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    Mojoler
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Mojoler loads Mojo as an OTP NIF. You call an Elixir function. The body runs in Mojo.
Installation
Mojo
Mojoler builds its shared libraries when the project compiles. Install Mojo 1.1.0 and leave mojo on PATH. A project virtualenv works too:
uv venv && uv pip install -r requirements.txt

CPU code uses that Mojo package. GPU examples need the separate max pin in requirements-gpu.txt.
Elixir
The package is on Hex. Add it to mix.exs:
def deps do
  [
    {:mojoler, "~> 0.1.0"}
  ]
end
Requires Elixir ~> 1.20 and OTP 28.3.1. The compatibility table is docs/compatibility.md.
Documentation
https://hexdocs.pm/mojoler
Start with the quickstart. Value ownership and lifecycles are docs/ownership.md. The function list is docs/API.md.
Platforms
	Linux
	macOS

mix compile produces priv/native/*.so. The Mojo runtime stays in the Mojo install. It is not part of the Hex tarball.
Mojo NIFs
Mojo owns its values. The BEAM owns Erlang terms. Mojoler copies or borrows across that line on purpose, and the Elixir return value is always a term.
Checked addition
iex> Mojoler.POC.add(20, 22)
42
add/2 is signed 64-bit addition. A value that does not fit, a non-integer, or a sum that overflows raises ArgumentError.
The same addition with an explicit ok/error tuple:
iex> Mojoler.Dsl.Arith.add(20, 22)
{:ok, 42}
Lists and floats
The Mojo quickstart totals a list of temperatures:
def calculate_average(temps: List[Float64]) raises -> Float64:
    if len(temps) == 0:
        raise Error("No temperature data")

    var total = 0.0
    for temp in temps:
        total += temp
    return total / Float64(len(temps))
temps is a read-only borrow. total is a local. The returned Float64 is a new value. An empty list raises, and the caller handles it with try / except, as that tutorial does.
The NIF that sums a proper list of integers:
iex> Mojoler.Term.list_sum([20, 22, 19, 25])
{:ok, 86}

iex> Mojoler.Term.echo_f64(22.3)
22.3
list_sum/1 accepts at most 64 elements. A non-integer element is {:error, :bad_element}. An improper list is {:error, :improper_list}. echo_f64/1 does not coerce integers.
Transfer, from Game of Life
Get started with Mojo builds Conway’s Game of Life. The grid that random_grid builds is returned by transfer, and evolve swaps the current and next generation the same way:
return grid^
var tmp = self.cells^
self.cells = self.next_cells^
self.next_cells = tmp^
^ ends the previous owner. The compiler rejects a use of that name until it is assigned again. The full rules are in Value ownership and value lifecycles.
Notebooks
A Mojo notebook cell is a whole program. The first cell loads the magic with import mojo.notebook. Each later cell starts with %%mojo and defines main:
%%mojo

def main():
    print("Hello Mojo")
GPU cells on that page import max.gpu.host. They need a MAX install and a supported accelerator. Mojoler’s GPU batch is scripts/gpu-batch.sh. A missing MAX install exits 2 and prints NOT RUN.
Binaries
Three ways to touch a binary, matching three ownership conventions:
iex> Mojoler.Term.copy_binary(<<1, 2, 3>>)
{:ok, <<1, 2, 3>>, 3}

iex> Mojoler.Term.borrow_stable(<<1, 2, 3>>)
{:ok, 3, 1}

iex> Mojoler.Term.fill_output(4)
{:ok, <<7, 7, 7, 7>>}
copy_binary/1 returns a new binary and the number of bytes copied. borrow_stable/1 inspects the caller’s binary twice and returns the size plus 1 when both views share a data pointer. The pointer does not leave the call. fill_output/1 writes into a binary the VM allocated for the return.
A bitstring that is not a binary is {:error, :not_binary}:
iex> Mojoler.Term.copy_binary(<<1::7>>)
{:error, :not_binary}
Resources
open_blob/1 copies the bytes into a resource. Freeze transfers that buffer into a BEAM binary. After the freeze, the binary still reads <<1, 2, 3>> once the resource is closed.
blob = Mojoler.Own.open_blob(<<1, 2, 3>>)
{:ok, 3} = Mojoler.Own.blob_borrow(blob)
:ok = Mojoler.Own.blob_release(blob)
{:ok, <<1, 2, 3>>} = Mojoler.Own.blob_freeze(blob)
:ok = Mojoler.Own.blob_close(blob)
Freezing while a borrow is outstanding returns {:error, :borrowed}. A second freeze returns {:error, :frozen}.
Principles
	Elixir receives terms. A native address stays in the NIF.
	A borrowed binary view lasts for the callback that created it.
	Copies and transfers are separate calls.
	CPU builds depend on Mojo. They do not import MAX.
	One owner at a time, on both sides of the call. Mojo’s rules are docs/ownership.md. The BEAM half is unit 11.



  

    Glossary

ABI. The binary contract: register widths, stack layout, struct padding, symbol names. Not the same as a source API. Mojo Int64 and C long can match on this Mac and still be different types in the source.
abi("C"). Mojo effect that makes a function use the platform C calling convention. The compiler describes that value as thin.
BEAM. The Erlang virtual machine that executes Elixir. beam.smp is the executable that exports enif_* and dlopens NIFs.
calloc. libc allocator that returns zeroed memory. nif_init uses it because Mojo 1.1.0 has no module-level variable. Those two blocks stay until the process exits. Mojoler.Own uses free on its private box in unload. enif_free is a different allocator.
Dirty scheduler. A BEAM scheduler reserved for NIFs that set ERL_NIF_DIRTY_JOB_CPU_BOUND (1) or ERL_NIF_DIRTY_JOB_IO_BOUND (2) in ErlNifFunc.flags. add sets 0.
Dynamic loader. dyld on this Mac, ld.so on Linux. It maps the .so and binds undefined symbols. Two-level namespace on Darwin does not bind NIF symbols to beam.smp unless the library was linked with -undefined dynamic_lookup.
enif_get_int64. A macro for enif_get_long in this OTP because SIZEOF_LONG is 8. Not a symbol you can import.
ErlNifEntry. The struct nif_init returns. 96 bytes in erts 16.2 on this Mac. See 05-otp-abi-map.md.
ErlNifEnv. Opaque VM handle passed to each NIF call. Valid for that call. Not stored by this NIF.
ErlNifFunc. One exported NIF function: name, arity, code pointer, flags. 32 bytes here.
ERL_NIF_TERM. Unsigned integer the width of a pointer. 8 bytes here. Not a Mojo pointer.
Immediate / boxed term. How the VM packs small integers versus heap objects inside an ERL_NIF_TERM. This NIF does not inspect the tag. enif_get_long does.
LLVM. The compiler IR mojo build --emit llvm writes. The small add lowers to add i64. MLIR is an earlier stage this CLI did not print.
Mach-O. macOS object-file format. file reports Mach-O 64-bit dynamically linked shared library arm64. ELF is the Linux counterpart. The Ubuntu runner produced it: nm printed T mojoler_add with no leading underscore (E18).
MutUntrackedOrigin. A Mojo origin that opts out of lifetime checking. Used for VM pointers and calloc memory. It is a promise, not a check.
NIF. Native Implemented Function. Erlang loads a shared library and calls C-ABI functions with the NIF API.
nif_init. The symbol a dynamically loaded NIF must export. Returns ErlNifEntry*. On Darwin, nm prints _nif_init.
Origin. Compile-time provenance of a Mojo pointer. ImmStaticOrigin is the origin of a string literal. Origins are not bytes in the struct.
Owner. The single Mojo variable that owns a value. When its lifetime ends, Mojo destroys the value. See ownership.md.
Transfer (^). Moves ownership to a new name. The source is uninitialized afterward.
Lifecycle. Construction in __init__(out self), use, then destruction in __deinit__(deinit self) at the last use.
OTP. Open Telecom Platform, the Erlang distribution. Version 28.3.1, emulator erts 16.2.
Reduction. VM accounting unit for Erlang work. NIFs do not automatically consume reductions.
Resource. A VM-managed object with a destructor. Stage 0 did not allocate one. Stage 3 does, in Mojoler.Own. The init struct is still 40 bytes, and that size is stored in the entry as a version tag. The BEAM term is a handle. Elixir code never receives the native pointer.
Borrowed view. A pointer from enif_inspect_binary that is valid only for the callback. borrow_len and borrow_stable read it and then free the descriptor. They do not return the pointer.
Fingerprint. The sha256 scripts/fingerprint.sh prints. The Mix compiler skips mojo build when that line still matches priv/native/FINGERPRINT and the libraries are present.
rpath. A Mach-O load command that says where to find @rpath/... dependencies. This NIF's rpath points at the project venv's modular/lib.
Scheduler. An OS thread that runs Erlang processes. A normal NIF runs on the scheduler that called it.
Symbol. A named address in an object file. T in nm is a global defined text symbol. t is a local one. U is undefined.
Thin function. Mojo's term for a C function pointer with no captured environment. Eight bytes on this target.
vm_variant. String in the entry that must match the running emulator. "beam.vanilla" in this header.


  

    Decisions

D1 — Pin this Mac, OTP 28.3.1, Elixir 1.20.2, Mojo 1.1.0
Linux was not available when this pin was chosen. The newest installed OTP/Elixir pair was already 28.3.1 and 1.20.2. Stable mojo==1.1.0 emitted --emit shared-lib, so nightly was not used. Consequences: every constant in nif_init is for NIF 2.17. Linux x86-64 later matched those sizes (E18). Other OTP minors stay untested.
D2 — Call enif_get_long and enif_make_long
SIZEOF_LONG is 8, so enif_get_int64 and enif_make_int64 are macros. beam.smp exports the long symbols. Calling the macro name would not link. The Windows function-pointer table is a different ABI and is not filled in on Unix.
D3 — Link with -undefined dynamic_lookup
mojo build accepts -Xlinker. Darwin will not bind undefined NIF symbols to the BEAM without flat lookup. OwnedDLHandle() on the current process was the backup and was not required once this link succeeded.
D4 — calloc the entry and the function table
Mojo 1.1.0 rejects global var. A stack ErlNifEntry would dangle after nif_init returns. calloc is libc, called from Mojo, and it is not a C source file in the link. Unload does not free the blocks. That leak is accepted for Stage 0 and called out in chapter 07.
D5 — NULL callbacks are Optional[Pointer], not optional functions
Optional of a thin function measured 16 bytes and would break the entry layout. Optional[Pointer[NoneType, MutUntrackedOrigin]] measured 8 bytes, and None measured as eight zero bytes, which is C NULL.
D6 — Do not call initialize_runtime in add
The integer path passed without it. A separate NIF called it twice and then returned 7, so the function can run inside nif_init. Leaving it out of add keeps the Mojo thread pool from being part of the success claim.
D7 — Ship libpoc.so, not libpoc.dylib
This OTP's load_nif appends .so on Darwin. The Mach-O type can still be a dylib; the filename is what the loader concatenates.
D8 — Diagnostic C never joins the NIF link
experiments/abi/diagnostic/layout.c exists to ask clang for offsetof. scripts/build-native.sh compiles only native/poc.mojo. The feasibility verdict does not treat that C file as a shim.
D10 — Linux CI uses --unresolved-symbols=ignore-all
.github/workflows/linux.yml runs the CPU NIF on ubuntu-24.04. Darwin keeps -undefined dynamic_lookup. Linux first used --unresolved-symbols=ignore-in-shared-libs. Actions run 39365275751 linked with /usr/bin/ld and failed: undefined reference to enif_make_long, because that flag still reports undefined symbols from the Mojo archive. The Linux line is --unresolved-symbols=ignore-all plus -z undefs. Run 39451722783 is the green log (E18, E19). The workflow does not rent a GPU and does not change the macOS PASS.
D11 — Generate the ABI, and do not free the entry
tools/abi/generate.py reads clang's AST and a layout probe. The probe is not a mojo build input. nif_init still callocs the entry and the function table. OTP keeps that pointer, and a second load_nif is rejected, so those two blocks are bounded by one load per module per OS process. Mojoler.Own frees its private type box in unload with free, the pair of calloc. Upgrade returns 1. That callback was not invoked by a test.
D12 — Do not bundle the Mojo runtime
The Darwin .so records an rpath into the venv that built it. Redistribution of libKGENCompilerRTShared was not established, so a release prerequisite is a Mojo install that satisfies that rpath. CPU apps do not install MAX. The copied consumer release on this Mac printed 42 with the original venv still present.
D13 — Declarations are Elixir data
tools/dsl/decls.json is the author-facing model. tools/dsl/generate.py emits the wrapper, nif_init, and the Elixir stub. User functions stay in native/examples/. A schedule other than normal, dirty_cpu, or dirty_io fails the generator. A borrow combined with a dirty schedule fails it too. The generator does not eval the JSON as code.
D9 — Checked overflow is ArgumentError
Elixir integers are unbounded. The NIF's range is signed 64-bit. Sums outside that range, and terms enif_get_long rejects, become badarg. They do not wrap. The comparison is written so the check itself stays inside c_long.


  

    Evidence ledger

Each row is something that was run in this checkout. Confidence is about the claim, not about the general future of Mojo.
	id	hypothesis	command	observed	interpretation	confidence	source
	E1	The pinned BEAM is OTP 28 / erts 16.2 and Elixir 1.20.2.	scripts/doctor.sh	elixir 1.20.2, erlang 28 erts-16.2, mojo Mojo 1.1.0 (8189361e), Darwin arm64 26.5	Toolchain matches the pin.	high	doctor output
	E2	Mojo 1.1.0 can emit a shared library.	mojo build experiments/abi/01_export_add/add.mojo --emit shared-lib	nm -gU shows T _mojoler_add. otool -L lists the dylib, @rpath/libKGENCompilerRTShared.dylib, and libSystem.B.dylib.	A C ABI export works. The Mojo compiler runtime is a real dynamic dependency.	high	experiments/abi/OBSERVED.txt
	E3	The export lowers to a C integer function.	mojo build ... --emit llvm	define dso_local i64 @mojoler_add(i64 noundef %0, i64 noundef %1) then add and ret. Target arm64-apple-darwin25.5.0, CPU apple-m1.	Arguments and the return use the integer registers. This is an add, not a NIF.	high	experiments/abi/01_export_add/add.ll
	E4	fn is gone in this compiler.	mojo build of a file that used fn	error: 'fn' has been removed; use 'def' instead	Tutorials that still show fn do not match 1.1.0.	high	compiler diagnostic
	E5	OTP 28.3.1 NIF version is 2.17 and ERL_NIF_TERM is 8 bytes.	clang of experiments/abi/diagnostic/layout.c, then run it	ERL_NIF_MAJOR=2 ERL_NIF_MINOR=17, long=8, ERL_NIF_TERM size=8, ErlNifFunc sizeof=32, ErlNifEntry sizeof=96, ErlNifResourceTypeInit sizeof=40	Field offsets in 05-otp-abi-map.md come from this run, not from a guess.	high	diagnostic program
	E6	enif_get_int64 is not a symbol on this OTP.	nm -gU of beam.smp; read erl_nif_api_funcs.h	_enif_get_long, _enif_make_long, _enif_make_badarg are defined. SIZEOF_LONG is 8, and the header macros enif_get_int64 to enif_get_long.	A NIF must call enif_get_long / enif_make_long.	high	header and beam.smp
	E7	Mojo struct layout matches those offsets.	mojo experiments/abi/03_layout/layout.mojo	NifFunc sizeof 32, fields at 0, 8, 16, 24. NifEntry sizeof 96, fields at 0, 4, 8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88. optional_none_or 0.	RegisterPassable plus std.ffi integer aliases reproduced the C layout. None is a NULL pointer.	high	OBSERVED.txt
	E8	A thin function is an 8-byte code pointer.	mojo experiments/abi/02_pointers/callback.mojo	sizeof 8, result 42	Safe to store in ErlNifFunc.fptr. Pointer(to=cb) was rejected as a technique after LLVM showed it takes the address of a stack slot.	high	IR of an earlier probe; this program's printout
	E9	There is no module-level mutable global.	compile a file-scope var	error: global variables are not supported	nif_init uses calloc for the entry and the function table.	high	compiler diagnostic
	E10	Literal C strings survive calloc.	mojo experiments/abi/04_lifetime/calloc_entry.mojo	printed add and arity 2	ImmStaticOrigin pointers can be stored in the descriptor.	high	OBSERVED.txt
	E11	The built NIF exports only nif_init and imports the long-sized enif symbols.	scripts/inspect-abi.sh	T _nif_init. Undefined: _abort, _calloc, _enif_get_long, _enif_make_badarg, _enif_make_long, dyld_stub_binder. otool -L shows KGEN and libSystem. rpath is the venv modular/lib.	Link line -Xlinker -undefined -Xlinker dynamic_lookup left enif_* for dyld to bind inside beam.smp.	high	inspect-abi output
	E12	LLVM for the NIF calls those symbols directly.	mojo build native/poc.mojo --emit llvm	call i32 @enif_get_long, call i64 @enif_make_long, call i64 @enif_make_badarg, declare lines for those plus calloc and abort. Also compiler-inserted write, dup, fdopen, fflush, fclose, KGEN_CompilerRT_AlignedFree.	The NIF body is a direct call, not a C wrapper. The compiler also emits libc calls of its own.	high	/tmp/poc.ll from the recorded build
	E13	The BEAM loads the library and add(20, 22) is 42.	mix test	11 passed	Includes negatives, overflow, non-integers, arity, 200 repeats, 40 concurrent tasks, a fresh OS process, and the nm assertions.	high	ExUnit
	E14	A second load is refused by OTP, not by Mojo.	Mojoler.POC.reload() inside ExUnit	{:error, {:reload, 'NIF library already loaded (reload disallowed since OTP 20).'}}	load, reload, and upgrade are NULL. OTP refuses the second load_nif before those callbacks would matter.	high	test/poc_test.exs
	E15	initialize_runtime() can run inside nif_init.	build experiments/abi/05_runtime/rtnif.mojo and load_nif it	runtime ping 7 after two calls to initialize_runtime()	Idempotent enough to call twice during init in this process. The add NIF does not need it. parallelize was not available without the max package.	medium	elixir one-shot
	E16	Small-int Elixir addition is cheaper than this NIF.	mix run --no-start -e with warmup 10_000, 5 trials of 100_000	NIF microseconds [38188, 37250, 36213, 34686, 36222] (about 347–382 ns/call including the Elixir loop). Elixir + [24655, 24961, 23204, 23876, 23806] (about 232–250 ns/call).	The loop is inside both measurements. This is not a pure boundary cost, and it is not a reason to prefer the NIF.	medium	one process, no isolation between trials
	E17	A one-element GPU add can return 42 through a NIF on this Mac.	.venv/bin/mojo experiments/gpu/add_host.mojo, then mojo build experiments/gpu/gpu_nif.mojo --emit shared-lib and elixir -e loading experiments/gpu/libgpu	Host program printed gpu_add 42.0. Fresh BEAM printed gpu_nif 42 and exited 0. nm -gU shows only _nif_init. otool -L lists libKGENCompilerRTShared.dylib, libAsyncRTMojoBindings.dylib, and libSystem.B.dylib.	Mojo 1.1.0 plus MAX 26.6.0. std.gpu is not in this stdlib; the kernel is max.gpu. vector_addition adds one float32, grid_dim=1, block_dim=1. DeviceContext copies the float back and Int(result) becomes enif_make_long. The callback calls initialize_runtime() first. The entry name is Elixir.Mojoler.GPUProbe, function sum/0, library experiments/gpu/libgpu.so (OTP appends .so). has_accelerator() did not take the "no GPU" branch. One call, one process, Apple GPU. Not NVIDIA, not concurrent, not a long kernel, and not part of Mojoler.POC.add/2.	high	this machine, Apple GPU
	E18	The NIF struct layout is the same on Linux x86-64.	Actions run 39451722783, job nif, scripts/doctor.sh then scripts/run-abi-experiments.sh on ubuntu-24.04	doctor: ready. Linux x86_64, Elixir 1.20.2, Erlang 28 erts-16.2, Ubuntu clang 18.1.3, Mojo 1.1.0 (8189361e). T mojoler_add with no leading underscore. Mojo layout: NifFunc 32 at 0, 8, 16, 24; NifEntry 96 at 0, 4, 8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88; optional_none_or 0. Clang diagnostic: long=8, ERL_NIF_TERM size=8, the same offsets, ErlNifResourceTypeInit sizeof=40. runtime ping 7.	LP64 ELF matches the Darwin measurement. ELF exports have no underscore. ldd of the add-only library printed statically linked. Crashpad's "Failed to initialize Crashpad" is the Mojo driver; the script still exited 0.	high	job 118727989464, commit e6728ea
	E19	Mojoler.POC.add(20, 22) == 42 on that Linux runner, and the KGEN runtime is not a dynamic dependency of libpoc.so.	same run, scripts/test-isolated.sh; the ldd text is from the preceding red run 39428236198, whose only failure was the assertion that expected libKGENCompilerRTShared	Green run: Result: 11 passed in 0.6 seconds. Red run's ldd of priv/native/libpoc.so: linux-vdso.so.1, libc.so.6 => /lib/x86_64-linux-gnu/libc.so.6, /lib64/ld-linux-x86-64.so.2. No libKGENCompilerRTShared. Doctor on the green run still finds that .so inside the venv. Link line that produced the library: -Xlinker --unresolved-symbols=ignore-all and -Xlinker -z -Xlinker undefs. The earlier flag --unresolved-symbols=ignore-in-shared-libs failed in 39365275751 with undefined reference to enif_make_long.	The CPU NIF loads under ld.so on Ubuntu 24.04 and the ExUnit suite passes, including the fresh OS process. Undefined enif_* symbols bind when beam.smp loads the library. On Linux this add image does not DT_NEEDED the KGEN shared library, unlike the Darwin otool -L result in E11. The workflow has no GPU.	high	green log plus the ldd printed by run 39428236198

	E20	The generated ABI matches this Mac's headers, and a misspelled import is rejected.	scripts/check-abi.sh	Exit 0. abi mojo: matches, layout ok, unexpected undefined symbol: enif_make_lonq, misspelled import rejected, imports ok for libpoc, libtwice, libterm, libown, libsched, libdsl_arith, libdsl_bytes, libdsl_box, provenance ok, dirty flags ok.	One LP64 Mojo file matches Apple clang's layout of the allowlisted structs. Linux has not been re-run for this generator.	high	this Mac, Darwin arm64
	E21	The ExUnit suite for stages 1–7 passes in one VM.	mix test	Result: 43 passed in 4.8 seconds.	Includes add/2, double/1, term edges, ownership, the heartbeat script, DSL rejection, and the abort probe.	high	this Mac
	E22	A dirty-CPU burn lets a one-scheduler VM heartbeat; the same burn on the normal scheduler does not.	scripts/measure-heartbeat.sh	beats 18 elapsed 200 then beats 0 elapsed 200, then heartbeat ok dirty=18 normal=0.	Flags come from abi_dirty_cpu() (1) and c_uint(0). The normal library is built in a temp directory. Elixir Task.yield returning nil did not stop burn/1.	high	this Mac, elixir --erl "+S 1"
	E23	An external app, an umbrella child, and a copied release all get 42.	scripts/release-candidate.sh	Consumer 1 passed, again after mix clean, umbrella child 1 passed, release 42, release ok.	The Mix compiler built the dependency. The copied release still resolved the venv rpath on this machine. KGEN was not bundled.	high	this Mac
	E24	CPU demo oracles match Elixir.	scripts/demo-cpu.sh	oracle 42, copy {:ok, <<1, 2, 3>>, 3}, borrow {:ok, 32, 1}, frozen <<4, 9>> token 1, retained <<7, 7>>, dirty_burn_us 49568, warm_add_us 4.	The warm number is one call, not a throughput claim. add/2 is not presented as faster than Elixir.	high	this Mac
	E25	The historical GPU NIF still returns 42, and a 4-wide batch returns 110, including a repeat and two concurrent calls.	scripts/gpu-batch.sh, then a second Elixir process for the concurrent line	gpu_nif 42, gpu_batch 110, gpu_batch_repeat 110. Concurrent inspect printed ~c"nn", which is the charlist [110, 110].	CPU reference is 1+10+2+20+3+30+4+40. The batch NIF uses abi_dirty_cpu(). experiments/gpu/gpu_nif.mojo was not edited. No-device was not observed. NVIDIA and Linux GPU were not run.	high	this Mac, Apple GPU, MAX 26.6.0
	E26	An aborting NIF takes down only the child BEAM.	scripts/probe-abort.sh inside mix test	The probe test passed. The script exits 0 only when the child exits non-zero.	This is abort, not a Mojo raise inside safe arithmetic. Product NIFs do not call it.	high	this Mac

Unknowns still open: NVIDIA, any GPU call on Linux, the {:error, :no_device} branch on a machine that actually has no accelerator, macOS ARM64 in Actions (no runner is configured), and the Linux workflow for stages 1–10 (the file is updated; this commit has not been executed there). Mojoler.Own frees its private box in unload. The entry and function-table calloc blocks are still not freed, because OTP retains the entry; a second load_nif is rejected, so that residue is one pair of blocks per loaded module per process. Upgrade returns 1 and was not invoked.


