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Coming up:

The value and cost of a test
What we test in XTDB, and how
DST: the theory

What this looks like in Kotlin



The Value and Cost of a Test

...1——'



Value « ?

False negative rate

Probability of a bug in the code-under-test
Impact of a bug in the code-under-test
Documentation value

others...?




Cost « ?

Time to write it (obviously)
False positive rate
Maintenance cost
Execution time

Setup

others...?




What we test on XTDB, and how?

e ‘Highly general’ code: example-based unit tests
o e.g. bitemporal resolution, what to compact

e Complex outputs: regression tests
o e.g.SQL planner, indexer

e Combinatorial explosions: property tests
o e.g. polymorphic Arrow vectors

e Concurrent/distributed code: deterministic simulation tests < you are
here

e Everything else: mostly example-based integration tests
o using the in-memory, throwaway node setup - highly recommend



Aside: Allen intervals

e Useful in our unit tests + property tests
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image: “Object-Relational Indexing for General Interval Relationships”, Kriegel et al.



Before you DST:

e DST is relatively complex (compared
to unit/integration/property)

e Like any risk, avoid before you
mitigate:

o Immutability by default

o  Avoid sharing mutable state
between threads

o Separate pure code from side-
effects

o “Communicating sequential
processes” (CSP), actors

... a.k.a. ‘Functional Programming Best Practices’

sealed interface Event
class FetchReq(val key: Key, val res: CompletableDeferred<Value>)

class FetchDone(val key: Key, val value: Value) : Event
val fetchCh = Channel<Event>()

init {
scope. launch {

val state = State(/* ... */)

for (event in fetchCh) {
when (event) {
is FetchReq —> /* ... %/

is FetchDone -> /* ... %/

suspend fun get(key: Key): Value {
val res = CompletableDeferred<Value>()
fetchCh.send(FetchReq(key, res))

return res.await()

: Event



Deterministic Simulation Testing (DST)

Problem:

e Concurrent code is non-deterministic - timing dependent

e Vast number of potential ‘interleavings’

e Anything you’d normally do to isolate the issue (e.g. logging, debugger)
often makes the issue go away

Solution: just run all the possible interleavings, see if anything breaks!



Thank you for coming to my TED talk



‘happens before’

1. If events A and B are in the same thread, and A
comes before B in that thread, then A-B

2. If Aisthe sending of a message by one process,
and B is the receiving of that same message by
another process, then A-B

3. If A-B and B-C, then A-C (‘transitivity’)

‘happens before’ is only a partial order.

If ' (A-B) and ! (B-A) then A and B are concurrent,
and can happen in either order.

“Time, Clocks, and the Ordering of Events in a Distributed System” (Lamport, 1978)



DST: Trying all the total orderings

Aims:

e Choose an ordering, run it, then test properties of the system
e If an ordering fails any of its properties, allow exact re-running
o e.g.with a debugger attached, logging turned up.

e Low false positive and false negative rates

o Test the ‘real code’ as much as possible
o ...so need to minimise performance overhead

e Keep code-under-test simple
o l.e.introducing DST shouldn’t require complex changes to the underlying code



Coroutines and Continuations:

fun calculateSum(a: Int, b: Int): Int = a + b

suspend fun calculateSum(client: HttpClient, a: Int, b: Int): Int =
client.get("http://example.com/sum?a=%$a&b=%$b") .body ()



Aside: ‘structured’ concurrency

a.k.a. “Go Statement Considered Harmful”

sequential goto

function

loop call

Y b b
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Left: A traditional goto . Right: A domesticated goto , as
seen in C, C#, Golang, etc. The inability to cross function
boundaries means it can still pee on your shoes, but it

probably won't rip your face off.


https://vorpus.org/blog/notes-on-structured-concurrency-or-go-statement-considered-harmful/

Aside: ‘structured’ concurrency

a.k.a. “Go Statement Considered Harmful”



https://vorpus.org/blog/notes-on-structured-concurrency-or-go-statement-considered-harmful/

Coroutines and Continuations:

suspend fun calculateSum(client: HttpClient, a: Int, b: Int): Int =
client.get("http://example.com/sum?a=%$a&b=%$b") .body ()

fun calculateSum(
client: HttpClient, a: Int, b: Int,
cont: Continuation<Int>
): Unit {
client.get(
"http://example.com/sum?a=$a&b=3$b",

Continuation { res -> cont.resume(res.body()) }



CoroutineDispatcher

public abstract class CoroutineDispatcher {

[ **

* Requests execution of a runnable [block].

* The dispatcher guarantees that [block] will eventually execute,
* typically by dispatching it to a thread pool, using a dedicated thread,

* or just executing the block in place.

