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RAILS ZTA ETKATA VOLUME 2 - INTERNALS

MPIN ANOIZOYME TO FRAMEWORK

O TTpwTOog TOMOG BPNKE Ta boundaries.
Twpa Ba doupe TI Ta KpaATA Op0OIa.

To «Rails épa amd to CRUD» Tedeiwoe [e Pia GUYKEKPIPEVT) TKAVOTNTA: va Bplokelg molo boundary
kateyel pa eyyuvnon. Transaction, unique index, job contract, cache key, client protocol 1| release
overlap. Avtog o topog apyilet akpipag ekel. ITaipvel kaBe boundary kat akoAovBel Tnv ekTeAeo WG
TOV UNYAVIGUO.

Aev givan katdAoyog private methods. Ta internals adMadovv. H a&ia toug eivat 0t og pabaivovy va
oxnuatidelg kat va eAéyyeig eéva causal model. TTowo object kpatd state; ITolog kateyel To connection;
ITote yivetan materialize pua transaction; IToia row petakivei éva job anmo scheduled oe ready; Tt
akp1Pwg mapapéver {ovrtavo otav o Rack body kavel stream;

Mwg diaBadeTai

Ta kepahaia dev etvar aveEaptnta tips. Ta 1 €wg 6 xTidovv ToV XApTN ekteAeonc. Ta 7 Ewg 16 avoiyovv
10 Active Record. Ta 17 £wg 26 akoAovBoUv durable work kot acvvénela avapeoa oe ovotnuata. Ta 27
£wg 32 katePaivouvv otov Ruby runtime kat emmotpépovy o€ £va rolling release mov mpémet va
astodeyDel aopaiec.

KaBe ke@aha1o €xel SOURCE TRACE KAl PROBE. To mpato deiyver v akpiPn Stadpoun péoa oty
€xboon avapopdg. To Seltepo petatpenet 1o mental model oe mapatnpnolpo meipapa. Aev yperadetal
va Bupdoa private names. Xpewadetal va Egpeig mmg Ba ta EavaPpeig.

‘Ekdoon avagopdg

H £x8oon 1.0 eAeyxOnke tov Temtepfplo Tov 2026 e Rails 8.1.3.1, Ruby 3.4.7, Solid Queue 1.5.0, Rack
3.2.7 ka1 Puma 8.0.2. Ta source traces kotrtovv avteg Tig ekdooelg. ‘Omov éva mechanism eivan private,
gmonuaivetatl pntd. 'Omov 1 cvpseptpopd avrkel otov adapter, ot database 1) ot VM, Sev
atodidetan oto Rails.

To BIBAio dev Trporteivel va KaAeig internals atrd application code. Mpoteivel va ta dioBaleig étav n public cuptrepipopd
Oev apkei yia va e¢nynael To production.
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O XAPTHZ TOY TOMOY 2
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RAILS ZTA EFKATA O source wg eKTEAEDINOG XAPTNG

KE®AAAIO 1

O source wW¢g EKTEAECINOG XAPTNG

To public API Aéel 11 ptropeic va ¢ntroeig. O source deixVvel
TT010 state aAAGdCel, TTo10¢ KaBapilel JETA KAl TTOU AKPIPWGS
MTTOPEI VA KOTTEI N EKTEAEDN.

Observable ,| Public API Internal state ,|] DB/socket/
behavior contract transition thread / file

>xnua 1.1 - H diadpopr) amd observable behavior ce mechanism kai probe.

O np®TOg TOUOG TeAeiwoe pe pia epmTnon: oo boundary kpatd v eyyvnon; Topa n epotnon
yivetau o avotnpry. ITowo object kpatda to state avtov tov boundary, toia methods to petakivolv kat
7T010 YEYOVOG LITOPEL va tapatnproet eva test;

Avuto Sev onuaivel 06T 1) epappoyn mpernel va kaAel private Rails APIs. To avtiBeto. To public API
mapapévet To integration boundary. Atafadovpe tov source yia va e€nynoovpe behavior, va povpe to
0woTO probe kot va kataAdfovpe Tt pmopet va ala&er oe upgrade. 'Eva private class name eivau
OUVTETAYLEVT OTOV TPEXOVTA XAPTN, OXL contract stov Sikatovtan va kpatnoet To application code.

TéEoOEPIC OTPWOEIG HIOG EPWTNONG

ITape tO0 Reservation.where (status: :held).load async. H observable epmtnon eivarl av 1o query
TPEXEL TAPAANAQ pe AN SovAerd. To public contract fpioketal 0To Relation#load async KAl 0TI
pvOuon tov async query executor. H vhomoinon mepva amd Relationtexec main query,

select all(async: true),&vd FutureResult Kal Tov executor Tov connection pool. To probe Sev
elvatl va eAeyEel To Ovopa FutureResult. Eival va petproet mote amoktatal connection, t0oa queries
Bpiokovtal Tavtdypova oe mTHon Kat av To latency Ovtwg emkaAdITeETalL.

2TpWon EpwTnon 2700epOTNTA
Behavior Ti BAétrer o caller; uwnAn
Public API Ti utméoyxetal T0 Rails; versioned
Mechanism Mola objects 10 uhoTTOIOUV TWPA;  XaPNAGTEPN
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RAILS ZTA EFKATA O source wg eKTEAEDINOG XAPTNG

>Tpwan EpwTtnon >100€pOTNTA
Probe Mola pérpnon diaweudel To OIKN pag
MOVTEAO;

Av Eexvnioeig amo To private constant, kivdvvevelg va meptypayelg trivia. Av Eexivrioeig amo observable
behavior, o source astokta katevOvvon. Payvelg yia v mpotn public method, akoAovBeig povo calls
7ov aAAadovv relevant state kal otapatag otav Tacelg oe resource boundary: socket, database call,
queue row, mutex, thread, fiber 1) filesystem operation.

H TexVvIKA TOUu HIKpOU trace

"Eva ka0 trace ywpd ouvnBwg o€ mévte émg okt® Pripata. Ipagpet receiver, method, state transition
kat cleanup. Ia £va request, yia mapaderypa:

OUTPUT

ActionDispatch: :Executorfcall
-> executor.run!
-> app.call (env)
-> Rack response body
-> body.each
-> body.close
-> execution.complete!

To TeAevTaio Pripa elval OUYVA 110 ONUAVTIKO asto To TP To. Av ¥abel to cleanup, pévouvv checked out
connections, execution-local state 1) tpoowpiveg caches. I' avtd kaBe trace avtov Tov PiAiov €xel Svo
katevBuvoelg: mag ptaivel n SovAeld kat tmg Pyaivel, akoun otav onkwOel exception 1) kAeioet
pOWPA &va stream.

Mnv epmmoteteoan povo to filename. 1o Rails éva behavior ouyva oynuatidetat asmd modules,
callbacks ka1 adapter overrides. Xpnoiomnoinoe source location ywa ™ method mov oviwg €xel 1o
runtime object kau peta Seg Toug ancestors.

RUBY

relation = Reservation.where(status: :held)

owner = relation.method(:load_async).owner
file, line = relation.method(:load async) .source location

puts owner

puts "#{file}:#{1line}"
puts relation.class.ancestors.first (8)

H method (:x) . owner amavta soto module képdioe ) lookup. To source location amavtd stov
opiotke 1 Ruby method. Aev BA&ner C methods xat Sev amodeikvvet ;oo branch Ba tpé€et. Eivann
apyr tov trace, 01 T0 TEAOG TOV.

Contract test, characterization test, source note

Kpata tpia Stagpopetika artifacts. 'Eva contract test eAéyyel ™ ovpmepipopd mov xpeltddetar n
gpapuoyt kau tpemel va emPinoet ano refactor. 'Eva characterization test kataypaget SUOKOAN
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RAILS ZTA EFKATA O source wg eKTEAEDINOG XAPTNG

TpEYOVoa ovumeplpopa mptv amod upgrade. 'Eva source note kpatd paths kat line ranges yia va
Eavafpeig ypnyopa tov unxaviopo. Mnv kdaveig assert private class names péoa 0to kavoviko test
suite, ekTOg av £xelg emAELel ovveldntd va ovvnpeig framework extension.

SOURCE TRACE

H éxdoon avagopdg Bpioketal oto tag v8.1.3.1. =ekiva atrd Tnv public method, xpnoipotroinoe 1o
runtime source location Kal emMBeRaiwoe To ammoTéAeopa oT0 avTioTolxo tagged apyeio. MNa o
TTapAdelyua, n €icodog €ival 10 activerecord/lib/active record/relation.rb Kaln async
eKTEAEON OUVEXiCel OTA future result.rb KOl connection adapters/abstract/

database statements.rb.

MATIAA

To 6T €va internal object uttdpyel o€ Tpeig Rails ekddoeig dev To peTaTpémel o€ public contract. Av
TIPETTEl VO TO AYYiEIg, aTTopOvVWOoE Tov adapter, éAeyée respond_to? ] method parameters kai BaAe éva
upgrade characterization test.

MHXANIZMOZ

To source reading eival causal debugging. Zekiva atré behavior, akoAoubei state kai resource ownership
Kal TEAEIVEl o€ probe TTou PTropei va KAavel To JovTéAO AGBoG.

PROBE

Avoige bin/rails console, 8IGAe€e pia Rails method TTou xpnaoipotrolgig kaBnuepivd Kal TUTTWOE
owner, source location Kal TOUG TIPWTOUG ancestors Tou receiver. 'paye trace péxpl 1o Tpwro /O
boundary. Znueiwoe emiong moia method kdvel 1o cleanup. Av dev Tn BpPeIg, To trace dev Xl TEAEIWOEL.
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RAILS ZTA ETKATA To initializer DAG

KE®AAAIO 2

To initializer DAG

To boot dev €ival pia pakpid Aiota callbacks. Eival ypagog
eCaptNoewy TToU To Rails Tagivouei, dével TTAvw oTnv
EQPAPMOYN Kal EKTEAET Hia Qopa.

[ initialize_logger ]4{ initialize_event_reporter ]4{ seatly.instrumentation ]4’[ build_middlI e_stack } { finisher_hook

| TSort 1
1 valid topological order |

2xAua 2.1 - Ta before kai after constraints petarpémovral o ToTmoAoyIkA O€Ipd.

'Otav ypagelg initializer "seatly.metrics"™, after: :initialize_logger,SSVCangaﬂhégLua
B¢on oe array. Anhwveig axun oe directed graph. To Rails cuykevtpavel initializers aso railties,
engines xat application ancestors, pHetatpénel before KAl after o dependencies Kat XproOUOITOLEL TO
Tsort Tng Ruby yia topological sort. Auto e€nyet yiati n oelpd mtapauével otabepr| 0tav mpootedel Eva
AoXETOo engine, aAAA ertiong ylati Evag KUk og Sev pmopel va «Avbei» pe load order.

A1ré dnAwon o K6upo

ToRails::Initializable::Initializer KPATA name, before, after, group, context ka1 block. H
OnAwon oe class level Snuovpyeitar apyikd xwpig bound context. Kata to boot, to

initializers for (self) avtiypagpel  chain kot §éver kaBe initializer oto cuykekpiuévo application
instance. 'Etot 1o block ekteAeitan pe instance exec kau PA&mel T0 0wOTO config.

H collection#<< xtier §Uo maps. To Gorder KPATA IO OVOLATA TIPETEL VA TTPONYNOovv evdg aAlov.
To eresolve AVTIOTOLKI(El name o€ mpayuaTikovg initializer objects. To tsort each child
XPNOUOITOLEL ALTA T maps yia va Swoel otov TSort Tig akuég. H default ovpmepipopd, otav dev
Sivetan constraint, etvat va tomoBetnBel o veog initializer petd amd tov teAevtaio yvwoto. Etvan
BoAko, aAAd Sev givan kaAoO contract yia extension sov e€aptatar and cvykekpuévo framework state.

RUBY

module Seatly
class Engine < ::Rails::Engine
initializer "seatly.instrumentation",
after: :initialize event reporter do
ActiveSupport::Notifications.subscribe ("seatly.reserve") do |event]|
Rails.logger.info(duration ms: event.duration)
end
end
end
end
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RAILS ZTA ETKATA To initializer DAG

To constraint mpémel va ekppadet v tpaypatikn tpovmtobeon. Av o subscriber ypeialetal logger kau
event reporter, S10\e€e 10 apyodtepo relevant boundary. Mnyv ypnotuosmoteig £va initializer name sov
TA®G ETUYE va Bpioketal kovtd ot onuepivi oelpd. Ta names eivat ;o otabepa amo line positions,
oxt amapaitnta public API yia stavta.

Bootstrap, railties, finisher

H application initializer chain mepilapfavet tpeig vontikeg paoerg. To
Rails::Application::Bootstrap OTNVEL TPOIUA OTOIXEIQ OTwG logger, error reporter, event reporter,
cache ka1 tov once autoloader. Avaueca Bpioketal 1 akvoida twv railties kat engines. To
Rails::Application::Finisher OTNVvel Tov main autoloader, middleware, prepare callbacks, eager
loading, executor hooks, routes reloaders kot 10 teAikd after initialize hook.

O1 paoerg Sev eivan Eeymprota scheduler passes. Zuvvelopepovy initializers otnv i61a chain kat Ta
constraints opifouv v tehikn oepd. To group emTpemnel SiapopeTikd subset, OGS :all, AAAA TO
ovvnOwopévo boot Tpéyel Vv :default opdda. H run_initializers @UAQ &va @ran, Apa To id10
application instance Sev emtavaiaufavet m Sadikaoia.

Avtn n one-shot 1510t Ta aAAddet 1o design. Kodikag mov mpenel va avavewvetan oto development Sev
avrkel anAwg oe initializer. Xpewaletal to prepare 1) autoload hook pe idempotent behavior.
Awa@opetikd o initializer kpata class object mov Oa amoouvdebei petd ano reload.

Na BAEtTeIg TOV YPA®O

To Rails Sev Sivel étowpo production graph visualization, aAAd 1) chain eivat inspectable. Mmtopeig va
TUNIMOEIC Names KAl constraints ywpig va ekteAéoerg devtepo boot.

RUBY

rows = Rails.application.initializers.map do |item|
[item.name, item.before, item.after, item.context class.name]
end

rows.each { |row| puts row.compact.join("™ | ") }

Av 80 gems ovykpovovTal, WPAEE TOV UIKPO LITOYPAPO YUP® atod Ta relevant names. Mnv
npoontadnoelg va eEnyroelg ekatovtadeg kOpPovg. Bpeg To state mov Aeisel, olog initializer to
TTAPAYEL KAl 7T010¢ TO KaTavaAmvel. 'Evag kukAog onuaivel 0Tt o1 SnAwpeveg mpobmobeoeig eivan
aovupateg. H Avon elvan va aA\d€erg to boundary 1 va ywpioeig évav initializer, ox1 va eAmtidelg oe
AMA o€1pa require.

Names, groups Kal KPpUQPEG OKMES

To before KA1 TO after WIOPOLV VA AVAPEPOVTAL O NAME JTOV SEV VITAPYEL 0TI GUYKEKPIUEVT
epapuoyr). Avto Sev eivar amtapaitnta opaipa. Emtpénet oe railtie va SnAwmvel ovufatod ordering
¥xwpig hard dependency gto dMo component. Znuaivel opwg ot to effective graph aAader otav
nipootelel 1 apaipebei gem. Kpata snapshot twv initializer names oe framework upgrades kot
OUYKPIVE TIG AKUES YUP® autd Ta S1kad oov extension points.

Ta initializer groups eival Sevtepog d&ovag. 'Eva initializer pmmopel va avnkel oto default run ala va
Aetstel astd aAAo group stov Xpnotpostotel task 1 custom runner. Av command SovAeel otov web boot
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RAILS ZTA ETKATA To initializer DAG

Kal aurotuyyavel oe maintenance task, unv kortag povo t oeipa. 'EAeyEe av exteAeatnke o koppocg. To
owoto diagnostic artifact tepiéyel name, context class, group kat resolved predecessors. 'Etot pia
Tuyaia boot Stagpopd yivetan pikpo, erey&po graph diff.

SOURCE TRACE

O pnxaviopog BpiokeTal 0TO railties/lib/rails/initializable.rb. OI apXIKEG KAl TEAIKEG QAOEIG
BpiokovTal 0T application/bootstrap.rb Kal application/finisher.rb. AkoAoUBNoE
initializer -> Collection#<< -> tsort each -> Initializer#run.

MATIAA

Mn Badeig application records 1 reloadable classes ok initializer state. 1o development ptropei va
Kpathoeig stale class object. 210 production ptropei va avoigeig connection TTpiv oAokAnpwOei cwoTd 10
pool configuration.

MHXANIZMOZ

‘Evag initializer eival kOuBog pe prerequisites kai one-shot lifecycle. H cwoTA epwtnon d¢gv gival «mou va
ToV BAAW;» aAAd «TTOI0 State aTrauTel Kal TTOI0G TO £x€1 AON TTAPAYEL;».

PROBE

ToTrwoe Toug initializers TTou £xouv autoload, middleware, active record I To évopa evog engine
oou. Katéypaye before Kal after. EAgyge av o dikdG oou initializer dnAwvel TpayuaTikh €€dpTNON A
BaoiCeTal oTnVv TUXaia TTponyouuevn B¢on Tou. Tpée To idI0 probe TTpIv Kal HETA aTTd framework
upgrade.
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RAILS ZTA ETKATA Executor, Reloader kal Interlock

KE®AAAIO 3

Executor, Reloader ka1 Interlock

To execution context dev givail thread local atmé cuvriBeia.
Eivai lifecycle ue €icodo, cleanup kal cuvtoviouo Pe code
reload.

Framework entry point

v

Executor.run!
to_run callbacks

v

Application work
execution-local state

i ¥ i
complete!
to_complete callbacks
i y i
Reloader
check + class unload
— +_ ~ ~ ~ _.J
! |

| Interlock

I wait for safe point

>xnua 3.1 - O Executor TuAiyer application work kai o Reloader cuvtoviCel To unload.

To Rails kaAei application code amd moAa entry points: HTTP requests, jobs, Cable message handlers
ka1 command runners. e ka0e entry spemnel va evepyostomoel Tpoowpvo state kat va to kabapioet. O
ActiveSupport: :ExecutionWrapper 6ivel auTO TO YeVIKO TpwtokoAlo. H subclass mov ekBeétel n)
£PAPLOYT) w¢ executor €xel to run KAl to complete callbacks. Ot callbacks evepyomolotv peta&l
aMwv query cache lifetimes, connection cleanup kot ao@air| 6¢on amévavt oto reload.

H ouppeTpia run kai complete

To run! Snuovpyel instance, To0 atoONkevel 0T0 IsolatedExecutionState KAl TPEXEL TN : run callback
chain. To complete! Tpéyxel Tn Sevtepn chain kot Siaypaget to active key o€ ensure. H wrap Badet
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RAILS ZTA ETKATA Executor, Reloader kal Interlock

autd Ta SVo yUpw ano block, avagepel unhandled exception péow error reporter kat Lavaonkmvel To
exception.

H wrapper eivau re-entrant. Av eivan 61 active oto tp€yov execution context, 1 wrap kavel yield ywpig
Sevtepn callback pair. Autd amotpémnet Sutho cleanup otav framework component kaAeéoel AA o
wrapped component. Aev onuaivel 0Tt eva karvoupio thread kAnpovopet to context. To véo thread
xperadetar S1kd Tov wrap.

RUBY

class SeatlyPoller
def start
Thread.new do
loop do
Rails.application.executor.wrap do
Reservation.expired.limit (100) .find each(&:release!)
end
sleep 1
end
end
end
end

O kawdikag avtog Seiyver 1o lifecycle, 0x1 0T pémel va avtikataotnoelg éva job backend pe
xelporointo poller. To kpiowo onpueio etvat 0TL kAOe iteration, 01 0AOKANpo To Astelpo loop, amoktd
ka1 oAokAnpavel execution context. AMimg €éva connection 1) cache ptopel va et 6co 1) Siepyaoia.

NarTi uttdpyxel Reloader

O Reloader eivau specialized ExecutionWrapper ywa top-level loops mov Eavaumaivouv oe application
code. EAgyyet av ala&av watched files, mtepipuevel aopaiég onpuelo, ektelel class unload kat tpéyet
to prepare. 1o production, 6sov reloading ivan disabled, Aertovpyel ovolaoTiKG WG TEPATUA TPOG
tov Executor. Xto development o guyypoviopog eivat ovolaotikog: 1 0tafepd User TPV KA HETA TO
reload pmopet va Seiyvel Siapopetiko class object.

To Interlock kpatd modes yia threads ;ov tpéxovv application code, kavovv load 1} kavovv unload.
'Eva reload mpémel va mepipévetl va giyouy ot active executions. I' autd child thread Sev mpémer va
kaiéoel Reloader evo o parent mapapével peoa oe Executor kat sepipévet 1o child. O child ¢nta
unload, to unload ;epuével tov parent kat o parent sepipevet to child. Avtog eivat Tpaypatikog
deadlock.

Ta mpoowpivny TapAAAnAn epyaocia péoa oe wrapped code, ) emionun escape hatch eivan

permit concurrent loads yUpw amd to blocking join. H xprion tov SnAwvel 6Tt to block Sev Ba
autoload application constants. Av avtr) n SAwon eivar AdBog, apaipeig v mpootacia akpifmg otav
T xpeladeoat.

RUBY

thread = Thread.new do
Rails.application.executor.wrap { ExternalProbe.call }
end

ActiveSupport: :Dependencies.interlock.permit concurrent loads do

thread.join
end
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RAILS ZTA ETKATA Executor, Reloader kal Interlock

IsolatedExecutionState dev onuaivel process global

To execution state pmopel va astopovavetatl ava thread 1) ava fiber, avahoya pe t pvOuon. Exel
artoOnkevovtal context stacks 0mwg current database role kot evepyog execution wrapper. H owotn
vontikn eikova Sev eivar «éva hash oav global». Eivau state stov avrjkel otnv tpéxovoa povada
£KTEAEOTG KA TTPETEL va Snuiovpyeital kat va kabapiletan ota framework entry points.

Av ma fifAodnkn kalei callbacks g epappoyng amo 61ko g thread pool, exeivn yivetan entry point
kot avahappaver to wrap. Av amAwg ektedel pure Ruby 1) I/0 xwpig application constants kat Active
Record, iowg Sev yperadetal. H andpaon Paocidetan oto moiog kaAel application code, 0x1 oto 6vopa
tov thread.

SOURCE TRACE

AkoAoUBNOE ExecutionWrapper.run!, wrap KOl complete!, HETA TOV ActiveSupport: :Reloader
KQI TO Dependencies: : Interlock. To €mionuo contract kai To child-thread deadlock TTepiypdgovTal
OTO Threading and Code Execution.

MATIAA

Mnv avTiypdageig execution-local state xeipokivnta o€ thread 1 fiber. Mépace Ta domain values pntd kai
daonoe 10 entry point va dnuioupyrosl cwoTo Rails context. H TUQAR avTiypagr UTTopEi va JETAQEPEI
A&Bog tenant, role fj connection ownership.

MHXANIZMOZ

O Executor opiCel moTe application state eivai evepyd. O Reloader opiel TOTE PTTOPEI VO AVTIKATAOTOBOEN
application code. To Interlock euTTodilel auTEG TIG BUO aARBEIEG VO GUYKPOUCTOUV.

PROBE

Mpdwe éva pikpd development probe tmou Tpéxel application query o€ véo thread pe kai xwpig
executor.wrap. METPNOE TO ActiveRecord: :Base.connection pool.stat TIPIV KOl META. MeTd
GAAage éva model file katd TNV ekTéAean. Mn BacioTeig poévo ato av «doUAewey. Katéypawe cleanup kal
reload behavior.
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RAILS ZTA ETKATA To lifecycle Tou Rack body

KE®AAAIO 4

To lifecycle Tou Rack body

H emoTtpoor Tou TpITTAéTOU Rack dev onuaivel o011 TeAgiwoe 1O
request. lNa streaming response, n TTPAYUATIKI £000C
BPIOKETAI OTO body. close.

middleware.call(env)

v

executor.run!

v

status + headers + body

i : i
body.each
chunks
: : :
body.close
complete!
— \

>xnua 4.1 - To middleware eTuAiyeTal, aAAG To cleanup ptropei va epipével 7o body close.

To Rack endpoint emotpéper status, headers kot body. To body eivau iterable object stov mapdyet
chunks ka1 prtopel va €xel close. Ze amAn amokpion ta chunks Ppiokovtan 118n o€ array. Ze streaming
n file response n katavaAwon cvveyiletal aPov T0 call €XEL EMOTPEWEL. AVTO avaykadel middleware
mov kpartd lifecycle state va petagépet 1o cleanup navo oto body.

To ActionDispatch: :Executor#call elvan kaBapo mapaderypa. KaAel executor. run!, ekteAel to
£0WTEPIKO app kat Sivel To result 010 Rack: :BodyProxy, e callback smov kaAel state.complete!. Av
To inner app onkwoel exception mpv dmoet response, to middleware oAokAnpavel to state aueowg. Av
emotpéwel body, N 0AokAT pwot avafaietatl peypt va kAeioet To proxy. Autd Statnpel to Rails
execution context evepyd 600 1) epappoyn mapayet chunks.
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Headers committed, body sending, body sent

To ActionDispatch: :Response €Yel EeXmPLOTEC KATAOTAOEIC. TO commit ! oproTikorotel headers kau
Eunva threads mov mepluévouy 1o commit. To each kahel sending!, S1ATPEYEL TO Stream kal petd
sent!. Avtd Sev eivar cuvovoua. Meta to commit Sev pmopeig va adAdelg afiomora status 1 headers,
M o body ptopetl akon va TapdyeTtatl yia ToAAN opa.

Ye ActionController: :Live, QAo thread pmopel va ypaget oto response stream. To Tp®To write
kavel commit. A7to exel kau Epa eva exception Sev pmopel va petatpasel oe kabapo JSON 500,
ene1dn) bytes kat headers €yovv n6n @Uyet. To failure contract yivetan Siaxkomnn stream, trailer 6stov
vmootnpidetan ) application-level frame stov o client katahafaiver.

RUBY

class ExportsController < ApplicationController
include ActionController::Live

def show
response.headers|["Content-Type"] = "text/csv"
response.stream.write ("reservation id, status\n")
Reservation.find each do |reservation]|

response.stream.write ("#{reservation.id}, #{reservation.status}\n")

end

ensure
response.stream.close

end

end

To ensure elval pépog tov correctness, oyt style. O server 1 middleware Oa stpoomtadrioel va kAeioet
bodies, aA\ad o producer katEyel S1kovg Tov TOpoLG kAt TTpemel va Exet explicit cleanup. Av o client
artoovvdebel, To write ptopel va onkawoel I/0 error. To ensure TPEMEL AkOUT va TpEEEL.

Middleware kai body proxies

'Eva ovvnBiopévo custom middleware petpa povo ) Sidpketa tov app. call. Ia streaming endpoint
auTo petpd time to headers, 0x1 ouvoAikn Siapkela 1) bytes. Av ypetdleoar end-to-end timing, TOAEE o
body kat ohoxkAnpwaoe ) PHETPNON 010 close. Av yperdleoa time to first byte ko stream duration,
kpata Vo metrics.

RUBY

class BodyTiming
def initialize (app)
@app = app
end

def call (env)
started = Process.clock gettime (Process::CLOCK MONOTONIC)
status, headers, body = @app.call (env)
callback = proc { record(started, env) }
[status, headers, Rack::BodyProxy.new (body, &callback)]
rescue Exception
record (started, env)
raise
end

private
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def record(started, env)
elapsed = Process.clock gettime (Process::CLOCK MONOTONIC) - started
Rails.event.notify("seatly.response.closed", duration: elapsed,
path: env["PATH INFO"])
end
end

To callback mpémet va eivan idempotent 1} va facidetar otnv €yyvnor tov proxy 0Tt ekteAeital pia
popa. IIpooeke kar TV 1810kTNoia Tov apykoL body: to proxy mpémel va mpowbel close, OX1 va o
KATOITiveL.

To Kpu@oO capacity K60TOG

"Eva apyo stream pmopel va kpata execution context, controller objects kat iowg database connection
av n mapaywyn kavel lazy queries. To ot emmotpagnkav headers Sev ehevbepavel worker capacity.
AmooUvieoe database work asmto apyo network writing: @optwoe oe bounded batches, punv kpatag
transaction kot unv vmoBetelg 0Tt find_each onuaivel undevikr) xpron connection.

Disconnect, hijack kai cancellation

'Eva client disconnect Sev @tavel mavta wg kabapo exception oto onpeio 0ov mapayelg chunks.
Mrtopei va eppaviotel 0to entouevo write, oto server adapter 1) povo otav kAeioet 1o body. I' avto n
cancellation ;pémer va etvar cooperative: ke bounded Prjpa eAéyyet av propel va ouvexioel Kat To
ensure AEAEVOEP®VEL O,T1 AmEKTNOE. Aev faciletal oe Eva oLYKekpIUEVO exception class.