  

    Direct Mojo proof

This file records how the loaded NIF was shown to be the Mojo build of native/poc.mojo, rather than a C file compiled beside it.
Build command
scripts/build-native.sh runs only:
.venv/bin/mojo build native/poc.mojo \
  --emit shared-lib \
  -o priv/native/libpoc.so \
  -Xlinker -undefined \
  -Xlinker dynamic_lookup
The script does not pass a .c, .cc, or .o file. experiments/abi/diagnostic/layout.c is compiled only by scripts/run-abi-experiments.sh, and that binary is experiments/abi/diagnostic/layout, not priv/native/libpoc.so.
Exported and imported symbols
scripts/inspect-abi.sh on the built library:
0000000000000754 T _nif_init
Undefined symbols:
_abort
_calloc
_enif_get_long
_enif_make_badarg
_enif_make_long
dyld_stub_binder
nm without -gU also shows one local text symbol, the mangled add callback (t _poc::add(...)). The BEAM does not dlsym that name. nif_init stores the thin function pointer in the ErlNifFunc it returns.
There is no undefined enif_get_int64. On this OTP that name is a preprocessor macro.
Linked images
otool -L:
priv/native/libpoc.so
@rpath/libKGENCompilerRTShared.dylib
/usr/lib/libSystem.B.dylib
The rpath is .venv/lib/python3.12/site-packages/modular/lib. libKGENCompilerRTShared.dylib is the Mojo compiler runtime that mojo build linked. It is not a NIF shim written for this project. libSystem supplies calloc and abort.
IR check
mojo build native/poc.mojo --emit llvm contains direct declarations:
declare i64 @enif_make_badarg(ptr)
declare i32 @enif_get_long(ptr, i64, ptr)
declare i64 @enif_make_long(ptr, i64)
declare i64 @calloc(i64, i64)
declare void @abort()
The same file also declares write, dup, fdopen, fflush, fclose, and KGEN_CompilerRT_AlignedFree. Those are inserted by the compiler. They are part of the honest dependency list. They are not a second source file that implements add.
Load check
ExUnit loads this .so through :erlang.load_nif/2 and asserts Mojoler.POC.add(20, 22) == 42, plus the nm expectations above. A separate OS process does the same load and exits 0.


  

    Quickstart

You need Mojo 1.1.0, Elixir ~> 1.20, and OTP 28.3.1. mojo can be on PATH or in a .venv at the project root.
uv venv && uv pip install -r requirements.txt
mix deps.get
mix test

mix test compiles the NIFs, then runs ExUnit. A second run with the same sources skips mojo build.
In IEx:
iex> Mojoler.POC.add(20, 22)
42

iex> Mojoler.Term.list_sum([20, 22, 19, 25])
{:ok, 86}

iex> Mojoler.Term.echo_f64(22.3)
22.3

iex> Mojoler.Term.copy_binary(<<1, 2, 3>>)
{:ok, <<1, 2, 3>>, 3}
list_sum/1 is the integer form of the total in the Mojo quickstart. Floats go through echo_f64/1. How those values are owned, copied, and destroyed is Value ownership and value lifecycles.
The Mojo language tours those calls come from:
	Mojo quickstart — lists, functions, raises, and try / except.
	Get started — Conway’s Game of Life, structs, and the ^ transfer.
	Jupyter notebooks — %%mojo cells. GPU cells need MAX.

Another application that depends on this package:
cd examples/consumer
mix test

The function list is API.md. GPU batch, when MAX is installed: scripts/gpu-batch.sh.


  

    Value ownership and value lifecycles

Mojo gives every value one owner. The owner’s lifetime is the value’s lifetime. When that lifetime ends, Mojo destroys the value and runs its deinitializer. A NIF sits on top of a second set of rules: the BEAM owns terms, and a pointer into a BEAM binary is valid only for the call that received it.
The Mojo half of this page follows the 1.1.0 manual:
	Intro to value ownership
	Value semantics
	Ownership
	Lifetimes, origins, and references
	Value lifecycles
	Creating values
	Automatic destruction
	Ownership cheat sheet

One owner
A variable owns its value. A struct owns its fields. A reference lets another function read or write that value without becoming the owner.
Three rules, from the ownership page:
	Every value has only one owner at a time.
	When the owner’s lifetime ends, Mojo destroys the value.
	An outstanding reference extends the owner’s lifetime until the reference is done.

Small values such as Int and Float64 are value-semantic. Assigning one copies it. Changing the copy leaves the original alone:
def main():
    var x = 1
    var y = x
    y += 1
    print("x:", x)
    print("y:", y)
x stays 1 and y becomes 2. A String or a List is still owned by one variable, but the bytes live on the heap. The owner’s deinitializer frees that buffer.
How a function receives a value
The word in front of an argument is the convention. With no word, the argument is a read-only borrow: the function sees the caller’s value and cannot change it.
	Convention	What the function has
	(none)	Read-only reference. The caller keeps the owner.
	mut	Writable reference. Changes are visible to the caller.
	var	Ownership of a value. That value may be a transfer, a copy, or a brand-new value.
	ref	A reference whose mutability follows the value it points at.
	out	Uninitialized on entry. The function must initialize it before returning. Used for self in __init__ and for named results.
	deinit	Initialized on entry, uninitialized on return. Used by __deinit__ and by functions that finish another value’s life.

A mutable update of the caller’s integer:
def add(mut x: Int, y: Int):
    x += y

def main():
    var a = 1
    var b = 2
    add(a, b)
    print(a)  # 3
A read-only walk of a list does not copy the list:
def print_list(list: List[Int]):
    print(list.__str__())
mut is exclusive. A function that takes mut s and another reference to the same String is rejected, because both names would alias one mutable value. Int is exempt: it is passed in a register, so two integer arguments are two copies.
Transfer
var means the callee owns the argument it received. The caller chooses how that happens:
	message^ transfers. message is uninitialized afterward. Using it is a compile error.
	message with no sigil copies, when the type is Copyable.
	A fresh value, such as a string literal or a function result, has no owner yet, so ownership goes straight to the callee.

def take_text(var text: String):
    text += "!"
    print(text)

def main():
    var message = "Hello"
    take_text(message^)
After message^, nothing remains to print. The Get started tutorial uses the same sigil to hand a Grid back to the caller and to swap the two generation buffers inside evolve:
return grid^
var tmp = self.cells^
self.cells = self.next_cells^
self.next_cells = tmp^
Each of those lines has one owner for the list. The ^ is what makes the swap safe: the compiler will not let you read a buffer you have already given away.
Where a value’s life starts
A value begins in an initializer. __init__ takes out self, which is uninitialized on entry, and must write every field before it returns. @fieldwise_init generates that initializer when each field is just an argument.
struct MyStruct:
    var field1: Int
    var field2: String

    def __init__(out self, field1: Int, field2: String):
        self.field1 = field1
        self.field2 = field2
Copy and transfer are initializers too:
var the_copy = value.copy()
var the_move = value^
Copyable provides copy() and __init__(out self, *, copy: Self). ImplicitlyCopyable lets the compiler insert a copy. Prefer an explicit copy() when the copy allocates. A move-only type such as OwnedPointer transfers and does not copy. An immovable type stays at one address for its whole life.
The quickstart average is a value that lives for one call. The list is borrowed, the total is a local Float64, and the returned number is a new value:
def calculate_average(temps: List[Float64]) raises -> Float64:
    if len(temps) == 0:
        raise Error("No temperature data")

    var total = 0.0
    for temp in temps:
        total += temp
    return total / Float64(len(temps))
temps is read-only. total is destroyed when the function returns. The Float64 result is a new owner in the caller.
Where a value’s life ends
Mojo destroys a value at its last use, not at the closing brace. That is the as-soon-as-possible rule on the automatic destruction page. The destructor is __deinit__(deinit self). Fields are still valid inside it. When it returns, the value is dead. Mojo generates a destructor for a struct whose fields have one. Call it yourself only when you are wrapping destruction; ordinary code lets the compiler insert the call.
Inside __deinit__, taking a field with ^ is allowed, because this is the last use:
def __deinit__(deinit self):
    var name = self.name^
To keep a value alive until a later line, mark that line as the last use:
var t = "xyz"
print(t)
_ = t
The discard is the tool for a lock that must cover the next few statements, or for a pointer whose origin was erased and would otherwise dangle. The compiler does not guess that an external system still needs the address.
Across the NIF
Elixir values and Mojo values are different owners. A NIF callback receives an ERL_NIF_TERM. That word is a handle. The BEAM owns the term. Mojo may borrow it for the duration of the callback and must not store the pointer.
	What you call	Who owns the bytes afterward
	Mojoler.Term.borrow_stable/1	The BEAM. The function compares two inspect pointers and returns a size and 1. The pointer is freed before the return.
	Mojoler.Term.copy_binary/1	A new BEAM binary. The third element is how many bytes were copied.
	Mojoler.Term.fill_output/1	A binary the VM allocated for the return. Mojo writes into it and hands it back.
	Mojoler.Own.open_blob/1	A resource. The native buffer is a calloc copy. Elixir holds a handle, never the address.
	Mojoler.Own.blob_freeze/1	The BEAM, as a resource binary. A later poke is {:error, :not_mutable}. Closing the resource does not invalidate that binary.
	Mojoler.Own.retain_binary/1	A private enif environment. The copy is readable after the process that created it has exited.

{:ok, <<1, 2, 3>>, 3} = Mojoler.Term.copy_binary(<<1, 2, 3>>)
{:ok, 3, 1} = Mojoler.Term.borrow_stable(<<1, 2, 3>>)

blob = Mojoler.Own.open_blob(<<1, 2, 3>>)
{:ok, 3} = Mojoler.Own.blob_borrow(blob)
:ok = Mojoler.Own.blob_release(blob)
{:ok, <<1, 2, 3>>} = Mojoler.Own.blob_freeze(blob)
borrow_stable is the default argument convention: look, do not take. copy_binary is an explicit copy. blob_freeze is the transfer: the resource buffer becomes the binary’s storage, and the blob is no longer a writable owner.
Two calloc blocks for the NIF entry and its function table stay until the OS process exits. OTP keeps the entry, and a second load_nif is rejected. Mojoler.Own frees its private type box in unload with libc free. That pairing is the library’s deinitializer. The entry itself has no earlier last-use.
Unit 11 walks the binary cases with the tests: Binary ownership. Chapter 07 is the earlier memory account: Memory and lifetime.


  

    API

Modules load their .so from priv/native in @on_load. A missing file is a load_nif error from OTP, not a silent Elixir fallback that pretends the function ran.
Mojoler.POC
add/2 :: integer, integer -> integer. Values that do not fit in signed 64 bits, non-integers, and overflowing sums raise ArgumentError.
Mojoler.Twice
double/1 :: integer -> integer. Same badarg policy. Implemented with the generated ABI. The source does not declare the NIF structs.
Mojoler.Term
Domain errors are {:error, atom}. Type errors are ArgumentError.
	echo_i64/1, echo_u64/1, echo_i32/1, echo_u32/1
	add_i64/2 -> {:ok, n} | {:error, :overflow}

	echo_f64/1 — no integer coercion
	echo_atom/1 — :ok, :error, :nil, true, false, otherwise {:error, :unknown_atom}
	copy_binary/1 -> {:ok, binary, nbytes} | {:error, :not_binary | :too_large | :alloc}. The size cap is 1_048_576 bytes.

	borrow_stable/1 -> {:ok, size, 1 | 0} | {:error, :not_binary}

	fill_output/1 -> {:ok, binary} filled with the byte 7, or {:error, :bad_size}
	text_len/1 -> {:ok, byte_size} | {:error, :invalid_utf8 | :not_binary}

	tuple_sum/1 — arity 2. Errors: :not_tuple, :bad_arity, :bad_element, :overflow
	list_sum/1 — proper list, at most 64 integers. Errors: :not_list, :improper_list, :too_long, :bad_element, :overflow
	map_n/1 — key n. Extra keys are dropped. Errors: :missing, :bad_element, :map

Mojoler.Own
	open_counter/0 returns a reference. counter_add/2 -> {:ok, n} | {:error, :closed}. counter_close/1 -> :ok, including a second close. A foreign handle raises ArgumentError. Collection sends :counter_destroyed once.

	open_blob/1 -> reference | {:error, :not_binary}

	blob_borrow/1 -> {:ok, size} | {:error, :not_mutable}

	blob_release/1 and blob_close/1 -> :ok
	blob_freeze/1 -> {:ok, binary} | {:error, :borrowed | :frozen}

	blob_token/1 -> {:ok, integer}
	blob_poke/3 -> :ok | {:error, :not_mutable | :bounds}. A byte outside 0..255 raises ArgumentError.

	blob_pin/1 returns a reference. blob_dtors/0 returns how many blob destructors have run.
	retain_binary/1 returns a reference. read_retained/1 returns the copied term.

The resource binary from a successful freeze stays valid after blob_close/1.
Mojoler.Sched
burn/1 and hold/2 run on a dirty CPU scheduler. io_ping/0 runs on a dirty I/O scheduler. Task.yield/2 does not cancel them.
Mojoler.Dsl
Generated from tools/dsl/decls.json.
	Mojoler.Dsl.Arith.add/2 -> {:ok, n} | {:error, :overflow}

	Mojoler.Dsl.Bytes.shift/1 -> {:ok, binary, nbytes}
	Mojoler.Dsl.Bytes.borrow_len/1 -> {:ok, size} | {:error, :not_binary}

	Mojoler.Dsl.Box.open/0, bump/2

Mix tasks
	mix compile — includes compile.mojoler
	mix mojoler.doctor
	mix mojoler.abi
	mix mojoler.inspect — optional path, default priv/native/libpoc.so

Not in this API
Raw pointers, a promise that add/2 is faster than Elixir, GPU as a default dependency, and cancellation of a running NIF. Ownership rules are ownership.md.


  

    Runtime packaging

CPU libraries link with the flags in scripts/env.sh. On Darwin that is -undefined dynamic_lookup. On Linux it is --unresolved-symbols=ignore-all and -z undefs. enif_* symbols stay undefined until beam.smp loads the file.
Darwin otool -L on these libraries lists @rpath/libKGENCompilerRTShared.dylib and an rpath into the venv's modular/lib. Linux Stage 0 libpoc.so did not DT_NEEDED that library (E19). Later Linux libraries have not been inspected.
This repo does not copy KGEN into a release. The license question was not settled, so the prerequisite is: Mojo 1.1.0 is installed, and the dynamic loader can see the runtime the build recorded. scripts/release-candidate.sh passed on this Mac because that venv was still on disk. Moving the release to a machine without that runtime is untested and should be expected to fail at dlopen until the rpath or DYLD_LIBRARY_PATH / LD_LIBRARY_PATH is set on purpose.
CPU consumers install requirements.txt only. requirements-gpu.txt is the MAX pin for scripts/gpu-batch.sh. A CPU mix test does not import max.
load_nif appends .so on Darwin and on Linux. The Mix compiler publishes priv/native/lib<name>.so by rename. It will not rename over a library this VM has already loaded.
Unload of Mojoler.Own frees the private type box. It does not free the NIF entry. See stages/s1.md.


  

    Compatibility

	Piece	Supported	Evidence	Not supported
	OTP 28.3.1, erts 16.2, NIF 2.17	yes	doctor, E1, E18	other minors
	Elixir 1.20.2	yes	doctor	other Elixir
	Mojo 1.1.0 (8189361e)	yes	doctor	nightly, fn, file-scope alias
	Darwin arm64	yes	E20–E26	Intel Mac, iOS
	Linux x86-64, Ubuntu 24.04	Stage 0 CPU yes	E18, E19	stages 1–10 until the new workflow runs
	Windows	no	generator refuses a non-host triple	
	Apple GPU, MAX 26.6.0	one call and a 4-wide batch	E17, E25	no-device not observed
	NVIDIA, Linux GPU	no	not run	a CPU result does not count

tools/abi/pin.json requires OTP 28, erts 16.2, NIF 2.17, 64-bit little-endian, SIZEOF_LONG 8. The generator exits if the host headers disagree. Identical pointer width is not treated as a port.


  

    Mojoler tutorial

Start with the quickstart if you want a running add/2. How Mojo and the BEAM own values is ownership.md. The stage verdicts are in stages/report.md. The API is API.md. Packaging limits are runtime.md. The compatibility table is compatibility.md.
This file is also the Stage 0 path: a Mojo shared library that the BEAM loads as the NIF Elixir.Mojoler.POC.add/2. Chapters 00–09 below are that record. Units 1–20 are the library curriculum. Where a Stage 0 sentence is now too narrow, the chapter says so at the top and points at the later measurement.
Read GLOSSARY.md when a word is doing more work than it looks like. The command logs live in evidence-ledger.md. The verdict is 09-feasibility-report.md. How we know the binary is Mojo is direct_mojo_proof.md.
Each numbered chapter has the same ten sections: objectives, why it matters, a mental model, theory, a hands-on exercise, a walkthrough, the ABI or compiler detail, failure modes, a Rustler/Zigler note, and a checkpoint. Exercises describe the shape of the output. The ledger is where the actual text from this machine is quoted.
Chapters
	00 — Environment and sources. What was installed, and why enif_get_int64 is a macro here.
	01 — Research questions. The bar for calling the experiment a NIF.
	02 — Mojo language and compiler. def, abi("C"), and the LLVM add.
	03 — FFI and the C ABI. Thin function pointers versus a pointer to a stack slot.
	04 — BEAM NIF internals. Schedulers, terms, badarg, and why a trap kills the VM.
	05 — OTP ABI map. The measured 32-byte and 96-byte structs.
	06 — Mojo meets that ABI. The eight experiments and the calloc decision.
	07 — Memory and lifetime. What is borrowed, what is leaked, what was not attempted.
	08 — Schedulers and runtime. Dirty flags, initialize_runtime, and the overhead samples.
	09 — Feasibility. PASS for add/2 on this Mac and on Linux x86-64. One Apple GPU call also returned 42.

Units
Each unit has objectives, a model, a lab command, a failure, and a checkpoint answer.
	From Stage 0 to a library
	Mojo language essentials
	Mojo compiler pipeline
	ABI and layout
	Dynamic linking
	BEAM internals for NIF authors
	OTP ABI automation
	Safe conversion design
	Memory across runtimes
	Resources and finalizers
	Binary ownership
	Scheduling
	Mojo runtime and threads
	Mix integration
	DSL and code generation
	Debugging native failures
	Performance engineering
	GPU internals and ownership
	CI and compatibility
	Design comparison and capstone

Suggested order of commands
scripts/doctor.sh
scripts/run-abi-experiments.sh
scripts/test-isolated.sh
scripts/inspect-abi.sh

If doctor fails, stop. The later commands assume .venv/bin/mojo and OTP 28.3.1.
What you should be able to say at the end
The BEAM wants a nif_init that returns a 96-byte ErlNifEntry for NIF 2.17, and a callback it will call as a C function. Mojo 1.1.0 emits that callback as a thin function and that entry as a RegisterPassable struct whose offsets matched clang. They meet because dlopen binds enif_get_long to beam.smp and the VM calls the function pointer stored in the entry. The result succeeds on this Mac and, for the CPU add/2, on the Linux Actions runner: add(20, 22) is 42. A separate Apple GPU NIF also returned 42 once (E17). It is not evidence about NVIDIA, concurrent GPU calls, or binaries.


  

    00 — Environment and sources

Learning objectives
	Name the exact compilers and the OTP headers this proof used.
	Tell a preprocessor macro from a function the dynamic linker can see.
	Say which platform was actually executed.

Why this matters
A NIF is a contract with one OTP build and one CPU ABI. Elixir 1.20 on OTP 28 is not the same binary contract as OTP 27, and macOS arm64 is not the same loader contract as Linux. Writing the versions down is what makes a later failure diagnosable.
Mental model
source (Mojo) --mojo build--> Mach-O .so --dlopen by beam.smp--> nif_init()
                                  |                               |
                                  +-- undefined enif_* -----------+-- defined in beam.smp
The .so does not contain the Erlang runtime. It expects the process that loads it to already be the BEAM.
Theory
scripts/doctor.sh checks the platform (Darwin arm64 or Linux x86-64), Elixir, Erlang, Mix, a C compiler, nm, otool on Darwin or ldd on Linux, .venv/bin/mojo, erl_nif.h from code:root_dir(), and libKGENCompilerRTShared.
Pinned versions from that script:
	macOS 26.5, arm64, Apple clang 17.0.0, ld 1230.1
	Erlang/OTP 28.3.1, erts 16.2
	Elixir 1.20.2
	Mojo 1.1.0, commit 8189361e

erl_nif.h in that erts defines ERL_NIF_MAJOR_VERSION 2 and ERL_NIF_MINOR_VERSION 17. For a non-Windows, non-static NIF, ERL_NIF_INIT expands to a default-visibility function named nif_init that returns ErlNifEntry*. STATIC_ERLANG_NIF is what renames it to Module_nif_init. This project does not define that macro, and the Mojo source exports nif_init itself instead of going through the C macro.
enif_get_int64 is not always a function. In erl_nif_api_funcs.h, the declarations of enif_get_int64 and enif_make_int64 are wrapped in #if SIZEOF_LONG != 8. This install's erl_int_sizes_config.h sets SIZEOF_LONG to 8, so those names become macros for enif_get_long and enif_make_long. A macro disappears before the linker runs. nm on beam.smp shows _enif_get_long, _enif_make_long, and _enif_make_badarg, and does not show _enif_get_int64.
On Windows the same header builds a struct of function pointers (TWinDynNifCallbacks) and fills it in from the nif_init argument. The Unix branch does not. Calling a function-pointer table on this Mac would be an invented ABI.
mojo build --help on 1.1.0 lists --emit shared-lib and -Xlinker. That is the linker escape used to pass -undefined dynamic_lookup.
Primary files:
	~/.asdf/installs/erlang/28.3.1/erts-16.2/include/erl_nif.h
	erl_nif_api_funcs.h and erl_int_sizes_config.h beside it
	erts-16.2/bin/beam.smp
	Mojo manual for @export and std.ffi at https://mojolang.org/docs/manual/c-ffi/, checked against this compiler rather than trusted in advance

Hands-on exercise
Run scripts/doctor.sh. A ready machine ends with doctor: ready. A missing Mojo binary ends with the uv venv && uv pip install -r requirements.txt line and a non-zero status.
Then run:
nm -gU "$(dirname $(which erl))/../erts-16.2/bin/beam.smp" | rg "enif_get_long|enif_make_long|enif_make_badarg|enif_get_int64"

The shape of a successful listing is three T symbols for the long and badarg functions, and no enif_get_int64 line. If your OTP is not 28.3.1, the path will differ; use scripts/doctor.sh rather than this hardcoded path.
Line-by-line walkthrough
ERL_NIF_INIT in the installed header, non-Windows branch:
ERL_NIF_INIT_EXPORT ErlNifEntry* nif_init(void)
The body fills a static ErlNifEntry and returns its address. Mojo 1.1.0 has no equivalent static local that outlives the function (module-level var is rejected), so native/poc.mojo callocs the entry instead. The bytes of the struct are the same idea: major, minor, name, function table, four callbacks, vm_variant, options, resource-init size, min_erts.
Under the hood
Apple's dynamic linker uses a two-level namespace. An undefined symbol in a dylib is not looked up in the main executable unless the dylib was linked with flat lookup. beam.smp is not a dylib the NIF linked against by install name; it is the process image. -undefined dynamic_lookup tells the linker to leave _enif_get_long undefined. When the BEAM dlopens the NIF, dyld binds it to the copy already in the process.
strings on beam.smp contains nif_init. The loader looks that name up with dlsym. The Mach-O symbol table prints it as _nif_init because the C ABI prefix on Darwin is an underscore. dlsym takes the unprefixed name.
Failure modes
	doctor fails on mojo: the venv was not created, or it was created with a different Python. Recreate it from requirements.txt (mojo==1.1.0).
	nm on beam.smp shows enif_get_int64: this is not the LP64 OTP this repo measured. Stop and re-measure before reusing enif_get_long.
	A crashpad line on stderr (Failed to initialize Crashpad) comes from the Mojo driver. Builds still return 0. It is not a NIF failure.

Rustler and Zigler
Rustler and Zigler also pass -undefined dynamic_lookup on macOS, for the same dyld reason. They generate the init function from bindings. This repo writes that function in Mojo and checks the symbols with nm. The comparison that matters here is the lookup rule, not the source language.
Checkpoint
	Why is enif_get_int64 the wrong symbol to import on this Mac? Because SIZEOF_LONG is 8, so the header macro-renames it to enif_get_long, and that is the symbol beam.smp exports.
	What is the dynamic NIF's init symbol? nif_init.
	Stretch: rebuild the diagnostic layout program under scripts/run-abi-experiments.sh after an OTP upgrade and diff experiments/abi/OBSERVED.txt before touching native/poc.mojo.



  

    01 — Research questions

Learning objectives
	Separate "Mojo can export a C function" from "the BEAM loaded a NIF".
	Read the minimum passing demonstration as an ExUnit assertion, not a feeling.

Why this matters
The tempting shortcut is to compile add, see a symbol, and declare the ABI solved. The BEAM will still refuse the library if the entry struct is the wrong size, the name string is wrong, or enif_make_long was never bound. The questions below are the ones the rest of the docs answer with command output.
Mental model
question --> experiment --> ledger row --> gate
                |
                +--> unexpected compiler error is itself an answer
Theory
The questions, and where they were closed:
	Can this Mojo emit a loadable shared library with a C ABI symbol? Yes. Ledger E2 and E3.
	Can Mojo represent ErlNifEntry and ErlNifFunc for erts 16.2, including padding? Yes. The sizes and offsets match the diagnostic C program. Ledger E5 and E7.
	Can it export nif_init with default visibility? Yes. nm -gU shows a global T _nif_init. Ledger E11.
	Can it call the NIF API the way this OTP actually exposes it? Yes, by leaving enif_get_long, enif_make_long, and enif_make_badarg undefined. Not by calling enif_get_int64, and not by inventing the Windows callback table. Ledger E6 and E12.
	Can it read terms, build a term, and report badarg? Yes. ExUnit covers 42, negatives, non-integers, and the signed 64-bit edges. Ledger E13.
	Can it be loaded in more than one OS process, and called repeatedly and concurrently? Yes for fresh processes, repeats, and 40 tasks. A second load_nif in the same module is rejected by OTP 20+ rules. Ledger E13 and E14.
	Which Mojo features need initialize_runtime? The integer add path does not call it and still passes. Calling it twice from another nif_init also survived and returned 7. Thread-pool and GPU APIs were not in this stdlib. Ledger E15.

