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    Prisma's discrepancy analyzer against Dialyzer

How often the discrepancy analyzer (mode => discrepancy, success typing) is right, how it compares with Dialyzer inside the same category of
warning, and what that costs in time, CPU and memory. Corpus: RabbitMQ. Harness: bench/.
The gradual (-spec contract) and oxbow checks are a different analyzer with different tools to compare against; they appear here only where they
change the cost of the discrepancy analysis (section 6) or explain a number.
1. Summary
		Prisma (discrepancy)	Dialyzer
	Warnings on rabbit (234 modules)	5, all true (wrong -specs)	0 (40 notes)
	Warnings on 7 applications (440 modules)	45, all true or defensive	0 (4 notes)
	Seeded faults detected (125 mutants)	125 (4 as warnings, see 3.5)	123
	New warnings outside the mutated function	0	201
	rabbit, wall / CPU / peak memory	1.08 s / 1.25 s / 296 MiB	6.7 s / 26.0 s / 405 MiB
	440 modules, wall / CPU / peak memory	3.0 s / 3.2 s / 536 MiB	17.3 s / 67.5 s / 1,457 MiB

Three things to keep in mind when reading it:
	RabbitMQ runs Dialyzer in its own CI, so zero warnings from Dialyzer is the expected answer. Every warning Prisma gives there is a false positive or
something Dialyzer cannot see. The first run gave 51 and 44 of them were false positives; the work below is what took them to zero.
	The correctness work cost speed. Over the same code the analysis is 55% slower than at the start (0.71 s to 1.08 s, user CPU +60%, memory +1% to +11%),
and no feature was added that Dialyzer lacks to explain it: it is the price of looking inside more constructs and of trusting declared -specs (section 6).
	Everything is one corpus on one machine. A second corpus (Elixir, a different style of Erlang) has not been measured.

2. Method and environment
	Parameter	Specification
	Hardware	Apple MacBook Pro (MacBookPro17,1), Apple M1 (8 cores), 16 GB
	OS	macOS 27.0.1 (Darwin arm64)
	Erlang/OTP	29 (erts-17.1.1, JIT)
	Benchmark tool	hyperfine 2.0.0 with --metrics all, 1 warm-up, 5 runs (3 for the 440 modules)
	Corpus	rabbitmq-server 5dacb85 (bench/corpus.config.json): rabbit (234 modules) and 7 applications (rabbit, rabbit_common, ra, khepri, cuttlefish, ranch, cowlib: 440 modules)
	Prisma	commit 464afae, discrepancy mode (prisma check --mode discrepancy --no-oxbow; the timed runs of section 5 went through the API with the same options, before the escript had --mode)
	Dialyzer	OTP 29, --no_check_plt, default warnings, base PLT of erts, kernel, stdlib
	xref	undefined calls and unused locals, with the dependencies on the code path

Tools are only compared inside a category. prisma check mixes four kinds of warning (discrepancy, gradual contract, dead code, oxbow) and Dialyzer
reports the first plus some dead code, so the full counts of the two are not comparable. bench/adapters.py normalizes each tool's output.
3. Correctness
3.1 What each tool says
	Corpus	Prisma (discrepancy mode)	Dialyzer	xref (undefined calls)
	rabbit (234 modules)	5: 5 dead code	0 (40 "callback info not available" notes)	0
	7 applications (440 modules)	45: 10 discrepancy, 35 dead code	0 (4 notes)	7