To Rack hijack mapadider yaunAotepov emumeSov I/0 otnv epapuoyn kat aladel akoun replocoTeEPO
NV 1810k oia. Ao ekel ka epa o ovvnOiopévo response body contract Sev meptypapet 0Ao to
lifetime. Middleware mov petpd duration 1 kpatd resource uEXPl BodyProxy#close yperadetal
Eexwproth amtogaon yia hijacked responses. ITpwv vitootn pifeig tétolo path, ypawe mivaka pe owner
yia socket, execution wrapper, database lease kat cleanup callback. Av éva kehi Sev €xel povadiko
owner, £xeig leak stov asmmhwg Sev €xel ovpPel akoun.

Response protocol mrpiv kal JeTd To commit

Early Hints, file sending ka1 server-specific acceleration 8etyvovv ylati to Rack tuple eivan uovo to
kowo eminedo. 'Eva middleware pmopei va tpooBéoet hint tpv amd to teAiko response, v AAO
umopel va avtikataotoet Ruby iteration pe web-server file transfer. H epappoyn mpémet va petpd
observable lifecycle, oyt va cupmepaivel 6Tt 0Aa ta bytes mE€paocav asmo 1o 1610 each.

Xop1oe to response o€ tpelg (oveg. Ipv amd header commit prtopeig akoun va aAAagelg status kat va
emMOTPEWPELS Kavoviko error document. Metd to commit aAAd tpv amtod To TeAevtaio byte pmopeig povo
VA 0AOKAT pOOELG T) VA KOWELS To vapyov protocol. Metd to close pmopeig va kavelg cleanup ko
observation, 0yt va S1opBmaoeig output. Autdg o Staywpiopog fonba kat oe non-streaming endpoints,
ene1dn middleware compression 1| proxy buffering pmopei va petaBéoet to onpeio mov o client fAemer

bytes.

IMa kaBe streaming route kateypaye first-byte latency, stream duration, bytes, termination reason kat
body-close latency wg Stagpopetikad nedia. 'Eva eviaio request duration kpUfel av to mpofAnua frav
controller work, apyog consumer 1| cleanup ov PITAOKAPE LETA TNV ATTOCTOAT).

EKAOZH 1.0 - ZEMTEMBPIOX 2026 15



RAILS ZTA ETKATA To lifecycle Tou Rack body

SOURCE TRACE

H €icodog BpiokeTal 070 ActionDispatch: :Executor#call. To state machine Tng amoékpiong
BpiokeTal 0TO ActionDispatch: :Response. To close callback uloTtroigital ammd 10 Rack: : BodyProxy.

MATIAA

MeTtd To TTpWwTo committed byte dev €xeig Ta To cuvnBiouévo controller error contract. Zxediaoe errors,
cancellation ka1 partial output wg streaming protocol. ‘Eva rescue from 8V PTTOPEi va TTAPEI TTIOW
bytes amd 10 socket.

MHXANIZMOZ

To request lifetime yia Rack teAeiwvel 6tav kAgioel To body. O1ro106 TUAiyel resource yUpw aTTé call
TIPETTEI VO ATTOPOCIOEI AV TO resource avrkel wg Ta headers i wg 10 TeAguTaio chunk.

PROBE

®d1iage endpoint Tou oTéAvel Tpia chunks pe pikp kaBuoTépnon. BaAe timestamps tpiv kai petd 10
app.call, OTO TIPWTO each KAl OTO close. Kave request Tou oAokAnpwveTal Kal request 1mou o client
KOBel vwpig. EmReRaiwoe Tola callbacks Tpéxouv Kal av To connection pool eTTIoTpEPEl GTO apyIkd busy
count.
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RAILS ZTA EFKATA H aAucida Tou controller

KE®AAAIO 5

H aAucida Tou controller

TO appricationcontrorier MOIACEI E MiQ Class. 2TNV TTPALN €ival
ouvBeon modules TTou petaTtpérrouv €va Rack endpoint o€
callback, rendering kai error pipeline.

Rack lambda
.action(name)

i ! 1
Metal#dispatch

, : i

AbstractController
#process

v

callbacks -> instrumentation
-> rescue -> rendering

v

Response#to_a

| Each module must call super |

2xNua 5.1 - To ActionController::Metal atroktd cuutrepipopd atéd ordered modules.

>t BAon VITAPYEL TO ActionController: :Metal. H class method action (name) emotpepel Rack
lambda. H lambda ¢@Tiayvel ActionDispatch: :Request, ONUIOVPYEL response, KAVEL new.dispatch
KOl TEAIKA EMOTPEPEL response.to a. HActionController: :Base mpooBetel modules yia strong
parameters, rendering, redirects, callbacks, rescue, instrumentation, cookies, forgery protection kat
aMa. H oepa inclusion eivat oupstepipopd, eneldn alader tn method lookup chain kat ta wrappers
YUpw amtd process_action.

H otevil péon: process_action

To AbstractController: :Base#process BpiOKSl To action method kot T[SpV('l 010 process action.
Awa@opetikad modules kavouv override e super. To callbacks module Tpéyel v process action
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callback chain. To instrumentation module exméunel start processing.action controller kKAl
TUALYEL TNV €KTEAEON L€ process action.action controller. To rescue module mavet exceptions,
nta anod 1o request va epgavioel detailed exceptions 6ov emTpéneTan kat Ta mapadidel oto
rescue with handler 1) Td EAVAOTK®OVEL

Aev vnapyet évag kpuog central dispatcher ;ov yvwpidel 0Aa avtd. Ymapyet cooperative module
chain. Autod e&nyei Vo classes mpofAnuatwv. 'Eva override mtov Eexva super kofet ta modules amno
KATtw. 'Eva prepend aAAAdel ) oe1pd OA®V TV wrappers Kol Uopel va HeETaKIVoel instrumentation 1)
rescue boundary.

RUBY

module SeatlyActionTag
def process action (action name)
Rails.eveﬁt.with_contexf(seatly_action: action name) { super }
end
end

ApplicationController.prepend (SeatlyActionTag)

AxoOun kat auto To pikpo extension amartel contract. @¢Aovpe va tuAiyet callbacks kan render; @&lovue
context ka1 6Tav To action name eival Ayvwoto; Tt cupPaivel av 10 super onkawoel exception; To block
API kavet cleanup, aAAd i B¢on oty ancestor chain amogaocilel tola events 6a to Sovv.

performed OEV OTAMOATA TN Ruby

To Metal Bewpei response performed dtav VTAPYEL response body 1) OTAV TO response £xel
committed. Avto emtpémnet o€ callbacks va otapatioovv v action chain 6tav ékavav render 1
redirect. Aev kavet non-local return asto ™ Skt cov method. Av kKaA&og€1g render KAl CUVEXIOELG O
emkivéuvo write, N Ruby Ba 1o exteAéoel. H mpootacia anmo double render epgpavidetat otav
emyelpeitan Sevtepo render, Ox1 AUECMS LETA TO TTPWTO.

H response_body= petatpémnet string oe array kot tonobetei to body oto response. H set response!
KAeivel to a0 body av avtikabiotatal kat avto vootnpidel resource cleanup. H dispatch ouvdeet
request ka1 response, KaAel process, kavel commit to flash kot petatpénel v anmokpion oe Rack
tuple.

Callbacks w¢ compiled chain

Tabefore action,around actionKdlafter action Xpnolposmolovv Active Support callbacks pe
conditions. H chain ouvtaooetat kat cache-apetar wote to hot path va unv Eavaytidet 6An ) Sourn oe
kaBe request. 'Otav aA\adeig callbacks Suvauikda petd to boot, akvpwvelg avtr) ) otabepotnTa Kat
Onuovpyeig shared mutable class state. Xe threaded server avtd eivan kakr| 18€a akoun av «SovAever»
oto development.

To around callback mpémet va kavet yield akpifog pia popd ektog av to contract Aéel cuveldntd ot
umopet va short-circuit. Av 8ev kavet yield, to action kot ta inner callbacks 6ev tpgxovv. Av kaver yield
V0 popég, ekteleic use case dvo popeg. H SUvaun tov eivar control flow, oyt amtho decoration.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 18



RAILS ZTA EFKATA H aAucida Tou controller

RUBY

class ApplicationController < ActionController::Base
around action :with seatly context

private

def with seatly context
Rails.event.with context (request id: request.request id) do
yield - - -
end
end
end

Agg Tnv TpayuaTikni class oou

H akp1png chain e€aptatat amd 1o av xpnoluonoleic ActionController: : Base,
ActionController: :APT kat astd modules g e@appoyng n gems. To source tov Rails Sivel default
composition, ala 1 runtime class eivat n ainBeia. TOwoe ancestors kat

method (:process_action) .super method emavaAnmmikd. Avto Seiyvel mowa implementation Oa
TIAPEL TOV EAEYXO KA1 OE TTOA OEIPAL.

SOURCE TRACE

=¢eKiva atmo action controller/metal.rb Kal Tn Aiota modules 070 action controller/
base.rb. AKOAOUONOE PETA process KOl process _action OTA abstract controller/base,
callbacks, instrumentation Kal rescue modules. H o€1pd Twv include gival pépog Tou trace.

MATIAA

‘Eva monkey patch 010 process_action €ival framework integration. ‘Exel peyaAutepo blast radius
atrd €va concern o€ évav controller. Av gival avaykaio, KpdTta 1o HIKPO, €Aeyée method parameters kai
BaAe request tests yia success, handled error, unhandled error kai committed response.

MHXANIZMOZ

O controller pipeline givalr ancestor chain TTou cuvepydaletal pEOw super. Na va EEPEIG TO TTPAYHATIKO
boundary evég callback i exception, akoAouBnaoe Tn lookup order Tng class TTou TPEXEL.

PROBE

2Tnv console TMépe ApplicationController.instance method (:process_action) Kal
akoAoUBnaoe TTEVTE POPEG TO super method. TUTTWOE owner kal source location. MeTd kave request TTou
Kavel render, redirect kai raise. ZuoxéTioe Ta logs pe Tn chain mou BpAkeg.
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RAILS ZTA EFKATA Lookup, compilation kai cache Twv views

KE®AAAIO 6

Lookup, compilation ka1 cache Twv
views

4

EVA renaer OEV avOiyel aTTAWG Eva ERB apxeio. ETTIAUEI
dimensions, cache keys, compiled methods, dependencies kai
output buffers.

prefix + locale + format
variant + handler

( + R
LookupContext
DetailsKey
, : i

PathSet + Resolver
Template

v

handler -> Ruby method
compiled cache

v

locals + output buffer
rendered fragment

I template digest + I
I record version I

>xnua 6.1 - To view pipeline atré details kai resolver wg compiled template.

To Action View 7p€mel va amavtnoel ToAl meploootepa ano «molo filename;». Xpeialetan prefixes,
locale, format, variant, handler kxat locals. To ActionView: : LookupContext Kpatd view paths kat
details ya 1o request. To DetailsKey petatpenel Tig dimensions oe canonical key wote ot resolvers va
xpnowormolovy cache ywpig va EavavmoAoyilovv to 1610 request shape.

Avto enyel yiati éva aBwo formats= 1 variant pmopei va aAha&et cache path. Ta registered details
oty £kdoon avagopag etvat locale, formats, variants kat handlers. Ta prefixes spokvmtovv amo
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controller path 1) explicit template path. O resolver payvel candidates ka1 emotpepel
ActionView: : Template, OX1 161 mapayouevo HTML.

A1ré Template o Ruby method

To template €yet source, identifier, handler, format ka1 metadata. Ztnv stpwtn ektéleon, o handler
petatpémnel to source o€ Ruby code. To Action View opiletl compiled method o€ generated module 1
view context class kat petd v kalel pe locals kat output buffer. H compilation cache agaipet parsing
ka1 method definition and ta eopeva renders. Xe development, reload kat resolver cache invalidation
npémel va amopakpuvouy methods stov avtiototyolv oe taAld source.

H Aemtopepera avtn adadet to debugging. Av éva template exception Seiyvel generated method name,
Oev onuaivel 0t xabnke to apyko location. To template kpatd identifier ko line mapping. Av éva
monkey patch aAAd&et handler output, o effect pmmopet va unv gavet peyxpt va kabapiotei n compiled
cache.

Locals gival uépog Tou compile shape

Ta strict locals emtpémovv oe template magic comment va dSnAmoet signature. Akoun kat ywpig strict
locals, to aUvolo local names pmopel va ennpeddet  compiled method. Avo renders tov i610v partial
pe Stapopetika local keys Sev eivar kat” avaykn 1o 610 compiled call shape. "Eva dynamic hash pe
Oekadeg omaviovg ouvdvaouolg Snuiovpyel teplocoTepn compilation kat cache sieon amo éva
otabepo interface.

ERB

<%# locals: (reservation:, compact: false) %>
<article id="<%= dom id(reservation) %>">
<%= reservation.reference %>
<% unless compact %>
<%= reservation.status %>
<% end %>
</article>

To partial yivetat pikpo interface. To benefit Sev eivan povo error message. Mewwvet ta mbava shapes
ka1 kavel dependency opatr). Mnv sepvag oAOKANPo local assigns downstream yia evkoAia.

Fragment cache kai template digest

To fragment caching ouvdvadet application key pe template tree digest. To digest tpoomabei va
evtomioel template dependencies, wote aAhayn oe partial va adda&et 1o cache key. Dynamic render
paths Sev elvan mavta statically discoverable. Tote xpelaletan explicit dependency comment 1) manual
version. To Russian doll caching otnpiletan emumAéov 0Td cache key with version Twv records.
Template digest kat record version Abvouv Stagpopetikeg Sraotaoelg invalidation.

To collection rendering €yet 81x6 tov optimized path. Mmopei va kavet bulk cache reads, va ywpioet
hits kon misses ka1 va render povo ta misses. Av kpuyelg queries oe helpers 1 partials, To optimization
tov render Sev e€apavidel N+1 database behavior. View pipeline kat data loading pipeline mapauévouv
Eexwplota.
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Streaming aAAddlel Tn ogipd

Me streaming template renderer, layout kot template popotv va mapdayovv chunks stptv oAokAnpwBet
oMo 1o render. Ta headers Seopetovial vwpitepa kat exceptions apyotepa Sev LTropovv va yivouv
kavovikn error page. EmutAéov, ) oglpa evaluation pmopel va kavel queries apyotepa amod 0,
mepluével éva amm\o controller trace. Xpeiddeoat end-to-end observation, oyt povo duration tov render
call.

RUBY

ActiveSupport::Notifications.subscribe ("render template.action view") do |event]|
Rails.logger.info ( a -
template: event.payload[:identifier],
duration ms: event.duration

)

end

Ye production pnv kataypageig full filesystem identifiers av amokaAvmtovv paths mov Sev xpeladecar.
Kavovikomoinoe oe application-relative template name ka1 éAey&e cardinality.

SOURCE TRACE

H avalitnon apyifel 0To ActionView: : LookupContext, TTEPVA ATTO PathSet, Resolver Kal
Template. lNa TNV €ic0do Tou render akoAoUBNOE Ta ActionView: :Renderer Kal
TemplateRenderer. [Na digest invalidation 8¢¢ 10 action view/digestor.rb. AuTd gival
implementation paths, ox1 extension API.

MATIAA

Mnv Bswpeig kGBe cache miss TTpOBAnua Tou store. MTTopei va dAAage detail key, locals shape, template
digest j record version. Katéypawe ta components Ttou key tpiv au¢ioeig TTL | aAAGEeig backend.

MHXANIZMOZ

To render pipeline £€xel dUo diagopeTikd caches: compilation kai rendered content. To TTpwTO aTmOPEUyEl
va LavaeTiagel Ruby method. To deUTepo atropelyel va EavaTtpégel To template. H invalidation Toug €xel
OIAQOPETIKEG QITIES.

PROBE

AiGAege éva cached collection partial. MéTpnoe render collection.action view,
render partial.action view Kal cache hits o€ dUo idia requests. Metd dAAage pévo locale, pévo
variant ka1 yovo éva child partial. Katéypawe tolo layer €xaoe 1o cache kai yiari.
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RAILS ZTA ErTKATA H Relation wg eTipovo query state

KE®AAAIO 7

H Relation wg etripovo query state

Mia ze12ci0n OEV €ival oUTE SQL string ouTe array. Eival query
state Tou avtiypdoetal, ouvTiOeTal, JETAYAWTTICETAI KOOI JOVO
TOTE ATTOKTA records.

Relation @values
clauses + single + multi

v

spawn / merge

copy query state
i : i
build_arel
AST memo
i : i
adapter SQL + binds
v

Result -> records
loaded snapshot

reset cancels future |
and clears memos I

— o — o o o e o

ZxAMa 7.1 - Mia Relation repva amé values o€ Arel, SQL, result kai records.

H ActiveRecord: :Relation kpatd model, table, predicate builder kot éva hash @values. Ta keys
xwpidovtat vontika oe multi-value, single-value kau clause values. order, joins Kat select
OLOOWPEVOVLV arrays. 1imit, lock KAl distinct KPATOUV pid TIUT). where KAl having Kpatovv clause
objects. AvTo To state givau n Tpaypatikn yh\wooa cuvBeong mpv amod to Arel.

O1 query methods ouvnBwg kaAoUv spawn kat petd pia bang variant. To public where emotpépel Ao
relation. To internal where ! aAadel 1o avtiypago. Katd 1o dup, 10 initialize copy kdavel shallow
duplicate Tov @values kal kaAel reset, mote compiled Arel, SQL, loaded records ka1 async future va
unv Stappevoovv oto véo branch. Aev eivan mathematically immutable object. Eivan copy-on-write
discipline ov ot public methods Siatnpovv.
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RUBY

base = Reservation.where (event id: 42)
held = base.where(status: :held)
ordered = base.order (created at: :desc)

puts base.to_sql
puts held.to sql
puts ordered.to sql

To base 8ev amoktd ta PiATpa Twv mtadimv. Av Opwg extension melpa&et arrays Heoa 0To values 1)
kaAgoel private bang method, omdel avtr) ) vontikn eyyinon. I' auto 1 ao@aing emMeKTaon yivetal pe
scopes ka1 public query methods.

Merge &¢v eivail atrAé hash merge

To merge xpeladetan semantics ava clause. 'Eva where pe 1610 attribute pmopei va avtikataotnoet
predicate. Joins amd Stagpopetikeg relations mpémet va cuvSvaotovv e reflection-aware tposmo.
rewhere, unscope, except Kal only TPOTOMO0VV Stapopetika emineda state. H oe1pd twv scopes
£moUEVMC Utopel va ara&er SQL, o1 eme1dr) to Rails eivar avBaipeto ara emeidn) o1 operators Sev
elvat Aol commutative.

Av B¢Aerg reusable policy scope, éleyEe Tig algebraic 1810t teg mov xpelddeoal. 'Eva tenant scope mipémet
va emProverl amtd downstream merge; Tote unv agnvelig caller va to agaipel e yevikod unscope. Bake
tenant constraint oe aopaiéotepo boundary 1) eAéyEte explicit composition. To relation API ev
peTaTPEMEL aIto Hovo tov authorization oe invariant.

H oTiyul Tou materialization

Meypt va {ntnoeig records, to relation elvai lazy. each, to_a, first, pluck, calculation 1) inspect
umopel va mpokaAéoel query pe Stapopetikod path. To 1oaded? onuaivel 0t o relation &yet records
cache, Oy1 0T kB¢ association toug eivan loaded. To to_sql ¥tidel ko memoizes SQL xwpig va kavet
query. To reset AKUPQOVEL Garel, @to sql, records, cache keys ka1 pending future.

To subtle point eivar 6T1 £va loaded relation eivan stateful snapshot. Néo row ot database Sev
eppavicetar oe §eltepo to a 0To 1610 instance. To reload kavet reset kat load. Av mepdaoeig loaded
relation oe paxpopio object, Sev mepvag «&va query». Ilepvag cached result pe identity kot xpovo {wng.

RUBY

scope = Reservation.where (event id: 42)

first count = scope.to a.length™
Reservation.create! (event id: 42, status: :held)
cached count = scope.to a.length

fresh count = scope.reload.to_a.length

puts [first count, cached count, fresh count].inspect

Instantiation givai {exwpioTd K6OTOG

To adapter emoTpePel ActiveRecord: :Result. MeTd to relation kavet instantiate records, emAgyet
STI classes omov xpeladetan, Tpeyel instantiation hooks kat preloads associations. 'Eva query pe pikpo
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database time pmopei va €xel peyaho Ruby time Adyw yimddwv objects kau attribute sets. To SQL event
to povo tov Sev petpd 6o To relation materialization.

IMa projections, pluck amopevyel full model instantiation. I'a domain behavior, models pmopet va
eivat owotd. To decision xpeldetar Svo petpnoeirg: database execution kat Ruby allocation/
instantiation. Mnv Bagptideig kaBe peydho result «apyo query».

SOURCE TRACE

Agg 10 state inventory kai 1o lifecycle 010 active record/relation.rb, Tn oUVOEON OTO relation/
query methods.rb KAl TQ spawn, merge, except, only OTO relation/spawn methods.rb.

AkoAoUBnoe where -> spawn -> where! -> build arel -> exec main query.

MATIAA

Mnv memoize-apeig loaded relations o¢€ singleton, class variable ) process cache. Kpatouv records,
iowg stale associations kai objects amd ouykekpipévo execution. Memoize query parameters r) IDs kai
EavayTioe relation oto cwoTod context.

MHXANIZMOZX

H Relation éxe1 dUo (wég: query program TTpiv o110 T0 load kai cached record set petd. MoAAd bugs
TIPOKUTITOUV OTaV O caller vouilel 6T KpaTtd TNV TTPWTN VW £xel ON TTEpAael aTn deUTEPN.

PROBE

MNape éva production-like scope kal TUTTWOE values, to sqgl, loaded? TIPIV KAI META ATTO each.
Métpnoe SQL duration kai cuvoAiké monotonic duration. Z0ykpive full records pe pluck. Av n dila@opd
Bpioketal petd 10 SQL event, €xeig instantiation ) preload k6cTog, OXI planner TTpOBAnua.
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RAILS ZTA ETKATA Arel visitors, collectors kai binds

KE®AAAIO 8

Arel visitors, collectors kai binds

To Arel dev «@Tiaxvel SQL» o€ éva BApa. XTilel AST kal o
adapter-specific visitor 1o TTepTTaTd YpAPovTag SQL kail binds
o€ collectors.

Relation query state

i : i
Arel AST
SelectManager + nodes
: < :
Adapter visitor
PostgreSQL / MySQL / SQLite

Composite collector
SQL + binds

A

Database protocol

I Arel.sql |

>xnua 8.1 - To query state petatpémeral oe AST kai peta o€ adapter-specific output.

Tobuild arel petatpémel to state tng Relation og Arel: : selectManager. Predicates, joins,
projections, grouping, ordering, limits, common table expressions ka1 locks yivovtatr nodes. Avto
Kpatd ) Sour) tov query Eexwprotn amd o SQL dialect. H PostgreSQL, n MySQL kot n SQLite
pumopovv va emoke@Ootv to 1810 yeviko AST pe Stagpopetikeg rules.

O visitor epappodet double dispatch. 'Eva node kaAei ovoraotikd method tng popeng

visit Arel Nodes Equality.H method ypagpet tokens oe collector kan emokéntetan children. To
astotedeopa dev xperdletal va eivar amho string. Composite collector pmopei va cuAMEYeL TavToypova
SQL kau bind values. AAhog collector avuikafiota binds ywa logging. Avtr) n) Siakpion ivat o Adyog mov
0 aopaieg query dev xpeldletal va interpolates user values péoa oto SQL text.
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QueryAttribute, 6x1 yupvA TIpR

'Otav 1o predicate builder fAénel status: :held, ouvOéel Arel attribute pe
ActiveRecord::Relation::QueryAttribute. To query attribute yvwpilet name, value kau type.
Mropei va astogaocioet database serialization siptv o adapter oteidet bind. To SQL shape pévetl otaBepod
eve ot values aAadovv, kAt tov emtpénel prepared statements kat ao@arég quoting.

RUBY

relation = Reservation.where (event id: 42, status: :held)
puts relation.to sqgl

relation.bound attributes if relation.respond to? (:bound attributes, true)

H 8ebtepn ypauun etval okompa guarded eme1dn n mpdofaon ota internal binds 6ev etvan public
contract. I'a application debugging mpotiunoe sql.active record payloads, pe mpocoyrn oto av
emTpenmeTal va kataypayelg values. To to_sqgl elvan xproipo yia shape, adA\d Sev amoSeikviet
akp1Bwg To wire protocol 1) To prepared statement name stov xprnolposnoinoe o adapter.

MNarTi uttdpxouv adapter visitors

To SQL standard Sev e€apavilel tig Stagpopeg. Quoting identifiers, boolean literals, bind placeholders,
LTIMIT, locks, JSON operators, RETURNING kat upsert syntax aAAadovv. O connection adapter SiaAgyet
visitor stov enektelvel To yeviko ToSql. 'Evag node mov vimootnpidetan oe PostgreSQL pmopei va punv
£xer1000Uvapo oe SQLite 1 va petay o ttidetanr Stapopetikd.

Avto eivan boundary ya portability. "Eva scope mtov xpnoipomorei povo public Active Record predicates
£yel peyailtepn mbavotnta va epaoel adapters. 'Eva Arel . sql dnAmvel 6Tt avaiauPavelg mv
ac@aiela kan ) dialect dependence tov fragment. Aev eivar sanitizer. Eivalr marker ot to string
Bewpeitar known SQL.

RUBY

safe order = Arel.sql("held_until ASC NULLS LAST")
reservations = Reservation.order (safe order)

puts reservations.to sql

H literal 5o eival otaBepn kat eAeyxopevn aso source code. Av epieyel params, ¥prOLOTOINCE
public APIs pe binds 1] sanitize sql array 070U €lval 1o owoTtoO contract. Mnv TuAi&eig user input oe
Arel.sqgl ywa va mepaoel eva safety check.

AST transformations kKol correctness

Scopes mtov ouvivadovy joins prtopovv va Snuiovpynoovv duplicate rows. H AST eivat syntactically
£ykvpn aAAa to result semantics AdBog. 'Eva visitor Sev yvwpilet domain cardinality. OUte to Arel
emAeyel index. Metatpénet structure oe dialect. Correctness kat plan quality tapapévouvv 1k oov
evbuvn.

Ta 8bokolo query, tumwoe AST class tree povo yia relevant nodes. ITapatrpnoe mtoio predicate eywve
equality, range, 1N 1} raw literal. Metda koita SQL kot bind types. Av n database kavel implicit cast ot
indexed column, to tpOPANua popet va Eekiva amod custom type serialization, Oyt a6 tov planner.
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Prepared shape kai statement lifecycle

Avo queries pe 1610 SQL shape ka1 Stagpopetikotg binds ptopovv va potpactovv prepared statement.
ANy oto mtAnBog evog 1N list 1) dynamic projection pmopei va mapdayet aAo shape. To Arel output
emopevmg ennpeddel to cardinality tov statement pool. MeyaAn mowkiAia dynamic SQL av€avet parse
kat cache churn, akoun av kaBe pepovouévo query eivat ypnyopo.

SOURCE TRACE

H petaBaon Relation pog AST BpiokeTal 0TO relation/query methods.rb. O yevikog visitor gival T0
arel/visitors/to sqgl.rb Kal ol adapter overrides eival &iTTAa Tou. Agg €TmioNG arel/collectors/
Kal relation/query attribute.rb. Ta ovopaTa Twv nodes gival implementation detail.

NATIAA

To Arel.sqgl agaipei TpoaTacia, dev TTPOCBETEl escaping. Xpnoiuotroinaé 1o pévo yia literal SQL 1mou
eAEyxel 0 KwdIKag Kal ypdwe adapter-specific test 6tav 1o fragment dev eivai portable.

MHXANIZMOZ

To Arel kpatd query structure. O visitor kpatd dialect. O collector kpatd T0 TTapaydéuevo SQL kai Ta
binds. H database kpatd teAika 10 plan kai Ta semantics ekTéAeong.

PROBE

AlaAe€e query pe custom type, array predicate 3 JSON operator. Katéypawe SQL shape, bind Ruby
class, serialized database value kai adapter. Tpéée EXPLATIN ue representative values. Av aAAGEeIg type
r| adapter, eTravaAafe 6Ao To trace, 6x1 HOVO TO to sgl.
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KE®AAAIO 9

Attributes, types ka1 dirty tracking

‘Eva model attribute cival pikpo6 state machine avaueoca o€ raw
database value, Ruby value, user assignment ka1 serialized
write.

' database row or I
I user / app input I

Attribute object
FromDatabase / FromUser

v

Ruby domain value

a * 3
serialize
database value
\ J
a + 3

stored database value

>xnua 9.1 - O1 dlagopeTIKEG TTPoeAeUOEIG evOg attribute kal ol lazy peTaTpoTrég Tou.

