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RAILS MEPAANO TO CRUD MID KAl ADVANCED CONCEPTS

MPIN APXIZEIZ

To framework dgv givainto OUOKOAO
KOMMATI.

Eepeig non va puidyvelg éva model, Eva controller kal éva migration. To SUokoAo pépog apyilet otav
Svo requests fAEmovv v 181a Tedevtaia Beom, otav éva job Tpéxel Eava petd amo timeout 1 dtav o
véo release ypagel Sebopéva mmov 1o tao Sev katarafaivel.

AvTo 10 B1fMo opyavaver exelveg Tig oTIyUES. Aev ipoaBetet layers yia va @aivetal 1) eQpappoyr) o
oofapr). Aelyvel Tp®TA TNV £yyLN 0N 70V XPelalOUa0TE Katl LETA To pkpotepo Rails, Ruby 1) database
mechanism 7ov pmopel va v kpatioet.

Mwg va 1o diapaoceig

Ta kepdlaia 1 £wg 10 eival to mid eminedo. Atvovv kabBapo mental model yia requests, autoloading,
Active Record, jobs ka1 cache. Ta kepdAaia 11 €mg 21 pmaivovy ota failure modes tng production.
Concurrency, replicas, outbox, observability, capacity kon migrations ywpig downtime.

Ta tapadetypata akoAovBolv v i81a epapuoyr) kpatnoewv. Aev ypeladetal va T ¥Tioelg
0AOKAN 1. Ze kaBe KEPAAAI0 VTTAPYEL £VAC EAEYYOG TTOV LITOPELSG VA KAVELS 0N S1KT) 00V EQAPLOYT).

‘Ekdoon ava@opdg

H ¢x8oon 1.0 eAéyxOnke pe Rails 8.1.3.1 documentation tov Zentéufpio tov 2026. 'Omov Eva feature
elvat véo oto Rails 8.1, onueimvetat. '‘Osmov 1 ovpmepupopd avikel otov PostgreSQL, otov queue
adapter 1) otnv vmtodopr), dev amodidetat oto framework.

To BIBAIo xpnoipoTrolei aTTAd KWwdIKa, ouykekpipéva failure modes kai emmionueg TNyEG. O HETPAOEIG PIAG BIKAG GOU
EPAPUOYNAG £XOUV TTAVTa TOV TEAEUTAIO AdYO.
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RAILS MEPA AMO TO CRUD Mepiex6peva
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RAILS MEPA AMNO TO CRUD To request wg diadpoun

KE®AAAIO 1

To request wg diadpoun

‘Eva controller action gival éva pIKpo onueio yEoa o€
MEYAAUTEPN dladpoun. Av dev BAETTeIC TN diadpour), Paleic
EUBOUVEC OTO TTPWITO OPXEIO TTOU ETUXE VA QVOICEIG.

env mid%?:vl\(lare path +verr—>]| Router \

status + body———* Eg:?:l?zrel

typed intent Application Leries + write
operation G & »| Database

>xnua 1.1 - H diadpopn evog request amrd 1o Rack péxpl 1o render.

Controller
instance

Mpiv atmrd 1o controller

O application server mapadidel oto Rack éva env. To middleware stack pmtopei va avayvwpioet
session, cookies, request id, host, method ka1 content type stptv tpé€et o router. O router avtiototyilet
verb ka1 path oe controller action. Movo tdte Snpovpyeitar To controller instance Tov ouykekpluévov
request.

Avtn) 1) og1pd €xel mpaktikn onuaoia. 'Eva authorization middleware Sev €xel anmapaitnta to domain
object ov Ba popt®oel To action. 'Eva before action €xel ta controller params aAAa ptopet va
apyioel aBeha tov queries. 'Eva model Sev mpémet va E¢pet av n evroAn npOe and HTTP, job 1)
console.

Aeg v mpaypatikn otoifa avti va tn pavtevelg.
TERMINAL

bin/rails middleware
bin/rails routes --expanded
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RAILS MEPA AMNO TO CRUD To request wg diadpoun

To middleware gival katdAAnAo yia cross-cutting cupteplipopd mov 10YVeL oe kKabe oyeTko request.
Request ids, compression, host checks kat yevikn kataypagr taipialovy ekel. H amogpaon
«ETMTPENETAL AVTOG 0 XPTOTNG VA emPefaimoet autr) TV KpATNomn;» xperadetal poptouéva domain
Sebopéva Kat avnket o Kovtda oto action.

To controller peta@pddlel TTPWTOKOAAQ

"Eva kaBapo controller petatpénert HTTP input o€ application input kat to application result Eava oe
HTTP. Aev amo@aoidel mmg kAewwvetar pa 0eon, dev cuvtovidel mevte writes kal Sev otéAvel email
uéoa oto request.

RUBY

class ReservationsController < ApplicationController
def confirm
result = Reservations::Confirm.call (
reservation id: params.require(:id),
actor: Current.user,
idempotency key: request.request id

)

if result.success?

render json: { reservation id: result.reservation.id }, status: :ok
else
render json: { error: result.code }, status: result.http status
end
end
end

To action TapapEVEL APKETA OUYKEKPLUEVO OOTe va gaivetarl to HTTP contract. Aev kpvfet to status
code o¢ callback ka1 Sev emotpépel Active Record object mov o serializer Oa mepinyn0ei aveEeheykta.
H operation pmopel va kAnBet kan asto job 1) command line ywpig pevTiko request.

Ta params JTAPAUEVOLY UT| EPIIOTA AKOUA KAl LETA TO routing. To params . expect 1) TO
params.require(...).permit (...) opilel To emMTPENTO oXNUA. Aev kavel authorization kot Sev
LETATPETEL ATO POVO TOL €va string oe £éykvpo domain value. To "0, pia ayvwotn timezone kot €va
TEPAOTIO array eEakoAovBovv va xpelddoval cagr) Xepiouo.

Render, redirect kai control flow

To render KA1 T0 redirect to 0pi{OUV TNV ATOKPION. AeV ATOTEAOVY YEVIKO return amto ) pebodo.
Av vtapyel kodikag mtov dev mpemel va Tpetel petd amo redirect, otapdtnoe Tov pnTd.
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RAILS MEPA AMNO TO CRUD To request wg diadpoun

RUBY

class Admin::EventsController < AdminController
def publish
return redirect to(events path, alert: "Forbidden") unless allowed?

Events::Publish.call (event: Event.find(params.require (:1id)))
redirect to events path, notice: "Published"
end

private

def allowed?
Current.useré&.admin?
end
end

Ta around action gival 10xvpa eme1dr) TuAiyouvv 0o To action. Avto elval kot 0 Adyog va
xpnowpomolovvral @edwAd. Transaction yOpw astd 0AOKANpo request kpatd connection kat locks 600
yivetan rendering 1 e€ntepiko I/0. ZuviBwg 1) transaction boundary mpémnel va Bpioketan yopw amod
ta ovykekpipeva database writes otnv application operation.

Request-local state

To ActiveSupport::CurrentAttributes fonBa va mepva request-local context 6mwg user, account
kat request id. Aev kavel pa kpver) global e€aptnon kaAn. Av éva domain operation xpeialetat
actor, TpoTIUNOE va Tov mepaoetg pnta. Kpdta to current yua context smov mpaypatika akoAovdel
0A0 1O request ka1 @povTioe va punv atoBnkevelg mutable objects stov Ba tpomomonBovv amod
Stagpopetika onueia.

Rails tuAiyel kaOe request pe tov Executor. Avaueoa ota GAAQ, autd opyavmvel To query cache kau
v emotpo@r) database connections oto pool. 'Eva x€1pomoinTo Thread. new §ev arokTtd avtopata
owoTo lifecycle ene1dn Eexivnoe péoa amo controller. Av vITAPXEL TTPAYUATIKT|] AVAYKT) Yia 51KO GOV
thread, o kO1KAg TNG EPAPLOYNC TTPETEL VA TUAIKTEL UE Rails.application.executor.wrap. XTIG
TEPLOCOTEPES TTEPUTTHOOELS Eva job eivan kaBapotepo boundary.

RUBY

class ParallelProbe
def self.call
Thread.new do
Rails.application.executor.wrap do
HealthSnapshot.capture
end
end
end
end

Errors wg pépog Tou contract

To rescue_from givat xpropo otav pua katnyopia application error €xel pia otabepry HTTP
UETAPPAOT). Agv gival XdPOg Yla va Katamielg dyvwota exceptions. 'Eva

ActiveRecord: :RecordNotFound WIOPEL va yivel 404. 'Eva invariant violation putopel va yivel 409.
"Eva ampoopevo NoMethodError JIPETEL VA LEIVEL 500 KAl va avagepbel.
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RAILS MEPA AMNO TO CRUD To request wg diadpoun

RUBY

class ApplicationController < ActionController::Base
rescue from Reservations::Conflict do |error|
render json: { error: error.code }, status: :conflict
end
end

KENTPIKH IAEA

To controller katéxel To HTTP contract. H application operation katéxel To use case. H database
KOTEXEI TIG EYYUNOEIG TTOU TTPETTEI VA I0XUOUV Yia KABE writer.

O TPAKTIKOG XAPTNG

TMa éva apyo i uepdepevo endpoint, ypdwe ) Stadpopr| o€ entd ypauueg. Middleware, route,
filters, action, operation, database calls ka1 render. Enpeinoe o0 kpanietal connection, mov yivetat
authorization xat ;o0 pmopel va vtapéet e€ntepikod I/0. Zuyva to mpoPfAnua gaivetatl pv avoiteig
profiler.

H emionun Bdon yia avt ) dtaSpoun ivan to Rails on Rack, 1o Action Controller Overview kat to
Threading and Code Execution.

EAErX0z zTH AIKH ZOY EQAPMOTH

AlgAege €va endpoint TTou aAAadel dedopéva. MéTpa TTooa callbacks kai queries TpExouv TIPIV UTTEIG
oTo action, av utrdpxel EwTtepikd 1/0 péoa oe transaction kail av To HTTP status amrogaacieTal o€ éva
opaté onueio. Mpdwe TN dladpoun Xwpig va aAAAEEIG aKOPa KWAIKA.
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RAILS NMEPAAMNO TO CRUD Zeitwerk, boot kai reload

KE®AAAIO 2

Zeitwerk, boot ka1 reload

To autoloading d¢v cival payeia. Eival cupoAaio avapeoa
oT1o path, oto constant name kai otn didpkeia (wrg Tou
process.

Process
Rails + gems
stay loaded
—_—————— = b
onstant replaced
' Userclass ! A
I before reload |\
- - = )
cached reference User class
_-—--—7" after reload
not the same object

Long-lived registry
I holds old class object

>xnua 2.1 - ‘Eva reload dnuioupyei véo class object evw éva TmaNid registry putropei va kpatd 1o TTponyoUuEVO.

To path gival yépog Tou API

>to Zeitwerk mode 10 app/services/reservations/confirm. rb PEMEL va opidel
Reservations::Confirm. O @akelog eivan namespace kot to filename kaBopidel 1o constant. 'Eva
mismatch ptopel va pével kpupo 6o eva apyeio dev poptovetarl oto development kot va epgaviotel
otav to production kavel eager load.

RUBY

# app/services/reservations/confirm.rb
module Reservations
class Confirm
def self.call(...)
new(...).call
end
end
end

O1véot vToPAaKENOT KAT® AIT0 app/ Yivovtal autoload paths avtoparta. Asv xpelrddetar va mpocbeoelg
app/services [e TO x€pl. To 1ib/ €xel Sapopetikd poro eneldn ovyva mepiéyet tasks, generators ko
apyeia mov Sev eivan reloadable application code. e oUyypovo Rails xpnowonoinoe
config.autoload lib(ignore: ...) otav OgAeig va 1o evtaéelg pl]Td.
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RAILS NMEPAAMNO TO CRUD Zeitwerk, boot kai reload

RUBY

module Seatly
class Application < Rails::Application
config.autoload lib(ignore: %w[assets tasks generators])
end
end

To 7o @Onvo production check eivan emtiong éva amod ta kaAvtepa CI checks.

TERMINAL

bin/rails zeitwerk:check

Reloadable &&v onpaivel mutable global

10 development to Rails apaipei constants epappoyng kat ta goptwvet Eava. To veéo User elval
Srapopeniko Ruby class object amd 1o maAo User. Av éva gem, initializer 1| global registry xpatnoe
reference 0to a6 object, To reload Sev pmopel va aA\dEe exeivo To reference.

Avto e€nyel bugs mov poradovv maparoya. 'Eva serializer registry ouveyilel va kaiel maia pebodo.
'Eva decorator @aivetat va ayvoet v tedevtaia aAAayr). 'Eva User.new.class == User UToOpel
BewpnTika va yivel false 0tav avakatevovTal AvTikeipeva ptv Kat petd to reload.

Kodwkag mov ekteleitar oto boot kat avagpepetal oe reloadable constants mpemet va pmel oe
Rails.application.config.to prepare. To block Tpéxel oo boot kat Eava mpiv amo reload.
IIpémel va eivar idempotent ylati pmopei va ekteheotel U0 PoPEG KATA TNV EKKIVNON YA 10TOPIKOVE
AOYOUG O€ 0p1oEVeEC S1aUOPPDOELC.

RUBY

Rails.application.config.to prepare do
ReservationPresenter.reset registry!
ReservationPresenter.register (ConfirmedReservationPresenter)

end

H evalhaktikn eivar va Baerg kodika mov mpémel va peivel 0tafepog oe autoload once paths.
Avtd taipradet oe class objects mtov amoBnkevovran péoa oe framework registries ta omoia dev kavouvv
reload, 0mwg custom Active Job serializers. Aev eivan yevikn AVon ywa ke mepiepyo reload bug.

Boot, eager load kail apXIKf KATACTAON

¥to production to ovvnBiouévo setup €xel config.enable reloading = false Kal
config.eager load = true. OAa ta application constants @optwvovtal ptv 1o process deytel
traffic. AutO astokaADTTEL naming errors vwpig Kat eTPENEL KAADTEPT OUUTEPLPOPA OE COPY-0n-
write process models.

'Eva initializer mpémet va puBpilet framework kot gem configuration. Aev mpémet va kavel apyo
network call, va Stafader petafaropeva business rows 1 va Eexiva thread ywpig Eekabapo
shutdown lifecycle. KaBe tétoia evepyela emavarapufavetar oe console, rake task, web process kau
mBavmg job worker.
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RAILS NMEPAAMNO TO CRUD Zeitwerk, boot kai reload

Av yperaleoa Sedopeva katd to boot, pwtnoe mpaota av eival mpayuatika configuration. Ta
credentials ka1 environment settings eivai configuration. H AMlota evepyav accounts eivat application
data xan tpémel va Stafadetan Otav Xpelddetan 1) va evijuep®veTal uEow cache pe oageg invalidation.

Threads ka1 Executor

O Puma e&unnpetei moAa requests oe threads péoa oto 1810 process. Ta class objects ko ta globals
eivan xowva. To controller instance eivat Eexwplotd yia kaOe request. H aopdleia pokvmtel 0tav 1
KOWI) Kataotaon eival immutable 1) tpootatevetal cwotd, o1 emeldn «to Rails eivan thread-safe»
WG YEVIKI @PAOT).

Rails TuAiyel requests, jobs ka1 ta meprocoTepa entry points pe tov Executor. O Executor emotpepet
connections oto pool, Siayepiletan query-cache lifecycle xat ouvepyaletan pe 1o reload interlock.
Library code mov kaAel application code asmo 61ko tov thread stpésmet va Ypnoipomolel avto to
boundary.

RUBY

class FeedConsumer
def consume (message)
Rails.application.executor.wrap do
IncomingMessages: :Apply.call (message: message)
end
end
end

Mnv yxpnowuomnoteig to Reloader oe child thread. 'Eva reload ypeiadetan va mepipével va teAe1imoovy
ta threads mtov exteAovy application code. Av to child mepipévet reload eve o parent mepipevetl to
child, &ye1g deadlock amo o 1810 o lifecycle mov mpoondbnoeg va mpootatevoerg.

NMPOZOXH

To require dependency Ogv gival KaBnuepivo avtidoto yia AdBog filenames rj AdBog namespaces.
Ai6pBwaoe Tpwta 1o Zeitwerk contract. Xeipokivnto loading xpeidletal pévo ae €1dIkd integration
boundaries.

‘Eva kaBap6 loading audit

Tpé€e bin/rails zeitwerk:check ko petd boot pe production configuration oe ac@aiég local 1y CI
nep1padrov. Avadnoe initializers mov kavouv queries, network calls 1} asoBnkevovv application
classes oe constants. 'EAey&e custom threads ko registries. To {ntovuevo Sev etvan va punv vapyet
kaveva. Eivan va eivan Eekabapo molog ta Snuiovpyet, 7o10¢ Ta otapata kat av kpatovyv reloadable
objects.

H s\ png emtionun avagopa Bpioketat oto Autoloading and Reloading Constants kat oto Threading
and Code Execution.
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RAILS NMEPAAMNO TO CRUD Zeitwerk, boot kai reload

EAErX0Zz ZTH AIKH ZOY E®QAPMOTH

Bpeg éva custom directory kGTw atmo app, €va initializer TTou avagépel application constant kai éva
long-lived registry. EmieBaiwoe 1o filename pe zeitwerk:check. MeTd onueiwoe 1010 116 Ta TPIA
TIPETTEl Va gival reloadable kal TTo10 TTPETTEI VO QOPTWVETAI HOVO Jia QopPd.
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RAILS MEPA AMNO TO CRUD KaBapd application boundaries

KE®AAAIO 3

KaBapda application boundaries

Aev xpeialeoal repicooTepa layers. Xpeialeoal Eva opato
OnMEIo yIa KABE onuavTIKR atTdgaon.

ReservationsController
HTTP translation Event + Reservation
- / domain state
\ 4
Policy /v 7 g
permission A r )
A 4 .
( ) Constraints +
Reservations::Confirm transaction
one application action

>xnua 3.1 - ‘Eva application operation cuvdéel HTTP, permission, domain state kai database guarantees.

To poBAnpa pe 1o «faty

To «fat model, skinny controller» fytav ypnowun d10pbwon oe controllers mov Ekavav ta tavta. Agv
elvan apyitektovikn yia ke epappoyn. 'Eva Active Record model popet va katain&et va otéAvel
email, va kaAel payment provider, va asto@aoidel permissions kat va yvopilel mevie Aoyeta use
cases. Metd éva at\0 reservation.save! QIIOKTA AOPATEG CUVETEIEC.

To avtiBeto akpo eival 0 PAKeAOG services e EKATOVTASEG KAATELS TTOU €XOUV LOVO call. Av kaOe
ypaupr Ruby yivel service object, ) mAorjynon xelpotepetel xwpig va epgpavidetat véo boundary.

Eexiva arto v application action. «EmPefaiwoe autr) tnv KpATNOoN yia Autov ToV actor Ue auto o
idempotency key». H action &xet apymn, amtotéAeopa kat transaction boundary. Autd SikaioAoyel Eva
object.

RUBY

module Reservations
class Confirm
Result = Data.define(:reservation, :code) do
def success?
code == :confirmed
end

def http status
success? ? :0k : :unprocessable entity
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RAILS MEPA AMNO TO CRUD KaBapd application boundaries

end
end

def self.call (reservation id:, actor:, idempotency key:)
new (
reservation id: reservation id,
actor: actor,
idempotency key: idempotency key

) .call
end
def initialize(reservation id:, actor:, idempotency key:)
@reservation id = reservation id
@actor = actor
@idempotency key = idempotency key
end
def call

reservation = Reservation.find(@reservation id)
return Result.new(reservation:, code: :forbidden) unless allowed?
(reservation)

reservation.confirm! (idempotency key: @idempotency key)
Result.new (reservation:, code: :confirmed)
end

private

def allowed? (reservation)
reservation.user id == @actor.id
end
end
end

To mapaderypa Sev eivar odokAnpwpevn concurrency AVor). Auto Ba €pbet oto ke@dAaio 11. Agiyvet
ouwg 1810k oia. To controller Sev amopacidetl permission kot to model ev yvwpilet status codes.

Behavior oto model, orchestration otnv operation

'Eva model eivat kaAo pépog yia behavior mmov avikel oto 1610 To entity kat spemel va 1oy0et OTT0V Kl
av kAnBel. H petafaocn amd pending € confirmed Kal 1] Apvnon pHetdfaong amod cancelled eivat
domain behavior. H oe1pa «kAeibwoe event, emPefainoe reservation, ypawe outbox event» eivat
orchestration moMaov objects kat taiptael otnv operation.

