothing else.
A reading is whatever domain value the sampler chooses - a number or any
Unit.Quantity (a Unit.Information for memory, a Unit.Bandwidth for
throughput, a bare Float fraction for CPU) - so Sys.Mon.Server can
low-pass-filter it and it flows out of the monitor unchanged, with no float-only
bottleneck.

      


      
        Summary


  
    Types
  


    
      
        private()

      


        Sampler-private carry-over state.



    


    
      
        reading()

      


        An instantaneous reading: a number or any Unit.Quantity.



    





  
    Callbacks
  


    
      
        init()

      


        Initialize sampler-private state.



    


    
      
        period()

      


        How often to sample.



    


    
      
        sample(private)

      


        Produce the next reading.



    


    
      
        tau()

      


        The low-pass filter time constant (the smoothing window, independent of period/0).



    





      


      
        Types


        


  
    
      
    
    
      private()



        
          
        

    

  


  

      

          @type private() :: term()


      


Sampler-private carry-over state.

  



  
    
      
    
    
      reading()



        
          
        

    

  


  

      

          @type reading() :: number() | Unit.Quantity.t()


      


An instantaneous reading: a number or any Unit.Quantity.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      init()



        
          
        

    

  


  

      

          @callback init() :: {:ok, private()} | {:error, term()}


      


Initialize sampler-private state.

  



  
    
      
    
    
      period()



        
          
        

    

  


  

      

          @callback period() :: Unit.Time.t()


      


How often to sample.

  



  
    
      
    
    
      sample(private)



        
          
        

    

  


  

      

          @callback sample(private()) ::
  {:ok, reading(), private()} | {:skip, private()} | {:error, term()}


      


Produce the next reading.
:skip means a reading could not yet be formed (e.g. no baseline for a rate),
and the filter is left untouched. :error is a transient failure to be logged.

  



  
    
      
    
    
      tau()



        
          
        

    

  


  

      

          @callback tau() :: Unit.Time.t()


      


The low-pass filter time constant (the smoothing window, independent of period/0).

  


        

      


  

  
    
    Sys.Mon.Server - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon.Server 
    



      
Generic monitor process: drives a Sys.Mon.Sampler on a fixed period, folds
each reading through a Controls.Ewma low-pass filter, and answers value/1.
Ticks self-schedule with Process.send_after after each sample completes, so
a slow sample cannot let ticks pile up. dt for the filter is measured with
System.monotonic_time/1, so the EWMA gain stays correct under jitter.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        sample_now(server)

      


        Force a single synchronous sample and return the resulting reading. Mainly for tests.



    


    
      
        start_link(sampler)

      


        Start the monitor for sampler, registered under the sampler's own module name.



    


    
      
        value(server)

      


        The latest instantaneous + filtered reading.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      sample_now(server)



        
          
        

    

  


  

      

          @spec sample_now(GenServer.server()) :: Sys.Mon.Server.Reading.t()


      


Force a single synchronous sample and return the resulting reading. Mainly for tests.

  



  
    
      
    
    
      start_link(sampler)



        
          
        

    

  


  

      

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


      


Start the monitor for sampler, registered under the sampler's own module name.
The sampler module fully describes the monitor: Sys.Mon.Server reads its
schedule from period/0 and tau/0.

  



  
    
      
    
    
      value(server)



        
          
        

    

  


  

      

          @spec value(GenServer.server()) :: Sys.Mon.Server.Reading.t()


      


The latest instantaneous + filtered reading.

  


        

      


  

  
    
    Sys.Mon.Server.Reading - Hyper v0.1.0
    
    

    


  
  

    
Sys.Mon.Server.Reading 
    



      
A monitor reading: the latest instantaneous and filtered values, each in the
sampler's domain type (a number or any Unit.Quantity).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Mon.Server.Reading{
  instant: Controls.Ewma.sample() | nil,
  smoothed: Controls.Ewma.sample() | nil
}


      



  


        

      


  

  
    
    Hyper.SuidHelper - Hyper v0.1.0
    
    

    


  
  

    
Hyper.SuidHelper 
    



      
Interface to the setuid-root device helper (hyper-suidhelper), split by tool:
	Hyper.SuidHelper.Losetup    - loop devices
	Hyper.SuidHelper.Dmsetup    - device-mapper (snapshot / thin)
	Hyper.SuidHelper.Blockdev   - block-device queries
	Hyper.SuidHelper.ChrootJail - chroot lifecycle (prepare / remove)

Elixir runs unprivileged; these submodules are the only path to the privileged operations. Each
builds the argv for one operation and shells the helper through exec/1, which decodes the
JSON the helper prints on success. The helper validates every argument before briefly
escalating to root (see native/suidhelper).
test_system/0 aggregates each tool's own presence check; sys_test/0 runs the helper's
self-test and reports the base path it was compiled against.

      


      
        Summary


  
    Types
  


    
      
        err()

      


        Error tuple: exit code + trimmed stderr/stdout from the helper.



    





  
    Functions
  


    
      
        sys_test()

      


        Run the helper's sys-test subcommand (proves it can promote to root). Returns
{:ok, hyper_base} where hyper_base is the work-dir the helper was compiled
against.



    


    
      
        test_system()

      


        Check that the setuid helper is usable on this machine: the helper binary is
present, is the build this release expects (verify_version/0), and the kernel
exposes the device-mapper targets we need (Dmsetup.test_system/0, which also
exercises the helper's configured dmsetup binary).



    


    
      
        verify_version()

      


        Check the deployed helper is the one this build produced: its version output
must match Hyper.SuidHelper.Expected (the identity captured from the stamped
binary at compile time). Catches a stale or wrong binary at the configured path.



    





      


      
        Types


        


  
    
      
    
    
      err()



        
          
        

    

  


  

      

          @type err() :: {non_neg_integer(), String.t()}


      


Error tuple: exit code + trimmed stderr/stdout from the helper.