To reservation.held until poladel pe instance variable. Ztnv mpaypatikdomrta to record kpatd
AttributeSet, Evav XApTn asid names O€ ActiveModel: :Attribute objects. KaOe attribute yvopilel
type, value before type cast, original attribute koan memoized cast 1 serialized values. H tpoghevon €xet
onuaota. Value ano database ypeliadetal deserialize. Value mmov €é8waoe 0 xpnotng xpelddetal cast
KOl [etd serialize. Value mov &xel 6N yivel cast Sev mpémet va mepaoetl Eava aso ta idia frjpata.

O1 private subclasses FromDatabase, FromUser KAl WithCastValue eKQPALOVY AUTEG TIC S1a8pOUES.
Aev Tig kahovpue. Mag fonbovv opwg va katahdfovpe yati to type system eivan lazy. To Rails pmopet
va kpatroel raw string aso result set pexpt va StaPaotel to attribute. Te peyddo projection, columns
mov Sev ayyideig 6ev xperaletan va deserialized apeong.

To public custom type contract

'Eva custom type mpémnel va opicel kaBapda Ruby domain, accepted input ko database representation.
To cast yepidetar application assignments. To deserialize Xelpietan values anod adapter. To
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serialize &ivet value katdMnlo yia tov underlying column type. Svppetpia Sev onuaivel 0Tt o1 Tpelg
methods eivat i8ieg.

RUBY

class ReservationCodeType < ActiveRecord::Type::String
def cast (value)
superé&.stripé&.upcase
end

def serialize(value)
cast (value)
end
end

ActiveRecord: :Type.register (:reservation code, ReservationCodeType)

To type Sev mpénel va kavel query, network I/0 1 va e€aptartar astdo mutable request context. KaAeitan
oe binds, dirty checks, serialization kat model reads. 'Eva «&€umvo» type pmopet va faiet kpuo I/0 oe
planner-critical hot path.

Dirty tracking £€xe1 SU0 XpoVIKOUG 0pifoVTES

ITpw anod save, methods 0twgwill save change to status? KOITOUV mutations oe oyxeon pe
database snapshot. Metd 10 save, saved change to status? Kolrtd to change mov poiig ypagnke. To
Active Record petakivel mutation trackers oto persistence boundary. Av éva callback xpnoiposmomoet
method asto AddBog xpovikd opidovta, UITopel va TAPEL AOYIKA 0OOTO AAAA AYPTOTO QITOTEAECAL.

Mutable Ruby objects givar SuokoArotepa. Av mapeig array 1 JSON hash kat To aAAa&erg in place, Sev
vmapyet setter call yia va onudvet assignment. O type sp&mel va Ltopel va evTosmioet

changed_in place?, ouxva ovykpivovtag serialized representation. I'ia §1kd cov mutable value object,
elte vAomoinoe owotd avtr ) method eite mpotiunoe immutable object ka1 assignment véag Tiung.

RUBY

reservation.metadata["source"] = "partner"
puts reservation.metadata changed?

reservation.metadata = reservation.metadata.merge ("channel" => "api")
puts reservation.metadata changed?

To mpaTo pmopel va e€aptatat aso T CLUIEPLPOPA ToL type. To Sevtepo kavel explicit assignment
kot eivat mmo kaBapo application signal.

Partial selects ka1 missing attributes

Reservation.select (:id, :status).first &yxel AttributeSet pe uninitialized 1} missing columns.
IIpooPaon oe column ov Sev PopT®ONKe pITopel va oNK®oEel

ActiveModel: :MissingAttributeError. AUTO IPOCTATEVEL QIO TO VA UITEPSEWPELS «Oev emAeyOnke»
pe nil. To id &xel e1dikn ovumepipopd, ala unv Bacilecat oe partial record yia yevikd domain
update. Callback pumopet va Stafdaoet column mov ev vitapyel oto projection.

Encryption kau serialization mtpooB&tovv wrappers ot type chain. To logical Ruby value, to ciphertext
database value ka1 deterministic query representation Sev eivan to i610. 'Otav debug-apeig bind, punv
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Tunovelg sensitive serialized value. Kateypawe type class, column SQL type kat presence, 01 secret
content.

Equality, defaults ka1 mutable values

H dirty detection dev ouykpivel amdag 0o Ruby objects pe évav kaBoAiko tpomo. To type pmopel va
oploel g evromidetar alayn aso user input 1 asd in-place mutation tov deserialized value. 'Eva
custom type mov emotpépel mutable hash adAa ev vAorolel cwotad avtd To contract ptopel va xaoet
update 1 va ypapet oe kaBe save. To bug cuyva gaivetar povo peta amo reload, emeldn tote adadeln
a(psmpia Q0 FromUser O€ FromDatabase.

Ta defaults etvan emiong typed attributes. Default proc ekteAeitan yia ke instance, A\ to
astoteleopa e€akorovdel va mepva anod type casting kau dirty state. Ammoguye shared mutable default
object. Xto test tov type éAeyEe 60 véa records, mutation ywpig assignment, serialize-deserialize
round trip kot equality peta amo reload. Mnv apkeoteig oto 0Tt to form gpgavidel m owotn Tun. To
persistence contract kpivetat a6 to database representation sov apayetat kat Ao TO av T0
framework yvwpilel 0Tt pémel va to ypawel.

SOURCE TRACE

O Truprivag BpiokeTal 0Ta activemodel/lib/active model/attribute.rb Kal
attribute set.rb. la 10 public type APl 8¢g active record/type, VW TO persistence dirty
boundary BpiokeTal 0TO active record/attribute methods/dirty.rb.

MATIAA

Mnv Bewpeig value before type cast GOQAAEG yia logs. Eival ouxva akpIfWg TO Pn €UTTIOTO A
sensitive input. MNa debugging katéypawe class, length, nullability kai validation outcome, 6x1 oAdkAnpn
TIUA.

MHXANIZMOZ

To attribute type €ivai boundary avdueoa o€ 1peig yAwooeg: input, Ruby domain kai database
representation. Dirty tracking gival cwoTé pévo av 1o type dnAwvel cwoTd ToTE dUO representations
dlaQEPOUV.

PROBE

lMNa éva custom 1 serialized attribute, katéypawe xwpig sensitive values: type for attribute, SQL
column type, value.class, dirty state mpiv To save kai saved changes petd. Aokipaoe assignment, in-
place mutation, reload kai round trip a6 database. BdAe autd Ta cases o¢ type unit test.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 31


https://github.com/rails/rails/blob/v8.1.3.1/activemodel/lib/active_model/attribute.rb
https://github.com/rails/rails/blob/v8.1.3.1/activemodel/lib/active_model/attribute_set.rb
https://github.com/rails/rails/blob/v8.1.3.1/activerecord/lib/active_record/attribute_methods/dirty.rb

RAILS ZTA ETKATA Persistence, partial writes kai callbacks

KE®AAAIO 10

Persistence, partial writes kai callbacks

To -ave: €ival module chain 1Tou TTpocBETel validation,
transaction, callbacks, timestamps, dirty selection, locking kai
TEAIKG adapter write.

save!
'd + N\

validations +
transaction wrapper

v

callbacks + timestamps
+ dirty selection

v

locking constraints
serialized attributes

i : i
adapter INSERT / UPDATE
. ‘ v

saved changes +
record state

update_all / insert_all |
' different contract ,

2xnua 10.1 - H aAhucida Tou save arré validation wg adapter kai state reset.

'Onwg atov controller, 1 persistence cupunmepupopd oxnuatidetan amd Ruby ancestors. To public save !
mepva amto validations ko transaction wrapper siptv ptdoet oto persistence layer. Ta create record
Kol _update record TuAiyovtal amo callbacks, timestamps, dirty tracking, optimistic locking, counter
caches ka1 dMa included modules. H akpipng chain e€aptatat amo to model configuration.

Avto onuaivel 6Tt 1o «&va UPDATE» &yet 6o kdotn. To database statement kat 6Ao To Ruby work
7ipwv ko petd. Validation pmopet va kavel queries. Callback pmopet va @optamoet associations. Autosave
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pmopet va ypawet graph. "Eva SQL trace stov kortd povo 1o tehevtaio UPDATE yavet to application
pipeline.

Partial writes

Me partial updates evepyo, to dirty layer Siver 0tnv _update record povo attributes mov aAha&av.
Mepartial inserts, éva INSERT pmopel va mapaieipet unchanged columns kot va agroet database
defaults va epappootovv. Autd perwvel SQL size kat ammo@elyel aoyeta writes, aAAd kavel to dirty
model pepog tov correctness.

To persistence layer @iAtpapet alias, readonly ko virtual attributes péow attributes for update )
attributes for create. Metd o adapter maipvet serialized values kau constraints. Xta updates,
primary key ka1 optimistic locking column pmopoUv va pmtovv oto WHERE, wote zero affected rows va
onuatodotroet stale object avti va xabei update.

RUBY
reservation = Reservation.find (42)
reservation.status = :confirmed

reservation.save!

puts reservation.saved changes.inspect

Metd 1o successful write, to record evnuepwvel énew record, previous changes kot dirty trackers. Me
rollback, to transaction layer mpoomafei va emavagpépet record state. Avto Sev avaipet arbitrary side
effects mov ékave callback oe e€wtepko cvoTnua.

Callback chain ka1 transaction boundary

To save TUAlyetal o€ transaction axopn otav dev avoi&eg explicit block, mote validation, callbacks ko
write va €youv eviaio database boundary. Ta ordinary after save Kalafter create TPEXOUV TPV
o commit. MOVo after commit onuaivel 0Tt 1 outermost relevant transaction ohokAnpmOnke. Av
¢va nested save pmel o€ existing transaction, to callback mpémet va mtepipuéver v outer commit.

H oepa callbacks eivan compiled class state. Conditional callbacks pmopotv va Stafacovv dirty state,
oA 1) Aoy TG owoTrg method e€aptatat and to av Bpiokeoar before 1) after persistence. 'Eva
callback sov kavel §e0tepo save ! 010 1610 record popet va alMa&el mutation trackers kat va Kavel to
trace 7oAV o SvokoAo. Ipotiunoe va vohoyioelg OAeg Tig attribute alayég spv astod to write.

Ta bypass APIs gival di1a@opeTikd contract

update columns ypagel amevfelag attributes ywpig validations kot callbacks, av kot mepva type
serialization ka1 kaBapider dirty flags yia ta attributes. update all Aertovpyel oe relation ko Sev
instantiates records. insert all katupsert all €xovv bulk contract. Aev eival «ypnyopotepa save».
Eivat dA\og punyaviouog pe AAeg eyyuroeig.

Av domain invariant vhomoteitan povo oe callback, éva bulk writer to mapaxdausmtetl. Av o invariant
TIpETEL va woyvel yia kaBe writer, fdAe database constraint. I'a derived application behavior, kave
explicit bulk operation stov evnuepmvel 0,1 xperddetan kat £xel Sikd g tests.
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RUBY

updated = Reservation.where (status: :held)
.where (held until: ...Time.current)

.update all (status: Reservation.statuses.fetch (:expired))

Rails.event.notify("seatly.holds.expired", count: updated)

ESw 1 operation SnAcvel cuveldnta ot dev mepruéver per-record callbacks. H event emission eivat
aggregate ka1 mpérmel va yivel petd aso successful statement 1} commit, avdAoya pe to surrounding
transaction.

In-memory success d¢v givali committed success

Metda to SQL, to model pmopet va £xet véo id, timestamps, cleared dirty state kat avEnuévo

lock version, ev® 1 outer transaction pmmopei axoun va amotovyel. To Rails kpata transaction state
WOTE VA atoKkataotnoet kploa persistence fields oe rollback, aAAd ev pmopet va avaipeoet kabe
avBaipetn mutation mov ékave callback oe aAho Ruby object. Avutog eivan evag axopn Adyog va unv
kpUPelg domain workflow péoa oe model callbacks.

To after save PA&mel emtuynuévo statement. To after commit PAémel durable database outcome.
Kavéva amd ta §Vo Sev amodekvuer ot eEwtepikd API éAafe eva effect. Otav Stafadeig bug report pe
«10 record owOnke aAAA T0 email yaBnke», To TpwTO Prina eival va onuemoelg akplPag o€ 010 Ao
avtd ta Tpia boundaries Bprokotav kabe side effect. Meta eméyerg callback, outbox 1) idempotent
worker pe faon v asraitovuevn eyyonon.

SOURCE TRACE

AkoAoUBnoe save! 0Ta validations.rb, transactions.rb Kal persistence.rb. OI wrappers
_create recordKdl update record BPIiOKOVTQI OTA callbacks.rb, timestamp. rb,
attribute methods/dirty.rb Kal locking/optimistic.rb. Xpnolgotroinoe runtime
super_method yla TNV akpifi model chain.

MATIAA

Mnv avTikaBIoTdGg save! pe update all yia performance xwpig va kataypawelg moia validations,
callbacks, timestamp updates, locking checks kai side effects xavovtai. H diagpopd eivai correctness
contract, 6x1 yovo TayxuTnTa.

MHXANIZMOZ

To persistence pipeline ammo@aacifel Tpia TpAyuarta: av EMTPETTETAI TO Write, TTola columns Ba ypagTouv
Kal TTo10 in-memory state 6a peivel yetd. H database statement civail pévo n atevi pyéon Tou pipeline.

PROBE

MNa éva apyd model save, akoAoUBNOE method (:save!) . super method Kol péTpnoe notifications yia
SQL padi pe cuvoAikd monotonic xpovo. TUTTwaoe uévo Ta names atd changes to save. AOKIUOOE
stale 1ock version Kkai rollback. EmReBaiwaoe Tolo callback Tpéxel kai Troio state emmavépyetal.
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RAILS ZTA ETKATA TransactionManager, savepoints kai commit records

KE®AAAIO 11

TransactionManager, savepoints Kai
commit records

‘Eva transaction block dev avTioToixei TTAvTa 0€ QUEDO szemn. 10
Rails kparta stack atré transaction objects, kavel lazy
materialization ka1 petagépel commit callbacks mrpog 10
TTpayuaTiko durable boundary.

TransactionManager
connection-owned stack

v

RealTransaction
lazy BEGIN

A

SavepointTransaction
lazy SAVEPOINT

A

records +|callbacks

A

outer COMMIT
durable troundary

I 2
- N
|
: outer ROLLBACK '
: undo all savepoints I
__________ J

>xnua 11.1 - H stack amd RealTransaction kair SavepointTransaction wg 1o outer commit.

KaOe connection €yel TransactionManager. H manager kpatd stack pe RealTransaction,
SavepointTransaction T) RestartParentTransaction. Efw amo transaction ekfetel
NullTransaction. Otav avoiyel block, emAéyet object pe faon requires new, joinability, isolation
kot adapter capabilities. Auto To Ruby object vtdpyer mpv xpelaotel anapaitnta database BEGTN.
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Lazy materialization

Av éva transaction block dev kavel database operation, to Rails ptopet va un oteilet tote BEGIN. H
RealTransaction#materialize! koel To adapter yia begin db transaction 1 isolated begin kot
Eexva transaction instrumentation. Nested savepoint materialize-apetan povo otav xpelaotet, pe
create savepoint. AuTH 1 feATIOTONOINON ONpAivel OTL TO XPOViKO onpeio e10060v oto Ruby block
Sev elvan vtoypewTIkA T0 wire-level start.

To distinction @aivetal oe instrumentation. start transaction.active record Kol
transaction.active record oyetiovtal pe materialized transaction. Av petpag mooa Ruby blocks
avoi&av, ypetaleoat application instrumentation. Av petpdag database transaction duration,
¥xpnowormoinoe ta Active Record events.

Join, savepoint kai durability

'Eva nested transaction Ywpig requires new ouvnBwg joins v vapyovoa transaction. To
ActiveRecord: :Rollback WITOPEl va kKatavalwmBel asto to inner block ywpig va avaykaoet outer
rollback pe Tov tpomo mov mepipéver évag caller. Me requires new: true, To Rails Snuiovpyet
savepoint otav o adapter 1o vitootnpiel. Release tov savepoint Sev eivar durable commit. H outer
transaction prtopel akoun va kavet rollback ta tavta.

RUBY

Reservation.transaction do
reservation = Reservation.lock.find(42)
reservation.update! (status: :confirmed)

Reservation.transaction(requires new: true) do
AuditEntry.create! (reservation id: reservation.id, action: "confirm")
end

raise ActiveRecord::Rollback if reservation.payment missing?
end

To audit row dev emfPiovel av n outer transaction kavet rollback. Av ypeidleoar aveaptntn durability,
B&Aeig Ao connection kal ouveldnto distributed boundary, oyt asAawg savepoint.

Records cuppetréxouv otnv transaction

'‘Otav record ypagpetal, tpootiBetan oty current transaction. H transaction kpatd records wote 0to
TEAOG VA KAAEOEL committed! 1) rolledback!. Xtnv commit path ext\éyet molo Ruby instance Ba mapet
transactional callbacks 6tav toA\astAd instances avastapiotovv v idia database row. H identity edo
Baoiletan og record equality kau object identity rules, 6y1 o€ évav global identity map.

Avto Snuovpyet subtle failure mode. Av goptmoeig v idia row S0 @opeg kat aAagerg Stagpopetika
instances péoa oy idwa transaction, povo ouykekpipévo instance pmopei va mapet callback pe state
7tov To Rails Bewpel avrutpoowmevtikd. Mnv Baoileig kpiouo side effect oe oo object copy keépdioe.
Kpdta pia instance ava aggregate operation 1) kataywpioe explicit transaction callback pe stable ID.

Y1i¢ nested transactions sov Sev tpeéyovv tehika callbacks, records kan callback objects powBotvtat
mpog Vv parent. Movo to outer boundary tp€yel mpaypanko after commit. AUTO €ival 0 UNXAVIoUOG
miow amtd enqueue-after-commit kol outbox publication hooks.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 36



RAILS ZTA ETKATA TransactionManager, savepoints kai commit records

Transaction callback wg local coordination

H public transaction object pmopei va Seytel after commit callback. Eivan yprjowo yia process-local
follow-up mov Sev mpémet va yivel oe rollback. Aev eivan durable queue. Av n process efavet agov 1
database kavel commit aAAd tpv tpe€er callback, to effect yavetan. I'a amapaitto external effect,
ypaye outbox row péoa otnyv transaction.

RUBY

Reservation.transaction do |transaction|
reservation = Reservation.create! (event id: 42, status: :held)
transaction.after commit do -
Rails.event.notify("seatly.reservation.committed", id: reservation.id)
end
end

To event ed® elvar observability hint. Aev ypnoipomoteital wg povadikn eVIoAn) Xpewong 1) ATTOOTOANG
glottnpiov.

Restart, savepoint kai Ruby state

O adapter pmopel oe op1OUEVES TTEPITTMOOELS VA kKavel restart pua parent transaction avti va
Snuovpyrjoet kavoviko nested savepoint. Autod eival implementation choice pe adapter constraints, oxt
application guarantee. To public contract sov pmopeig va ypnoipomomoelg eivar av to block
OUUUETEYEL 0NV parent 1| €xel requires new boundary. To akpiBég SQL mpémer va 1o Seig oto adapter
IOV TPEYELC.

Axoun kai 6Tav éva savepoint etavagpepel tehela ) database, Sev yvpilet mow tov vrtoAouto Ruby
koopo. Array pushes, memoized values kau calls oe e€wtepikég vnpeoieg puévovv. Ta Active Record
instances maipvouv €181k transaction bookkeeping, aAAd Sev eivan yeviko software transactional
memory. 'Eva retryable transaction block mipémnel ouvenag va vtoAoyilel Eava inputs, va amo@etyet
process-global mutation kat va fyadet ta external effects £€w aso to retry window. AAMuwg 1) Sevtepn
extéleon Sev elvat 10o8Vvaun pe v Ipwn.

Callback records kai object identity

H transaction Sev kpata amAmg blocks. ZuAAéyet records mov ypetadovtal committed! 1) rolledback!
Kal 0To TéAog amto@aoidel mowa instances Oa mapovv callbacks. Av £xelg @optwoet tnv i61a database
row oe §Vo Srapopetikd Ruby objects, unv vobeteig 6Tt kat ta §Vo Ba ekteAecovv 100dVvapo

after commit. H persistence identity eivau To row, eve nj Ruby identity eivan 1o object. H acupgpovia
kavet callback-driven side effects vokoAa va Srafaotovv.

Kpata to commit callback kovtd oto write stov dnuiovpyet to intent kan épaoe stable ids, oyt mutable
model object, oto enduevo layer. Av ypelaletar va Eavadiafaotel state petd to commit, kv’ to
ovveldntd. To instance mov £xelg oo closure pmmopel va €xet in-memory mutations stov dev ypagtnkay
1N association cache a6 mpwv To commit.

H callback oeipa etvan emtiong pépog tov local behavior, oyt distributed ordering guarantee. Ao
processes stov commit-apovv aveEaptnteg transactions dev astoktovv global oelpd ene1dr| kat ta Svo
gXOUV after commit.Av downstream consumer amautel order, ypdue aggregate sequence peoa oTnv
i61a transaction ka1 kdve Tov consumer va eAéyyel expected version. To callback amAag dniawvel 0Tt To
local commit ohoxkAnpwOnke.
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SOURCE TRACE

H stack kai Ta states Bpiokovtal 0T0 connection adapters/abstract/transaction.rb.
AkoloUBNoE TransactionManagerfwithin new transaction, materialize transactions,
commit transaction KOl rollback transaction.H cuppeToxr records kai n emmava@opd in-
memory state BpiokovTal 0T0 active record/transactions.rb.

MATIAA

after commit KAtivel TO database rollback window. Aev kAgivel To process crash window. Av 10
ETTOPEVO Bripa TTPETTEI OTTWOONTTOTE Va CUMEi, Xpeldleoal durable record kai reconciler, 6x1 povo
callback.

MHXANIZMOZ

H nested transaction €ivai control-flow kai savepoint mechanism. H durability avrikel o1o outer database
commit. OAa Ta commit-dependent effects pémel va euBuypappifovral e ekeivo 1o boundary.

PROBE

Kdave subscribe oT1a start transaction.active record Kl transaction.active record. Tpé€e
empty block, read-only block, nested joined block kal requires new block. Karéypaywe SQL BEGIN,
SAVEPOINT, RELEASE Kal outcome. Meta BaAe outer rollback kai emBeBaiwoe moia callbacks
ekTEAOUVTAL.
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RAILS ZTA EFKATA Connection leases, pinning kai checkout queues

KE®AAAIO 12

Connection leases, pinning Kai
checkout queues

To pool dev poipadler atmrAwg sockets. AlaxeipiCeTar ownership,
leases, waiters, lazy connection creation, maintenance kai
cleanup ava execution context.

Execution context

v

Lease registry
sticky connection

v

checkout / with_connection

fair waiters + LIFO
available queue I

owned adapter
DB socket

>xnua 12.1 - H diadpopr) atrd execution context o€ lease, queue kai database connection.

'Eva ConnectionPool AVIKEL 0€ OUYKEKPIUEVO connection configuration, role kat shard. Kpatd ta
connections sov Snuovpynoe, wa queue StabEouwy connections, leases yia execution contexts,
counts yia concurrent connection creation kot maintenance, reaper, schema cache kat iowg async
query executor. To pool: 10 eival pdvo &va astd autd ta constraints.

Lease Kal TTpayuaTiké ownership

To lease connection Bpiokel to lease Tov current context. Av Sev €yel connection, kavet checkout.
Meta to papxapet sticky. To lease registry eivat yprnyopo cache. H authoritative ownership Bpioketat
7Iave 0to connection object. Avtr) n Stakpilon emtpenet oto pool va evromidel in-use connections, va
KkA&Bel connection aso dead thread xatd to reap kat va punv e€aptd correctness povo aso eva thread-
to-connection map.
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Towith connection mpoTipd vTApyov leased connection. Av Sev vtapyet, kavel checkout, yield kon
checkin oe ensure, extdg av to lease £ywve permanent péoa oto block. To public application code
nipEmel oxeSov avTa va agnvet 1o Active Record va ypnotpomow)oet avto to bounded lifecycle. Eva
raw checkout UETAPEPEL O €0€va TNV eVOVVN Y1 checkin o€ kAOe path.

RUBY

pool = ActiveRecord::Base.connection pool

pool.with connection do |connection|
connection.select value ("SELECT 1")
end

puts pool.stat.inspect

H stat Sivel size, connections, busy, dead, idle, waiting KAl checkout timeout OTNV TpéXOUOOl
£k8oon. Eivar snapshot, oyt histogram. I'a capacity ypeidleoar sampling 1) instrumentation tng
checkout avapovr|g.

H queue givai LIFO pe fair waiters

H internal queue mpotipnd mpoo@pata returned connections ywa locality, eve n condition-variable
avapovn mpoormadel va eumnpetel waiters Sikaia. Av dev vtapyer available connection kxat to pool
uropel akoun va peyohmoel, Ao path Snovpyet connection £€w asto to peyaio synchronized
section. To @now connecting QIOTPETEL VA EEMEPAOTEL TO MAX ATTO TAVTOXPOVOUG creators.

'‘Otav 1o pool @taoel capacity, o caller mepiével wg checkout timeout. To ConnectionTimeoutError
Sev amobekvyel 0 1) database eivatl apyrn. Mmopei va onuaiver leaked lease, paxpia transaction,
external I/O ev®d kpatietal connection, meplocotepa web threads asto connections 1) async queries stov
KatavaAm®vouy 1o 1810 budget.

Pinning givai €101Kk6G punXaviouog

To pinning kpatd éva connection kat avoiyel un joinable transaction. Xpnotposmotleital kupimg asmo
transactional tests mote Siagopetika access paths va fAEmovv to 1610 test transaction. Ynoompidet
nesting depth kot adapter-specific lock behavior. Aev eivan general application API yia «va gipaote
olyovpot 0Tt £xovpe 1O 1610 connection».

Me multi-threaded system tests, pinning ka1 connection sharing yovv dvokoAeg ovvemeteg. Ao
thread pmopet va yperadetan independent connection, eve o test mepipuével uncommitted rows va eivat
opatég. 'Otav to behavior e€aptatal amod mpaypatiko commit, transactional test etvat AdBog
environment yla T0 GUYKEKPIUEVO case.

Reaper, idle flush ka1 process lifecycle

O reaper avaxktd connections Twv omoiwv o owner thread téBave. Av connection ivatl akoun active, To
reset kat checkin 1o emotpepovv. Alagpopetikd apaipeitat. Avtd eival recovery, OX1 VITOKATAGTATO
owotoL ensure. Ta idle connections pmopovv va kAeioovv pe Baon idle timeout, EV®

min connections Kal prepopulation enmpeddovv m600 YaunAd me@tet o pool.

Meta ano fork, inherited database sockets dev mpémer va xpnoomonBovv amod parent kau child oav va
nrav avetaptnta. O server lifecycle mpémnel va amoovvSéer 1) va entaveykadiotd pools oto cwotd hook.
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To axpifég behavior e€aptatarl amd Puma mode ko Rails integration, dpa emfBefaiwvetan pe process-
level probe.

Deadline ka1 admission control

To checkout timeout elvan deadline avapovig ywa capacity, o1 query timeout. Av An&et, Sev onpaivet
ot n database eivat apyn. Mmopei 0Aa ta connections va kpatiovvtal amtd Ruby code mov mepipével
HTTP, queue 1 mutex. I' autod o pool timeout mpémel va ovoyetidetan pe owner stacks kou transaction
duration, oy1 va avtipetmImidetal pe Tu@An avEnon Tov pool.

H queue emtpernel o waiters va stdpovv oOVEeoN LE OEIPA Avapovng, evo diabeopa connections
artoOnkevovtal pe LIFO cupmepipopd ®OTE TA 10 TIPOCOATA VA ETTAVAXPTOLUOTTOI0VVTAL KAl TA TTAALA
va prropovv va yivovy idle. Avtég o1 8o 1810t Teg Sev avripdokovy. Ileptypapovy S1a@opeTikn oe1pa
yia demand ko supply. Ze overload, To tpaypatiko design question eivat o0 astoppimtetatl vea
SovAeid. 'Eva pikpo bounded pool pe oagpég upstream admission ouyva mpootatedel kKaAAUTEPA TN
database asto éva tepaoTio pool sov peTapepetl OAN TV oVPA OTOV Server.

SOURCE TRACE

H ownership kai n lifecycle logic BpiokovTal 0T0 connection pool.rb. H wait queue BpiokeTal o010
connection pool/queue.rb. AKOAOUBNOE lease connection -> checkout ->

acquire connection -> Queue#poll Kal TNV avTioTpo@n d1adpour) release connection ->
checkin -> Queue#add.

MATIAA

To pool size ToAAaTTAacIGeTal ava process, database configuration, role kai shard TTou gvepyoTtrolgital.
Mnv ouykpiveig To pool: 10 atreubeiag pe database max connections xwpig va uttoAoyioeig oAOKANPN
Tnv topology.