At the start (same corpus, same mode) the numbers were 51 and 101. Dead code is a warning in Prisma's levels (certain, but it does not fail when the code runs), so in discrepancy mode these are 0 errors and 5 and 45 warnings; the errors are the discrepancies and the missing functions.
3.2 The false positives, how each was found, and the fix
Every false positive has a minimal reproduction in bench/repro/ and a test.
	Cause	Found by	Warnings	Fix
	[H | T] typed as a proper list when it is used as a pair (?MSG(Index, Header))	triage	37	an improper cell is improper_list(H, T) unless T is known to be a list; tl/hd, patterns and meet follow
	orelse / andalso with a non-boolean right operand	triage	2	only the left operand must be boolean; A andalso B is false | B
	overloaded -spec across modules: only the first clause counted	triage	4	each clause is a whole vector of argument types; a call is accepted if some vector fits
	Time == 0 with a float (== compares by value)	triage	1	== is value comparison
	X > 0 read as "X is a positive integer" (also true for 0.5 and for any non-number)	triage of the 440	3	> and >= refine only a variable already known to be a number
	joining the environments of A orelse B kept a constraint from one branch	triage of the 440	1	only variables that every branch constrains keep a type
	-1 inferred as 1 (unary minus kept the operand's type)	PropEr	0 on RabbitMQ	negate_type/1
	case true andalso 0 of ..., case [0 | 0] of [H | T] when is_integer(T) -> ...	PropEr	0 on RabbitMQ	see above
	a fun typed as any_fun clashed with a declared fun((A) -> B)	Prisma analyzing itself	2	a fun stays any
	{amqp_error, _, _, _} disjoint from #amqp_error{}	RabbitMQ after looking inside catch	several	a tuple whose tag is the record's name is a value of the record type
	unresolved names (t(), other:t(), opaque, type variable) treated as impossible	Prisma analyzing itself	—	unknown, not impossible
	Checksum -> ok; _ -> error read as a catch-all, so error vanished	contract triage	—	only patterns without variables, or with only new variables, subtract in a case
	any + 1 typed number	contract triage	—	an unknown operand gives any
	a function that never returns clashed with a callback type	contract triage	1	none fits any return in a function-type meet
	widen/1 collapsed a union of more than 16 literals to atom() (lookup_method_name/1, over a hundred method names)	contract triage	1	a flat union of literals is kept up to 1024 members
	a tuple pattern bound its variables from every tuple of the union, not only the matching tag	contract triage	1	each alternative is bound on its own and the results are joined
	meet(binary(), bitstring()) kept the weaker unit, so byte_size(Bin) turned a binary into a bitstring	found after the previous one	1	the meet of <<_:B, _:_*U>> is the sizes both allow
	a map pattern against an unknown type claimed the map had only the pattern's keys	contract triage	41	it binds a plain map()
	a call that the code protects itself: a case on erlang:function_exported/3 or erlang:system_info(otp_release) (decided on the system that runs the analysis: the branch it takes is checked, the others are not), or a try that catches error:undef	RabbitMQ with the PPLT of OTP (os:list_env_vars/0, OTP < 24 code)	1	the call is not checked there; a branch that depends on the running system is not dead code; a try that catches every error is a warning (handled_undef), not an error; branches that depend on the system and are not taken here are counted, not reported

One false positive remains known: rabbit_ff_controller:run_callback/5, whose -spec is overloaded by the value of Command. Its code is right, but the return fits neither
overload alone; telling it needs the correlation between the parameter and the spec's clause, which Prisma does not follow.
3.3 The true warnings: wrong specs
Each was read against the source, its callers and its docs. None is a bug in the code; they are -specs that contradict a clause that does run.
	Where	What is true
	rabbit_amqp_util:has_capability/2, clause (_, undefined)	its only caller passes a record field that is undefined when the peer omits it; the spec only allows {array, symbol, [...]}
	rabbit_fifo_index:append/2, clause (undefined, _)	rabbit_fifo_v3:convert_msg/1 builds messages with a dummy index undefined; the spec says integer() (the sibling delete/2 already says integer() | undefined)
	rabbit_peer_discovery:select_node_to_join/1, clause ([])	when the backend already selected a node and it is down, [] is passed; the spec says nonempty_list(...)
	rabbit_definitions:import_parsed/2, import_parsed_with_hashing/2	the arity-1 siblings accept a list, the arity-2 specs say a map of lists; the code accepts a list in both
	cuttlefish_error:xlate/1 (24 clauses)	the spec takes 2-tuples and 24 clauses take tuples of 3 or more; the spec was not widened when the alias errors were added
	rabbit_misc:amqp_error/4 calls in rabbit_reader (7) and rabbit_channel (2)	the 4th argument must be an amqp_method_name() and the calls pass none, the default of the record field
	rabbit_data_coercion:to_list_of_binaries/1, rabbit_date_time:parse_duration/1, cuttlefish_unit:path/2	a clause the spec leaves out is reachable (certain, certain, probable)
	cow_date:pad_int/1, khepri_sproc:to_standalone_fun/1, rabbit_vhost_limit (2 clauses)	unproven, defensive, and dead on purpose (the comments say so)