Minimum demonstration, met by mix test:
Mojoler.POC.add(20, 22) == 42
through the Mojo NIF, with nm / otool checks in the same suite.
Hands-on exercise
Run scripts/test-isolated.sh. Success is 11 passed and a process that exits 0. A hang is cut off at 180 seconds because the script wraps Mix in perl -e 'alarm'.
Do not treat a green mojo build of experiments/abi/01_export_add/add.mojo as this exercise. That file has no nif_init.
Line-by-line walkthrough
The Elixir side of the minimum demonstration is the stub in lib/mojoler/poc.ex:
	@on_load :load_nif runs when the module is loaded.
	Application.app_dir(:mojoler, "priv/native/libpoc") is the path without a suffix. OTP appends .so on this Darwin build, which is why the file is not named .dylib.
	add/2 raises :nif_not_loaded only if the native function was not installed. After a successful load, the BEAM replaces that body.

Under the hood
load_nif resolves nif_init, checks the major version and vm_variant, and then calls through ErlNifFunc.fptr. A wrong name field fails with a message that mentions the calling module. That happened during development when the test module called load_nif directly: the entry said Elixir.Mojoler.POC and the caller was Elixir.Mojoler.POCTest.
Failure modes
	Tests fail in load_nif before any assertion: the .so did not build, the rpath cannot see libKGENCompilerRTShared.dylib, or dyld could not bind enif_get_long. Run scripts/inspect-abi.sh.
	add returns a wrong integer: the term width or the overflow check drifted. Re-run the layout experiment before editing the arithmetic.
	Claiming Linux works because the Mac run passed: that claim is out of bounds. The Linux claim is the green Actions log in ledger E18 and E19, and it covers CPU add/2 only.

Rustler and Zigler
Both projects treat "the shared object loads and an ExUnit test calls it" as the bar, and both generate the entry table. The questions here are the same questions their code generators had to get right. Stage 0 answers them by hand so the failure, if it comes back, is a compiler or ABI fact rather than a generator bug.
Checkpoint
	Which experiment is not yet a NIF? 01_export_add.
	What string must ErlNifEntry.name contain? Elixir.Mojoler.POC.
	Stretch: call load_nif from a different module and read the bad_lib error. Put the command and the text in the ledger if you keep the experiment.



  

    02 — Mojo language and compiler

Later stages kept these 1.1.0 rules and added one that this chapter's examples did not hit: a file-scope alias does not parse. Constants in the generated ABI are functions such as abi_dirty_cpu(). The GPU paragraph below is the Stage 0 observation. Stage 8 later ran a MAX kernel; see stages/s8.md.
Learning objectives
	Read Mojo 1.1.0 as a compiled language with a C ABI escape hatch.
	Notice which syntax from older Mojo write-ups this compiler rejects.
	Follow a function from def to LLVM.

Why this matters
The NIF is a few dozen lines, but those lines only work because of specific 1.1.0 rules: def instead of fn, abi("C") on every export, RegisterPassable structs for C layout, and no mutable globals. Guessing the previous year's syntax wastes a day and produces a file that never reaches the BEAM.
Mental model
def add(...) abi("C")
        |
        v
   Mojo types + origins          (compile time; erased from the ABI)
        |
        v
   LLVM i64 / ptr on arm64       (what the CPU and dyld see)
        |
        v
   Mach-O in libpoc.so
Origins and traits do not appear in ErlNifEntry. They stop the compiler from accepting some unsafe programs. Once the object file exists, the CPU sees integers and addresses.
Theory
Verified on Mojo 1.1.0 by compiling the files in this repo:
	fn is removed. The diagnostic says to use def.
	@export("name") plus abi("C") emits a C symbol. Without abi, the compiler rejects the export.
	def parameters are passed by value unless marked otherwise. Int64 in the small add experiment became LLVM i64.
	Structs that are RegisterPassable and hold only C-compatible fields use C field order and C padding. @fieldwise_init generates a constructor. This was checked by printing field_offset, not assumed from the trait name.
	from std.ffi import c_int, c_long, c_ulong, c_char, c_size_t is the width-correct set for this target. c_long is 64 bits here. The Mojo manual says every platform it supports today is LP64, and this Mac matches that (long=8 in the diagnostic).
	Pointer[T, origin] is non-nullable. Null is Optional[Pointer], which is 8 bytes on this target, and the empty value is all zero bits.
	A function value with abi("C") is described by the compiler as thin. Stored in a struct it is 8 bytes. That is the code pointer.
	File-scope alias and file-scope var are rejected. comptime is the compile-time binding used in fits_int64.
	external_call["symbol", ReturnType](args...) emits a direct call to that C symbol. mojo build resolves it at link time. mojo run can resolve libc from the process even when a later link would fail. That split is why the NIF is always built with mojo build, never exercised only under mojo run.
	Traits such as RegisterPassable and Writable are compile-time constraints. They are not C++ vtables in the NIF struct.
	Overflow: the small Int64 add in experiment 01 is an LLVM add with no check. The NIF does not use that wrapping add on the term path. It rejects out-of-range sums before the add.
	SIMD, GPU, and parallelize are not used. from std.gpu import parallelize fails and the note says those modules moved to the max package, which is not installed.
	The pipeline that was observed is Mojo source to LLVM IR (--emit llvm) to a linked Mach-O (--emit shared-lib). MLIR is not printed by this CLI. Claiming a particular MLIR pass ran would be invention.

initialize_runtime exists at std.runtime. Calling it does not require a Mojo main. See chapter 08 for the BEAM experiment. The add NIF never calls it.
Hands-on exercise
.venv/bin/mojo build experiments/abi/01_export_add/add.mojo --emit llvm -o /tmp/add.ll

The IR should contain a function @mojoler_add that takes two i64s and returns an i64, and the module triple should contain arm64-apple-darwin. The numeric address and the exact feature string can change with the CPU. The add instruction is the whole body of that experiment.
Then change def to fn and rebuild. The diagnostic should name def as the replacement.
Line-by-line walkthrough
experiments/abi/01_export_add/add.mojo:
@export("mojoler_add")
def mojoler_add(a: Int64, b: Int64) abi("C") -> Int64:
    return a + b
	@export("mojoler_add") is the linker name, without Darwin's underscore. nm prints _mojoler_add.
	def defines the function.
	Int64 is Mojo's fixed 64-bit integer, not Elixir's arbitrary-precision integer.
	abi("C") selects the platform C calling convention. On this Mac that is the arm64 AAPCS variant: integer arguments in x0 and x1, result in x0.
	return a + b became add i64 in the IR. No Mojo runtime call appears in that function.

Under the hood
The IR target is arm64-apple-darwin25.5.0 with target-cpu=apple-m1. Darwin 25 is the kernel version corresponding to this macOS 26 install. The function is dso_local, which is why nm shows a defined text symbol rather than an undefined one.
The shared library still depends on libKGENCompilerRTShared.dylib even for this one-line function. The compiler links its runtime into every --emit shared-lib output tried here. The add function does not call it, but the image loads it.
Failure modes
	Using a blog post that starts with fn main(). This compiler will not parse it.
	Passing a Mojo String to external_call. The manual, and this compiler's diagnostics for related APIs, want as_c_string_span().
	Trusting mojo run as proof a symbol will link. Build the .so.
	Treating Int64 wraparound as Elixir's +. They disagree past 2^63-1.

Rustler and Zigler
Rustler's exported functions are Rust extern "C" and Zigler's are export with a C calling convention. The role of abi("C") is that same choice. Neither of those toolchains needs a vendor runtime dylib for an integer add; Mojo 1.1.0 still links libKGENCompilerRTShared.dylib. That difference shows up in otool -L and in deployment: the BEAM must be able to open that rpath.
Checkpoint
	What keyword replaced fn? def.
	Why does nm show a leading underscore that the source does not? Darwin's C ABI prefix. dlsym and @export use the unprefixed name.
	Stretch: add a second exported function that multiplies, rebuild, and confirm both symbols are T in nm -gU.



  

    03 — Mojo FFI and the C ABI

Learning objectives
	Export a C function and call a C function from Mojo.
	Read a pointer origin as a compile-time fact that is not stored in the struct.
	Explain why a working add export is not a NIF.

Why this matters
The BEAM will call nif_init and later the function pointer inside ErlNifFunc with the C calling convention. If Mojo inserts a hidden environment argument, or if a "pointer to the function" is actually a pointer to a stack temporary, the VM jumps to garbage. This chapter is the difference between those two.
Mental model
Elixir integer 20          not an Int64 yet
        |
        v
BEAM term (64-bit unsigned long on this Mac)
        |
        v
enif_get_long writes a C long
        |
        v
Mojo c_long, then enif_make_long builds a new term
Experiment 01 stops at the middle box. It never sees a term.
Theory
external_call is a direct native call. The return type parameter must be RegisterPassable. Argument types are inferred from the values you pass, so a wrong Mojo type becomes a wrong C declaration with no header check. Two different signatures for one symbol in one module fail at build time.
OwnedDLHandle() with no path opens the current process and looks symbols up at runtime. That was the fallback if -Xlinker could not express dynamic lookup. mojo build --help does expose -Xlinker, and -undefined dynamic_lookup linked, so the NIF uses external_call instead. Runtime dlsym remains a viable pure-Mojo alternative; it was not needed for the passing build.
String literals: "add".as_c_string_span().ptr() has origin ImmStaticOrigin. The bytes live in the binary. unsafe_ptr is deprecated in favor of ptr() on this version.
MutUntrackedOrigin is the origin for pointers the compiler should not tie to a Mojo value: ErlNifEnv*, the argv array, and calloc memory. Using it is a promise that the NIF will not store those pointers. native/poc.mojo keeps that promise for env and argv. The calloc'd entry is intentionally kept, and the VM holds the only long-lived pointer to it.
Hands-on exercise
Run scripts/run-abi-experiments.sh. In experiments/abi/OBSERVED.txt:
	section 01 should list _mojoler_add as a defined T symbol and should list libKGENCompilerRTShared.dylib
	section 02 should print sizeof 8 and result 42
	section 03 should print NifFunc sizeof 32 and NifEntry sizeof 96

The addresses in otool paths will match your checkout. The sizes should not change unless you change Mojo, OTP, or the struct fields.
Line-by-line walkthrough
The callback in native/poc.mojo:
def add(
    env: Pointer[NoneType, MutUntrackedOrigin],
    argc: c_int,
    argv: Pointer[c_ulong, MutUntrackedOrigin],
) abi("C") -> c_ulong:
	env is ErlNifEnv*. The pointee is opaque. Mojo never defines the struct.
	argc is C int (c_int, 32 bits).
	argv points at ERL_NIF_TERM values. On this ABI that is unsigned long, so the element type is c_ulong.
	The return is the new term, also c_ulong.
	abi("C") makes the value thin, so it can be stored in NifFunc.fptr.

argv[unsafe_offset=0] loads one term. The index is scaled by the element size. The pointer is not retained after the call.
external_call["enif_get_long", c_int](env, term, Pointer(to=a)) matches int enif_get_long(ErlNifEnv*, ERL_NIF_TERM, long*). Zero means the term was not an integer in range. The NIF turns that into enif_make_badarg.
Under the hood
An earlier probe printed Pointer(to=cb) and the IR was:
store ptr @"...closure_0", ptr %4
%5 = ptrtoint ptr %4 to i64
%4 is a stack slot. The integer that came out was the slot's address, not the function's address. A NIF entry built that way would crash on the first call. Storing the thin function value stores the code pointer. Experiment 02 calls that stored pointer and gets 42, which is the check.
arm64 passes the NIF callback as env in x0, argc in w1, argv in x2, and returns the term in x0. The LLVM ptr, i32, ptr to i64 signature is that convention. Nothing in this repo single-steps the registers in a debugger; the IR and the passing ExUnit test are the evidence that the convention matched.
Failure modes
	Storing Pointer(to=function) in the entry. First call jumps into the stack.
	Declaring enif_get_long's out-parameter as c_int. The VM writes 8 bytes.
	Using Optional of a thin function for a NULL callback. Measured size is 16, so it would shove every later field. Use Optional[Pointer[NoneType, ...]], whose empty value is 0.
	Forgetting abi("C") on the callback. It will not match the field type, or it will not be a C function if you force it.

Rustler and Zigler
Rustler encodes the same callback as an extern "C" fn(*mut ErlNifEnv, i32, *const ERL_NIF_TERM) -> ERL_NIF_TERM. Zigler uses a C-compatible function pointer in a extern struct. The Mojo field type is that pointer, written inline because a file-scope alias of a def type did not parse.
Both projects still need a correct ErlNifEntry after they can export add. Chapter 04 is that missing half.
Checkpoint
	Why is experiment 01 not a NIF? It never returns an ErlNifEntry and never calls enif_*.
	What measured fact makes Optional[Pointer] usable as a NULL callback? It is 8 bytes and None is all zeros.
	Stretch: change the callback return type to c_int and watch the struct size or the call fail. Restore it afterward.



  

    04 — BEAM NIF internals

Learning objectives
	Trace one Elixir call into a native function and back to a term.
	Explain why a NIF crash takes down the scheduler, and often the VM.
	Read dirty-scheduler flags as data in ErlNifFunc, not as a Mojo feature.

Why this matters
add/2 is a short function, but it runs on a BEAM scheduler thread with the rest of the VM's memory mapped in. The calling convention in chapter 03 is only safe because of the lifetime rules in this chapter: env and argv die when the native function returns, and a bad term is a return value, not a raised Mojo error.
Mental model
Elixir Mojoler.POC.add(20, 22)
        |
        v
BEAM stub for Elixir.Mojoler.POC:add/2
        |
        v
erlang:load_nif  (already done at module load)
        |
        v
dlsym nif_init --> ErlNifEntry
        |
        v
ErlNifFunc { "add", 2, &callback, flags=0 }
        |
        v
callback(env, 2, argv) --> enif_get_long / enif_make_long
        |
        v
ERL_NIF_TERM returned in x0, boxed back into an Elixir integer
Theory
Schedulers run Erlang processes. A NIF runs on the scheduler that called it, and it does not bump reductions unless it calls enif_consume_timeslice. A long NIF starves every other process on that scheduler. Dirty CPU and dirty IO schedulers exist so a NIF can declare, in ErlNifFunc.flags, that it should run off the normal scheduler. The installed header maps those flags to ERL_DIRTY_JOB_CPU_BOUND (1) and ERL_DIRTY_JOB_IO_BOUND (2). add sets flags to 0. It is a few arithmetic instructions and three external calls. That is the case dirty flags are for avoiding, not for using.
ErlNifEnv is opaque. It is the VM's permission slip for allocating terms and the bound on how long those terms live. Terms created in the call's env are valid until the native function returns, unless the API says otherwise. This NIF does not keep them at all. It reads two terms, writes two C longs onto its own stack, and returns one new term.
ERL_NIF_TERM is an unsigned integer the same width as a pointer (ErlNifUInt). On this LP64 Mac that is 8 bytes. It is not a pointer to an Elixir object that Mojo can dereference. The bits are a tagged value or an immediate. Only enif_* knows which.
Terms, binaries, and resources are different:
	A small integer term is copied by value through enif_get_long.
	A binary may point at VM memory that is only valid for the call, or until a resource releases it. This NIF does not touch binaries.
	A resource is a VM-tracked allocation with a destructor. ErlNifResourceTypeInit is 40 bytes here. The entry records that size so the VM knows which generation of the resource struct the NIF was compiled against. This NIF does not create a resource type. It still has to store 40 in sizeof_ErlNifResourceTypeInit or the VM's version check is looking at the wrong field.

Load, reload, upgrade, and unload are optional callbacks. NULL means "do nothing". OTP 20 and later refuses to reload a NIF that is already loaded; the ExUnit test observes that error from a second load_nif. Upgrade and unload were not invoked.
enif_make_badarg returns a special term. The VM turns it into ArgumentError at the Elixir boundary. It is not a C++ exception and not a Mojo raise. A Mojo raise or llvm.trap does not become ArgumentError. The IR of poc.mojo contains llvm.trap, which aborts the thread. In a NIF that means the VM process dies.
Blocking in a normal NIF blocks the scheduler. add does not block. A future GPU launch that waited for the device on a normal scheduler would stall the VM even if the launch itself were asynchronous. That combination was not tested.
Hands-on exercise
Load a node and call the function, then ask OTP for the NIF version:
mix run --no-start -e 'IO.inspect(Mojoler.POC.add(20, 22)); IO.inspect(:erlang.system_info(:nif_version))'

The first value should be the integer 42. The second should be a charlist whose characters are the NIF major and minor, 2.17 on this OTP. The inspect form prints quotes and a trailing blank the way Elixir prints charlists.
Line-by-line walkthrough
lib/mojoler/poc.ex load_nif/0:
	Application.app_dir/2 returns the application priv path as a string.
	String.to_charlist/1 matches the historical load_nif argument. OTP 28 accepted that charlist in the tests.
	The path has no .so. The emulator appends it. Naming the Mojo output libpoc.so is what makes that append succeed on Darwin, where developers often expect .dylib.
	Returning :ok from @on_load marks the module usable. Returning anything else prevents the module from loading, which is why a missing library fails the whole test run at startup.

reload/0 exists only so the test can call load_nif again from the same module. Calling it from the test module produced bad_lib because the entry name did not match the caller.
Under the hood
The VM compares ErlNifEntry.major with the range it can load (ERL_NIF_MIN_REQUIRED_MAJOR_VERSION_ON_LOAD is 2) and compares vm_variant with "beam.vanilla". min_erts is "erts-14.0", copied from ERL_NIF_MIN_ERTS_VERSION in the header. Those strings are compile-time literals in the Mojo binary, not read back from the header at runtime. If you upgrade OTP and the variant string changes, the old literal will fail the load. Re-run the diagnostic program and update the literals together.
Dirty flags live in the fourth field of ErlNifFunc, at offset 24, width 4, with 4 bytes of tail padding so the struct stays 32 bytes. Leaving that field 0 is an explicit choice.
Failure modes
	Returning a term built in a previous call's env. Use-after-free inside the VM, often a later crash rather than a clean error.
	Storing argv in the calloc'd entry. Same class of bug.
	Raising from Mojo instead of enif_make_badarg. The test expectation is ArgumentError. A trap fails the whole OS process and scripts/test-isolated.sh will report a non-zero status or the alarm.
	Setting a dirty flag "just in case" without measuring. It changes which scheduler runs the NIF and is part of the ABI the VM reads. add does not set it.

Rustler and Zigler
Rustler inserts dirty-job flags through annotations (:dirty_cpu, :dirty_io) that become the same integer flags. Zigler does the same in the generated struct. Both also treat a panic as fatal to the VM and use the NIF badarg term for ordinary argument errors. Mojoler follows that split: ArgumentError for bad terms and overflow, process death for a compiler trap.
Checkpoint
	What does enif_make_badarg return? A term the VM turns into ArgumentError, not a Mojo error.
	Why is add not marked dirty? It does not block and it does not run long enough to need another scheduler. The flag is data the VM reads; it is not implied by the language.
	Stretch: time a NIF that sleeps, with flags 0 and with flag 1, in a VM that is also running a tight Elixir process. Do not add the sleep to poc.mojo; keep it in a separate experiment.



  

    05 — OTP ABI map for erts 16.2

Learning objectives
	Read a measured offset table and refuse to "clean it up" from memory.
	Point at the C program that produced the numbers and the Mojo program that matched them.

Why this matters
ErlNifEntry has int fields next to pointers. On arm64 those ints are 4 bytes and pointers want 8-byte alignment, so the compiler inserts padding. A Mojo struct that "has the same fields" in a different order, or that uses a 16-byte optional function, loads garbage for every field after the mistake. The VM then rejects the library, or worse, jumps to a pointer it read from padding.
Mental model
offset 0        4        8        16
ErlNifFunc:  name........ arity.... (pad) fptr........ flags... (pad to 32)

offset 0   4   8        16  20  24       32 ...
ErlNifEntry: maj min name....  nfuncs (pad) funcs.... callbacks....
Theory
All numbers below are from experiments/abi/diagnostic/layout.c compiled against erts-16.2/include and executed on this Mac. The Mojo mirrors in experiments/abi/03_layout/layout.mojo printed the same sizes and the same field offsets.
Widths: pointer 8, int 4, unsigned 4, long 8, size_t 8. ERL_NIF_TERM is 8.
ErlNifFunc, size 32, align 8:
	name offset 0, size 8, const char*
	arity offset 8, size 4, unsigned
	fptr offset 16, size 8, function pointer (ErlNifEnv*, int, const ERL_NIF_TERM*) -> ERL_NIF_TERM
	flags offset 24, size 4, unsigned
	4 bytes of tail padding

ErlNifEntry, size 96, align 8:
	major 0, minor 4, both int. Values 2 and 17.
	name 8, const char*. Value Elixir.Mojoler.POC.
	num_of_funcs 16, int. Value 1. Four bytes of padding follow, so funcs is at 24.
	funcs 24, pointer to the ErlNifFunc array.
	load 32, reload 40, upgrade 48, unload 56. NULL in this NIF.
	vm_variant 64. "beam.vanilla".
	options 72, unsigned. The header's ERL_NIF_INIT stores 1.
	sizeof_ErlNifResourceTypeInit 80, size_t. Measured sizeof of that struct is 40.
	min_erts 88. "erts-14.0".

ErlNifResourceTypeInit, size 40, align 8: dtor 0, stop 8, down 16, members 24 (int), dyncall 32. Not constructed by the NIF. Only its size is stored.
Dirty flags, from the same run: CPU 1, IO 2.
Init symbol: nif_init, no arguments, returns ErlNifEntry*, default visibility. Darwin symbol table name: _nif_init.
API symbols the callback calls:
	int enif_get_long(ErlNifEnv*, ERL_NIF_TERM, long*)
	ERL_NIF_TERM enif_make_long(ErlNifEnv*, long)
	ERL_NIF_TERM enif_make_badarg(ErlNifEnv*)

enif_get_int64 and enif_make_int64 are macros for those long functions when SIZEOF_LONG == 8.
Uncertainties:
	Linux x86-64 padding was measured in Actions run 39451722783. Clang and the Mojo layout program printed the same offsets as on this Mac (E18).
	The loader's exact C function in OTP's erl_nif.c was not recompiled here. The observable contract (symbol nif_init, .so suffix, version 2.17, reload error text) was checked from this erts install and from ExUnit.
	Whether a future Mojo release keeps RegisterPassable layout identical to clang's is unknown. Re-run both layout programs after every compiler bump.

Hands-on exercise
scripts/run-abi-experiments.sh

Diff the diagnostic C section against the 03 layout section. Every Mojo offset should appear in the clang listing. optional_none_or should be 0. If a Mojo size changes and the C size does not, the NIF is no longer the OTP struct, even if it still compiles.
Line-by-line walkthrough
nif_init in native/poc.mojo writes the constants above in field order:
	c_int(2), c_int(17) — major, minor
	"Elixir.Mojoler.POC" — module name
	c_int(1) — one function
	pointer to a one-element table whose name is "add", arity 2, flags 0
	four None values — NULL callbacks
	"beam.vanilla", c_uint(1), c_size_t(40), "erts-14.0"

The table and the entry are separate callocs. calloc zeros memory before the assignment; the assignment then writes every field.
Under the hood
The diagnostic program is C on purpose. offsetof is how this platform's clang lays the header out, which is the layout the VM was compiled with (the erts in the asdf install was built for this OS). Mojo is then asked to print its own offsets. Agreement is the evidence. A single compiler printing both would not test whether Mojo matches OTP's clang.
The diagnostic binary is not on the mojo build command line. scripts/build-native.sh takes one input: native/poc.mojo.
Failure modes
	Reordering fields to "look nicer". Offsets move, the VM reads name as a pointer made of two ints.
	Updating the minor version in Mojo without updating min_erts and the resource size from a new diagnostic run.
	Assuming .dylib because the laptop is a Mac. This OTP's loader appends .so. The successful path in tests is priv/native/libpoc.so.

Rustler and Zigler
Rustler's ErlNifEntry is a #[repr(C)] struct kept in sync with OTP by the crate, often with size_of assertions. Zigler's extern struct relies on Zig matching C layout, and the project re-checks when OTP bumps the minor version. Mojoler's check is the paired printout in experiments/abi/OBSERVED.txt. There is no code generator keeping it fresh; a version bump is a manual re-measure.
Checkpoint
	Why is funcs at offset 24 rather than 20? num_of_funcs is a 4-byte int at 16, and the following pointer is 8-byte aligned.
	What is sizeof_ErlNifResourceTypeInit doing in an add NIF that has no resources? It is a version tag the VM uses to know how large that struct was when the NIF was built. The measured value is 40.
	Stretch: add a field to the Mojo struct only, rerun experiment 03, and confirm the size moves while the C size stays 96. Revert the field.