RUBY

class Reservation < ApplicationRecord
class InvalidTransition < StandardError; end

def confirm! (idempotency key:)

raise InvalidTransition, "cancelled reservation" if cancelled?
update! (status: :confirmed, idempotency key: idempotency key)
end

end
To model API sip&mel va KAVEL TNV EYKUPT] EVEPYELA EVKOADTEPT] AITO TNV TUXALA LETABOAT) tedinv.

Avtod Sev onuaivel 6t Ba amayopevoelg kabe setter. Tnuaivel OTL 01 ONUAVTIKEG peTaPAoELG EXOLV
oOvoua Kaut tests.
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RAILS MEPA AMNO TO CRUD KaBapd application boundaries

Form objects ka1 Active Model

'Eva form object elvan ypriowo 0tav 1o input Sev avtiotoiyei oe &va row. Mmopel va ouvivadet
timezone, terms acceptance kot ototyeia Svo records ywpig va poptwvet 1o Active Record model pe
transient fields. Me ActiveModel: :Model astoktd validations kot error messages ywpig persistence.

RUBY

class ReservationRequest
include ActiveModel: :Model
include ActiveModel::Attributes

attribute :event id, :integer
attribute :seats, :integer
attribute :terms accepted, :boolean

validates :event id, presence: true

validates :seats, inclusion: { in: 1..6 }
validates :terms_accepted, acceptance: true
end

To form object TpooTatevel TNV TOIOTNTA TOV UNVOUATOG TTPog Tov ¥pnotn. H database constraint
e€axkoAovOel va mpootatedel TNy TeAIKT| invariant aso AAAovg writers kat races.

Query objects Tou TTapapévouv composable

'Eva query object a&ilel otav pua emyeipnuatikn evvola ovvovadet joins, filters kon permission scope
o€ moMa endpoints. Av emoTpEPel ActiveRecord: :Relation, o caller umopei va mpooBeoet
pagination 1 ordering ywpig va (popT®mOel Vwpig Ta rows.

RUBY

module Events
class VisibleTo
def self.call (user:, relation: Event.all)
return relation.published if user.guest?

relation.where (account id: user.account id)
.merge (Event.published.or (Event.draft.where (owner id: user.id)))
end
end
end

To object &yetan relation avti va Eekva mavta amd Event . all. Avtd 10 kavel composable kat
E£UKOAOTEPO VA SOKILAOTEL HECA O TIEPLOPIOUEVO Scope. Av eva query givar pia kabapr,
emavaypnolposotnoun ovvonkn tov model, éva named scope mapapevel 1) WTAOVOTEPT) ETAOYT).

Dependencies ota e§wTtepikd boundaries

'Eva gateway mpog payment 1) email provider nipémnel va @aivetal wg dependency. Aev yperadetat
container. 'Eva keyword argument pe Aoyiko default apxei ovyva.
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RUBY

module Notifications
class Deliver
def initialize(provider: EmailProvider.new)
@provider = provider
end

def call (message:)
@provider.deliver (message)
end
end
end

Y10 test Sivelg fake mov kpatd tig kAnoeig. Ty production Sivelg adapter mov petag@padel provider
errors o€ Lkpo, otabepo application vocabulary. 'Etol pia aA\ayr) provider Sev Siappéet exceptions
Kau response objects og 0A0 To app.

KENTPIKH IAEA
AnuioUpynoe object 6Tav PTTopeic va Tou dWOEIG Jia GUYKEKPIYEVN €uBUVN, Cagég input, cagég
atroTéAeapa Kal Adyo va aAAadel aveEdpTtnTa. To dvoua Tou @akéAou dev dnuioupyei boundary atréd
MOVO TOu.

MNMwg Kpiveig pia didcTracn

Mia ko) 51007aoT HeEImVEL ToV aplOuo ToV TIPAYUATOV IOV TIPETEL VA KPATAS OTO KEPAAL OOV Y1 VA
aMa&erg éva use case. To controller test eAéyyet HTTP. To operation test eAéyyel business branches.
To model test eAéyyet transitions. To database integration test eAéyyet constraint kot locking. Av petd
m Sidomaon kdbe alayn amartel va melpdEeig mEVTE wrappers mov anmiag tpowbovy arguments,
£XEIC LETAPEPEL YPALUES XWPIC va KepOloelg aveEaptnoia.

EAErX0Zz zTH AIKH ZOY EQAPMOTH

Mdpe éva action pe Tavw ato éva write. Mpdwe o€ pia TpoTACN TO USE case, TNV invariant kal To
eCwtepIko effect. Av dev uttdpyouv dn opatd boundaries, peTépepe pévo 10 orchestration o€ yia
operation. Mnv aAAd&&eig models, policy kai serializers otnv idia Kivnon.
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RAILS NMEPA ANO TO CRUD Invariants oe model kai database

KE®AAAIO 4

Invariants o€ model ka1 database

Validation onpaivel «dwoe Kahd feedback TTpiv ypaweicy.
Constraint onpaivel «autd dev ETTITPETTETAI VO UTTAPXEI TTOTER.

Request input
shape and presence

normal path

Model validation
helpful feedback

valid object
(alaSaSaEaEanana
Application operation | Console, bulk SQL, |
coherent change | old release, race |
all writers cannot bypass

~

Database constraint
final authority

>xnua 4.1 - H idia invariant repvéd amo input, model, operation kai TeAikd database constraint.

Moiov writer eytrioTevEC I

'Eva Rails validation tpg&yet otav n ovykekpiuévn StaSpopun persistence to nnoet. Aev TpEXeL yid
update all, insert all, raw SQL, maAotepo release 1) Sla@opeTikn @apLOYT) 7OV YPAPEL OTNV
i61a faon. Akopa kat otnv kavovikr Stadpopur, Vo processes WTOpovV va tepacovy 1o 1610
uniqueness validation sipv ypdwet kastoto asto ta dvo.
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RAILS NMEPA ANO TO CRUD Invariants oe model kai database

H database pAéner 0hovg toug writers. I'a avtod ol adiampayudtevteg invariants ypeiadovrat
constraint. To model validation mapauévet xprjo1po eme1dr| mapayet KaAO UNVLUA X0Pig va TePIUEVEL
database exception.

RUBY

class Reservation < ApplicationRecord
belongs to :event
belongs to :user

validates :idempotency key, presence: true, uniqueness: true
validates :seats, numericality: { only integer: true, greater than: 0 }
end

RUBY

class ProtectReservations < ActiveRecord::Migration[8.1]

def change
change column null :reservations, :idempotency key, false
add index :reservations, :idempotency key, unique: true

add:check_constraint :reservations, "seats > 0", name:
"reservations seats positive"
add foreign key :reservations, :events
add foreign key :reservations, :users
end
end

To unique index eivat ) eyyvnon. H validation eivan ) ypriyopn, @uakn mpotn ypauur). O application
KQO1KAG TTPETEL £MMI0NG VA LETAPPASEL TO TBAVO Act iveRecord: :RecordNotUnique 08 QIIOTEAEOUA
mov kataAafaivet o caller. To exception Sev eivar «asmiBavo edge case». Eivat o tposog pe tov omoio n
Baon kepdilet Eva mpaypatiko race.

NULL &¢v gival atrAo Kevo

10 SQL T0 NULL onuaivel Ayvwotn tiur). Aev eival empty string kat o1 ouykpioeig tov akoAovbovv
three-valued logic. 'Eva unique index pumopei va emtpémnel moAreég NULL Tipeg avaloya pe
database ka1 Tig emmiAoyeg Tov index. Av i business invariant Aéel 0Tt k@Be confirmed reservation £yet
reference, xpe1dleoal NOT NULL 0TO OWOTO 0TAS10 NG HeTdfaong.

Mnyv 7pooBetelg NOT NULL o€ peyaio table spiv fefaiwBeig 0Tt Ta taAid rows €xovv Tiun Kat 0Tt OAd
Ta evepya releases ypagovv 1o nedio. H aopaing oepd eivar expand, backfill, verification kot peta
constraint. @a ) ol TANPWG 0TO KEPAAALO 21.

Foreign keys kai deletion semantics

Tobelongs to :event ek@pAdel association oto Rails. To foreign key exppadet referential integrity
ot Baon. Xperadeoa kat ta §Vo dtav eva reservation ywpig event elval akvpn Kataotaon.

To dependent: :destroy ektelel Ruby callbacks yia kd0e child ko propet va eivan apyo. To
dependent: :delete all mapakapstet callbacks. To database ON DELETE CASCADE epapuOlETAl O
kaOe writer aA\d petagpepel v evBuvn ot Paon. Aev LIIAPYKEL Hia CWOTH eTAOYT Yia OAa. Tpdape
molog kateyet 1o deletion workflow, av vtdpyovv external effects ka1 Tdo0 peydho pmopet va yivet 1o
fan-out.
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RAILS NMEPA ANO TO CRUD Invariants oe model kai database

Ye polymorphic association 1 faon Sev pmopet va faret Eva amAo foreign key amnd eéva column mpog
oAMG mBava tables. Avto eivatl mpayuatiko integrity cost, Oyt AOyog va unv XprolUostooelg mToTe
polymorphism. Av n oxéon elvat kpiowun, éva explicit join model pe kavovika foreign keys ptopet va
elval kaBapotepo.

State wg perapaon, 6x1 wg string

"Eva enum kavel T1g TIUEG EVAVAYVOOTESG AAA Sev 0pilel povo Tov emtpenteg petapaoeig. To
pending -> confirmed WIOPEL VA EMTPETETAL KAL TO cancelled -> confirmed VA AIIAYOPEVETAL
Awoe dvoua ot petdfaon kat BAAE TNV amtd@AoT €Kel OTTOL PaiveTal.

RUBY

class Reservation < ApplicationRecord
enum :status, { pending: 0, confirmed: 1, cancelled: 2 }, default: :pending

def confirm!

raise InvalidTransition, "already cancelled" if cancelled?
update! (status: :confirmed, confirmed at: Time.current)
end

end

Ta moAvhoko state machine, éva transition table 1 Eeywpilotd domain object pmopet va a&idet
eP1o00TEPO Ao ToAAA callbacks. Mnv eykataotroeig abstraction mpiv Se1g mpayuatik
moAvmmhokotnTa. Avo kabapeg methods eival ouyva apketeg.

Callbacks pe replopiopévn epBéAsia

Ta callbacks taipradovv oe adayeg mov eivan eyyeveig oto lifecycle tov i610v record. Normalization
nipv auto validation kat evnuépwon evog derived local field eivan Aoyikda mapadetypata. H ammooTtoAn
email, To charge ka1 1 evnuépwon search index Eepevyouvv amnod ) database transaction kat
armtokpumtovy external effects miow artod éva save!.

To Rails mpoo@épel normalizes yia deterministic normalization. IIpooe€e va unv kataotpeyeig
TTANPOPOPIA TTOV XPEIAZETAL O XPTOTNC.

RUBY

class User < ApplicationRecord

normalizes :email, with: ->(value) { value.strip.downcase }
validates :email, presence: true
end

Av 1o normalized email mipémner va etvan povadiko, o unique index mpésmel va aviiotoiyel otny
amtoBnkevpévn normalized popen). Alagpopetikda 1 Ruby kau ) fdon eAéyyouvv StapopeTikeg Evvoreg.

KENTPIKH IAEA

BdAe helpful rejection oto model kai final rejection otn database. Metd dokipaoe EexwpIoTA Kai TIG
U0 d1adPOEG.
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Error vocabulary

Mnyv apnveig database adapter exceptions va avefaivouv wg tuxaio API contract. Rescue 010 otevo
omnpeio 0mov EEperg oo constraint mapafiaotnke. Metd enéotpeye duplicate request, sold out
N aMo application result. Mnv kaveig global rescue ke StatementInvalid, enedr) tOTe kKPLUPeELg
schema bugs padi pe avaupevopeva conflicts.

EAErX0OZ ZTH AIKH ZOY E®QAPMOTH

AidAege Tpeig validations atmd kpioipo model. MNa kaBepia Bpeg av UTTAPYE! AvTIOTOIXO NOT NULL,
unique, foreign-key | check constraint. Av dev uttdpyxel, ypawe Trolog AAAOG writer fj TTOI0 race PTTopEi
va TNV TTapakduwel. Mnv mpocBéacig constraint TTpiv eAEYEEIG T UTTAPXOVTA rows Kail Tn cuuBaTéTnTa
TwvV releases.
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RAILS MEPA AMNO TO CRUD O relations gival TTpoypdupata SQL

KE®AAAIO 5

O1 relations gival rpoypduuaTa SQL

MIQ activerecord: :relation EIVAI TTEPIYPAPN MEAAOVTIKOU query.
Ooo mmapapével relation, utropeic va tn ouvBéoeic. Otav
POPTWOEI, £XEIC rows Kal KOOTOG.

Event.published LOAD BOUNDARY
- T / SQL + binds
.where(city: city) - Z v 1
. v Execution plan
.order(starts_at: :a}cz)/ \ )
( ¢ ) ( ¢ )
ActiveRecord::Relation Ruby objects
not loaded yet

ZxAua 5.1 - H relation ouvTtiBetal otn Ruby kai ekTeAeital pévo étav {ntnboulv Ta rows.

Lazy péxpl va pnv givai

O1 kANjog1g where, joins, order KAl 1imit €MOTPEPOLVY VEA relation ywpig va oteilovy apeowg SQL.
H extéleon epyetan pe each, to a, load, first, count, pluck Kot AAA\eg terminal operations. Auto
EMTPETEL va XTIoEIg query oe layers xwplg va petagpepelg evdiaueoa arrays.

RUBY

scope
scope
scope
scope

Rails

Event
scope
scope

scope.

.published
.where (city: "Athens")
.where (starts at: Time.current..)

order (:starts_at).limit (20)

.logger.debug (scope.to sql)
events = scope.load

To to_sql Seiyvel T pLop@r aAAA o1 tavta Ti¢ TeAikeg bind values 1) to plan. To log kat 10 explain
elvan kaADTepa evidence yia To query siov EKTEAEOTNKE.
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RAILS MEPA AMNO TO CRUD O relations gival TTpoypdupata SQL

Scopes 1ToU cuVvTIiOEVTAI

'Eva scope mpémel va emotpepet relation kat va ekppadet pia otabepn évvola. To scope published
elvatl kaAo. To scope for homepage with everything ouvnBwg LmAékel permission, presentation
ka1 eager loading pnag ovykekpyugvng o6ovng.

RUBY

class Event < ApplicationRecord

scope :published, -> { where(status: :published) }

scope :upcoming, -> { where(starts at: Time.current..) }

scope :for account, ->(account) { where(account id: account.id) }
end

events = Event.published.upcoming.for account (Current.account)

To default scope kpUPel ouvOnkeg oe kKAOe query, padi pe admin reports ko associations. Mmopet
va aAAa€et update 1) delete scope pe tpdmovg mov dev paivovtat oto call site. ITpotipnoe named
scopes ka1 explicit base relations. Multi-tenant isolation ypeiadetan emiong authorization kol cuyva
database strategy. "Eva default scope 8ev amoteAei pdovo tov security boundary.

merge, or KOI jJOINS

To merge emavaypnoiposmoiei scope tov joined model ywpig va avtiypagelg table conditions wg
strings.

RUBY

reservations = Reservation.joins (:event)
.merge (Event.published.upcoming)
.where (status: :confirmed)

To or yperaleta structurally compatible relations. Av o1 0o tAevpég €xovv SrapopeTikd joins 1)
select lists, n oUvBeom Sev etval kaAd oprouévn. Zvyxva eivarl kabapotepo va EeKivijoeig amd Koo
base scope ka1 va aAAAEELG LOVO TO where.

RUBY

base = Event.where (account id: Current.account.id)
visible = base.published.or (base.where (owner id: Current.user.id))

'Eva join pmopet va moAAammAaoiaoet parent rows. To distinct §10pBavel To cOpTTOUA OTAV

paypHatikd 0&Aeig povadikolg parents, alA €xel KOOTOG Kt wrtopel va kpUwet Addbog cardinality.
IIpw 10 Mpoobéoelg, ypawe mola oxéon elval one-to-one kat srola one-to-many.

A1dAee TO CWOTO ATTOTEAEC MO

Aev yperaletan mavta va dnuovpynoeig Active Record objects.
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RAILS MEPA AMNO TO CRUD O relations gival TTpoypdupata SQL

EpwTtnon >uvnoing emAoyn Ti eMOTPEPEI
YTrapyel TOUAGXIoToV éva exists? boolean

row

O¢éAw pia scalar TipA pick (:column) Mia Tiun

O£AW OUYKEKPIPEVD pluck(:id, :name) arrays TIHWV
columns

©¢Aw aggregation count, sum, group apiBpoug f hash
O¢Aw behavior model select kal load model instances

To length oe unloaded relation gpoptwvel OAa ta records. To count ouvnBwg ekteAel COUNT (*) . To
size ypnouornolel loaded records otav vapyovv kat Stapopetikd petpd ot Paon. H Stapopd Sev
elvau trivia 0tav 1) relation £yl ytadeg rows.

Mnv xpnowosoteig Ruby select eneidr| Eexaoeg 0Tt vitapyel SQL where. To IPAOTO POPTOVEL TOWS
Kkat @Utpapet ot pvnun. To Sebtepo emtpenel otn fAon va xpnotosmotroel index katl va emoTpePel
uovo 0,1 xperadeoat.

NULL ka1 apvnTIKEG CUVONKEG

To where.not (status: "cancelled") §ev ONUAIVEL TAVTA «OAA TA AMA» OTAV TO column emTpENEL
NULL. ¥t0 SQL 10 NULL != 'cancelled' 8ev eivan true. Eivan unknown kat ouvnBwg dev mepva to
WHERE. Av B¢Aerg va ovumtepinaferg NULL, ypdwe to pntd 1) kave 1o column NOT NULL av AuTo
tapladet oto domain.

RUBY

active = Reservation.where.not (status: :cancelled)
.or (Reservation.where (status: nil))

Bound values, éx1 interpolation

Ta hash conditions kot placeholders kpatovv values €€w a6 ) SQL oUvta&n. String interpolation
asto params avoiyel SQL injection kot xaAd plan reuse.

RUBY
safe = Event.where ("starts at >= ?", Time.zone.parse ("2026-10-01"))
unsafe sgl = "starts at >= '#{Time.current}'"

To devtepo assignment eivan syntactically valid Ruby aAAad Sev mpémel va mepdoel og where. ‘Otav
xperaleoat dynamic column 1y direction, emiAe&é ta amo Siko oov allowlist. Bind parameters
npootatevovy values, oyt SQL identifiers.
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Arel oTo OTEVO GKPO

To Arel fonBa oe expressions mov To public query API Sev exppalel kaBapd. IToAG pepn tov Arel
Sev elvan otaBepo public API. Kpata tn xpnon oe eva Likpo query object, e tests oto mapayopevo
SQL 1 ot ovpmepupopd. Mnv agpnoeig Arel nodes va mtepvoUv oe controllers ko serializers.

NMPOZOXH

H wpaia aAucida Ruby dev atmodeikvuel kaAd query. Cardinality, bind values, indexes kail database
statistics ammogaacicouv 1o plan.

Batches ka1 otaBgpn rpd0d0g

INa peyaho dataset xpnoyomoinoe find each 1) in_batches avti yia éva to_a. H batch iteration
Baoiletan oe cursor order kat yperadetal otabepo, povadiko tie-breaker. Rows mov aAhadovv ta
cursor columns katd tn S1dpkela TOL run PWIToPoLV va tapaielpOoiv 1 va epgaviotovv Eava. INa
data migration kpata checkpoint kat oyxebiaoe idempotent update.

H emionun Aemtouepng avagopa eivat to Active Record Query Interface.

EAErX0Ox ZTH AIKH ZOY E®OAPMOTH

Bpeg endpoint ou emmioTpé@el collection. Katéypawe éTE @opTwveETal N relation, av petarpémeral
VWpIg o€ array Kal av o serializer TTpokaAei véa queries. MeTd oUYKpIVE to sqgl, query log Kai TTA8og
instantiated records. AAN\age pévo 1o onueio e To kabapdTtepo evidence.
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RAILS MEPA AMNO TO CRUD Associations xwpig kpu@da queries

KE®AAAIO 6

Associations xwpic Kpu@a queries

To N+1 d¢ev gival TTpOBANua «TToAAWYV associations». Eival
TTPORANPa OTav N EKTEAEON EVOC query KpUBETaI HECQ O€
iteration ) rendering.

LAZY ASSOCIATION

1 query

1
I 10 queries |
I

— — — — —
—— — — —

10 events inside foo | reservations
i — -
PRELOAD
1 query ——map in memory———» 1 query

10 events all reservations

2xnua 6.1 - H lazy @éptwon kavel éva child query avda parent evw 1o preload Ta CUYKEVTPWVEL.