Dialyzer confirms five of these only with -Woverspecs / -Wunderspecs, buried in 942 spec-difference warnings for rabbit and 2,229 for the 440 modules;
its default warnings give none. Prisma reports exactly the cases where a spec contradicts a clause. The lists are not subsets of each other.
3.4 Property-based tests (PropEr)
The oracle is semantic, so no human triage is needed. rebar3 proper, 10 properties, all passing.
	Type algebra (test/prop_prisma_type.erl): member(Term, Type) decides whether a concrete term belongs to a ground type, generators build terms of a type. Subtyping is
reflexive and sound, widening is accepted, join is an upper bound, meet is sound and keeps common values, union normalization keeps members and is idempotent.
One limit by design: the type language has no non-empty improper list, so the meet of improper_list(E, T) with a nonempty_list is a safe superset.
	Inference and warnings against execution (test/prop_prisma_infer.erl): PropEr generates small well-typed modules (bindings, case, integers, floats, booleans,
atoms, pairs, lists, [H | T] cells, overloaded specs, calls from a plain body, a fun, a comprehension, a record field and a try), compiles and runs them on 25
samples. The arguments and result must be inside the inferred types, and no discrepancy or dead_code warning may point at a line that ran without crashing: a line that ran refutes
a warning that says "this fails". It passes 1,500 programs x 25 runs. Against the sources before each fix it fails (7 to 388 cases), so it does not pass because it went blind.
	A property is as good as what it generates. Every real finding the generator missed became a production in it: floats and ==, comparisons with 0, guards joined
by orelse, record patterns in heads, callers and callees with specs.
	Self-analysis: a test analyzes Prisma's own beams and requires 0 warnings. It caught three false positives that the generators did not.

3.5 False negatives: mutation testing
bench/mutate.escript injects one fault in the abstract code of a compiled module (keeping every line number); bench/run_mutants.py puts the mutant in a copy of
the application's ebin, runs the tools, and counts a fault as detected when the tool gives, inside the mutated function, a warning it did not give for the unmodified
directory (keyed by module, line, kind and, for Prisma, the type found). erlc is counted only for warnings that say the code fails.
	Operator	Fault
	r1	a function whose -spec returns a simple type returns an atom
	r2	a call passes an atom where the callee's -spec asks for a simple type
	r3	a BIF gets an argument of the wrong type (length(foo), byte_size(foo)...)
	r4	a call to a function that does not exist, in a module of the corpus
	r6	{Tag, X} = f(...) with a Tag that the -spec of f never returns

Sample: seed 1, up to 25 mutants per operator over ra, khepri, cuttlefish, cowlib and ranch (144 modules): 125 mutants.
	Operator	Mutants	Prisma at the start	Prisma now	Dialyzer	erlc
	r1 spec return	25	25	25	25	0
	r2 argument vs spec	25	21	25	24	0
	r3 BIF argument	25	6	25	24	23
	r4 missing function	25	0	25	25	0
	r6 pattern vs spec	25	0	25	25	0
	all	125	52 (42%)	125 (100%)	123 (98%)	23 (18%)

Prisma alone sees two that Dialyzer does not (a call in the generated conf_parse, a byte_size in cow_qpack); Dialyzer alone sees none.
Four of the 125 are warnings, not errors. Four r4 mutants (a call to a function that does not exist, in ra_log, ra_server, ra_file and ra_server_proc) are inside the log macros of ra, which expand to a try ... catch _:_: the code does not crash, but the line of log is never written. Prisma lists them as handled_undef with the level warning (it would hide a misspelled function for good); --no-warnings leaves them out, and then 121 of the 125 are reported.
At the start Prisma missed most of what Dialyzer found, and the misses followed one thing: where the fault is. Four gaps, closed one at a time (reproductions in
bench/repro/false_negatives/); the same 125 mutants after each:
	Fix	Prisma
	before	52 / 125
	1. look inside fun, try, catch, receive, comprehensions, records and binaries	57
	2. BIFs with arguments of the wrong type inside guards (each test of a guard is checked, even if another alternative saves the clause)	74
	3. calls to a function that does not exist (unknown_function), and calls inside the target of another call	100
	4. the return type of a call comes from the callee's -spec (other modules and the same one)	124
	5. measurement fix: a line that already warned, now for another type, is a new finding	125