  


        

      

      
        Functions


        


  
    
      
    
    
      sys_test()



        
          
        

    

  


  

      

          @spec sys_test() :: {:ok, Path.t()} | {:error, err()}


      


Run the helper's sys-test subcommand (proves it can promote to root). Returns
{:ok, hyper_base} where hyper_base is the work-dir the helper was compiled
against.

  



  
    
      
    
    
      test_system()



        
          
        

    

  


  

      

          @spec test_system() :: :ok | {:error, term()}


      


Check that the setuid helper is usable on this machine: the helper binary is
present, is the build this release expects (verify_version/0), and the kernel
exposes the device-mapper targets we need (Dmsetup.test_system/0, which also
exercises the helper's configured dmsetup binary).
The losetup/blockdev binaries are validated by the helper the first time
each is used; their paths live in the helper's own config, not here.

  



  
    
      
    
    
      verify_version()



        
          
        

    

  


  

      

          @spec verify_version() :: :ok | {:error, :version_mismatch | err()}


      


Check the deployed helper is the one this build produced: its version output
must match Hyper.SuidHelper.Expected (the identity captured from the stamped
binary at compile time). Catches a stale or wrong binary at the configured path.
This compares the helper's self-reported identity, so it is a build-provenance
check, not an adversarial tamper proof -- a malicious binary could report any
value.

  


        

      


  

  
    
    Sys.Arch - Hyper v0.1.0
    
    

    


  
  

    
Sys.Arch 
    



      
CPU architecture detection for the current machine.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A CPU architecture Hyper supports.



    





  
    Functions
  


    
      
        current()

      


        Detect the CPU architecture of the current machine.



    


    
      
        goarch(atom)

      


        Map an architecture to the Go/OCI arch name (skopeo --override-arch, image manifests).



    


    
      
        parse(sys)

      


        Classify a raw architecture string (a target triplet or a bare arch name)
into a supported architecture. An unrecognised string is refused with
{:error, {:unsupported_arch, raw}}, echoing the input.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :x86_64 | :aarch64


      


A CPU architecture Hyper supports.

  


        

      

      
        Functions


        


  
    
      
    
    
      current()



        
          
        

    

  


  

      

          @spec current() :: {:ok, t()} | {:error, {:unsupported_arch, String.t()}}


      


Detect the CPU architecture of the current machine.
Returns the architecture as an atom, or {:error, {:unsupported_arch, raw}}
where raw is the unrecognised :erlang.system_info(:system_architecture)
string.

  



  
    
      
    
    
      goarch(atom)



        
          
        

    

  


  

      

          @spec goarch(t()) :: String.t()


      


Map an architecture to the Go/OCI arch name (skopeo --override-arch, image manifests).

  



  
    
      
    
    
      parse(sys)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, t()} | {:error, {:unsupported_arch, String.t()}}


      


Classify a raw architecture string (a target triplet or a bare arch name)
into a supported architecture. An unrecognised string is refused with
{:error, {:unsupported_arch, raw}}, echoing the input.

  


        

      


  

  
    
    Sys.Linux.Cgroup - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Cgroup 
    



      
cgroup introspection.

      


      
        Summary


  
    Functions
  


    
      
        versions()

      


        Detect which cgroup versions are mounted on this system, from /proc/mounts.



    


    
      
        versions_from_mounts(mounts)

      


        Reduce a list of mounts to the set of cgroup versions present, keyed by
filesystem type. Pure; versions/0 is this applied to /proc/mounts.



    





      


      
        Functions


        


  
    
      
    
    
      versions()



        
          
        

    

  


  

      

          @spec versions() :: {:ok, MapSet.t(:cgroup | :cgroup2)} | {:error, atom()}


      


Detect which cgroup versions are mounted on this system, from /proc/mounts.
Returns a set of the mounted versions - :cgroup (v1) and/or :cgroup2 (v2).
An empty set means none are mounted; a set with both means a hybrid hierarchy.

  



  
    
      
    
    
      versions_from_mounts(mounts)



        
          
        

    

  


  

      

          @spec versions_from_mounts([Sys.Linux.Fstab.Spec.t()]) :: MapSet.t(:cgroup | :cgroup2)


      


Reduce a list of mounts to the set of cgroup versions present, keyed by
filesystem type. Pure; versions/0 is this applied to /proc/mounts.

  


        

      


  

  
    
    Sys.Linux.Cgroup.V2 - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Cgroup.V2 
    



      
cgroup v2 (unified hierarchy) helpers.

      


      
        Summary


  
    Functions
  


    
      
        named_exists?(name)

      


        Check whether the given named cgroup exists or not.



    





      


      
        Functions


        


  
    
      
    
    
      named_exists?(name)



        
          
        

    

  


  

      

          @spec named_exists?(Path.t()) :: boolean()


      


Check whether the given named cgroup exists or not.

  


        

      


  

  
    
    Sys.Linux.Cgroup.V2.Config - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Cgroup.V2.Config 
    



      
Map which represents the possible configurations of a cgroup

      


      
        Summary


  
    Types
  


    
      
        cpu_spec()

      


    


    
      
        linux_t()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        as_linux(cfg)

      


        Render the config into cgroup v2 interface-file => value pairs.



    


    
      
        cpu_max(cfg, quota_us, period_us)

      


    


    
      
        memory_max(cfg, val)

      


    


    
      
        new()

      


    





      


      
        Types


        


  
    
      
    
    
      cpu_spec()



        
          
        

    

  


  

      

          @type cpu_spec() :: %{quota_us: pos_integer(), period_us: pos_integer()}


      



  



  
    
      
    
    
      linux_t()



        
          
        

    

  


  

      

          @type linux_t() :: %{
  optional(:"cpu.max") => String.t(),
  optional(:"memory.max") => String.t()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  optional(:cpu_max) => cpu_spec(),
  optional(:memory_max) => pos_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      as_linux(cfg)



        
          
        

    

  


  

      

          @spec as_linux(t()) :: linux_t()


      


Render the config into cgroup v2 interface-file => value pairs.