A6 TTOoU £p)eTan To N+1

O controller poptmvel §eéka events. To view (Tl event . reservations.size yla ke event. Av 1
association dev eivan loaded, epgpavidetan eva emumAgov query ava parent. To template gpaivetar abmo
ene1dn 1 database access eival kpoppevn miow amd Ruby method.

RUBY

class EventsController < ApplicationController
def index
@events = Event.published.order (:starts_at).limit (20)
end
end

ERB

<% Q@events.each do |event| %>
<p><%= event.name %>: <%= event.reservations.size $></p>
<% end %>
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H Mon Sev eivan va mpooBéoelg includes mavtov. IIpmta amopacidelg moia Sedopeva ypetddetan n)
OLYKEKPIUEVT) representation kot pe mowa cardinality.

preload, eager_ load KOl inciudes

To preload eKTEAEl XwP1OTO query yla parents kal xwploTto query ava association tomo. Eivan
nipoPAeypo otav Sev xperdleoan filtering 1y ordering asmod to joined table.

RUBY
events = Event.published
.preload(:venue, reservations: :user)

.order (:starts at)

To eager load XpPNOULOTOlEL LEFT OUTER JOIN. Emtpémel ouvOnkeg mavw oto joined table aAAa
pmopel va moMamhaoiaoel SQL rows kat va petapepet toA mepiocotepa bytes. To Rails mpémer peta
va EavaouvBeoet povadika parent objects.

RUBY

events = Event.eager load(:venue)
.where (venues: { city: "Athens" })
.order (:starts_at)

To includes eMAEYeEl OTPATNYIKT avaloya pe To query. AvTo givat foAtkd ald onuaivet 0Tt pa
HETAYEVEDTEPT) where 1) references popel va ala&el éva two-query load oe join. 'Otav n
OoTPATNYIKT| €€l onuaoia yia performance 1) semantics, potipnoe 1o pnto preload 1) eager load.

Avdaykn EmmiAoyn ekkivnong KuUpliog kivduvog

Parents kai children preload MeydaAo child result set
Xwpig child filter

Filter ) order o€ joined joins ) eager load Row multiplication
table
Agv E€peig akopa includes AAAayr oTpaTnyikAg amé olvBean

j0ins OEV ONMAivel loaded association

To joins (:venue) Xpnoposoiel to table yia SQL filtering. Aev yepilet amd podovo tov 1o association
cache. Av petd kaAeoelg event . venue, UITOPEL va KAVELG VEA queries. Zuvdaoe joins e preload
otav xpewaleoat kau filtering kou loaded objects.

RUBY

events = Event.joins (:venue)
.where (venues: { city: "Athens" })
.preload(:venue)
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Avt0 extelel join query yua va Bpet events kot Se0Tepo query yia va (poptwoel ta venues. Mmopei va
elval kaAOTepo amo éva peydo eager-load join. To owoto e€aptatarl anod cardinality ko selectivity.

Strict loading wg feedback

To strict loading petatpénel anpoopevo lazy load oe exception 1 log, avaloya pe configuration.
Eivai 18waitepa yprowo oe serializers, views kau critical collections ostov éva véo association call
umopel va adlagel éva endpoint anod 3 queries og 203.

RUBY

class Event < ApplicationRecord
has many :reservations, strict loading: true
end

Mropeig emtiong va epappooelg strict loading oe ovykekpugvn relation. Avto eival ovyva
aopaieotepn apyn asto global enable oe maAa epappoyn).

RUBY

events = Event.published.strict loading.preload(:venue, :reservations)

Bde test mov kavel mpayuatiko render 1 serialization. "Eva model unit test stov Sev mepva amd o
representation boundary ev 6a 6e1 to kpvO query.

size, cOUNter cache kai freshness

To association.size xpnolposoiei loaded target av vmapyet. AlapopeTIKA UTOPEl va kavel count
query 1 va ypnowtosmonoet counter cache. To 1ength optmvel records. To count pwta T Baon kot
umopel va ayvonoet unsaved objects mov Bplokovtan 16N oto association target.

Counter cache a&i¢el 0tav to count Siafadetat moAy ovyva kat 1 pikpn write amplification eivat
amtoSextn. Xpewdletau backfill ko verification yia maAa rows. Eivau derived state. Av yaAdoet and
bulk write, mpémer va ptopeig va to Eavayrtioerg.

Pagination 1rpiv amé to preload

ITep1opioe parents mpv poptaoelg associations. Av kaveig preload oe relation xwpig bounded page,
o N+1 prtopel va e€agpaviotel ad\d va avukataotadel amod tepaotio allocation. Query count 2 Sev
onuaivel @ONvo endpoint 6tav 10 SeVTEPO quUEry EMOTPEPEL 100.000 TOWS.

I'a feeds mov adalovv ovyva, keyset pagination pe otabepo order kat unique tie-breaker eivat stio
otaBepr) anod peydo orrseT. [a admin reports, offset pagination pmopel va eivat apketn. Tpawe Tig
QUITALTIOELG OUVETELNG TPV SlaAEEEG.

Async queries pg rpaypatikdé budget

To load async pumopel va emkaAvyel independent database waits. Aev peiwvet to SQL work ko
Katavaiovel connection capacity asto async executor 1 pool. e pikpn faon To enutAéov concurrency
pmopel va xelpotepéwel latency. Métpa wall time, connection wait kan database load padi.
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RUBY

events = Event.published.limit (20) .load async
counts = Reservation.confirmed.group (:event id) .count

events.each do |event|

Rails.logger.debug([event.id, counts.fetch(event.id, 0)].inspect)
end

Y10 mapadetypa to aggregation dev yperaletan va kataokevaoel reservation objects. To async load
£Ye1 vonua pHovo av 1o AAAo work yivetal Ipayuatika spiv ¥pelaoTovy ta events.
KENTPIKH IAEA

BdAe query ownership ato boundary 1rou &€pel Tn representation. Metd éAeyEe kal query count Kal row
count. To éva xwpig 1o dAAo gival pio p€ETpnon.

EAErX0OZ TH AIKH ZOY E®QAPMOTIH

Mdpe pia oeAida AioTag kai evepyotroinoe strict loading otn base relation. Kataypawe kdbe
association 1Tou Acitrel. MNa kaBepia dIAAeEe preload, join pe aggregation i kaB6Aou model loading.
>uykpive SQL queries, returned rows kai allocated model instances Tpiv kpaTroeig TNV aAAayr.
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KE®AAAIO 7

Indexes Kal execution plans

Aev Baloupe index o€ column. Baloupue index yia
OUYKEKPIMEVO query shape, cardinality kail order.

. Small ordered
WHERE account_id = ? .
AND status = ? L index range J
ORDER BY starts_at 7 1
) v > LIMIT 20
M e

Index [ )
(account_id, status, starts_at) I WEAK FIT I
| Index only on starts_at |
" 7 e — -

>xnua 7.1 - To composite index akoAouBei equality predicates kai yetd 1o order Tou query.

=&Kiva a1rdé 1O query

'Eva index eivat 8eUtepn Sour| Sebopévwy mov 1) database mpemnet va evnuepavel oe kaBe oxeTKo
write. 'Exel xopo, write cost ka1t maintenance. To «BdAe index oe 0Aa ta foreign keys» eltvatl kaAd
baseline aAA\d Sev avtikaBiotd Tov oXed1A0U0 TwV queries TTov £(oVV payHatiko latency 1)
throughput cost.

"Eotw T0 endpoint mov Bpilokel tig emoueveg confirmed kpatnoeig evog account.

RUBY

scope = Reservation.where (account id: account.id, status: :confirmed)
.where (starts at: Time.current..)
.order (:starts at)
.1limit (20)

Ye PostgreSQL éva mBavo index elvan (account id, status, starts at).Ta &Vo equality
predicates meplopidovv mpaTa To range. To starts at vOOTNPidel range ko order HEGA o€ AVTO TO
prefix. H oe1pa Sev mpokimtel amd 1o mo10 column «@aivetal onuavtikd». IIpokdstel amd Tov Tpomo
OV PWTA 1) EPAPLOYT] KAL ATTO TNV KATAVOUT] TV TIU®V.
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RUBY

class IndexUpcomingReservations < ActiveRecord::Migration[8.1]
disable ddl transaction!

def change
add index :reservations,
%i[account id status starts at],
algorithm: :concurrently,
name: "index reservations for upcoming list"
end a - a
end

To algorithm: :concurrently eival PostgreSQL-specific emmAoyr) tov adapter kan Sev emtpemetan
peoa ot ovuvnBlopgvn migration transaction. Mewwvel to blocking oe writes aA\a yperadetat
EP1000TEPO XPOvo Kat 181k0 failure handling. Av to deploy system tpéyel migrations povo pia
popa, eva failed concurrent build npemel va agrvel cageg operational signal.

Composite index kai leftmost prefix

"Eva B-tree composite index eivatl cuviBwg mo xprioo otav ta mpmTa columns taiptadovy ota
equality predicates. Query povo pe starts_at Sev aflomoiel avaykaotikd amoteAeopanikd index mov
Eexva e accountid. Avto Sev onuaivel 0Tt xperddeoat kaBe mbavn permutation. Enpaivel 0Tt
TPETMEL va EEPELG TA onuavTIKA entry points.

IMapopoia, sort direction kot NULL ordering pmopovv va ennpedoovv av 1) database ypetadetan
Eexwpro1o sort. 'Eva plan oe staging pe 500 rows dev amodeikviel T Oa yivelr otnv production pe 50
gkatoppvpla kat Stapopetikda statistics.

Unique kai partial indexes

'Eva unique index eivatl concurrency primitive, oyt performance decoration. Av ka8 account
ETMTPETETAL VA EXEL €va evepyO reservation ava external key, n) faon mpémet va amoppiypet Tov
Oeltepo writer.

RUBY

class AddReservationIdempotency < ActiveRecord::Migration[8.1]
disable ddl transaction!

def change
add index :reservations,

%i[account id idempotency key],
unique: true,
algorithm: :concurrently,
name: "index reservations on account and idempotency"

end

end

Partial index eivan xprjopo dtav to query kat iy invariant agpopotv otaBepd subset, 6mtwg active rows.

Eivau emiong database-specific. To predicate tov query mpémel va taipradet apketd e to predicate
Tov index woTe 0 planner va pWTopel va To ¥PNOLOTONOEL
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RUBY

class IndexPendingReservations < ActiveRecord::Migration[8.1]
disable ddl transaction!

def change
add index :reservations,
%i[event id created at],

where: "status = 0",
algorithm: :concurrently,
name: "index pending reservations by event"
end
end

To integer 0 TPETEL VA CLUPWVEL LE TNV TPAYUATIKT) enum storage. Av aAAGEel To mapping, T0
schema object Sev aA\adel avtopata. Xe kpiowun invariant potipnoe otabepeg database values mov
Sev e€aptavtal amtod  Beon evog enum array.

AiaBaoce 1o plan

To relation.explain {ntd amo ) database execution plan ywa ta queries mov ypeiadovrat yia
relation. Me eager loading pmopel va ekteAéoel meploocoTepa amd &va queries yia va apet ta plans
toug. To output O&Aet context.

RUBY

plan = Reservation.where (account id: 42, status: :confirmed)
.order (:starts at)
.1limit (20) a
.explain

Rails.logger.info (plan)

Koita estimated rows, actual rows dtav ypnoiuomolieic ao@paAmg EXPLAIN ANALYZE, scan type, loops,
sort kau buffers. Meyan Siagopd estimate kan actual ouyva Seiyver stale statistics 1) correlated
columns. To sequential scan §ev eivan mavta kaxo. T'a peydo mooooto table ptopel va etvan n
PONVOTEPN ETTAOYT).

To EXPLAIN ANALYZE €KTeAel TO query. Xe UPDATE, DELETE 1] akp130 query pmmopei va aAAagel
6edopueva 1) va TPoKAAECEL TPAYUATIKO (popTio. Mnv to Tpexelg TupAd oe production console.

KéoTtog model instantiation

Axopa kan ypnyopo SQL pmopel va yivelr apyd Ruby otav emotpe@etl moMEG mAaTieg ypapupueg. Metpa
row count Kl instantiation.active record. Xpnowomoinoe pluck, aggregation 1) eplOpPIOUEVO
select otav dev yperdleoar model behavior. [Tpdoete 6T partially selected model pmopel va onkwoet
ActiveModel: :MissingAttributeError Qv HETAYEVEOTEPOG KWOIKAG {ntroel column sov Sev
poptwinke.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 30



RAILS MEPA AMNO TO CRUD Indexes kai execution plans

Index review, 61 index cuAAoyn

KaBe veo index mpemet va exel owner query ko Aoyo. Kateypawe write rate, table size kot av
KaAvmtetan on amd aAho composite index. 'Eva index (account id, status) WUmopel va yivel
TIEPLTTO LETA TNV TPOOONKN (account id, status, starts at), 0AAQ oyl tavta. Unique
semantics, sort kat planner emAoyég Stagépovy. EmPefaimoe usage mpv apaipeoeig.

NMPOXZOXH

‘Eva benchmark pe {eoTij cache kai pia bind value dev gival yevik amddeign. Aokiyaoe
QVTITIPOCWTTEUTIKEG TIMEG, cold Kal warm cupuTTepIpopd, Yadi pe write cost.

H emionun agempia etvar to tunua Running EXPLAIN kot to Active Record Migrations.

EAErX0Oz ZTH AIKH ZOY EOAPMOTH

Bpeg 1a Tpia M0 apyd cuxva queries atmod mpayuatiké monitoring. MNa kaBéva ypdye predicates,
order, limit, estimated rows kai actual returned rows. Z0vdeoe kGBe uttdpyov index pe €va query. Mnv
TIPo0BEoeIg index TTpIv EENYNOEIG TTOI0 HEPOG TOU plan TTEPIPEVEIG VO AAAAEEL.
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RAILS NMEPAAMNO TO CRUD Transactions, callbacks kai commit

KE®AAAIO 8

Transactions, callbacks kai commit

H transaction trpooTaTevel writes o€ pia database
connection. Agv avaipei email, HTTP calls 1 mutable Ruby
objects.

DATABASE TRANSACTION

3 ( 3 (

v
v

available_seats

J . J .

|

r / ' )
|
t

COMMIT | )
then dispatch —’[ Email ;l)rowder ]

[ Reservation OutboxEvent ]

r— - = j — = = =
|  ROLLBACK
I no durable rows

o )

& J

>xnua 8.1 - Ta database writes yivovtal atomic kai Ta e§wTtepikd effects Eekivouv petd 1o commit.

To rpaypaTtikdé 6pio

ActiveRecord: :Base.transaction daveiletal pia connection kal opiel éva atomic boundary yia
SQL mov mepva amo avtr). Ta models peoa oto block Sev xperaletar va €xovv v i81a class. ITpémet
ouwg va ypnoiposmotovy v idia database connection. Avo databases dev amoktovv distributed
transaction ene1dn £Baieg 6o model classes gto 1610 Ruby block.
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RUBY

module Reservations
class Confirm
def call (reservation:)
Reservation.transaction do
event = Event.lock.find(reservation.event id)
raise SoldOut if event.available seats < reservation.seats

event.update! (available seats: event.available seats -
reservation.seats)

reservation.update! (status: :confirmed, confirmed at: Time.current)
OutboxEvent.create! (topic: "reservation.confirmed", record:
reservation)
end
end
end

end

Av éva write amtotuyet, Ta ponyovpueva SQL writes oto block kavouv rollback. Ta in-memory objects
Sev yupilovv avtopata onig ponyovpeveg attribute values. Av ouveyioeig va xpnoomoteig Eva
instance petd ano rollback, kave reload 1 méta to object.

Exceptions kai rollback

KdaBe kavoviko exception sipokaet rollback kot Eavaonkamvetatl. To ActiveRecord: :Rollback KAVEL
rollback aAAd xatastivetan asto to transaction block. Eivatl kataAnio otav o rollback eivat
e\eyyOUevo amoTeAeoa Tov Sev TIPETMEL va yivel exception mpog Ta e€w. Xprouomoinoe to
TPOOEKTIKA yiaTi pmopet va kpuwet control flow.

Mnyv kQvelg rescue ActiveRecord: : StatementInvalid peoa otnv idia transaction ko peta
ovveyidelg. Xtov PostgreSQL eva database error pmtopet va agroet v transaction aborted péypt to
téAog tng. Kave retry oAoxAnpo to transaction boundary 6tav n ouykekpipevn katnyopia error ivan
nipayuatt retryable.

RUBY

def create once! (attributes)
Reservation.create! (attributes)
rescue ActiveRecord: :RecordNotUnique
Reservation.find by! (
account id: attributes.fetch(:account id),
idempotency key: attributes.fetch(:idempotency key)
)

end

ES® o rescue Bploketal €€w amd v e0wTEPIKN transaction tov create!. H unique constraint opidet
tov vikntn. To follow-up lookup emotpepet 1o durable row. Xe vypnAo replica lag to lookup mpemet va
TIAEL OTOV Writer.

Nested transactions kai savepoints

Mua nested transaction Xwpig emAoyeg ouvnBwg ovppeteyel otny outer transaction. 'Eva
ActiveRecord: :Rollback gto inner block Sev @ptavetr amapaitnta oto outer block. T'a avetaptnto
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rollback ypnolpomoinoe requires new: true, T0 07010 01 TEPLOCOTEPEG databases vAOTOLOVY e
savepoint.

RUBY

Reservation.transaction do
reservation.update! (status: :confirmed)

AuditEntry.transaction(requires new: true) do
AuditEntry.create! (action: "confirmed", auditable: reservation)
end
end

Av 10 audit write amotiyel kan o exception yivel rescue £€w amo to inner block, pmopeig texvika va
Kpatnoelg v outer transaction. P@tnoe ouwmg av avto eival cwotod domain amotéAeopa. Savepoint
mechanics §ev amopaoifovv business semantics.

after_save 6£V £IVGI after_commit

To after save TPEXEL TPV Yivel OPLOTIKO TO outer commit. "Eva job 1) provider mov Eexva exel
popel va 8et row mov teAkd Oa yivet rollback. To after commit Tp€xel apov n database £xel Seytel
TV aAAay).

RUBY

class Reservation < ApplicationRecord
after update commit :enqueue confirmation, if: :saved change to confirmed at?

private

def enqueue confirmation
SendReservationConfirmationJob.perform later (id)
end
end

AvTo eival ao@areoTePo Xpovika ala eEakoAovBel va kpvPet application workflow oto model
lifecycle. Av povo éva ouykekpluEvo use case mpemnel va oteilet v eidomoinaon, ypawe outbox row
peoa otnv operation avti yia yeviko callback.

Emiong 1o «petd to commit» Sev eyyvdtal 0Tt To process 0a {oet apKeTa yia va KAVEL enqueue.
Ynapyel pkpo crash window avapeoa oto database commit kat oto external enqueue. To
transactional outbox tov kepaiaiov 15 VITAPYEL AKPIPDE YA AVTO TO KEVO.

KpdTa tnv transaction pikpn

Méoa oty transaction kave povo 0, ypeladetan v ko) atomicity. Mnv kaiei¢ HTTP provider,
unv mepuévelg file upload xan unv kaveilg peydio rendering. ‘'Oco kpatdag transaction avoiytr), KpaTag
connection ka1 mmBavag row locks. To latency tpitov cvotnuatog petatpenetal oe contention g
Baong oov.
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RUBY

def confirm and notify(reservation:)
reservation id = Reservation.transaction do
confirm in database! (reservation)
reservation.id
end

SendReservationConfirmationJob.perform later (reservation id)
end

To mapaderypa exet crash window. Eivat amo8ekto povo av n ei8omoinon eivan best-effort 1 vitapyet
reconciliation. I'a eyyvnuévn tehikn mapadoor yperadetar durable intent otnyv i61a transaction.

Isolation ka1 locks

H transaction Sev onuaivetl 6t Svo callers ektehotvtat oeiprakd. To isolation level tng database
kaBopier 1 PAemel kaOe transaction. Row lock mpootatevel ouykekpuéva rows, unique constraint
TPOOTATEVEL OLYKEKPIUEVT povadikotnta kot serializable isolation pmopet va amattioet retry. O@a
ovvBeoovupe auUTa Ta epyaleia 0To KEQAAALO 11.

KENTPIKH IAEA

Ipdwe TpwTa TToIa rows TTEETTEN va aAAGEouV padi. Metd BaAe transaction yUpw amd autd Ta writes.
Kdbe effect mou dev ptropei va kavel rollback pével £Ew 1 ekppdletal wg durable outbox intent.

H axpi1png ovumepupopa nested transactions ka callbacks kataypdagetal oto Active Record
Transactions API.