The last miss was not Prisma's. cuttlefish_unit:generate_config/3 already had a true warning on the line of its return in the unmodified code ({error, atom(), any()} is not
[any()]); the mutation changed the type to mutant_atom and Prisma said so, on the same line and of the same kind, so a comparison on (module, line, kind) took it for the old one.
A failure is reported where it is and only there. Dialyzer names every function above the faulty one ("no local return"), without saying why. Prisma must not copy that:
callers trust the declared -spec of a callee over what was inferred from its body. Measured on the 125 mutants, the new warnings outside the mutated function are 0 for
Prisma and 201 for Dialyzer (they were 6 for Prisma before gap 4). A unit test covers a fault three calls deep, with specs on the callers and calls from a fun, a try and a comprehension.
What the sample does not say: 125 mutants of five kinds injected on purpose are not the distribution of real bugs; "must fail" is by contract or by BIF, so a mutant on code that is never
reached still counts; and Dialyzer ran with its default warnings and the erts/kernel/stdlib PLT. The first version of the runner looked for warnings between the first and last line
of the function and missed Dialyzer's invalid-spec warnings, which sit on the -spec line; it was caught by looking at the mutants one by one before the big batch.
3.6 Precision lost, and limits
	hd([]) is no longer reported: the type has no "non-empty improper list" to tell it from hd([1 | 2]) (the compiler already warns about it). In exchange tl(X) + 1 is no longer a false badarith.

	Two rabbit_vhost_limit clauses ({ok, Limit} when Limit < 0, dead on purpose) are no longer reported: seeing them needs "a float that is not negative", which the type language lacks. The sound answer is "cannot tell".
	What a fun, try, receive or comprehension binds does not reach the code after it (patterns inside bind to any, the result is any): faults that depend on those values are missed.
	The exact meet of two improper lists with list-able tails is cut at depth 2 and then a safe superset (without the cut the PPLT of OTP's compiler took minutes).
	In the gradual check, a value known only by a wide type (integer(), number(), [T]) against a narrower contract (non_neg_integer(), pos_integer(), [T, ...]) is a gap in what is proven, not a contradiction, and is not reported (prisma_checker:accepts/2). Literals, floats, atoms, [] for a non-empty list and N - 1 with N :: pos_integer() for pos_integer() still are.

4. Where Prisma and Dialyzer differ
		Prisma	Dialyzer
	Method	success typing per function plus modular .pplt summaries; callers trust the callee's declared -spec	whole-program success typing over a monolithic PLT
	Reports a fault	only in the function that has it	in every function above it ("no local return")
	Spec vs clause	reported by default (5 on rabbit)	only with -Woverspecs / -Wunderspecs, among 942
	Missing function in a known module	unknown_function	"unknown functions" list, no per-call location
	Cold start	none: the .pplt of each package is built once per version	base PLT: 13.2 s, 44.7 s of CPU, 768 MiB
	Seeded faults	125 / 125	123 / 125

5. Benchmark
All figures: hyperfine 2.0.0 --metrics all --ignore-failure, mean of the runs, other applications running on the machine (variance in the tables).
hyperfine --metrics all --runs 5 --warmup 1 --ignore-failure \
  -n "Prisma (discrepancy)" "prisma check --mode discrepancy --no-oxbow /path/to/deps/rabbit/ebin" \
  -n "Dialyzer"             "dialyzer --no_check_plt /path/to/deps/rabbit/ebin"

rabbit (234 modules)
	Metric	Prisma (discrepancy)	Prisma (all kinds)	Dialyzer
	Wall time	1.076 s ± 0.025	1.180 s ± 0.066	6.745 s ± 0.206 (6.3x)
	CPU time	1.251 s	1.364 s	25.991 s (20.8x)
	User / system	1.005 s / 245 ms	1.107 s / 257 ms	23.799 s / 2.192 s
	Peak memory	295.5 MiB ± 8.2	287.8 MiB ± 19.8	405.1 MiB ± 9.8 (1.4x)
	Instructions retired	11.4 B	12.1 B	176.1 B (15.4x)