  

    06 — Mojo meets the OTP ABI

Learning objectives
	Walk the eight experiments in order and say what each one allowed the next one to assume.
	Point at the real blocker that did not appear, and at the smaller blockers that did.

Why this matters
The passing mix test is the end of a chain. If a later Mojo release breaks one link, the experiment directory is the place that fails first, before anyone edits the Elixir tests into lying.
Mental model
01 export symbol
02 store a real code pointer
03 match clang's padding
04 keep the struct alive without a Mojo global
05 runtime init is optional for add, and callable from nif_init
06 export nif_init
07 import enif_get_long, not the macro name
08 dlopen from the BEAM
Theory
Each directory under experiments/abi/ has a NOTE.md. The commands and the text they printed are in experiments/abi/OBSERVED.txt.
	Opaque pointers and function pointers. Thin abi("C") functions are 8-byte values and are callable after being stored. Pointer(to=function) is a stack address. Opaque ErlNifEnv* uses Pointer[NoneType, MutUntrackedOrigin].
	Struct layout. Mojo NifFunc is 32 bytes and NifEntry is 96, with the same offsets as clang. Optional[Pointer] None is bit-identical to NULL. Optional of a thin function is 16 bytes and was rejected for callback fields.
	Stable descriptor storage. Module-level var does not exist. calloc does. String literals have ImmStaticOrigin and remain readable.
	Exported callback signature. add in native/poc.mojo is exactly (env, argc, argv) -> term.
	Callback through a function pointer. Experiment 02 calls the stored pointer. The BEAM does the same with the pointer nif_init wrote.
	nif_init returns the calloc'd entry. The symbol is global. The callback symbol is local and mangled (_poc::add(...)).
	enif_* access. external_call plus -undefined dynamic_lookup. The Windows table is not involved. enif_get_int64 is a macro here.
	Load and dependencies. otool -L shows the NIF, libKGENCompilerRTShared.dylib via rpath into the venv, and libSystem.B.dylib. ExUnit's fresh OS process completes add(20, 22) == 42.

No experiment hit a Mojo bug that made the ABI inexpressible. The real constraints were language rules (no globals, non-null pointers, fn removed) and an OTP macro. Both have pure-Mojo expressions that still satisfy the "no C implementation" rule.
Hands-on exercise
Read experiments/abi/03_layout/NOTE.md, then the two layout sections of OBSERVED.txt, side by side. You are looking for a size or offset that differs. On the recorded run there is no such line.
Then read scripts/build-native.sh and confirm the only source file is native/poc.mojo.
Line-by-line walkthrough
fits_int64 is part of meeting the ABI, because the values that survive enif_get_long are C longs and the NIF promised checked Int64 addition:
	If b > 0 and a > max - b, the sum would exceed 2^63-1.
	If b is INT64_MIN (detected by b + (2^63-1) == -1) and a < 0, the sum would go below -2^63.
	Otherwise if b < 0 and a is below INT64_MIN - b, the sum does not fit.
	INT64_MIN is computed as -(2^63-1)-1 so the literal itself fits in c_long.

The tests cover both ends, both orders (max+1 and 1+max, min+(-1) and -1+min), and min+max == -1.
Under the hood
nif_init runs once per successful load. It allocates two blocks and returns the entry pointer in x0. The VM copies what it needs and keeps the pointer. Because unload is NULL, those blocks are not freed. They are process-lifetime leaks of 32 and 96 bytes plus allocator overhead. That is acceptable for this proof and unsafe as a pattern for a NIF that reloads in a long-lived node. OTP currently refuses the reload anyway.
The local callback does not need to be exported. The VM does not look it up by name. Exporting it would only widen the dynamic symbol table. nm -gU showing a single T _nif_init is the intended result.
Failure modes
	A Mojo upgrade that changes RegisterPassable layout. Experiment 03 fails the visual diff, and mix test may fail inside load_nif with bad_lib or may crash. Believe experiment 03 first.
	Linking without -undefined dynamic_lookup. The build fails with an undefined _enif_get_long, or the .so binds it to nothing and dlopen fails.
	Copying the Windows "fill this struct of pointers from the nif_init argument" pattern. On Unix, nif_init takes no arguments. An extra parameter would be a calling-convention bug.

Rustler and Zigler
Rustler generates steps 6 and 7 from annotations. Zigler generates the struct and can comptime assert sizes against its own translated header. Mojoler keeps the steps as separate programs so a failure names the step. The cost is that nothing regenerates native/poc.mojo when OTP's minor version moves.
Checkpoint
	Which experiment showed that Pointer(to=function) is the wrong code pointer? The LLVM probe described in chapter 03; experiment 02 is the version that stores the thin function instead.
	Why calloc? Mojo 1.1.0 has no module-level var, and the entry has to outlive nif_init.
	Stretch: delete -Xlinker -undefined -Xlinker dynamic_lookup from a copy of the build script and keep the compiler error.



  

    07 — Memory and lifetime

Stage 0 left binary ownership untested. Stage 3 measured borrow, copy, freeze, pin, and retain. The two calloc blocks for the NIF entry are still process-lifetime, and that bound is stages/s1.md. The rest of this chapter is the Stage 0 account.
Learning objectives
	Name who owns each pointer in add and how long it lives.
	Refuse a zero-copy binary design until an ownership protocol has been tested.
	See the two calloc blocks as process-lifetime leaks, not as VM resources.

Why this matters
The integer NIF is safe mostly because it does not remember anything. The first time someone stores env, or returns a pointer into a Mojo String as if it were an Erlang binary, the crash will be far from the line that created the pointer.
Mental model
call starts
  env  ---- valid until return ----.
  argv ---- valid until return ----|
  a, b on the Mojo stack            |
  result term allocated by enif_*   v
call returns                        all of the above are dead
                                    except the term now owned by the VM

process starts
  calloc entry + funcs  ---- valid until the OS reaps the process
  string literals       ---- valid for the life of the mapped .so
Theory
Borrowed BEAM memory: argv[i] is a term value, not a pointer to a buffer this NIF may keep. Even if a term is a boxed object internally, Mojo must not chase it. enif_get_long copies the integer onto the stack.
Native allocations: calloc memory is owned by the NIF code, not by the VM. There is no destructor. free is not called. A correct unload callback would free both blocks, and only if the VM promises not to touch the entry afterward. That promise was not tested, because unload is NULL and OTP will not reload this library in-process.
Resource objects: not used. A resource is the VM's answer to "native memory that should die when the term dies". Building one requires enif_open_resource_type or enif_init_resource_type, a 40-byte ErlNifResourceTypeInit, and a destructor that must not call back into Mojo in a way that re-enters a dead runtime. None of that was implemented. The size field is still filled in so the entry matches the header.
Refcounting: Erlang binaries and resources use VM refcounts. Mojo's origins are a compile-time overlay and the VM does not honor them. MutUntrackedOrigin means "Mojo has stopped checking". It does not mean the memory is immortal.
Cross-thread: add does not start a thread. Concurrent Elixir calls run the same code on scheduler threads. The only shared Mojo state is the immutable entry (function pointer and string literals) and whatever libKGENCompilerRTShared.dylib does on load. The concurrent ExUnit test passed. That is not a proof that initialize_runtime's thread pool is safe on scheduler threads. The add NIF never starts that pool.
Zero-copy binaries are not implemented. A retained binary would require a tested rule for who frees the bytes and what happens on unload. Guessing "Mojo alloc, BEAM reads" is how use-after-free enters a NIF.
Hands-on exercise
In native/poc.mojo, confirm there is no field on NifEntry that has type Pointer to ErlNifEnv or to the argv element. The entry fields are integers, string literals, the funcs pointer, optional null callbacks, and the resource-size integer.
Run the repeated-call test (Enum.map(1..200, ...)) by running mix test. A use-after-free often survives one call and dies on the second. Two hundred calls passed.
Line-by-line walkthrough
must_alloc calls calloc(1, nbytes). The Optional return models C's NULL. On failure it calls abort, because a C ABI nif_init cannot return a Mojo error and a null ErlNifEntry* is not a supported success path. abort is an undefined symbol from libSystem, resolved the same way as enif_* only if the main executable exports it; libSystem is a direct dependency, so abort is a normal dyld bind against libSystem.B.dylib, not against beam.smp. nm -u lists both. otool -L shows libSystem as a real dependent library, unlike the enif_* symbols which have no install name.
slot[] = NifFunc(...) writes a full struct through the calloc'd pointer. The thin function field copies the code pointer, not a pointer to a stack slot (see chapter 03).
Under the hood
String literals are in the Mach-O image. Their origin is ImmStaticOrigin. As long as the .so stays mapped, the name fields are valid. dlclose on unload would invalidate them. OTP's refusal to reload is what currently keeps that hypothetical from running. Do not "fix" that by caching the .so yourself and unloading it.
Mojo String is length-prefixed and may move when it grows. Nothing in the NIF constructs one on the hot path. String(unsafe_from_utf8_ptr=...) appears only in experiments that print a literal back.
Failure modes
	Returning Pointer(to=local_struct) from nif_init. The entry would point at a dead stack. calloc is the replacement.
	Freeing the entry at the end of nif_init. The VM uses it after the function returns.
	Building an Erlang binary that points at Mojo stack memory. Not done here; do not add it without an API that copies or that transfers ownership explicitly.
	Assuming the concurrent test blesses parallelize inside the NIF. It does not. parallelize was not called.

Rustler and Zigler
Rustler resource types tie a Rust destructor to an Erlang resource, and the Rustler docs tell you not to keep Env or term pointers. Zigler generates allocators that go through enif_alloc when the memory should be visible to the VM, and uses its own allocator only with an explicit free. Mojoler uses calloc for two structs the VM does not free, and uses no resource type. That is a smaller feature set, not a stricter one.
Checkpoint
	When does argv become invalid? When add returns.
	Who frees the ErlNifEntry block? Nobody, until the OS reaps the process.
	Stretch: implement an unload callback in a copy of the experiment that frees both blocks, then load and unload in a short-lived VM. Do not replace native/poc.mojo until that experiment has a log.



  

    08 — Schedulers and the Mojo runtime

This chapter records the Stage 0 scheduler questions. Stage 4 later measured a dirty-CPU burn against a normal-scheduler control in a one-scheduler VM: 18 heartbeats during 200 ms of dirty work, and 0 during the same burn with flags 0. See stages/s4.md. The sentence below that says this repository never launched a GPU kernel is the Stage 0 fact. Stage 8 ran one.
Learning objectives
	Decide whether add belongs on a normal scheduler.
	Say what initialize_runtime did and did not prove.
	Read the overhead numbers as a loop-including comparison, not as a pure NIF cost.

Why this matters
Mojo's selling point is native code and a runtime with a thread pool. A BEAM node already has schedulers. Loading another thread pool into every NIF call can oversubscribe the machine and can run code on threads the VM does not know about. The integer proof avoids that pool on purpose.
Mental model
normal scheduler thread
  |
  +-- NIF add (flags = 0) -- enif_get_long, add, enif_make_long
  |
  +-- other Erlang processes wait while this NIF runs

dirty CPU scheduler          only if flags include 1
dirty IO scheduler           only if flags include 2

Mojo runtime threads         only if initialize_runtime / parallelize ran
Theory
A normal NIF should do a bounded amount of work. It does not preempt. Reductions are how the VM accounts for Erlang work; a NIF that cares calls enif_consume_timeslice. add does not. The body is three external calls and a checked add.
Dirty flags are the unsigned at offset 24 of ErlNifFunc. Values 1 and 2 come from erl_drv_nif.h via erl_nif.h. They are not inferred from Mojo annotations because there are no Mojo annotations in this project. Leaving the field 0 keeps add on the normal scheduler.
A GPU launch and a GPU wait are different costs. A launch that only queues work can be short. A wait that spins or sleeps holds the scheduler for the whole wait. This repository never launched a GPU kernel. The compiler rejected std.gpu and pointed at the max package. No claim is made about GPU code inside a NIF.
initialize_runtime prepares the process-global Mojo runtime. The manual says it is idempotent and that one call covers the process. The experiment in experiments/abi/05_runtime/rtnif.mojo calls it twice inside nif_init and then returns the term 7. The fresh BEAM printed runtime ping 7. So two calls during init did not crash, and a later NIF call on that library worked. The add library does not call it, and mix test still passes. Idempotence under concurrent scheduler threads was not tested. Thread-pool work was not tested.
Mojo traps and memory faults are not catchable as Elixir exceptions. The IR contains llvm.trap. If that runs inside the NIF, the OS process dies. scripts/test-isolated.sh puts mix test under an alarm so a dead or stuck VM does not hang the shell. It does not turn a trap into ArgumentError.
Hands-on exercise
Rebuild and load the runtime experiment:
.venv/bin/mojo build experiments/abi/05_runtime/rtnif.mojo \
  --emit shared-lib -o /tmp/librt.so \
  -Xlinker -undefined -Xlinker dynamic_lookup

Then load_nif the path without the suffix from a new elixir -e process, as in chapter 01's module shape, and call ping. The recorded result is the integer 7. A crashpad line on stderr can appear during mojo build and is separate from the BEAM result.
Do not point this experiment at priv/native/libpoc.so. That file is the add NIF and does not export ping.
Line-by-line walkthrough
The benchmark that was actually run, via mix run --no-start -e:
	warmup 10_000 calls of Mojoler.POC.add(20, 22) and 10_000 evaluations of 20 + 22
	5 trials of 100_000 iterations each
	:timer.tc around the whole for comprehension, so the loop is inside the number

Recorded microseconds, NIF: 38188, 37250, 36213, 34686, 36222. Elixir +: 24655, 24961, 23204, 23876, 23806. Divided by 100_000 and converted to nanoseconds, that is about 347–382 ns per NIF iteration and about 232–250 ns per Elixir iteration, loop included.
The Elixir addition of two small integers is a VM instruction. The NIF pays for entering native code and two enif_* calls to do the same arithmetic. The NIF is the slower one. Speed is not the result of Stage 0.
Under the hood
libKGENCompilerRTShared.dylib is mapped when the .so loads, even though add never calls initialize_runtime. Its presence means the process is running vendor runtime code at load time. What that code does on dlopen was not traced instruction by instruction. The observable fact is that load_nif returns :ok and later calls work.
Oversubscription: if a future NIF called parallelize across all cores from a normal scheduler, it would compete with the other BEAM schedulers. The dirty CPU pool is the VM's tool for "this native work may use more CPU". Combining it with a Mojo thread pool would still need a measured cap. Not done here.
Failure modes
	Interpreting the nanosecond figures as the cost of nif_init or as a pure call boundary. Both measurements include the Elixir for loop, and they were taken in one OS process with no statistical model beyond five samples.
	Calling initialize_runtime on every add "to be safe". The passing NIF shows it is not required for this body, and doing it per call would be extra shared-state traffic that was not measured.
	Expecting a Mojo panic to show up as {:error, ...} in Elixir. It will not.

Rustler and Zigler
Rustler documents dirty schedulers as an annotation because Rust NIFs often do real work, and it treats panics as fatal. Zig has no separate runtime thread pool in the usual Zigler NIF, so the oversubscription problem is mostly "did you start threads yourself". Mojo is closer to a runtime language than Zig is. The honest Stage 0 stance is: the runtime dylib is loaded, the thread pool is not started by add, and starting it inside the BEAM was only tested as "call initialize_runtime twice, then return 7".
Checkpoint
	What flag value keeps a NIF on a normal scheduler? 0.
	Did add call initialize_runtime? No. Did a different NIF call it twice and survive? Yes.
	Stretch: repeat the five trials in a freshly booted VM three times and keep the spread. Do not drop the Elixir baseline.



  

    09 — Feasibility report

The PASS lines in this chapter are the Stage 0 result: add/2 on this Mac and on Ubuntu, plus one Apple GPU call. Dirty scheduling, resources, and a 4-wide GPU batch were measured later. Those rows are stages/report.md, not a rewrite of the lines below. Unload of the NIF entry is still not a free. Mojoler.Own does free its private box.
Learning objectives
	Apply the word PASS only to the platform that was executed.
	Split blockers into compiler, ABI, runtime, and build tooling.
	Recommend a next step that does not pretend a C shim was required.

Why this matters
A green test on one Mac is a real result and a narrow one. The useful report says both.
Mental model
PASS     macOS arm64, OTP 28.3.1, Elixir 1.20.2, Mojo 1.1.0, add/2
PASS     Linux x86-64, same OTP, Elixir, and Mojo, add/2, GitHub-hosted ubuntu-24.04
PASS     one Apple GPU call, MAX 26.6.0, separate NIF, this Mac only
UNTESTED other OTP minors, NVIDIA, Linux GPU, parallelize, unload
Theory
Verdict: PASS for the Stage 0 minimum on the tested platform.
Criteria used:
	Mojoler.POC.add(20, 22) == 42 in ExUnit, in-process and in a fresh OS process.
	The library is the output of mojo build native/poc.mojo with no C input.
	nm shows _nif_init and undefined _enif_get_long, _enif_make_long, _enif_make_badarg.
	Layout offsets match the diagnostic clang program.
	Bad integers and overflow become ArgumentError rather than wraparound.

Compatibility matrix:
	OS/CPU: macOS 26.5 arm64, tested. Linux x86-64 tested by Actions run 39451722783: doctor ready, layout offsets match, runtime ping 7, ExUnit 11 passed. See ledger E18 and E19. That job has no GPU.
	OTP: 28.3.1, erts 16.2, NIF 2.17, tested.
	Elixir: 1.20.2-otp-28, tested.
	Mojo: 1.1.0 (8189361e), tested. Nightly was not required.

Blockers and workarounds:
	Mojo: no module-level var. Workaround: calloc. This is still direct Mojo.
	Mojo: fn removed; file-scope alias of a function type did not parse. Workaround: def and an inline thin function type.
	Mojo: Pointer is non-nullable, and Optional of a thin function is 16 bytes. Workaround: Optional[Pointer] for NULL callbacks, measured as 8 zero bytes.
	OTP ABI: enif_get_int64 is a macro on this build. Workaround: call enif_get_long and enif_make_long.
	OTP ABI: Darwin load_nif appends .so. Workaround: name the file libpoc.so.
	Runtime: on Darwin, libKGENCompilerRTShared.dylib must be on the embedded rpath. Workaround: build inside the project venv and do not relocate the .so without that dylib. On the Linux runner, ldd of libpoc.so lists libc and the dynamic linker only (E19). The venv still contains libKGENCompilerRTShared.so; this add image does not need it as a DT_NEEDED entry.
	Runtime: GPU code lives in the max package (26.6.0 here), not in the Mojo 1.1.0 standard library. A one-element Apple GPU add returned 42 from a separate NIF. See ledger E17. NVIDIA, concurrency, and long kernels were not run.
	Build tooling: macOS two-level namespace. Workaround that was verified: -Xlinker -undefined -Xlinker dynamic_lookup.

Not a blocker: expressing ErlNifEntry in Mojo. Experiment 03 matched clang.
Safety:
	A Mojo trap kills the OS process. Bad arguments do not; they return badarg.
	env and argv are not stored. Integer results are new terms.
	Two calloc blocks leak until process exit. Unload was not implemented.
	add can stall a scheduler only for the duration of a short call. It does not take a dirty flag.
	Upgrade and reload callbacks are NULL. OTP rejects a second load with the message recorded in the ledger.
	The Mojo runtime dylib is in the process even when initialize_runtime is not called. Its dlopen behavior beyond "the tests passed" was not audited.
	Concurrent add passed. Concurrent use of the Mojo thread pool was not run.

Rustler and Zigler, on the axes the prompt asked for:
	ABI generation: they generate the entry and the conversions. Mojoler writes them once and checks offsets with a C diagnostic that is not linked in.
	Type conversion: Rustler and Zigler cover binaries, atoms, lists, and resources. Mojoler converts two longs and returns badarg otherwise.
	Scheduler safety: all three can set dirty flags. Only the integer flag value was verified here, and it is 0.
	Compile-time integration: Rustler uses a crate and a build script; Zigler uses Mix plus the Zig compiler. Mojoler shells out to mojo build from test/test_helper.exs.
	Memory ownership: Rustler has resource types; Zigler has explicit alloc/free. Mojoler has calloc without free and no zero-copy binary.
	Runtime complexity: Zig is the smallest, Rust has its std but not a required thread pool for an add, Mojo links libKGENCompilerRTShared.dylib.
	Maintenance: a NIF minor bump means a new offset measurement in this repo. Rustler and Zigler absorb that in their generators, and they also break when they lag OTP.

Recommendation: proceed with direct Mojo for integer-scale NIFs on this ABI. Do not open Stage 0's success to include a C adapter. A C adapter is unnecessary for add/2 and would throw away the result.
Stage 1, justified by the PASS:
	Turn the measured struct declarations into a Mojo module that other NIFs import, still compiled only from .mojo files.
	Generate the constants (minor, resource size, min_erts, vm_variant) from the diagnostic program's output so an OTP bump is a regenerated file plus a re-run, not a hand edit.
	Add enif_make_atom and a copied binary only after a lifetime test like chapter 07's stretch.
	Keep -undefined dynamic_lookup behind the same build script, and fail doctor when the KGEN dylib is missing.
	The CPU matrix has now been repeated on Linux x86-64 (E18, E19). Portability still does not include a GPU on Linux, another OTP minor, or NVIDIA.

Hands-on exercise
Run scripts/doctor.sh, scripts/run-abi-experiments.sh, and scripts/test-isolated.sh. PASS for a new checkout means doctor prints ready, the layout sections agree, and ExUnit prints 11 passed. Any one of those failing moves that checkout to PARTIAL or BLOCKED. Do not copy this chapter's verdict onto a log you have not produced.
Line-by-line walkthrough
The verdict is tied to test/poc_test.exs:
	add(20, 22) == 42 is the minimum demonstration.
	The overflow tests are the "checked Int64" requirement.
	The nm test is the "no silent C shim" requirement inside the suite.
	The fresh elixir -e test is the "separate OS process" requirement.

If the nm test passes and the arithmetic tests fail, the ABI loaded and the logic is wrong. If load_nif fails, the arithmetic tests never run and the verdict is not PASS.
Under the hood
The compiler-inserted libc symbols (write, dup, fdopen, fflush, fclose) are visible in the LLVM module for poc.mojo. They are why "no C source file" and "the process never executes libc" are different sentences. The proof in direct_mojo_proof.md claims the first. It does not claim the second.
Failure modes
	Reporting PASS for Linux because arm64 matched the manual's LP64 comment.
	Reporting BLOCKED because a C file exists under experiments/abi/diagnostic/. That file is not linked. Check scripts/build-native.sh.
	Reporting that Mojo is faster than Elixir. The measured loop is slower. See chapter 08.

Rustler and Zigler
Choose Rustler or Zigler today if you need binaries, resources, dirty schedulers, and more than one OTP version without re-measuring structs by hand. Choose more Mojo only if the point of the project is the Mojo implementation itself. Stage 0 shows that the implementation is possible for this function. It does not show that it is a better default than Rustler for an ordinary Elixir library.
Checkpoint
	What is the verdict on this Mac? PASS.
	What is the verdict on Linux CPU add/2? PASS, from the green Actions log in E18 and E19. That is not a GPU verdict.
	What remains untested? NVIDIA, a GPU call on Linux, concurrent GPU calls, and unload.



  

    Unit 1 — From Stage 0 to a library

Objectives
Reproduce add(20, 22) == 42. Separate a row in the evidence ledger from a hope about the next machine.
Why
Stage 0 is a single function. The later stages are a library only if that function still passes and new claims have their own rows.
Model
ledger row  ->  a command that was run
stage file  ->  what that command is allowed to mean
PENDING     ->  the workflow exists and this commit has not produced the log
Theory
Mojoler.POC.add/2 is still the contract: signed 64-bit addition, ArgumentError on overflow and on a term enif_get_long rejects. experiments/stage0/poc_direct.mojo is the file from before the structs moved into the generated ABI. The live native/poc.mojo imports that ABI. Both have to agree on 42.
E18 and E19 are the Linux CPU proof for that function at commit e6728ea. They are not a proof of the Mix compiler or the GPU batch.
Lab
scripts/doctor.sh
mix test test/poc_test.exs

Expected
Doctor prints the pinned OTP, Elixir, and Mojo, then doctor: ready. ExUnit reports the POC tests passed, including a fresh OS process.
Code
lib/mojoler/poc.ex calls :erlang.load_nif in Mojoler.POC, not in a helper. OTP checks the calling module against ErlNifEntry.name. A helper that calls load_nif itself loads as Elixir.Mojoler.Nif and the VM rejects the library.
Failure
If doctor stops, the rest of the curriculum will not load. If add raises UndefinedFunctionError, @on_load failed. Read the warning above the crash. The usual cause is a module-name mismatch or a missing .so.
Exercise
Find the ledger row that says Linux ldd did not list libKGENCompilerRTShared.
Answer
E19. The red run before it printed libc.so.6 and the dynamic linker only. Darwin still lists KGEN (E11).