  



  
    
      
    
    
      cpu_max(cfg, quota_us, period_us)



        
          
        

    

  


  

      

          @spec cpu_max(t(), pos_integer(), pos_integer()) :: t()


      



  



  
    
      
    
    
      memory_max(cfg, val)



        
          
        

    

  


  

      

          @spec memory_max(t(), pos_integer()) :: t()


      



  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      



  


        

      


  

  
    
    Sys.Linux.Cgroup.V2.CpuStat - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Cgroup.V2.CpuStat 
    



      
Reads a cgroup v2 cpu.stat interface file — the cumulative CPU time the
cgroup's processes have actually executed since the cgroup was created.
usage_usec only advances while a process in the cgroup is on-CPU, so an
idle cgroup's counter stands still: it measures compute performed, not
compute allocated. A single reading is meaningless on its own; consumption
over a window is the delta between two readings (see
Hyper.Node.FireVMM.Meter).
Laws under test: a rendered payload round-trips usage_usec/user_usec/
system_usec regardless of line order or unknown lines; a payload without
usage_usec is always refused.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        parse(content)

      


        Parse a cpu.stat payload. Refuses a payload without a well-formed
usage_usec — the billing counter must never silently read as zero.



    


    
      
        read(cgroup_dir)

      


        Read and parse <cgroup_dir>/cpu.stat.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Cgroup.V2.CpuStat{
  system: Unit.Time.t(),
  usage: Unit.Time.t(),
  user: Unit.Time.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      parse(content)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, t()} | {:error, :missing_usage}


      


Parse a cpu.stat payload. Refuses a payload without a well-formed
usage_usec — the billing counter must never silently read as zero.

  



  
    
      
    
    
      read(cgroup_dir)



        
          
        

    

  


  

      

          @spec read(Path.t()) :: {:ok, t()} | {:error, File.posix() | :missing_usage}


      


Read and parse <cgroup_dir>/cpu.stat.

  


        

      


  

  
    
    Sys.Linux.Fstab - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Fstab 
    



      
Parsing of /etc/fstab-style entries.

      


      
        Summary


  
    Functions
  


    
      
        parse(fstab_line)

      


        Parse a single fstab line into a Spec.



    





      


      
        Functions


        


  
    
      
    
    
      parse(fstab_line)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, Sys.Linux.Fstab.Spec.t()} | {:error, :invalid_format}


      


Parse a single fstab line into a Spec.
fstab fields are whitespace-separated: device mount_point fs_type options [dump] [pass].
The dump/pass columns are ignored; options is split on commas. Blank lines and
# comments yield {:error, :invalid_format}.

  


        

      


  

  
    
    Sys.Linux.Fstab.Spec - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Fstab.Spec 
    



      
A parsed /etc/fstab entry.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Fstab.Spec{
  device: String.t(),
  fs_type: String.t(),
  mount_opts: [String.t()],
  mount_point: Path.t()
}


      



  


        

      


  

  
    
    Sys.Linux.Nss - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Nss 
    



      
NSS (Name Service Switch) utilities - queries users and groups via getent.

      


      
        Summary


  
    Functions
  


    
      
        getent(database)

      


        Run getent <database> and return its raw output.



    





      


      
        Functions


        


  
    
      
    
    
      getent(database)



        
          
        

    

  


  

      

          @spec getent(String.t()) ::
  {:ok, binary()}
  | {:error, {:getent_failed, non_neg_integer()} | :getent_unavailable}


      


Run getent <database> and return its raw output.

  


        

      


  

  
    
    Sys.Linux.Nss.Group - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Nss.Group 
    



      
The group database (getent group).

      


      
        Summary


  
    Functions
  


    
      
        entries()

      


        Queries the system for group entries.



    


    
      
        from_output(output)

      


        Parse raw getent group output into specs, halting on the first bad line.



    





      


      
        Functions


        


  
    
      
    
    
      entries()



        
          
        

    

  


  

      

          @spec entries() ::
  {:ok, [Sys.Linux.Nss.Group.Spec.t()]}
  | {:error,
     {:getent_failed, non_neg_integer()} | :getent_unavailable | :invalid_format}


      


Queries the system for group entries.

  



  
    
      
    
    
      from_output(output)



        
          
        

    

  


  

      

          @spec from_output(binary()) ::
  {:ok, [Sys.Linux.Nss.Group.Spec.t()]} | {:error, :invalid_format}


      


Parse raw getent group output into specs, halting on the first bad line.

  


        

      


  

  
    
    Sys.Linux.Nss.Group.Spec - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Nss.Group.Spec 
    



      
A parsed group entry.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Nss.Group.Spec{
  gid: non_neg_integer(),
  members: [String.t()],
  name: String.t(),
  password: String.t()
}


      



  


        

      


  

  
    
    Sys.Linux.Nss.Passwd - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Nss.Passwd 
    



      
The passwd database (getent passwd).

      


      
        Summary


  
    Functions
  


    
      
        entries()

      


        Queries the system for passwd entries.



    


    
      
        from_output(output)

      


        Parse raw getent passwd output into specs, halting on the first bad line.



    





      


      
        Functions


        


  
    
      
    
    
      entries()



        
          
        

    

  


  

      

          @spec entries() ::
  {:ok, [Sys.Linux.Nss.Passwd.Spec.t()]}
  | {:error,
     {:getent_failed, non_neg_integer()} | :getent_unavailable | :invalid_format}


      


Queries the system for passwd entries.

  



  
    
      
    
    
      from_output(output)



        
          
        

    

  


  

      

          @spec from_output(binary()) ::
  {:ok, [Sys.Linux.Nss.Passwd.Spec.t()]} | {:error, :invalid_format}


      


Parse raw getent passwd output into specs, halting on the first bad line.