440 modules (7 applications)
	Metric	Prisma (discrepancy)	Prisma (all kinds)	Dialyzer
	Wall time	3.020 s ± 0.106	3.376 s ± 0.098	17.274 s ± 0.454 (5.7x)
	CPU time	3.247 s	3.569 s	67.548 s (20.8x)
	User / system	2.827 s / 420 ms	3.140 s / 430 ms	61.703 s / 5.845 s
	Peak memory	536.0 MiB ± 3.2	546.1 MiB ± 29.4	1,456.7 MiB ± 30.1 (2.7x)
	Instructions retired	33.7 B	36.4 B	467.2 B (13.9x)

Cold start
Dialyzer needs a PLT of the OTP base applications before it can check anything (dialyzer --build_plt --apps erts kernel stdlib): 13.2 s, 44.7 s of CPU, 768 MiB on this machine.
Prisma builds the .pplt of a package once per version and loads it on demand.
	Step	Wall	Peak memory	Warnings (all kinds)
	build of the 6 dependency apps of rabbit (206 modules, 441 KiB file)	1.45 s	344 MiB	n/a
	check rabbit without --pplt	1.2 - 1.4 s	333 - 342 MiB	177
	check rabbit with the dependencies' .pplt	1.7 s	343 - 379 MiB	221

The cache is not free (it adds about 0.4 s) and it changes the result: the extra 44 warnings are calls into the dependencies, checked against their real specs. The "no cold start" of Prisma is
only true when dependencies are not analyzed. Dialyzer was run without the PLT of the dependencies, as above; a run with a full PLT is pending.
The PPLT of OTP's kernel and stdlib (202 modules, 1.1 MB): 2.4 s, 419 MiB. It did not end in 5 minutes before the fix below: calendar, uri_string, file_sorter and dist_util made the
inference ask for meets of unions of nested improper lists that grew without end (the 100 modules of stdlib had taken 3 min 34 s once).
6. What the correctness work cost
Same corpus, same machine and harness (rabbit, discrepancy mode, 5 runs), start of the correctness work (14226fd) against now:
		start	now	
	Wall time	0.71 s	1.08 s	+55%
	User CPU	0.62 s	1.00 s	+60%
	System CPU	0.25 s	0.25 s	equal
	Peak memory	281 MB	284 - 313 MB	+1% to +11%
	build of the 6 dependency apps	3.9 s, 2.4 MB, 331 MiB	1.45 s, 441 KiB, 344 MiB	faster, smaller
	.pplt of OTP compiler (60 modules)	0.51 s, 2,065 KiB	~0.40 s, ~360 KiB	faster, smaller

The analysis is slower because it does more (it looks inside fun, try, receive and comprehensions, trusts declared specs, subtracts patterns in every case, bounds types with widen/1); the PPLT is smaller
because it no longer keeps the abstract code of each function.
A performance mistake, how it was found, and what changed. The fix for improper cells made the inferred type of some recursive functions grow with every pass of the inference.
It was missed because the measurement was check on deps/rabbit and the PPLT of OTP's compiler, not the PPLT of RabbitMQ's dependencies: building that one went from 3.9 s to 235 s
and the operating system killed the process for its memory. A bisection found one module (rabbit_binary_parser) at 48,900 million words once written out from 9,000 in memory, a factor
of 113,000: Erlang shares equal sub-terms in memory, and term_to_binary and any recursion over the type expand them as if it were a tree. Fixes: the members of a union of proper lists
make one nonempty_list (a cons distributed over K clauses gave K, K², K³ members); inferred types are bounded by prisma_type:widen/1 (nesting beyond four levels, and unions of
more than 16 members, become any; flat literals up to 1,024); the .pplt no longer stores func_contract.clauses; normalize_union/1 has shortcuts for the lists of one or two types
it nearly always gets. Written out and in memory now match on the 440 modules (10 / 10 million words, factor 1.0).
Optimizations tried since, with measurements:
	Idea	Result
	hash-consing (a map from id to type)	not built: the types are about 1.8 MB of a 67 MB process, and a perfect table would shrink them 3 to 4 times; type algebra is 13% of the profile; widen/1 already bounds the explosion
	caching declared_return per callee	no gain (1.479 s to 1.475 s, noise) and it was reverted: eprof counted 1M cheap calls
	taking the abstract forms from the debug_info chunk already read instead of decoding the module again as abstract_code (twice per module)	-8.2% wall time, identical warnings (erl_parse:anno_from_term was 19% of own time in fprof)
	bounding meet (a chain whose tail is a big union of improper lists, and unions of structured types with more than 256 pairs of members, answer the smaller operand: a safe superset)	kernel + stdlib PPLT from over 5 minutes to 2.4 s; same warnings on rabbit and the 440 modules, 125 / 125 mutants, collateral 0; rabbit 1.116 s to 1.085 s
	not re-inferring functions whose callees did not change between passes (a function is inferred again only if it calls, or is, a function of its module whose type changed in the last pass; the first pass infers all)	-13% wall time and -13% CPU on rabbit, -19% and -17% on the 440 modules, 17% and 24% fewer instructions; memory 301 to 287 MiB and 542 to 524 MiB, which is within the noise (so it did not grow); identical warnings in the four combinations tried (rabbit and the 440 modules, discrepancy and hybrid), 125 / 125 mutants