EAErX0Zz zTH AIKH ZOY EQAPMOTH

Bpeg transaction 1Tou trepiéxel network call, rendering 1 enqueue. Métpa m6oo Kpatd connection Kai
locks. 'pdye 11010 crash window dnuioupyeital av petagépels 1o effect petd 1o commit. Av 1o effect
eival kpiolpo, oxediooe outbox row TrpIv TTEIPAEEIG TOV KWOIKA.
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RAILS MEPA AMNO TO CRUD Jobs, retries kai idempotency

KE®AAAIO 9

Jobs, retries kal idempotency

‘Eva background job d¢ev gival «kav’ To apyoTtepay. Eival
MAVUMQ TTOU JTTOPET VO KOBUOTEPAOEIL, VO EKTEAEOTEI OUO
POPEC 1 va JEiVEl OTN PEDN.

a 3 I I
1. Queue «1 4. Timeout before ack |
job ready [ )

. ¢ J\r‘ / .

2. Worker attempt1 || 5. Worker attempt 2
{ ¢ 3 a L 3
3. Provider accepted | ,| 6. ldempotency key
message same outcome

Zxnua 9.1 - ‘Eva timeout petd 10 external effect odnyei oe deuTepn TTpooTTABEIa KaI aTTaITE idempotency.

To delivery contract

Ta ePLo0OTEPA TPAKTIKA queue systems mpoa@epovy at-least-once execution 1) kATt oL MPETEL VA
avupetomidetal etol. O worker mtaipvet job, exteAel work kan petd kataypagpel completion. Av 1o
process mebavel agov o provider S&ytnke To request aA\d mtptv yiver acknowledge, n queue Sikaiwg
Ba Eavadmoet 1o job.

Aev vtdpyel yeviko «exactly once» avapeoa ot database gov kot oe aveEaptnto external provider.
Ynapyet idempotent effect, deduplication key, durable state kot reconciliation.

RUBY

class SendReservationConfirmationJob < ApplicationJob
queue_as :mailers

retry on Net::ReadTimeout, wait: 10.seconds, attempts: 5
discard on ActiveJob::DeserializationError

def perform(reservation id)
reservation = Reservation.confirmed.find(reservation id)
ReservationsMailer.Confirmation(reservation).deliver:now
end
end
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To job &éxetau scalar id. Active Job pmopet va serialize Active Record records péow GloballD, aAha
otav exteleatel o job Oa kavel lookup tng tote katdotaong. To row pmopel va €xel Staypapei 1) va
exet aAd&et. To explicit id kavel autr) tnv emmAoyn mo opath, Ox1 SIAPOPETIKT ATTO LOVO TOL.

To argument givai reference, 6x1 snapshot

Av 10 email ipémel va avtavaxhd tnv tpexovoa reservation, poptwoe To record OTav TPEXEL TO job.
Av mpénel va oteilet akpifmg v Tipn mov eykpibnke, ypawe immutable snapshot 1) versioned
payload oe durable table. Mnv mtepaoeig tepaotio hash otnv queue ene1dn poiader ebkoo. Payload
schema aA\ade petalv releases ko pmopel va epiexel tpoowmikd Sedopeva ov dev mpemel va
pévouv ota job records.

'Eva kalo argument set eivan pukpo, versionable kat apketo yia va Eavafpedei n SovAerd. 'Eva kaho
job eAéyyel Eava preconditions eme1d1) 1) kATAOTAON UITOPEL VA AAAAEE 000 Tepipeve.

RUBY

class ExpireReservationJob < ApplicationJob
def perform(reservation id, expected lock version)
reservation = Reservation.find by (id: reservation id)
return unless reservationé&.pending?

return unless reservation.lock version == expected lock version
reservation.cancel! (reason: :expired)
end

end

To early return eivan emituyrig no-op o6tav o intended state €ye1 16N aAAdEel. Aev yperaletan retry yia
SovAeld mtov Sev 1oy Ve TAEOV.

Retry pévo yia perapartiké failure

To retry £€xel vonua yia timeout, tpoowpivo provider outage, deadlock 1 dAAo failure mov prtopet va
aAAEeL xwpig adlayn) input. Aev AVverl invalid email, missing permission 1| mapafiaon invariant. Av
KAvelg retry poviuo error, yepileig tnv queue kat kpupeilg to mpaypatiko signal.

Xpnowomoinoe ocvykekpiuéveg exception classes. 'Eva retry on StandardError KAVEL retry kat
bugs tov kwdka. To backoff mpémet va mpootatevel to dependency ano retry storm. ITpooBeoe jitter
otav oAEG 181e¢ SovAeiég wmopel va amotuyovy padi, av o adapter 1) 0 81k0¢ oL UNYAVIOUOS TO
VITOOTNPICEL.

Meta v tedevtaia tpoonabela, 1o job dev mpémnel amhmg va eEagpaviotel. Xpelddeta error report,
failed-job visibility ka1 owner. I'a business-critical work ypeialetan eniong reconciliation query stov
Bpioket durable intents ywpig odokAnpwpuévo effect.

Idempotency oto cwoTé boundary

To flag email sent at fonBd aAAd pdovo av n avayvwor, n amd@aoT) Kal 1) EVIHEPOOT
ouvvtovidovtal. Avo workers pmopotv va Stapacovv NULL tavtoypova. I'a external provider stou
Oeyetan idempotency key, oteile otabepod key ava logical effect ko amtobnkevos to.
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RUBY

class DeliverReceiptJob < ApplicationJob
def perform(delivery id)
delivery = Delivery.find(delivery id)
return if delivery.delivered? a

response = ReceiptProvider.deliver (
payload: delivery.payload,
idempotency key: "delivery-#{delivery.id}"
)

delivery.update! (delivered at: Time.current, provider id: response.id)
end
end

Ynapyet akopa crash window petd tov provider kat stpwv 1o local update. To otaBepo provider
idempotency key kdavet tn 6etepn kAnon va emotpeypet 1o 1610 logical result. Av o provider Sev
vmootnpidel deduplication, xpeldleoan 516 cov ledger 1) amobéyxeoan kat xelpideoan duplicates.

Enqueue kai database commit

Job mov pmaivetl oe queue mpv yivel commit ptopel va tpéel apéomg ka va pn Bpet to row. To Rails
ko adapters £yovv pvBuioeig yia enqueue after transaction commit. Xto Rails 8.1 n ouumepipopa dev
npémel va Bewpeitan 181a yia kabe adapter kat topology. To Solid Queue eivan amd default oe
Eexwprotn database, dpa Sev popddetarl avtopata atomic commit pe ta application tables.

RUBY

class ApplicationJob < ActiveJob::Base
self.enqueue after transaction commit = true
end

Avtd amopevyel early execution. Aev kAeivel to crash window petd to commit kat spv aso o
enqueue 0tav o1 dvo writes Sev eival otnv 181a transaction. T'a critical work n durable outbox
TAPAUEVEL LOYXVPOTEPT AVOT).

Queues Kai capacity isolation

Xmproe queues otav ypelddeoa StapopeTiko capacity 1) latency objective, o1 povo eneldn ta jobs
£yovv drapopetikd ovopata. Eva apyd import Sev mipémetl va kpatd miow password reset. Queue
order ka1 numeric priority €yovv adapter-specific semantics. 1o Solid Queue 1 og1pd Twv queues
£XEL POTEPALOTITA KA TO numeric priority epappoletal péoa otnv queue.

Katéypawe queue latency, execution duration, retries kot oldest job age. To average execution time
Oev amokaAvmtel 0T éva critical job mepiueve 20 Aemta.
KENTPIKH IAEA

MNa k&Oe job ypdwe Téooepa Tpdyuata. Durable intent, idempotency strategy, retryable exceptions kai
reconciliation path. Av Acitrel éva, uttdpyel dyvwaoTo failure mode.
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H emionun Bdon eivar to Active Job Basics. Ta continuations kat ta Solid Queue concurrency
controls €¢pyovtal 0To Ke@AAALO 14.

EAErX0OZ ZTH AIKH ZOY E®QAPMOTH

A1dAege job TTou KaAei eEwTEPIKG aUOTNUA. BdAe TO process va «reBaivel» vontd o€ KGBe ypauur). MNa
KGBe onueio ypdwe 11 Ba cuuBei aTo retry. Av Bpiokelg dITTAS effect ) xauévo intent, oxediaoe stable
idempotency key kai reconciliation query.
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RAILS MEPAANO TO CRUD Cache kal HTTP freshness

KE®AAAIO 10

Cache kal HTTP freshness

H cache gival TTapdywyo deOONEVO UE TTEPIOPIOUEVN
dlapkela. Av yivel deutepn TNy aAnBelag, kaBe invalidation
yiveTtal business bug.

Browser / CDN
ETag, Last-Modified

A 4

Fragment cache
rendered representation

3

Rails.cache ]

derived primitive value

v

Request query cache

new key identical SQL only

A4

Database
source of truth

updated_at / explicit version

(— == == == —_— -

1

I Versioned keys make |
| stale entries unreachable |

ZxAua 10.1 - Ta cache layers BpiokovTal TAvw a1mod Tn database kai £xouv SIaPOPETIKO scope.
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Téooepa DIAPOPETIKA TTPAYHATA
To Rails xpnowomotel  A&En cache yia pnyaviopovg pe Stapopetiko lifecycle.

Layer Ti kpaTa >uvneng diIdpkeia

HTTP freshness ATtrokpion otov browser ; CDN IMoAA& requests

Fragment cache Rendered representation Méxpi va aAager key/version
Low-level cache Derived primitive data Pnté expiry fj version

SQL query cache Result idlou SQL ‘Eva request 1} execution unit

To SQL query cache 8ev etvan yevikn application cache. AstogpeUyet devtepo 1610 query uéoa oo 1610
lifecycle kau Snuovpyet Eava model instances a6 to cached result. Aev Aovel akp1fo query oe
enmoueva requests.

Versioned keys avri yia delete choreography

To o ac@aiég invalidation elval ovyva va kavet 1o taAo key unreachable. To
cache key with version mepihapfavet identity ko version amod to record. ‘Otav aAAa&et o
updated at, To véo read {nta véo key.

RUBY

class Event < ApplicationRecord
def availability summary
Rails.cache.fetch(
[cache key with version, "availability-summary"],
expires in: 30.minutes
) do
{
confirmed: reservations.confirmed.sum/(:seats),
remaining: available seats
}
end
end
end

Mnv cache-dpeig Active Record instances. Mmopel va yivouv stale, va avagpépovtar oe class object
nipv ato reload 1y va €xovv association state ;ov Sev 1oyvel. Kpata ids, strings, numbers kot pikpd
versioned hashes. Metd @poptwoe current records otav ypeialetat behavior.

Av 1 Tiun e€aptatal amod reservations aAa to key uovo aso to event, n alayr reservation spemel va
aMader event version. To touch: true pmopel va kavel avto to dependency explicit ada avEavet
writes ka1 contention oto parent row. AMn emAoyr) eivar domain-specific cache version 1)
aggregation table.
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Fragment kai collection caching

To fragment caching fadel rendered HTML xatw amo key stov mepihapfavet template digest kat
record version. To collection rendering pe cached: true umopel va kavel multi-read avti ywa eéva
cache call ava item.

ERB

<%= render partial: "events/event",
collection: @events,
cached: ->(event) { [Il8n.locale, event] } %>

H locale givan pépog tng representation kat apa tov key. To 1810 10x0e1 yia currency, feature variant 1)
permission level dtav aAAadovv mpayuatikd to output. Mnv BaAeig oAokAnpo user object oto key
xwpig va EEpelg mooeg exdoyeg Ba Snuovpynoet.

Russian doll caching emavaypnoiuosmotei inner fragments dtav aAAadetl outer container. Xpetadetan
owoto dependency graph. Av child update 6ev aAladet to parent version, to outer fragment ptopet
va peiver stale. To template digest fAémer template dependencies, 01 kaOe helper 1| external setting
IOV ENMNPEALEL TO ATOTEAEOLAL.

HTTP conditional requests

H @Bnvotepn amokpion pmopei va eivan 304 xwpig body. Ta fresh when kKt stale? ovvdéovv ETag
n Last-Modified pe to representation. Auto a@rvel tov browser 1 CDN va emavaypnoLotoloet
AITOKP1oT XWPig va petapéperg Eava HTML 1y JSON.

RUBY

class EventsController < ApplicationController
def show
event = Event.find(params.require(:id))

if stale? (event, public: true)
render json: EventSerializer.new(event).as json
end
end
end

To public: true eivar goPapn SHAwon. Av i representation sepieyet user-specific 1) private
Oebopeva, shared cache pmopel va ta 6ei€el oe AdBog xprjot. To cache key kan ta HTTP headers
nipénel va epapfavovy kabe Sidotacn mov aladel permission 1) output.

Stampede kai race condition TTL

'Otav Anéel Snuoeuieg key, moAha requests ptopel va vtohoyiocovv padi tnv idta axpifn run. To
race condition ttl emtpémel oe évay caller va avavemoel eve 01 VITOAOTTOL TALPVOLV TIPOT®PIVAL
TNV TAALA T, avaoya pe to store.
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RUBY

value = Rails.cache.fetch(
"homepage/event-stats/v3",
expires in: 5.minutes,
race condition ttl: 10.seconds
) do
EventStats.calculate
end

Avtd tapradet oe derived value mov emtpénetat va eivan Aiya Sevtepodenta stale. Aev taipiadel oe
SraBeopeg Beoerg ) onyun emPePaimong. Exei ) database transaction amogpaoilel. H cache ptopet
va 6ei€er evBelln, ox1 va kpatnoel inventory invariant.

Solid Cache ka1 topology

Ao Rails 8 to Solid Cache eivan default emtihoyr| yia veéa apps kat amoBnketel entries oe database-
backed store. MeydAn xopnTiKOTNTA KAl ATAOVOTEPT) LITOSOUT] UITOPOVV Va eivar kKaho tradeoff.
Iapauével duwe workload tavw oe database. Kpata ovviBwg Eexwprotn cache database 1)
TovAdyloToVv Eekabapo connection budget wote cache miss storm va punv avraywvidetat critical
writes.

Av 1o Solid Cache ypnoworoiel to 1810 Active Record pool kat connection, cache write uéoa oe
application transaction psmtopei va ovupeteyel oe ekeivo o transaction. Mn faoidelg semantics oe
avTo ywpig explicit topology. Mia peAlovtikn petapopd oe Eexwplotn database aAhadet
OLLITTEPLPOPAL.

Cache failures

Amogaoioe av cache outage kavet fail-open 1 fail-closed. T'ia product list cuvr|Bwg emoTpeperg ot
Baon kat mpootaTevelg TNV AmOToun avEno Ue rate 1) concurrency limit. I'a authorization data, stale
1 missing cache Sev mpémet va mapaxkapstet permission check. H source of truth amogpaoidet.

Meétpa hit ratio ava namespace, fetch latency, entry size ko backend errors. "Eva vynlo global hit
ratio pmopet va kpvPel 0Tt to akpifotepo key yavel mavrta.
KENTPIKH IAEA

MNa k&Be cache ypdwe source of truth, key dimensions, staleness budget, invalidation mechanism kai
fallback. Av dev ptropeic va Tn diaypayelg kal va EavaxTioTei, Ogv gival aTTAf cache.

H emionun avagopad eivat to Caching with Rails.

EAErX0OZ TH AIKH ZOY E®QAPMOTIH

AIGAeEE €va Rails.cache. fetch. [pdwe 6Aa Ta dedopéva TTou eTTnPEAZOUV To output Kal GUYKPIVE Ta
pe To key. Metd @avtdoou cache miss yia kG0e request etmi éva AeTrtéd. Av n database dev avréxel 10
fallback, BdAe capacity guard mpiv augioeig 1o TTL.
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KE®AAAIO 11

Concurrency, locks kai conflicts

Av n ammé@acon Baciletal O€ TIUr TTOU JOAIC DIABACEG, TTPETTE
va €ENYNOEIC TI cupBaivel Otav AANOC writer TNV aAAACel TTpIV
YPAYEIG.

Request A [
reads 1

— o o o —

/___ -7

Request B I

I
reads 1 | 2reservations
: for 1 seat

|

|

|

|

| |
B writes 0 I I
|

|

|

|

|

— o e o o o o e e e e o e e e e e e e e e e

WITH A ROW LOCK - available_seats = 1

W|th_IocI§ s_erlallze§ Invariant preserved
read + decision + write

>xnua 11.1 - Avo requests ymmopouv va mrepdcouyv 10 id1o check. ‘Eva row lock agipiotroigi Tnv Kpioiun amégacn.

To check-then-act race

AVo requests S1apalovv available seats = 1. Katta §o mepvovv to check. Kat ta §vo
Snuovpyovv reservation. To tehevtaio update ypaget mdh undév kan n faon kataAnyet pe dvo
Kpamoelg ywa pia 0¢on. Kavéva request ev xave «AdBog» povo tov. H ovvBeon ntav Adbog.
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RUBY

def unsafe confirm! (event:, reservation:)
raise SoldOut if event.available seats < reservation.seats

event.update! (available seats: event.available seats - reservation.seats)
reservation.update! (status: :confirmed)
end

Transaction ywpig lock Sev Avetl amod povn g avtod to race oto ovvnOiopevo isolation level.
Xpelaletan atomic predicate, constraint 1) serialization tov read-decision-write.

Pessimistic locking

Towith lock avoiyel transaction, kavel reload to record pe row lock kan peta Sivel to block. Xtov
PostgreSQL to default avtiototyel oe SELECT ... FOR UPDATE. AMot adapters €xouv 51kég Toug
AETTOUEPELEG.

RUBY

def confirm! (event:, reservation:)
event.with lock do
raise SoldOut if event.available seats < reservation.seats

event.update! (available seats: event.available seats - reservation.seats)
reservation.update! (status: :confirmed, confirmed at: Time.current)
end
end

Topa povo evag writer amtopaoiel mave otV locked €kSoon tov event kaBe otryun. O Sevtepog
mepiuévet, kavet reload kan PAEmer undev. H kpiown evotnta npémetl va péver pikpn. External HTTP
call pg¢oa oto with lock petatpénel provider latency oe lock wait yia dhovg.

'Otav kA8 mVvelg ToAAd rows, Kpata otabepr oeipd. Avo transactions stov kAeidwvouy A peta B kar B
petd A pmopovv va kavouv deadlock. H database 8a akvpwoet évav writer. O application k®Sikag
xpewaletar bounded retry oAOkAnNpng ¢ transaction, oyt retry amod ) pEon.

RUBY

def lock events (ids)
Event.where (id: ids) .order (:id) .lock.load
end

Database-specific clauses 07twg FOR UPDATE NOWAIT KOl SKIP LOCKED €lval Xproleg yia interactive
failure 1 work claiming. Aev eivan portable Rails semantics. Kpata tig oe query object kat Sokipaoce
Tig ue tov production adapter.

Atomic conditional update

Mepikég invariants pmopotv va ek@paotovv o€ eva SQL update. Aev vitapyet kevo avapeoa oe read
Ko write.
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RUBY

updated = Event.where (id: event.id)

.where ("available seats >= ?", reservation.seats)
.update all(["available seats = available seats - ?", reservation.seats])
raise SoldOut unless updated == 1

To update all mapaxapmntel callbacks, validations kan ouvnOn timestamp updates. Avtd eivat
yvwoto tradeoff, 01 kpuen Aesttopepera. Av ypeladeoar ko reservation write, fae to conditional
update ka1 tn Snuovpyia reservation oty idia transaction. Av to SeUtepo amotuyel, To seat update
kavet rollback.

Unique constraint wg arbiter

Ia invariant povadikotntag, unique index eivatl ovvnBwg amhovotepog asod lock. Avo inserts
UITopovv va aywviotouv kat n database Ba Seytei évav. To model uniqueness validation vtapyet yia
feedback al\a Sev eivan arbiter.

RUBY

def create idempotently! (attributes)
Reservation.create! (attributes)
rescue ActiveRecord::RecordNotUnique
Reservation.find by! (
account id: atfributes.fetch(:account_id),
idempotency key: attributes.fetch(:idempotency key)
)

end

To lookup mpémel va ypnowuomotet akpifog ta columns tov logical key. Av i unique violation propet
va tpogpyetal amd dAo index, £é\eyEe constraint name 1) kpdTa To rescue og HIKPOTEPO boundary.

Optimistic locking

Me integer column lock version, To Active Record fader tyv avapevopevn version oto update. Av
AAog writer £xel 6N aAA&el To row, ONKOVETAL Act iveRecord: : StaleObjectError AVT va yivel
silent overwrite.

