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SINATRA MEXPI TEAOYZX MID TO PRODUCTION

MPIN ANOIZOYME TO REQUEST

To single-file app TeAgiwocE.
Twpa xTiCOUYE TO CUOCTNMA.

To mtpwto Sinatra route eivar oxedov vepPoAikd eVkoro. Avtn eivar 1 Svvaun tov framework kan padi
n mayida Tov. 'Otav n e@appoyn HeyoAwoel, To SLOKOAO KOppATL Sev elval va TpooHeoelg AAo Eva
get. Eivat va EEpeig molog kpatd state, mote £va response £xel IPAYUATIKA TEAEIwOEL, ota middleware
BAemouv pia exception, T1 epmiotebecal asmo proxy headers kat ;toon SovAeld xwpd oe kaBe Puma
process.

To BipAio Eexva amd mid-level. Aev e€nyel T etvan Ruby block i HTTP verb. Aeiyvel mog to Sinatra
petatpémnel class-level DSL oe compiled routes, mawg £éva Rack env yivetat request instance ko g to
body ovveyilet va (el agpo To route €xel emmotpepet. Metd mepva amo security, persistence, distributed
effects, streaming, concurrency ka1 production releases.

Mwg diaBddeTai

Ta kepdhaia 1 £ng 5 xtidouv Tov Xaptn g e@appoyng. Ta 6 éwg 11 akoAovBolv To request peoa amd
routing, control flow kau errors. Ta 12 €wg 18 kaAvmtovy rendering, HTTP kau security. Ta 19 £€wg 23
oxedialovv application kan data boundaries. Ta 24 ¢wg 30 katefaivouv oto runtime kal TEAEI®VOLY O€
¢va production correctness packet.

KaBe ke@ahaio €xel SOURCE TRACE kal PROBE. To mpato Seiyvel v mpaypatikr Stadpour) oty
£x8oon avapopdg. To Sevtepo petatpernet o mental model oe pikpo meipapa. Ta internals Sev
mapovatddovtal wg API. Xpnowomolotvtat yia va e€nyroouvv observable behavior kat yia va Bpeig
Eava v aAnbeia petd ano upgrade.

‘Ekdoon ava@opdg

H £x6oomn 1.0 eAeyyOnke tov ZemteuPpio tov 2026 pe Sinatra 4.2.1, Ruby 3.4.7, Rack 3.2.7,
Rack::Protection 4.2.1, Tilt 2.7.0 ka1 Puma 8.0.2. 'Omov pua cupmepipopd eEapTaTAl A0 SErver, proxy,
storage adapter 1) browser, emonuaivetat avti va amodidetat oto Sinatra.

To BiBAio dev yepiCel To Sinatra pe abstractions péxpl va poidoel ae aAAo framework. Kpatd 10 system explicit kai
TTPooBETEl structure pévo 6tav uTTApxEl ouykekpiyévo ownership A failure mode.
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SINATRA MEXPI TEAOYZ Mépa amé 1o single-file demo

KE®AAAIO 1

Mépa amrd 1o single-file demo

To Sinatra pével piIkpo poévo otav 1o application model €ivai
KaBapo. To pEyeBog Tou apyeiou dev A€l TiTTOTA yIa TO PEYEBOG
TOU OUOTIUATOGC.

' HTTP request
I untrusted input

Rack + middleware
transport policy

v

Sinatra modular app
routing + response

v

application core
use cases + invariants

v

DB / queue / provider
durable effects

Zxnua 1.1 - Aé 1o HTTP boundary ota durable effects.

"Evag mid-level Sinatra developer &€pet 1161 va ypaget routes, filters, helpers kat templates. To
emopevo Pripa dev etvar va pabet dMa 8¢ka DSL methods. Eival va otapatnoet va Oewpet to route
0AOKAN PN TNV epappoyn). To route eivan eévag transport adapter. ITapaiauBavert HTTP input, to
petatpénel oe command, kalel application code kat petagpadet to outcome oe HTTP response.

Avtn n Siakpron kpatd to Sinatra ekel srov eival Suvato: Aemtd, Aueco kat pofAEYIH0. Agv ¥petadeTat
va ytioeig éva uikpo Rails peéoa tov. Xperadetatl va Swoelg owner oe kabe amogpaor. To middleware
katéyel transport policy. To route katéxet HTTP mapping. 'Eva use case kateyel to workflow. H
database katéyel durable constraints. 'Evag adapter katéyel v emkovwvia pe Tpito cVOTHHA.
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SINATRA MEXPI TEAOYZ Mépa amé 1o single-file demo

H eAdxiotn modular fdaon

Ta epapuoyn sov Ba {noet meplocOTeEPO Ao £va script, Eekiva amod Sinatra: :Base. H class eivau
Rack endpoint ka1 pmropei va Sokipaotei 1 va tomoBemBei oe stack xwpig va poAtvet to top-level
namespace.

RUBY

require "sinatra/base"

module Seatly
class App < Sinatra::Base
configure do
set :show exceptions, false
set :raise errors, false
set :default content type, "application/json"
end

get "/health" do
content type :json
JSON.generate (status: "ok")
end
end
end

To configure €8 eival boot-time configuration. Aev eivan request callback. H seatly: : App kpatd
routes, settings, filters ka1 middleware wg class-level registries. 'Otav ¢pBet request, to Sinatra
XPNO1UOITOLEL request instance yia ta env, request, response, params KAl Ta instance variables tov
route. Auto 1o split Oa pag amaoyoAnoel oe 0A0 to BiAio.