The profile (fprof on rabbit_common, own time): prisma_infer 26%, erl_parse 19% before the change above, lists 17%, prisma_type 13%, maps 9.5%.
7. Not yet measured, and what is left
	Gradual contract mismatches (92 on rabbit, 221 on the 440 modules) against Gradualizer and Eqwalizer (tasks #12 and #17). Of the 55 that the return-type-from-spec change added to the hybrid mode,
all were read: 40 are true by contract (the spec says less than the code), 14 are no longer reported, 1 is the known false positive above.
	Oxbow (80 on rabbit) against xref's unused locals: xref reports 0 because the compiler already warns on them, so most of the 80 are "ignored parameter" findings with no counterpart.
	Dialyzer with a full PLT of the dependencies: this run lacks it, so Dialyzer sees fewer calls.
	A second corpus, to know whether the 5 / 45 warnings and 125 / 125 mutants generalize.
	Speed: the correctness work made the analysis 55% slower; the dependency tracking of the passes took back part of it (rabbit 1.10 s to 0.95 s; the start was 0.71 s).
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    Prisma's gradual check against Gradualizer

The same method as DISCREPANCIES.md (RabbitMQ at 5dacb85, the 125 mutants, hyperfine), applied to the other half of Prisma: the gradual check
of -spec contracts (gradual_mismatch warnings, hybrid mode) against Gradualizer (23533d7).
Eqwalizer is not compared: it asks for a different thing (everything annotated, no dynamic() left by default) and its warnings do not mean the same.
1. Summary
		Prisma	Gradualizer
	Seeded faults detected (125 mutants)	125 (100%)	68 (54%)
	... that only this tool sees	57	0
	Type warnings on rabbit (234 modules)	185	551 (+ 2 modules it crashed on)
	Type warnings on 440 modules	383	1,118 (+ 4 modules)
	Warnings within 3 lines of one of the other tool	52 of 185	53 of 551
	rabbit: wall / peak memory	3.9 s / 614 MiB	5.4 s / 189 MiB
	440 modules: wall / peak memory	6.8 s / 905 MiB	35.9 s / 236 MiB

	Prisma finds every seeded fault and Gradualizer 54%, but Gradualizer says three times as much on real code and the two lists barely overlap. No warning of Gradualizer's has been triaged
(1,118 of them); a sample of 14 was read (section 3), and none was a fault: they are strict readings and checks that Prisma does not make.
	Prisma is faster, 1.4x on rabbit and 5.3x on the 440 modules, and uses 3 to 4 times more memory.
	Prisma needs the PPLTs of OTP and of the dependencies to know their specs, Gradualizer reads them from the code path. Building them is a one-time cost (section 4).
	Gradualizer stops with an internal error in some modules (badmatch in typechecker:expect_record_type): 5 of 232 on rabbit, 10 of 436 on the 440 modules. A single run over a directory ends at
the first one, so it was run module by module for the warnings, and in one VM with the crashes caught for the times.