MHXANIZMOZ

Connection capacity eival Tautdxpova ownership problem kai queueing problem. H diGpkeia TTou évag
execution context kpatd lease €xel ouyva peyaAdTtepn onuacia ammo Tn didpkeia Tou idlou Tou SQL.

PROBE

>¢ staging-like load, sample 10 pool.stat avd role kai shard ka6e dcutepoAeTito. Katéypawe p95
checkout wait, query time kai transaction duration exwpioTd. MpoéaBeae eAeyxouevo external sleep
pé€oa Kal €é§w atrd with connection. H dlagopd Ba deitel av 1o bottleneck eival database i ownership
lifetime.
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RAILS ZTA ErTKATA Query cache, prepared statements kai schema cache

KE®AAAIO 13

Query cache, prepared statements kai
schema cache

To Active Record €xel TTOANG caches pe TTapouoia ovouaTa
aAAG dlapopeTika keys, lifetimes kai failure modes. H AdBog¢
invalidation poialel ouxva e stale database.

Query|cache
SQL + binds -> Result

A

Schema cache
table -> metadata

v

Statement pool
SQL shape -> handle

v

Database

>xApa 13.1 - Ta Tpia cache layers yUpw a1md SQL execution kai schema metadata.

H query cache kpata result sets yia 1610 SQL ka1 binds péoa oe mepropiopévo execution lifetime. To
prepared statement cache kpata server-side 1 adapter-side statement handles ava SQL shape. H
schema cache xpata columns, primary keys, indexes kot data source metadata. Kavéva amo avta dev
elvan to application fragment cache ka1 kavéva Sev €yet o 1610 invalidation rule.

Query cache wg execution-local read memo

‘Otav eivat evepyn, N query cache gtuiayvel key ano SQL xat bind attributes. Ze hit emotpepet
duplicate result wote caller mutation va punv aA\a€et to cached object. H cache registry eivan
ovvdedepevn pe execution context kat pools. O Executor evepyomotei kat kaBapilel 1o owoto lifecycle
YUpw astd request 1) job.
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Writes kahoUv dirtying methods mov kaBapidovv query caches yia relevant connections. Me toAEG
databases, £va write pmopet va yperaotel va Aepmoetl OAeg Tig query caches tov current thread, eneidn
Sev eival mavta yvwoto oo read result e§aptatat amo to write. Mtopeig va ¥pnoomomoelg
uncached ya block mov amartei fresh reads, aAAd avtod dev vika replica lag ovte 1o isolation snapshot
pag transaction.

RUBY

ActiveRecord: :Base.uncached do
first = Reservation.where (event id: 42).count
second = Reservation.where (event id: 42).count
puts [first, second].inspect -

end

To uncached aAAaCel povo avtod 1o Rails layer. Av Bpiokecat oe repeatable-read transaction, n
database pmopei voppa va divel to 1810 snapshot. Av Bpiokeocar o€ replica, pitopet va unv exet
epapuogel akoun to writer WAL.

Prepared statement pool

O adapter pmopei va avtiotoryidel SQL shape oe prepared statement name 1) handle. To pool £xet
bounded size ka1 eviction. H PostgreSQL psopet va amoppiyet cached plan 6tav schema change
petaPdarier result type. To Active Record &yel recovery paths yia opiopéveg mepuntwoeig, aAAad Ox1 peoa
oe ke transaction state. 'Eva rolling schema change npémnel va oyxediaotel wote old process ka1 new
process va unv kpatovv acvupata expectations.

Dynamic SQL shapes peiwvouy reuse. Atagpopetikd mAn0og literals oe raw 1N, dynamic column lists kat
tenant-specific table names pmopotv va yepioovv to statement pool. Binds fonBotv dtav alalovv
values, oyt 0tav alade i i6ia n Sour) SQL.

Schema cache

H schema cache amo@etyet repeated metadata queries katd to boot kot runtime. Mmopel va gpoptw0Oei
artdo dump kot va ebet og pool. Kpatd columns, columns hash, primary keys, indexes ka1 existence
information. DDL methods tov adapter kaBapilouvv cache entries yia tables mov aAAalovv, aAha
efwTtepkd migration 1) AA\o process Sev petadider paywkd invalidation oe 1181 {wvtaveg Siepyaoieg.

Avtog etvan Aoyog ov unsafe in-place type changes eival emikivdvveg oe rolling deploy. To old process
pmopel va kpatd maAd column metadata kot prepared plan. To new process propei va ypaget veo
representation. Restart on0a cache state, aAAd ev SropOBavetl incompatible overlap.

RUBY

pool = ActiveRecord::Base.connection pool
columns = pool.schema cache.columns hash("reservations")

puts columns.fetch ("status").sql type
H introspection eivat xprjowun oe diagnostics. Mnv kaveig runtime application branching tavw oe

private schema cache shape. I'ia staged migrations, mpotiunoe explicit feature state xat deploy
protocol.
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‘Evag Tmrivakag didyvwong

2UUTITWHA [MBavé layer MpwTtog £Aeyx0g

idlo SELECT, d¢uTepn query cache CACHE log Kal uncached
Popd xwpig SQL

TTOAAG parse/prepare statement pool SQL shape cardinality
operations

unknown f; missing schema cache process age kal cache dump

column perd DDL

stale read petda write replica rj isolation role, shard, transaction snapshot

H Sayvwon apyidet pe v tavtotnta tov connection. T80 model name Sev onuaivet 8o pool, role 1
shard.

SOURCE TRACE

H query cache uAotroinon BpiokeTal 0To abstract/query cache.rb. To bounded statement map
BpiokeTtal 0TO statement pool.rb pe adapter-specific subclasses. H metadata lifecycle Bpioketal oTo
schema cache.rb.

MATIAA

To «clear the cache» eival emmkivduva aca@ég. Mpiv kavelig aAayn, ovouace query, statement, schema
| application cache. Katéypawe key, owner, lifetime kai invalidation event.

MHXANIZMOZ

O caches dev cival pia oToifa freshness. Eival ave¢dptnteg BeATioToTTOINOEIG VIa results, execution
plans kai metadata. ‘Eva fresh layer umropei va ka8etail mévw oe stale GAAo layer.

PROBE

Kave duo idia SELECT péoa o€ request kai emBeBaiwoe query cache hit. Metd aAAaée bind, kave write
Kal eTTavaAaBe. 2 EexwploTo disposable test database, dAAage additive column kai oUykpive schema
cache og maMi6 kai véo process. Mnv 1pé€eig destructive DDL o€ production yia autd 1o probe.
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RAILS ZTA ETKATA Isolation, deadlocks kai retry boundaries

KE®AAAIO 14

Isolation, deadlocks kai retry
boundaries

‘Eva retry gival cwoTto povo otav cavaTpéxel oAOKAnNpn tnv
atroTuxnuévn povada pe idio intent kail xwpig side effects tTou

EXOUV 1dn CePUYEL.

Tx A cycl TxB
holds Event 1 holds Event 2
waits Event 2 wait waits Event 1

v

T T T —

— o o o o o e e o e e e e e e e e o

rollback + jitter +
retry whole intent

v

deterministic lock order

2xnua 14.1 - Avo lock orders dnuioupyoUv KUKAO Kai atraitouv transaction-level retry.

To Active Record avoiyet transaction, ad\a n database opicet isolation, lock compatibility, deadlock
detection ko serialization failures. To Rails petag@pdadet adapter errors o€ exceptions 05twg
ActiveRecord: :Deadlocked I ActiveRecord: :SerializationFailure. H 0wOTr) recovery unit eivai
ovvnBwg 6An 1 application transaction, ¢€w amo To transaction block.

MNarTi 6x1 rescue péoa oto block

Ye PostgreSQL, statement error pmopei va a@rjoet v transaction aborted péypt rollback. To va
A0ELG exception kot va ovveyioelg e aAo query péoa oto 1610 block Sev amokabota valid
transaction. Akoun kat oe adapter smov entpénel meploodtepa, To domain state stov Safaoceg mpv and
to conflict pmmopet va eivau stale. To retry ipémet va Eavagpoptmoet inputs kat locks.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 45



RAILS ZTA ETKATA Isolation, deadlocks kai retry boundaries

RUBY

class ConfirmReservation
MAX ATTEMPTS = 3

def self.call(id)
attempts = 0

begin
attempts += 1
Reservation.transaction do

reservation = Reservation.lock.find (id)
reservation.confirm!
end

rescue ActiveRecord: :Deadlocked, ActiveRecord::SerializationFailure
raise if attempts >= MAX ATTEMPTS

sleep(0.01 * (2**attempts) + rand * 0.01)
retry
end
end
end

H operation mipéme va eivan replayable. Aev otélvel email kan Sev xpemvel kapta péoa oto retried
block. T'papet durable intent 1} outbox row ov i81a transaction. To random jitter peimvet
synchronized retry storms. To cap eusmodidet infinite contention loop.

Deadlock ka1 lock order

Deadlock vtapyet o0tav transaction A kpatd resource 1 Kot IePIUEVEL 2, evd B kpatd 2 kat mepuével 1.
H database emmAéyel victim kan to kdavet rollback. To retry eivan safety net, 0x1 n faowkn Abon. H Baoikr)
Avon eivan deterministic lock order. Av pa petagopd 0éoewv kAeiWdmvel §vo events, ta&ivounoe ta
mavta pe id mpv ta kA woerg.

RUBY
event ids = [source event id, target event id].sort
events = Event.where (id: event ids).order(:id).lock.to_a

H ORDER BY ZIPEIEL VA AVTIOTOLXEL OTNV TIPAYUATIKT O€1pA acquisition tov plan. Xe ovvOeta joins 1
bulk updates empefBaimoe to otov adapter kat otnv database. Mnv vrtoféteig 6Tt n Ruby array order
avaykadel kaBe SQL lock order.

Isolation anomalies

Read committed, repeatable read xau serializable Sev eivau levels «mo1dttag» mov avefaivouv dwpedv.
AMalovv mowa anomalies emtpemovtat kau mota conflicts petatpémovtan oe abort. To serializable
ovyva asattel application retry wg kavoviko control path. Pessimistic row lock mpootatevet
VITAPYOVOEG TOWS, OX1 AVAYKAOTIKA TNV astovoia row 1) arbitrary predicate. Unique constraint kau
exclusion constraint prropovv va kpatnoovy invariants sov éva row lock Sev BA&mel.

Advisory locks eivar database-specific namespace locks. To Rails core 8ev ta petatpémnel oe portable
domain mutex. Av ta ypnowomnomoeig pe raw SQL, oxediaoe key mapping, transaction versus session
lifetime, collision domain, timeout ka1 cleanup. IToté unv kpatdg session advisory lock evm kaveig
unbounded network I/0.
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Retry budget ka1 observability

"Eva successful request petd amd Svo retries eivan correctness success alMa capacity warning.
Kateypawe exception class, attempt, operation name, lock targets wg bounded categories ka1 cuvoiiko
elapsed time. Mnv ypapeig raw SQL pe sensitive binds oe error logs. Av 1o retry rate avefaivel, fpeg
hot rows, long transactions 1) inconsistent lock order.

To timeout hierarchy mpénel va elvan ouvenég. Database lock timeout pikpotepo amo request deadline
apnvet xpovo ywa controlled retry. Av kaBe attempt pmopet va katavaiwoet OAo to upstream timeout,
TO Tpito retry eivan 6m vekpo work.

Lock wait ka1 statement execution

Lock timeout ka1 statement timeout kofovv dtapopetikeg paoceig. To mpmTo mePlopilel 000 Ba
nepiuéverg ya lock. To Sevtepo pitopel va Staxowet kat query mov anektnoe oha ta locks aAAd kavet
akp1Po scan. [IpooBeoe kat application deadline kat £xeig Tpia clocks sov mpémel va agprvovy xpovo
yia cleanup kat iowg eva retry. Av eivar aoUvSeta, o outer caller ptopet va £xel 161 eykataleipet eve
n database cuveyilel work mov kaveig Sev xperadetal.

To retry budget nipémnet va eivan elapsed-time budget, 01 povo apiBuog attempts. YrroAoyioe to
vroAowto deadline stpwv amd backoff kau tpwv apyioeig véa transaction. Mn ypnoipostoreig to 1810 policy
yia interactive request ko offline reconciliation. To tpwTto mpootatevel tail latency. To Sevtepo pmopet
va TEPIUEVEL TTEPLOCOTEPO AMA Xperdletan durable progress. Kat ota 8vo, &va retry stov dev xwpa va
olokAnpwOei etvan load amplification, oyt resilience.

SOURCE TRACE

To Rails transaction API kai o1 TpogidoTroifoeig yia rollback errors Bpickovtal 0TO active record/
transactions.rb. H exception translation eivai adapter-specific 010 connection adapters. a
isolation semantics xpnoipoToinoe TNV TeKUNpPiwon TG TpayuaTikAg database, Oxi yevikeuon atmd GAAo
adapter. To Rails dev eyyuartal advisory lock portability.

MATIAA

Mnv retry-dpeig StatementInvalid yevikd. Syntax errors, constraint violations kai programmer bugs
dev eival transient. Kpdra pikpo allowlist ammé ocuykekpipéva retryable exceptions kai bounded attempts.

MHXANIZMOZ

To retry boundary pétrel va mTepIEXel Cava OAeG TIG reads Kal writes TTou oxnuatifouv Tnv amoégaocn,
aAAG kavéva un avaoTpéyiyo external effect. Auto eival application contract, 6x1 adapter option.

PROBE

>¢ test database, dvoiée dUo connections kal KAeidwoe Ta idia dUO rows o€ avTiBeTn oeIpd We barriers
wate va dnuioupynoeig deterministic deadlock. ‘EAey&e 6T pia transaction amoTuyxdvel, 1o outer retry
EavagpopTtwvel state kal To TeEAIKO invariant ioxUel. Katéypawe attempts kai connection ids.
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RAILS ZTA ETKATA Roles, shards ka1 execution-local context

KE®AAAIO 15

Roles, shards ka1 execution-local
context

To model dev «ouvdéeTtal og pia Baon». ETIAUEI connection
name, current role kai current shard yéoa oto execution
context kai Bpiokel TO avTioToIXO pool.

{ 3
Model
connection name

connected_to stack
role + shard + guard

A

ConnectionHandler

A

PoolManager
role x|shard

A

selected pool

returned Relation loads
before context pop I

>xAua 15.1 - H emAoyr connection mepvd améd context stack kai PoolManager.

To ConnectionHandler KpaTd map asto connection name o€ PoolManager. KaBe PoolManager kpata
configurations pe 8o dimensions: role kat shard. To model Sivel to connection specification name
tov. To current execution Sivet role kan shard. O handler emotpepet To pool otn Staotavpwon. 'Etot
Svo calls tov 1610V model popovv va xpnoiuomooovy Siagopetiko socket set xwplg va aAAaget 1
model class.
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H connected_to stack

TOConnected_baﬂpOOGéTSlenU3708Stad(péOG(TK)ActiveSupport::IsolatedExecutionState.TO
entry exeirole, shard, prevent writes kat classes oTig omoieg epapuodetal. Te ensure 1o entry
Byaiver. Ta current role KAl current shard Stafadovv ) stack amd to tehog kau fpiokovv to TpwTO
relevant entry. Nested switching eivan Aoutov dynamically scoped context, ox1 global adayn
configuration.

RUBY

AnimalsRecord.connected to(role: :reading, shard: :europe) do
puts AnimalsRecord.current role
puts AnimalsRecord.current shard
Animal.limit (10) .load o

end

H block popen) eivar kpiowun eneidn Sivet cleanup. H connecting to xwpig block mpooBeter state mtov
npoopiletan yia console-like use kat 8ev ouviotatan péoa oe request. Exception xwpig ensure 6a
puopoLoe S1aPOPETIKA va A@T|0eL TOV EMOUEVO KOO1KA o AaBog tenant 1| writer.

To lazy relation trap 1Tou 10 Rails KAgivel

Yrdapyet pa fabia Aemtopépeia 0to with role and shard: av o block emotpéwet

ActiveRecord: :Relation, To Rails kaAel 1oad mpv apaipeoel 1o context. Xwpig avto, 1o lazy relation
Ba exteAovvTav apyotepa TAvw oTo ponyoLuevo role 1) shard. To returned object tapauéver relation,
oM\ €xel materialized records.

Avto Sev omlel kaBe lazy object. Enumerator, association proxy, proc 1) custom query wrapper pmopet
va Eepuyetl anod 1o block kat va kavetr I/0 petd to pop. To boundary contract mapauéver: materialize
0,T1 avnkel oto switched context tpwv PByeig.

RUBY

relation = ActiveRecord::Base.connected to(role: :reading) do
Reservation.where (event id: 42)
end

puts relation.loaded?

Prevent writes givai guardrail

To reading role evepyomoiel prevent writes. O adapter e€etaler SQL kot amoppimntel queries mov
ta&vopel wg writes. AvTto mpootatevel asto accidental Active Record writes. Aev 1008uvvapel pe
database user mov €xe1 povo SELECT, Sev etvan security boundary kat 8ev eyyvatar 0t kaBe vendor-
specific write Oa avayvopiotel. H mpayuatikn replica ipémet va €xel database permissions kat
topology mov emailovv Tov poio g.

Read-your-writes kai automatic switching

To database selector middleware pmopei va oteidet recent writers otov primary yia configurable delay
Kot aMeg reads otn replica. Auto eivar heuristic yOpw asto mbavo replication lag. Aev petpa
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autapaitnta payuatiko replay position. I'ia operation sov mpéset va Set apeowg d1ko g write, peive
oToV writer 1) ypnowomoinoe explicit consistency token stov vitootnpidel n vitodour cov.

Me shards, To tenant routing ivau correctness boundary. Xpnoipomoinoe prohibit shard swapping
apov emheyel shard ywa request, wote nested code va punv aAa&et owwmnpa tenant. Opwg to guard Sev
emPefarwvel 0T 1 PG A0V NiTav owoTth. To authentication-to-shard mapping ypeladetal 61xo
Tov test.

Capacity TroAAatrAaoiageTal

KaBe evepyd (connection name, role, shard) €xel 81kod Tov pool. Lazy pool activation mepilopidet
one-off k6oTOg, AMA worker stov ayyiel toAovg shards ptopet va avoi&et toAaG pools. Metpa
npayuatikda activated pools kol database connections ava process. To theoretical product 0Awv Twv
dimensions eival worst case, Oyt mavta measured usage.

Context stack ka1 deferred work

H connected stack eivat scoped oto current isolated execution state. Avto mtpootatevel concurrent
requests, aA\a Sev petagpepel avtopata v npdbeot) cov oe véo thread, future 1 job. Av scheduled
work mpémer va 1pé€er oe ovykekpuevo shard, serialize to tenant 1 shard identity wg explicit input kot
Eavakave 1o routing péoa oto execution. Mnv avtypdyelg ohoxinpo process-local stack oe durable
payload.

IIpooete emiong class scope. Mia abstract record class pmopet va gxet Stagpopetiko connection handler
contract asd aAAn hierarchy. To 61 8o models Bpiokovtal oto 1610 block §ev amodeikvier ot
Xpnotpoolovy 1o 1810 pool 1) shard mapping. Xe cross-database workflow katéypawe yia kafe
statement connection name, role, shard ka1 database transaction id 6;tov vrtootnpidetal. "Etot
PAIVETAL AV 1] EQAPUOYT] EKAVE TTPAYUATIKA pia atomic operation 1) §0o aveEdptnta commits ov
xperadovtal compensation.

Session state akoAouBei To connection

Temporary tables, advisory locks, transaction isolation changes ka1 dAAa session-level features
avrkovv 01o ovykekpipévo database connection. To connected to emAgyel pool. Aev eyyvatat 0Tt §Vo
Eexwprotd blocks Ba tapovv to 1810 socket, olte 6T1 €va session setting Oa akorovOnoet logical
request. Av ypeliaeoa tetolo state, kpdtnoe explicit with connection scope, kave cleanup o€ ensure
ka1 tpotiunoe transaction-local database settings 67tov vtdpyoLv.

AvTo yivetal kpiowo pe replica promotion. To application role : reading 8ev onuaivel amod povo tov
read-only physical server yia mavta. Topology manager 1) DNS umopet va aAA\d€et endpoint. Av
correctness egaptatal amo mpaypatikd WAL position, ypnowomnoinoe mechanism tng database kot o1
o ovuPolko Rails role wg proof.

Ye shard migration, maAog kat véog worker psopei va Stapmvoiv yia to tenant mapping. Kave to
mapping versioned ka1 observable. 'Eva ao@aiég move ouviiBwg xpelddetar phase 0mov writes &xovv
povadiko owner, reads propovv va ouykplBovv kat jobs peta@épouy tenant identity stov enivetan pe
ovppato tpomo. To connection context Bpioket oL Ba tpe€et query. Aev amoPacilel pOVo Tov TOTE 1)
petagopa ownership oAokAnpmOnke.
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SOURCE TRACE

H emAoyn pool BpiokeTal 0Ta connection handler.rb Kal pool manager.rb. H execution-local

To public setup trepiypagetal oto Multiple Databases guide.

MATIAA

Mnv trepvag lazy enumerator fj proc €§w atmé connected_to block av ptropei va kéavel query. To Rails
materializes returned Relation €181kd, 61 kdBe mOavo lazy abstraction Tng epapuoyng.

MHXANIZMOZ

Role kai shard eival yépog Tou execution context. KaBe query trace mmou Ta ayvoei gival EANITTEG, akOun
av 10 SQL text eival owaTo.

PROBE

Kdave subscribe 010 sql.active record Kal Tp6oBeoe sanitized role, shard kai connection object id.
Eméotpeywe Relation, Enumerator kai proc améd switched block ae test. EmBeRaiwoe mdTe yiveral 10
query. Metd éAeyEe 611 nested shard switch atroppitTeTal yéoa o€ prohibit shard swapping.
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RAILS ZTA EFKATA Async queries Kal To TTpayuaTiKO resource budget

KE®AAAIO 16

Async queries Kal TO TTPAYMOATIKO
resource budget

TO 10ad async ETTIKAAUTITEI QVANOVI) HOVO OTAV UTTAPXEI EAEUBEPOC
executor kal 0euTepOo database connection. Agv Kavel Tn
database ypnyopoTtepn.

Relation#load_async

v

FutureResult
pending + mutex

. 7
‘//
M _ -
|
executor thread caller consumes |
with_connection | wait or execute |
_______ J
AN
N X
o A

Result -> records

>xAua 16.1 - To FutureResult ptropei va 1pé€el background A va oAokAnpw6ei foreground.

'‘Otav kaAeig relation. load async, To relation amoktd connection mpoowpiva yia va eAeyel av async
execution eival enabled. Av Sev eivay, kavel kavoviko load. Av eivan kat to relation Sev £yet loaded,
KaAel To main query path pe asyne flag povo dtav dev Bpioketan oe joinable transaction. To result
UItopel va eivat array, av eKTeEAE0TNKE AUECWG, T) FutureResult, AV TIPOYPAUUATIOTNKE.

To relation onueiwvetat loaded axoun otav kpatd future. 'Otav ¢ntoeig records, 10 exec queries
mtaipvel 1o result. Av i background SovAeid exetl teAeiwoet, emoTpEPel auEoms. Av oy, o foreground
caller mepiuével. Av o executor Sev mpoAafe va apyioel, o foreground path pstopet va asoktroet to
mutex ka1 va ekteAecel o 1610¢ To query. 'Etol i correctness dev e€aptatal asmto to va Eekvroet
onwodnmote background thread.

FutureResult kol Promise

To FutureResult Kpatd pool, query arguments, mutex, pending state, result 1) error. To background
path kavel pool.with connection, amokTd mutex pe try lock kat ektelel. To foreground result
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meplevel oto 1810 mutex 1 extedel av mapapével pending. Ta instrumentation events buffer-dpovtan
kat Snuootevovral oto consuming context pe lock wait metadata.

To ActiveRecord: : Promise givan lazy transformation mavw oto future. To then cuvBétet block, ala
1o block Sev eivan yevikog async callback scheduler. Tpéyet dtav {nnbei value. Av mtepluévelg promise
KAl AUECWG KOAELS . value, Oev Exelg Swaet yprjoun SovAeld va emkalvpOet.

RUBY

reservations = Reservation.confirmed.where (event id: 42).load async
payments = Payment.where (event id: 42) .async sum(:amount cents)
summary = EventSummary.compute without database (event id: 42)

puts reservations.to a.length
puts payments.value
puts summary

H middle SovAeia mpémet va etval aveEaptn. Av xpeiadetat result Tov tpmtov query, 1 aAAniovyia
elvanl avaykaotika sequential.

Transactions kai consistency

Async query dev pmopel va ypnotpomoimoet dAAo connection kat tavtoypova va det to uncommitted
state tng current transaction. I' avtd to relation path Sev mpoypapparti¢er background query péoa oe
joinable transaction. AkOun av xeipomointog kmdikag Ppet TpOITo va XPT|O1U0ITOL0el SeVTEPO
connection, Ba aAAdEe to isolation boundary. Auto 6ev etvat optimization. Eival Stapopetika
semantics.

O Aoyaplaouog Twv connections

Me global thread pool, TOAQ pools poipalovian query executor threads aAAd kaBe query
¥pe1detan connection asod to 51kd Tov pool. Me multi thread pool, kGBe pool pmopei va exel ko
tov executor. Ta config names kat defaults mpémnetl va emainBevovian oty €kdoon g epappoyng. To
capacity equation eivan mepimou:

OUTPUT

foreground DB concurrency

+ background async queries actually in flight

+ job and Cable DB concurrency

<= available connections across the relevant pools

Av web threads yepidouvv pool kat kaBéva mpoypappatioet asyne query, ot background workers
meppuévouy connections. Ot foreground callers gptavovy . to_ a kat iowg mepiuévovy ta futures. "Exeig
LETAKIVIOEL TNV queue, Ol LEIWOeL TO work.

MNéTe agidel

A&i¢e1 6tav Svo 1 teproodtepa independent, latency-heavy queries pmmopovv va tpE€ouvv mapdAAnia, n
database ¢ye1 spare capacity ko vitapyet xpriowun CPU 1) I/0 SovAeid avapeoa oto schedule ko
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consume. Aev a&idel ywa pia ypryopn query, yia hot database oto saturation 1| yia queries mov
avtaywvidovtal to 1810 lock.

Metpa wall time, total database time, connection wait ka1 database load. H wall time pmopet va téoet
evo total DB work pévet 1610 1 av€avet. Autod eival amoSekTto HOVO av T0 GUVOAIKO CUOTNUA EXEL
capacity.

Completion thread kai context

To object mov emoTpEPeTA pHO1ALEL e promise, AAAA UnVv tpofarielg Tave Tov yeviko JavaScript
promise model. H query £xe1 ovykekpiuévo Active Record executor, connection-pool lifecycle kau
foreground fallback. Av o caller {ntroet o asmotéAeopa ipv apyioet To background work, propet va
kepdioel ) race kot va exteAéoet o id10¢. Apa thread names ota traces Sev eivatl otaBepo public
contract.

Ot transformations mavw oe Active Record promise Siatnpovv lazy composition, opwg application code
mov Xpeladetan request-local metadata mpémel va eAéyEet ol exteeitar. Mn Baoileilg authorization 1
tenant selection o€ implicit thread local tov iowg Aeimel. KAgioe avta ta decisions péoa oto Relation
nipv asto to schedule kat tépaoe observability context pe vtootnpildouevo execution mechanism. To
artotéAeopa ptopet va eivar deferred. H aogpdela tov query shape Sev mpénet va eivan deferred padi
TOU.

SOURCE TRACE

H public eicodog Bpioketal 0To Relation#load async. H race avapeoa oe background kai foreground
execution BpiokeTal 010 future result.rb, evw To lazy transformation API €ival 010 promise.rb. O
executor dnuioupyeital amd 1o connection pool.

MATIAA

Mnv au¢ioeig async executor threads xwpig va emmavuttoloyio€ig database connection budget. Thread
Xwpig connection dev ekTeAei query. MepioodTepa waiters ummopouv va kavouy tail latency xeipotepo.

MHXANIZMOZ

Async query eival latency overlap mechanism pe mpdaBeto connection demand. To cwaTd success
metric eivai request wall time péoa o€ amodekTo database load, 6xI n TTapoucia ASYNC oTo log.

PROBE

>¢ representative dataset, oUykpive sequential kai async ektéAeon duo independent queries. Katéypawe
wall time, dBpoicpa SQL times, pool.stat[:waiting] kal database CPU. ETravaAaBe pe pool kovTd
aTo saturation. Kpdta 10 async version pévo av BeAtiwvel tail latency xwpig va petagépel utrepBoAikd
KOOTOG OTOUG AAANOUG requests.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 54


https://github.com/rails/rails/blob/v8.1.3.1/activerecord/lib/active_record/relation.rb
https://github.com/rails/rails/blob/v8.1.3.1/activerecord/lib/active_record/future_result.rb
https://github.com/rails/rails/blob/v8.1.3.1/activerecord/lib/active_record/promise.rb

RAILS ZTA EFKATA Active Job serialization kai GloballD

KE®AAAIO 17

Active Job serialization ka1 GloballD

‘Eva enqueued job givail versioned prvupa tou Ba diaBaoTei
apyoTePa atrd MOavwe dIaPOPETIKO release. Aev eival frozen
Ruby method call.