RUBY

def update profile! (user:, attributes:)

user.update! (attributes)
rescue ActiveRecord::StaleObjectError

raise ProfileConflict, "profile changed while you were editing"
end

To optimistic locking taupiader 6tav conflicts eivan omtavia kan 0&Aerg va ta deieig 1 va ta
ovyywvevoelg. I'a web form yperddetat va emotpéyel 10 lock version pad pe ta fields kat va to
oTeilel Tow. AlPOPETIKA TO action POPTMVEL TAVTA PPETKO object kat Sev ouykpivel v £kSoon
70V €18¢ 0 ¥PNoTNC.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 46



RAILS NMEPAAMNO TO CRUD Concurrency, locks kai conflicts

Aev avtikaB1ota unique constraint kat Sev mpootatevet invariant oV ATADVETAL G TTOAA TOWS
Xwpig mpdobeto oyedaouo.

Isolation kai retry

YywnAotepo isolation pmopel va petatpéypel avoualieg oe serialization failures. Avto Sev onuaivel ot
To exception eivan bug. Eivar amaitnon va Eavatpé€et n oAdkAnpn logical transaction mavw oe vea
snapshot. To retry mpémet va eivan bounded, pe pkpo jitter kot povo yia avayvopiopéveg adapter
exceptions.

To block mpémet emiong va eivan safe va Eavatpe€et. Av £xel 6N kaAeoet provider, Sev ptopeig amiag
va etavaidfere. Ia avto ta external effects pevovv petd to commit 1) tepvolv astd outbox.

AoKIyu yE TTPAYMATIKA concurrency

'Eva sequential model test Sev amodeikvuer race safety. Xpeialeoar Svo Eexwploteg connections,
ovvtoviouévo barrier kat production database adapter. SQLite €xe1 Stapopetikod locking kan Sev
armtodeikvvel PostgreSQL row-level behavior.

To test mpemet va eAéyyet tehikr) invariant, oyt ;roio thread képdioe. Ia pia B¢on, éva reservation
empPeParnvetal, Eva amotuyyavel katl o counter Sev yivetat apvntiko. Tpée to test moAAEG PopEg
AAAG uny Bewprioeig 0Tt To repeat pdvo tov amodelkvoel astovoia race. H faon g andder€ng eivat to
constraint 1} to atomic mechanism.

KENTPIKH IAEA

AIGAeEE TO PIKPOTEPO primitive TTou ekppdadel Tnv invariant. Unique index yia povadikdtnta, conditional
update yia atomic counter, row lock yia oUvBeTn ammé@acn TTAVW 0€ CUYKEKPIJEVA rows Kal optimistic
lock yia visible edit conflict.

Ot Rails APIs tekunpiowvovtatl ota Pessimistic Locking kol Optimistic Locking.

EAErX0Ox zTH AIKH ZOY E®QAPMOTH

Bpeg €va check-then-write flow. Xyediaoe dUo requests mou oTapaTolv auéowg Petd 1o check. Mpdwe
TNV avemouunTn TeAIK kKatdoTaon. MeTd ettiAeCe constraint, conditional update r) lock kai e€fynoe e
Mia TpéTacn yiaTi KAEIVEI aKPIBWG TO KEVO.
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KE®AAAIO 12

Bulk writes ka1 aAAayég dedopEvwy

To bulk API kepdilel eTe1dry TTapakGuTITEl object lifecycle.
[MpETTEl Vva CEPEIC AKPIBWC TTOIA CUMPTTEPIPOPA APNOEC £CW.

Stable scope update_all / upsert_all
ordered primary key or save!
a ¢ D a / + D
|
find_each/ Counts +invariant
in_batches P checkpoint

. 7 . I 7
) v e Y o e
|
BNy e | _Callbacks, valldatlons_ I
| and timestamps may be skipped |

>xnua 12.1 - ‘Eva ao@aAég bulk run €xel stable scope, batches, idempotent transform kai checkpoints.

Tpia O10QPOPETIKA HOVOTTATIO

To record.update! @optwvel model, kavet type casting, validations, callbacks, dirty tracking kat
timestamps. To update all otélvel éva SQL update ot relation kan mapaxaptet validations kat
callbacks. Ta insert all kot upsert all YpAPOLY TOAAA rows Ywpig va Snovpynoovy model
instances.

Aev vmtapyet yevika kaAvtepo API. Yrdpyel semantic k00tog kat operational kdotog.

API Model instances Validations kai callbacks KaAn xprion

update! Nai Nai Domain transition avd
record

update_all Oxi Oxi Eviaio deterministic update

insert all Oxi Oxi Néa rows pe dn eAeypévo
payload

upsert_all Oxi Oxi Idempotent sync pe unique
key
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Av callback otéAvel email, to bulk write Sev Ba to kaAéoel. AvTtd ptopel va eival akpiag o 6HoTo
ene1dn ta external effects Sev mpémel va kpvPovtat oe data migration. Mmopet emiong va eivan
production bug av n derived state dev Eavaytiotel. Kave inventory mpwv tpegerg.

Bounded batches

Mnv @poptmoelg oAoxAnpo table. To in batches ivel relation ava batch kat 1o find each Sivet
objects. To cursor mpémet va €xel otabepr) oepd kat povadiko tie-breaker. Primary key order eivai n
ammAovotepn Baon otav ta rows Sev aAhalovyv id.

RUBY

Reservation.where (normalized email: nil) .in batches(of: 1 000) do |batch]|
batch.each do |reservation|
normalized = reservation.email.to s.strip.downcase
reservation.update columns (
normalized email: normalized,
updated at: Time.current

)
end
end

To update columns mapakapntel validations kou callbacks aAAa kavet type cast péow Active Record.
Edwm to timestamp ypdagetar pntd. To loop e€axolovbel va kavel eva update ava row. Av n database
LITOpEL va ekPpAcel 0woTd To transform, éva update all eival moAD @ONvoTepo. Av 1 normalization
nipémel va taipladet akpiog pe Ruby semantics, kpdta to per-row transform kot pétpa.

Idempotency kai restart

"Eva backfill tov kpatd ®peg Ba Srakormel kastowa otiyun. Zxediaoe to wote va Eavatpeyel. Scope
uovo rows sov Aegimtovv, deterministic transform kot checkpoint pe processed count. Mnv facilecat
oe offset mavw oe dataset mov alalel. Meta anto kabe update, to row mpémet va Byaivel amod to
pending scope.

RUBY

scope = Reservation.where (normalized email: nil).where.not (email: nil)

scope.find each (batch size: 500) do |reservation]|
reservation.update columns (
normalized email: reservation.email.strip.downcase,
updated at: Time.current

)

end
Av 1o process meBavel, ta completed rows Sev emthéyovtal Eava. Av Eva row aAagel email avapeoa

oe read ko1 write, ypelaletan version predicate 1) maintenance rule. To «tp€yel Eava» dev AVvet
concurrent edits aso povo tov.
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upsert_a11 KO conflict target

To upsert ypelddetal unique index mov opicet identity. To unique by eivar adapter-dependent wg
nipog Suvatdteg kan schema cache. H evnuépwon Sev tpeyet model callbacks. Fields omwg
updated at kot lock versions BéAovv cuveldnt moArtikr).

RUBY

rows = external events.map do |item|
{
source: "partner",
external id: item.fetch(:id),
name: item.fetch (:name),
updated at: Time.current,
created at: Time.current

}

end

Event.upsert all (rows, unique by: %i[source external id])

Av 1o provider oteilel TaAoTePO event petd amod vedTePo, Eva ammho upsert Htopel va yvpioet ta
Sebopeva miow. Bake source version 1 timestamp predicate otn sync Aoyikrn. Idempotent key Sev
onuaivel monotonic freshness.

Data change £¢w a6 schema migration

Mikp0, deterministic update pmropei va ¢ioet oe migration adl\da yivetar Sokolo va mapatnpndet, va
otapatoet kat va avatpegel. IMa peydo dataset mpotipunoe Eexwprato script 1) job pe versioned
code, metrics ka1 bounded batches. To schema migration kavet expand. To backfill exteAeitan
avefaptnta. Metd €pyetan verification kou contract.

Mnv @optwvelg current application model oe tahad migration. To model aA\adet pe Tov xpovo kau
pmopei va €xet callbacks 1) columns mov Sev v pyav O0Tav ypa@tnke n migration. Av ypeiadetal
model wrapper, oproe pikpn local class pe explicit table kat povo ta fields mov xpelddetay, iy
xpnowomoinoe SQL.

Locking ka1 TToAAoi workers

Ta parallel backfill pmopeig va kaveig claim rows pe status 1y pe database-specific sk1p L.ockeD. To
claim mpéner va eivan durable mote crash va unv agrvet row yua mavia kAeildwpévo Aoyikd. Lease
timestamp kau retry policy eivan ouyva kaBapotepa asto boolean processing.

Mnv avgnoeig workers pexpt va deig database saturation, replication lag ko lock waits. "Eva backfill
eivan background povo wg stpog tov xpnotn. I'ia ) faon etvat kavovikd write workload stov stapayet
WAL, vacuum work ka1 index updates.

Verification 1piv amré constraint

Mnyv xpnowuomoleig povo processed counter. Metpa pending rows aso source-of-truth predicate,
invalid values, duplicates ka1 referential gaps. I1ape samples amto apymn, Héon katl télog tov key range.
INa critical transform, vtoAdyioe independent checksum 1 EavaimtoAoyioe expected value oe sample.
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RUBY

missing = Reservation.where (normalized email: nil) .where.not (email: nil) .count
invalid = Reservation.where("normalized email <> lower (trim(email))") .count

raise "backfill incomplete" unless missing.zero? && invalid.zero?

To SQL function behavior pmmopei va Stagpepel amd Ruby yia Unicode. To tapaderyua eivan
verification povo av avt eivan n oupPwvnuevn normalization semantics.
KENTPIKH IAEA

‘Eva production backfill eival pikpd auotnua. ‘Exel scope, cursor, idempotency, throttle, progress, stop
condition, verification kai rollback plan.

EAErX0zZ TH AIKH ZOY E®APMOTIH

Bpeg 10 peyaAuTepo table mmou xpeiaeral derived column. Mpdwe dry-run query pe pending count kai
sample output. YTToAdyioe writes avd SeUTEPOAETTTO TTOU AVTEXEI N BACN ATTO TTPAYUATIKO monitoring.
2 xediaoe batch kal pause xwpig va Tpé€eig To backfill.
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KE®AAAIO 13

Connection pools, replicas kai shards

To connection pool dev gival £éva global vouuepo.
[MoAAatTAaoidleTal ava process, role, shard kal database
configuration.

Replica pools

gEinalpises et ]/’ead’”g f°’9—’[ additional budget \
! Database '
I connection limit !
) ! )

Primary pools

2 workers ] ”| up to 20 connections

5 threads each

>xnua 13.1 - Web kai job concurrency dnuioupyouv EexwpiaTd pools TTpog primary kai replica.

Kave Tov TToAAaTTAGCI00 U0

Avo Puma processes e névte threads pitopovv va gntnoovv uéxpt Seka web connections stpog 1o
primary. Ao job processes pe mévte threads mipooBétovv da eka. Av kaBe process exet kat reading
pool mpog replica, Snuiovpyovvtal entAéov connections. Console, migration process, scheduler kat
health tooling pmaivouv oto 1810 cuvokod budget.

To pool size mpEmet va KAADITTEL T1) HEYIOTN TPAYLATIKT concurrency mov xpeiadetar database access
puéoa oe kabe process. IToAD pikpo pool Snuiovpyet checkout wait. IToAO peydo pool Sev dnuiovpyet
capacity ot database. ATTA®G £ TPETEL TEPIOCOTEPO TAVTOXPOVO Work ka1 ptopel va v KopEoeL.

YAML
production:
primary:
url: <%= ENV.fetch ("DATABASE URL") %>
pool: <%= ENV.fetch ("RAILS MAX THREADS", 5) %>
primary replica: -
url: <%= ENV.fetch ("REPLICA DATABASE URL") %>
pool: <%= ENV.fetch ("RAILS MAX THREADS", 5) %>
replica: true -

To configuration Seiyvel oxnua, oyt mpotetvopevo production votuepo. To 0woto pool pokTel Ao
process topology, thread count ka1 database limit. Mnv epgavi¢eig URLS 1| credentials oe diagnostics.
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Roles wg explicit choice

To Rails vtootpiler writing kat reading roles. "Eva abstract record pmopet va cuvdéoet to primary pe
replica.

RUBY

class ApplicationRecord < ActiveRecord: :Base
primary abstract class

connects to database: {
writing: :primary,
reading: :primary replica
}

end

Me connected to(role: :reading) 0 k®Okag SnAwvel 0Tt Se¢xetan read semantics g replica. To
Rails pmopet va amotpéwet mpogavn writes o€ readonly role, al\a Sev petatpenel ) replica oe
ppeokia snapshot tov primary.

RUBY

report = ApplicationRecord.connected to(role: :reading) do
Event.published.group (:city) .count

end

To report propel va aveytel Aiya devtepodenta lag. H oeAida mtov ep@avidetal aueéomg LETA a0
empPefainon kpATnong iIowg OX1L.

Read-your-writes

Metd a6 write oto primary, i replica pmopel va unv exel epapuooel akopa v arayr). Redirect oe
GET mov drafadet replica pmmopet va 6ei€el «n kpatnon dev Bpebnke». Avto Sev eivan Rails caching
bug. Eivau consistency property tng topology.

To Database Selector middleware pmopei va kpata mpdo@ato writer session oto primary ywa
configurable delay. Eivan pragmatic heuristic, 0xt amd8ei€n ot n) replica exet mpoAafet petd to delay.
IMa kpiouo read ypnowosmoinoe writer role 1 version/LSN-aware unyaviopo tg viodoung.

RUBY

reservation = ApplicationRecord.connected to(role: :writing) do
Reservation. find (params.require (:id))
end

H explicit writer read eivan cwotn otav 1 freshness requirement to amaitel. Av ) fddeig mavtov, n
replica 6ev amogoprtidel timota. Katata&e endpoints oe fresh, session-consistent kau stale-tolerant.
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Transactions d&v repvouUv connections

Mua transaction avnkel oe pia database connection. Write oto primary kot write o€ Eexwplotn queue
database Sev eivan atomic. Nested Ruby blocks Sev dnuiovpyovv distributed transaction. To 1510
oxvel ya Svo shards.

Avto enmpedader Solid Queue, outbox kan audit stores. Av to intent mpémel va ebei atomically pe
business row, ypdy’ 1o omv idwa database transaction kou peté@epé 1o apyotepa. Av emAegelg
Eexwprot database, arto8£€ov explicit reconciliation.

Horizontal sharding

To Rails pmopel va ovvdeoet shards kar va aMadet shard: péoa oe block. To shard key mpémel va
elvat Stabeopo mpv asto to query kat va ta&idevel oe jobs, URLSs 1) current context pe ao@alr tposmo.

RUBY

class AccountRecord < ApplicationRecord
self.abstract class = true

connects to shards: {
europe: { writing: :europe primary, reading: :europe replica },
america: { writing: :america primary, reading: :america replica }
}

end

Cross-shard joins 8ev vitapyovv wg amAd SQL operation. Aggregations, uniqueness ka1 transactions
yivovtal ;o dvokoia. To sharding eivar Avon otav éxeig petpnuévo database bottleneck n isolation
requirement, Oy1 em€1d1) 10 app €xel accounts.

To disable joins: true o€ through associations pmopei va petatpéypet cross-database join oe
TOAMaTTAA queries. Avto propel va petagpepet peyaro ID set kat va kavet ordering 1) limit otn pviun.
H Svvatomta Sev e€agpavidel To KOOTOG TNG KATAVOUNG.

Pool pressure kai long work

"Eva request kpata connection povo otav to Active Record work to xperadetat, ard peyain
transaction v kpatd ovveymg. Manual threads, async queries kat job concurrency pmopouvv va
nmoovy mapastave. [apakorovBnoe checkout wait, timeouts, busy/idle connections kot query
duration.

Av ta threads elvan meprocotepa astd to pool, avto Sev eivar mavta Adbog. Mepika requests kavouv
CPU 1} network work ywpig connection. ITpémel Opwg va E€peig 1 ovpPaiver oto peak. Eva cache
outage pmopel va kavel Eagpvika kabe thread va ¢nrtrjoel database connection.

NMPOZOXH

Mnv augaveig pool eeidr) BAETTeIg checkout timeout TTpiv eAEyEeig apyég transactions kal database
saturation. MTTopei va petagépeig Tnv oupd atroé 1o app oTn database kai va kaveig 1o failure
MEyaAUTEPO.

H emionun avagpopa eivan to Multiple Databases with Active Record.
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RAILS MEPA AMNO TO CRUD Connection pools, replicas kai shards

EAErX0Zz ZTH AIKH ZOY E®QAPMOTH

2xediaoce 6Aoug Toug process types Tng production kail ypdwe processes eTTi threads €1mi pools avd
role. ZUykpive To dvw OpIo Pe To database connection limit. MeTd Bpeg TTola endpoints atmaitolv read-
your-writes Kail Trola ummopouv va diadcouy replica.
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KE®AAAIO 14

Solid Queue ka1 job continuations

H queue topology €ival JEPOG TNG CUVETTEIAGS TOU
ouoTuatoc. Ta continuations AUvouv interruption, éx1 dITTAG
external effects.

FIRST WORKER
Job starts Step prepare Step process
complete cursor = 420
/R@ERY

— \
I New worker s
: Deploy stops worker ] resumes at 420 4{ Step finalize ]

2xAMa 14.1 - ‘Eva continuation amoBnkelel oAokAnpwuéva steps Kal cursor woTe VEo worker va Guvexioel.

Ti mpooBéTel To Solid Queue

To Solid Queue eivat To default Active Job backend ywa véa Rails apps asmd 1o Rails 8. Eivat database-
backed kat vootnpilet delayed jobs, recurring tasks, numeric priority, queue order, process kat
thread workers, padi ue concurrency controls. Aev xpetdetat Redis povo kat povo yia va vitapéet
durable queue.

Avto Sev onuaivel 6T n queue eivan Swpedav. Polling, inserts, ready-job indexes, heartbeats kot
cleanup eival database workload. To default production setup ) Bdadet oe Eexwprot database mote
To queue traffic va unv poipadetar tnv i61a transaction kat ta idia tables pe to application data.

YAML

production:
primary:
url: <%= ENV.fetch ("DATABASE URL") %>
queue:
url: <%= ENV.fetch ("QUEUE DATABASE URL") %>
migrations paths: db/queue migrate
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Me Eexwprotn database, business write kat job enqueue Sev eivar atomic. To

enqueue after transaction commit amo@elyeljob mpv amd commit aAAd Sev eEaleiper process
crash petd to commit kat ;pv asd 1o queue insert. Ta critical intent ypeiadetan outbox otnv
application database.

Queue order 1piIv atrdé nhumeric priority

>10 Solid Queue o1 workers e€etalovv queues e ) Stapopwuévn oelpa. To numeric priority
ta&wvopel jobs péoa otnv i81a queue. Av BaAelg critical P amod default, éva default job pe
«KOADTEPO» ap1Ouo Sev mepva pummpootd anto critical queue work.

Xmploe queues yia capacity isolation kat Stagpopetiko service objective. Mnv @pTidyvelg queue avda job
class. 'Eva ovotnua pe Sexaddeg queues yivetar S0OKoAO va tapatnpnbel ka n oelpd pmopet va
TPOKAAEDEL starvation oTig teAevtaieg.

YAML
production:
workers:
- queues: "critical,mailers"
threads: 3

processes: 2

- queues: "default,maintenance"
threads: 5
processes: 1

Ta vovpuepa givan tapaderypa topology, ox1 £toluo capacity plan. KaBe thread sov tpéyet Active
Record work ypetadetar mBavr| connection mpog application kol queue databases.

Concurrency controls

To limits concurrency meplopidel mooa jobs ovykekpipévouv logical key tpexovv padi. Eivan
Xpnowo otav o provider emtpenet Eva request ava account 1 otav §vo jobs mavw oy ida
reservation Oa cvykpovovtav dokosa.

RUBY

class SyncReservationJob < ApplicationJob
limits concurrency to: 1,
key: ->(reservation id) { reservation id },
duration: 5.minutes,
group: "reservation-sync"

def perform(reservation id)
Reservations::Sync.call (reservation: Reservation.find(reservation id))
end -
end

To limit eivar scheduling control. Aev eivan database invariant. Av dAog code path ypagpet 1o 1610 row
N av aA\&€eig adapter, 1 ao@ddeia pémel va mapauével og constraint, lock 1) idempotent operation.
To duration TPETEL VA KAADIITEL AVAUEVOLEVO WOTK Y PIg VA LITAOKAPEL yia TTAVTA HETA ato lost
worker.
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Continuations o1o Rails 8.1

To Rails 8.1 mpdoBeoe Activedob: :Continuable. Eva peydho job xwpiletal oe named steps. Otav
worker otapatnoel eheyyoueva, veéo execution cuveyidel amod 1o teAevtaio ohokAnpwEvo step. Step
LLE CUrsor Wropel va ovveyioel peoa oe peyain collection.