2. Method
	Parameter	Specification
	Hardware, OS, OTP	as in DISCREPANCIES.md (Apple M1, macOS, OTP 29)
	Prisma	commit 40d802e, hybrid mode through prisma check, with --pplt of OTP (16 applications, 599 modules) and of the dependencies
	Gradualizer	23533d7, default options (specs only, no --infer), the dependencies on the code path (-pa). It does not compile with OTP 29 as it is: its warnings are errors and OTP 29 warns about P1=P2 patterns; it was built with ERL_COMPILER_OPTIONS='[nowarn_match_alias_pats]', the code untouched
	Corpus	rabbit (234 modules) and 7 applications (440 modules), crash-free copies (symlinks) for the timed runs: 232 and 436 modules
	Tools of the harness	bench/adapters.py gradualizer, bench/run_mutants_gradualizer.py, bench/tools/ (the checkout, ignored by git)

Without the dependencies on the path every remote type is "undefined" for Gradualizer (2,558 warnings on rabbit, almost all of that kind), and without PPLTs Prisma does not know the specs of OTP
or of other applications: both are given what the other one reads by itself. A detection is "a new warning inside the mutated function" (line and message), as before.
3. Correctness
3.1 Seeded faults
	Operator	Mutants	Prisma	Gradualizer	Dialyzer
	r1 spec return	25	25	18	25
	r2 argument vs spec	25	25	19	24
	r3 BIF argument	25	25	7	24
	r4 missing function	25	25	16	25
	r6 pattern vs spec	25	25	8	25
	all	125	125	68	123

Gradualizer sees nothing that Prisma does not. It gives 28 new warnings outside the mutated function (Prisma 0, Dialyzer 201). What it does not see follows what it checks: it only types the functions
that have a spec, so a BIF with a wrong argument in a function without one (r3) or a pattern against the return of an unspecified call (r6) go by.
3.2 What each says on RabbitMQ
	Corpus	Prisma (type warnings)	Gradualizer
	rabbit, 234 modules	185: 171 contract, 9 discrepancy, 5 dead code	551 (+ 2 modules crashed)
	7 applications, 440 modules	383: 337 contract, 35 dead code, 10 discrepancy, 1 undefined function	1,118 (+ 4 modules crashed)

Their lists agree on little (a warning within 3 lines of one of the other tool, in the same module): 52 of Prisma's 185 and 53 of Gradualizer's 551 on rabbit. The other kinds (oxbow, 80 on rabbit) have no counterpart.
Gradualizer's warnings, a sample. 14 of the 523 that have no Prisma warning nearby, chosen at random, were read. They are of two kinds, and none is a fault in the code:
	strict readings that Prisma tolerates by policy (a possibly empty list against a non-empty one, undefined | binary() against vhost(), string() against an iolist() of bytes);

	checks that Prisma does not make: Gradualizer propagates the expected type into every subexpression and reports a mismatch there, and checks calls into OTP and into other applications that Prisma
only knows if it has their PPLT.

Whether some of the 523 are real faults that Prisma misses is not known: it needs reading them (a task of its own), and the mutants do not show such a gap.
3.3 Prisma's own false positives: what knowing OTP and the dependencies uncovered
With the PPLTs of OTP and of the dependencies Prisma knows many more specs, and gives 87 contract warnings it did not give without them. Reading them against the sources found six false positives of
Prisma, fixed, each with a test (test/prisma_otp_specs_tests.erl, the repros in bench/repro/):
	Cause	Example	Fix
	a map literal #{id => a, start => S} typed with optional keys	supervisor:start_child/2 (a child spec is rejected)	a literal key is a required field
	fun() (a fun of unknown arity) not consistent with fun((K, V) -> W)	maps:map/2	any_fun fits a fun type
	a binary known only as binary() against <<_:8, _:_*8>> or <<_:_*16>>	binary:split/3, binary:decode_hex/1	tolerated like the wide numeric types, when the two can overlap
	a variable passed to a callee without a spec became the callee's inferred domain (tuple | none | map)	maps:get/3 after active_consumer(Cons0) in rabbit_fifo	an unknown variable is not narrowed to a union that came from clauses
	the return of a polymorphic callee with a type variable as map key: #{Key := Value, _ => _} read as "some key"	maps:update/3 passed to rabbit_pid_codec:recompose/1	the result is just a map
	meet of two binary types kept the weaker unit	after byte_size(Bin)	(fixed earlier, see DISCREPANCIES.md)