Ruby call
current release
a * 3\

ActiveJob.serialize
class + args + metadata

v

durable payload
wait + retry horizon

A

constantize + locators
future release

7

current records +
currer1t code

>xnua 17.1 - To Ruby call yivetal payload kai EavayTiCetal o€ HEAAOVTIKO process.

To perform later Smuiovpyel job instance pe job_id, queue, priority, arguments, locale, timezone ka1
counters. ITpwv mepdoet otov adapter, 10 serialize mapdayet hash. To hash mepiéyel o string name tng
job class kau serialized arguments. 'Otav worker o mapel, T0 ActiveJob: :Base.deserialize KAVEL
safe constantize Tov onuepivov class name, Snpovpyel onuepivo instance kat emavagpepet state. Apa
producer code ka1 consumer code Sev xperaletan va eivat to 1610 release.

Av10 eivan To BepgMo Tou job compatibility problem. Rename puag job class, adhayn arity, apaipeon
keyword 1) aAAayr) custom serializer ptopet va omaoet 6n ammoBnkevpéva payloads. To queue depth
petatpénel éva deploy oe temporal API.
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Ti akpIBwg TAgIOEUEI

Intrinsic values 0mtwg numbers, strings, arrays kat hashes serializes recursively. Symbols, dates,
durations ka1 dMa supported types xpnoiosmolovv registered serializers. Hash keys mpémet va eivan
strings 1) symbols ka1 oplopéva  aj  keys eivan reserved. Ayvwotog object type xpetaletan custom
serializer 1) GloballID identification.

RUBY

class ConfirmReservationJob < ApplicationJob
def perform(reservation id, requested by id:, contract version: 1)
reservation = Reservation.find (reservation id) -
actor = User.find(requested by id) N
Reservations::Confirm.call (
reservation: reservation,
actor: actor,
contract version: contract version

)
end
end

Ta explicit IDs kavouv to message schema opatd. To default argument emtpénel oe mao payload va
SlaPaotel amo véo code. H version Sev yperaletal va avéavetal oe ke refactor. Xpeialetal otav
aAAadel 1) onuaoia tov payload.

GloballD cival reference, 6x1 snapshot

Av mepaoelg reservation avti ya id, to Active Job amoOnketer GloballD URI pe app, model name kot
model id. Katd tnv ektéleon, o locator poptwvel record asto  onuepwvn database. Aev amoBnkevel
attributes g otiyurng enqueue. Av 1o status dAAa&e, to job PAemel véo status. Av To row Staypagnke,
deserialization ptopel va ammotiyel Tp1v Witel o perform.

AvuTo glvatl ouyva 10 0woTO contract yia «kave KATL pe To current record». Agv elval owoTo yla «OTEIAE
akp1Pag v TIun mov ioyve kata v ayopd». Exel yperddetan immutable snapshot fields ) domain
event record. H emmdoyr) ID versus snapshot eivai business semantics, 0yt serialization preference.

Signed GlobalID mpooOétel authenticity, purpose kot tpoatpetikr) Anén. Aev kavel to record
immutable ka1 Sev eyyvatal 0Tt vtapyet. Eivan xpriopo otav 1o reference smepva asmo pn eumoto caller
N €€l Xpoviko window.

Custom serializers wg deployed protocol

"Evag custom serializer ypaget discriminator kot fields kot apyotepa Eavaytilet object. To class name
Tov serializer amoBnkevetat oto payload. Av apaipebei, maia jobs Sev Srafalovtar. Kpata serializer
backward-readable yia tovAdyiotov to péyioto queue age ovv retry horizon. I'a peydieg adayég,
npooBece new serializer version avti va aAAEELG 010N PA TNV TTANA representation.

H deserialization tuAiyet failures oe ActiveJob: :DeserializationError. To discard on €lval 0woTO
uovo otav 1o job exel yivel oprotikd irrelevant, omtwg deleted subject. Av failure tpogpyetar amod
nipoowpivr) database SiaBeopuotnta, discard yaver SovAeld. H €ékSoon GloballD 1.4 Eexwpilel oe 51k
g locator API record not found a6 record unavailable, al\a to Active Job contract kot o adapter
path mpemet va eheyyxBovv mptv otnpiytel policy mavw otn Aemttopepela.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 56



RAILS ZTA EFKATA Active Job serialization kai GloballD

Payload inventory Tpiv amré aAAayr

'Eva safe deploy E€pet oldest enqueued job class, péywoto retry age kat scheduled horizon. Recurring
task pmmopel va mapayet véo payload apéowg petda to deploy, eve delayed job pmopet va Eumvnoet urveg
peta. Av Sev popeig va embewpnoeig payloads Aoyw adapter abstraction, kpdata explicit compatibility
window wg operational contract.

SOURCE TRACE

To envelope dnuloupyeital 0TO active job/core.rb Kal Ta arguments 0TO active job/
arguments. rb. H reference resolution Bpioketal o1o tagged globalid. AkOAOUBNOE serialize ->
Arguments.serialize -> GloballID -> adapter -> deserialize -> Locator.

NATIAA

Mnv repvag mutable model emeidn @aiveral o object-oriented. To payload kpatd pévo reference.
pdwe o€ pia TpdTacon av 1o job xpeidletal current state ) historical snapshot kai d1GAe€e representation
atéd auto.

MHXANIZMOZ

To job payload eivai protocol avaueoa o€ xpovoug kai releases. Class names, argument shapes,
serializers kal domain meaning xpeidfovrai backward compatibility 6co uttdpxel £0Tw éva TTaAIo
message.

PROBE

Mape TpaypaTikd serialized hash atmé kaBe critical job xwpig sensitive values. ATmoBrkeuaé 1o wg fixture
Kal kave deserialize pe 10 véo release. Aokipaoe deleted GloballD subject, renamed class compatibility
Kal TTaA16 contract version. To test TTpETTel va KaAgi perform now TTAvW oTO deserialized instance.
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KE®AAAIO 18

Enqueue after commit, retries kai
idempotency

To enqueue timing, 1o retry policy kai To idempotency ledger
gival Tpia dlapopeTikd mechanisms. Kavéva uovo Tou Oev divel
exactly-once effect.

application write

v
{ 3
DB commit
\ 3 7
{ 3

durable enqueue

$

external effect

A

queue ackngwledgement

I crash window
I committed, iot enqueued

— — — — — — — — — —

crash window
I effect, not recorded

— o = o e e o o o e

>xnAua 18.1 - Ta crash windows avaueoa oe commit, enqueue, perform kai acknowledgement.

To Rails prtopel va avafdaiel enqueue pEypt va kavovv commit 0Aeg o1 avorytég Active Record
transactions. To EnqueueAfterTransactionCommit TUAYEL TO raw enqueue kat kataywpidetl block
LE0w ActiveRecord.after all transactions commit. Xe rollback, to enqueue dev mpémel va yivel.
Ye commit, o adapter kaAeitan peta.

AvTo Avet 1o kAao1ko race omtov worker Bpioket job mpuv yivel visible to record. Aev kavel enqueue kat
application write atomic otav n queue Ppioketal oe AAAn database 1) vinpeoia. Yrapyet window: 1)
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application database ¢kave commit ka1 i) process neBave mpv o adapter amoBnkevoet 1o job. I'a
astapaitntn SovAeld, to outbox mapapévetl o durable bridge.

RUBY

class IssueTicketJob < ApplicationJob
self.enqueue after transaction commit = true

retry on Net::0OpenTimeout,
wait: :polynomially longer,
attempts: 8,
jitter: 0.20

def perform(reservation id)
TicketIssuance.call (reservation id: reservation id)
end
end

Ti kKAvel TTpayHaTIKA TO retry_on

To retry on dnAovel rescue from handler. O1 handlers avadntotvtan amd kAT TPog Ta TAVK 0T
declaration kat inheritance chain. I'ia ka0e declaration to job kpatd Eexwplotod execution counter oto
serialized payload. Av vitapyovv attempts diaBeoua, to handler vtoAoyilet delay, tpoaipetika
QAVAPEPEL TO error Kol KaAel retry job. 'Otav eEavtAnBolv, tpexet block av §00nke 1 Eavaonkaver.

To :polynomially longer OTNV €kS0OT ava@opdig XpPNolLoolel tetaptn SUvapn tov execution count,
jitter kan otaBepo offset. Mn ypapeig runbook pe mpodyeipo «exponential» label. Yrtohoywoe
mpayuaTiko retry horizon yia tig puBpuioeig oov. O queue backend pmopei va €yel emummAgov retry 1
redelivery behavior €¢€w amto to Active Job. Ta 6o layers ev poipalovral avaykaotika counter.

Idempotency key kai effect ledger

At-least-once delivery onuaivel 0Tt 1810 intent pmopel va @taocel Eava: timeout petd to effect arl\d mpv
to acknowledgement, worker crash, manual retry 1) queue recovery. To job mpémel va avayvwpidel
stable business identity. To job_id 8ev apkei av application code npovpynoet véo job yia 1810 intent.

RUBY

class TicketIssuance
def self.call(reservation id:)
issuance = TicketIssue.create or find by! (
reservation id: reservation id, -
kind: "final ticket" -
)

return if issuance.completed?

Tickets::Deliver.call (issuance: issuance)
end
end

Xpeladetar unique database constraint ota (reservation id, kind).AkOun pével external
ambiguity: av to provider mapédwoe kat to connection xaBnke mpwv v asavinon, 1o local completed
elvau false. ISavika to provider 6&xetan S1ko pag idempotency key. Atagopetika xpeldletar query/
reconciliation protocol, 6yt blind repeat.
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Retry taxonomy

Retryable eivan transient unavailability, rate limit ue cagpég delay, deadlock yvpw asmod replayable
transaction 1) timeout pe safe idempotency. Non-retryable eivat invalid payload, mapafiacn domain
contract, missing permanently deleted subject ka1 programmer error. Unknown failure Sev yivetan
avtoparta retryable eneldn) to queue pmopet va Eavatpetet.

discard on TpEMEL va mtapayel observable outcome. 'Eva silently discarded job pmopei va eival owoto,
oM\ operations xpeiaetan count kau reason. To after discard eival onpelo yia report 1y metric, oyt
yla va emiyelpnoet Lava to 1610 unsafe effect.

Shutdown ka1 redelivery

Graceful shutdown Sivel ypovo ota active jobs. Av Arj€et to timeout, process pmopei va meBavet ot
uéon. To queue backend mpémel va avayvwpioet orphaned claim 1) va emavagépet job. To application
Oev mpémel va vmobetel 0Tt method return kot acknowledgement eivat atomic. Idempotency kaAvmtel
AKPIP®S AUTO TO TEAELTALO KEVO.

Handler order ka1 protocol evolution

Ta retry kau discard handlers avadntotvtal asto to 7o Tpoo@ata SNAWUEVO TPOG TA TAAMOTEPA KAl
péoa otnv inheritance chain. 'Eva broad retry on StandardError pitopel €101 va OKIAGEL IO
OUYKEKPIUEVT] TTONTIKT) 710V vouleg 0 epappoletat. Kpata ta handlers puikpd, ordered asto intention
ka1 BaAe characterization test ;tov eAéyyel wait, attempts kot teAiko outcome yia kabe exception class.

To job id 8ev eivar mavta 1o owoto idempotency key. Kabe retry tov i81ov Active Job kpatd identity,
oM\ duplicate business command pmopei va €pBet pe véo job id amo HTTP retry, reconciler 1) manual
replay. To key mpémer va ovoudder to effect, 0wg capture/payment 42/v1. BaAe version o0tav aAadet
n onuaotia tov effect. Atapopetika eéva oo ledger row ptopet va kaver skip pua véa, voppa
Slagopetikn operation petd amod deploy.

Enqueue failure ka1 perform failure

H astotuyia sipv to backend Seytel payload eivan Stapopetikr) astod exception péoa 0to perform. H
npan ovuPaivel oto producer path kot pmopet va agpnoel committed domain intent xwpigjob. H
Oevtepn eivan 61 queue-owned execution kat sepva auto retry policy. Mnv Tig evaoelg o€ €va metric
job_failed. Xpelrdloviat Stapopetikd owner, alert kan recovery query.

Axoun ko successful adapter return Sev eivan end-to-end anodelln. Enuaivel 0,11 LIOCYETAL O
ovykekpipevog adapter yia durable acceptance. Kateypawe Active Job id kau provider job id 6tav
LITAPYEL, AAAA KpaTa To domain intent id wg otabepod vijua oe manual replay 1 migration oe véo
backend.

Backoff wg distributed load control

To exponential backoff pe jitter Sev etvanr povo evyévela pog dependency. Astoovyypovidel jobs mov
artetuyav padi, ®ote n avakapyn va pn dnuovpynoet véo stampede. To maximum wait stpémel va
¥wpa oto business deadline kot to total attempt horizon va gaivetat oe operations. I'a rate limit pe
server-provided retry time, xpnowosmoinoe bounded adapter ;tov eA&yyel KAl KAVOVIKOITOIEL TNV TIUT)
avtl va gpmotevetal avbaipeto header.
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Ye deploy, malo retry payload pmopet va Sumvroet petd ano efdopadeg. To error handler, o serializer
kot 1o idempotency ledger mpémel va mapapévovv ovufatd yia oAOkANpo avto to horizon. Avto eivat
release constraint, 01 povo queue setting.

SOURCE TRACE

H deferral logic BpiokeTal 0TO enqueue after transaction commit.rb.To retry on, Ta counters,
T0 jitter kal To handler order BpiokovTal 0TO active job/exceptions.rb. To public behavior
TTEPIYPAQPETAI OTO Active Job Basics.

MATIAA

enqueue after transaction commit Ogv gival transactional outbox. KAeivel 1o visibility race trpiv
atmé commit, aAAG a@rjvel crash window petd 1o commit kai TTpiv a6 durable enqueue 6tav Ta dUo
stores dev poipadovrai transaction.

MHXANIZMOZ

Retry ammogaacilel ote Eavadokipdloupe. Idempotency amo@aaiel av n emavaAnyn aAAdler To
atrotéAeapa. Reconciliation ammoaaicel T kGvoupe 6Tav dev EEpoupe av 1o eEwTePIkS effect auvéRn.

PROBE

>¢ integration test BdAe barriers ota T€coepa onueia: TpIv commit, uET@ commit TTpIvV enqueue, PETA
external effect piv local completion kai petd perform 1piv acknowledgement. Npocopoiwoe crash og
KAaBe onueio. Métpnoe TeAika business effects, Ox1 TTOOEG POPEG UTTAKE N perform.
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KE®AAAIO 19

To table state machine Tou Solid Queue

270 Solid Queue n katdoTaon evog job dev gival enum o€ pia
row. EkppdadeTal atrd job row kKal atrdé TNV TTapouCia Tou o€
dIaPOPETIKOUG execution tables.

solid_queue_jobs
payload identity

A

scheduled| execution

—_— - - Y
| \
| blocked_execution |
_____ _— =)
A
ready_execution
( * B

claimed_execution
process owner

\
failed_execution |
J

A 4

finished / deleted

>xnua 19.1 - O1 petakivioeig scheduled, blocked, ready, claimed, failed kai finished.

To solid queue jobs kpatd to serialized Active Job payload kot faocikd metadata. Eeywprotol
mivaxeg avamaplotovy eligibility kot execution state: scheduled executions, ready executions,
blocked executions,claimed executions KOl failed executions. YT[(’XpXOUV ouc(')un semaphores,
processes, recurring tasks, recurring executions ko1 pauses. Ta indexes eivar pépog tov scheduler
design, oyt astAn database hygiene.

Metd ) Snuovpyia job, 10 prepare for execution koita av eivan due. Future job amoktda scheduled
execution. Due job ywpig concurrency limit astoktd ready execution. Due job pe limit mpoomtaBei va
mapel semaphore. Av Sev pmopet, amoktd blocked execution. H job row mapapévet n tavtdtnta eve ot
execution rows aA\adouv.
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Scheduled 1Tpog ready

O dispatcher kavet polling kot kaAel ScheduledExecution.dispatch next batch. EmAéyel due rows
oe bounded batch, Tig tpowBei oe ready 1 blocked ava concurrency rule kan agpaipei tig scheduled
representations. Autod onpaivel 6t 1 akpifeia evog scheduled time e€aptatat amo polling interval,
dispatcher availability, batch backlog ka1 database contention. Eivat lower bound eligibility, oyt hard
real-time deadline.

Ready mrpog claimed

O worker {nta péypt tooa executions 6oa idle threads €yet. To ReadyExecution.claim XTiel relations
ava selected queue, emAéyet ordered candidates pe non-blocking lock, Snuovpyet claimed executions
Sepéva oo process kat Staypaget tig avriototyeg ready rows. H transaction yOpw asmod avtn
petakivnon amtotpénet dvo healthy workers va claim-apovv v i81a ready row.

OUTPUT

Jjob row: exists throughout active lifecycle
ready row: eligible, not owned

claimed row: owned by registered process

failed row: terminal failure awaiting action
finished at: completed if finished jobs are preserved

To non-blocking lock agrvet évav worker va mtapakdapypel rows stov aAlog worker kheildwvel. Avto
BeAtiwvel throughput aAAd apaupet strict global ordering. Queue order, numeric priority kat creation
time ennpedadovv candidate ordering. Aev amotelovv exactly-in-order delivery contract vito
concurrency.

Perform kai outcome

To claimed execution ekteAei 10 Active Job péow worker thread pool. Ze success, 10 job yivetat
finished 1) Staypagetar ava configuration kat to concurrency lock ameAevBepwvetat. e application
failure, Snuiovpyeitan failed execution otav Sev exet 110N yivel retry and Active Job. Manual retry
EavampoeTouadet to job ywa execution.

Av process e€apaviotel, supervisor maintenance evtosmilel stale process row kat ta orphaned claims
QITOTLYYXAVOULV e process-missing error. Autd kdavel to failure visible. Aev pmopet va yvopiet av n
business operation oAokAnpwoe Alyo mptv Tov Bavato. To application-level idempotency tapapévet
astapaitnTo.

Queue database wg production dependency

H database-backed queue &ye1 yvwotd transactional kot operational epyaieia, aAAd Sev eivan
«8wpeav». Polling, claim locks, cleanup, indexes kau finished-job retention 6npovpyotv write load. Av
xpnowuorotel Eexmwplotn database, £xel Eexwprotod pool kan failure domain. Av poipadetan application
database, queue contention pmopel va ennpedoel requests kal kmoleg atomicity emmhoyeg aAhalouv.

Mnv aM\adeig schema twv internal tables yeipoxivnta amo intuition. Xpnoposmoinoe Tig migrations g
£x6oong Solid Queue kan €éAeyEe query plans mavw oto Sikd oov backlog distribution. Queue wildcard
selection pmopel va exet Stagpopetiko plan kooTog atd explicit queues, e181ka oe databases omov prefix
matching amattel Sragpopetiko query.
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Ta cwoTd metrics gival state transitions

To ouvoAiko job count dev apkel. Métpa ready age, scheduled lateness, blocked age ava bounded job
class 1) concurrency group, claim-to-finish duration, failed rate kou stale process heartbeats. "Eva queue
pe Atya jobs propel va €xet éva blocked critical job ywa wpeg. 'Eva queue pe toAAa short jobs pmopei va
elval vyEg.

SOURCE TRACE

H ékdoon avagopdg eival 1o tag solid queue v1.5.0.Aeg 10 generated queue schema.rb, HETA
Job: :Executable, Job: :Schedulable, ScheduledExecution, ReadyExecution Kal
ClaimedExecution. To Kpiolpo claim trace €ival Workerf#claim executions ->
ReadyExecution.claim -> select candidates -> ClaimedExecution.claiming.

MATIAA

H transaction 1mou petakivei ready o€ claimed TrpooTaTeUel Tn queue representation. Agv kdvel atomic
TNV €@appoyn Tou job e To acknowledgement Tng queue. Worker death e€akoAouBei va dnuioupyei
ambiguous business outcome.

MHXANIZMOZ

To Solid Queue ¢ivai durable relational state machine. Na va 1o debug-apeig, Bpeg Toia representation
row UTTAPXEl TWPA Kal TTOI0G actor EMTPETTETAI VA TNV YETOKIVIOEI HETA.

PROBE

>¢ development pe Solid Queue, kave enqueue £va immediate, €éva scheduled kai 8Uo concurrency-
limited jobs. EmBewpnoe povo IDs kai timestamps oToug execution tables kaBwg dispatcher kai worker
TPEXOUV. ZTaudTa worker HETA To claim Kal TTapatrpnoe Twg yivetai visible To orphaned outcome.
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RAILS ZTA ETKATA

KE®AAAIO 20

Supervisors, heartbeats kai
semaphores

To queue state machine xpeialeralr {wvtavoug actors.
Supervisor, dispatcher, scheduler kalr worker €xouv
O1a@OPETIKI) OOUAEIA, dlaopPETIKA threads kal SIAQPOPETIKO

database budget.

>xnua 20.1 - H process topology kai To semaphore path gvog limited job.
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O supervisor S1affadet configuration kan Eexiva worker, dispatcher kot scheduler actors. Xe default fork
mode kaBe configured actor yivetau Eeywpiotn process. Xe async mode tpéxovv wg threads oty
Supervisor process ka1 1o processes setting ayvoeitatl. H eékdoon 1.5.0 ovviotd fork mode ywa
isolation. H emAoyn) ennpeadel memory, failure blast radius, GVL contention kat ouvoAikda database
connections.

O worker &yet polling loop ka1 bounded Concurrent: : ThreadPoolExecutor. Zntd ready jobs ioa pe ta
idle worker threads kat ta kavet post oto pool. Kabe execution tuAiyetan oto Rails application
executor. Ektog amod ta configured job threads, viapyovv polling kot heartbeat threads. H Solid Queue
configuration pdiota tpoeidoroiel Otav to database pool eivat pikpotepo asod to extipwpevo thread
demand.

Heartbeat wg failure detector

KaBe registrable process ypaget row pe kind, name, pid, hostname, supervisor kat metadata. Periodic
timer evnuepovel last _heartbeat at.Supervisor maintenance fewpel talid rows prunable Bdaoet
threshold. Avto eivan failure detector pe timeout. Aev Eexwpilel teAela dead process amd process mov
£xelr otapatnoel va scheduler-apetai, €xaoe database connectivity 1) taywoe oe peyain VM pause.

To threshold eivan tradeoff. TToAD uikpo mpokadet false death kot mBavn emavektédeon evmd o Taog
worker Cet. IToAU peydo agnvetl orphaned claims adopata mepiocotepo. Xpeldletal va Eemepva
puoloroyikda heartbeat delays aAAd va ywpa oto recovery objective.

Semaphore wg¢ database counter

To concurrency key avtiotoiyei oe semaphore row e value kol expires at. [a limit v, n apykn
artoktnon Snuovpyei row pe N - 1 1) pewwvel atomically Oetikny value. Av ev vmtapyel permit, to job
yivetau blocked. 'Otav job teAeimvel, 1o signal avEaver value wg to limit kat amehevBepwvel eva
ordered blocked job.

RUBY

class ChargeReservationdob < ApplicationJob
limits concurrency to: 1,
key:_—>(reservation_id) { "reservation:#{reservation id}" },
duration: 10.minutes

def perform(reservation id)
Payments::Charge.call (reservation id: reservation id)
end
end

To key mpéner va eivan stable, bounded oe péyebog kan ywpig sensitive data. To duration Sev eivan
maximum job runtime. Eivan recovery lease. Av Afj&el evd To mpoTo job akoun tpeyel, maintenance
pmopel va emtpeyet AAo job pe id10 key. Apa 1o protected operation mapapével idempotent kai, 65tov
xpeladetat, kpatd database invariant 1) provider idempotency key.

Concurrency limit 8ev eivan ordering guarantee. Avo blocked jobs pmopei va yivouv eligible pe oelpa
7oV enmpeadetal amo timestamps, locks ka1 concurrent maintenance. Av business contract asmattet
sequence numbers, o consumer mpesnel va eAeyEel expected version kat va avaBaiel 1 va asoppiypet
out-of-order intent.
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Dispatcher kai scheduler

O dispatcher petakivel due scheduled executions kat Tp€yel concurrency maintenance sov eAgyyel
expired blocks. O scheduler mapayet recurring jobs. Av €yeig workers ywpig dispatcher, immediate
ready jobs popet va tpéyxovv aAha scheduled jobs pévouv miow. Av scheduler otapatnoet, recurring
work Sev Snuovpyeitat. Health check mpémet va fAémer actor-specific heartbeat kau state age, 01 povo
oTL «tpeyel bin/jobs».

Graceful termination

O supervisor Siavepet signals, epipéver configured shutdown timeout kot peTd propet va Tpoywprioet
oe immediate termination. Worker otapatd va maipvel véa Sovieia ko epuével thread pool. 'Eva job
peyaAttepo amo timeout mpémer va eivar safe va Siakomel 1) va ypnoposotel continuation checkpoints.
H ab&non timeout kabvotepel deploy termination kau Sev agpaipet host kill 1) crash.

Heartbeats gival utroypieg, 6x1 atrodeigeig

'Eva stale heartbeat pmmopet va onuaivet vekpr process, scheduler pause, database partition 1 host toco
PopTWUEVO 10V Sev poiafe va avavemoel. O failure detector Sev yvwpilet mora ammd avteg ovvep.
'Otav cleanup yapaxtnpioet process wg dead, 1 TaAd process HWTopel AKOUN VA EMOTPEWPEL. AUTO
Snuovpyet overlap window sov kavéva heartbeat tuning Sev undevicel.

I'U autd n avaktnon claims kat n aseAevbepwon semaphores mpémnet va Bewpovv tov taid worker
mBavo late writer. T'a kpiowo effect ypnoomoinoe database constraint, effect ledger 1) fencing token
70V asoppisntel stale generation. Meyahvtepo heartbeat interval peiwver false suspicions aA\a
kaBvotepel recovery. Mikpotepo interval kavel to avtiotpo@o kat avavel database writes. AtdAete to
pe petpnuéva pause times kat explicit business tolerance, oyt pe aioOntikn potipnon.

Polling shape ka1 database plan

O worker dev pota apnpnuéva «dmoe pov SovAeta». Xtilel polling query amd queue names, priority,
availability kou batch size. Exact queue names emtpémnovv kaBapotepa predicates. Wildcards 1 oA
peyaha queue sets pmopovv va ala&ovv 1o query plan kot 1o index path. e peydin eykatdotaor, to
queue naming scheme eivat database design surface.

Metpa poll duration, rows returned, empty polls xat claim conflicts ava worker configuration. IToAU
ukpo polling interval peiwver wake-up latency adha av€aver idle database traffic. IToAO peydio interval
apnvel ready work va mepipével. Dispatcher batch size €xel mapopoio tradeoff yia scheduled rows:
peyaia batches kavovv throughput, alda kpatovv locks kat transaction work mepioootepo.

Concurrency key migration

To concurrency key eivau persisted coordination identity. Av ad\a€el format oe rolling release, maiiol
ka1 véor workers piropovv va astoktnoovy Stagpopetikd semaphore yia to 1810 business resource kat va
tpe€ouv pad. Kave dual-key transition 1} drain to oyetikd work siptv astd v aiiayr). To 1810 1oyvel
otav eva key Baoiletan oe mutable attribute. IIpotiunoe stable aggregate id ka1 versioned namespace.

H semaphore duration eivau recovery clock. To job timeout eivat execution clock. To business deadline
etvan tpito clock. BAX’ ta oe évav mivaxka kat Sokipaoe Tt yivetal otav Anyovv pe kabe Suvarn oepa.
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SOURCE TRACE

370 solid gqueue vl1.5.0 oKOAOUBNOE Supervisor.start,
Configuration#configured processes, Processes: :Registrable, Worker#poll Kal
Dispatcher#poll. lNa concurrency akoAouBnoe Job: : ConcurrencyControls ->
Semaphore: :Proxy -> BlockedExecution. To worker pool Tng ékdoong XpNnOIUOTTOIET
Concurrent: :ThreadPoolExecutor, Oxl fiber execution mode.

MATIAA

Mnv puBuiceig concurrency duration cav ektipnon median runtime. Mpé&TTel va KOAUTITEI AOQOAEG lease
horizon kai n operation TTPETTEl AkOUN va avTéxel overlap PeTd atmd pause, partition 1) TToAU apyo
execution.

MHXANIZMOZX

Supervisor topology divel liveness. Semaphore divel bounded eligibility. Idempotency kai database
constraints divouv business safety. Eival dia@opeTikég euBUVEG.

