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 A bug in the interpreter is a bug in every application built on it

 Every release ships to several platforms and editions; each is a chance 
for behaviour to differ

 Users never see the testing; they only see the release that did or did 
not break

 Most of the test suites run continuously, not just before a release

Why testing matters
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Testing a car

Engine
The language: interpreter, primitives, memory

Route
The environment: platforms and editions

Garage
The IDE and language tooling

Body
The APL tools and libraries we build
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 7 platforms: Windows, Mac, Mac/Arm, AIX, Pi, Linux, 
Linux/Arm 

 4 versions, 7 platforms, 32/64-bit, Classic/Unicode

 That is… 51 interpreters of Dyalog APL, and every 
test suite must pass on each of them

51 interpreters to test
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Platforms and versions
Platform 18.2 19.0 20.0 21.0 22.0

Windows
32C 32U

64C 64U

32C 32U

64C 64U

32C 32U

64C 64U

32C 32U

64C 64U

32C 32U

64C 64U

macOS Intel 64U 64U 64U – –

macOS Apple Silicon – 64U 64U 64U 64U

Linux Intel 64C 64U 64C 64U 64C 64U 64C 64U 64C 64U

Linux ARM 32U 32U 32U 64U 32U 64U 64U

AIX
32C 32U

64C 64U

32C 32U

64C 64U

32C 32U

64C 64U

32C 32U

64C 64U

32C 32U

64C 64U

C Classic U Unicode 32 / 64: interpreter bit width     –  not supported
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 Testing the interpreter: unit tests, ullu, coverage, PQA, 
fuzzing

 CITA: testing our APL tools on real hardware
 Testing GUIs: EWC and ⎕WC
 LLM agents as test writers
 Summary
 Questions

Agenda
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 QA workspaces: one test per Mantis issue

 ullu: every primitive, every argument type

 Coverage: every line of C that runs

 PQA: performance statistics

 Fuzzing: AFL mutates one-line tests

First, the engine

Engine
Interpreter, primitives, memory
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 Runs continuously against every interpreter build 
and every commit!

 Runs on our internal machines on Jenkins

 Checks results and behaviour rather than crashes

 Also, Shuffled! (∵) - 50,000x longer, parallel 

QA workspaces

One function per issue
mNNNNN returns 1 for pass, 
0 for fail

Workspaces run in turn
The last, misclast, runs 
the unit tests and prints 
QAs_completed for the 
nightly build
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 aka. doctests

 Inline with the source code

 Tests with basic one-line expressions, get 
picked up by the QA workspace

In-line Unit tests

//∆ (↑⍬)≡⍬

//∆ (↑⍬⍬)≡2 0⍴0

//∆ (↑⍬'')≡2 0⍴0

//∆ (↑''⍬)≡2 0⍴''

//∆ (↑(⊂1 2)3)≡(1 2)3

//∆ (↑(⊂⊂1 2)3)≡(⊂1 2)3

//∆ (↑2 3 0⍴0)≡2 3 0⍴0
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 Parasoft C/C++ test scans the 
interpreter’s C source every day

 Flags possible bugs, coding 
convention breaks and 
optimizations

Static Analysis
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 One primitive at a time, across argument types, 
ranks and shapes

 Use modelled function to verify correctness

 Tries to catch cases with data hand-written test 
would never think to write

 A 2nd coat of paint

ullu
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 Records every line of C source that runs

 Each suite is run separately, so we know what all tests reach

 The gaps tell us where to write the next test, and which code 
no suite has ever touched

Coverage builds
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 Collects performance statistics

 Several thousand APL expressions

 Compares performance of APL 
interpreters.

pqa aka. Performance QA



Testing the Untestable20

 Collects performance statistics

 Several thousand APL expressions

 Compares performance of APL 
interpreters.

pqa aka. Performance QA

pqa aka. Performance QA



Testing the Untestable21

 Collects performance statistics

 Several thousand APL expressions

 Compares performance of APL 
interpreters.

pqa aka. Performance QA

pqa aka. Performance QA



Testing the Untestable22

 AFL mutates one-line APL tests taken 
from the unit tests

 American Fuzzy Lop (AFL – not a rabbit)

 Runs unattended for hours/days at a 
time

 APL errors are expected; only crashes 
and hangs count

Fuzzing

~3.6 trillion
expressions tried so far

47,000
kept as “interesting 
expressions”
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#.(f←∘⊢)¨0#.(f←∘⊢)¨0

3 1{⍳≡↓↓{+/,⍵}⌺⍺⊢⍵}⍤0 03 1{⍳≡↓↓{+/,⍵}⌺⍺⊢⍵}⍤0 0

'⎕R((')⎕R'⍕)''⎕R((')⎕R'⍕)'