  


        

      


  

  
    
    Sys.Linux.Nss.Passwd.Spec - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Nss.Passwd.Spec 
    



      
A parsed passwd entry.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Nss.Passwd.Spec{
  gecos: String.t(),
  gid: non_neg_integer(),
  home_dir: Path.t(),
  name: String.t(),
  password: String.t(),
  shell: Path.t(),
  uid: non_neg_integer()
}


      



  


        

      


  

  
    
    Sys.Linux.Proc.Diskstats - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.Diskstats 
    



      
Parses /proc/diskstats into per-device I/O counters.
Each line is major minor name <stats...>. This reads the cumulative sector
counts (sectors_read, column 6; sectors_written, column 10) and converts them
to bytes - a sector is 512 bytes by kernel convention, independent of the disk's
physical sector size.
Every device line is returned as-is: whole disks, partitions, and loop/dm/nbd
virtual devices alike. Which devices count toward a metric (and how to avoid
double-counting a disk and its partitions) is the caller's policy, not this
parser's concern.

      


      
        Summary


  
    Functions
  


    
      
        parse(content)

      


        Parse a /proc/diskstats payload into one Device per device line.



    


    
      
        read()

      


        Read and parse /proc/diskstats.



    





      


      
        Functions


        


  
    
      
    
    
      parse(content)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: [Sys.Linux.Proc.Diskstats.Device.t()]


      


Parse a /proc/diskstats payload into one Device per device line.

  



  
    
      
    
    
      read()



        
          
        

    

  


  

      

          @spec read() :: {:ok, [Sys.Linux.Proc.Diskstats.Device.t()]} | {:error, File.posix()}


      


Read and parse /proc/diskstats.

  


        

      


  

  
    
    Sys.Linux.Proc.Diskstats.Device - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.Diskstats.Device 
    



      
One /proc/diskstats row: a block device and its cumulative read/written bytes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Proc.Diskstats.Device{
  name: String.t(),
  read_bytes: non_neg_integer(),
  write_bytes: non_neg_integer()
}


      



  


        

      


  

  
    
    Sys.Linux.Proc.Meminfo - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.Meminfo 
    



      
Reads memory totals from /proc/meminfo.
MemAvailable is the kernel's own estimate of memory obtainable for a new
workload without swapping - the right figure for "how loaded is this node",
preferable to MemFree (which ignores reclaimable cache). Values in the file
are kibibytes; they are returned as Unit.Information.

      


      
        Summary


  
    Functions
  


    
      
        parse(content)

      


        Parse a /proc/meminfo payload.



    


    
      
        read()

      


        Read and parse /proc/meminfo.



    





      


      
        Functions


        


  
    
      
    
    
      parse(content)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: Sys.Linux.Proc.Meminfo.Snapshot.t()


      


Parse a /proc/meminfo payload.

  



  
    
      
    
    
      read()



        
          
        

    

  


  

      

          @spec read() :: {:ok, Sys.Linux.Proc.Meminfo.Snapshot.t()} | {:error, File.posix()}


      


Read and parse /proc/meminfo.

  


        

      


  

  
    
    Sys.Linux.Proc.Meminfo.Snapshot - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.Meminfo.Snapshot 
    



      
A point-in-time /proc/meminfo reading. Every field maps to a line present
on all Linux kernels (MemTotal/MemFree/Buffers/Cached since 2.4,
MemAvailable since 3.14).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Proc.Meminfo.Snapshot{
  available: Unit.Information.t(),
  buffers: Unit.Information.t(),
  cached: Unit.Information.t(),
  free: Unit.Information.t(),
  total: Unit.Information.t()
}


      



  


        

      


  

  
    
    Sys.Linux.Proc.Mounts - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.Mounts 
    



      
Reads the currently-mounted filesystems from /proc/mounts.

      


      
        Summary


  
    Functions
  


    
      
        list()

      


        List the currently-mounted filesystems.



    


    
      
        parse(content)

      


        Parse a /proc/mounts payload: one fstab-formatted line per mount. Lines
that do not parse as fstab entries are skipped — the file is
kernel-generated, so a malformed line is noise, not an error.



    





      


      
        Functions


        


  
    
      
    
    
      list()



        
          
        

    

  


  

      

          @spec list() :: {:ok, [Sys.Linux.Fstab.Spec.t()]} | {:error, File.posix()}


      


List the currently-mounted filesystems.

  



  
    
      
    
    
      parse(content)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: [Sys.Linux.Fstab.Spec.t()]


      


Parse a /proc/mounts payload: one fstab-formatted line per mount. Lines
that do not parse as fstab entries are skipped — the file is
kernel-generated, so a malformed line is noise, not an error.

  


        

      


  

  
    
    Sys.Linux.Proc.NetDev - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.NetDev 
    



      
Parses /proc/net/dev into per-interface byte counters.
The file opens with two header lines and then one line per interface:
Inter-|   Receive  ...                  |  Transmit ...
 face |bytes  packets ...               |bytes  packets ...
enp1s0: 187188513509 68447977 0 ...      112751842436 64224487 0 ...
Each data line is <ifname>: <8 receive counters> <8 transmit counters>, where
receive bytes is the 1st counter and transmit bytes is the 9th. Rather than
trust the header or assume a fixed column count, a line is taken only if it
matches name: <digits...>: the two header rows do not (no name: followed by a
number), and an interface name may itself contain a : (an IP alias such as
eth0:0), which a naive split on the first colon would mangle.
Every interface is returned as-is - loopback, bridges, docker/veth, and tunnels
included. Which interfaces count toward a metric is the caller's policy.

      


      
        Summary


  
    Functions
  


    
      
        parse(content)

      


        Parse a /proc/net/dev payload into one Interface per interface line.



    


    
      
        read()

      


        Read and parse /proc/net/dev.



    





      


      
        Functions


        


  
    
      
    
    
      parse(content)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: [Sys.Linux.Proc.NetDev.Interface.t()]


      


Parse a /proc/net/dev payload into one Interface per interface line.

  



  
    
      
    
    
      read()



        
          
        

    

  


  

      

          @spec read() :: {:ok, [Sys.Linux.Proc.NetDev.Interface.t()]} | {:error, File.posix()}


      


Read and parse /proc/net/dev.