PROBE

Tpége dUo jobs e idlo key kal barrier ato TTpwTo. MNMapatrpnae semaphore value kai blocked row. Metd
Tpocouoiwaoe duration expiry TTpiv @uUyel To barrier. EmBeRaiwoe av utmopei va uttdpéel overlap kai av
10 domain invariant empiwvel. EravaAafe graceful shutdown pe job pikpdTEPO KAl HEYOAUTEPO ATTO
timeout.
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KE®AAAIO 21

Continuations wg durable state
machine

To continuation dev atroBnkevel Ruby stack. AtroBnkeuel
completed step names kai cursor, HETA CAVATPEXEI TN perforn
atrd TNV apxn pe skip rules.

perform starts again

2

completed steps +
current name + cursor

2

skip completed
v

run current step

' set! / advance!
[ check stopping

T e

— o —

serialize + retry job ]

>xnAua 21.1 - To serialized continuation state odnyei skip, resume kai checkpoint.

Me Activedob: : Continuable, TO job AmOKTA Cont inuation object, resumptions counter kat around-
perform callback. H per form e§akolovBel va eivan kavovikn method. Kafe step exteleitan poAg
ovvavtOei. Otav ohokAnpwbel, To name pmaivel ota completed. ‘Otav cursor aA\d&el, To current step
Kal cursor yivovtal pepog tov serializable progress. Xe resume, 1 job method apyidet Eava kat ta nén
completed steps mapaieimovral.

AvTo onuaivel 0t kodikag E€w amod steps TpeExel oe kAOe execution. ITpémel va poptwvel current state
N va tpoetouadet cheap context, o1 va tapayet un-idempotent effect.
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RUBY

class RebuildEventLedgerJob < ApplicationJob
include ActiveJob::Continuable

def perform(event id)
@event = Event.find(event id)

step :reservations, start: 0 do |step]
@event.reservations.where ("id >= ?", step.cursor).find each do |record|
LedgerProjector.call (record)
step.advance! (from: record.id)
end
end

step :publish, isolated: true do
@event.update! (ledger ready: true)
end
end
end

Cursor semantics

To advance! (from: record.id) KaAel succ, Apa amoBnkevel 1o emopevo expected position. Me

find each (start:), Ipémel va eAey&elg inclusive semantics ywa tn Sikr) oov cursor strategy. Av
astoBnkevoelg current id avti yia successor, ptopet va Eavadeig row. Avto eival aopaieg Lovo av
processing eivan idempotent. Av amoBnkeloeig successor mptv oAokAnpwBel to effect, pmopet va yaoeig
rOwW.

Ynapyer avamtogpevkto window avapeoa oe business effect kat durable re-enqueue tov updated
continuation payload. To cursor update Sev ypagel auéowg Eexwploto checkpoint row. EA&yyet av o
adapter otapata kay, 0tav yivel interrupt 1 retried error petd ano progress, 1o job enaveyypagpetal pe
serialized continuation state. I'ia crash ywpig controlled retry, n queue ka1 application idempotency
TPETEL VA KAAVWOULV replay.

Step validation TrpooTaTeUel TO TTPOYPAMMO

Ta step names 7pémnel va eivan symbols, va epgpavidovran pia gopd, va punv givar nested kat va
u@avifOVTAl LE TNV AVAUEVOLEVT] 0€1pA KaTd resume. Av véo release aAA\a€el oelpa 1) apaipeoet
current step eve vtapyovv suspended jobs, To continuation onkwvel InvalidStepError. Apan step
list elvan ko avtn versioned job protocol.

TMa ao@ain evolution, tpocobeoe veo step petd tTa makia iy kpata compatibility branch faoet explicit
job contract version. Rename step 1co6uvayei e schema rename oe persisted workflow state. To
isolated: true avaykadel vea execution spiv astod apyod step otav £xet o yivel progress, MOTE 1|
npoodog va serialized mpiv el oe peydro non-checkpointable block. Aev kavet to step transactional.

Checkpoint frequency kai transactions

Checkpoint eAéyyel queue adapter.stopping?. Av 01, ovveyiel xwplg enqueue. Av val, ONK®VEL
Continuation::Interrupt, IOV KAIPOVOLUEL QIO Exception MOTE VA UNV Katamobel amd ouvnoiopevo
rescue StandardError.To around callback kaAei retry job pe continuation state.
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H ovyvomta nmipémet va eivan pikpotepn amo graceful shutdown window. IToAs ouyva checkpoints
npooBétovv control overhead kot asmartovv toAD Aertd idempotency boundaries. IToAD apaia dev
BonBovv deploy termination. Mnyv checkpoint-apeig péoa oe avorytr) business transaction. H queue
retry xau 1) database commit Sev eivan €éva atomic state transition.

Resume after ordinary errors

Ao default, av ordinary standardError guufet apov to continuation £kave progress, o module
npoorafel resume PHECW retry job. AUTO amo@evyel va xabel known progress, aAAa pitopet va
aa&et To retry policy tov vouileg 0 eAeyyel LOVo retry on. Katé€ypawe resumptions, Active Job
executions ka1 domain attempts ywpiotd. To optional max resumptions eivat safety cap, oyt business
completion guarantee.

Step evolution avaueoa o< releases

To serialized continuation state ivat deployed protocol. Job mov Eekivnoe pe release A pmmopet va
ouveyioel apov To release B €yer alda&et step names 1 order. H validation stov amoppintet advvatn
petafaon etvat toAdTIUnN, aAAd to production {ntovduevo eivatl va punv mapayeig advvarn petafaon.
Kpata malo step path morov va otpayyiovv ta payloads 1 ypawe explicit state migration stov eivan
ao@aAeg va Eavatpetel.

'Eva step mpérmet va £xel pikpo, versioned input contract. Av otnpiletan o€ current scope, feature flag 1)
query ordering stov AAAa&e, to 1810 cursor pmopei va onuaivel aiho dataset peta to deploy. I'a peydia
projections kparta stable ordering pe unique tiebreaker kai, 67tov amanteitat, snapshot upper bound.
Tote T0 cursor onuaivel «OAa peypl avtd to key péoa oe avtd to snapshot», o1 amimg Evav acagn
ap1Ouo OV KATTOTE PAVNKE VA SOVALVEL

Advance kai effect boundary

To 7o emkivéuvo onueio eival n oelpd effect -> advance -> serialized retry.Av T process
nieBavel peta 1o effect ala mpv amoBnkevtel o véog cursor, 1o effect emavalapfavetat. Av
astoBnkevoelg cursor mptv atod To effect kan teBaverg petd, to effect yaveratr. H continuation Sev
e€apavidel autd to Sianuua. To Avvelg pe idempotent effect, local transaction ;ov ypaget effect ledger
padi pe progress 1) outbox yia to remote Prjua.

To advance! gvnuepavel control state oto Tpéyxov job object. H durability £pyetar dtav to
evnuepwpévo payload yivel enqueue yia resume. e ordinary execution sov ovveyilel xwpig
interruption, toAAG advances ptopel va vtdpyovv povo ot pvnun pexpt va xpelaotei checkpoint. Apa
TO cursor givan recovery marker pe ovykekpluéva persistence moments, oyt write-ahead log ka0e
iteration.

Progress xwpig akpif§é recount

Mnyv vitodoyideig progress pe full counT oe kaBe batch av to dataset eivan peyddo 1) adhalet. Kpata
processed counter wg hint kat cursor wg correctness state. To UI pmmopel va Seiyvel approximate
progress, aAAd completion mpémel va mpokvmtel anod exhausted stable query 1) explicit terminal step.
Av véa rows pmaivouv ouvexmg, opioe upper bound oty apyr 1 artode€ov ot to job elvar daemon-like
reconciler ka1 01 tenepaopevo continuation.
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SOURCE TRACE

H ouptrepigpopd €ival oTa active job/continuable.rb, continuation.rb Kal continuation/
step.rb. AKOAOUBNOE around perform :continue -> step -> advance! -> checkpoint! ->

interrupt! -> retry job -> serialize.

MATIAA

To cursor €ivai 81k} cou gyyunaorn. To Rails dev E€pel av deixvel last processed, next unprocessed 1
snapshot boundary. I'pdwe autr Tn onuacia diTTAa aTov step kal dokipace crash piv Kal PeTd atréd KGBe
advance.

MHXANIZMOZ

Continuation onuaivel replayable program pe pikpé serialized control state. Aev Traywvel stack, local
variables r) database snapshot. K&be execution avayTilel Tov KOGHO yUpw aTTO TO CUrsOr.

PROBE

Me fake adapter stopping signal, diékowe 10 job peTd ammd ocuykekpipévo record. EMBewpnae 10
serialized continuation hash kai kdve resume pe véo job instance. Metd dAAage Tpoowpiva step
order yia va &¢I 1o validation failure. TéAog kdve To projector idempotent kai Trpocopoiwaoe hard crash
aKPIBWG TTPIV KAl JETA TO advance!.
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RAILS ZTA ETKATA Outbox, inbox kai reconciliation

KE®AAAIO 22

Outbox, inbox kal reconciliation

Ortav duo systems dev poipalovral commit, N ac@aAeia
EpxeTal atro durable intent, stable identity kai
erTavalaupBavouevo reconciliation.

aggregate write + outbox row
one local transaction

v

claim + publish
at least once

7

external transport

A

unique inbox receipt +
consumrer effect

______ L S
( |

| leases + gaps + |
| unknown outcomes l

>xnua 22.1 - H outbox yepupwvel 1o local commit pe at-least-once delivery kai inbox dedupe.

To transactional outbox dev eivau Rails feature. Eivan pattern ov xpnopomotel to Active Record
transaction boundary. H i61a transaction stov aAAGdel to aggregate ypagel row pe event identity, type,
version, aggregate identity ka1 payload ) reference. Metd amd commit, dispatcher Siafadet
unpublished rows ka1 ta mapadidel. Av néoet, Ta EavaPréner.
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RUBY

Reservation.transaction do
reservation = Reservation.lock.find(reservation id)
reservation.confirm!

OutboxEvent.create! (
event id: SecureRandom.uuid,
event type: "reservation.confirmed",
event version: 2,
aggregate type: "Reservation",
aggregate id: reservation.id,
payload: { event id: reservation.event id }

)

end

Unique index oto event_id 8ivel stable message identity. Av iS1o business intent pmopei va
SnuovpynBei Eava, yperddetan emuthéov unique business key, 0ntwg (reservation id, event type,
confirmation version).'Evarandom UUID oe kafe retry Sev kavel dedupe.

Claim, publish, mark

O dispatcher ouvr|Bwg claim-ape batch pe row locks, otéAvel kan peta onuelwvel published. Aev
umopel va kpatnoet pia database transaction avouyt) yOpw astd unbounded network publish ywpig
peyado lock lifetime. Av kavel commit to claim stpwv to publish, process death agpnvert claimed row mov
xpeladetat lease expiry. Av publish kat mark eivan ywpiotd, vitapyet window omov publish métuye adAa
mark dev ypa@tnke. To event Oa otaiel Eava.

AvT1o Sev elvar bug mov Aeimer éva callback yia va §10p0wBet. Eivan to OepeMiwdeg at-least-once
boundary. O downstream consumer ypetaletat idempotency.

OUTPUT

local commit -> claim -> external publish -> local published at

+ crash here means duplicate on retry

Ye PostgreSQL, FOR UPDATE SKIP LOCKED emltpénel moAlovg dispatchers va smaipvouv Stagpopetikeg
rows. Xe dAo adapter ypnowpomoinoe to avtiotoryo supported locking contract. Ordering ava
aggregate ypeladetat sequence katl consumer check, ene1dn parallel claim pmopet va avadiata&et
delivery.

Inbox oTov consumer

O consumer ypaget inbox receipt pie unique (consumer, event id) otnv iSia local transaction pe to
effect Tov. Av to insert ouykpovortei, 1o event €xet 1161 epappootel kot propet va acknowledged. Av to
effect apopa e€wtepiko provider, n inbox row asto povn g dev kavel to provider call atomic.
Xpewaetan local intent kan Sevtepog worker 1) provider idempotency.
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RUBY

InboxReceipt.transaction do
receipt = InboxReceipt.create or find by! (
consumer: "seat allocator",
event id: event id
)

next if receipt.applied at?

SeatProjection.apply! (payload)
receipt.update! (applied at: Time.current)
end

To next péoa oto block elvan valid Ruby control flow stpog to 1éhog tov block. To database constraint,
oxt 1o initial SELECT, kpatda tn povadikotnta vmo race.

Reconciliation gival kavoviké execution path

O reconciler payvet stuck rows, ox1 povo exceptions. Unpublished outbox older than threshold,
claimed lease tov €An&e, inbox receipt ywpig applied timestamp, provider operation pe unknown local
outcome ko aggregate version gap. H SovAeld tov eivan va emavagepet state machine oe yvootn
mopeia, oyl va «kabapilel okovmidia».

KaOe state yperaletar owner, deadline kot next action. "Eva generic failed at dev apkel av Sev Eepelg
av emrpenetal retry. Kpdrta last error category, attempt count kat next attempt time. Mnv
atoBnkevelg oAOKANpa exception messages av mepiEyovv secrets 1 unbounded cardinality.

Payload versus re-read

Snapshot payload 6ivel event-time facts alMa peyaiwvel compatibility schema. Reference payload
(popTwvel current state kat pmopel va yaoetl v 1otopikn petafaon. Ia reservation.confirmed, TO
downstream ticket ypeiddetar ovyva immutable price, currency kot attendee identity g
emPepfaiwong. Avta avrjkovv oto versioned event, oyt oe later read evog mutable reservation.

Leases, poison events kal sequence gaps

To claim evog outbox row eivat lease, oyt 180k moia yia tavta. Amofnkevoe claim generation 1) token
kat kave conditional mark-published, wote worker mov emotpégel apyd petd anod lease expiry va punv
AT oel veotepn amogaot). To sKIP LOCKED poipadel Srabeoun dovAetd. Aev Avel povo tov to late-
writer problem peta v transaction mov €kave claim.

"Eva event 710V amtotuyXavel Hovipa Sev mpemel va ItAOKApEL yia avta 0Ao to aggregate. Xpelddetat
explicit poison state, bounded retry ka1 operator action. Av consumers asmaitovv per-aggregate
ordering, to skip dnuiovpyei sequence gap sov mPENEL va Qaivetal wg state, Ox1 va kpvPetat. O
consumer PITOPEel va Taywoel LOVO TO CUYKEKPIUEVO aggregate, va ¢ntroel snapshot repair 1) va
epapuooel vedtepo event uovo dtav 1o protocol to emtpénel. H emmhoyr) eivar business semantics. O
dispatcher Sev pmopel va ) ovpsepavel amo éva exception.
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SOURCE TRACE

Agv uttdipyel ActiveRecord: : Outbox. O local atomicity pnxaviopdg eivai 10 Active Record
transaction stack. lNa database-backed dispatch ptopeic va peAetrioeig 1o claim pattern Tou
SolidQueue: :ReadyExecution, XwpIg va e€aptraoeig application schema atmé private Solid Queue
models.

MATIAA

To published at onuaivel «o publisher pe emmTUXia Kail TO KOTEypawey. Aev aTTOdEIKVUEI OTI KAOE
consumer epdpuooe 1o event. End-to-end completion xpeidetal consumer receipt i domain-specific
reconciliation.

MHXANIZMOZ

Outbox TrpooTaTtevel local intent. Inbox mpocoTatevel local application Tou message. Reconciliation
TIpooTaTeUEl Ta ambiguous Kai stuck states avaueod Toug.

PROBE

BdAe deterministic crash injection petd 1o local commit, petd 1o claim, perd 1o external publish kai TTpiv
T0 inbox commit. Tpée dispatcher kai consumer avd. Assert pia TeAIKr business aAAayr|, EMTPETTTA
duplicate deliveries kail undevikda stuck rows petd Tov reconciler.
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RAILS ZTA ErTKATA Sagas kalI compensations

KE®AAAIO 23

Sagas kal compensations

Ortav éva use case TepvaA TTOAAG durable systems, dev
uTTdpxEl hayiko rollback. Ytrapyel state machine e forward
steps, compensations kai avBpwTtrivn £€0d0.

durable saga state
version + next_action_at

K

forward gommand
stable idempotency key

A

success / transient /
unknown / [permanent

retry forward

compensate
manual review

\ o — = J \

step receipt +
compare-and-set

2xNua 23.1 - Mia saga mmpoxwpd, atroTuyXavel kai eTTIAEYEl retry, compensation r) review.

H xpaton pmopet va deopedoel Beon, va eykpivel mAnpopr ko va ekdawoet erottnpro. Kapia database
transaction tov Seatly Sev mepilapfaver atomic commit pe payment provider kou email system. Mia
saga amoOnkevel to workflow state kan ekteAel kaBe remote step wg idempotent command. Av step
arotuyel, retry-apet, avtiotaduidel 1 mepva oe manual review.

Compensation dev yupilet Tov xpovo. Refund pstopet va amotiyel, va €xet fee 1 va epgpaviotet
apyotepa atov xprotn. Release B¢ong pmopet va unv emrpénetal agov dpyloe event. I'' autd i saga
nip&mel va ovopadel business states 0wg payment unknown, refund pending KAl manual review, OXl
uovo failed.
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Durable orchestration

Y10 orchestration model pia row kpatd current state, version kat step attempts. "Eva job qpoptmver pe
lock, ammopacilel next command, ypagel durable intent kot kakel 1) tpoypappatider tov adapter. H
remote kAnon dev pével péoa oe pakpla database transaction. To result epapuodetar pe compare-and-
set tavw 01N saga version wote stale response va punv poxwprjoet AaBog generation.

RUBY

class BookingSaga < ApplicationRecord
enum :state, {
reserving: O,
charging: 1,
issuing: 2,
compensating: 3,
completed: 4,
manual review: 5

}

end

To enum Sev eivan 1) state machine. Constraints, transition operation kot idempotency keys eivat 1
state machine. 'Eva generic update! (state: ...) amo omoodrmote caller mapaxkdaumntel expected-
current-state check.

RUBY

changed = BookingSaga.where (id: saga id, state: :charging, version: version)
.update all(state: BookingSaga.states.fetch(:issuing), version: version + 1)

raise BookingSaga::StaleTransition unless changed == 1

H remote response kovaAd command id ka1 expected saga version. Late success amno attempt 1 Sev
TPETEL VA AVTIKATAOTNOEL compensation sov Eekivnoe petd amod attempt 2 timeout.

Choreography ka1 event loops

¥to choreography model k0 component avtidpd oe events kat tapayel aAha. Mewwvel central
coordinator ad\a kdavel ) ouvoAikr) opeia Suokorotepn va mapatnpnOei. Cycles kat duplicate
reactions ptopovv va ep@aviotovv xwpig explicit workflow row. I'a pikpo Rails monolith, durable
orchestrator eivat ouyva mo kaBapog. Choreography a&iel otav bounded contexts eivan mpaypatika
aveEaptnta kat Ta event contracts 1)8n vtapyovv.

Forward recovery mrpwra

IIpw npooBéoeig compensation, patnoe av safe retry pmopet va ohokAnpwoet to forward step. "Eva
poowp1vo ticket service outage Sev amatel refund apéowg. Mmopei va xpelddetal issuing pe
deadline. Meta to deadline, policy amogpaoidet refund n review. Avto asmogevyet oscillation 67tov
transient error mpokaAel akpifn avtiotabuion mov petd mpemel va avaipedet.

Ta deadlines eivan data. Mnv Baocilecar uovo oe scheduled job, ene1dn) enqueue pmopet va yabei 1) va
kaBvotepnioel. Reconciler fpiokel saga rows TwV OMOlwV next action at MEPACE KA
Eavampoypappatidel.
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Compensation stack kai partial order

Agv avioTpEPovTal OAA Ta steps pe amAn reverse og1pd. Av 0o steps ntav aveEaptnta, ol
compensations propovv va tpeouvv mapalnia. Av ticket issuance e€aptatal amo charge, void ticket
umopel va mpemet va mponynOet refund. pde dependency graph kot amoOrkevoe completion receipts
ava step.

KaBe compensation €yel 51x0 g idempotency identity. refund:payment 123 gival Siapopetikn
command amno charge: reservation 42. Provider status query mponyeitau blind retry dtav to
sponyovuevo outcome eival unknown.

Ti1 BAETTEI O XPROTNG

Distributed workflow pmopei va eivan pending ywpig va eivar broken. To Ul mpemet va Seiyvet stable
public state kau recovery expectation. Mnv stapovoiaoelg «amétuye» av to system akoun retry-apet
£xboon elo1tnpiov. Mnv mapovoldoelg «oAokAnpwOnke» povo emedn n local transaction eéxave
commit.

SOURCE TRACE

To Rails dev TTapéxel saga coordinator. Ta primitives eivail Active Record transactions, optimistic updates
kal Active Job retries. MeAéTnoe 10 Persistence update constraint path, 10 Active Job retry path
Kal To TTponyoupevo outbox boundary. H orchestration policy Trapapével application code kai schema.

MATIAA

Mnv ovopddeig compensation pia dUtepn destructive mpagn xwpig independent idempotency kai
reconciliation. H compensation ptropei va atmotuxel kai xpeiddetal TTARpeg production lifecycle.

MHXANIZMOZ

Saga correctness d¢v gival «OAa ) TiTtotay. Eival kdBe durable state va €xel cagn next action, safe
repetition, deadline kai terminal path Tou ptmopei va eEnynBei o dvBpwTro.

PROBE

dTiage model-based test Tou workflow. Mapriyaye sequences até duplicate success, timeout, late
response, worker crash kai compensation failure. Metd ammé kG8e sequence assert legal state, povadikd
provider idempotency keys kai 611 kGBe nonterminal state £x€l next _action_ at fj manual owner.
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RAILS ZTA ETKATA Cache stampedes, versions kai race windows

KE®AAAIO 24

Cache stampedes, versions kKai race
windows

To cache stampede d¢v gival atrAwg TTOAAG misses. Eivai
ouyXpoviouEvn TTapaywyn akpifou value akpifwg étav 1o
dependency civai AdN TTIECUEVO.

( * 3
first contender
extends stale expiry
. / 7
4 AV
other callers one producer
receive stale value regenerates
AN /
a \ / 3
fresh versioned entry

>xnua 24.1 - To race_condition_ttl divel stale value evw évag producer avavewvel.

ToRails.cache.fetch(name, options) kavovikormolel key, Stafdadel entry, eAéyyet expiration kat
version kau gite emotpePet value eite tpeyet To block. To store amoOnkevet
ActiveSupport::Cache: :Entry e value, expiry kat optional version. To key kat to version eivat
Slapopetika: to normalized key Ppioket entry, eveo version mismatch to kavet logical miss ywpig
amtapaitnta véo physical key.

race_condition_ttl wg stale-while-revalidate

Av expired entry givat apkeTA TPOOPATO KAl VITAPYEL positive race condition ttl, O IPAOTOG
contender emeKTelvel TPOCWPIVA TNV expiry kat Eekva regeneration. AAhot callers Siafdadovv to maAio
value oto uikpo6 window. 'Otav o producer ypawet véo value, o stale avtikaBiotatat. Av producer
QITOTUYXEL, MeTd To extension AANOG ptopel va SoK1paoelL.
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RUBY

summary = Rails.cache.fetch (
["event-summary", event.cache key with version],
expires in: 5.minutes,
race condition ttl: 10.seconds
) do
EventSummary.build (event.id)
end

To feature emtpénetan povo av stale value yia €wg to window eivar aogpaieg. Aev taipladel oe
remaining seats stov ypnotposolovvtat yia authorization 1) purchase invariant. Tapiadet meplocOteEPO
oe display summary stov €ye1 explicit freshness tolerance.

H implementation ypaget tpoowpiva expired entry miow pe peyakvtepo physical expiry. Ta akpifr)
atomicity properties e€aptovtal amo store. AVo processes LWITOPEL AkOUN va regenerate vIO races,
partition 1) backend stov dev Sivel Tig idieg conditional guarantees. To block mapapévet safe va tpé€et
TEPLOCOTEPES (POPEC.

Local cache aAAddlel To observation

Stores mtov mepAauPavovy Strategy: : LocalCache WOpovV va kpatovv serialized entries oe
execution-local memory yia tn Sidpkela request-like block. Repeated read amogevyet network call.
Write kat delete evnuepwvouv 1) kabapidovv local entry. Avto feAtiovet latency aAAa onuaivel 0T
backend metrics dev fAemovv kaBe logical read. To local cache registry Bpioketatl oto

IsolatedExecutionState.

Mn pmepdewperg local cache pe process-wide MemoryStore. To tpwto €xel bounded execution lifetime.
To Sevtepo £xel Eexwplotd content avda process kat ptopet va divel Sragpopetikeg Tipeg miow asto load
balancer.

Key cardinality kai namespace evolution

'Eva key npémnel va mepigxel oAeg Tig dimensions mov aAAadovv 1o value kan kapia unbounded tuyaia
dimension. Tenant, locale, permission tier, template version kot record version pmopel va ivau
relevant. Request id oyeSov mote Sev eivan, enme1dn akvpwvet reuse. Sensitive values 6ev avrjkovv oe
observable cache keys.

Ia rolling release, véo code mov dev ptopel va Siafaocet takio serialized value ypelddetar new
namespace 1) tolerant decoder. Cache Sev eivatl database, ala mald entries emPBimvovv deploy. Eva
class rename ptopet va ommdoer Marshal payload. ITpotiunoe primitive versioned representations yia
shared caches.

Multi fetch ka1 partial hits

To fetch multi kavel bulk read, mapayet povo misses kat petd bulk write dstov to store to
vroompidel. Etvan onpavtiko oe collections eneldn pewwvel network round trips. Aev eyyvatat atomic
snapshot 0Awv twv keys. KaOe entry pmopei va aviket oe S1a@opetikn version otiyun. Av ypetadecat
coherent aggregate, cache éva versioned aggregate 1 fdAe generation token oe 6Aa ta components.
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Metrics 1Tou d&v TTPpOKAAOUV VEO TTPOBANHa

Ta cache read, cache fetch hit, cache generate, cache write events Sivouv operation, store kat
hit metadata. Mnv kaveig metric label to full normalized key. ITapayaye bounded namespace, 0mwg To
npwto static component. Métpa hit rate, generate duration, error rate, value size buckets kat
concurrent regenerations.

Entry format givai compatibility surface

To cache store Sev kpata anapartrtwg o Ruby object 0mtwg o BAmet o caller. Yndapyet entry
metadata, expiry, coder, serializer kat mBavr) compression. AAMayn) serializer 1) compressor o€ rolling
deploy onpaivet 6Tt taAtol kau veéor workers Stafalovv koo byte protocol. Xpnopomoinoe
framework-supported format transitions 1 véo namespace ka1 Sokipaoe bidirectional compatibility
sipwv amod release. "Eva «kabapioe 0Ao 1o cache» pmmopet va eivan axpio production event, oxt abma
Avon.

H version evog cache entry 8ev avtikabiota to key namespace. To key Bpioket v seployr)
astoBrkevong. H version kpivel av 1o mepieyopevo eival amodekto yia tov caller. Ze high-churn
aggregate, version mismatch pmopet va agroet oA\ vekpd bytes péypt eviction. Métpa logical
misses, physical key growth xat eviction Eexmplotd. Ala@opeTikd pia garvouevika kaAr hit rate pmopet
va kpuPel memory pressure kat ovveyxeg churn oto backend.

SOURCE TRACE

H fetch kai race TTL logic BpiokovTal 0TO active support/cache.rb Kal T0 entry format o1o
active support/cache/entry.rb. H request-local layer €ival 10 strategy/local cache.rb.
Store-specific methods kaBopidouv Tig TTpayuaTikég distributed guarantees.

MATIAA

To stale-while-revalidate €ivai product consistency policy. Mnv evepyoTroleig race condition ttl
MOvo yia va TTéoel To load Xwpig va ypdwyeig TTéoo stale data avréxel o caller.

MHXANIZMOZ

‘Eva cache entry xpeidZetal identity, version, freshness budget kai regeneration policy. Av Acitrel éva
atéd autd, To cache behavior 6a ammogacioTei Tuxaia o€ peak traffic.

PROBE

Me barrier, kave 20 threads r} processes va ¢ntrioouv T0 idI10 entry akpIBwg PETA TRV expiry. MéTpnoe
TTOOEG POPEG £TPeEE generator, TTOCOI T pav stale value kal TTéoo @opTioTnKe To dependency.
EmavaAape pe producer exception kai pe version mismatch. Xpnaoiyotroinoe Tov production store
adapter ot isolated environment.
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KE®AAAIO 25

Cable kai Turbo utré ordering kai
backpressure

To realtime transport peta@épel hints ypriyopa. Aev
avTikaBioTd durable state, replay log nj client-side version
check.

broadcast producer

2

pubsub adapter
live, not replay log

v

Cable worker pool
decode + handler

.