* This method should guarantee that the given [block] will be eventually -invoked,
* otherwise the system may reach a deadlock state and never leave it.
*/

public abstract fun dispatch(context: CoroutineContext, block: Runnable)



CoroutineDispatcher

class DeterministicDispatcher(private val rand: Random) : CoroutineDispatcher() {

private val jobs = mutableSetOf<Runnable>()

private var running = false

override fun dispatch(context: CoroutineContext, block: Runnable) {
jobs.add(block)

if (lrunning) {
running = true
while (true) {
val job = jobs.randomOrNull(rand) 2: break
jobs.remove(job)
job.run()
}

running = false



Isolating the observable side-effects

Goal:

every time there’s a observable side-effect,
give the Dispatcher chance to re-order.



Isolating the observable side-effects

Goal:

every time there’s a observable side-effect,
give the Dispatcher chance to re-order.

interface Driver : AutoCloseable {
suspend fun executelob(job: Job): TriesAdded
suspend fun appendMessage(triesAdded: TriesAdded): Log.MessageMetadata

e Mock Driver uses yield()’s to ensure suspension
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Yeah, ok - but why’s that a race?

e Two threads trying to increment the ref-count:

o Buffer ref-count - 0, fair game for cleanup.

o T1tries, (correctly) gets the exception - evicts it from our cache.

o T2 tries at that exact moment - still in cache, but no exception (ref-count = 1, thanks T1)
o T2 reads freed memory - gonna have a bad time.

e Check the ref-count first, and then try to increase it?
o That's also a race



Now for a test:

PRepeatableSimulationTest
fun deterministic concurrent fetch of same path-slice (iteration: Int) = runTest T X B x
) e ¢ ) { class DeterministicDispatcher(private val rand: Random) : CoroutineDispatcher() {
MemoryCache(/+ ... */).use [ cache ->

val path = Path,of(*...") . -
private val jobs = mutableSetOf<Runnable>()

rivate var running = false
J/ Launeh multiple concurrent fetches of the sase path-sidce P g

vol deferreds = async(dispatcher) |

(1..%) . map { £ -> override fun dispatch(context: CoroutineContext, block: Runnable) {

async (dispatcher) { jobs.add(block)
cache.gat(path) . .use [ buf >
assortEquals(/+ ... /) if (lrunning) {
yield() running = true
buf.getéyte(0) while (true) {
} val job = jobs.randomOrNull(rand) 2: break
} jobs.remove(job)
J job.run()
}.await() }
running = false
val results = deferreds.awaitalli() }
}

assertfquals{/» all results are the same »/) }
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http://drive.google.com/file/d/1TwfBmhy8QbulbUicqMxIEooLzpz94NRF/view
http://drive.google.com/file/d/1TwfBmhy8QbulbUicqMxIEooLzpz94NRF/view

Run | & SimulationTest.deterministic concurrent fetch of same path-slice » |
GG am|e vdl sawxagl:

v @ Test Results 1sec 164 ms © 9 tests failed, 991 passed 1,000 tests total, 1sec 164 ms

v @ SimulationTest 1sec 164 ms

v @ deterministic conc 1sec 164 ms
S TR PASRN] :

13:53:39.179 [Test worker] WARN xtdb.cache.SimulationTest - Test failed with seed: -1138733114

yorg.opentest4].AssertionFailedError Greats breah : expected: <[1, 1, 1, 1, 1, 1, 1, 1, 11> but was: <[1, -34, 1, 1, 1, 1, 1, 1, -34]>
at xtdb.cache.SimulationTest$§deterministic concurrent fetch of same path-slice$l.invokeSuspend(SimulationTest.kt:171)
at xtdb.cache.SimulationTest$deterministic concurrent fetch of same path-slice$l.invoke(SimulationTest.kt)

® repetition 145 of 1000 & ms
© repetition 411 of 1000 2ms
© repetition 495 of 1000 2 ms
@ repetition 540 of 1000 3 ms
© repetition 839 of 1000 2 ms
© repetition 845 of 1000 2 ms
® repetition 864 of 1000 2 ms
© repetition 984 of 1000 2 ms

Test threw an exception (seed=-1138733114)
java.lang.AssertionError: Creale braakpoint @ Test threw an exception (seed=-1138733114)
at xtdb.SeedExceptionWrapper.handleTestExecutionException(SimulationTestBase.kt:39)

> at java.base/java.util.Optional.ifPresent(0ptional.java:178 r
at java.base/java.util.stream.IntPipeline$1$1.accept(IntPipeline.iava:188)
at java.base/java.util.stream.Streams$RangeIntSpliterator.forEachRemaining(Streams.java:104)