  


        

      


  

  
    
    Sys.Linux.Proc.NetDev.Interface - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.NetDev.Interface 
    



      
One /proc/net/dev row: an interface and its cumulative rx/tx bytes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Proc.NetDev.Interface{
  name: String.t(),
  rx_bytes: non_neg_integer(),
  tx_bytes: non_neg_integer()
}


      



  


        

      


  

  
    
    Sys.Linux.Proc.Stat - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.Stat 
    



      
Reads kernel counters from /proc/stat.
Captures the aggregate cpu line, the per-core cpuN lines, and the scalar
counters (ctxt, btime, processes, procs_running, procs_blocked). The
intr and softirq lines are intentionally skipped: their bodies are long,
hardware-specific per-source vectors that carry no portable meaning.
CPU figures are cumulative jiffies since boot, so a single read is meaningless on
its own; utilization is a busy fraction the caller derives from the delta between
two snapshots (see Sys.Mon.Cpu).

      


      
        Summary


  
    Functions
  


    
      
        parse(content)

      


        Parse a /proc/stat payload.



    


    
      
        read()

      


        Read and parse /proc/stat.



    





      


      
        Functions


        


  
    
      
    
    
      parse(content)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: Sys.Linux.Proc.Stat.Snapshot.t()


      


Parse a /proc/stat payload.

  



  
    
      
    
    
      read()



        
          
        

    

  


  

      

          @spec read() :: {:ok, Sys.Linux.Proc.Stat.Snapshot.t()} | {:error, File.posix()}


      


Read and parse /proc/stat.

  


        

      


  

  
    
    Sys.Linux.Proc.Stat.CpuTimes - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.Stat.CpuTimes 
    



      
Cumulative jiffies a CPU (the aggregate, or one core) has spent in each state
since boot: user nice system idle iowait irq softirq steal guest guest_nice.
The trailing fields were added across kernel versions (iowait/irq/softirq
in 2.6, steal in 2.6.11, guest in 2.6.24, guest_nice in 2.6.33); any
column absent on an older kernel defaults to 0.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_columns(values)

      


        Build from the integer columns of a cpu/cpuN line. Missing trailing
columns default to 0; any beyond guest_nice are ignored.



    


    
      
        idle(cpu_times)

      


        Jiffies spent not doing work: idle + iowait.



    


    
      
        total(times)

      


        Total jiffies across every state - the denominator of a utilization ratio.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Proc.Stat.CpuTimes{
  guest: non_neg_integer(),
  guest_nice: non_neg_integer(),
  idle: non_neg_integer(),
  iowait: non_neg_integer(),
  irq: non_neg_integer(),
  nice: non_neg_integer(),
  softirq: non_neg_integer(),
  steal: non_neg_integer(),
  system: non_neg_integer(),
  user: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_columns(values)



        
          
        

    

  


  

      

          @spec from_columns([non_neg_integer()]) :: t()


      


Build from the integer columns of a cpu/cpuN line. Missing trailing
columns default to 0; any beyond guest_nice are ignored.

  



  
    
      
    
    
      idle(cpu_times)



        
          
        

    

  


  

      

          @spec idle(t()) :: non_neg_integer() | float()


      


Jiffies spent not doing work: idle + iowait.

  



  
    
      
    
    
      total(times)



        
          
        

    

  


  

      

          @spec total(t()) :: non_neg_integer() | float()


      


Total jiffies across every state - the denominator of a utilization ratio.

  


        

      


  

  
    
    Sys.Linux.Proc.Stat.Snapshot - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Proc.Stat.Snapshot 
    



      
A point-in-time /proc/stat reading.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Proc.Stat.Snapshot{
  btime: non_neg_integer(),
  cpu: Sys.Linux.Proc.Stat.CpuTimes.t(),
  cpus: [Sys.Linux.Proc.Stat.CpuTimes.t()],
  ctxt: non_neg_integer(),
  processes: non_neg_integer(),
  procs_blocked: non_neg_integer(),
  procs_running: non_neg_integer()
}


      



  


        

      


  

  
    
    Sys.Linux.Subid - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Subid 
    



      
Subuid and Subgid utilities

      


      
        Summary


  
    Functions
  


    
      
        parse(line)

      


        Parse one /etc/subuid//etc/subgid line (name:start:count) into a Spec,
where min_id is start and max_id is start + count. A line that is not
exactly three colon-separated fields, or whose start/count are not integers,
yields {:error, :invalid_format}.



    


    
      
        ranges(path)

      


        Parse the subid file at path. Any malformed line refuses the whole file
with {:error, :invalid_format} — these files gate privilege delegation, so
a partial read must never masquerade as the complete ruleset.



    


    
      
        subgid_ranges()

      


        Return the list of all subgid ranges



    


    
      
        subuid_ranges()

      


        Return the list of all subuid ranges



    





      


      
        Functions


        


  
    
      
    
    
      parse(line)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, Sys.Linux.Subid.Spec.t()} | {:error, :invalid_format}


      


Parse one /etc/subuid//etc/subgid line (name:start:count) into a Spec,
where min_id is start and max_id is start + count. A line that is not
exactly three colon-separated fields, or whose start/count are not integers,
yields {:error, :invalid_format}.

  



  
    
      
    
    
      ranges(path)



        
          
        

    

  


  

      

          @spec ranges(Path.t()) ::
  {:ok, [Sys.Linux.Subid.Spec.t()]}
  | {:error,
     File.posix() | :badarg | :terminated | :system_limit | :invalid_format}


      


Parse the subid file at path. Any malformed line refuses the whole file
with {:error, :invalid_format} — these files gate privilege delegation, so
a partial read must never masquerade as the complete ruleset.