  

    Unit 2 — Mojo language essentials

Objectives
Read the subset of Mojo 1.1.0 this repo actually compiles: def, structs, origins, and the absence of file-scope alias.
Why
A snippet from an older Mojo post uses fn or alias and never reaches the linker. The NIF bug then looks like an OTP bug.
Model
def name(...) abi("C") -> c_ulong     callback the VM calls
struct ... (RegisterPassable)         C layout, if the fields match
Pointer[T, MutUntrackedOrigin]        VM or calloc memory
[o: Origin]                           a pointer to a local the callee may use
Theory
def replaced fn (E4). There is no module-level var (E9), which is why nif_init calls calloc. A file-scope alias is a parse error in this compiler, so abi_major() is a function that returns c_int(2).
Pointer is non-null. Failure is Optional[Pointer]. Optional of a thin function was 16 bytes and cannot sit in a callback slot. Optional[Pointer] is 8 bytes and None is all zeros (E7).
Writing through Pointer[T, MutUntrackedOrigin] from Mojo failed when the argument was a local (origin_of(result)). The ABI wrappers take [o: Origin] so Pointer(to=local) typechecks. A Mojo function that needs to store through that pointer is a different problem: the user arithmetic returns an AddResult struct instead of writing through the pointer.
Lab
Open native/mojoler/abi/otp_nif.mojo and native/examples/arith_user.mojo. Confirm there is no line that starts with alias.
Expected
Constants are def abi_... functions. checked_add returns AddResult.
Code
native/poc.mojo is the short version of the same rules: one struct assignment into memory from alloc_funcs, one make_entry, one exported nif_init.
Failure
cannot implicitly convert on a pointer origin means the wrapper's origin parameter was pinned to MutUntrackedOrigin or MutAnyOrigin and the local does not match. The fix used here is a generic origin, not a cast that throws the check away without a comment.
Exercise
Why is enif_get_int64 absent from the generated imports?
Answer
On this OTP it is a macro for enif_get_long because SIZEOF_LONG is 8 (E6). The generator records that in a comment and emits enif_get_long.


  

    Unit 3 — Mojo compiler pipeline

Objectives
Name the artifacts between a .mojo file and the .so the BEAM loads, and say which ones were actually inspected.
Why
"It compiled" does not say whether the callback is a C function or whether enif_get_long is a direct call.
Model
.mojo  ->  mojo build --emit shared-lib  ->  Mach-O or ELF .so
                |
                +-- --emit llvm   (when you ask)  ->  .ll with call @enif_get_long
Theory
scripts/build-native.sh invokes mojo build <file> --emit shared-lib -I native plus MOJO_LINK_FLAGS. The compiler's own runtime is a dependency on Darwin (E11). The LLVM for the Stage 0 NIF contained call i32 @enif_get_long (E12). This curriculum does not claim a full picture of MLIR passes. The CLI did not print MLIR for that experiment.
Optimization: a spin loop that only calls enif_monotonic_time is a real call, so the compiler cannot delete it as a dead store. The heartbeat measurement (unit 12) is the evidence the loop ran for about 200 ms.
Lab
scripts/inspect-abi.sh priv/native/libpoc.so

Expected
file reports a shared library for this architecture. nm shows nif_init as the exported definition (_nif_init on Darwin). Undefined symbols include enif_get_long and enif_make_long.
Code
native/poc.mojo is the whole translation unit for libpoc.so. Imports from mojoler.abi are compiled into that same library. There is no separate C object.
Failure
Crashpad's "Failed to initialize Crashpad" comes from the mojo driver. The build's exit status is the result that matters. A non-zero status means the .so was not published, because the Mix task only renames after exit 0.
Exercise
Which file is the proof that diagnostic C is not in the link?
Answer
priv/native/link-inputs.txt, written by scripts/build-native.sh. scripts/check-abi.sh fails if a .c path appears there.


  

    Unit 4 — ABI and layout

Objectives
Compare one clang measurement with one Mojo measurement, field by field.
Why
RegisterPassable means the compiler will not secretly insert a pointer. It does not mean the field order matches erl_nif.h. The diff does.
Model
clang offsetof(ErlNifFunc, fptr)  ==  reflect field fptr in Mojo
Optional[Pointer] None            ==  eight zero bytes
thin function                     ==  eight-byte code address
Theory
On both measured LP64 targets, ErlNifFunc is 32 bytes and ErlNifEntry is 96. ErlNifBinary is 40. The C field __spare__[2] is spare_0 and spare_1 in Mojo. The layout diff keeps spare_0 (the offsetof of __spare__) and drops spare_1 before comparing, because C has one array field and Mojo has two slots.
Nullable callbacks in the entry are Optional[Pointer[NoneType, MutUntrackedOrigin]]. The code address of a thin function is the bits stored in the function value. Pointer(to=callback) is the stack slot. prim.callback_opt reads those bits.
enif_open_resource_type's generated wrapper takes a generic origin inside the function type, and a concrete dtor does not convert to it. native/own.mojo calls the symbol with external_call and the concrete dtor type. That is a recorded hole in the wrapper, not a second layout.
Lab
scripts/check-abi.sh

Expected
layout ok and dirty flags ok. A mismatch prints a unified diff and exits 1.
Code
tools/abi/print_layout.mojo uses std.reflection for the offsets. The C probe is a heredoc inside scripts/check-abi.sh. Neither file is passed to mojo build of a NIF.
Failure
Editing otp_nif.mojo by hand makes --check fail. Regenerate with python3 tools/abi/generate.py. If the header hash changed because OTP moved, the generator's pin file should fail first.
Exercise
Why is one generated file valid on both Darwin and the recorded Linux runner?
Answer
E7 and E18 measured the same sizes and offsets. The generator still refuses to label a host probe as a different triple. The Linux file was not regenerated on Ubuntu for the later stages; that rerun is PENDING.


  

    Unit 5 — Dynamic linking

Objectives
Explain why the .so has undefined enif_* symbols and still loads, and why a typo must fail even when the linker is told to ignore undefined symbols.
Why
Linux --unresolved-symbols=ignore-all will happily emit enif_make_lonq. The BEAM would then crash on the first call. The import gate exists because the link line cannot see the mistake.
Model
mojo build  ->  .so with U enif_get_long
dyld/ld.so  ->  binds that symbol into beam.smp at load
check-imports  ->  every U must be on the allowlist
Theory
Darwin needs -undefined dynamic_lookup or two-level namespace will not bind NIF symbols to the BEAM (D3). Linux ld with ignore-in-shared-libs still reported enif_make_long from the Mojo archive (run 39365275751). The line that linked is ignore-all plus -z undefs (D10).
The filename is .so on both platforms because load_nif appends .so (D7). The Mach-O type can still be a dylib.
tools/abi/functions.txt is the enif_* allowlist. tools/abi/compiler_imports.txt is abort, calloc, free, dyld_stub_binder, and enif_monotonic_time (called via external_call, so it is not a generated wrapper). A symbol is added when a built library imports it and the source of that import is known.
Lab
scripts/check-abi.sh
scripts/inspect-abi.sh priv/native/libtwice.so

Expected
The check prints misspelled import rejected and imports ok for each product library. inspect shows nif_init defined and enif_get_long undefined.
Code
experiments/abi/negative/bad_import.mojo calls enif_make_lonq. The check builds it in a temp directory and requires check-imports.sh to fail.
Failure
If you need a new enif_*, add it to functions.txt and regenerate. Adding it only to the Mojo file makes check-imports.sh fail the product library. That is the repair: allowlist, regenerate, rebuild.
Exercise
Why may Darwin list KGEN when Linux add must not be required to?
Answer
The Stage 0 Linux ldd did not list it (E19). The test asserts KGEN on Darwin and refutes it on Linux. A later library might differ; it has to be measured, not copied from the Darwin row.


  

    Unit 6 — BEAM internals for NIF authors

Objectives
Follow one Elixir call into Mojo and back, and name what the VM will not forgive.
Why
The callback runs on a scheduler thread, with a term environment that dies when the callback returns. Keeping that environment is a use-after-free that looks like a flaky test.
Model
Elixir process
  -> scheduler
    -> nif_init's function pointer
      -> enif_get_long(env, argv[i])
      -> enif_make_long(env, n)
    -> term on the process heap
Theory
A process has a heap and a mailbox. A NIF with flags 0 runs on the scheduler that entered it, and other work on that scheduler waits. Dirty flags move the call to another pool (unit 12).
ERL_NIF_TERM is an integer the width of a pointer. It is not a Mojo pointer, and it is not valid in another environment. enif_make_copy into an enif_alloc_env environment is how retain_binary keeps a term after the process dies.
ArgumentError is enif_make_badarg. A raised Mojo error is not that. The abort probe kills the VM. Do not use it in mix test's own process.
Reductions are not consumed just because the function is native. burn/1 does not pretend that enif_consume_timeslice preempts it. The function runs until the clock says it is done.
Lab
mix test test/poc_test.exs test/term_test.exs

Expected
add(20, 22) is 42. copy_binary of <<1, 2, 3>> is {:ok, <<1, 2, 3>>, 3}. A 7-bit bitstring is {:error, :not_binary}.
Code
native/term.mojo copy_binary inspects, allocates a new buffer with calloc, copies bytes, builds a new binary, and frees both descriptors. The returned term is the only thing Elixir sees.
Failure
bad_lib with a module name means ErlNifEntry.name and the Elixir module disagree, or load_nif ran in the wrong module. nif_not_loaded means the stub ran because @on_load did not succeed.
Exercise
Why does a second load_nif of Mojoler.POC fail even though reload in the entry is null?
Answer
OTP rejects it before the callback (E14). The error is {:reload, ...}.


  

    Unit 7 — OTP ABI automation

Objectives
Regenerate the bindings, watch a clean check, and see a refused declaration of a foreign triple.
Why
Hand-copied structs drift the first time the header gains a field. The generator fails closed on types it does not know.
Model
erl_nif.h  --clang AST-->  generate.py  -->  otp_nif.mojo
                |                              |
                +-- dM -E macros               +-- --check diffs bytes
                +-- C sizeof probe (not linked)
Theory
Two copies of erl_nif.h exist under the asdf OTP install. The generator prefers usr/include and exits if the hashes differ. tools/abi/pin.json requires NIF 2.17, 64-bit little-endian, and SIZEOF_LONG 8.
Anonymous structs are recognized by field names (size, data, ref_bin, __spare__ is ErlNifBinary). Unknown types abort the generator. Variadic enif_make_tuple is not wrapped; callers use enif_make_tuple_from_array.
The manifest next to the Mojo file records the host compiler and triple. --check does not diff the manifest, because a Linux host would disagree with a committed Darwin manifest. The Mojo declarations are the stable artifact. The manifest is gitignored.
Lab
python3 tools/abi/generate.py --check

Expected
abi mojo: matches is also printed by scripts/check-abi.sh. A dirty working tree of otp_nif.mojo prints a diff and exits non-zero.
Code
Header comments in otp_nif.mojo include the header sha256. If you change the allowlist in tools/abi/functions.txt, you must regenerate and commit both.
Failure
Simulating header drift: point the generator at a different OTP than the pin. It should exit before writing a library. Do not "fix" that by editing the pin to match an untested minor.
Exercise
Where are dirty-scheduler constants read from, given they are not in clang -dM output?
Answer
From the AST enum value of ERL_NIF_DIRTY_JOB_CPU_BOUND and ERL_NIF_DIRTY_JOB_IO_BOUND. scripts/check-abi.sh prints those C constants and diffs them with abi_dirty_cpu / abi_dirty_io.


  

    Unit 8 — Safe conversion design

Objectives
State the policy for integers, floats, atoms, binaries, lists, and maps, and point at the test that locks it.
Why
A NIF that accepts every term will create atoms without bound or treat a bitstring as bytes. Both are OTP footguns.
Model
enif_get_* fails  ->  ArgumentError     (bad argument)
value is in range but the operation is not  ->  {:error, reason}
literal atom only ->  the error reason
Theory
Integers: the width is the enif_get_long / enif_get_ulong / enif_get_int / enif_get_uint that the function calls. Just outside the 64-bit range is a bignum and becomes badarg. Negative-to-unsigned is badarg.
Floats: enif_get_double does not accept an integer. This OTP will not build a NaN with 0.0 / 0.0. It raises ArithmeticError. The NIF's n != n branch is defensive and was not fed a term.
Atoms: echo_atom compares against five literals. :other is {:error, :unknown_atom}. The error atom is also a literal.
Lists: enif_get_list_length fails on an improper list. Length above 64 is :too_long. A nested list is :bad_element (depth 1). The walk is a loop.
Maps: missing n is :missing. Extra keys are dropped. That is the unknown-field policy, and the test checks %{n: 7, extra: 1}.
Lab
mix test test/term_test.exs

Expected
The integer edges, the overflow tuple, the atom vocabulary, the sub-binary copy, and the improper list all pass.
Code
native/term.mojo. fits_int64 is the same overflow idea as poc.mojo: the check itself stays inside c_long.
Failure
Returning enif_make_atom(env, user_bytes) would let a caller create atoms. The code does not take that path. If a new error reason is needed, add a literal and a test.
Exercise
What does copy_binary(<<1::7>>) return, and why?
Answer
{:error, :not_binary}. enif_inspect_binary rejects a bitstring that is not a whole number of bytes. The NIF does not pad it.


  

    Unit 9 — Memory across runtimes

Objectives
Pair each allocator with its free, and say which pointers may leave the callback.
Why
enif_free on calloc memory crashed echo_atom during Stage 2. The two heaps are not interchangeable.
Model
calloc / free                 descriptors, blob bytes, entry (entry is not freed)
enif_alloc / enif_free        small term arrays in term.mojo
enif_alloc_resource          counter, blob, pin, retained
enif_alloc_env / enif_free_env    retained terms
enif_make_new_binary         OTP owns the returned bytes
Theory
ErlNifEnv*, argv, and an inspected data pointer are valid for the callback. borrow_stable reads the pointer, frees the ErlNifBinary descriptor with free, and returns integers. The public function's return type is a term.
A numeric ERL_NIF_TERM copied into another env with enif_make_copy is a different value. read_retained copies it back into the caller env.
must_alloc aborts the process if calloc fails. That is a fatal path, not a {:error, :enomem} term. The abort probe shows what a fatal path does to a BEAM. Product code uses it only when it cannot construct a return term (no entry, no descriptor).
Lab
mix test test/own_test.exs test/term_test.exs

Expected
The retained binary is readable after its process exits. borrow_stable of a 1000-byte binary is {:ok, 1000, 1}.
Code
native/mojoler/abi/prim.mojo defines must_alloc and must_free. The comment states they are a pair. enif_free is a different pair.
Failure
Freeing a calloc block with enif_free, or the reverse, is the crash that made echo_atom die after integers and floats had already returned. The repair is the matching deallocator, not a retry.
Exercise
Which allocation is intentionally leaked until process exit, and what bounds it?
Answer
The entry and the function table from nif_init. OTP keeps the entry pointer, and a second load_nif is rejected, so the leak is two blocks per loaded module per OS process. See docs/stages/s1.md.


  

    Unit 10 — Resources and finalizers

Objectives
Watch one destructor run once, and watch a pin delay it.
Why
RSS is a bad oracle for "freed exactly once". A counter incremented in the destructor is an oracle.
Model
enif_alloc_resource   native refcount = 1
enif_make_resource    BEAM term holds a ref
enif_release_resource drop the constructor's ref
GC of the last term   destructor
enif_keep_resource    an extra ref that a pin owns
Theory
open_counter stores the caller pid and sends :counter_destroyed from the destructor. The test drops the term, forces GC, and asserts one message. A second message does not arrive.
blob_pin keeps the blob and returns another resource. The pin's destructor releases that keep. The test garbage-collects the holder while the pin term is live and checks blob_dtors did not move, then drops the pin and waits until it does.
Close is a flag, not a free. counter_close twice returns :ok both times. counter_add after close is {:error, :closed}.
The upgrade callback returns 1 so a reload cannot assume it may free the entry. No test actually upgraded a library. Do not read the callback as measured upgrade behavior.
Concurrent counter_add of 1, twenty times, ends at 20. The mutex is enif_mutex_* created in load and destroyed in unload.
Lab
mix test test/own_test.exs

Expected
The destructor test, the pin test, and the concurrent test pass. GC timing is polled, not assumed to be instant.
Code
native/own.mojo counter_dtor and pin_dtor. The type pointer lives in the private box from enif_priv_data.
Failure
A destructor that calls back into the dead process's environment, or that enif_frees calloc memory, will take the VM with it. The counter destructor only sends on the dtor env, which OTP allows for enif_send.
Exercise
What does double-close return, and what does add-after-close return?
Answer
:ok, then {:error, :closed}. The second close does not send a second destructor message. The destructor waits for the last resource ref.


  

    Unit 11 — Binary ownership

Objectives
Tell a borrowed inspect, an explicit copy, a direct output, a frozen resource binary, and a retained term apart by what they return.
Why
"Zero-copy" is a claim about a measured pointer, not a slogan. This library only says "no payload copy" where a test counted bytes or compared pointers inside the callback.
Model
borrow_stable   inspect twice, return size and 1 if data pointers match
copy_binary     new bytes, return the copy and the count
fill_output     enif_make_new_binary, write 7s, no earlier payload buffer
blob_poke       write the calloc buffer, token stays
blob_freeze     resource binary points at that buffer
retain_binary   enif_make_copy into a private env
borrow_len      non-binary is an error, not a conversion
Theory
A sub-binary (binary_part) is still a binary. copy_binary returns those bytes and the byte size. The parent binary's extra bytes are not part of the copy. The test uses a 100-byte prefix and a 3-byte slice.
<<1::7>> is not a binary. Both copy_binary and borrow_len return {:error, :not_binary}.
Freeze while a borrow count is outstanding returns {:error, :borrowed}. After blob_release, freeze returns {:ok, <<1, 2, 3>>}. blob_close does not invalidate that binary, because enif_make_resource_binary holds the resource.
The token from blob_token is an integer allocated at creation, not a pointer. Elixir never sees the address. Two pokes leave the token unchanged, which is the reuse evidence.
Lab
scripts/demo-cpu.sh
mix test test/dsl_test.exs test/own_test.exs

Expected
The demo prints copy {:ok, <<1, 2, 3>>, 3} and borrow {:ok, 32, 1}. borrow_len([1, 2]) fails the DSL test if it ever returns a binary.
Code
native/term.mojo for the three conversion modes. native/own.mojo blob_freeze and retain_binary. native/generated/bytes.mojo for the strict borrow.
Failure
Publishing a mutable buffer as a resource binary and then poking it would change a BEAM binary. Poke checks frozen and returns {:error, :not_mutable}. The test asserts that.
Exercise
Why can borrow_stable's third element be 1 without the function returning a pointer?
Answer
The comparison happens in the callback, and the result is an integer. The pointer dies with the ErlNifBinary descriptor, which is freed before the return.


  

    Unit 12 — Scheduling

Objectives
Read a heartbeat count, and state what an Elixir timeout does not do.
Why
A NIF with flags 0 on the only scheduler stops every other process. Dirty CPU exists so a long loop does not do that. It does not make the loop cancellable.
Model
flags 0        this scheduler, until the function returns
flags 1        dirty CPU scheduler     abi_dirty_cpu()
flags 2        dirty I/O scheduler     abi_dirty_io()
anything else  generator error, not a runtime surprise
Theory
The measurement starts a VM with +S 1, so there is a single normal scheduler. A heartbeat process sends every 10 ms. After the mailbox is drained, burn(200) runs.
Dirty result from E22: 18 beats, elapsed 200. Normal control: 0 beats, elapsed 200. The control library is not installed in priv/. It is built into a temp directory so a product function cannot accidentally use flags 0 for that loop.
hold/2 copies first, frees the inspect struct, then spins. The borrowed pointer is not live across the wait.
Task.yield(task, 30) returned nil. Task.await later got :ok. The 30 ms stopped the caller. The native function ran on.
io_ping/0 is on the I/O flag so the constant is executed, not only parsed. It is not a disk job. The name is the scheduler class.
Lab
MOJOLER_SKIP_BUILD=1 scripts/measure-heartbeat.sh
mix test test/sched_test.exs

Expected
heartbeat ok dirty=<positive> normal=0. The ExUnit test includes the yield.
Code
native/sched.mojo sets the flags from abi_dirty_cpu() and abi_dirty_io(). experiments/sched/normal_burn.mojo hard-codes c_uint(0) and is labeled disposable at the top of the file.
Failure
Declaring schedule: "sideways" in the DSL exits 1 before any .so is written (tools/dsl/bad_schedule.json). Declaring a borrow with dirty_cpu exits 1 as well, because the view would have to outlive the callback setup and the generator refuses that shape.
Exercise
Does enif_consume_timeslice run inside burn/1?
Answer
No. The function busy-waits on enif_monotonic_time until the requested milliseconds pass. Reporting a timeslice would not be preemption, and this code does not report one.


  

    Unit 13 — Mojo runtime and threads

Objectives
Separate "the runtime .so is on the link line" from "we measured the thread pool".
Why
Stage 0 called initialize_runtime twice in a side experiment and got 7 (E15). That does not describe shutdown, oversubscription, or a worker calling enif_* on the caller's env.
Model
Darwin otool -L     libKGENCompilerRTShared, sometimes libAsyncRTMojoBindings
Linux ldd of add    libc and the dynamic linker only (E19)
initialize_runtime  required before the MAX GPU callback, not before add/2
Theory
add/2 does not call initialize_runtime (D6). The GPU batch does, once per call, because the MAX context needs it. Two concurrent batch calls both returned 110 (E25). That is two successful calls, not a study of the driver's lock. Do not describe it as a proof that arbitrary Mojo threads may share an ErlNifEnv.
No product callback starts a Mojo thread and then uses the caller's env. hold and burn finish before they return. There is no queue, so there is no queue-rejection test. The retained-env rule is still enforced for the path that keeps a term: retain_binary copies before it returns the handle, and hold copies before it spins.
The abort probe is the shutdown-adjacent fact: abort kills that OS process. It does not unwind into Elixir.
Lab
scripts/inspect-abi.sh priv/native/libpoc.so

On Linux, after a build there, ldd priv/native/libpoc.so is the comparison. Do not paste the Darwin list into a Linux claim.
Expected
Darwin shows KGEN. The import check still passes, because KGEN is a dependency, not an undefined enif_* typo.
Code
experiments/gpu/batch_nif.mojo calls initialize_runtime() at the start of batch. native/poc.mojo does not.
Failure
Loading the GPU .so without MAX installed fails at dlopen or at compile time. scripts/gpu-batch.sh exits 2 with NOT RUN. A CPU mix test never builds that file.
Exercise
Why is the Linux absence of KGEN in E19 not a license to delete the Darwin rpath?
Answer
They are different link results. The Darwin library needs the rpath that otool printed. The release notes in docs/runtime.md keep the Mojo install as a prerequisite instead of copying the dylib.


  

    Unit 14 — Mix integration

Objectives
Build from mix test, see a no-op second compile, and load the NIF from an app that does not mention mojo.
Why
A shell command in test/test_helper.exs was enough for Stage 0 and invisible to mix compile in another project. The compiler task is the path a dependency actually runs.
Model
mix compile
  -> Elixir compiler
  -> Compile.Mojoler
       fingerprint match and .so files exist -> {:noop, []}
       else build into staging, rename, write FINGERPRINT
Theory
The compiler is listed after Elixir (Mix.compilers() ++ [:mojoler]) so the task module is compiled before it runs. MOJOLER_OUT points at priv/native/staging. File.rename replaces the destination on the same filesystem. The fingerprint file is written after the rename. A failed build deletes staging and leaves the old .so.
If this VM has already marked a library loaded (Mojoler.Nif.mark!/1 from the module that called load_nif) and the fingerprint changed, the task errors instead of renaming over a mapped file.
examples/consumer depends on {:mojoler, path: "../.."}. examples/umbrella/apps/child uses the same path from four directories down. Both call Mojoler.POC.add/2. Neither passes -Xlinker.
Lab
mix compile.mojoler
cd examples/consumer && mix test

Expected
The second compiler invocation is a no-op when nothing changed (test/build_test.exs asserts {:noop, []}). The consumer test passes.
Code
lib/mix/tasks/compile/mojoler.ex and lib/mojoler/build.ex. decide/3 is the table: match and outputs -> :noop; loaded and stale -> :loaded; else :build.
Failure
A stale .so after a Mojo edit: the fingerprint includes the .mojo bytes, so the next mix compile rebuilds. If you overwrite the .so while a VM has it mapped, the next call can crash. Restart the VM. The compiler's error is the reminder.
Exercise
What does mix clean in the consumer prove?
Answer
E23 ran mix test, then mix clean, then mix test again. The second run passed, so the dependency compiler ran again and produced a loadable library. It does not prove a Linux release.


  

    Unit 15 — DSL and code generation

Objectives
Follow one JSON object through a Mojo wrapper, a user function, and an Elixir stub.
Why
Authors should not restate ErlNifEntry for every function. They also should not hide the wrapper. Generated source is committed and diffed so a review can read it.
Model
tools/dsl/decls.json
  -> tools/dsl/generate.py
    -> native/generated/<name>.mojo     wrapper, nif_init
    -> lib/mojoler/dsl/<name>.ex        stub and load_nif
native/examples/<name>_user.mojo        the computation, no entry struct
Theory
The JSON is data. The generator does not eval it. Schedules are normal, dirty_cpu, dirty_io. Ownership borrow with a dirty schedule is rejected because the view would cross the callback boundary.
Arith.add decodes two longs, calls checked_add, and encodes {:ok, n} or {:error, :overflow}. Bytes.shift copies, runs shift_byte per byte, and returns the byte count. Bytes.borrow_len inspects and returns the size, or {:error, :not_binary}. Box.open / bump allocate a resource and call step.
Two modules, Arith and Bytes, load in one test. Each .so has its own nif_init. The entry name strings differ.
Lab
python3 tools/dsl/generate.py --check
mix test test/dsl_test.exs
python3 tools/dsl/generate.py --decls tools/dsl/bad_schedule.json ; echo exit:$?