P 2 )

|

: WebSocket output |

_________ J
v

Turbo / client
version check + DOM

v

canonical snapshot
HTTP + database

>xnAua 25.1 - To broadcast epvd pubsub, worker pool kai WebSocket mpog versioned DOM state.

To ActionCable.server.broadcast KwOKOIOEl message kat o oteAvel atov configured pubsub
adapter. 'Eva channel stream from kavel subscribe oe named broadcasting. H pubsub callback dev
Tpéxel user code mavw oto event loop. To Action Cable ) petagépet oto server worker pool. Exel
decoder 1) custom handler tp&yel kal TeMkd KaAel transmit 7IPOG TN connection.

Avtn n StaSpopn £xel TovAdyiotov Tpelg queues: pubsub, worker executor kat socket output. To
worker pool size meplopicel concurrent channel work kot mpémet va €xel avtiotoyo Active Record
pool budget av handlers kavouv queries. Apyog handler pmopet va kaBuoteproel doyeteg connections
710V potpadovtat pool.
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Ordering €ival scoped kal eUBpavoTo

'Evag pubsub adapter pmopet va Stampet oeipad ava channel oe normal operation, aAAd parallel
producers, async broadcast jobs, reconnects ka1 worker pool scheduling Sev Sivouv global total order.
To Cable API Sev vitooyetan durable replay. Client ;tov astoovvSeBnke xavel messages kat
ETAVAOUVOEETAL 0T GNUEPLVT] POT).

INa stateful UL, kaBe update yperaletan aggregate version. O client epappodetl povo update vedtepo amod
auTo TtovL €xet 1) dntd fresh snapshot dtav fAenet gap. I'ia commutative hints, 6mtwg «refresh this
frame», exact ordering pmtopei va unv yperadetat.

RUBY

ActionCable.server.broadcast (
"event:42",
type: "reservation count changed",
event id: 42, - -
version: event.lock version

)

To client Sev epmotevetan Tov count péoa oe aid message. Mitopet va nnoet current
representation pe conditional HTTP request. 'Etot to broadcast eivat invalidation hint kai n) canonical
state pével otn database/API.

Turbo Streams ka1 render timing

To Turbo petatpémnet broadcast oe actions 0mtwg append, replace, update, remove 1 refresh pe DOM
targets. Ta later APIs enqueue Active Job. To template render yivetan 0tav tpé€et o job, apa pmopet
va 8e1 vedtepo record state asod ) otryur| tov original commit. Avto eivan cuyva kaAo coalescing, aAAG
Sev eivan event-time snapshot.

Page refresh broadcasts oto turbo-rails 2.0.23 ypnoomolovv thread debouncer kot request id.
IToMastAgg refresh requests oto 1810 pikpod context pmopovv va ovyywvevtovv. To request id fonda tov
initiating client va cuoyetioet refresh. Aev Snpovpyei durable delivery ovte ordering avapeoca oe
Stagopetikeg worker processes.

Signed stream name amotpénel client tampering pe to subscription name. Agv avtikaBiotd application
authorization otav to Sikaiwpa e€aptarar amd current membership. Custom channel pmopet va verify
7o signed name ka1 petd va eAgyyel current user PV stream from.

Backpressure

Av producer gkmepmel Tayvtepa amo 6co pubsub, worker pool 1} socket ptopet va katavaA®oel, Kamov
peyahmvel queue, avgavet latency 1) mé@tovv messages. To Action Cable abstraction Sev pmopet va
Kavel Evav apyo browser yprnyopo. Meiwoe granularity: pia refresh hint avti ywa ekato per-row
replaces, batch updates 1} coalesce ava aggregate.

Xpewaleoar metrics yia worker executor saturation, broadcast-to-transmit delay, connection count,
reconnect rate ka1 message size. Full stream names pmopet va €xovv user IDs kat peyaAn cardinality.
Kavovikomoinoe channel class ka1 message type.
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Snapshot plus live stream

To robust subscribe protocol etvat: authorize, tape snapshot pe version, kave subscribe kat yeipiocov
TO JKPO race avaueod Tovg. Mia texvikn eivan subscribe mpmta, buffer messages, fetch snapshot ko
ueta apply messages pe version stavm asmd snapshot. AMn eivat durable event cursor. I'ia astAo Ul eéva
refresh petd to subscribe ovyvd apkei. Aldege faoet Tov mooo data loss avteéyel n 06ovn.

Stream identity kau authorization lifetime

Signed stream names mpootatevovv amno client-side kataokevr| avBaipetov stream identifier. Aev
petatpémovy mald authorization amogaon oe Stapkn dikaiwon. Av xpnotng xaoetl Tpocacn eve o
socket pével avokto, mpemel va amogaoioelg av o channel kavet periodic reauthorization, av
disconnect-apel péow server event 1 av to permission 1oyVet péypt reconnect. I'a sensitive updates,
ypaye To lifetime pnta kaw Sokipaoe revocation pe 1)8n subscribed client.

Ynapyel emiong race ot ovvdeor). To browser pmopet va mapet snapshot, va yaoet event siptv
oAokANpwOel To subscription kat peta va gaivetat online pe stale DOM. To Turbo refresh kdavet
recovery @Onvo yia moleg 000veg, e181ka e morph. Aev mapeyet opwg durable cursor. Av o xpnotng
TTAipVEL O1IKOVOUIKT) 1) irreversible amtog@aon amod avtn tnv 006vn, To action endpoint mpémel va
EavaeAeyyet canonical version kot invariant. To realtime UI pewwvet latency avtiAnyng. Aev yivetau
authority ywa to write.

SOURCE TRACE

H server path BpiokeTal 0Ta server/broadcasting.rb, channel/streams.rb Kal server/
worker.rb. [Na Turbo deg 10 tagged turbo-rails v2.0.23, €I0IKA Turbo: : Streams: :Broadcasts
Kal BroadcastdJob.

MATIAA

Mn xpnoipoTtroigig broadcast arrival wg ammédeign 61 o client €ide state. To socket umopei va kAgioel petd
10 server transmit kai Tpiv To DOM apply. Critical workflow xpeiaetal server-side durable
acknowledgement rj emouevo canonical read.

MHXANIZMOZ

Cable €ivai live transport. Turbo Streams eivai Ul mutation protocol. Database kai versioned HTTP
representation TTapapévouv 1o recovery path étav delivery fj ordering oTraoel.

PROBE

Mpbéobeoe sequence number oe test stream. KaBuoTépnoe Evav worker handler, oTeile parallel
broadcasts kai kdve client reconnect avapeoa. Katéypawe duplicates, gaps kai inversions. MeTd
e@dappooe version rejection kai snapshot refresh kai assert 611 To TeAIké6 DOM avTioToIXEI GTO canonical
record.
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RAILS ZTA EFKATA Active Storage Kai n CUVETTEIQ TPIWV GUOTNPATWY

KE®AAAIO 26

Active Storage Kal n CUVETTEIO TPIWV
OUCTNHATWYV

‘Eva attachment (eI o€ database blob row, polymorphic
attachment row kai object storage key. Kauia koiviy transaction
dev aykaAiddel kal Ta Tpia.

Blob row
key + checksum + metadata

N\
"4 N

Object storage Attachment row
bytes record <-> blob

AN /
] 4

analyze + mirror +
variant + purge jobs

partial state I
reconcile I

>xnua 26.1 - Ta failure windows avdapeoa og blob, object, attachment kai purge.

To ActiveStorage: : Blob Kpatd metadata, checksum, byte size, content type, service name ka1 key. To
nmpaypatiko byte object fpioketan oto service. To ActiveStorage: : Attachment ouveet blob pe
application record. 'Evag blob pmopei va €yet moA\d attachments kau foreign key epmodilet purge eve
ouvvoéetal.

H mpotewvopevn immutability etval onuavtikr: to key avagépetat oe ovykekpiuévo file. Av to content
aMa€et, Snuovpyeig véo blob. Metadata psopei va evnuepwbel, ahha n avrikatdotaon bytes katw
arto 1610 key omaer checksum, CDN caches, variants kot consumers sov Oewpovv o signed reference
otabepo.

Server-side upload

To create and upload! kavel unfurl Tov I0, amoBnkevdet blob row kot petd avefadet bytes. H row
artoOnkevetal PN yia va Seopevtel unique key. Av process méoet petd 1o blob commit kot pv
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oAoxAnpwBet upload, vitapyet blob ov Seiyvel oe missing 1) partial object. Database rollback Sev
Saypapel network effect stov £xet 16N @ptaoet oo service.

RUBY

blob = ActiveStorage::Blob.create and upload! (

io: file,
filename: "guest-list.csv",
content type: "text/csv",

identify: true
)

reservation.guest list.attach (blob)

INa critical ingestion, kpata application state uploading, verifying, ready, quarantined Kol failed.
Mnyv Bewpeig v mapovoia blob row wg ready. "Eva verification job pmopet va kaver service existence,
checksum 1) scanner checks stpwv dnuooievoet 1o file.

Direct upload

To direct upload nuovpyet tpwta persisted blob xwpig object péow

create before direct upload!, divelsigned id kat short-lived service URL, o browser avefadet
astevBeiag ko apyotepa 1) form submission Snuovpyei attachment. User pmopei va kheioe tab oe
kaBe Pripa. I'U avtod unattached blobs eivar avapevopeva, oxt amode&n corruption.

Cleanup mpémer va kortd blobs apketd mald wote va exel Anget kabe legitimate form kau retry
window. To unattached scope €yel race pe concurrent attach. ITpw purge, Eavagley&e attachment vto
kataAnAo database constraint. H foreign key etvat teAevtaia tpootacia, ala to external delete dev
yivetau atomic pe ) recheck.

Commit callbacks ka1 derivatives

Meta ) Snuovpyia attachment kat commit, callbacks mpoypaupatiovv mirror, analysis kat
preprocessed variant work. Apa metadata omtwg dimensions pmopet va eivatl ayvwoto sipoowpiva. UL
ka1 domain code mpenel va avtexovy analyzed? false. Job retries pmopei va tpe€ovv analyzer
TAPATAV® QIO pid PopaA.

Mirror service 8ivel migration ka availability Suvatotnteg, 61 synchronous multi-object transaction.
Primary upload pmopet va viapyet stpiv to mirror. Read policy, repair job kat cutover sipémet va
Baoilovtat oe observed copy status.

Purge order

To Blob#purge kataotpepel database row kat petd Staypagpet service object. Av to delete amotivyet
petda to destroy, puével orphan object ywpig blob reference. Av foreign key Seiet attachment, to purge
katastivel To invalid foreign key path kot Sev Siaypapet object. To purge later HeETAQEPEL APYO
service I/O og job ka1 eivar cwototepo peoa ano request 1) callback, aAAd e€akolovBel va yperddetan
retry xat orphan reconciliation.
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Security kai resource limits

Filename ka1 declared content type Sev eivan a&iomotn anodeién file type. To identification popet va
e€etdoel bytes, adla hostile file yperdetan application-specific policy, size limits kat iowg malware
scanning. Image and video analyzers ektehoUv external tools kat prtopovv va katavarwoovv CPU,
RAM xau disk. Kpata queue isolation, timeouts kot bounded variants.

Signed blob id amotpémner tampering pe id kot purpose. Aev kavet authorization yia kd0e viewer. Proxy
or redirect controller policy mpésmel va eAgyyet molog Stkarovtal to application record 1) va xprolposotet
intentionally public service.

SOURCE TRACE

To three-system boundary @aivetral oTa ActiveStorage: :Blob, ActiveStorage: : Attachment Kal
DirectUploadsController. AKOAOUBNOE create and upload!,

create before direct upload!, attachment commit callbacks kal purge. To public setup BpiokeTai
oTo Active Storage guide.

MATIAA

Mnv Tpéxeig purge péoa o€ database transaction. Kavel HTTP 1/0O ag@oU aAAGEel database state kai
Kpatd 1o transaction avoixto. Xpnoipotroinoe durable job kai reconciler yia orphan rows kai orphan
objects.

MHXANIZMOZ

Active Storage mpoa@épel adapters kai lifecycle hooks, 6xi distributed commit. H epappoyn mpémer va
opioel ToTE éva file eival usable kal TTwg avakTd kGOe partial state.

PROBE

2 ¢ isolated service, kOwe TnVv upload cuvdeon petd 10 blob create, kAcioe direct upload Trpiv attach kai
KAve TO service delete va amoTuyel petd 1o blob destroy. Tpé€e cleanup kai reconciliation dUo @opég.
Assert 611 live attachments dev xavovtal kai 611 kKGBe orphan kaTtaAryel o€ observable terminal state.
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KE®AAAIO 27

Puma, GVL, threads kai fibers

H concurrency topology TnG E@apuoyNAG €ival processes £TTi
threads eti optional fibers. KaBe etritredo aAAaler aAAo
resource Kai kavéva setting dev cival dwpeav.

client sockets

v

Puma reactor
slow input + keep alive

v

request thread pool
bounded slots

| optional fiber per request
I not automatic async

et S 1
Rack + Rails Executor

i : i
GVL + DB pool + CPU

>xnua 27.1 - H Puma process £xel reactor, thread pool kai Rails execution avd request.

KaBe Puma server process £xel reactor kai request thread pool. O reactor kpatd clients stov Sev €xovv
akoun dmaoet AN peg request 1) meplugvouvy keep-alive data, wote slow sockets va un Seopedovv
application threads ywpig Aoyo. ‘Otav client eival €tolpog, paivel oto thread pool. Processor thread
kahel to Rack app kxat kpatd 1o request péypt va ohokAnpw0ei to body lifecycle.

Ye cluster mode, master xavel fork toAAovg workers. KaBe worker eivan Eexwpiotr) Ruby VM pe ko
tov GVL, heap, Rails objects, thread pool ka1 database pools. To workers 4 kal threads 5, 5 8ivovv
g 20 concurrent request slots, 0yt éva pool 5 threads. IIpootiBevtan reactor, control kau library
threads.
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T1 kavel Kail 11 Ogv Kavel To GVL

>10 MRI, éva thread ava process ekteAel Ruby code kdBe otyur) vio Global VM Lock. Blocking
network I/O ka1 apketég native operations ameAevBepnvouv 1o lock, omtote o thread mpoywpa. I't
avto threads av€avouv throughput yia Rails requests stov mepiuévovv database, cache kat HTTP. Avo
CPU-heavy Ruby loops opng 8ev tpéyxouv mpaypatikd mapddnia otov 1810 process. Av augrnoeig
threads, mpooB¢teig GVL contention kat latency ywpig véo CPU execution capacity.

Processes Sivouv parallel Ruby CPU oe stoA\ovg cores, pe tipnua eptocotepn RAM kot Eexmprota
pools. H owotr pi&n e€aptatar amod measured ratio CPU spog wait. Aev sipokOrtel pdovo amod core
count.

RUBY

started = Process.clock_gettime(Process::CLOCK_MONOTONIC)
cpu_started = Process.clock gettime (Process::CLOCK THREAD CPUTIME ID)

result = YieldReport.call

wall = Process.clock gettime (Process::CLOCK MONOTONIC) - started
cpu = Process.clock gettime (Process::CLOCK THREAD CPUTIME ID) - cpu started
Rails.event.notify("seatly.yield report", wall: wall, cpu: cpu, a

rows: result.length)

Meydio wall kan pikpo thread CPU voSeikviel waiting 1) scheduling. MeydAa kat ta 8o deiyvouv
CPU work. Eivau ev8ein, ox1 mAnpeg profiler.

Queueing 1piIv amrd TNV eQapuoyn

'Otav 6Aa ta Puma threads eivan busy, ready clients stepiuévouv oto internal todo queue 1) oto
upstream socket backlog. To controller instrumentation 8ev fA&7mer 6A0 autd To pre-request wait.
Xpewaleoa load balancer timestamps 1) Puma stats 0mtwg backlog, running ka1 busy threads. Tail
latency pmopet va avEdvetan eve process_action time mapapgvel otabepo.

Av ka0e request xperaletan database, max threads peyavtepo ano Active Record pool Snuiovpyet
Sevtepn ovpd peoa oto request. Avto popel va eivat amrodekto yia mixed endpoints stov dev kavouv
O0Aa DB, aA\a mipémer va eivan ouveldnTo. Yrnohoyioe kat asyne query, Cable kau in-process job threads
7oV ayyidovv To 1810 pool.

Fibers d&v onuaivouv autépara async Rails

Ruby Fiber eival cooperatively scheduled execution unit uéoa oe thread. Me Fiber Scheduler,
supported blocking operations pmopovv va mapaywpovv tov thread xwpig va pmhokapovv 6An v OS
thread. Autd amautet scheduler kot kaBe I/0 library va ovvepyadletal. Mia blocking C extension ptopet
akoun va deapevoet.

To Puma 8.0.2 €xel fiber per request, OV TUAYel kAOe request o€ véo Fiber. H implementation
amAag Snpovpyet Fiber kat kavel resume yOpw amd handle request. Xwpig scheduler Sev mpooBéter
I/0 concurrency. Eivan xpriowpo yia kaBapiopo fiber-local state. To alias clean thread locals
QUITOKAADTITEL AUTO TO intent.

To Active Support TsolatedExecutionState eivan default per thread, aA\a ptopet va pubuuiotet per
fiber. H ad\ayn €xel peyaio blast radius: CurrentAttributes, database context kot framework caches
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nipémel va evbuypappidovtal pe 1o scheduling model. Mnv v kdavelg povo eneldn evepyosoinoeg eva
Puma option.

Thread safety w¢g shared mutation

Controller instances eivau per request, aA\a classes, constants, registries kat process caches
popadovtal. Memoization oe class method pe mutable hash, aAAayr callback chain petd to boot ko
reuse non-thread-safe client etvat tpaypatika races. To GVL Sev Sivet logical atomicity oe read-
modify-write sequence ka1 dAMeg Ruby implementations £xouv Siapopetiko runtime.

SOURCE TRACE

To Puma request path Bpioketal o1o tagged puma v8.0.2, €I0IK& 1ib/puma/server.rb, reactor.rb
Kal thread pool.rb. To Rails execution state BpiokeTal 0T0 isolated execution state.rb. la
runtime semantics &¢g 1a emionua Ruby 3.4 docs yia Thread Kal Fiber.

MATIAA

Mnv utrohoyiCeig capacity wg workers * threads Kal OTapatdg ekei. MpooBeoe DB pools, memory per
worker, GVL CPU, internal threads, upstream backlog ka1 deadline. To pikpoTepo saturated resource
kaBopicel To throughput.

MHXANIZMOZ

Threads kpuBouv I/O wait. Processes divouv Ruby CPU parallelism kai isolation. Fibers divouv
cooperative scheduling pévo 6rav utrdpxel scheduler-aware stack. PUBuioe 10 €TiTTedo TTOU AVTIGTOIXET
oTo measured bottleneck.

PROBE

Kave load test ye o1a0epd arrival rate kai 2, 5, 10 threads ava worker, kpatwvTag ataBepd workers Kali
DB pool. Métpnoe throughput, p95/p99, Puma backlog, GVL/CPU, checkout wait kai RSS. Metd aAAage
workers KpatwvTag ouvoAikd slots Tapduoia. AIdAege atd TNV KauTTUAN, 6x1 atréd 10 JEYaAUTEPO
throughput o€ éva burst.
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KE®AAAIO 28

Preload, copy-on-write, YJIT ka1 GC

H pvun evog Rails worker €ival iotopia allocations, fork
sharing, mutations, native heaps kai generated machine code.
To RSS poévo 1ou Afgl pikpd PEPOG.

( A

preloaded master
Rails object pages

|
worker 1
shared +|private

l

worker 2
shared + private

y

worker 3
shared + private

writes + caches + GC
I copy private pages

YJIT code + native heaps

v

PSS / USS + GC.stat
CPU + warmup

Zxnua 28.1 - To preloaded master poipaletal pages pEXP! workers va TiG Ypawouv.

Me preload app!, 0 Puma master gpoptwvel v Rails epappoyn mipwv kavel fork. Ta child workers
Eexvovv e virtual pages mov to Aettovpyko pmopet va potpadetat. 'Otav worker ypawet oe page, To
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copy-on-write Snuovpyel private copy. To preload peiwvel boot duplication 6tav oA\ objects
apapévovy apetafAnta. Aev kavel OAn ) heap povipa shared.

Otndnmote avoiytnke mpv to fork yperaletar audit. Database sockets, background threads, telemetry
exporters kat random state dev mpérmel va xpnoiposotovvtal apeiag amnd parent kat children. Ta Puma
hooks be fore fork,before worker boot Kdlafter worker shutdown OpiCOUV process lifecycle.
Rails kat adapters xeipidovian apketa defaults, aAld custom clients yperalovrat explicit disconnect kan
reconnect.

Ti omdel 1o sharing

Class-level caches mov yepidovv peta to fork, lazy constant loading, modifying preloaded arrays, per-
worker JIT code ka1 ordinary request allocations av&avovv private memory. Akoun kat GC metadata
writes prtopovv va Aepmoouy pages. To freeze o€ peyaia read-only structures fon0a semantics kau
pepkeg popeg COW, ada Sev elval yevikdg memory optimizer.

ABpolopa RSS 0Awv twv workers duthopetpa shared pages. Xe Linux, PSS poipadet 1o k00T0g TV
shared pages xat USS Seiyvet private memory. Xe container, koita emiong cgroup limit ka1 working set.
"Eva process ptopei va €xel otabepo object count aAAd av€avopevo RSS Aoyw allocator fragmentation
1 native library.

Ruby heap kai e§wTEPIKA HVAMN

H Ruby GC opyavmvet objects oe heap pages ka1 generations. Gc. stat exBetel allocated objects, heap
slots, major/minor collections ka1 dM\a counters. Aev meptdaufavel OAn T native pvrun sov kpatovv
database drivers, image libraries 1) malloc arenas. objectSpace O¢eiyvet live Ruby objects, o1 stAnpn
resident footprint.

RUBY

snapshot = GC.stat.slice(
:heap live slots,
:heap available slots,
:total allocated objects,
:major gc count,
:minor gc_count

)

Rails.event.notify("seatly.gc.snapshot", snapshot)

Mnyv 1o oTéAvelg ava request. Sample ava process oe Aoyko interval kan tpooBeoe worker identity. H
Slapopa counters €yel peyahvtepn aia and eva absolute number.

GC.compact Wropel va petakiviioet movable objects yia va peiwoet fragmentation kot va fon6noet
sharing nipwv fork oe opropéva workloads. "Exet pause cost kot Sev petaxivel kdbe object. To Puma £yet
nakayoshi fork behavior mov oyetietar pe GC/compaction, aAAd mpenet va benchmark-apiotei otnv
nipaypatikr) Ruby ékdoon kat heap. Aev eivan default Oepameia.

YJIT wg memory-for-speed tradeoff

¥to Rails 8.1 finisher vtdpyet initializer mov kaAel RubyVM: : YJIT.enable OTAV config.yjit elval
evepyo kai n VM 1o vootnpidel. H otiyur) eivat petd asmo peyao pepog tov boot. YJIT petayAwtridet
hot code oe machine code ka1 kpata code/data memory. Mmopel va peiwoet CPU kau latency peta to
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warmup pe npooBetn RAM. Cold benchmarks sipiv {eotaBovv methods Aéve aAAn 10topia ano long-
running workers.

Xpno1Homoinoe RubyVM: : YJIT. runtime stats HOVO OTQV €lval S1a0€01p0 KAl kpata version-aware
keys. To stats schema dev eivan application contract. Métpa request CPU, latency, warmup time, code
memory kat total PSS pe YJIT on/off.

Leak, retention, fragmentation rj cache

True leak onuaivel objects tov mapapévovuv reachable xwpig Adyo. Retention pmopei va eivar bounded
cache mtov Sev éprtaoe plateau. Fragmentation onuaivet free space mov allocator dev emotpépet. Native
leak 8ev eppavidetan oto Ruby object graph. JIT growth eivat avapevopevo péypt plateau. H Bepaneia
Sapepel.

ITape time series: RSS/PSS, live slots, old objects, malloc bytes ostov SiaB&ouo, request count kan
cache sizes. Heap dump 800 popég pe sensitive-data process kai compare retained classes. Mnv

avepadeig production heap dump oe e€wtepiko service xwpig privacy approval. ITepigyet strings kat
user data.

Worker recycling

Periodic restart meplopicel unbounded growth kat Sivel operational safety, ad\a kpUBet root cause kat
Onuovpyet warmup cost. Xpnoposmoinoé to wg guardrail pe jitter, drain ko alert, eveo Bpiokeig
retention. Av 6Aot o1 workers recycle pad, xaveig capacity kat COW benefits tavtoypova.

SOURCE TRACE

To process lifecycle kai preload contract BpiokovTal 070 Puma v8.0.2 README kol source. 10 Rails
YJIT initializer €ival 010 application/finisher.rb. la counters kai compaction xpnoiuoTroinoe Ta
EMiONUA Ruby 3.4 GC docs kal T0 API Tng akpiBoug Ruby VM.

MATIAA

Mnv cuykpivelig ouvoAikd RSS preloaded kai non-preloaded clusters xwpig shared memory metric.
Mmopei va cuptrepdvelg To avTiBeTo aTmd TNV TTpayuaTikr physical memory katavaAwon.

MHXANIZMOZ

Memory tuning xpeidetai attribution. Ruby live objects, shared pages, private dirty pages, native
allocations ka1 YJIT code €ivail diapopeTiKoi AoyaplacHoi.

PROBE

Boot-ape dUo identical staging processes pe kai xwpig preload/YJIT. MeTprioe master kai workers o€
cold start, yera 1.000 ka1 50.000 representative requests. Katéypawe PSS/USS é1mou uttooTnpietal,
GC.stat, YJIT stats, CPU kai p99. Kave fork hooks fail fast yia custom clients mou kAnpovéunocav
avoixTo socket.
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KE®AAAIO 29

Notifications, Rails.event ka1 Rails.error

Duration spans, structured facts kal exceptions €ivai Tpia
dlaPopPETIKA aruaTa. To Rails £xel dIAQOPETIKO PUNXAVIOUO YIa
TO KaBEva.

application mechanism

A 4

Notifidations
duration + allocations

A 4

Rails.event
structured fact

(— - - - - - = = \
I Rails.error I
| exception lifecycle |
= o o - e o — 4
: ; :

synchronous subscribers
filter + export

2xnua 29.1 - Ta Tpia signal paths kai Ta diagopeTika subscriber contracts.

To ActiveSupport: :Notifications petpd block lifecycle. To Rails.event Tov Rails 8.1 exmepmer
structured point event. To Rails.error avagépel exception pe handled status, severity, source kat
execution context. Av ta petatpeypeig OAa ot log line, xaveig Tig S1a@opeg Tov KAVOUV XPTIOUO TO
kabéva.

Notifications: synchronous span bus

H instrument (name, payload) eA&yyxel av vmapyet listener. Av o1, kavel povo yield kol amo@etyet
peyaio pépog tov overhead. Av vmapyel, o Instrumenter yti¢et handle, kaver start, tpeyet to block ko
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finish o€ ensure. X¢ exception mpooBetel class/message ka1 exception object oto payload mpwv
Eavaonknoel.

To Event petpd monotonic duration, thread CPU time, allocations ka1 GC time o7tov vtootnpidovtat.
Ot subscribers tpéyovv oto publishing path. Apyog subscriber av€avet to latency tng operation.
Exporter mtov kadvetl synchronous network call péoa oe sql.active record umopei va yivel xelpotepog
QUTO TO query.

RUBY

subscriber = ActiveSupport::Notifications.monotonic subscribe (
"seatly.confirm" a

) do | name, started, finished, id, payload]
Metrics.observe (:confirm seconds, finished - started,

outcome: payload.fetch(:outcome))
end

¥to production o subscriber et ouvBwg OAn T process. Temporary subscribe kat unsubscribe
akvpwvel internal fanout caches kat Sev eivar hot-path pattern.

Rails.event: structured fact

Rails.event.notify @midyvel event hash pe name, payload, tags, context, realtime nanosecond
timestamp kot source location. Hash payload keys kavovikomoloUvtal kat siepvovv asto configured
parameter filtering. Event objects mtepvouv wg €xovv kat o subscriber avaiapfaver serialization kau
sensitive filtering.

Tags eivan nested fiber-local stack yia domain categories. Context mpoopiletan ya request 1) job
metadata ka1 kaBapiletar ota framework boundaries. Subscribers £yxouvv optional filter proc kat

emit (event) contract. Av subscriber amotuyel, o reporter ovvnOwg avagepel to subscriber error peocw
error reporter avti va omaoet application flow. Xe debug mode 1) configured raise behavior to contract
Stagépet.

RUBY

Rails.event.tagged (component: "reservations") do
Rails.event.notify (
"reservation.confirmed",
reservation id: reservation.id,
confirmation version: reservation.lock version

)

end

Avuto eivan operational event, 01 durable domain event. Av process méoet sptv o subscriber export, Sev
vmapyet replay guarantee. I'a business integration xpnowosmoinoe outbox.