> at java.base/java.util.Spliterator$0fInt.forEachRemaining(Spliterator.java:712)
>Caused by: org.opentest4j,AssertionFailedErcor | Grsalebreakpolit! : expected: <[1, 1, 1, 1, 1, 1, 1, 1, 1]> but was: <[1, -34, 1, 1, 1, 1, 1, 1, -34]>[<6
at xtdb.cache.SimulationTest$deterministic concurrent fetch of same path-slice$l.invokeSuspend(SimulationTest.kt:171)

at xtdb.cache.SimulationTest$deterministic concurrent fetch of same path-slice$l.invoke(SimulationTest.kt)






http://drive.google.com/file/d/1ejLLYoNHnIr0lq-C609Ny2wPNl9GRGpL/view
http://drive.google.com/file/d/1ejLLYoNHnIr0lq-C609Ny2wPNl9GRGpL/view
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= © Test Results 267ms  ©10 testa favled 10 tests 1ol 267 ma
~ O SimulationTest 267 ma
~ @ deterministic concurres ¢ 1412940, 013 [Tust werber fearnutines3l] JEHUE stuop, cache. MesaryCacre - Smitlng 9ot for tast/on / Stize(offsetsd, Lengthead). ..
© repetition 1 of 10 S8 o 14119:38.015 [Test worver fooroutineds?] PEBDE «tod.cochw. MesoryCacte - Seating qot for test/08 / Slice{offset=0, length<id)...
[ 20110 Vime 14:29:10,003 [Tunt worver PhwsoryCache- Futct Patadlice(pathotent /o8, siiceSiiceloffantell, Lougthatd})osd] TAALE £tdU cochn, MumaryCacte - Fatciftng: Fetonad PutndLicelpathetant/o8, slicerSiioe!
14117:19.814 [Test worier @MwsoryCacne Fytchloops2?] TRACE xtdb.cacke. Mymerylache - Fotchieg: Fetoh in progrwes for PatnSlice{pathetest/ed, slicesSlico(offees=0, lengtn=a))) - audisy to 1 mwatter
© rapatition 4 of 10 3 16119118,054 [Test sortar MesnrsCache Futehlocph?7] TRACE 2t cache. MessryCacte - Fetutdng! Feted Ln progress for Pethilicelpeth=test/o8, slien=Slizeletfaatsd, Lengtheal)) < aeding tn 2 msaiter
.wsu 10 fAmn 14119:10.034 [Tant workar @MsccryCache Fatenlsops77] TRACE xtoh.cocts Mesocylache - Fetci@one: Compileting MuthSlios(petnhetest/ad, slizws§lice(offzetsd, langthedé)) for 1 ssaitoc(s)
© repetition 8 of 10 'R 14119010.014 [Yest worker MfescryCacne FetchLeoos7] TRACE xtdn.coces.Memsrylache - Fetct@ons: Loted Putsslice(potostent/od, stice=Flice(otfaet=H, Langtn=d]] into semsry for § swmiter{s)
© repetition 7 of 10 "ms TAL098 114 [Tost worter foorautinetdy] THALE stdu.cache Sisulatioalest - Fetond bud Arvotud(sl, antredd:LSVTT7T20M0Y834, capacity a8 4n comturvent #oton &
© repetition 8 of 10 12 ma 18:19:16.634 [Test worker Scoroutinedsl] TRACE xtdb.coche.SimslationTest - Fetched buf Arrowsut[a], addrese:i30772720807616, coperityiol in coscurrwmt fetce 2
O ropetition 9 of 10 ams 1412900104 [Twat worber fearoutinedss] SERSE Atun cache MesoryCacts = Senidlng oot for tast/of / SUiceloffaets, Lungthess), ..
.mﬂ 10 of WO ma 14:19:18:819 [Teot sorkar fcorcutines’e] JEBUG «tob.coche.MosoryCache - Sénding got for test/66 / Slicel{offset=3, Llength=48)...
100290100, 005 [Tunt warher Peoroutinedsd] TRALE stap cocthe StwslationTvst - Fatciwd buf Arrowlut (o], asdress: LI9T72720007000, capmcity AR b coscurrent fetcn ¥3
TAL17:19.813 [Tost worker MssoryCache Futchteopha?] TRACE xtob.coche.Meserylache - FOXCHRNG: Gtarting nwe Setoh for Patatlicolpatsetest/sll, slices31ize(affaotsd, lamgthess))
14119110023 [Test warver Buoroutinedd) TRACE stit.coche.MesoryCoche « grt: Fust path cuche hit for Petndlice(sets=tent/88, siine=3\iceloffaet=y, Losgta=sd))
4119:92.05 [Tent worser fooroutineadl] TRACE «tav.cochn.SisilationTest - Ferchen Suf ArvowSuf(e], astress:i30772720807614, copacity:48 in coscurrunt fetch #é
12119010, 015 [Yest worker @MesoryCache-Fetch-Patadlice (putn=teat/od, slicesiticeluffuet=H, Length=0d))#38] THALE xtub.coche.Mesarylache - Friching: Friched PathSilos(pethetest/o8, slice=Slice(offng
1AL1998. 015 [Tept sorber MtemaryCuche Fatenloopsy?] TRACE xtan. carte MessryCactn - Fetotdune: Completing PotniLice(nsthotent/s8, sticw-TL1salef4satr@, Lungtneol)) for 1 meaiteris)
13:19:14.035 [Test sorker MesoryCache Fotohleoph?) TRACE xtdd.cocte Mesecylache - Fotchifane: Lonoed PatASiios(pothsteet/88, siise<Elice{offret=8, langtnaid)) into semocy for 1 seaiter(s)
14129090, 035 [Tunt worder fooroutinedSi] THACE stut, cache. StauiationTast - Fotohad But Arcowiet (7], astewss LSVT70720007630, Caputdty:Al in coscurrwnt fetch #
18:19:78.017 [Teot sorver] WASK xtoo.cache. SisitationTest - Test faileq eith weed: -834182178
POy Spmatestd], Anane Lo ol Laakroa s e e mipectes: <[1, 301, 3, 1D nut wees <, 1, 12, S2)o[SECERSL L
st toy, cache. SimtationTestiauterniniatis concemrent fotoh of wame path-alicedl . invokeSesprod (il lationlmat AtA%R)
ot ton. sache, imitatisnTestiontaruinistic concerrent foteh of same path-slicedl, Lnvime(SisstiationTest kt)