RUBY

class ProcessImportJob < ApplicationJob
include ActiveJob::Continuable

def perform(import id)
@import = Import.find(import id)

step :prepare do
@import.prepare!
end

step :process do |step]
@import.rows.order (:id) .find each(start: step.cursor) do |row]
Imports: :ApplyRow.call (row: row)
step.advance! from: row.id
end
end

step :finalize
end

private

def finalize
@import.finalize!
end
end

To setup mpiv aso ta step calls Tpeyel Eava otav yivetatl resume, apa PEMEL va eivat gOnvo kat safe.
To cursor ypelidletan monotonic, stable order. Av records mpootiBevtan 1) aAAalovv ids Sev €xelg
npOPAnua pe integer primary key, aA\a cursor oe mutable timestamp O¢Aet tie-breaker ka1 cagn)
snapshot semantics.

Ti akpIBwg £XEl atTTOBNKEUTEI

H completion evog step onuaivel 0T to continuation state kataypagnke. Aev onuaivel 0Tt kabe
external side effect eivan exactly-once. Process pmopet va Siakomel petd to effect kat stpv to
advance!. 210 resume To 1510 row 0a Eavaekteleotel. To ApplyRow mpemel va eival idempotent 1y va
¥xpnoiporotel stable key.

AxoOpa Kot ta steps Ywplg cursor JPeEmel va avTEXOLY EAVAANYT YUpw amd crash boundaries. To
continuation pewwvel yauévo work. Aev avtikabiotda retry design.
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RUBY

module Imports
class ApplyRow
def self.call(row:)
ImportedRecord.upsert (
{ source id: row.source_ id, payload: row.payload },
unique by: :source id
)
end
end
end

To upsert eivar idempotent povo wg mtpog to unique key kat to chosen update. External calls péoa oto
operation ypeialovtatl 61k6 tovg deduplication.

Deploy kai shutdown

'Evag worker mpémnet va mapet TERM, va otapatnoet va {nta vea jobs kat va Swoet xpovo ota in-
flight jobs. Meta to grace period pmopel va teppatiotet. Ta pikpd jobs odokAnpwvovtat. Ta
continuable jobs agrnvouv progress. Jobs mov ayvoovv signals 1) prthokapouvv oe unbounded I/0
TAPAUEVOLY TTPOPAN AL

Meétpa execution duration percentiles kat oUykpive ta pe shutdown timeout. Av ta piod jobs
Eemepvovyv To grace period, Sev apkel va avgnoeig timeout yia mavta. Xoplog ta oe resumable units 1
BaAe provider timeouts.

Recurring tasks kai overlap

Recurring schedule Sev eyyvatal 6T nj tponyovpevn ektédeon tedeiwoe. 'Eva job kdBe Aemto mov
Kpata dvo Aemtd pmmopel va ovoowpeveTal. Zuvdvaoe stable logical key, concurrency limit kau
observable skipped or coalesced behavior. I'a maintenance task, ovyva «pia evepyn ektéleon, 1
emopevn Oa Eavadel 6Ao to pending scope» eival kaBapo contract.

KENTPIKH IAEA

To continuation atravtd «atod mou ouveyidw;». H idempotency atravTd «Ti yivetal av 1o idio unit
CavaTpé€el;». Xpeldleoal Kal TIG U0 ATTAVTHOEIG.

H emionun avagopda Bpioketar oto Active Job Basics kot ota Rails 8.1 release notes.

EAErX0OZ ZTH AIKH ZOY E®QAPMOTIH

Bpeg 10 1MI0 apyo job. Xwpioé 1o o€ setup, emavalapBavouevo unit kai finalize. AidAege stable cursor.
MeTd BdAe vonté crash Trpiv kai peTd atrd k@O effect. Av 1o idlo unit dev ival safe va EavaTpécel,
AOoe autd Tpiv TTpoaBéacig continuation.
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KE®AAAIO 15

ESwrtepika effects kal transactional
outbox

H database ptropei va atmoOnkeuoel atomically Tnv Tpd0eon
yia €va external effect. Aev utropei va kavel rollback Tov
provider.

DURABLE INTENT
ONE TRANSACTION

's \

[ reservation confirmed ]

[ Confirm reservation ‘liatomicwrite/—> [ outbox row pending ]

L J

poll pending rows

DELIVERY AFTER COMMIT

'[ outbox delivered
[ provider key saved

Dispatcher job —idempofencykey—>[ External provider J accepted

L J

>xnua 15.1 - H reservation kai To outbox intent ypdgovral padi. Dispatcher mapadidel apydtepa pe stable key.

To kKevd avapeoca o€ dSUo cucTANATA

B¢Aerg va emPefaimoelg reservation ko va evnuepwoelg partner API. Av kaAeoelg tov partner sptv
to database commit, pmopel va Seytel kat mov petd kavet rollback. Av tov kaAgoeig petd to commit,
TO process propel va mebaver mpv oteilel. Av kavelg enqueue o€ Eexwplotn queue database, vitapyet
70 1610 KEVO.

To transactional outbox ypagel business change kou durable intent otnv i61a database transaction.
'Evag dispatcher Siaadel pending intents kat kaei to external system. To pattern Sev eivan
avtopatn Rails Suvatotnta. Eival schema, workflow xat operational ownership stov xtideig mavw oe
Active Record.
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RUBY

class CreateOutboxEvents < ActiveRecord::Migration[8.1]
def change

create table :outbox events do |table]
table.string :topic, null: false
table.string :deduplication key, null: false
table.json :payload, null: false
table.string :status, null: false, default: "pending"
table.datetime :available at, null: false
table.datetime :delivered at
table.datetime :lease expires at
table.integer :attempts, null: false, default: O
table.timestamps

end

add index :outbox events, :deduplication key, unique: true
add index :outbox events, %i[status available at]
end
end

To JSON type kat index strategy Siagépouvv ava database. To payload mpémet va eivat pikpo ko
versioned. Mnv avtypayelg oA0kAnpo model 1) evaioBnta Sedopéva mov o consumer Sev yperadetal.

Atomic intent

H operation dnuiovpyet outbox row péoa otnv i81a transaction pe v state transition.

RUBY

module Reservations
class Confirm
def call (reservation:)
Reservation.transaction do
reservation.confirm!
OutboxEvent.create! (
topic: "reservation.confirmed.vl",
deduplication key: "reservation-confirmed-#{reservation.id}",
payload: { reservation id: reservation.id },
available at: Time.current
)
end
end
end
end

Av 10 commit seTUyEL, LITAPYOLVV KAl TA VO rows. Av amotuyel, dev vitapyet ovte confirmed
reservation ovte intent. To unique key epmodidet dvo logical intents ywa v idia transition. Av to
domain emtpémnet confirm, cancel kat Eava confirm, to key yperddetan transition id 1) version, oyt
povo reservation id.

Claim xwpig peydalo lock

O dispatcher Sev mpéemel va kpata database transaction avoiytn 6oo mepiuévet HTTP provider.
Mropel va kavet pikpo claim transaction, va kahéoet e€w asod 1o lock kat peta va onueiwoet
amoteleopa. Lease emtpénet reclaim petd asmo crash.
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RUBY

class OutboxEvent < ApplicationRecord
scope :ready, -> {
where (status: :pending, available at: ..Time.current)
.or (where (status: :processing, lease expires at: ..Time.current))
}

def self.claim batch(limit: 100)
transaction do
rows = ready.order(:1id).limit (limit).lock("FOR UPDATE SKIP LOCKED").to_ a
rows.each do |row|
row.update! (
status: :processing,
lease expires at: 2.minutes.from now,
attempts: row.attempts + 1 B
)
end
rows
end
end
end

To skIP LOCKED eivan PostgreSQL-specific oe autd 1o mapaderyua. To returned Ruby object £xet
claimed state aAAd d\hog worker pstopei va to reclaim petda t Anén lease. O provider call ypeiadetan
to 1810 stable deduplication key.

RUBY

class DispatchOutboxJob < ApplicationJob
def perform
OutboxEvent.claim batch.each { |event| deliver (event) }
end

private

def deliver (event)
PartnerClient.publish (
topic: event.topic,
payload: event.payload,
idempotency key: event.deduplication key
)
event.update! (status: :delivered, delivered at: Time.current)
rescue PartnerClient::TemporaryError a
event.update! (status: :pending, available at: l.minute.from now)
raise a o
end
end

Av 1o process meBavel petda to publish kau tpv 1o update, to lease Arjyel kan o dispatcher EavaotéAver
ue 1610 key. Av o partner Sev kavel dedupe, o consumer spémnel va kpatd inbox ledger 1 to duplicate
apapével amodektd business risk.

Failure classes kal poison messages

Mnyv emotpepelg kabe failure oe dmerpo retry. Invalid payload, revoked account kot unknown topic
elval permanent péxpt va aA\a&er data 1 code. Metd amd bounded attempts, fae failed status pe
sanitized error class, report ka1 operator path. Kpdta raw provider response povo av emTpENETAL ATTO
privacy ko retention policy.
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To reconciliation query eivatl amAd kat roAvTipo. Confirmed reservations ywpig delivered outbox
effect, pending events taAiotepa amo threshold kot processing leases tov éAnfav. Dashboard povo pe
queue length Sev PAéner logical intent mov Sev pmnke mote otnv queue.

Inbox yia webhooks

To avtiotpopo boundary £xe1 1o 1610 TpoPAnua. Provider pmopei va oteidel webhook moAEg popeg 1)
extog oe1pag. EmaAnBevoe signature mdvw oto raw body, epiopioe péyebog, amobnkevoe provider
event id pe unique index ka1 amavnoe ypryopa. Metd ene€epyacov to inbox row idempotently.

RUBY

class InboxEvent < ApplicationRecord
validates :provider event id, presence: true
end

def store webhook! (provider event id:, payload:)

InboxEvent.create! (provider event id: provider event id, payload: payload)
rescue ActiveRecord: :RecordNotUnique

InboxEvent.find by! (provider event id: provider event id)
end

To unique index mpémel va vtapyel mapodT dev @aiveratl oto snippet. H model validation povn g
Oev otauata concurrent duplicate deliveries.

Compensation avTi yia wpeuTiKo rollback

Ye workflow moMav external fnuatwv pmopel va unv vapyet atomic commit. Mia saga kataypaget
state ka1 opiel compensating action. Refund 8ev eivan rollback tov charge. Eivau véo effect mov
prropel kat avtod va amotuyel. Xpeladetat 81ko tov idempotency key, retries ko visibility.

Mn xTtidelg yeviko event bus mpwv vrtap&et mpaypatiko multi-step workflow. Ta éva kpioo email,
outbox table ko évag dispatcher eivan apketd. H a&ia eivan oto durable intent kot otnv emavainyn,
OY1 070 OO abstractions mep1fdAAovv To pattern.

KENTPIKH IAEA

H outbox kAeivel To lost-intent window. To stable provider key kAeivel To duplicate-effect window. H
reconciliation Bpiokel 6,11 EE@uye Kal atrd Ta dUo.

EAErX0z zTH AIKH ZOY E®QAPMOTH

AlaAee flow TTou ypagel database kal kaAei provider. Znueiwae Ta dUo crash windows. Zxediaoe
outbox columns, logical deduplication key, lease kai permanent failure status. 'pdwye 1o reconciliation
query TipIv ypdyeig dispatcher.
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KE®AAAIO 16

Hotwire, Cable, Storage kai async Ul

To Ul event civail eidotroinan ot KATI aAAage. H durable
KAataoTaon TTapauével N Tnyn aAnbeiag.

COMMIT BOUNDARY

| Broadcast before commit I
- I can show impossible state I
I

after commit————>| Broadcast job

message REALTIME TRANSPORT

[ Reservation commit

/

SolidCable/ | o cition———| Turbo Stream |———idempotent replace——>| Browser DOM
Action Cable

>xApa 16.1 - Metd To commit, broadcast job petagéper Turbo Stream oTov browser.

Broadcast petd To commit

'Eva Turbo Stream pmopet va adha&er DOM ywpig full page reload. Av ouwg yivel broadcast sipiv to
database commit, o browser pmopei va dei&et state ;tov tedika ekave rollback. ITpotiunoe after-
commit enqueue 1) explicit outbox otav n mapadoon eivat kpiown.

RUBY

class Reservation < ApplicationRecord
after update commit :broadcast status, if: :saved change to status?

private

def broadcast status
broadcast replace later to(

event,
target: self,
partial: "reservations/reservation"
)
end
end

To callback taipraer av kaBe status change mpemnel va evinuepwvel v id1a representation. Av povo
€va use case kavel broadcast, fdAe tnv mpoBeon oty operation. To later petagepel rendering oe
job aA\a pépvel Ta yvwota queue semantics. KaBuotepnon, retry kon duplicate delivery.
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Idempotent DOM operations

To replace pe otaBepd DOM id eivan evkoAoTepo va emavain@Oel asmmo append. Avo i61a append
events Snuiovpyovv Sutha ototyeia. Ta collection insert ypeidetan stable element id 1 EAeyyog
existence otov client.

Out-of-order updates eivat emiong mBava. Job yia confirmed pmopel va kaBuoTteprnoel Kat va pTaoel
petd ago job yia cancelled. To partial mov kdvet render amo current database state eivan
aopaAeotepo arto payload pe maho HTML. Ta vynAo event rate, fa\e version oto message kat
ayvonoe Hkpotepn version otov client 1) coalesce updates.

ERB

<%= turbo stream.replace dom id(@reservation) do %>
<%= render (@reservation.reload %>
<% end %>

To reload mpéner va Stafadet amo kataAAnio role. Replica lag pmopet va Eavagepet malo state oe
broadcast job. I'a read-after-write representation, xpnowuosmoinoe writer database.

Action Cable €ivai transport

Mua Cable connection g1 meproootepo amo éva HTTP request. Kavel authentication oto connection
ka1 authorization otav yivetat subscription. To 60Tt kAmmol0g yvwpidet stream name Sev mpémel va
apxel yua tpoafaor). Turbo ypnopomotel signed stream names yia ta Sikd tov helpers, aAAd custom
channels ypeidfovtat explicit policy.

RUBY

class ReservationsChannel < ApplicationCable::Channel
def subscribed
reservation = Reservation.find(params.fetch ("reservation id"))
reject unless reservation.user id == current user.id

stream for reservation
end
end

To current_user g Cable connection mpémnel va mpoxvmtel ano verified session 1) token. Mnv
epmmoteveoat user id amod subscription params.

Solid Cable popel va amofnxebel messages oe database-backed backend. Redis 11 dA\Mog adapter
pmopet va eivan kaAUtepog yia Stagpopetiko latency ko scale. Ze ke nepimtwon, nn Cable mapaSoon
Sev eivan ledger business events. Client ;ov €xaoe oUvSeon mpémet va pmopel va Eavapoptamoet
current state pe kavoviko HTTP.

Reconnect kai recovery

Yxediaoe ) oeAida wote refresh va SiopBawvel kaBe yauévo stream. I'a kpiowwo workflow, o client
pmopel petd to reconnect va {nta resources changed since yvwotr) version. To live message feAtimvel
latency. To read API astokabiotd ovvenela.
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Mnyv Badeig un avaotpeyiun business action povo oe Stimulus callback mov pmopet va un tpe€et. H
evépyela mpemel va £xet server endpoint pe idempotency kat cageg result. To Ul amtAmg Tnv kaAel kat
mapovoladel state.

Active Storage £xe1 500 KOOHOUG

To Active Storage kpatd blob ka1 attachment metadata ot database aAAd ta bytes {ouv o€ storage
service. Database rollback Sev Siaypagpet upload mov xet 1161 oAoxAnpwBel. Direct upload dnuiovpyet
blob mtpv ovvdebei amapaitta pe record. Abandoned forms agpnvovv unattached blobs kat
xperalovtal retention cleanup.

RUBY

class ReservationDocument < ApplicationRecord
has one attached :file

validate :acceptable content type
private

def acceptable content type
return unless file.attached?
return if file.content type.in?(%wlapplication/pdf image/jpeg image/png])

errors.add(:file, "has unsupported type")
end
end

To client-provided content type Sev eivat emapkng security €Aeyyog. I'ia untrusted uploads ypeialeoan
size limits sp1v kau petd to upload, content inspection, malware policy, safe download headers kot
authorization oe ka0e access path. Public bucket URL pstopei va mapakapyel controller
authorization.

Variant processing ka1 analysis Tpéyovv ovyva oe jobs. H mpmtn tpofolrn ptopel va {ntroet variant
mip1v oAokAN pwBel analysis. Kpata Ul state mov aviéyel processing, retryable failure ko deleted
original. Mnv voBeteig 6T eme1dn vapyet attachment row vdpyovv kat Tpoofacipa bytes yia
TTAVTA.

Purge, retention kai references

To purge later apaipel metadata kot storage object acUyypova. Av 1o i810 blob eival cuv8edepevo
a0V 1) vtapyet legal retention, n Staypagr OeAet policy. Emtiong CDN copies kot provider versioning
pmopel va kpatolv bytes petd v application deletion. ITepieypawe 1o mpayuatiko retention
contract.

Mail wg async Ul

Email eivan emiong external representation tng katdotaong. deliver later kKAnpovopel job retries
kat duplication. Link péoa oto email mpérmet va 0nyet o€ current authorized state, Ox1 va Oewpet 0Tt
o email &ptace pia @opd kat otn owotn oepd. Signed ids €xovv expiry kot purpose ®ote eva token
ya confirmation va un xpnowpomoteitat wg yeviko record access.
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NMPOZOXH

Realtime transport peivel Tov xpovo Péxpl va &€l 0 xpriotng TNV aAAayn. Asv audavel atré pévo Tou
durability, ordering rj authorization.

O emionpueg avagopeg eivan ta Action Cable Overview, Active Storage Overview ka1 Working with
JavaScript in Rails.

EAErXoz TH AIKH ZOY E®QAPMOTIH

Koéwe mmpoowpivd Tn live cuvdeon o€ pia Tpayuatik 086vn kai dAAage 1o record atréd deUTePO
session. Metd kdve reconnect kai refresh. Av n 08évn dev emavépxeTal o€ owaoTo current state,
016pBwoe 1o read path mpiv TpocoBéaeig TTepiIcodTEPA broadcasts.
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KE®AAAIO 17

Tests yia production failure modes

Tests yia production failure modes

To test level dev emAEyeTal ATTO TOV PAKEAO TOU KWOIKA.
EmAEyeTOI ATTO TNV £yyunon TTou BEAEIC va ATTOdEICEIC.

Operation test

business branches

Job integration test
retry + idempotency

v

Request test

HTTP contract /

7

—Z 1
/ System test

critical user path

DB integration test
constraints + locks

~

Production probe
real adapter behavior

>xAua 17.1 - Kd&6e failure mode xpeiadetail 1o test boundary Trou repiAapBdavel Tov pnxavioué Tou.

Behavior, 6x1 implementation choreography

Test oV mEPYpAPEL «KaAel To service A, petd to service B» omael otav avadiata&elg kmSika xopig
va aMa&erg amotédeopa. Test tov meprypdget «pia Beomn diver pia confirmed reservation kau éva

durable notification intent» tpootateel to contract.

I'a kaBe use case ypape success, expected rejection kat pia kpiowun failure Sitadpoun. Meta SiaAete
T0 YaunAotepo boundary stov stepthapfavel GAoVg ToLG U XAVIoUOUE TS YYVUNONG.

Eyylnon

Transition evog object
HTTP status kai payload Request test
Unique constraint
Retry kal idempotency Job integration test

Critical user path System test
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Ti dev aTTOdEIKVUEI

HTTP kai database race
Browser behavior

Friendly validation message
Provider production semantics

Kd&B¢e business branch
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Application operation test

H operation eivat kaAo onpeio yua business branches ywpig browser. Xpnotuosmoinoe mpaypatik
models 0tav n transaction kat ta constraints eivat pépog tov contract. Fake povo ta external
boundaries.

RUBY

class ReservationsConfirmTest < ActiveSupport::TestCase
test "confirms once and records notification intent" do
reservation = reservations (:pending)

assert difference -> { OutboxEvent.count }, 1 do
Reservations::Confirm.call (
reservation: reservation,
idempotency key: "request-123"
)

end

assert predicate reservation.reload, :confirmed?
assert equal "reservation.confirmed.vl", OutboxEvent.last.topic
end
end

Av ypnoworoteig RSpec, n idwa apyr) woyvel. H emmoyn testing DSL §ev aAhadet to boundary. Mnv
mock-apeig Reservation. transaction Kl update! av akpifog avtd BEAelg va eAeyEerg.