Rails.error: exception lifecycle

Rails.error.handle katamivel matching exception kot emotpepet fallback. record avagepel kan
Eavaonkavel. report d&yetat exception instance kat SnAmvel av eivat handled. unexpected kavet
report oe production-like mode, aA\a oe debug mode onkmvel wrapper wote 1 mapafiacn assumption
va @avel.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 96



RAILS ZTA ETKATA Notifications, Rails.event kai Rails.error

To reporter ouyywvevel execution context, tepva context middleware kan kaAei subscribers. Mapkapet
exception kat cause chain wote 1610 object va un otaietl Eava ammo toAa framework layers. Avto
onuaivel 0t 6Vo SrapopeTikd exception instances pe 1610 message eivatl Svo reports, eva re-report Tov
i610v object ayvoeitat.

Cardinality ka1 causality

Request id etvar ka0 context yia trace correlation, kaxo metric label. User id ptopet va eivan sensitive
ka1 high-cardinality. Exception message pmmopei va mepigyet input. Xyxediaoe bounded dimensions:
operation, outcome, exception class, queue kat adapter. Kpata unique ids oe searchable event body pe
retention policy.

'Eva useful causal chain evavetl request id, domain intent id, outbox event id, job id ka1 provider
idempotency key. Aev ypeialetan va etvar 0Aa metric labels. Xpelddetal va vitapyovv oe structured
records JTov emMTPENTOVY trace Xwpig va kataypagovy secrets.

Subscriber cost kai failure policy

Ot Notifications subscribers tpéyovv oto instrumented path. Av kavovv blocking network I/0, to
latency avrket oto request 1) job mov e€emepye to signal. H acUyypovn e€aywyr) B¢Aet bounded buffer,
drop policy kot counter yia dropped events. Xwpig avtd, telemetry outage pmmopei va yivel application
outage 1) memory leak. Métpnoe 1o instrumentation pe evepyoig production-like subscribers, oyt povo
TO KOOTOG €vOg KevoL block.

To Rails.event €ye1 51x0 tov reporter kot context stack, aAAd mapapéver structured observation
mechanism. 'Eva subscriber failure mpémnet va éxet EexadBapn moMtikn: propagates, avagepetal kat
ovveyilel N amopovovetal amtd adapter. EmBefainoe v otnv akpipn Rails £kSoomn. Mnv aenveig myv
emyelpnotakn opBoTnNTa va efaptatar asmo To av exporter ntav Siabeo1uog.

Context cleanup wg invariant

Request xat job context mpémer va kaBapidovtar akoun oe exception. 'Eva leaked tag amo mponyotpuevo
tenant eivan kat observability corruption kat ;mBavo privacy incident. I'paye test ov ypnouosotei to
1610 worker thread yia §vo executions, piyvel exception oto mpaTo kat emPefaiwvel 6T to Sevtepo
Eexva pe kaBapo context. Avuto Sokipdadet to execution wrapper boundary mov eibape otnv apyrn tov
B1BAiov, kKAeivovtag ocuveldntd tov KUKAO asto runtime oe telemetry.

Nested spans kai clock semantics

Ta Notifications events oynuatidovv @uowka nested durations otav instrumented blocks kahoOv A
instrumented blocks. Autd Sev onuaivet 0Tt to aBpowopa twv child durations 10ovTan pe Tov parent.
Ynapyet 81kd tov work, overlap amd async operations kot subscriber overhead. I'a flame-like avaivon
xpelaeoan explicit parent identity 1) trace adapter, oyt astAn agaipeon timestamps asto avefaptnta
events.

Xpnoipomoinoe monotonic duration ywa elapsed time. Wall-clock timestamp eivat xprjowo ya
ovoyetion pe logs, aAAd prtopet va ala&el Aoyw clock adjustment. CPU time kau allocation count
arravtovy aAkeg epwtroelg. 'Eva span pe 800 ms wall kal 5 ms CPU mbavotata sepipeve. Eva pe wall
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kovta oto CPU katavaiwoe Ruby 1 native compute. Avtr) eivan ev8e1fn yia 1o emtopevo probe, oyt
avTtouatn root cause.

Schema yia operational events

'Eva structured event name ypeiddetan owner xau field schema omtwg kaBe dMo interface. IIpocOeoe

fields pe backward-compatible tpomo ka1 kpata bounded types. Av dashboard mepiuével duration ms
ka1 véo release oteilet string 1) aAAG&et unit, to observability yaAd akpifag péoa oto incident 65tov T0

xpelaleoar. BaAe contract test otov exporter kat sample mpayuatiko serialized event, ywpig sensitive

values, oto release packet.

SOURCE TRACE

Ta span internals Bpiokovtal 0Ta notifications.rb KOl notifications/instrumenter.rb. To
structured API gival TO event reporter.rb. To exception contract Bpiokeral aTo

error reporter.rb.

MATIAA

failures observable. Mnv agnoeig telemetry outage va yepioel unbounded in-memory queue.

MHXANIZMOZ

Xpnoipotroinoe Notifications yia didpkeia, Rails.event yia structured fact kai Rails.error yia exception
lifecycle. Durable business messaging avrkel aAAoU.

PROBE

PdTiage test subscriber yia kdBe pnxaviopd. ZAkwaoe exception péoa o€ instrumented block, kave event

Kal TTolo context kaBapileTal oTo eTTOUEVO executor cycle. MéTpnoe emmiong subscriber overhead pe kai
Xwpig listener.
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KE®AAAIO 30

Deterministic races kai fault injection

To concurrent test dev TrpéTrel va eATtTiCel 0TI 0 scheduler Ba
TTETUXEI TO race. MNpETrel va KaTaoKeUAEl TN OEIPA YEYOVOTWV
ME barriers.

Thread A

read state

Thread B

read Ftate
L_ — — — i — — — _J
|
| barrier waits for both |
\ _*_ e

controlled release

v

competing writes
or crash point

v

assert invariant
run reconciliation

ZxnAua 30.1 - Ta barriers TorroBeToUv dUo executions akpIBws péoa aTo failure window.

'Eva sleep 0.1 Sev amodewkviel ordering. e ypryopo laptop pmmopei va eivan apketo, oe CI oy H
Ruby gueue ka1 §vo signals emtpenovy va otapatnoelg kabe thread petd ) read ko va ta
arteAevBepwoelg 0tav kat ta dvo Ppiockovtar oto 1610 logical onueio. To test yivetan repeatable kat
QUITOTUYXAVEL Y1 TN OWOTI) ALTia.
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RUBY

ready = Queue.new
release = Queue.new
workers = 2.times.map do

Thread.new do
Rails.application.executor.wrap do
ActiveRecord: :Base.connection pool.with connection do
reservation = Reservation.find (42) -
ready << reservation.lock version
release.pop

reservation.update! (status: :confirmed)
end
end
rescue ActiveRecord::StaleObjectError
:conflict
end
end

2.times { ready.pop }

2.times { release << true }
outcomes = workers.map (&:value)
puts outcomes.inspect

To test xperaletar pool TovAdyiotov Svo connections ko committed fixture state opato kat ota Svo.
Transactional test ;tov kpatd data uncommitted oe AA\o connection pIToOpel va KPUYEL TOWS 1) va
serialization-apetl v extéAeon). [a avuto to pikpod scope amevepyomoinoe transactional tests kau
kabapioe data pe explicit strategy, xwpig va ada&eig global suite Tuyaia.

Schedule 1o interleaving, 6x1 To atrotéAsopa

Kataokevaoe barriers ota semantic onpeia: after read, after external effect, before commit, after
claim, before acknowledgement. Mnv adeig test hooks oe private Rails classes av pmopeig va faAerg
interface o 61kr) oov operation. 'Eva injected collaborator pe after charge hook kavel to crash
window eAeyyopevo xwpig monkey patch otov adapter.

RUBY

class PaymentProbe
def initialize(after charge: nil)
@after charge = after charge
end

def charge (key:)
result = FakeGateway.charge (key: key)
@after chargeé&.call (result)
result
end
end

Y10 test, to hook pmopei va onkawoet process-like exception peta to provider effect. e production Sev
niepvag hook. To seam avnket otnv application boundary kot eAéyyet business ambiguity.

Crash d¢gv gival mavra StandardError

'Eva raise tpéyet ensure blocks. Hard process kill, OOM 1 host loss dev ta tpéyet. Ta va eAéyEeig
durable recovery, xpeldleoau child process 1 Eexwprotd worker mov teppatidetan ywpig graceful
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cleanup. Kav’ to povo oe isolated test resources. To unit fault injection eAéyyet control flow. To process
test eAéyyel 1t mpaypatika euewve durable.

Network timeout €yet Tpia Stapopetika onpeia: mpv o server Aafet request, evo To enefepyadetal kat
APOL OAOKAT|pwWOE AAAA TPy PTaocel response. Fake stov mavta onkavel pwv to effect eAéyyel povo v
€UKoAN mepintwon. To ambiguous-after-effect case eivan eket mov yperddetan idempotency 1 status
lookup.

Model-based state tests

INa outbox, saga 1} queue consumer, 0ploe pkpod pure reference model pe legal states kat commands.
ITapryaye sequences amno deliver, duplicate, timeout, retry, late success ka1 compensation. Metd amno
kaBe Brjpa ovykpive database state pe model invariants. Aev ypelddetar véo property-testing
dependency ywa va apyloeig. 'Evag deterministic random seed kan exatd sequences givat 1161 kaAvtepa
asto mevte happy paths.

Time kail deadlines

Xpnowosoinoe Rails time helpers yia expiration logic o single-threaded tests. e concurrent tests,
global time travel ptopel va ennpeacel OAa ta threads. ITpotiunoe injected clock otnv application state
machine. H database now () ka1 Ruby Time.current pmopovv eniong va Stagpepouvv. Atdhege molog
clock katéyet lease expiry kat EAeyEe tov oto integration boundary.

Assert observables

Mnv kaveig assert 0Tt kAnOnke private commit records. Assert 0Tt petd asno rollback Sev vtapyet
outbox row, peta ano duplicate delivery vitapyet éva effect kan petd and deadlock retry 1oyvet
invariant. Source-level tests &xouv vonua povo oe framework adapter mov ouveldntd ovvnpeig.

Hard crash matrix

Exception injection Sokiuadet ensure kot rescue. Aev Sokipadet process loss. I'a durable workflow
Xpe1adeoat EExmPLOTO process mov WIIopeig va teppatioelg oe named point agpot &xel ypawet durable
marker 0T eptaoce ekel. O parent test tepiuevel to marker pe deadline, otéAvel termination kau Eexiva
veo worker 1) reconciler. Meta eAéyyel povo database, queue kai external fake state.

To fake external system mpémel va povteAomoiel ambiguous success. Na ptopet va kataypawet effect
KO HEeTA va KOWEL T oUvSeo Tplv emotpéyel response. Av 1o fake ammAmg onkmvel iptv asmo kabe
effect, 6ev Soxuadeig to Svokoro window. IIpoobeoe stable idempotency key, lookup endpoint kat
delayed response wote va eAeyEeig retry, query-before-repeat kau late callback.

Barriers pe 61k6 Toug deadline

KaBe barrier ypeidletau state names sov epg@avidovrat oe failure output: a read, b read,

release writes,a committed. Eva raw pair amo queues xwpig diagnostics kavet to hung CI
akatavonto. BaAe monotonic deadline oe kdBe avapovn kai, otnv amotuyia, TONwoe povo thread
status, connection pool stats kat barrier state. Mnv kaveig blind thread dump oe suite mov pmopei va
mepieyel sensitive request data.
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Tpete 1o deterministic test pe mpaypatiko adapter. SQLite in-memory kat PostgreSQL Sev £xovv 1810
locking model. Fast unit model tests kaAOmtovv ToAEG sequences. Atya adapter integration cases
arodelkvoovy Ta kpiowa windows.

SOURCE TRACE

Ta Rails test primitives Bpiokovtal 070 activesupport/lib/active support/testing Kkal Ta Active
Record transaction test helpers 010 activerecord/lib/active record/test fixtures.rb.lla
TOV hNxaviouo Tmou dokiualelg, akodoubnoe Ta chapters 11, 18 kai 22. Ta barriers edw eivalr Ruby
standard Queue, O0x1 Rails internal.

MATIAA

‘Eva test mou repva 10.000 @opég xwpig va atmodeiteig o011 utmrke oTo intended window ptropei va unv
dokipddel Titrota. Katéypawe barrier states kai BdAe timeout wate broken synchronization va
QTTOTUYXAVEI QVTi va KPEPA TO suite.

MHXANIZMOZ

To deterministic concurrency test eA€yxel pia ouykekpipévn partial order. To fault-injection matrix
KOAUTTTEl TTOAAG crash points. Madi petatpémouyv éva vague «eival idempotenty o€ ekTeAéoiun amodeign.

PROBE

AidAege €va critical job kal oxediaoe évie named fault points. MpécBeoe barrier 1 injectable hook o€
application-owned seam. Tpé€e kGBe point dUO PopEG Kal uETA Tov reconciler. Assert final invariant,
duplicate tolerance, terminal state ka1 bounded retry count. BaAe timeout o€ k&Be thread join.
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KE®AAAIO 31

Railties, engines, load hooks kal source
debugging

H ao@aAng eTéktaon Tou Rails xpnoipotrolei public lifecycle
hooks kai oTevoug adapters. To monkey patch gival TeAeuTaia
etmiAoyn pe OIkO Tou compatibility test.

Railtie initializer

v

ActiveSupport.on_load
component available

v

config.to_prepare
boot + reload

v

middleware / subscriber /
engine boundary

I narrow prepend
I guard + contract test

>xAua 31.1 - Ta public extension points yUpw atré framework load kai application reload.

'EvaRrails::Railtie pmopel va mpooBeoel configuration, initializers, rake tasks, generators xat
console hooks ywpig va eivan full application. 'Eva Rails: :Engine eivau railtie pe routes, controllers,
models, views, assets ka1 paths mov cuppetéyovv oty host application. To isolate namespace
meplopidel naming kaui routing collisions, aAAd Sev Snuovpyet process 1) database isolation.

INa cross-cutting gem mov tpooBetet subscriber, railtie apkei. I'ia mountable sub-application pe routes
kat UL, engine £yel vonua. Mnv kaveig engine eva folder povo ywa va gpaivetar modular. H boundary
mipémel va €xel mpaypatikr ownership kau public surface.
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Active Support load hooks

To ActiveSupport.on load(:active record) kataxwpidet block mov Ba tpé€et 6Tav to framework
component KaA€oel run_load hooks. Av To component €xel 1161 poptwOei, o hook Tpeyet kat yia ta
non loaded bases. AvTto amo@elyel va Kavelg eager require "active record” HOVO yld VA TO
ETIEKTEIVELC.

RUBY

ActiveSupport.on load(:active record) do
include Seatly::RecordTracing
end

To block ouyva afloloyeitan oto context tng loaded base. 'EAey&e To ovykekpiuévo hook contract.
Kpata v enéktacn idempotent, emeidr| reload 1 multiple load bases pmtopotv va v evepyomorcovv
TAPATAV® ATTO Hid popaA.

To config.to prepare TpgXeL 0TO boot kat Eava mpv amod application execution dtav yiveta reload.
Eilval cwoto yia wiring stov avagepetat oe reloadable classes. To block mpémet va pmopet va
Eavatpelel ywpig va duthaoidoer subscribers, callbacks 1) routes. Av ypawelg subscribe ka0e @opd
Xwpig unsubscribe 1) stable registry, ka0e reload mpooBétet observer.

Narrow prepend pe guard

'Otav Sev vrtapyel public hook kat xperaletar framework patch, fde to oe éva module, oe exact target,
peta to relevant load hook. "EAeyEe owner, parameters kat version. To prepend diatnpet super chain
kaAUTepa amo alias-method tricks, ad\a mapapevet coupling oe implementation.

RUBY

module SeatlySelectTracing
def select all(*args, **kwargs)
Rails.event.tagged (adapter: adapter name) { super }
end
end

ActiveSupport.on load(:active record) do
target = ActiveRecord::ConnectionAdapters: :AbstractAdapter
target.prepend (SeatlySelectTracing) unless target < SeatlySelectTracing
end

To mapaderypa Seiyver guard, aAAa to target method pmopet va aAAd€et signature 1) va unv eivan )
owoTn hot path oe peMovtikn eékdoon. 'Eva Notifications subscriber 010 sql.active record givan
ouvnBwg otabepotepn Avon. Patch puovo dtav to public signal Sev pmopel va Swoet tv asmapaitn
eyyonon.

Source debugging oTo runtime

Eekiva UE method.owner, source location, parameters KOl super method. Ta generated methods,
owner umopel va eival anonymous module kot location va deiyvel generated evaluation. Me
Module#ancestors [plokelg inclusion order. Me $LOADED FEATURES.grep Aémelg mouo file
poptmbnke. Me Zeitwerk logger pmopeig va Seig constant paths oe development diagnostic session.
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To TracePoint pumopel va mapakorovOnoet calls, returns kot exceptions, adha global trace xet peyaio
overhead. ®iktpape path, class kat thread xat evepyomoinoé to povo yvpw astd pukpod reproduction.
Mnv 10 agpnoeig povipa oe production request traffic ywpig measured budget.

RUBY

target = Reservation.instance method(:save!)

while target
puts [target.owner, target.source location, target.parameters].inspect
target = target.super method

end

Compatibility adapter
Amouovwoe private integration oe éva file pe:

supported Rails version range

boot-time signature assertion

behavior contract tests

comment pe tagged source path kai reason
kill switch 1) fallback

Mnv okoprtioelg respond_to? checks oe business code. "Evag adapter astoppo@a version branches ko
agpaipeital 0tav to upstream public APT kaAOwel v avaykn.

L e A

Engine boundaries oT1o reload

Engine code pmopel va eivan eager-loaded 1 reloadable ava path configuration. Objects amoOnkevuéva
oe initializers, registries 1 host class attributes pmopotv va deiyvovv mahiég classes petd unload.
AmoBnkevoe stable names 1) rebuild wiring oto prepare hook. Mnv cache-apeig subclasses e custom
global array otav to DescendantsTracker kat reload lifecycle €xouvv Sikég toug rules.

Idempotent wiring, 6x1 pévo idempotent code

"Eva callback body pmopet va eivat acpaieg va tpé€et 600 popeg, evm 1) eyypagn tov callback §vo
popéeg va unv eivat. e ke reload petpa subscribers, middleware entries kan callback filters. Av
registration API emotpepet handle, pUAaE to oe non-reloadable owner kat kave unsubscribe mpwv anod
veo subscribe. Av §ev vrtapyet handle, faAe stable named object 1) guard mov eAgyyel v Tpaypatikn
registry, oyt boolean péoa oe reloadable class.

To to_prepare pmopel va tpé€el o boot kat Eava mpv and application execution otav ywve reload.
To block mpermet va SovAevet kat otig Svo paoceig. Mnv viofetelg OTL vapyel request, current tenant 1)
checked-out connection. IT¢paoce povo stable configuration kan estiAvoe reloadable constants péoa oto
block kaBe popa.

Patch surface budget

KaBe private prepend €yet Tpia k0otn: tooa methods ayyilet, 1000 cuyva aladel o upstream owner
kat 1000 SvokoAa mapatnpeitar A\abog behavior. BaAe budget. 'Eva override evog pikpov leaf method
ue exact parameters kau kill switch eivan Siayepiopo. Patch oe kevipiko dispatcher pe toAMotg
adapters ypeiddetal ol 10xvpdTEPO contract suite 1) upstream contribution.
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1o upgrade, oUykpive owner, parameters, source location kat éva pukpo source digest yOpw asmod to
target. To digest eivan alarm, 61 compatibility proof. Meta tp£€e behavior tests kat to failure path pe
To patch amevepyomompévo. Zkomog Sev eivar va Seoeig v epappoyn oe byte-identical source. Eivan
va un yivel pa 8w tikn adayn otwmnAo production semantic change.

SOURCE TRACE

Ta extension primitives BpiokovTal 0Ta rails/railtie.rb, rails/engine.rb Kal active support/
lazy load hooks.rb. To prepare lifecycle cuvdéetal 0TO Rails: :Application: :Finisher KOl OTOV
Reloader. AidBace mavTa tagged source NG €KkSOONG TTOU TPEXEIG.

MATIAA

Mnv kaveig source debugging pe broad logging sensitive args 1 SQL binds. H peyaAutepn opatdtnta
au&avel kai To privacy surface. ®iAtpape TTpiv amméd export.

MHXANIZMOZ

Public hooks &ivouv lifecycle contract. Private prepend divel temporary implementation coupling. Av dev
MTTOpEiG va ypdwyelg compatibility test kai fallback, dev gioarl éToiyog va Kpatroeig To patch.

PROBE

Ma k&Be local Rails patch, Tuttwoe target owner, parameters kai source location oto boot kai kave fail
fast oe mismatch. Tpége suite pia @opd pe patch kai pia pe kill switch. e development kave duo reloads
Kal uétpnoe subscribers A callbacks waoTte va amodeiteig 0TI To wiring TTOPAUEVEI HOVO.
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RAILS ZTA ErTKATA To correctness packet evog rolling release

KE®AAAIO 32

To correctness packet evog rolling

release

‘Eva OUOKOAO release dev eykpiveTal TTEION TTEPACAYV tests.
EvkpiveTal 6tav €xel MIKPO, EAEYEINO TTAKETO ATTOOEICEWV VIO
overlap, failures, observation kai rollback.

invariants + owners

v

old/new compatibility
schema + jobs + cache + client

| crash-window table
I durable evidence

L T p—

baseline + gates
canary observation

v

rollback + roll-forward
reconciliation

v

mixed-version rehearsal
then rollout

>xnua 32.1 - To correctness packet eviyvel compatibility matrix, fault table kai release gates.

To Seatly B¢he1 va avtikataotoet To a0 boolean ticket issued pe versioned ticket workflow, va
petag@epet v €kdoon oe continuation job kat va Seiyvel realtime status. I'a wpeg Oa ouvuapyouv old
web, new web, old jobs, new jobs, taAiég cache entries ka1 browsers stov avoi&av mpwv to deploy. H
migration sov sepva povn g oe test Sev amavtd av avtod To overlap elval AGPAAEG.

To correctness packet eivau repository artifact pe £€1 sections. Aev yperadetar fapv process. Xpeladetat
akp1Peig claims sov pmopeig va Stapedoerg.
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1. Invariants kai1 owners

Tpdwe mpota Tt dev emTpEmeTal va omaoet:

« pia final éxSoomn elortnpiov ava reservation kai confirmation version
« confirmed reservation Sev yavel tote durable ticket intent

duplicate jobs dev mapayovv devtepo provider effect

old client pmopel va Stafdoet status katd to overlap

rollback code psopet va Siafaoet rows stov £ypape To new release

Aima oe kaBe invariant ypdye owner. Unique index, outbox row, provider idempotency key, tolerant
serializer 1) API representation. Av owner givat «o controller To stpoogyel», to invariant dev £yl akoun
production boundary.

2. Compatibility matrix

H matrix &ye1 producers otig ypauEg Kal consumers oTig otnAeg. Aev apkel old app versus new
schema.

Producer Old consumer New consumer ATod€1gn

old web row Olapacel dlapacel dual-read test

new web row dlapacel fallback o1aBadel version rollback fixture

old job payload TPEXEI TPEXEI serialized fixture
new job payload ayvoei new optional field  Tpéxel mixed-worker test
old cache entry Slapacel miss 1) tolerant decode namespace test

new Turbo message safe ignore version apply browser contract test

Ta delayed jobs, matrix horizon eivat oldest scheduled time ouv retry window. I'a browser protocol,
elvan session/cache lifetime 1 explicit min supported client. I'a schema, eivatl 6Ao to rolling kat
rollback window.

3. Expand, write, backfill, enforce, contract

Ipwto release mpocBetel nullable ticket version kKalticket state ¥wpigva agaipéoet boolean.
New code dual-reads: mtpotiud versioned state, aAimg petappadet boolean. Xt write path ypaget kan
ta 6o representations. Metd petpa divergence.

Backfill SovAevel oe bounded batches pe cursor kot conditional update wote va punv aviikataotmoet
vedtepo concurrent write. Continuation cursor amrofnkedel next id, aAAd 1) operation eivat idempotent
av row avaeppavioTel.
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RUBY

scope = Reservation.where (ticket state: nil) .where(id: cursor...)

scope.order (:id) .1limit (500) .each do |reservation|
state = reservation.ticket issued? ? "issued" : "pending"
Reservation.where (id: reservation.id, ticket state: nil)
.update all(ticket state: state, ticket version: 1)
end

Meta to observed zero backlog, véo constraint pmtopei va validated 1) enforced pe adapter-safe staged
method. Contract removal yivetal oe Eexwp1loto release agov rollback window kAeioet. Old column, old
serializer branch kat old cache namespace dev apaipotivtar padi pe To mpaTo success graph.

4. Failure table

INa kaOe transition ypdpe before, ambiguous point kat recovery:

Transition Crash point Durable evidence Recovery

confirm -> intent TTpIv commit TiTTOTQ retry request

intent -> job MeT& commit outbox event dispatcher

job -> provider META provider success command id status query/dedupe
issued -> broadcast TPIV transmit canonical row refresh snapshot
backfill row TIpIv cursor advance conditional row state replay batch

Avtn n table yivetat ta fault-injection tests tov kepaiaiov 30. Av éva row Sev €xel durable evidence 1y
recovery owner, 1o release €ye1 ayvwoto terminal state.

5. Observability kai gates

IIpw o rollout 6p1oe bounded signals ka1 abort thresholds. Schema/cache errors, job deserialization
failures, dual-write divergence, outbox oldest age, provider unknown outcomes, continuation
resumptions, pool wait kot realtime gap refreshes. Baseline ta metrics spwv v aAAayr|. 'Eva absolute
threshold ywpig baseline pmopei va eivar avBaipeto.

Canary mpémel va tepihapfaver worker, ox1 povo web. Av new web stapayet payload mov
katavah®vovv amokAelotika old workers, to dangerous edge Sev Sokipdotnke. To canary data mpémet
va TEPVA TIPAYUATIKO writer, queue, cache kau client path ywpig va mpokalel payuatikn xpewon.

6. Rollback kai roll-forward

Rollback amavta oo binary emtavépyeta, moia schema pével additive ko twg old code Stafader new
rows. Aev tephapfavet apeco drop column 1 avtiotpo@r) peydrov backfill. Roll-forward amavta mmg
S1opBwvetan bad derived data pe véo version. T'a external effects, rollback code 6ev pmopet va
Eexpewoel tov provider. Xpetaletal compensation state.
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Kave rehearsal pe old ka1 new processes tavtoypova. Serialize old payload ka1 katavaAwoe to 0To
new. Ipdape new row kat Siaface 1o oto old. Zéotave old prepared statements, tpe€e additive
migration kot emavaiafe. Kpata maio browser connected eva Byaivouv new broadcasts. Avtd eivau
compatibility testing, ox1 amAcog smoke.

H TeAIK atrédeIén

To packet Sev vitooyetal 0Tt Sev Oa ovuPei ayvwoto failure. ITepropilet to known state space kat Sivet
ypnyopn asogao. I'a kaBe boundary E€povpe mechanism, observable signal kot recovery. Avtn givan
] OUVEXELA TNG TEAEVLTALAG TIPOTAOCT|G TOV JIPOTOV TOUOL: BPIOKOVLE TTO10¢ KPATA TNV £yyUNoT KAl TMPA
UITOPOVUE va Se1EOVUE TR TNV KPATA, TTOC OTTAEL KAL TTWE TO AT0SeIKVUOUUE mipty To production.

SOURCE TRACE

Ta framework edges Tou packet eival To migration APl 070 connection adapters/abstract/
schema statements.rb, T0 schema cache 010 schema cache.rb, TO job envelope o10

active job/core.rb Kai TO initialization/reload lifecycle 010 Rails: :Application: :Finisher. To
overall upgrade contract replypd@eral 010 Upgrading Ruby on Rails. Adapter-specific online DDL
TTPETTEl va eAeyXBei oTnv etmionun database Tekunpiwaon.

MATIAA

Mnv kaveig destructive contract migration €1eidr) 1o dashboard deixvel zero yia Aiya AeTTd. Xpeidleoal
TARPeg maximum age window, successful rollback rehearsal kai emBeaiwon 611 kavévag delayed
producer &¢gv ypd@el Tia 1o old contract.

MHXANIZMOZ

To correctness packet cuvdéel invariant, compatibility, fault, signal kai recovery o€ pia eAéy&iun aAucida.
Av €va claim dev £xel proof i owner, d¢ev €ivai release guarantee.

PROBE

Mdpe Tnv eméuevn schema r job-contract aAAayr) Tou Seatly i TG epapuoyng oou Kal ypaywe To
e€aoéNido packet Tpiv Tov kWOIKa. MeTéTpewe KAOe failure-table row oe test. Tpé€e mixed old/new
rehearsal kai rollback read test. Mévo petd 6pioe canary percentage kai production gates.
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