  



  
    
      
    
    
      subgid_ranges()



        
          
        

    

  


  

      

          @spec subgid_ranges() ::
  {:ok, [Sys.Linux.Subid.Spec.t()]}
  | {:error,
     File.posix() | :badarg | :terminated | :system_limit | :invalid_format}


      


Return the list of all subgid ranges

  



  
    
      
    
    
      subuid_ranges()



        
          
        

    

  


  

      

          @spec subuid_ranges() ::
  {:ok, [Sys.Linux.Subid.Spec.t()]}
  | {:error,
     File.posix() | :badarg | :terminated | :system_limit | :invalid_format}


      


Return the list of all subuid ranges

  


        

      


  

  
    
    Sys.Linux.Subid.Spec - Hyper v0.1.0
    
    

    


  
  

    
Sys.Linux.Subid.Spec 
    



      
A subordinate id range - one /etc/subuid or /etc/subgid entry.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sys.Linux.Subid.Spec{
  max_id: integer(),
  min_id: integer(),
  name: String.t()
}


      



  


        

      


  

  
    
    Sys.Posix - Hyper v0.1.0
    
    

    


  
  

    
Sys.Posix 
    



      
POSIX filesystem helpers.

      


      
        Summary


  
    Functions
  


    
      
        ensure_writable_dir(path)

      


        Test whether an existing file is a directory that the current user can write to, and if it
doesn't exist, create it, including any parents.



    


    
      
        executable?(path)

      


        Check whether a file exists and is executable.



    





      


      
        Functions


        


  
    
      
    
    
      ensure_writable_dir(path)



        
          
        

    

  


  

      

          @spec ensure_writable_dir(Path.t()) :: {:ok} | {:error, atom()}


      


Test whether an existing file is a directory that the current user can write to, and if it
doesn't exist, create it, including any parents.

  



  
    
      
    
    
      executable?(path)



        
          
        

    

  


  

      

          @spec executable?(Path.t()) :: boolean()


      


Check whether a file exists and is executable.

  


        

      


  

  
    
    Sys.Tmp - Hyper v0.1.0
    
    

    


  
  

    
Sys.Tmp 
    



      
Temporary file/directory helpers.
Names carry the caller's prefix (so leaked entries are identifiable) plus
a cryptographically random component, and creation is exclusive (O_EXCL /
plain mkdir) with retry-on-collision — so concurrent callers, other OS
processes, VM restarts, and pre-planted paths (symlinks in a world-writable
tmp dir) can never hand a caller a path someone else controls.

      


      
        Summary


  
    Functions
  


    
      
        with_tempdir(prefix \\ "hyper", fun)

      


        Create a fresh temporary directory, pass its path to fun, and remove it
(recursively) afterward - even if fun raises. Returns whatever fun
returns.



    


    
      
        with_tmpfile(prefix \\ "hyper", fun)

      


        Create a fresh empty temporary file, pass its path to fun, and remove it
afterward - even if fun raises. Returns whatever fun returns.



    





      


      
        Functions


        


    

  
    
      
    
    
      with_tempdir(prefix \\ "hyper", fun)



        
          
        

    

  


  

      

          @spec with_tempdir(String.t(), (Path.t() -> result)) :: result when result: var


      


Create a fresh temporary directory, pass its path to fun, and remove it
(recursively) afterward - even if fun raises. Returns whatever fun
returns.

  



    

  
    
      
    
    
      with_tmpfile(prefix \\ "hyper", fun)



        
          
        

    

  


  

      

          @spec with_tmpfile(String.t(), (Path.t() -> result)) :: result when result: var


      


Create a fresh empty temporary file, pass its path to fun, and remove it
afterward - even if fun raises. Returns whatever fun returns.

  


        

      


  

  
    
    Unit.Bandwidth - Hyper v0.1.0
    
    

    


  
  

    
Unit.Bandwidth 
    



      
A throughput, stored canonically in bytes per second. Build with bps/1 or the
binary-prefix constructors (kibps/1, mibps/1, gibps/1, tibps/1); read back
with as_bytes_per_sec/1. Arithmetic (+, -) and comparison
(<, >, <=, >=) come from Unit.Operators.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        as_bytes_per_sec(bandwidth)

      


    


    
      
        bps(v)

      


    


    
      
        gibps(v)

      


    


    
      
        kibps(v)

      


    


    
      
        mibps(v)

      


    


    
      
        parse(s)

      


        Parse a string like "1GiBps". Suffixes: Bps/KiBps/MiBps/GiBps/TiBps.



    


    
      
        parse!(s)

      


        Like parse/1 but raises ArgumentError on bad input.



    


    
      
        tibps(v)

      


    


    
      
        zero()

      


        The zero throughput (additive identity).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      as_bytes_per_sec(bandwidth)



        
          
        

    

  


  

      

          @spec as_bytes_per_sec(t()) :: integer()


      



  



  
    
      
    
    
      bps(v)



        
          
        

    

  


  

      

          @spec bps(integer()) :: t()


      



  



  
    
      
    
    
      gibps(v)



        
          
        

    

  


  

      

          @spec gibps(integer()) :: t()


      



  



  
    
      
    
    
      kibps(v)



        
          
        

    

  


  

      

          @spec kibps(integer()) :: t()


      



  



  
    
      
    
    
      mibps(v)



        
          
        

    

  


  

      

          @spec mibps(integer()) :: t()


      



  



  
    
      
    
    
      parse(s)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, t()} | {:error, {:bad_unit, String.t()}}


      


Parse a string like "1GiBps". Suffixes: Bps/KiBps/MiBps/GiBps/TiBps.

  



  
    
      
    
    
      parse!(s)



        
          
        

    

  


  

      

          @spec parse!(String.t()) :: t()


      


Like parse/1 but raises ArgumentError on bad input.

  



  
    
      
    
    
      tibps(v)



        
          
        

    

  


  

      

          @spec tibps(integer()) :: t()


      



  



  
    
      
    
    
      zero()



        
          
        

    

  


  

      

          @spec zero() :: t()


      


The zero throughput (additive identity).

  


        

      


  

  
    
    Unit.Information - Hyper v0.1.0
    
    

    


  
  

    
Unit.Information 
    



      
A quantity of data, stored canonically in bytes. Build with bytes/1 or the
binary-prefix constructors (kib/1, mib/1, gib/1, tib/1); read back with
the matching as_* accessor. Arithmetic (+, -) and comparison
(<, >, <=, >=) come from Unit.Operators.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        as_bytes(information)

      


    


    
      
        as_gib(information)

      


    


    
      
        as_mib(information)

      


    


    
      
        as_sectors(information)

      


        The quantity in whole 512-byte sectors.