#.{⍵}.(# #).{⍵}#.{⍵}.(# #).{⍵}

(,#).(@0)∘⊢⍬(,#).(@0)∘⊢⍬
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 AFL mutates one-line APL tests taken 
from the unit tests

 American Fuzzy Lop (AFL – not a rabbit)

 Runs unattended for hours/days at a 
time

 APL errors are expected; only crashes 
and hangs count
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Fuzzing

~3.6 trillion
expressions tried so far

47,000
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expressions”

#.(f←∘⊢)¨0#.(f←∘⊢)¨0

3 1{⍳≡↓↓{+/,⍵}⌺⍺⊢⍵}⍤0 03 1{⍳≡↓↓{+/,⍵}⌺⍺⊢⍵}⍤0 0
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One of the longest ones Andy has seen recently!

{0::⎕FX'⊆←'⋄≡f{⍵}{0::0=⎕FX'r←f' 'r←⍬' 
':for⊂t:in≡⊢∘≢⌸⍴0⋄:trap{≤&/⍵0}0⋄:end⋄:trap 0⋄{2}0⋄:end⍝⍳⊆←' 
':end'⋄f}¨&0 0}¨⍳6
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Crashes become tests

Crash

fuzzer finds an 
input that kills the 
interpreter

Minimise

cut the expression 
to the smallest 
form that still 
crashes

Deduplicate

drop repeats of the 
same minimised 
input

Add to corpus

a growing body of 
crash tests

Replay

every platform and 
edition, on every 
later build
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The matrix

Versions 18.2 to 21.0 

Classic and Unicode

32- and 64-bit on 
Windows

.NET: none, 4.8, 8.0, 10.0

 Continuous Integration Testing for APL 
Tools

 Windows 11, Linux x86, Linux ARM, Docker

 Runs on every PR, nightly for every repo, or 
on demand

 Bug somewhere could be a bug anywhere

 Tests the body and the engine with it

CITA
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 A GUI test has to click, type, wait and look 

 “Looks right” is hard to assert

 Tests are slow to write and break whenever the UI changes, so most 
teams give up and test by hand

 We can test ⎕WC GUIs in a similar way, using pywinauto

Testing GUIs
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Real stack, no mocks

 Real browser/desktop 

 ~100 demo apps as fixtures

 Dyalog in Docker, locally and in CI

How we test EWC

What runs

 Automated CI on GitHub

 Every commit is tested

 ~445 Playwright tests

 ~50 test Uis

 Applications tests running on local 
– soon to be moved to a CI
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EWC tests in action

EWC tests in action
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Pixel baselines

 ≤ 0.01 pixels may differ

 A human approves changes to 
baselines

 Helps check inconsistencies 
visually

Visual baselines and CI

Every PR

 5 shards, fresh Dyalog each

 Different suite in multi-mode

 Failures shown on the PR
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 Claude Code on the real stack

 Wrote much of ~445 tests

 Reproduces bugs, reviews code

 Humans own the truth!

Agents write and drive the tests
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Check it

 Side by side with 
native ⎕WC

 Dyalog’s 
documented 
semantics for ⎕WC

Benefits

 Fast to write

 Cheap to fix

 Wide coverage

 Baselines need a 
human

Run it

 Dyalog in Docker 
headed or headless

 Playwright, report, 
screenshots – for 
humans to verify

 Parallel containers 
per suite

Agents run the stack, humans sign off
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What agents learn is written down

CLAUDE.md files
How the system works, how to 
run tests, baseline rules

Agent memory
Hard-won facts, e.g. 
“baselines are Linux-only”

How to run?
Agents remember how to run 
the relevant tests for the 
problem



Testing the Untestable42

 Less time writing tests, more time thinking what’s correct

 Updating tests is easy and quick

 No small 2px changes sneak up on us

 The cost of testing the untestable drops enough that 
GUIs get covered like everything else

What this changes
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Summary

Unit tests
Factory checklist
Every part checked 
off the line

ullu/PQA
Dyno
Each primitive run 
under load

Coverage
Inspection sheet
Which parts did the 
test drive touch?

Fuzzing
Crash test
Drive like a maniac 
to find what breaks

CITA
Test routes
Every road surface, on real 
tarmac

GUI + visual regression
Driver’s-eye camera
Same dashboard on every 
build?

LLM agents
New test driver
Never seen the car, pokes 
every button
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“It is not just about finding things wrong with Dyalog 
APL, but about making us more confident when 
making enhancements.”
– me ☺

Questions

Testing your own applications, or ideas for how we test Dyalog APL? Get in touch

aarush@dyalog.com
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