Database guarantees exwpiotd

H model validation popel va astotivyet tptv @taoet otov unique index. I'a va eA&y&eig ) faon,
xpnowomoinoe API stov mapakapurtel to validation 1) raw insert oe asmopovwuévo integration test.

RUBY

class ReservationConstraintTest < ActiveSupport::TestCase
test "database rejects duplicate idempotency key" do
original = reservations (:confirmed)

assert raises ActiveRecord::RecordNotUnique do
Reservation.insert all! ([
{
account id: original.account id,
event id: original.event id,
user id: original.user id,
idempotency key: original.idempotency key,
seats: 1,
status: "confirmed",
created at: Time.current,
updated at: Time.current
}
1)
end
end
end

To enum storage oto mpaypatikd schema pmopet va eivan integer kat to sample tote yperddetan to

avtioTtotyo value. To onuavtikod etvatl 0Tt to test xtumda to 1610 constraint pe production adapter.
SQLite test ev ammoSewvuel PostgreSQL partial index 1 lock clause.
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Request contract

To request test kaAei router, controller stack, params handling, authentication ka1 rendering. "EAey&e
explicit status, response schema ka1 durable state. Mnv xottag controller instance variables.

RUBY

class ReservationsRequestTest < ActionDispatch::IntegrationTest
test "duplicate confirmation returns the existing result" do
reservation = reservations (:confirmed)

post confirm reservation path(reservation),
params: { idempotency key: reservation.idempotency key },
as: :json

assert response :success
assert equal reservation.id, response.parsed body.fetch ("reservation id")
end
end

INa authorization ypdwe tovAdyiotov allowed kot forbidden actor mavw oto 1810 object. "Eva 404 avti
403 WITopEL va elval owoTo av dev BgAelg va armtokaAbypelg existence. Kpata to contract otabepo.

Query count wg regression guard

To Rails 8.1 test API tepthauPavet assertions yia query count kot patterns. Xpnoiposoinoe ta oe
render 1) serialization boundary 67ov €va véo association call Snuovpyei N+1.

RUBY

class EventSerializerTest < ActiveSupport::TestCase
test "serializes a preloaded page with bounded queries" do
events = Event.order(:id) .limit (20) .preload(:venue, :reservations)

assert queries count (3) do
EventSerializer.new(events).as json
end o
end
end

To akp1Bég count pmopet va yiver brittle av schema queries 1 unrelated instrumentation aAhalouvv. To
include schema: false eival default ota oxetikd assertions. I'a opiopéva boundaries eivan
KAAUTEPO VA ATTAY0peVOEIg CUYKEKPIEVO pattern 1) va eA&yEeig upper bound pe ko cov helper. To
test mpémel va mpootatevel cost shape, oyt tuyaia apibunon.

Jobs o€ dU0 emritreda

Y10 unit eminedo kKAAeoe perform now kAl eAeyEe idempotent behavior. Xto context enineSo
XPNOUOTOINOE perform enqueued jobs MOTE va ATOSEIEEIG OTL TO USe case KAVEL enqueue PHeTd Ao
commit ka1 to job Ppioket to row. External provider pévet fake pe contract mov kataypdgpet
idempotency key.

Aoxipaoe duplicate delivery kaAwvtag to 1510 job 60 popeg. Aokipaoe timeout peta to fake provider
effect kan mtpiv 1o local mark. 'EAeyEe v tehikn business invariant, oyt amAmg 0Tt €yive retry.
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Transactional tests kai1 To Kpu@o 6pio

Ta Rails tests TuAiyovtan cuvr|Bwg oe transactions. Auto kpatd tn faon kabapn ala propel va
aAaEeL To oTe TpeYovV after-commit callbacks 1 1t Aemer Sevtepn connection. Concurrency test pe
threads ypelidetan mpaypatikeg Eexwploteg connections kat cleanup strategy sov Sev kpUpet
uncommitted fixtures.

Mnyv amevepyormoteig transactional tests yia 0Ao to suite ene1dn éva test to xperddetar. dniage pikpn
integration katnyopia pe cagn cleanup. TpeE’ v pe tov 810 database engine kau isolation mov
xpnowuomotei production.

Time ka1l nondeterminism

Xpnowonoinoe travel to ywa expiry logic ala £éAeyEe kot timezone boundary. Mn ompileoat o
sleep. Iia job scheduling é\eyEe scheduled timestamp 1) advance controlled time. Randomized test
order astokaivrmtel shared global state. 'Otav epgaviotei failure, kpata to seed kat S10pOwoe v
QITOUOVW®OT).

Parallel tests amokaAbntovv hard-coded unique values, shared files kot global singletons. Aev mpémet
va amevepyoroteig parallelism povo yia va kpUwelg race tov test setup. Eeympioe opwg test-only
collision a6 mpaypatiko production concurrency claim.

KENTPIKH IAEA

To test TpéTTel va atmotuyxavel 6tav oTrdael n €yyunon Kal va PEVEl TTPAaIvo OTav aAAGEel Hovo n
eowTePIKN dladpopr|. AuTo gival TTIo Xprioiyo atrdé uwnAo line coverage.

H m\npng Rails avagopa eivan to Testing Rails Applications.

EAErX0zZz ZTH AIKH ZOY EOAPMOTH

Mdpe éva production incident A coBapd bug. Mpdwe TTpwTa TRV AveTOUUNTN TEAIKA KaTtdoTaon. Bpeg
TO XaunAGTEPO test boundary TTou PTTOpEl va TNV avatrapdayel Xwpic va mock-apel Tov unxaviouo rou
¢omaoe. MNpdoBeoe To test Tpiv kavelg refactor.
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KE®AAAIO 18

Instrumentation, events kai errors
Logs Aéve T ouvERN. Metrics Aéve TTGO0 ouxvad. Traces Aéve
TToU TTAYE 0 XpOovoc. Error reports kpaTtouv 10 failure padi pe
context.

;e ———n
I Rails.error '
| what failed !
_____ )
Trace
where time went \
Requestljob [ Change one thmg

\

\ Metric
how often / how long
Structured event

what happened

>xAua 18.1 - Requests kai jobs Trapdyouv diagopeTikd feedback signals Tou odnyoulv o€ pia ouykekpIEVn aAAayr).

ZEKiVa a1TO £PpWTNON
«Bd\e observability» Sev eivan task. «Tarti to confirm endpoint €xel p95 mave amoé 800 ms;» eivat

epwtnon. Xperaleoat ouvoAiko latency, queue wait, SQL time, lock wait, external call time ko
allocation signal. KaOe signal mpémel va odnyet oe amtog@aon.

Bdle request id oe logs, events kat error context. BaAe job id kat logical operation id ota background
flows. Mn ypnotuormoieig email, token 1) ohoxAnpo payload wg correlation key.
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Framework notifications

To ActiveSupport: :Notifications ekBetel events ywa controllers, SQL, jobs, cache, rendering kau
storage. Subscriber maipvet duration, allocations kat payload avaioya pe to event.

RUBY

ActiveSupport::Notifications.subscribe ("process action.action controller") do |
event |
Rails.logger.info(
event: "rails.request",
controller: event.payload[:controller],
action: event.payload[:action],
duration ms: event.duration,
allocations: event.allocations

)

end

Subscriber tpéyel péoa oto observed execution path. Bap serialization 1) network call ekel mpoofetet
latency oe ka0e request. IIpotiunoe yprnyopo adapter, sampling ka1 bounded payload.

To sql.active record §ivel SQL, binds, async flag, cached flag, row count kot current transaction
omov vrooTtnpidovratl. Mnv otélvelg raw binds oe logs av pmopet va epiexovv mpoowmka dedopéva.
INa query fingerprint agaipeoe literal values kat kpata operation name.

Structured events ot1o Rails 8.1

To Rails 8.1 mpooBeoe Event Reporter e Rails.event. H epapuoyn ekmeusnel named event kat
structured payload. Subscribers amogpaoilovv serialization ko Tpoop1opO.

RUBY

Rails.event.notify(
"reservation.confirmed",
reservation id: reservation.id,
account id: reservation.account id,
seats: reservation.seats

To event name spemnel va meptypagpel yeyovog, oxt log sentence. Kpata schema pikpo, documented
ka1 low-cardinality omov mpoopiletar yia metrics. To reservation id elval xprolpo yw trace 1) audit
search aAAQ kaTaoTPOoP1KO WG metric label oe time-series backend.

Context pmopel va epappootel pia popd oto request boundary.
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RUBY

class ApplicationController < ActionController::Base
before action :set event context

private

def set event context
Rails.event.set context (
request id: request.request id,
account id: Current.accounté&.id

)
end
end

Mnv Badeig secrets, authorization headers 1 avene&epyaoto request body oto context. To structured
format kavel ta SeSopéva evkoAdTEPA OTNV AVAJTNOT KAl ApA ALEAVEL TNV AVAYKN YA privacy
discipline.

Rails.error YIG fai I U I'eS

To Rails tuiyel requests, jobs kat runner executions pe error reporter. 'Evag subscriber pmopei va
oteiret unhandled errors o€ monitoring service ywpig custom middleware. I'a handled exception
Xpnoomoinoe to kataAAnio API kat SnAwoe context.

RUBY

def fetch partner status(reservation)

Rails.error.record(context: { reservation id: reservation.id }) do
PartnerClient.status (reservation.external id)
end
end

To record avagépel kat Eavaonkawvel. To handle ava@épet kat katastivel. Mnv Stahéyeig handle
ene1dn) Beherg Miyotepa errors. Xpnolpomoinog to povo otav vrdapyet tpaypatiko fallback kot n
OUVEXELA EIVAL AOPAATC.

RUBY

def optional recommendations (user)
Rails.error.handle (RecommendationService: :Unavailable, fallback: -> { [] })
do
RecommendationService.for (user)
end
end

To error class, handled flag kot source eivat ;o yprowa amno free-form message aggregation. Kpata
stack trace ywa debugging adA\da opadomoinoe pe otabepo fingerprint wote éva incident va pnv yivet
¥aSeg Srapopetikeg eldomooerg.

Metrics pe cwoTé denominator

Metpag reservation conflicts. O ap1Bpuog 200 povog tov Sev Aget timota. O¢erg conflicts ava confirm
attempts, yoplouéva iowg ava endpoint version 1) shard. Aev 6¢lerg label ava user 1) reservation.
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Latency 0¢Ae1 distribution, 61 average. p50 Seiyvel typical, p95 kat p99 Seiyvovv tail. Queue latency
UETPIETAL a0 enqueue pEYpt start. Execution latency aso start uéypt finish. End-to-end business
latency aso durable intent peypt delivered effect.

Traces kal boundaries

"Eva trace mpémet va Seiyvel request, SQL, cache, external HTTP kot enqueued job wg Eexwprota
spans pe propagation id. Aev xpelaletan va trace-apeig kaBe Ruby method. BaAe spans yUpw amo
boundaries omov epuéverg I/0 1 drtov aAhadel owner.

Sampling 1% pmopet va yaoel omavio error. Kpata head sampling yia ouvn6iopéva requests kau tail iy
forced sampling yia failures av to tooling to emtpémnel. Mnv avgnoeig sampling ywpig va petpnoeig
koOoTog kau data retention.

A1ré dashboard og runbook

KaBe alert yperadetan symptom, threshold, ypoviko tapaBupo, owner xat tpoto diagnostic query.
CPU 90% yia eka Sevtepolenta pmopel va eivar puaotohoyko. Oldest critical job mavw amo mévte
Aentd propel va onpaivel user-visible failure akopa k1 av CPU sivat xaunAn.

YUvSeoe deploy marker pe metrics kau errors. Av 10 p95 avefnke apéowg petd to release, to diff eivan
evidence. Aev eival amoSeln artiag aAd pikpaivel toAl To search space.
KENTPIKH IAEA

To kaAUTepo event €xel Gvopa, oTaBepd schema, correlation id kal ca@r] KaTavaAwTr|. Av Kaveig dev
MTTOPEI va TTEl TTola aTTéQacn Ba TTAPEl ATTd AUTO, PNV TO EKTTEUTTEIG AKOMA.

O emionueg avagopeg eivat 1o Active Support Instrumentation, to Error Reporting kat ta Rails 8.1
release notes.

EAErX0OZz zTH AIKH ZOY E®QAPMOTH

AlaAe€e €va critical endpoint. 'pdwe TPEIG EPWTACEIG TTOU CAUEPT OEV PTTOPEIG va aTTavTHOEIS. M
kaBepia eTTiAeCe éva event, metric r} trace span pe bounded cardinality. Np6cBeoe TTpwTa PSVO TO
signal TTou odnyei o€ CUYKEKPIPEVN ATTOGAON.
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KE®AAAIO 19

Security boundaries

To Rails divel ao@aleic defaults kai helpers. H epapuoyn
e€aKoAouBei va atropaailel TTOIoV EUTTIOTEUETAI, YIA TTOIO
object kai yia TTo1a eVEPYEIQ.

——=——-=——=—=——== = \ 4 D a 3
' Untrusted input | Authorize object Escaped output
I____¢____) and action . )
) ¢ / N
Typed parameters Credentials stay
and limits Bound SQL values out of payloads

>xnua 19.1 - K&Be untrusted input Trepvd shape, authorization, bound query ka1 escaped output.

Authentication dgv gival authorization

To Current .user amavtd molog eivat o caller. Aev amavtd av pmmopei va 8e1 avtr) ) reservation. To
aoaieotepo lookup Eexva and authorized scope avti va poptavet global record kat va eAeyyet
apyotepa.

RUBY

class ReservationsController < ApplicationController
def show
reservation = Current.user.reservations.find(params.require(:1id))
render json: ReservationSerializer.new(reservation).as Jjson
end
end

I'a admin 1} account-level access, To scope mpemnel va ek@padel TNV TPAyUATIKT) policy. Strong
parameters Sev kavovv authorization. AmAwg meplopilovv fields stov pmopoliv va stepacovy oe mass
assignment.

RUBY

def reservation params
params.expect (reservation: %i[event id seats])
end

Mnv emTpenelg account id, user id, role 1) status a0 client av mpémerl va mpoxk\ITTOLY ATTO
authenticated context 1| server transition.
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Injection o€ kKABe yAwooa

Hash conditions xat bind placeholders mpootatevovv SQL values. Dynamic column, order direction
ka1 function name eivar SQL syntax kat ypeialovtat allowlist.

RUBY
SORTS = {
"soonest" => { starts at: :asc },
"latest" => { created at: :desc }
}.freeze
order = SORTS.fetch (params.fetch(:sort, "soonest"), SORTS.fetch ("soonest"))
events = Event.published.order (order)

To 1810 boundary vrtapyet oto shell. Mnv xtidelg command string asto filename 1) URL.
Xpnowonoinoe argument array e system, Open3 1) library API. Akopa ko 101 ¥peraleoan size, path
kau resource limits. Safe escaping Sev otapata zip bomb 13 command mov emTpénetar Al kooTidet
vIEPPOAKA.

XSS ka1 safe HTML

To ERB kavel escape kavovikd to output. To raw, html safe kot custom sanitization agaipotv avtr
Vv mpootaoia. Mnv onueinvelg user content safe enedn) «epyetar and Markdown renderer».
Renderer configuration, URL schemes kat embedded HTML eivat pépog tov threat model.

Xpnowonoinoe permitted tags ko attributes pe Rails sanitizer 0tav xpeialetar rich content. Content
Security Policy peimvel impact ala Sev SiopBavel unsafe rendering. Test pe payloads oe text,
attribute, URL kau script contexts eme1dn 10 cwoto escaping e€aptatan asto to context.

CSRF ka1 session semantics

Ye browser app pe cookie authentication, o browser gtéAvet cookie kai o€ cross-site request otav ot
cookie rules 1o emtpemovv. To Rails authenticity token mpootatebel state-changing requests. Mnv
amevepyomoteig CSRF global yia va SovAéwer éva API endpoint. Xaopioe cookie-auth browser
controllers amo token-auth API boundary kat 0pioe owotd CORS policy.

Meta amo login kdave session rotation wote attacker-provided session id va unv empiwoet. Meta amo
password reset 1) privilege change, okéyov server-side invalidation 6Awv Twv mal®v sessions. To
default encrypted CookieStore kpatd session data otov client kat €xel pikpo size limit. Encryption
TPOOTATEVEL TO TEPLEXOLEVO OO0 TO secret HEVEL AoParEG. Aegv kavel To cookie aueoa revocable xwpig
S1k0 oov server-side version 1 session record.

Signed ka1 encrypted pnvopara

Signed id amoSekviel 0T o token SnuiovpynOnke amd v epappoyn kat Sev aAae. Aev kpUpet
avaykaotika to underlying id. Encrypted message kpUpet kat tpootateel o content. BdAe purpose
Kau expiry wote password-reset token va punv xpnopomoteitatl oe dAo endpoint 1} yia mavra.
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RUBY
token = user.signed id(purpose: :email confirmation, expires in: 30.minutes)
user = User.find signed! (token, purpose: :email confirmation)

Authorization Eavatpeyel otav xpnouomoteitan to token. 'Eykupn voypagn dev onuaivel 0Tt o
account eival akopa evepyog 1 0TL 1 evépyela dev 0AoKANpwOnkKe.

Secrets kai logs

Rails credentials fonBovv va amoBnkevelg encrypted configuration oto repo pe key €w asto avto.
Environment variables kot external secret stores elvanr dh\eg emhoyeg. Te OAeg, TEPLOPIOE TTO10
process pmopel va Stafdaoet . Mnv epgavideirg secret oe console transcript, exception context,
structured event 1 job payload.

To filter parameters TPEMEL va kKaAUmTel password, token, authorization, secret, card-like fields
ka1 domain-specific tpoowmkd SeSopeva. "EleyEe mpaypatiko log sample pe synthetic values. Mnyv
vmoBételg 0T gem-specific field name Ba pAtpapiotel povo tov.

URLSs, redirects ka1 server-side fetch

Open redirect emtpémnet phishing péow éumotov domain. Mn Sivelgallow other host: true O€
URL ast6 params ywpig permitted hosts ka1 scheme. T'a return path, potipunoe signed internal path
N named route.

Server-side URL fetch €yet xivbuvo SSRF. DNS ptopet va dei€et internal IP, redirect pmopet va
aMa&et host kat IPv6 notation pmmopel va mapakdauypet amo string filter. Ipotiunoe provider-specific
clients ka allowlisted hosts. Kave validation petd amo ke redirect kon fae connect, read ko total
limits.

Uploads ka1 background boundaries

Filename, content type ka1 metadata eivar untrusted. AmoOrjkevoe bytes £€w asmto public executable
path, Snuiovpynoe safe server filename kot o€pPipe pe cwoto Content-Disposition. Image processing
ka1t document parsing eivan attack surface. Tpe€e ta pe resource limits ka1 evnuepwpéva libraries.

Job payload ptopel va £xel SnuiovpynBet amd malo release 1) compromised producer. Kave
authorization ka1 precondition check Eava 0tav exteeitan critical job. Mnv Bewpeig 6T eme1dn) 1o job
elval «eowteptko» to record avnkel akoua otov 1610 account.

Admin kai blast radius

Admin interface ypeialetan 1oyvpod authentication, pikpo session lifetime, explicit authorization kat
audit events yla emxivivveg evépyeieg. Hide button Sev eivan permission. Bulk export mpémet va et
row scope, rate limit ko retention. Support impersonation spémnel va @aivetal kabBapd, va Afjyet kat
VA KATAYPAPEL TPAYUATIKO actor padi pe impersonated subject.
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KENTPIKH IAEA

2¢ KGBe boundary ypaye actor, object, action, trusted fields kai output context. Meta éAeyEe 611 n
améeacon yivetal server-side oTn OTIYPA TNG EVEPYEIQG.

H Paowkn emionun avagopa eivan 1o Securing Rails Applications. Ot security fixes €épyovtat kat wg
Rails patch releases, apa n ovvtpnon dependencies elval Hepog TnNg eQPApUOYNS KAl OX1 EeXwPloTh)
Sovierd.

EAErXozZz ZTH AIKH ZOY E®QAPMOTIH

Mdpe £va admin action kal akoAouBnoe actor, params, lookup, authorization, query, render kai log.
Aokipooe object dAou account, extra role param, external return URL kai HTML payload. Katéypawye
KGBe onueio 61ToU 0 KWAIKAG BaaileTal poévo oTo Ul.
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KE®AAAIO 20

Performance kai capacity

Latency cival xpovog evog request. Throughput ivai
requests ava xpovo. Capacity €ival TTooo work avTEXEIC TTPIV
0l OUPEC apXioouV va JEYOAWVOUV.