Expected
--check prints dsl mojo: matches. The tests pass. The bad file prints schedule sideways and the exit status is 1.
Code
Read native/generated/arith.mojo next to native/examples/arith_user.mojo. The user file returns AddResult. The wrapper does the enif_* calls.
Failure
A hand edit of native/generated/arith.mojo fails --check. Either change the generator and regenerate, or change the user file, which is not generated.
Exercise
Where is the dirty-CPU flag for a generated function?
Answer
In the JSON schedule field. The generator writes c_uint(0), abi_dirty_cpu(), or abi_dirty_io() into ErlNifFunc. The three examples use normal, so the flag is c_uint(0). Mojoler.Sched sets the dirty flags itself because it is not a JSON entry.


  

    Unit 16 — Debugging native failures

Objectives
Classify badarg, a load error, and a trap, and run the trap in another process.
Why
One of those kills the VM. Debugging it inside mix test takes the suite with it.
Model
ArgumentError          enif_make_badarg, process survives
{:error, reason}       a term, process survives
bad_lib / reload       load_nif failed, stubs then raise
abort                  child OS process dies, parent records the status
Theory
scripts/probe-abort.sh builds experiments/probes/abort.mojo into a temp directory, starts elixir, and requires a non-zero status. The product libraries do not call abort on a caller's behalf. must_alloc does, if calloc fails while building the entry. That path is not injected in the suite.
scripts/inspect-abi.sh is the symbol step: defined nif_init, undefined enif_*, otool -L or ldd. mojo build --emit llvm is the IR step when the callback is wrong but the load succeeded. LLDB and GDB were not used for the rows in the ledger. The curriculum does not claim a sanitizer run.
A minimized reproducer is a new .mojo under experiments/ that is not added to scripts/build-native.sh. The normal-scheduler burn and the abort probe are the pattern.
Lab
scripts/probe-abort.sh

Expected
probe_exit with a non-zero status, then probe ok. The shell's exit status is 0 because the probe did its job. A zero from the child is a failed probe.
Code
experiments/probes/abort.mojo exports boom/0 and calls external_call["abort", NoneType]().
Failure
If the child prints 42 and exits 0, the NIF did not run. Check the module name Elixir.Mojoler.AbortProbe against the entry string, and check that load_nif is called from that module.
Exercise
Which failure is {:error, {:reload, _}}?
Answer
A load error from OTP, not a Mojo trap. The library was already loaded in that VM (E14).


  

    Unit 17 — Performance engineering

Objectives
Split one demo's numbers into boundary, copy, and kernel, and refuse a speed claim for add/2.
Why
E16 already showed a loop of add/2 slower than Elixir +, with the loop inside both measurements. A library that advertises that call as a win is misreading its own ledger.
Model
cold compile     mojo build, only when the fingerprint changes
warm boundary    one add, warm_add_us in the demo (a single sample)
copy cost        the integer in {:ok, binary, nbytes}
kernel           dirty_burn_us, about the requested 50 ms
Theory
scripts/demo-cpu.sh prints those lines (E24). warm_add_us 4 is one call on one machine. It is not a p50. There is no crossover chart, because a single sample is not a distribution, and the Stage 0 loop already lost to Elixir +.
copy_binary reports the payload bytes it copied. Metadata (ErlNifBinary via calloc) is a separate allocation and is freed before return. The byte count is the payload, not the descriptor.
The batch GPU sum is a different kernel. Its oracle is 110, checked before anyone talks about device time. This demo does not subtract host transfer from compute. Those phases are not separately timed.
Lab
scripts/demo-cpu.sh

Expected
oracle 42, a copy count equal to byte_size, a borrow flag of 1, and a dirty burn on the order of 50 ms. The warm number will move. Do not check it into a threshold.
Code
scripts/demo-cpu.sh is Elixir via mix run --no-start. The functions are the public API, so the demo fails if a stub is still nif_not_loaded.
Failure
Treating warm_add_us as a regression gate. The workflow does not. Functional tests are the gate. A noisy microsecond is not.
Exercise
Why is add/2 the wrong function to speed up?
Answer
The work is two enif_get_long calls and an add. Elixir + on small integers is already that, without a NIF crossing. E16 measured the Elixir loop as cheaper. The interesting costs are copies, long CPU, and the GPU batch, each with an oracle.


  

    Unit 18 — GPU internals and ownership

Objectives
Reproduce the one-element proof, then the four-element batch, and label what was not run.
Why
A green CPU test cannot stand in for a device. A missing device must not be turned into a silent CPU success.
Model
host buffer -> enqueue_copy -> device buffer -> kernel -> copy back -> synchronize
historical     vector_size 1, result 42, experiments/gpu/gpu_nif.mojo (unchanged)
batch          vector_size 4, sum 110, experiments/gpu/batch_nif.mojo
no device      {:error, :no_device}     not observed on this Mac
Theory
std.gpu is not in this stdlib. The kernel is max.gpu, pinned by requirements-gpu.txt. The callback calls initialize_runtime() and then DeviceContext. The batch NIF is registered with abi_dirty_cpu() because synchronize waits.
The numbers are constants in the Mojo file: left 1,2,3,4, right 10,20,30,40. The Elixir oracle is their pairwise sum, 110. Two calls returned 110. Two overlapping tasks returned [110, 110].
The host pointer is not treated as device memory. The code enqueue-copies into a device buffer and copies back. Buffers are local to the callback and dropped after synchronize, so a timeout cannot leave a caller holding a device pointer. There is no async GPU job that outlives the callback.
Linux GPU and NVIDIA were not run. The workflow does not install MAX.
Lab
uv pip install -r requirements-gpu.txt
scripts/gpu-batch.sh

Skip the install if .venv already imports max. If the build fails, the script exits 2.
Expected
gpu_nif 42, gpu_batch 110, gpu_batch_repeat 110, and gpu_batch_concurrent [110, 110].
Code
experiments/gpu/batch_nif.mojo vector_addition uses block_idx and thread_idx with block_dim=4. experiments/gpu/gpu_nif.mojo is the one-thread historical file. Do not edit it to add the batch.
Failure
A machine without a GPU should print {:error, :no_device} from the batch NIF if the library loaded and has_accelerator() is false. That branch was not taken here. If you only see a CPU sum with no tag, the test is wrong: this file returns the error tuple instead.
Exercise
Why is the batch on a dirty CPU scheduler?
Answer
The callback blocks in ctx.synchronize(). Dirty CPU is the Stage 4 flag for a wait that would otherwise occupy a normal scheduler. It is not a measurement that the GPU driver itself is fair. The flag is abi_dirty_cpu().


  

    Unit 19 — CI and compatibility

Objectives
Read the workflow as a list of gates, and refuse to mark a gate PASS without its log.
Why
The Stage 0 Linux run is real (E18, E19). The file has since gained ABI checks, resources, and a consumer. Those steps are not that log.
Model
push / pull_request
  ubuntu-24.04
    G0 doctor
    mix compile
    G1 check-abi
    G0–G4, G6, G7 via mix test
    G5 consumer and umbrella
    upload /tmp/evidence
no job: macOS ARM64, NVIDIA, Linux GPU
Theory
.github/workflows/linux.yml pins OTP 28.3.1, Elixir 1.20.2, and requirements.txt (Mojo, not MAX). Artifacts are doctor output, the ABI log, ExUnit, the fingerprint, the manifest, the link inputs, the sha256 of otp_nif.mojo, the commit, and uname.
A negative control is inside G1: enif_make_lonq must be rejected. Another is inside G6: bad_schedule.json must exit 1. G7's abort probe must kill a child.
G9 is not a step. Adding a step that runs true and names it GPU would be a fabricated pass. The script that knows how to fail closed is scripts/gpu-batch.sh, and it is not in this workflow.
Intel macOS is not ARM64. The workflow does not use macos-latest.
Lab
Read .github/workflows/linux.yml and docs/stages/s9.md. After a push, compare the artifact commit.txt with git rev-parse HEAD of the commit you meant.
Expected
Until that artifact exists for this commit, docs/stages/report.md says Linux stages 1–10 are PENDING.
Code
The import gate and the ExUnit suite are the regression fixtures. A new undefined symbol fails check-imports.sh. A broken add fails test/poc_test.exs.
Failure
Copying E19's 11 passed into a sentence about resources. The old run did not compile native/own.mojo.
Exercise
What should a developer do before calling the two-platform CPU milestone complete?
Answer
Push, wait for the Ubuntu job, and attach that log as a new ledger row. A green badge on an older commit is not this tree.


  

    Unit 20 — Design comparison and capstone

Objectives
Build a consumer that calls a binary NIF, a resource, and a dirty scheduler, and describe Rustler and Zigler without claiming their safety proofs.
Why
The point of the library is that an Elixir app can do those three things without writing ErlNifEntry. The point of the comparison is to see which guarantees come from a type system we did not run.
Model
Rustler     Rust crate, rustc, Rust ownership, NIF macros. Not compiled here.
Zigler      Zig, comptime, `zig` toolchain. Not compiled here.
Mojoler     Mojo 1.1.0, generated ABI, JSON declarations, measured on this OTP.
Theory
Rustler's public docs (https://github.com/rusterlium/rustler and the Hex docs at https://hexdocs.pm/rustler) describe deriving NIF wrappers from Rust functions and using Rust's borrow checker on the native side. Zigler's docs (https://github.com/e-xyza/zigler) describe Zig types and comptime checks against the NIF API. This checkout did not clone either project and did not record their versions. Their ergonomic goal — declare a function, get a stub and a safe wrapper — is the same goal as tools/dsl/decls.json. The implementation is not the same, and Mojo 1.1.0's origins did not accept every pointer we wanted to write through. Where the compiler could not enforce a lifetime, the code uses a runtime error (:not_binary, :borrowed, :frozen) or refuses the declaration.
Measured Mojoler properties are the ledger, not the resemblance to Rust.
Lab
cd examples/consumer && mix test
mix test test/dsl_test.exs test/own_test.exs test/sched_test.exs

From the repo root for the second command.
Expected
The consumer prints a pass for add(20, 22). The second command covers shift (copy), borrow_len (strict failure on a list), Box.bump (resource), and the dirty heartbeat.
Code
examples/consumer/lib/consumer.ex calls Mojoler.POC.add/2. The resource and the scheduler are in the main app's tests because the consumer fixture is the packaging proof, not a second copy of every example. A reader adding a function follows unit 15: a JSON object, a user .mojo file, generate.py, mix test.
Failure
Writing the entry struct in the user file. native/examples/arith_user.mojo has no ErlNifEntry. If a new example grows one, it has left the DSL.
Exercise
Name one guarantee Rust's borrow checker is documented to provide that this Mojo code checks only at runtime.
Answer
Aliasing. Freeze rejects an outstanding borrow by reading a counter under a mutex (:borrowed). That is a dynamic check. It is not a compile error in the caller's Elixir, and it is not the Rust rule that a mutable reference excludes other references. The generator does reject a borrow combined with a dirty schedule before compile of that bad file, which is a static check of a declaration, not of arbitrary Mojo.


  

    Stage report

Commands below were run on this Mac (Darwin arm64, macOS 26.5, Apple clang 17, OTP 28.3.1, Elixir 1.20.2, Mojo 1.1.0 8189361e). Linux CPU for Stage 0 remains E18 and E19 at commit e6728ea. The updated workflow has not run.
	Stage	This Mac	Linux CPU	Other
	0 add/2	PASS (still in the 43)	PASS (E19, 11 tests)	
	1 ABI	PASS (E20)	PENDING	cross-compile refused
	2 terms	PASS	PENDING	NaN term not constructible here
	3 ownership	PASS	PENDING	upgrade callback not invoked
	4 schedulers	PASS (E22, dirty 18 / normal 0)	PENDING	no cancellation
	5 Mix	PASS (E23, release 42)	PENDING	KGEN not bundled
	6 DSL	PASS	PENDING	
	7 demos	PASS (E24)	PENDING	warm_add_us 4 is one sample
	8 GPU	PASS for 42 and batch 110 (E25)	NOT RUN	NVIDIA NOT RUN; no-device NOT OBSERVED
	9 CI	workflow written	PENDING	no macOS runner
	10 release	local candidate PASS	PENDING	not published

Ownership that was shown: borrowed inspect without returning a pointer, explicit payload copy with a byte count, OTP-allocated output, a resource binary after freeze, a pin that delays the destructor, a retained env that survives its process.
Scheduling that was shown: generated flags 1 and 2, dirty CPU heartbeats on one scheduler, a normal-scheduler control with zero heartbeats, and a yield that does not stop the burn.
Next actions for anything that is not PASS:
	Push and read the Ubuntu log before calling Linux CPU PASS for stages 1–10.
	Run scripts/gpu-batch.sh on a machine with no accelerator if the no_device tuple needs a row.
	Do not add an Intel Mac runner and label it ARM64.
	NVIDIA stays NOT RUN until a machine with that device runs a separate script and records the driver.



  

    Stage 1 — ABI foundation

Verdict on this Mac: PASS. Linux: PENDING. The workflow step is scripts/check-abi.sh. It has not run on Ubuntu for this tree.
tools/abi/generate.py reads clang -ast-dump=json and clang -dM -E for the allowlisted slice of this OTP's erl_nif.h. A C probe prints sizeof and offsetof. That probe is compiled by the check script and is not an input in priv/native/link-inputs.txt.
native/mojoler/abi/otp_nif.mojo is the committed output. python3 tools/abi/generate.py --check diffs it. A requested triple other than the host is refused. File-scope alias does not parse in Mojo 1.1.0, so version numbers and dirty flags are functions.
experiments/stage0/poc_direct.mojo is the pre-extraction poc.mojo. The live file imports the generated module and still implements Elixir.Mojoler.POC.add/2. native/twice.mojo uses the same module and does not declare ErlNifFunc or ErlNifEntry.
scripts/check-imports.sh fails the build of experiments/abi/negative/bad_import.mojo because enif_make_lonq is not on the allowlist. E20 records the successful check, including dirty flags ok.
Descriptor lifetime
nif_init callocs the entry and the function table and returns the entry pointer. OTP stores it. Unload is not a safe place to free it: the loader can still read the struct while the library is mapped. Both blocks live until the OS reaps the process.
A second load_nif of the same module returns {:error, {:reload, _}} (E14). Growth is therefore two blocks per successfully loaded module per OS process, not per call. Stage 3 frees a different allocation, the Mojoler.Own private box, in unload, with free. That box is not the entry.


  

    Stage 10 — Tutorial and release candidate

Verdict on this Mac: PASS for the local release candidate and the curriculum links. Not published. Linux: PENDING, same as S9.
scripts/release-candidate.sh tests examples/consumer, cleans, tests again, tests the umbrella, builds a prod release, copies it, and runs bin/consumer eval. E23 recorded release 42.
Hex is not a target of that script. There is no mix hex.publish.
The curriculum is TUTORIAL.md. Units 1–20 are under docs/tutorial/. Chapters 00–09 stay the Stage 0 record, with short pointers where a later measurement superseded a sentence.
Known limits are collected in report.md.


  

    Stage 2 — Conversions

Verdict on this Mac: PASS. Linux: PENDING.
Mojoler.Term is the checked surface. Bad arguments use enif_make_badarg. Domain failures are {:error, reason} with a fixed atom, created by enif_make_atom of a literal. User bytes never become an atom.
	Mode	What happens	Copy of the payload
	echo_i64 and the other widths	Range is whatever enif_get_* accepts. Outside that, ArgumentError.	none
	add_i64	{:ok, sum} or {:error, :overflow}	none
	echo_f64	Integers are not coerced. This OTP raises ArithmeticError on 0.0 / 0.0, so a NaN term was not constructed. The NIF still returns {:error, :nan} if n != n.	none
	echo_atom	Only :ok, :error, :nil, true, false	none
	copy_binary	{:ok, binary, byte_size}. Empty, NUL, UTF-8, and sub-binaries match Elixir. <<1::7>> is {:error, :not_binary}.	one new binary
	borrow_stable	Two inspects. {:ok, size, 1} when the data pointers match. The pointer is not returned.	none
	fill_output	enif_make_new_binary, then the bytes are written in that buffer.	none before the return binary
	text_len	UTF-8 check, no normalization	none
	tuple_sum	Arity 2	none
	list_sum	Proper lists, length cap 64, depth 1 (a nested list is :bad_element)	none
	map_n	Requires integer n. Extra keys are dropped. Missing key is :missing.	the returned one-key map

calloc descriptors are released with free. enif_alloc scratch used for tuples is released with enif_free. Tests compare against Elixir, not against a second call of the same NIF alone.


  

    Stage 3 — Ownership

Verdict on this Mac: PASS, with the limits below. Linux: PENDING.
Mojoler.Own registers three resource types plus a pin type, in load. unload destroys the mutex and frees the private box. The upgrade callback returns 1. No test performed an OTP upgrade.
	Object	Allocator	Owner	Freed by
	Counter / blob / retained / pin object	enif_alloc_resource	BEAM resource refcount	resource destructor after the last ref
	Blob bytes	calloc	the blob resource	free in blob_dtor
	Retained term	enif_alloc_env plus enif_make_copy	the retained resource	enif_free_env in retained_dtor
	Entry and function table	calloc	OTP, after nif_init	not freed; bounded by the reload refusal

counter_add takes the module mutex. Close is idempotent. A closed counter returns {:error, :closed}. The destructor sends :counter_destroyed once. Twenty concurrent adds of 1 land on 20.
open_blob copies the input into a calloc buffer and stores a token. blob_poke writes that buffer in place. The token does not change. Freeze fails while borrows != 0, then enif_make_resource_binary publishes the same bytes. A second freeze is {:error, :frozen}. Poke after freeze is {:error, :not_mutable}. Closing the handle leaves an already created resource binary readable.
blob_pin calls enif_keep_resource. Dropping the blob term does not run blob_dtor while the pin term is alive. Dropping the pin does. blob_dtors/0 is the counter.
retain_binary copies into an independent env. The test reads <<9, 8, 7>> after the creating process has exited.
Elixir functions return terms. They do not return pointers. A strict no-copy request on a non-binary is Mojoler.Dsl.Bytes.borrow_len/1, which returns {:error, :not_binary}.
scripts/probe-abort.sh runs abort in a child BEAM (E26). That path is not in the product libraries.


  

    Stage 4 — Schedulers

Verdict on this Mac: PASS. Linux: PENDING until the workflow's ExUnit run includes test/sched_test.exs.
abi_dirty_cpu() and abi_dirty_io() are generated from ERL_NIF_DIRTY_JOB_CPU_BOUND and ERL_NIF_DIRTY_JOB_IO_BOUND. scripts/check-abi.sh diffs those integers with the header. On this OTP they are 1 and 2.
Mojoler.Sched.burn/1 and hold/2 are registered with the CPU flag. io_ping/0 uses the I/O flag. The DSL generator rejects any other schedule name.
E22: in a VM started with +S 1, a 200 ms dirty burn let 18 heartbeats through. The same loop with flags 0 let 0 through. The normal-scheduler library is experiments/sched/normal_burn.mojo, built into a temp directory.
hold/2 copies the binary into a calloc buffer, frees the inspect descriptor, then spins, then writes a new binary. The borrowed view does not span the spin.
Task.yield(task, 30) returned nil while burn(200) was running. Task.await then returned :ok. The timeout stopped the wait, not the native loop. There is no cancellation API.
A dirty scheduler keeps the normal scheduler free. It does not contain a crash. The abort probe is a separate process for that reason.


  

    Stage 5 — Mix

Verdict on this Mac: PASS. Linux: PENDING.
mix.exs appends :mojoler after the Elixir compiler, so Mix.Tasks.Compile.Mojoler exists before it runs. The task shells to scripts/build-native.sh with MOJOLER_OUT set to priv/native/staging. On success it renames each .so into priv/native and writes FINGERPRINT last. A failed mojo build deletes the staging directory and leaves the previous libraries.
scripts/fingerprint.sh hashes Mojo sources, the generator inputs, erl_nif.h, the compiler version, the target triple, and the link flags. A second mix compile.mojoler with the same inputs returns {:noop, []}. If the fingerprint changed and this VM already loaded a library, the task returns an error and does not rename over the mapped file.
mix mojoler.doctor, mix mojoler.abi, and mix mojoler.inspect wrap the existing scripts.
examples/consumer is a path dependency. examples/umbrella/apps/child is the same dependency inside an umbrella. E23: both tests passed, the consumer passed again after mix clean, and a release copied to a temp directory printed 42.
Runtime policy: install Mojo 1.1.0. Do not vendor libKGENCompilerRTShared. CPU consumers do not install MAX. See runtime.md.


  

    Stage 6 — DSL

Verdict on this Mac: PASS. Linux: PENDING.
Author input is tools/dsl/decls.json. tools/dsl/generate.py checks schedules and ownership, then writes:
	native/generated/arith.mojo and Mojoler.Dsl.Arith.add/2, calling native/examples/arith_user.mojo
	native/generated/bytes.mojo and Mojoler.Dsl.Bytes, calling native/examples/bytes_user.mojo
	native/generated/box.mojo and Mojoler.Dsl.Box, calling native/examples/box_user.mojo

The user files do not mention ErlNifEntry. --check diffs the committed wrappers.
tools/dsl/bad_schedule.json fails with schedule sideways. tools/dsl/bad_borrow.json fails because a borrow is combined with dirty_cpu. Both exits are 1. The generator does not write those modules.
shift/1 returns {:ok, binary, nbytes} and is an explicit copy. borrow_len/1 returns {:error, :not_binary} for a list and for <<1::7>>. Box.bump adds through step/2 on a resource. Arith and Bytes load in the same VM. Their nif_init symbols are in different files, so they do not clash.


  

    Stage 7 — CPU demos

Verdict on this Mac: PASS. Linux: PENDING.
scripts/demo-cpu.sh prints the oracles in E24.
	Line	Meaning
	oracle 42	add(20, 22). Not a speed claim.
	copy {:ok, <<1, 2, 3>>, 3}	three payload bytes copied
	borrow {:ok, 32, 1}	one data pointer, seen twice
	filled	four 0x07 bytes written into the binary OTP allocated
	frozen <<4, 9>> token 1	in-place poke, then a resource binary, same token
	retained	binary copied into an env, then read
	dirty_burn_us 49568	about 50 ms of dirty CPU, including the Elixir call
	warm_add_us 4	one warm add/1 pair. A single sample, not a distribution.

Cold compile time is whatever mix compile spent on mojo build when the fingerprint was stale. This run's demo itself did not recompile Mojo.
Diagnostic path when a call fails: the Elixir stub in lib/mojoler/, the wrapper in native/ or native/generated/, the user file in native/examples/ if it is a DSL entry, then mojo build --emit llvm on that file, then scripts/inspect-abi.sh for nm and otool or ldd. A trap belongs in scripts/probe-abort.sh, not in the test VM. Sanitizers were not run.


  

    Stage 8 — Apple GPU batch

Verdict on this Mac: PASS for the calls below. No-device: NOT OBSERVED. Linux GPU: NOT RUN. NVIDIA: NOT RUN.
experiments/gpu/gpu_nif.mojo and experiments/gpu/add_host.mojo are unchanged. scripts/gpu-batch.sh rebuilds the historical library, builds experiments/gpu/batch_nif.mojo, and loads both.
E25: gpu_nif 42. The batch kernel adds four float32 pairs, (1,10), (2,20), (3,30), (4,40), and the NIF returns the integer sum 110. A second call returned 110. Two concurrent tasks returned [110, 110] (inspect printed the charlist ~c"nn" before the script asked for charlists: :as_lists).
The batch callback calls initialize_runtime() and is registered with abi_dirty_cpu(), because the host waits on ctx.synchronize(). That flag is a choice from the Stage 4 constants, not a measurement that the GPU driver yields the scheduler for the whole wait.
If has_accelerator() is false, batch_sum raises and the callback returns {:error, :no_device}. This machine took the device path, so that tuple was not seen. A CPU sum is not substituted.
MAX is pinned in requirements-gpu.txt (max==26.6.0). requirements.txt stays mojo==1.1.0 only. The Linux workflow does not install MAX.


  

    Stage 9 — CI

Verdict: PARTIAL. The workflow file lists the CPU gates. This commit has not been executed on Ubuntu. There is no macOS ARM64 runner, and this file does not invent one. NVIDIA and Linux GPU are not jobs.
.github/workflows/linux.yml on ubuntu-24.04:
	Step	Gate
	scripts/doctor.sh	G0 toolchain
	mix compile	libraries exist before the import check
	scripts/check-abi.sh	G1 layout, generation diff, bad import, dirty flags, provenance
	scripts/test-isolated.sh	G0 add, G2 terms, G3 ownership, G4 heartbeat, G6 DSL, G7 abort probe
	consumer and umbrella mix test	G5
	artifact linux-cpu-evidence	doctor, ABI log, ExUnit, fingerprint, manifest, commit

G8 is the tutorial. It is not a separate Ubuntu script yet; the labs are the commands in the units. G9 is absent on purpose.
Stage 0 Linux evidence remains E18 and E19. Do not read those rows as a pass of this workflow.
Windows, other architectures, and other OTP minors are not targets. The generator refuses a triple that is not the host.


  

    
Mojoler.Build 
    



      
Decides whether a native build is required and publishes .so files by rename.
The rename is the publication step. A failed mojo build never reaches it,
so the previous libraries stay in place.

      


      
        Summary


  
    Types
  


    
      
        decision()

      


        What the compiler should do with the current fingerprint and load state.