Tont Thrwe oo weanitian [sande-NTA3001TH)
$ean Lirg Sagaetiatleras (D e | Tant terew s patuptine [eoede-E3418717%)
»toton, Seesirorpt Lavliripaer et e Teat Dvwcit e acapt SonClteg et dan T esdhme W20 8%)
YN Jeve.nass/fava utiEqutiend) i Presant (Uil tuo 20 I ERSRURE
At jave dase/ Jave, stil streee, IntPiselinedl). mmoept Ut lue i loe tove 20D
AT JAVE e Jhvn VT et BEraesniange DetSnl Lteraton . Farfathiesaln vy (22 eaes. dnxe. d05)
' ot tave. hese/ jana vtIL A0Litargtarddrut forfacaiens tring(iol iteratur dave 7100
Pemmet By: any. ndenterte). heare Uiani Al \IEACoe (aae e« expectat! 1) T, 1 1 1]v et wer o2, 11 1 o) NIRRT
o U sarhe XimAstian TestSanteruinietic sanwerrant foteh of sese pathealiaed ) (ovessSespeniCiianiaticTost 230720
ST cion cache. Sim/tat i Teatidutarninietic soneurrent feton of same path: (130688 Invsha(tinintionTeat ot}




The fix

[ Hk

* Increment the ledger's reference count for associated underlying memory chunk
* by the given amount.

x/
fun retain(increment: Int) {

require(increment > 8) { "retain($increment) argument is not positive" }

while (true) {
val currentRefCount = bufRefCnt.get()
check(currentRefCount > @)
if (bufRefCnt.compareAndSet(currentRefCount, currentRefCount + increment))

return





http://drive.google.com/file/d/13idgWtKV6UVGBjvgA85UH1JtFF2Jm1rk/view
http://drive.google.com/file/d/13idgWtKV6UVGBjvgA85UH1JtFF2Jm1rk/view

Run SimulationTest.deterministic concurrent fetch of same path-slice

2 v = < O

Test Results 1,000 tests passed

SimulgtionTest

v

detarministic concul
< repetition 1 of 1000
repetition 2 of 1000
" repetition 3 of 1000
repetition 4 of 1000
repetition 5 of 1000
rapetition 8 of 1000
< repatition 7 of 1000
< repetition 8 of 1000
repetition 2 of 1000
repatition 10 of 1000
repatition 11 of 1000
+ repetition 12 of 1000
“ repetition 13 of 1000
repetition 14 of 1000
“ rapetition 15 of 1000
repetition 16 of 1000
repetition 17 of 1000
repetition 18 of 1000
< repetition 12 of 1000
repatition 20 of 1000
repetition 21 of 1000
repetition 22 of 1000
+ repetition 23 of 1000
repetition 24 of 1000
repetition 25 of 1000
rapetition 26 of 1000
repetition 27 of 1000
< repetition 28 of 1000
repetition 29 of 1000
“ repetition 30 of 1000
“ repetition 31 of 1000
repetition 32 of 1000
repetition 33 of 1000

r teat kotin

185ma
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Closing thoughts

e FP Best Practices™ are still as true as ever
o Immutability by default
o Separate data and behaviour
o Separate pure from side-effecting code, test them in isolation - simpler tests
e “Communicating sequential processes” [ “actors” have been a boon
o If you're going to have mutable state, definitely don’t have shared mutable state

e .. butifyou do have shared mutable state, then DST



Thank you
Merry Christmas!

@jms (JUXT)
@jhenderson (Grid)
@jarohen (everywhere else)