Requests arrive
40 / second DB connections Response

per request thread + connection

|
SQL + Ruby +1/0 | ,! Long work holds
|
Puma threads I

>xnpa 20.1 - ‘Eva apyo request kpatd server slot kai ouyvd database connection, peiyvovtag ouvoAikr) capacity.

Métpa 6An Tnv avauovi

O ypnotng PAemel xpovo amo v apien peypt v amokpion. To APM pmopel va petpa Hovo tov
XpoOvo agpov £va Puma thread stapet to request. Av 0Aa ta threads eivar busy, vapyet queue time
UITpooTd amod v epappoyr. H Siakpion e&nyet ywati to application duration gaivetal otafepo evm
1o end-to-end latency avefaivel.

Kateypawe tovhayiotov request rate, queue time, application time, SQL time, external I/0 time,
allocations, error rate kat saturation. Xpnoiposoinoe p50, p95 kat p99. To average kpOPel Likpo
TT0000TO TTOAD apywV requests mtov kpatovv disproportionate capacity.

NMpwrta To work ava request

IIpwv aAa&elg Puma settings, agpaipeoe mepirtd work. N+1 queries, peyaia result sets, repeated
serialization, unbounded regex ka1 synchronous provider calls §ev Bepamevovta pe meprocdTepa
threads. ITeplocOTepN concurrency popel va oteihel 1o 1610 akpifo work ypnyopotepa otn database
Kat va avénoet contention.

'Eva mipaktiko breakdown yia apyo endpoint eivat to €€ng.

1. ITooo mepipeve mpwv mapet server slot.
2. TIooa SQL queries €ékave KAl 000 TOWS ETETTPEWPAV.
3. ITooa model objects kat strings Snuiovpyndnkav.
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4. TIooo kpatoe database connection 1 transaction.
5. ITowo external I/O &ywve inline.
6. T1600 ¥povo mrpe render kat response transfer.

ANaEe TPOTA TO HEYAAVTEPO LETPNUEVO component IOV HITOPELG VA LEIWOEIS XWPIg VA AAAAEELG
correctness.

Puma processes kai threads

¥to CRuby 1o Global VM Lock emtpémner éva thread ava process va ektelei Ruby code kaBe otiypun).
Threads pmopovv va emikaAtpouv waits oe database, network 1 Ao I/0. Processes Xpnoiomolovv
Srapopetikog CPU cores aAAA KOOTI{OUV TTEPIOOOTEPT] UVTIUN).

Aev vapyet universal «5 threads, 2 workers». CPU-heavy rendering pmopei va 6¢Aet Atyotepa
threads kou tepioodtepa processes. I/0-heavy app pmopel va kepdioet amo nmepioootepa threads
uéxpt va avénbet tail latency 1| va kopeotel kamolo dependency.

RUBY

workers Integer (ENV.fetch ("WEB CONCURRENCY", 2))
threads count = Integer (ENV.fetch ("RAILS MAX THREADS", 3))
threads threads count, threads count

preload app!

To snippet eivau baseline ywa pétpnon, oyt prescription. To database pool kaBe process mpémnet va
Tapradel pe ) peylotn tavtoypovn database ypron. IIpooBeae web, job, Cable kot maintenance
processes mpv ouykpivelg pe database limit.

Copy-on-write kai preload

Me process workers, preload pmopel va emtpépel va potpaoctovv read-only memory pages asto to
parent. Kafe petafoAn peta to fork xavel copy ) oyetikn page. MeydAa mutable registries ka1 eager
caches peiwvouv 1o 0@elog. Métpa resident memory ava worker petd asd warmup, ot LOVO AUEC®WS
oto boot.

Hooks peta to fork mpémet va Eavavoiyouv resources mov Sev ivatl ao@aiEg va Lo1pacToy.
ZUyyxpovo Rails ka1 Puma Siayeipidovral moAa defaults aAAd custom sockets, clients ko threads
xperadovtau lifecycle review.

YJIT pe rpaypartiké workload

To YJIT pmopel va fedtiwoet Rails throughput kau latency oe katdAnAo Ruby version, pe emutAgov
memory cost kau warmup. Evepyosoinoe 1o oe avtummpoowstevtiko canary 1) load test. Métpa
throughput, tail latency ka1 RSS petd amd otabepd warmup. Mnv kpatnoeig alayn povo emeidr)
microbenchmark piag helper method £ywe ypnyopotepo.

Ruby ka1 Rails upgrades pmopet va aAa&ovv JIT behavior. Katéypawe akpifeig versions oto
benchmark ®ote to amotéAeoua va eravaiapfaverat.
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Allocations kai garbage collection

IToA\G pukpd objects avEavouv GC work kat memory. Active Record instantiation, JSON serializers
ka1 template helpers givar ouyveég mnyeg. To process_action.action controller event Sivel
allocations. Zuvdvaoe 1o pe profiler otav éva endpoint Eexwpidet.

Meiwoe rows kau fields mprv k@velg manual string tricks. p1luck 1) aggregation otn fdon pmopel va
apaipeoel ytaiadeg model instances. Cached primitive result popet va fon0roet repeated expensive
calculation. IIpooete va un petagepeig tepaotia objects oe global cache mov avEavet process RSS.

Memory leak 8ev eival kaBe avEavopevo RSS. Allocator fragmentation, JIT code ka1 warm caches
pmopovv va atabepomonBovv oe vynAdtepo plateau. Koita growth petd ano emavaiapfavopevo
1610 workload ka1 heap profiles. Worker recycling mepiopidet blast radius ada Sev avtikabiota root-
cause investigation.

Database wg shared capacity

Query latency avepaivel otav avénBolv active connections, lock waits, disk I/O 1| cache misses.
Application server tuning stov SutAaoiddel concurrent queries PTopel va PLEWOEL GUVOAIKO
throughput. Métpa database CPU, active sessions, wait events ka1 slow-query distribution pad pe
Rails metrics.

Connection checkout time eival ovpd péoa oto process. Database execution time eivan work petd to
checkout. AMeg AMoeig S1opBnvouy ta Svo. Mikpodtepeg transactions kat queries ameAevBepaovouy
capacity. MeyaAUTepo pool atAmg HELMVEL TNV TTPMTI OVPA UEXPL VA ELPAVIOTEL AAAOD.

Load test Trou poiddel pe production

Zéotave app, JIT, database caches kat connection pools mtpwv petpnoeig steady state. Meta Sokipaoe
kat cold start ywprota. Xpnowomnoinoe mix endpoints kat data cardinality stov potadouv pe
production. 'Eva benchmark povo oto /health petpd routing kai server overhead, ox1 v epappoyn.

AvEnoe load otadiaka peypt va deig saturation. Enueiwoe to onpeio 0mov queue time ko tail latency
apyilovv va avefaivouv un ypauuika. Meta kpata headroom yia deploy overlap, cache outage, retry
burst ka1 éva apyo dependency.

Mn load-test-apeig production ywpig capn £ykpion kat safeguards. "Eva test tov ypaget reservations
N otéAvel mail eivan mpayuatikn external action.

Performance budget avd boundary

Ia critical endpoint BaAe budget oe query count, returned rows, external calls ka1 response size. Aev
xpewadetar va yiver kaBe test timing benchmark, ene1dr) CI noise eivan peydro. Kparta structural
assertions oo suite kau calibrated load test ywpiota.

KENTPIKH IAEA

BeAtioTotroinoe work TTpiv concurrency. Metd pUBuioe processes, threads kai pools wg eviaio capacity
model. K&be auénon o parallelism mpétrel va éxel perpnuévo downstream headroom.

H emionun Baon eivar 1o Tuning Performance for Deployment.
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EAEFXOZ £TH AIKH 20Y EQAPMOIH
AidAege €va endpoint pe apketo traffic. Pnidée breakdown queue, Ruby, SQL, external I/O kai render.
Bpeg 10 saturation point oe ac@aAég test mepIBaAAov pe TpExov process/pool setup. ANage pia pévo
TTapApeTPo Kai Eavauétpa p95, p99, throughput, database load kai RSS.
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KE®AAAIO 21

Upgrades, migrations kai deploys
Xwpig downtime

2.€ rolling deploy 10 TTOAIO KaI TO VEO release TpExouv uadi.
KaBe aAAayn TTpETTel va gival cuuBaTr] Kal Je Ta OU0 PEXPI va
TEAEIWOEI N PETABAON.

EXPAND, THEN DUAL COMPATIBILITY

Release A Expand . Release B
reads old column add nullable new shape reads old, writes both

BACKFILL, SWITCH, THEN CONTRACT

v

Contract Release C Backfill
remove old later reads new in bounded batches

>xnua 21.1 - H ao@aAng aAayn schema trepva atmé expand, dual compatibility, backfill kai apydtepa contract.

AUo versions Tautéyxpova

To release B Eekiva evw instances tov A efumnpetovv akoua requests kat jobs. Job mov pnke amo A
pmopel va ektedeatel amo B. Web response asto A ptopet va ateidet Turbo event petda to boot tov B.
Rollback onuaivel 01t A pmopel va emotpépet agov B exel 116N ypawet véa data shape.

AvTo givan to faoctko compatibility test. 'Oyt povo «tpéyovv ta tests 0to véo branch;» aA\a «popet
KaBe evepyo version va S1afdoet 0,1 ypaPel T0 AAAO;».

Expand kai contract

IMa rename column, unv kavelg rename kot code switch oto 1610 deploy. IIpooHeoe véo nullable
column. Kave 10 véo release va ypagel kat ta S0 1) va ypapel o€ Lop@t) Tov KataAafaivouv kat ot
Svo versions. Backfill oe batches. AA\a&e reads oto veéo column. Trapata dual write kan agpaipeoe to
a0 column o petayevéotepo release agov Sev vapyet rollback mov to xperdletar.
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RUBY

class AddNormalizedEmailToReservations < ActiveRecord::Migration[8.1]
def change
add column :reservations, :normalized email, :string
end a
end

H npmtn migration eivon additive ko ypryopn otig meproootepeg oUyypoveg databases, aAd kaBe
DDL 0¢Aer adapter kau table-size review. To backfill Sev avrxel vtoypewTikd ot migration. Meydo
update yperaetan throttle, progress kat stop control.

A@ov 0Aa Ta rows £youV TIUT) Kat OAa Ta writers tn ypagouvv, mpocbeoe constraint pe ao@ain
adapter-specific oelpd. Ttov PostgreSQL pmopeig va ypnowpomnomoeig validated check strategy 1
staged validation yia peydio table. Mnv avtiypaweig DDL recipe xwpig va eAeyEeig akpipn database
version.

Defaults xwpig table rewrite surprises

Database defaults sipootatevovv writers stov Sev mepvovv value. Model defaults feAtiovouyv new
object behavior. Xpeiddeoat kat ta §vo Otav n invariant 1oyVel yia kaBe writer. H mpooBnkn default
KA1 NOT NULL 0g vrtapyov peyao table gxel Stapopetiko locking/rewrite behavior ava database
version. Métpa oe production-like copy kat fdAe lock timeout.

Migration process Sev mpémel va mepluével yia avta miow amo long transaction. Av DDL amotiUyet
ypnyopa, to deploy pmopei va otapatroet kabBapd avti va maywoel writes. To akpifeg lock timeout
elvat operational emthoyr| kat Oyt yeviko Rails default.

Indexes o€ {wvTtavo table

Y1ov PostgreSQL ypnotupomoinoe concurrent index build otav mpémnet va Statnproeig writes, pe
disable ddl transaction!.Metd éAey&e valid state kau query plan. 'Eva migration file stov
oAokAnpwOnke Sev amoSekviel 0Tt o planner xpnoomotet Tov index yia Tig mpayuatikeg bind
values.

Unique constraint oe mala data xpeiaetar duplicate cleanup stptv SnuiovpynOei. Av to cleanup
TpEYEL eve writers ouveyidovv, Bdie mpmta mechanism mov epmodidet véa duplicates 1) kave retry
pexp1 n unique build va kepSioet kaBapo dataset.

Rails upgrade wg csipda pikpwyv diffs

Av 1 epappuoyr) aneyet moAleg releases, avapadbuioe pia minor oglpd kdOe popd. To Rails upgrade
guide mpoteivel TpmTa KaAn test coverage ko petd Siadoyika Pripata. Tpé€e bin/rails app:update
oe kaBapo branch kat kave review kaOe config diff. Mnv Seyteig OAa ta generated defaults pnyavika.
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TERMINAL

bundle update rails
bin/rails app:update
bin/rails zeitwerk:check
bin/rails test

To config.load defaults kpatd maha defaults peypt va ta evepyomowoeig. To generated

new framework defaults X Y.rb emtpémnel va aAlagelg behavior éva setting kaBe @opd, pe test kan
deploy ava opdda. ‘'Otav 6Aa gxovv vioBetnOel, evnuepmvelg config. load defaults KAl APALPELS TO
POooWPVO initializer.

Awapaoce deprecations o€ production-like traffic smpiv tnv emtopevn upgrade. 'Eva method mov Sev
epavidetan ota tests pmopel va kaAgitan povo amod omavio job. Eto Rails 8.1 vrtapyovv adayeg 0mwg
deprecation yia order-dependent finder ywpig explicit order. To fix mpemet va ek@pAadel mpaypatiko
order, Ox1 va tpooBETel TUXAIO order (:id) YlA VA OlWINOEL warning.

Job compatibility

Queue pmopet va kpata serialized job asto mpornyovuevo release. Av aAAa&eig class name 1
arguments, o véo worker mpérmet va Stafadet Ta maid jobs péypt va adeidcouy 1) va yivel migration.
IIpotiunoe pkpa scalar arguments kot tolerant keyword defaults.

RUBY

class DeliverReservationJob < ApplicationJob
def perform(reservation id, template: "confirmation v1")
reservation = Reservation.find(reservation id) -
ReservationDelivery.call (reservation: reservation, template: template)
end
end

Av petovopdoeig job class, kpdta compatibility wrapper yia to retention window g queue. Mnv
apaipéoerg model constant mov Bpioketanr oe GlobalID payload mpwv xeipioteig ta pending jobs.

Assets, cache kail realtime compatibility

Fingerprint assets emtpemnovy maaid HTML va ntnoet taio JS 1) CSS 600 1o asset mapapevel
Sabeoo. Mnv kabapiderg mponyovpeva assets mpv An&ovv cached pages. Turbo kot Cable message
schema mpérmet va eivatl avekto kal amod tovg Svo client versions mov vtdpyovv ota avoiyta tabs.

Cache keys e version prefix emtpemovv véo release va un Siafadel incompatible serialized value.
Iportipunoe primitive cache payloads. Marshal object amo maia class definition eivan evBpavoto oe
rolling deploy kau reload.

Health, readiness ka1 graceful shutdown

Liveness amavtd av to process Cet. Readiness astavta av pmopet va deytel traffic. Readiness 6ev
TIPETEL VAL KAVEL AKP1BO query oe kabe probe ovte va dnuiovpyel cascading restart emeidn) eva
optional dependency &meoe.
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¥10 shutdown, otapdta véo traffic, agpnoe in-flight requests kat jobs va ohoxkAnpwBovv peoa oe
bounded grace period ka1 peta tepudtioe. Vykpive timeout tov load balancer, container runtime,
Puma kot job supervisor. To pikpotepo kpu@o timeout kepdidet.

Canary, observation kai rollback

Canary pelwver blast radius povo av ovykpivelg owota signals. Error rate, pgs5, database load, queue
latency xou business invariant failures mpwv ko petd. Traffic mix Tov canary mpémel va meprapfavet
critical paths.

Rollback code Sev avaipei migration 1) external effects. Av B éypaye value mov A Sev Stafadet, n
£moTPoPr) 0to A Sev eivar ac@aing. I'ia avto i backward compatibility sponyeitan tov deploy
mechanism.

Tpdye abort criteria mpv Eexvnoet rollout. «®@a Sovpe» Snuiovpyel Srampaypatevon v opa Tov
incident. 'Eva release pmopel va otapatnoet xwpig rollback av to schema eivan additive kat ta tahia
instances tapapévouv healthy.

To release packet

KaBe high-risk alMayn xpelddetat oUvtopo packet. Exact migration, compatibility matrix, expected
locks, backfill command, dashboards, abort threshold, reconciliation query ka1 cleanup release. Avto
Sev etvan ypagelokpartia. Eival o tpomog va unv avakaAvsmtelg to plan evo 1 faon epiuéver lock.

KENTPIKH IAEA

Expand o€ €va release. Metépepe kai emaArBeuce data aveédprnra. Contract pévo dtav kavéva
evepyo N rollback release dev xpeidletal 1o TaAIO shape.

Ot emionueg avagopeg eivan to Upgrading Ruby on Rails, to Rails 8.1 release guide xat 1o
Configuring Rails Applications.

EAErX0Zz ZTH AIKH ZOY E®QAPMOTH

Mape TNV eméuevn schema aAAayr). 'pdwe matrix pe TaAid code/new schema, véo code/old schema,
pending jobs kai rollback. Av kd&trolo keAi dev gival cupBatd, omrdoe Tnv aAAayr) o€ expand, code
switch, backfill, verification kai contract mpiv yivel deploy.
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NMAPAPTHMA

Nnyég kail XapTeg amroépaong

‘Ekdoon ava@opdg

To xepoypago Staotavpndnke tov ZemteuPplo tov 2026 pe ta emionua Rails Guides yia Rails
8.1.3.1. H éx8oon 8.1.3.1 Snuootevnke otig 29 IovAlov 2026 cVpPwva pe to emionuo Rails releases.
Patch releases aogpaieiag pmopel va aAra&ovv petd v ékdoon avtov tov PDF. 'EAeyEe Eava
maintenance policy mpwv mtapeig version decision.

To keipevo eivan TPOTOTLTN OVVOeDT). Aev avTiypagpel ta Rails Guides. O1 oUvSeopot eivar 1
authoritative ouveyela yia API details kol ahhayég éxdoong.

Framework kai execution

« Rails on Rack

« Action Controller Overview
Autoloading and Reloading Constants
« Threading and Code Execution

« Configuring Rails Applications

Active Record

o Active Record Query Interface
 Active Record Associations

« Active Record Validations

« Active Record Callbacks
 Active Record Migrations

» Transactions API
 Pessimistic Locking API

o Optimistic Locking API

« Multiple Databases

Async work kai delivery

« Active Job Basics

Action Cable Overview

Active Storage Overview
Caching with Rails

« Working with JavaScript in Rails

Feedback, ao@dA&ia kai production
» Testing Rails Applications
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 Active Support Instrumentation
 Error Reporting

» Securing Rails Applications

Tuning Performance for Deployment
« Upgrading Ruby on Rails

Rails 8.1 Release Notes

Molo epyaAcio yia ro10 TTPORANHA

MpoBANua MpwTto epyaAcio Ti Tapapével va eAEYEEIS
AITAG logical request Unique idempotency key External effect dedupe

Lost update Optimistic lock ) atomic update  Conflict UX kai retry
Oversell Row lock A conditional update Database invariant

N+1 Preload j query redesign Rows kai allocations
Xapévo job intent Transactional outbox Dispatcher reconciliation
AITTAG job effect Stable provider key Crash window petd T0 effect
Stale page peta write Writer read rj version Replica lag budget

Apyo6 endpoint Breakdown kai plan Queue time kai saturation
Risky schema change Expand-contract Release overlap kai rollback

To production review og dWOEKA EPWTHOEIG

ITowa invariant ;tpémel va 10VEL akOua Kat yia Sevtepo writer;
ITowo database constraint v kpatd;

IToV apyidel kat oV teAelmvel 1) transaction;

ITowo external effect Sev pmopel va kaver rollback;

T yivetar av to 1810 job tpeget Eavay,

ITowo read pmopet va aveytel replica lag;

ITooa rows kat objects dnuiovpyel to o ovyvo query;

ITowo cache key mepihapfavet dAeg tig dimensions tov output;

ITowo signal Seiyvel queue wait, lock wait kau provider wait Eeywprotd;
ITowo test xpnouomotei tov i610 database adapter pe production;
Mrtopet to tponyovuevo release va Siafaoet to veo data shape;

12. ITowo query asmtodeikvoet ot to backfill 1) to delivery odokAnpmOnke;

PENOT,@PRE

Pt
(==Y
= O

Av ma opdda ptopel va amavtrnoel avteg Tig epwtnoelg pe links oe kwdika, schema, tests kat
dashboards, Ta advanced Rails concepts &éxovv 16n yivet kaBnuepivr pakTikr.
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