    





  
    Functions
  


    
      
        any_loaded?(names)

      


        Returns whether any name in names was marked loaded.



    


    
      
        decide(fingerprint_match?, loaded?, outputs_exist?)

      


        Chooses the next compile step.



    


    
      
        fingerprint(root)

      


        Returns the sha256 fingerprint of the native inputs.



    


    
      
        outputs_present?(dir)

      


        Returns whether dir contains every product library.



    


    
      
        publish!(staging, dest)

      


        Moves lib*.so from staging to dest.



    


    
      
        root()

      


        Returns the directory that contains this project's mix.exs.



    





      


      
        Types


        


  
    
      
    
    
      decision()



        
          
        

    

  


  

      

          @type decision() :: :noop | :loaded | :build


      


What the compiler should do with the current fingerprint and load state.
	:noop — the fingerprint matches and every library file is present
	:loaded — a rebuild is required, but this VM has already mapped a library
	:build — compile into a staging directory, then publish

Examples
iex> Mojoler.Build.decide(true, true, true)
:noop

  


        

      

      
        Functions


        


  
    
      
    
    
      any_loaded?(names)



        
          
        

    

  


  

      

          @spec any_loaded?([Mojoler.Nif.library()]) :: boolean()


      


Returns whether any name in names was marked loaded.
names are basenames such as "libpoc.so". An empty list is false.
Examples
iex> Mojoler.Build.any_loaded?([])
false
iex> Mojoler.Nif.mark!("doctest-any-loaded")
:ok
iex> Mojoler.Build.any_loaded?(["doctest-any-loaded.so"])
true

  



  
    
      
    
    
      decide(fingerprint_match?, loaded?, outputs_exist?)



        
          
        

    

  


  

      

          @spec decide(boolean(), boolean(), boolean()) :: decision()


      


Chooses the next compile step.
fingerprint_match? is true when priv/native/FINGERPRINT equals the
current fingerprint. loaded? is true when this VM has marked any product
library. outputs_exist? is true when every expected .so is a regular file.
None of the arguments is optional.
Examples
iex> Mojoler.Build.decide(true, true, true)
:noop

iex> Mojoler.Build.decide(false, true, true)
:loaded

iex> Mojoler.Build.decide(false, false, false)
:build

iex> Mojoler.Build.decide(true, false, false)
:build

  



  
    
      
    
    
      fingerprint(root)



        
          
        

    

  


  

      

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


      


Returns the sha256 fingerprint of the native inputs.
root is the project directory. The script hashes Mojo sources, the ABI
tools, the build scripts, erl_nif.h, the Mojo version, the compiler
triple, and the link flags. There is no optional argument.
Returns
A 64-character hex string.
Examples
iex> fp = Mojoler.Build.fingerprint(Mojoler.Build.root())
iex> byte_size(fp) == 64
true

  



  
    
      
    
    
      outputs_present?(dir)



        
          
        

    

  


  

      

          @spec outputs_present?(Path.t()) :: boolean()


      


Returns whether dir contains every product library.
The expected names are libpoc.so, libtwice.so, libterm.so,
libown.so, libsched.so, libdsl_arith.so, libdsl_bytes.so,
and libdsl_box.so.
Examples
iex> Mojoler.Build.outputs_present?(Path.join(Mojoler.Build.root(), "priv/native"))
true

  



  
    
      
    
    
      publish!(staging, dest)



        
          
        

    

  


  

      

          @spec publish!(Path.t(), Path.t()) :: :ok | {:error, String.t()}


      


Moves lib*.so from staging to dest.
staging and dest are directories. When this VM has already loaded one
of those libraries, nothing is renamed.
Also copies link-inputs.txt when that file is present in staging.
Returns
	:ok after the renames
	{:error, message} when a listed library is already loaded

File.rename!/2 raises File.Error when the rename itself fails.
Examples
iex> parent = Path.join(System.tmp_dir!(), "mojoler-doctest-34")
iex> staging = Path.join(parent, "staging")
iex> dest = Path.join(parent, "dest")
iex> File.mkdir_p!(staging)
:ok
iex> Mojoler.Build.publish!(staging, dest)
:ok
iex> is_list(File.rm_rf!(parent))
true

  



  
    
      
    
    
      root()



        
          
        

    

  


  

      

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


      


Returns the directory that contains this project's mix.exs.
Examples
iex> File.regular?(Path.join(Mojoler.Build.root(), "mix.exs"))
true

  


        

      


  

    
Mojoler.Dsl.Arith 
    



      
Checked addition generated from tools/dsl/decls.json.
The native wrapper decodes the terms and calls checked_add in
native/examples/arith_user.mojo. This module does not declare the NIF entry.

      


      
        Summary


  
    Functions
  


    
      
        add(a, b)

      


        Adds a and b as signed 64-bit integers.



    


    
      
        load_nif()

      


        Loads priv/native/libdsl_arith.so.



    





      


      
        Functions


        


  
    
      
    
    
      add(a, b)



        
          
        

    

  


  

      

          @spec add(integer(), integer()) :: {:ok, integer()} | {:error, :overflow}


      


Adds a and b as signed 64-bit integers.
Both arguments are required integers. There is no optional argument.
Returns
	{:ok, sum} when the sum fits
	{:error, :overflow} when it does not

Raises
	ArgumentError when a or b is not an integer in signed 64 bits

Examples
iex> Mojoler.Dsl.Arith.add(20, 22)
{:ok, 42}

iex> Mojoler.Dsl.Arith.add(9_223_372_036_854_775_807, 1)
{:error, :overflow}

iex> Mojoler.Dsl.Arith.add(1, :nope)
** (ArgumentError) argument error

  



  
    
      
    
    
      load_nif()



        
          
        

    

  


  

      

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


      


Loads priv/native/libdsl_arith.so.
A second call returns {:error, {:reload, charlist}}.
Examples
iex> Mojoler.Dsl.Arith.load_nif()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  


        

      


  

    
Mojoler.Dsl.Box 
    



      
A generated resource whose step function is native/examples/box_user.mojo.
open/0 returns an opaque reference. The native object holds one signed
integer, starting at 0. That field is not visible to Elixir.

      


      
        Summary


  
    Types
  


    
      
        box()

      


        Opaque box handle. Inspects as a reference. The running total is native state.



    





  
    Functions
  


    
      
        bump(box, delta)

      


        Adds delta to the box and returns the new total.



    


    
      
        load_nif()

      


        Loads priv/native/libdsl_box.so.



    


    
      
        open()

      


        Opens a box whose total is 0.



    





      


      
        Types


        


  
    
      
    
    
      box()



        
          
        

    

  


  

      

          @type box() :: reference()


      


Opaque box handle. Inspects as a reference. The running total is native state.

  


        

      

      
        Functions


        


  
    
      
    
    
      bump(box, delta)



        
          
        

    

  


  

      

          @spec bump(box(), integer()) :: integer()


      


Adds delta to the box and returns the new total.
box is a handle from open/0. delta is a signed integer. There is no
optional argument. The native step is value + delta.
Raises
	ArgumentError when box is not a box from this module, or delta
is not an integer

Examples
iex> box = Mojoler.Dsl.Box.open()
iex> Mojoler.Dsl.Box.bump(box, 20)
20
iex> Mojoler.Dsl.Box.bump(box, 22)
42
iex> Mojoler.Dsl.Box.bump(:nope, 1)
** (ArgumentError) argument error

  



  
    
      
    
    
      load_nif()



        
          
        

    

  


  

      

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


      


Loads priv/native/libdsl_box.so.
A second call returns {:error, {:reload, charlist}}.
Examples
iex> Mojoler.Dsl.Box.load_nif()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  



  
    
      
    
    
      open()



        
          
        

    

  


  

      

          @spec open() :: box()


      


Opens a box whose total is 0.
Returns
A box/0.
Examples
iex> box = Mojoler.Dsl.Box.open()
iex> is_reference(box)
true

  


        

      


  

    
Mojoler.Dsl.Bytes 
    



      
Binary examples generated from tools/dsl/decls.json.
shift/1 copies the payload and adds 1 to each byte, wrapping at 255.
borrow_len/1 reads the size of the caller's binary and does not copy it.
The byte function lives in native/examples/bytes_user.mojo.

      


      
        Summary


  
    Functions
  


    
      
        borrow_len(bin)

      


        Returns the byte size of bin without copying the payload.



    


    
      
        load_nif()

      


        Loads priv/native/libdsl_bytes.so.



    


    
      
        shift(bin)

      


        Returns a copy of bin with each byte increased by 1, modulo 256.



    





      


      
        Functions


        


  
    
      
    
    
      borrow_len(bin)



        
          
        

    

  


  

      

          @spec borrow_len(binary()) :: {:ok, non_neg_integer()} | {:error, :not_binary}


      


Returns the byte size of bin without copying the payload.
Returns
	{:ok, size}
	{:error, :not_binary} for a list or a bitstring that is not a binary

Examples
iex> Mojoler.Dsl.Bytes.borrow_len(<<1, 2, 3, 4>>)
{:ok, 4}

iex> Mojoler.Dsl.Bytes.borrow_len(<<1::7>>)
{:error, :not_binary}

  



  
    
      
    
    
      load_nif()



        
          
        

    

  


  

      

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


      


Loads priv/native/libdsl_bytes.so.
A second call returns {:error, {:reload, charlist}}.
Examples
iex> Mojoler.Dsl.Bytes.load_nif()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  



  
    
      
    
    
      shift(bin)



        
          
        

    

  


  

      

          @spec shift(binary()) :: {:ok, binary(), non_neg_integer()} | {:error, :not_binary}


      


Returns a copy of bin with each byte increased by 1, modulo 256.
bin must be a binary. A bitstring that is not a binary is an error.
Returns
	{:ok, shifted, nbytes} where nbytes is the byte size
	{:error, :not_binary}

Examples
iex> Mojoler.Dsl.Bytes.shift(<<1, 2, 255>>)
{:ok, <<2, 3, 0>>, 3}

iex> Mojoler.Dsl.Bytes.shift(<<>>)
{:ok, <<>>, 0}

iex> Mojoler.Dsl.Bytes.shift([1, 2])
{:error, :not_binary}

  


        

      


  

    
Mojoler.Nif 
    



      
Shared path and load bookkeeping.
:erlang.load_nif/2 must run inside the module named by the NIF entry.
This module builds that path and records a successful load. It does not
call :erlang.load_nif/2.

      


      
        Summary


  
    Types
  


    
      
        library()

      


        File name of a built library, including the .so suffix OTP appends.



    





  
    Functions
  


    
      
        loaded?(basename)

      


        Returns whether basename was marked loaded in this VM.



    


    
      
        mark!(stem)

      


        Records that stem <> ".so" has been loaded in this VM.



    


    
      
        path(stem)

      


        Returns the load path for priv/native/<stem>.



    





      


      
        Types


        


  
    
      
    
    
      library()



        
          
        

    

  


  

      

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


      


File name of a built library, including the .so suffix OTP appends.
Examples
"libpoc.so"

  


        

      

      
        Functions


        


  
    
      
    
    
      loaded?(basename)



        
          
        

    

  


  

      

          @spec loaded?(library()) :: boolean()


      


Returns whether basename was marked loaded in this VM.
basename includes the .so suffix. An unknown name is false.
There is no optional argument.
Examples
iex> Mojoler.Nif.loaded?("not-a-library.so")
false

  



  
    
      
    
    
      mark!(stem)



        
          
        

    

  


  

      

          @spec mark!(String.t()) :: :ok


      


Records that stem <> ".so" has been loaded in this VM.
stem is the file name without .so. The compiler reads this mark and
will not replace a library this VM has already mapped.
Returns
:ok.
Examples
iex> Mojoler.Nif.mark!("doctest-mark")
:ok
iex> Mojoler.Nif.loaded?("doctest-mark.so")
true

  



  
    
      
    
    
      path(stem)



        
          
        

    

  


  

      

          @spec path(String.t()) :: charlist()


      


Returns the load path for priv/native/<stem>.
stem is the file name without .so. OTP appends .so on Darwin and Linux.
There is no optional argument.
Returns
A charlist. :erlang.load_nif/2 accepts that form.
Examples
iex> path = Mojoler.Nif.path("libpoc")
iex> List.ends_with?(path, ~c"libpoc")
true

  


        

      


  

    
Mojoler.Own 
    



      
Resource ownership for counters, blobs, pins, and retained terms.
A counter is a mutex-protected integer. Closing it is idempotent. When the
VM collects the resource, the destructor sends :counter_destroyed once
to the process that created it.
A blob is a copy of a binary. Borrowing it blocks freeze. Freeze publishes
the bytes as a resource binary. A pin keeps the blob alive after the
original handle is dropped. A retained term is a copy in a private
environment and remains readable after the creating process exits.
Handles are opaque references. The native fields (value, borrow count,
token, buffer pointer) are not Elixir fields.
Examples that create a handle store it in :persistent_term under a
private key. That keeps the destructor from running while later examples
in this VM still hold a use for the same object. A program that is finished
with a handle drops it and lets the VM collect it.

      


      
        Summary


  
    Types
  


    
      
        blob()

      


        Opaque blob handle returned by open_blob/1.



    


    
      
        counter()

      


        Opaque counter handle returned by open_counter/0.



    


    
      
        pin()

      


        Opaque pin returned by blob_pin/1.



    


    
      
        retained()

      


        Opaque handle returned by retain_binary/1.



    





  
    Functions
  


    
      
        blob_borrow(blob)

      


        Increments the borrow count and returns the byte size.



    


    
      
        blob_close(blob)

      


        Marks blob closed.



    


    
      
        blob_dtors()

      


        Returns how many blob destructors have run in this VM.



    


    
      
        blob_freeze(blob)

      


        Publishes the blob bytes as a resource binary.



    


    
      
        blob_pin(blob)

      


        Returns a pin that keeps blob alive.



    


    
      
        blob_poke(blob, index, byte)

      


        Writes byte at index in the blob.



    


    
      
        blob_release(blob)

      


        Decrements the borrow count when it is above zero.



    


    
      
        blob_token(blob)

      


        Returns the integer token assigned when the blob was opened.



    


    
      
        counter_add(counter, n)

      


        Adds n to counter and returns the new total.



    


    
      
        counter_close(counter)

      


        Marks counter closed.



    


    
      
        load_nif()

      


        Loads priv/native/libown.so.



    


    
      
        open_blob(bin)

      


        Copies bin into a new blob.



    


    
      
        open_counter()

      


        Opens a counter at 0.



    


    
      
        read_retained(handle)

      


        Returns the term stored by retain_binary/1.



    


    
      
        retain_binary(term)

      


        Copies term into a private environment and returns a handle.



    





      


      
        Types


        


  
    
      
    
    
      blob()



        
          
        

    

  


  

      

          @type blob() :: reference()


      


Opaque blob handle returned by open_blob/1.
Inspects as a reference. The copied bytes, borrow count, closed flag,
frozen flag, and token live in the native object.

  



  
    
      
    
    
      counter()



        
          
        

    

  


  

      

          @type counter() :: reference()


      


Opaque counter handle returned by open_counter/0.
Inspects as a reference. It has no Elixir-visible fields.
Examples
iex> counter = Mojoler.Own.open_counter()
iex> :persistent_term.put(:mojoler_doc_counter_type, counter)
iex> is_reference(counter)
true

  



  
    
      
    
    
      pin()



        
          
        

    

  


  

      

          @type pin() :: reference()


      


Opaque pin returned by blob_pin/1.
While this reference is alive, the pinned blob's destructor does not run.

  



  
    
      
    
    
      retained()



        
          
        

    

  


  

      

          @type retained() :: reference()


      


Opaque handle returned by retain_binary/1.
read_retained/1 copies the stored term back out.

  


        

      

      
        Functions


        


  
    
      
    
    
      blob_borrow(blob)



        
          
        

    

  


  

      

          @spec blob_borrow(blob()) :: {:ok, non_neg_integer()} | {:error, :not_mutable}


      


Increments the borrow count and returns the byte size.
Freeze is refused while the count is above zero.
Returns
	{:ok, size}
	{:error, :not_mutable} when the blob is closed or frozen

Raises
	ArgumentError when blob is not a blob from this module

Examples
iex> blob = Mojoler.Own.open_blob(<<1, 2, 3>>)
iex> :persistent_term.put(:mojoler_doc_blob_borrow, blob)
iex> Mojoler.Own.blob_borrow(blob)
{:ok, 3}
iex> Mojoler.Own.blob_release(blob)
:ok

  



  
    
      
    
    
      blob_close(blob)



        
          
        

    

  


  

      

          @spec blob_close(blob()) :: :ok


      


Marks blob closed.
Close does not invalidate a binary already returned by blob_freeze/1.
Raises
	ArgumentError when blob is not a blob from this module

Examples
iex> blob = Mojoler.Own.open_blob(<<1, 2, 3>>)
iex> :persistent_term.put(:mojoler_doc_blob_close, blob)
iex> {:ok, bin} = Mojoler.Own.blob_freeze(blob)
iex> Mojoler.Own.blob_close(blob)
:ok
iex> bin
<<1, 2, 3>>

  



  
    
      
    
    
      blob_dtors()



        
          
        

    

  


  

      

          @spec blob_dtors() :: non_neg_integer()


      


Returns how many blob destructors have run in this VM.
The count starts at 0 and increases by one each time a blob resource is
collected. It is process-wide, not per blob.
Examples
iex> is_integer(Mojoler.Own.blob_dtors())
true

  



  
    
      
    
    
      blob_freeze(blob)



        
          
        

    

  


  

      

          @spec blob_freeze(blob()) :: {:ok, binary()} | {:error, :borrowed | :frozen}


      


Publishes the blob bytes as a resource binary.
The returned binary stays valid after blob_close/1. A later poke returns
{:error, :not_mutable}.
Returns
	{:ok, binary}
	{:error, :borrowed} while a borrow is outstanding
	{:error, :frozen} when the blob was already frozen

Raises
	ArgumentError when blob is not a blob from this module

Examples
iex> blob = Mojoler.Own.open_blob(<<1, 2, 3>>)
iex> :persistent_term.put(:mojoler_doc_blob_freeze, blob)
iex> Mojoler.Own.blob_borrow(blob)
{:ok, 3}
iex> Mojoler.Own.blob_freeze(blob)
{:error, :borrowed}
iex> Mojoler.Own.blob_release(blob)
:ok
iex> Mojoler.Own.blob_freeze(blob)
{:ok, <<1, 2, 3>>}
iex> Mojoler.Own.blob_freeze(blob)
{:error, :frozen}

  



  
    
      
    
    
      blob_pin(blob)



        
          
        

    

  


  

      

          @spec blob_pin(blob()) :: pin()


      


Returns a pin that keeps blob alive.
The pin is a separate reference. Collecting it releases the keep.
Collecting both the pin and the blob runs the blob destructor.
Raises
	ArgumentError when blob is not a blob from this module

Examples
iex> blob = Mojoler.Own.open_blob(<<1>>)
iex> :persistent_term.put(:mojoler_doc_blob_pin_blob, blob)
iex> pin = Mojoler.Own.blob_pin(blob)
iex> :persistent_term.put(:mojoler_doc_blob_pin, pin)
iex> is_reference(pin)
true

  



  
    
      
    
    
      blob_poke(blob, index, byte)



        
          
        

    

  


  

      

          @spec blob_poke(blob(), integer(), 0..255) :: :ok | {:error, :not_mutable | :bounds}


      


Writes byte at index in the blob.
index is a zero-based integer. byte is an integer in 0..255.
The write is refused when the blob is borrowed, frozen, or closed.
Returns
	:ok
	{:error, :not_mutable}
	{:error, :bounds} when index is outside the blob

Raises
	ArgumentError when blob is not a blob, index is not an integer,
or byte is not an integer in 0..255

Examples
iex> blob = Mojoler.Own.open_blob(<<1, 2, 3, 4>>)
iex> :persistent_term.put(:mojoler_doc_blob_poke, blob)
iex> Mojoler.Own.blob_poke(blob, 1, 8)
:ok
iex> Mojoler.Own.blob_poke(blob, 9, 1)
{:error, :bounds}
iex> Mojoler.Own.blob_poke(blob, 0, 300)
** (ArgumentError) argument error

  



  
    
      
    
    
      blob_release(blob)



        
          
        

    

  


  

      

          @spec blob_release(blob()) :: :ok


      


Decrements the borrow count when it is above zero.
A release with no outstanding borrow still returns :ok.
Raises
	ArgumentError when blob is not a blob from this module

Examples
iex> blob = Mojoler.Own.open_blob(<<1>>)
iex> :persistent_term.put(:mojoler_doc_blob_release, blob)
iex> Mojoler.Own.blob_borrow(blob)
{:ok, 1}
iex> Mojoler.Own.blob_release(blob)
:ok
iex> Mojoler.Own.blob_release(blob)
:ok

  



  
    
      
    
    
      blob_token(blob)



        
          
        

    

  


  

      

          @spec blob_token(blob()) :: {:ok, integer()}


      


Returns the integer token assigned when the blob was opened.
The token is not a pointer. Pokes do not change it.
Raises
	ArgumentError when blob is not a blob from this module

Examples
iex> blob = Mojoler.Own.open_blob(<<1, 2, 3, 4>>)
iex> :persistent_term.put(:mojoler_doc_blob_token, blob)
iex> {:ok, token} = Mojoler.Own.blob_token(blob)
iex> Mojoler.Own.blob_poke(blob, 1, 9)
:ok
iex> Mojoler.Own.blob_token(blob)
{:ok, token}

  



  
    
      
    
    
      counter_add(counter, n)



        
          
        

    

  


  

      

          @spec counter_add(counter(), integer()) :: {:ok, integer()} | {:error, :closed}


      


Adds n to counter and returns the new total.
counter is a counter/0. n is a signed 64-bit integer. There is no
optional argument.
Returns
	{:ok, total}
	{:error, :closed} after counter_close/1

Raises
	ArgumentError when counter is not a counter from this module, or
n is not an integer

Examples
iex> counter = Mojoler.Own.open_counter()
iex> :persistent_term.put(:mojoler_doc_counter_add, counter)
iex> Mojoler.Own.counter_add(counter, 20)
{:ok, 20}
iex> Mojoler.Own.counter_add(counter, 22)
{:ok, 42}
iex> Mojoler.Own.counter_add(:nope, 1)
** (ArgumentError) argument error

  



  
    
      
    
    
      counter_close(counter)



        
          
        

    

  


  

      

          @spec counter_close(counter()) :: :ok


      


Marks counter closed.
A second close on the same handle returns :ok. Further adds return
{:error, :closed}.
Raises
	ArgumentError when counter is not a counter from this module

Examples
iex> counter = Mojoler.Own.open_counter()
iex> :persistent_term.put(:mojoler_doc_counter_close, counter)
iex> Mojoler.Own.counter_close(counter)
:ok
iex> Mojoler.Own.counter_close(counter)
:ok
iex> Mojoler.Own.counter_add(counter, 1)
{:error, :closed}

  



  
    
      
    
    
      load_nif()



        
          
        

    

  


  

      

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


      


Loads priv/native/libown.so.
A second call returns {:error, {:reload, charlist}}.
Examples
iex> Mojoler.Own.load_nif()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  



  
    
      
    
    
      open_blob(bin)



        
          
        

    

  


  

      

          @spec open_blob(binary()) :: blob() | {:error, :not_binary}


      


Copies bin into a new blob.
Returns
	a blob/0
	{:error, :not_binary} when bin is not a binary

Examples
iex> blob = Mojoler.Own.open_blob(<<1, 2, 3>>)
iex> :persistent_term.put(:mojoler_doc_open_blob, blob)
iex> is_reference(blob)
true
iex> Mojoler.Own.open_blob([1, 2, 3])
{:error, :not_binary}

  



  
    
      
    
    
      open_counter()



        
          
        

    

  


  

      

          @spec open_counter() :: counter()


      


Opens a counter at 0.
Returns
A counter/0.
Examples
iex> counter = Mojoler.Own.open_counter()
iex> :persistent_term.put(:mojoler_doc_open_counter, counter)
iex> Mojoler.Own.counter_add(counter, 0)
{:ok, 0}

  



  
    
      
    
    
      read_retained(handle)



        
          
        

    

  


  

      

          @spec read_retained(retained()) :: term()


      


Returns the term stored by retain_binary/1.
Raises
	ArgumentError when handle is not a retained term from this module

Examples
iex> handle = Mojoler.Own.retain_binary(<<9, 8, 7>>)
iex> :persistent_term.put(:mojoler_doc_read_retained, handle)
iex> Mojoler.Own.read_retained(handle)
<<9, 8, 7>>

  



  
    
      
    
    
      retain_binary(term)



        
          
        

    

  


  

      

          @spec retain_binary(term()) :: retained()


      


Copies term into a private environment and returns a handle.
term may be any Elixir term. The copy does not keep the caller's
process alive.
Examples
iex> handle = Mojoler.Own.retain_binary(<<9, 8, 7>>)
iex> :persistent_term.put(:mojoler_doc_retained, handle)
iex> Mojoler.Own.read_retained(handle)
<<9, 8, 7>>

  


        

      


  

    
Mojoler.POC 
    



      
Checked signed 64-bit addition, loaded from priv/native/libpoc.so.
The entry name is Elixir.Mojoler.POC. nif_init writes that string
into ErlNifEntry.name.

      


      
        Summary


  
    Types
  


    
      
        i64()

      


        A signed 64-bit integer. Values outside this range are not terms this NIF accepts.



    





  
    Functions
  


    
      
        add(a, b)

      


        Returns a + b when both arguments and the sum fit in a signed 64-bit integer.