What remains of the 87 is read as true by contract (the spec says less than the code: a call that passes undefined | binary() where binary() is asked, lists:last/1 of a possibly empty list,
unicode:characters_to_binary/1 passed on without looking at {error, ...}), with one known false positive of another kind: os:list_env_vars/0 does not exist in OTP 29 and rabbit_env calls it guarded by
erlang:function_exported(os, list_env_vars, 0); Prisma does not see the guard. The 9 rabbit_misc:amqp_error/4 calls with none are the wrong spec already described in DISCREPANCIES.md.
rand:uniform/1 with a non_neg_integer() (7 calls) is reported on purpose: N - 1 with N :: pos_integer() is non_neg_integer() and tolerating it would hide the README example.
Not every one of the 87 was read: the ones read are those above.
4. Benchmark
hyperfine 2.0.0 --metrics all. Gradualizer ran in one VM over the whole directory with a crash caught per module (bench/results/gr_vm.erl): started once per module its time is almost
all VM start-up, and run over a directory at once it ends at the first internal error after 0.4 s, which is not a measure. Prisma ran prisma check with the PPLTs of OTP and of the dependencies.
	Metric	Prisma, rabbit	Gradualizer, rabbit	Prisma, 440	Gradualizer, 440
	Wall time	3.863 s ± 0.154	5.428 s ± 0.023	6.782 s ± 0.204	35.891 s ± 0.038
	CPU time	4.009 s	5.690 s	7.032 s	36.148 s
	Peak memory	613.7 MiB	189.3 MiB	904.8 MiB	235.5 MiB
	Instructions retired	38.9 B	61.9 B	70.5 B	422.5 B

Prisma scales much better with the size of the corpus (1.8x the time for 1.9x the modules, against 6.6x for Gradualizer) and uses 3 to 4 times more memory.
Most of Prisma's 3.9 s on rabbit is loading the PPLTs (without them the same check takes 1.1 s and 296 MiB, but it knows no spec of OTP).
One-time costs of Prisma, which Gradualizer does not have because it reads the beams of OTP and of the dependencies each time:
	Step	Wall	Peak memory	File
	prisma build of OTP (16 applications, 599 modules)	7.6 s	899 MiB	3.0 MB
	prisma build of kernel + stdlib only (202 modules)	2.4 s	419 MiB	1.1 MB
	prisma build of the 27 other dependencies of the corpus (644 modules)	2.4 s	348 MiB	n/a

Building the PPLT of kernel and stdlib did not end in five minutes before this work: four modules (calendar, uri_string, file_sorter, dist_util) made the inference ask for meets that grew without
end. The fix is in DISCREPANCIES.md (section 6).
5. What is not known
	Whether some of Gradualizer's 551 + 1,118 warnings are real faults that Prisma misses. The mutants say there is no gap of the five kinds they inject; only reading the warnings would say more.
	Prisma's rabbit warnings with the PPLTs were read in part (section 3.3), not all.
	One corpus, one machine; Gradualizer without --infer and with its default specs prelude.
	Gradualizer was built with a compile option for OTP 29; an official build might behave differently, and its internal errors might be fixed upstream.
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                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

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

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

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS

   Copyright 2026 Manuel Rubio

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.
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Runs Prisma hybrid type and discrepancy analysis on compiled BEAM files.
Command line options
	--mode - Analysis mode: hybrid (default), gradual, or discrepancy
	--format - Output format: human (default), oneline, or json
	--no-color - Disables ANSI color sequences in output
	--color - Forces ANSI color output
	--no-warnings - Shows only errors (a warning is something the code handles, or that may fail on another system)
	--warnings-as-errors - Fails on warnings too (by default only errors fail)
	--no-oxbow - Disables oxbow (dead/unreachable code and unused clauses) analysis
	--oxbow - Enables oxbow analysis (default: enabled)
	--pplt <path> - Path to extra .pplt files (can be repeated)
	--env <name> - Mix environment (default: dev or $MIX_ENV)

Configuration
In mix.exs:
def project do
  [
    ...,
    prisma: [
      mode: :hybrid,
      format: :human,
      oxbow: true,
      color: :auto,
      pplts: []
    ]
  ]
end
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Compiles the project and writes <app>_<vsn>.pplt at the root of each of its applications, made from the beams that were just
compiled (with the hash of the sources, so that whoever uses it can tell if it is stale). It also leaves in _build/ the .pplt of the
dependencies that nobody shipped.
Add the file to what you upload to Hex (files: in mix.exs), and run this task before mix hex.publish.
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