    


    
      
        bytes(v)

      


    


    
      
        gib(v)

      


    


    
      
        kib(v)

      


    


    
      
        mib(v)

      


    


    
      
        parse(s)

      


        Parse a string like "4GiB" into an Information. Suffixes: B/KiB/MiB/GiB/TiB.



    


    
      
        parse!(s)

      


        Like parse/1 but raises ArgumentError on bad input.



    


    
      
        sectors(v)

      


        v 512-byte disk sectors — the kernel's universal block-device unit.



    


    
      
        tib(v)

      


    


    
      
        zero()

      


        The zero quantity (additive identity).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      as_bytes(information)



        
          
        

    

  


  

      

          @spec as_bytes(t()) :: integer()


      



  



  
    
      
    
    
      as_gib(information)



        
          
        

    

  


  

      

          @spec as_gib(t()) :: integer()


      



  



  
    
      
    
    
      as_mib(information)



        
          
        

    

  


  

      

          @spec as_mib(t()) :: integer()


      



  



  
    
      
    
    
      as_sectors(information)



        
          
        

    

  


  

      

          @spec as_sectors(t()) :: integer()


      


The quantity in whole 512-byte sectors.

  



  
    
      
    
    
      bytes(v)



        
          
        

    

  


  

      

          @spec bytes(integer()) :: t()


      



  



  
    
      
    
    
      gib(v)



        
          
        

    

  


  

      

          @spec gib(integer()) :: t()


      



  



  
    
      
    
    
      kib(v)



        
          
        

    

  


  

      

          @spec kib(integer()) :: t()


      



  



  
    
      
    
    
      mib(v)



        
          
        

    

  


  

      

          @spec mib(integer()) :: t()


      



  



  
    
      
    
    
      parse(s)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, t()} | {:error, {:bad_unit, String.t()}}


      


Parse a string like "4GiB" into an Information. Suffixes: B/KiB/MiB/GiB/TiB.

  



  
    
      
    
    
      parse!(s)



        
          
        

    

  


  

      

          @spec parse!(String.t()) :: t()


      


Like parse/1 but raises ArgumentError on bad input.

  



  
    
      
    
    
      sectors(v)



        
          
        

    

  


  

      

          @spec sectors(integer()) :: t()


      


v 512-byte disk sectors — the kernel's universal block-device unit.

  



  
    
      
    
    
      tib(v)



        
          
        

    

  


  

      

          @spec tib(integer()) :: t()


      



  



  
    
      
    
    
      zero()



        
          
        

    

  


  

      

          @spec zero() :: t()


      


The zero quantity (additive identity).

  


        

      


  

  
    
    Unit.Operators - Hyper v0.1.0
    
    

    


  
  

    
Unit.Operators 
    



      
Operator overloading for Unit.Quantity types.
use Unit.Operators in a module to get unit-aware +, -, <, >, <=,
and >=. Operands that are not unit quantities fall straight through to
Kernel, so the rest of the module's integer arithmetic and comparisons are
untouched. Equality (==) is left as Elixir's native struct equality, which
already does the right thing for these single-field structs.
defmodule Scheduler do
  use Unit.Operators

  def headroom(total, used), do: total - used         # Information - Information
  def fits?(avail, need), do: need <= avail           # Information <= Information
  def retries(n), do: n + 1                           # plain integers, via Kernel
end
Combining two different dimensions (Information + Time), or a quantity
with a bare number, raises ArgumentError -- the whole point of the unit
types is that those mistakes do not silently compute.

      


      
        Summary


  
    Functions
  


    
      
        left + right

      


        Sum of two quantities of the same dimension (or Kernel.+/2 for non-units).



    


    
      
        left - right

      


        Difference of two quantities of the same dimension (or Kernel.-/2 for non-units).



    


    
      
        left < right

      


        Whether left is less than right (or Kernel.</2 for non-units).



    


    
      
        left <= right

      


        Whether left is at most right (or Kernel.<=/2 for non-units).



    


    
      
        left > right

      


        Whether left is greater than right (or Kernel.>/2 for non-units).



    


    
      
        left >= right

      


        Whether left is at least right (or Kernel.>=/2 for non-units).



    





      


      
        Functions


        


  
    
      
    
    
      left + right



        
          
        

    

  


  

Sum of two quantities of the same dimension (or Kernel.+/2 for non-units).

  



  
    
      
    
    
      left - right



        
          
        

    

  


  

Difference of two quantities of the same dimension (or Kernel.-/2 for non-units).

  



  
    
      
    
    
      left < right



        
          
        

    

  


  

Whether left is less than right (or Kernel.</2 for non-units).

  



  
    
      
    
    
      left <= right



        
          
        

    

  


  

Whether left is at most right (or Kernel.<=/2 for non-units).

  



  
    
      
    
    
      left > right



        
          
        

    

  


  

Whether left is greater than right (or Kernel.>/2 for non-units).

  



  
    
      
    
    
      left >= right



        
          
        

    

  


  

Whether left is at least right (or Kernel.>=/2 for non-units).

  


        

      


  

  
    
    Unit.Quantity - Hyper v0.1.0
    
    

    


  
  

    
Unit.Quantity protocol
    



      
A one-dimensional physical quantity backed by a single canonical integer
(bytes, nanoseconds, bytes/sec, ...). Implementing this is all a unit type
needs to get +, -, and the ordering operators from Unit.Operators.
Implementations go through the type's own public constructor/accessor, so the
opaque struct is read and rebuilt without ever being poked from the outside.
Quantities are signed: subtraction may legitimately yield a negative value (a
deficit), and nothing clamps it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        value(quantity)

      


        The canonical scalar (e.g. bytes) backing the quantity.