    


    
      
        load_nif()

      


        Loads priv/native/libpoc.so.



    


    
      
        reload()

      


        Loads the library again.



    





      


      
        Types


        


  
    
      
    
    
      i64()



        
          
        

    

  


  

      

          @type i64() :: -9_223_372_036_854_775_808..9_223_372_036_854_775_807


      


A signed 64-bit integer. Values outside this range are not terms this NIF accepts.

  


        

      

      
        Functions


        


  
    
      
    
    
      add(a, b)



        
          
        

    

  


  

      

          @spec add(i64(), i64()) :: i64()


      


Returns a + b when both arguments and the sum fit in a signed 64-bit integer.
a and b are integers. Floats, atoms, and binaries are rejected.
There is no optional argument.
Returns
The sum, an integer.
Raises
	ArgumentError when a or b is not an integer, does not fit in
signed 64 bits, or the sum would overflow

A wrong arity never reaches this function. Elixir raises UndefinedFunctionError.
Examples
iex> Mojoler.POC.add(20, 22)
42

iex> Mojoler.POC.add(-5, -7)
-12

iex> Mojoler.POC.add(1, :nope)
** (ArgumentError) argument error

iex> Mojoler.POC.add(9_223_372_036_854_775_807, 1)
** (ArgumentError) argument error

  



  
    
      
    
    
      load_nif()



        
          
        

    

  


  

      

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


      


Loads priv/native/libpoc.so.
Called from this module by @on_load. A second call in the same VM returns
an error. The library stays loaded until the OS process exits.
Returns
	:ok on the first load
	{:error, {:reload, charlist}} when OTP rejects a second load
	{:error, reason} when the file is missing or the entry is refused

Examples
iex> Mojoler.POC.load_nif()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  



  
    
      
    
    
      reload()



        
          
        

    

  


  

      

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


      


Loads the library again.
Same contract as load_nif/0. The suite uses it to observe OTP's reload refusal.
Examples
iex> Mojoler.POC.reload()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  


        

      


  

    
Mojoler.Sched 
    



      
Scheduler jobs.
burn/1 and hold/2 run on a dirty CPU scheduler. io_ping/0 runs on a
dirty I/O scheduler. An Elixir timeout does not cancel the native work.
Task.yield/2 returning nil means the caller stopped waiting. The native
function runs until it returns.

      


      
        Summary


  
    Functions
  


    
      
        burn(milliseconds)

      


        Spins for milliseconds on a dirty CPU scheduler, then returns :ok.



    


    
      
        hold(bin, milliseconds)

      


        Copies bin, spins for milliseconds, and returns the same bytes.



    


    
      
        io_ping()

      


        Returns :ok from a dirty I/O scheduler.



    


    
      
        load_nif()

      


        Loads priv/native/libsched.so.



    





      


      
        Functions


        


  
    
      
    
    
      burn(milliseconds)



        
          
        

    

  


  

      

          @spec burn(non_neg_integer()) :: :ok


      


Spins for milliseconds on a dirty CPU scheduler, then returns :ok.
milliseconds is an integer greater than or equal to 0. The loop reads the
monotonic clock. A caller timeout does not stop it.
Raises
	ArgumentError when milliseconds is not an integer, or is negative

Examples
iex> Mojoler.Sched.burn(0)
:ok

iex> Mojoler.Sched.burn(-1)
** (ArgumentError) argument error

  



  
    
      
    
    
      hold(bin, milliseconds)



        
          
        

    

  


  

      

          @spec hold(binary(), non_neg_integer()) :: binary()


      


Copies bin, spins for milliseconds, and returns the same bytes.
The borrowed view of bin is released before the spin. The loop reads the
copy. milliseconds is an integer greater than or equal to 0.
Returns
The copied binary.
Raises
	ArgumentError when bin is not a binary, or milliseconds is not
an integer greater than or equal to 0

Examples
iex> Mojoler.Sched.hold(<<1, 2, 3>>, 0)
<<1, 2, 3>>

iex> Mojoler.Sched.hold(<<1::7>>, 0)
** (ArgumentError) argument error

  



  
    
      
    
    
      io_ping()



        
          
        

    

  


  

      

          @spec io_ping() :: :ok


      


Returns :ok from a dirty I/O scheduler.
There are no arguments.
Examples
iex> Mojoler.Sched.io_ping()
:ok

  



  
    
      
    
    
      load_nif()



        
          
        

    

  


  

      

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


      


Loads priv/native/libsched.so.
A second call returns {:error, {:reload, charlist}}.
Examples
iex> Mojoler.Sched.load_nif()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  


        

      


  

    
Mojoler.Shell 
    



      
Exit check for Mix tasks that run a shell script.
The task prints the script output. A non-zero status becomes Mix.Error.

      


      
        Summary


  
    Functions
  


    
      
        conclude(output, status, label)

      


        Writes output and returns nil when status is 0.



    





      


      
        Functions


        


  
    
      
    
    
      conclude(output, status, label)



        
          
        

    

  


  

      

          @spec conclude(String.t(), integer(), String.t()) :: nil


      


Writes output and returns nil when status is 0.
label is the script name used in the error. There are no optional arguments.
Raises
	Mix.Error when status is not 0

Examples
iex> Mojoler.Shell.conclude("ready\n", 0, "doctor")
nil

iex> Mojoler.Shell.conclude("nope\n", 7, "doctor")
** (Mix.Error) doctor failed with status 7

  


        

      


  

    
Mojoler.Term 
    



      
Checked conversions between Elixir terms and Mojo values.
A value of the wrong Elixir type, or an integer outside the declared width,
raises ArgumentError. A value of the right shape that fails a domain rule
returns {:error, reason}.
copy_binary/1 returns a new binary and the number of bytes copied.
borrow_stable/1 inspects one binary twice and reports whether the views
share a data pointer. fill_output/1 writes into a binary OTP allocated
for the return value.

      


      
        Summary


  
    Types
  


    
      
        atom_vocab()

      


        Atoms echo_atom/1 returns unchanged.



    


    
      
        error()

      


        Domain errors from this module. Which ones a function can return is listed
on that function.



    


    
      
        i32()

      


        Signed 32-bit integer.



    


    
      
        i64()

      


        Signed 64-bit integer.



    


    
      
        u32()

      


        Unsigned 32-bit integer.



    


    
      
        u64()

      


        Unsigned 64-bit integer.



    





  
    Functions
  


    
      
        add_i64(a, b)

      


        Adds two signed 64-bit integers.



    


    
      
        borrow_stable(bin)

      


        Inspects bin twice and reports whether both views use one data pointer.



    


    
      
        copy_binary(bin)

      


        Copies bin into a new binary.



    


    
      
        echo_atom(atom)

      


        Returns atom when it is one of atom_vocab/0.



    


    
      
        echo_f64(n)

      


        Returns n when it is a finite float.



    


    
      
        echo_i32(n)

      


        Returns n when it fits in a signed 32-bit integer.



    


    
      
        echo_i64(n)

      


        Returns n when it fits in a signed 64-bit integer.



    


    
      
        echo_u32(n)

      


        Returns n when it fits in an unsigned 32-bit integer.



    


    
      
        echo_u64(n)

      


        Returns n when it fits in an unsigned 64-bit integer.



    


    
      
        fill_output(nbytes)

      


        Returns a new binary of nbytes bytes, each set to 7.



    


    
      
        list_sum(list)

      


        Adds the integers in list.



    


    
      
        load_nif()

      


        Loads priv/native/libterm.so.



    


    
      
        map_n(map)

      


        Returns %{n: n} when map contains an integer under the key :n.



    


    
      
        text_len(bin)

      


        Returns the byte size of bin when the bytes are UTF-8.



    


    
      
        tuple_sum(tuple)

      


        Adds the two integers in tuple.



    





      


      
        Types


        


  
    
      
    
    
      atom_vocab()



        
          
        

    

  


  

      

          @type atom_vocab() :: :ok | :error | nil | true | false


      


Atoms echo_atom/1 returns unchanged.
Examples
:ok
:error
nil
true
false

  



  
    
      
    
    
      error()



        
          
        

    

  


  

      

          @type error() ::
  :overflow
  | :unknown_atom
  | :not_binary
  | :too_large
  | :alloc
  | :bad_size
  | :invalid_utf8
  | :not_tuple
  | :bad_arity
  | :bad_element
  | :not_list
  | :improper_list
  | :too_long
  | :missing
  | :map


      


Domain errors from this module. Which ones a function can return is listed
on that function.
	:overflow — the arithmetic result does not fit in signed 64 bits
	:unknown_atom — the atom is outside atom_vocab/0
	:not_binary — the term is not a binary
	:too_large — the binary is longer than 1_048_576 bytes
	:alloc — OTP could not allocate the copy
	:bad_size — the requested output size is not an integer in 0..1_048_576
	:invalid_utf8 — the bytes are not UTF-8
	:not_tuple — the term is not a tuple
	:bad_arity — the tuple does not have two elements
	:bad_element — an element is not a signed 64-bit integer
	:not_list — the term is not a list
	:improper_list — the list is improper
	:too_long — the list has more than 64 elements
	:missing — the map has no :n key
	:map — OTP refused the one-key map built for the return value


  



  
    
      
    
    
      i32()



        
          
        

    

  


  

      

          @type i32() :: -2_147_483_648..2_147_483_647


      


Signed 32-bit integer.

  



  
    
      
    
    
      i64()



        
          
        

    

  


  

      

          @type i64() :: -9_223_372_036_854_775_808..9_223_372_036_854_775_807


      


Signed 64-bit integer.

  



  
    
      
    
    
      u32()



        
          
        

    

  


  

      

          @type u32() :: 0..4_294_967_295


      


Unsigned 32-bit integer.

  



  
    
      
    
    
      u64()



        
          
        

    

  


  

      

          @type u64() :: 0..18_446_744_073_709_551_615


      


Unsigned 64-bit integer.

  


        

      

      
        Functions


        


  
    
      
    
    
      add_i64(a, b)



        
          
        

    

  


  

      

          @spec add_i64(i64(), i64()) :: {:ok, i64()} | {:error, :overflow}


      


Adds two signed 64-bit integers.
a and b must each fit in i64/0. There is no optional argument.
Returns
	{:ok, sum} when the sum fits
	{:error, :overflow} when the sum does not fit

Raises
	ArgumentError when a or b is not an integer in i64/0

Examples
iex> Mojoler.Term.add_i64(20, 22)
{:ok, 42}

iex> Mojoler.Term.add_i64(9_223_372_036_854_775_807, 1)
{:error, :overflow}

iex> Mojoler.Term.add_i64(9_223_372_036_854_775_808, 0)
** (ArgumentError) argument error

  



  
    
      
    
    
      borrow_stable(bin)



        
          
        

    

  


  

      

          @spec borrow_stable(binary()) ::
  {:ok, non_neg_integer(), 0 | 1} | {:error, :not_binary}


      


Inspects bin twice and reports whether both views use one data pointer.
The pointer is freed before this function returns. Elixir receives the size
and a flag, not an address.
Returns
	{:ok, size, 1} when the two views share a data pointer
	{:ok, size, 0} when they do not
	{:error, :not_binary}

Examples
iex> Mojoler.Term.borrow_stable(<<1, 2, 3>>)
{:ok, 3, 1}

iex> Mojoler.Term.borrow_stable(<<1::7>>)
{:error, :not_binary}

  



  
    
      
    
    
      copy_binary(bin)



        
          
        

    

  


  

      

          @spec copy_binary(binary()) ::
  {:ok, binary(), non_neg_integer()}
  | {:error, :not_binary | :too_large | :alloc}


      


Copies bin into a new binary.
bin must be a binary of at most 1_048_576 bytes. A sub-binary copies only
its own bytes. Bitstrings that are not binaries are refused.
Returns
	{:ok, copy, nbytes} where nbytes is byte_size(copy)
	{:error, :not_binary}
	{:error, :too_large}
	{:error, :alloc} when OTP cannot allocate the copy

Examples
iex> Mojoler.Term.copy_binary(<<1, 2, 3>>)
{:ok, <<1, 2, 3>>, 3}

iex> Mojoler.Term.copy_binary(<<>>)
{:ok, <<>>, 0}

iex> Mojoler.Term.copy_binary(<<1::7>>)
{:error, :not_binary}

  



  
    
      
    
    
      echo_atom(atom)



        
          
        

    

  


  

      

          @spec echo_atom(atom()) :: atom_vocab() | {:error, :unknown_atom}


      


Returns atom when it is one of atom_vocab/0.
Returns
	the same atom, for :ok, :error, nil, true, or false
	{:error, :unknown_atom} for any other atom

Raises
	ArgumentError when atom is not an atom

Examples
iex> Mojoler.Term.echo_atom(:ok)
:ok

iex> Mojoler.Term.echo_atom(nil)
nil

iex> Mojoler.Term.echo_atom(true)
true

iex> Mojoler.Term.echo_atom(:other)
{:error, :unknown_atom}

  



  
    
      
    
    
      echo_f64(n)



        
          
        

    

  


  

      

          @spec echo_f64(float()) :: float()


      


Returns n when it is a finite float.
Integers are not coerced. This OTP build does not construct non-finite floats,
so that branch has no example here.
Raises
	ArgumentError when n is not a float

Examples
iex> Mojoler.Term.echo_f64(1.5)
1.5

iex> Mojoler.Term.echo_f64(0.0)
0.0

iex> Mojoler.Term.echo_f64(1)
** (ArgumentError) argument error

  



  
    
      
    
    
      echo_i32(n)



        
          
        

    

  


  

      

          @spec echo_i32(i32()) :: i32()


      


Returns n when it fits in a signed 32-bit integer.
Raises
	ArgumentError when n is not an integer in i32/0

Examples
iex> Mojoler.Term.echo_i32(-2_147_483_648)
-2147483648

iex> Mojoler.Term.echo_i32(2_147_483_648)
** (ArgumentError) argument error

  



  
    
      
    
    
      echo_i64(n)



        
          
        

    

  


  

      

          @spec echo_i64(i64()) :: i64()


      


Returns n when it fits in a signed 64-bit integer.
Raises
	ArgumentError when n is not an integer in i64/0

Examples
iex> Mojoler.Term.echo_i64(0)
0

iex> Mojoler.Term.echo_i64(-9_223_372_036_854_775_808)
-9223372036854775808

iex> Mojoler.Term.echo_i64(:nope)
** (ArgumentError) argument error

  



  
    
      
    
    
      echo_u32(n)



        
          
        

    

  


  

      

          @spec echo_u32(u32()) :: u32()


      


Returns n when it fits in an unsigned 32-bit integer.
Raises
	ArgumentError when n is not an integer in u32/0

Examples
iex> Mojoler.Term.echo_u32(4_294_967_295)
4294967295

iex> Mojoler.Term.echo_u32(-1)
** (ArgumentError) argument error

  



  
    
      
    
    
      echo_u64(n)



        
          
        

    

  


  

      

          @spec echo_u64(u64()) :: u64()


      


Returns n when it fits in an unsigned 64-bit integer.
Raises
	ArgumentError when n is not an integer in u64/0

Examples
iex> Mojoler.Term.echo_u64(0)
0

iex> Mojoler.Term.echo_u64(18_446_744_073_709_551_615)
18446744073709551615

iex> Mojoler.Term.echo_u64(-1)
** (ArgumentError) argument error

  



  
    
      
    
    
      fill_output(nbytes)



        
          
        

    

  


  

      

          @spec fill_output(non_neg_integer()) :: {:ok, binary()} | {:error, :bad_size}


      


Returns a new binary of nbytes bytes, each set to 7.
nbytes is an integer in 0..1_048_576. OTP allocates the binary. Mojo
fills it. There is no earlier payload buffer.
Returns
	{:ok, binary}
	{:error, :bad_size} when nbytes is not an integer in that range

Examples
iex> Mojoler.Term.fill_output(4)
{:ok, <<7, 7, 7, 7>>}

iex> Mojoler.Term.fill_output(0)
{:ok, <<>>}

iex> Mojoler.Term.fill_output(-1)
{:error, :bad_size}

iex> Mojoler.Term.fill_output(:nope)
{:error, :bad_size}

  



  
    
      
    
    
      list_sum(list)



        
          
        

    

  


  

      

          @spec list_sum(list()) ::
  {:ok, i64()}
  | {:error, :not_list | :improper_list | :too_long | :bad_element | :overflow}


      


Adds the integers in list.
list must be a proper list of at most 64 signed 64-bit integers.
Nested lists are a bad element, not a recursive sum.
Returns
	{:ok, sum}
	{:error, :not_list}
	{:error, :improper_list}
	{:error, :too_long}
	{:error, :bad_element}
	{:error, :overflow}

Examples
iex> Mojoler.Term.list_sum([20, 22, 19, 25])
{:ok, 86}

iex> Mojoler.Term.list_sum([1 | 2])
{:error, :improper_list}

iex> Mojoler.Term.list_sum([[1]])
{:error, :bad_element}

iex> Mojoler.Term.list_sum(Enum.to_list(1..65))
{:error, :too_long}

  



  
    
      
    
    
      load_nif()



        
          
        

    

  


  

      

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


      


Loads priv/native/libterm.so.
A second call returns {:error, {:reload, charlist}}.
Examples
iex> Mojoler.Term.load_nif()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  



  
    
      
    
    
      map_n(map)



        
          
        

    

  


  

      

          @spec map_n(map()) :: {:ok, %{n: i64()}} | {:error, :missing | :bad_element | :map}


      


Returns %{n: n} when map contains an integer under the key :n.
Extra keys are dropped. A missing key and a non-integer value are errors.
Returns
	{:ok, %{n: integer}}
	{:error, :missing} when :n is absent, including when map is not a map
	{:error, :bad_element} when :n is not a signed 64-bit integer
	{:error, :map} when OTP refuses the returned map

Examples
iex> Mojoler.Term.map_n(%{n: 7})
{:ok, %{n: 7}}

iex> Mojoler.Term.map_n(%{n: 7, extra: 1})
{:ok, %{n: 7}}

iex> Mojoler.Term.map_n(%{})
{:error, :missing}

iex> Mojoler.Term.map_n(%{n: :a})
{:error, :bad_element}

  



  
    
      
    
    
      text_len(bin)



        
          
        

    

  


  

      

          @spec text_len(binary()) ::
  {:ok, non_neg_integer()} | {:error, :not_binary | :invalid_utf8}


      


Returns the byte size of bin when the bytes are UTF-8.
The check does not normalize. An empty binary is valid UTF-8 of length 0.
Returns
	{:ok, byte_size}
	{:error, :not_binary}
	{:error, :invalid_utf8}

Examples
iex> Mojoler.Term.text_len("héllo")
{:ok, 6}

iex> Mojoler.Term.text_len(<<>>)
{:ok, 0}

iex> Mojoler.Term.text_len(<<0xFF>>)
{:error, :invalid_utf8}

iex> Mojoler.Term.text_len([1])
{:error, :not_binary}

  



  
    
      
    
    
      tuple_sum(tuple)



        
          
        

    

  


  

      

          @spec tuple_sum(tuple()) ::
  {:ok, i64()} | {:error, :not_tuple | :bad_arity | :bad_element | :overflow}


      


Adds the two integers in tuple.
tuple must be a 2-tuple of signed 64-bit integers.
Returns
	{:ok, sum}
	{:error, :not_tuple}
	{:error, :bad_arity}
	{:error, :bad_element}
	{:error, :overflow}

Examples
iex> Mojoler.Term.tuple_sum({20, 22})
{:ok, 42}

iex> Mojoler.Term.tuple_sum({1})
{:error, :bad_arity}

iex> Mojoler.Term.tuple_sum({1, :a})
{:error, :bad_element}

iex> Mojoler.Term.tuple_sum([1, 2])
{:error, :not_tuple}

  


        

      


  

    
Mojoler.Twice 
    



      
Checked doubling of a signed 64-bit integer, loaded from priv/native/libtwice.so.
The native file imports the generated ABI. It does not declare ErlNifFunc
or ErlNifEntry.

      


      
        Summary


  
    Types
  


    
      
        i64()

      


        A signed 64-bit integer.



    





  
    Functions
  


    
      
        double(n)

      


        Returns 2 * n when n and the product fit in a signed 64-bit integer.



    


    
      
        load_nif()

      


        Loads priv/native/libtwice.so.



    





      


      
        Types


        


  
    
      
    
    
      i64()



        
          
        

    

  


  

      

          @type i64() :: -9_223_372_036_854_775_808..9_223_372_036_854_775_807


      


A signed 64-bit integer.

  


        

      

      
        Functions


        


  
    
      
    
    
      double(n)



        
          
        

    

  


  

      

          @spec double(i64()) :: i64()


      


Returns 2 * n when n and the product fit in a signed 64-bit integer.
n is an integer. There is no optional argument.
Returns
The product, an integer.
Raises
	ArgumentError when n is not an integer, does not fit in signed 64 bits,
or 2 * n would overflow

Examples
iex> Mojoler.Twice.double(21)
42

iex> Mojoler.Twice.double(0)
0

iex> Mojoler.Twice.double(-3)
-6

iex> Mojoler.Twice.double(:nope)
** (ArgumentError) argument error

iex> Mojoler.Twice.double(9_223_372_036_854_775_807)
** (ArgumentError) argument error

  



  
    
      
    
    
      load_nif()



        
          
        

    

  


  

      

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


      


Loads priv/native/libtwice.so.
A second call in the same VM returns {:error, {:reload, charlist}}.
Examples
iex> Mojoler.Twice.load_nif()
{:error, {:reload, ~c"NIF library already loaded (reload disallowed since OTP 20)."}}

  


        

      


  

    
mix compile.mojoler 
    



      
Builds the Mojo NIFs into priv/native.
This is the Mix.Task.Compiler callback Mix.Task.Compiler.run/1.
Mix calls it because mix.exs appends :mojoler to the compiler list.
A second run with the same sources, headers, and compiler returns {:noop, []}.
The callback receives the compiler argv and ignores it. It returns one of:
	{:ok, []} after a build
	{:noop, []} when the fingerprint and the libraries are unchanged
	{:error, [diagnostic]} when the VM has already loaded a library that
would be replaced, or when mojo build fails

diagnostic is a Mix.Task.Compiler.Diagnostic. The fields this task sets
are:
	:file — priv/native or scripts/build-native.sh
	:severity — :error
	:message — the build or load failure
	:position — 0
	:compiler_name — "mojoler"

Examples
iex> Mix.Tasks.Compile.Mojoler.run([])
{:noop, []}

      


      
        Summary


  
    Functions
  


    
      
        run(args)

      


        Runs the native build.



    





      


      
        Functions


        


  
    
      
    
    
      run(args)



        
          
        

    

  


  

      

          @spec run([String.t()]) ::
  {:ok, []} | {:noop, []} | {:error, [Mix.Task.Compiler.Diagnostic.t()]}


      


Runs the native build.
args is the compiler argv. It is ignored. There is no optional argument
beyond that ignored list.
See the module docs for the return values and the diagnostic fields.
Examples
iex> Mix.Tasks.Compile.Mojoler.run(["--force"])
{:noop, []}

  


        

      


  

    
mix mojoler.abi 
    



      
Runs scripts/check-abi.sh.
The script regenerates the ABI, diffs it against the committed Mojo file,
checks struct layout, rejects a misspelled import, and checks the product
libraries. run/1 is the Mix.Task.run/1 callback behind mix mojoler.abi.

      


      
        Summary


  
    Functions
  


    
      
        run(args)

      


        Runs the ABI check and writes its output.



    





      


      
        Functions


        


  
    
      
    
    
      run(args)



        
          
        

    

  


  

      

          @spec run([String.t()]) :: nil


      


Runs the ABI check and writes its output.
args is ignored.
Returns
nil when the script exits 0.
Raises
	Mix.Error when the script exits non-zero

Examples
iex> Mix.Tasks.Mojoler.Abi.run([])
nil

  


        

      


  

    
mix mojoler.doctor 
    



      
Prints the toolchain check from scripts/doctor.sh.
This is the Mix.Task callback Mix.Task.run/1. A task module implements
that callback and Mix invokes it for mix mojoler.doctor.
Examples
defmodule Mix.Tasks.Example.Hello do
  use Mix.Task

  @impl Mix.Task
  def run(_args) do
    Mix.shell().info("hello")
  end
end

      


      
        Summary


  
    Functions
  


    
      
        run(args)

      


        Runs the doctor script and writes its output.



    





      


      
        Functions


        


  
    
      
    
    
      run(args)



        
          
        

    

  


  

      

          @spec run([String.t()]) :: nil


      


Runs the doctor script and writes its output.
args is ignored.
Returns
nil when the script exits 0.
Raises
	Mix.Error when the script exits non-zero

Examples
iex> Mix.Tasks.Mojoler.Doctor.run([])
nil

  


        

      


  

    
mix mojoler.inspect 
    



      
Prints nif_init, undefined symbols, and dynamic dependencies for one library.
run/1 is the Mix.Task.run/1 callback behind mix mojoler.inspect.

      


      
        Summary


  
    Functions
  


    
      
        run(args)

      


        Inspects one shared library.



    





      


      
        Functions


        


  
    
      
    
    
      run(args)



        
          
        

    

  


  

      

          @spec run([Path.t()]) :: nil


      


Inspects one shared library.
args is the task argv. The first element is an optional path to a .so
file. When args is empty, the path is priv/native/libpoc.so.
Returns
nil when the script exits 0.
Raises
	Mix.Error when the script exits non-zero

Examples
iex> Mix.Tasks.Mojoler.Inspect.run([])
nil
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