    


    
      
        with_value(quantity, n)

      


        A quantity of the same dimension as quantity, carrying scalar n.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      value(quantity)



        
          
        

    

  


  

      

          @spec value(t()) :: integer()


      


The canonical scalar (e.g. bytes) backing the quantity.

  



  
    
      
    
    
      with_value(quantity, n)



        
          
        

    

  


  

      

          @spec with_value(t(), integer()) :: t()


      


A quantity of the same dimension as quantity, carrying scalar n.
Unit.Operators calls this to rebuild a result through the type's own public
constructor, so the opaque struct is never poked from the outside. quantity
only selects the implementation (the protocol dispatches on it); its scalar is
unused.

  


        

      


  

  
    
    Unit.Time - Hyper v0.1.0
    
    

    


  
  

    
Unit.Time 
    



      
A duration, stored canonically in nanoseconds. Build with ns/1/us/1/ms/1/s/1,
read back with the matching as_* accessor. A Time is a distinct struct, so it
cannot be mixed with other dimensions (Information, Bandwidth). Arithmetic
(+, -) and comparison (<, >, <=, >=) come from Unit.Operators.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        as_ms(time)

      


    


    
      
        as_ns(time)

      


    


    
      
        as_s(time)

      


    


    
      
        as_us(time)

      


    


    
      
        ms(v)

      


    


    
      
        ns(v)

      


    


    
      
        parse(s)

      


        Parse a duration string like "60s"/"100ms"/"1h". Suffixes: ns/us/ms/s/m/h.



    


    
      
        parse!(s)

      


        Like parse/1 but raises ArgumentError on bad input.



    


    
      
        s(v)

      


    


    
      
        us(v)

      


    


    
      
        zero()

      


        The zero duration (additive identity).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      as_ms(time)



        
          
        

    

  


  

      

          @spec as_ms(t()) :: integer()


      



  



  
    
      
    
    
      as_ns(time)



        
          
        

    

  


  

      

          @spec as_ns(t()) :: integer()


      



  



  
    
      
    
    
      as_s(time)



        
          
        

    

  


  

      

          @spec as_s(t()) :: integer()


      



  



  
    
      
    
    
      as_us(time)



        
          
        

    

  


  

      

          @spec as_us(t()) :: integer()


      



  



  
    
      
    
    
      ms(v)



        
          
        

    

  


  

      

          @spec ms(integer()) :: t()


      



  



  
    
      
    
    
      ns(v)



        
          
        

    

  


  

      

          @spec ns(integer()) :: t()


      



  



  
    
      
    
    
      parse(s)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, t()} | {:error, {:bad_unit, String.t()}}


      


Parse a duration string like "60s"/"100ms"/"1h". Suffixes: ns/us/ms/s/m/h.

  



  
    
      
    
    
      parse!(s)



        
          
        

    

  


  

      

          @spec parse!(String.t()) :: t()


      


Like parse/1 but raises ArgumentError on bad input.

  



  
    
      
    
    
      s(v)



        
          
        

    

  


  

      

          @spec s(integer()) :: t()


      



  



  
    
      
    
    
      us(v)



        
          
        

    

  


  

      

          @spec us(integer()) :: t()


      



  



  
    
      
    
    
      zero()



        
          
        

    

  


  

      

          @spec zero() :: t()


      


The zero duration (additive identity).

  


        

      


  

  
    
    Hyper.Cfg.MissingError - Hyper v0.1.0
    
    

    


  
  

    
Hyper.Cfg.MissingError exception
    



      
Raised when a required config value is absent from every permitted source.

      




  

  
    
    mix firecracker.install - Hyper v0.1.0
    
    

    


  
  

    
mix firecracker.install 
    



      
Downloads, verifies, and installs the pinned Firecracker release (v1.16.0)
for the current CPU architecture.
mix firecracker.install [--prefix DIR]
Steps performed:
	Detects the CPU architecture (x86_64 or aarch64).
	Downloads the release tarball and verifies its SHA-256 checksum.
	Extracts the tarball, then copies the binaries to <prefix>/firecracker
and <prefix>/jailer using the bare basenames firecracker and
jailer. The setuid helper validates binaries via SafeBin<"firecracker">
and SafeBin<"jailer">, which match on basename only — version-stamped
names such as firecracker-v1.16.0-x86_64 are rejected unconditionally.
	Marks both binaries executable (0o755).
	Prints the /etc/hyper/config.toml snippet the operator needs to paste.

This task installs unprivileged binaries and prints configuration.
Privilege at runtime is handled by hyper-suidhelper (the setuid helper).
This task does not setuid firecracker or jailer. Install and setuid
the helper separately with mix suidhelper.install.
Options
	--prefix DIR — installation directory (default: /opt/firecracker).

Security requirements
After installing, ensure:
	The binaries are root-owned and not group- or world-writable.
The suidhelper refuses binaries with loose permissions.
	/etc/hyper/config.toml is root-owned with mode 0644.


      




  

  
    
    mix suidhelper.install - Hyper v0.1.0
    
    

    


  
  

    
mix suidhelper.install 
    



      
Builds, stamps, and installs the Rust setuid helper.
mix suidhelper.install
Two steps:
	cargo xtask stamp in native/suidhelper builds the release binary and
writes its BLAKE3 self-checksum into .note.sum (the same step the
:suidhelper_stamp compiler runs).
	The stamped binary is copied setuid-root (mode 4755) to
/usr/local/bin/hyper-suidhelper.

The copy needs root, but Mix runs every subprocess in its own session with no
controlling terminal (erl_child_setup calls setsid), so a nested sudo
cannot open /dev/tty to prompt for a password. This task therefore only runs
sudo itself when it is already non-interactive (sudo -n succeeds, e.g.
NOPASSWD or a usable cached credential). Otherwise it prints the exact
privileged command for you to run in your own terminal.
This is the privileged counterpart to mix suidhelper.stamp, which stamps
only. cargo and the helper's toolchain (see
native/suidhelper/rust-toolchain.toml) must be installed.
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