To config.ru gival To composition root tov HTTP process:

RUBY

require relative "lib/seatly/app"

run Seatly: :App

Aev Badovpe business initialization kpuppévo oe route. dnidyvovpe ta long-lived objects oto boot kat
ta epvape pnra. 'Evag amAog container pitopet va eivan plain Ruby object, oyt dependency injection
framework.

RUBY

module Seatly
Container = Data.define (:reservations, :clock, :events)

class App < Sinatra::Base
def self.with(container:)
Class.new(self) .tap { |app| app.set :container, container }
end

post "/reservations" do
command = CreateReservationInput.from http (request)
result = CreateReservation.call (command, deps: settings.container)
present (result)
end
end
end
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SINATRA MEXPI TEAOYZ Mépa amé 1o single-file demo

To example Seiyvel contract, ox1 vitoxpewtiko folder layout. To from http empémetar va Egpel JSON,
headers kau status mapping. To CreateReservation.call dev mpémel va E€pet Rack env 1| Sinatra
helpers. "Etol pmopel va exteAeotel ano job, CLI 1 test xwpig fake request.

Téooepa OpIa TTOU TTPETTEI VA PaAivovTal

To mpoto eivat 1o process boundary. Class settings, database pools, HTTP clients ka1 caches {ouv
ePLocOTEPO Ao eva request. Ipémet va Eeperg av eivan thread-safe ko Tt oupPaiver petd ano fork.

To Sevtepo eivan 1o request boundary. Params, current user, response headers ka1 request id
avnkovv oe pia ekteAeon). Aev mpemnet va Stappéovv oe class variables 1) global registries.

To tpito eivan o transaction boundary. To 0T £va route eneotpeye 201 Sev ATOSEIKVVEL OTL
database write ka1 eEwtepiko effect eywvav atomically. ZuvBwg Sev eywvav. To workflow yperaletan
explicit commit, outbox 1) reconciliation.

To t€tapto eivan 10 protocol boundary. Route paths, JSON shapes, cookies, webhook payloads kat
cache validators eivan deployed contracts. AAAn ékSoomn tov client 17 dA\og process ptopel va ta
XPNoorotel otav to véo code xel 1161 KukAo@oproeL.

Structure pévo yia mpaypariké ownership

'"Eva directory services/ ev Snuovpyei architecture. Av dAeg ot classes TpafoVv settings, request
kau global clients, £xeig distributed route handler pe meprocotepa filenames. Kahbtepo test eivar va
ypaweig yia kaBe object pia mpotaon: sola amogaon katexel kau owa effects emrtpemetan va kavel.

To Sinatra 6ev emifaiiet model, ORM, job system 1} component lifecycle. Autod eivan ehevBepia, aAa
OTUaivel OTL 1) eQapuoyn TPEMEL va SnAcwoet Ta Sikd tng contracts. Kpdta to composition pkpo.
Iportiunoe immutable configuration, interfaces stov ekppalovtar pe pikpd Ruby methods kat adapters
7OV UITOPOLV Va avtikataotabovyv oe test ywpig aAlayr tov domain code.

SOURCE TRACE

H modular €icodog Trepiypd@etal 0To README . md, EVOTNTA Sinatra: :Base - Middleware,

Libraries, and Modular Apps. 2T10tagv4.2.1, n Rack €icodog €ival Sinatra: :Base.call Kal

#call! gt0 1ib/sinatra/base.rb. AkoAoUONoE Base.build -> Rack::Builder -> dispatch!
yia va &gig TToU TeAEIVEI TO composition Kal TToU apyilel To request.

MATIAA

Mn peTaTpémmelg To settings o€ service locator mou diaBadetal atrd TTavrou. Eival xprioiyo composition
surface, aAAG av kGBe object Bpiokel pdvo Tou TIG dependencies, ownership kai tests yivovtal adpata.

MHXANIZMOZ
To route eival HTTP adapter, 6x1 application layer. H o xprjoiun Sinatra architecture €xei1 pyikpé transport shell
kai plain Ruby core pe explicit dependencies kai invariants.

PROBE

Mape Eva uttdpyov route e database write kai provider call. Zxediaoe Tn diladpopur) request, parse, decision,
transaction, provider, response. Znugiwoe Tov owner Kkai To failure result kG8e BEAoug. Av dev uTTOPEIG va TTEIG TI
yiveTal 6tav o process TEoel 0 KABE oneio, BPRKES TO TTPWTO TTPAYHATIKO refactor.
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SINATRA MEXPI TEAOYZ To Rack contract wg apxITeKToVIKO 6pI0

KE®AAAIO 2

To Rack contract wg apXITEKTOVIKO O6pI0

KaBe Sinatra request cival pia KAAON ca11 envy. O,TI CUPPAIVE
TIPIV KAl META AaTTO auTr) TNV KAjon avikel oto Rack protocol,
ox1 otn DSL.

Rack server
creates env Hash
v

app.-call(env)

v

status + headers + body

v

server consumes

each or call
\ * 7
(- - - - - - - - - = \
| body.close |
I resource release |
D S S — 4

>xnua 2.1 - To Rack response TeAeiwvel 6Tav katavaAwOei kal kAgioel To body.

To Rack application contract eivan pikpo: éva object mtov asmtavtd o€ call, maipvel éva unfrozen Hash
KOl EMOTPEPEL [status, headers, body]. H ukpr) em@davela kpufet éva onuavtiko temporal detail.
H emotpoer) tov tuple Sev onpaivel 6T to response £xel oTakel. O server PeEmel AKOUN va
katavahmoel To body kat va to kAgioel.

10 Rack 3.2, 1o status eivar Integer TovAayiotov 100. Ta response header names eivat lowercase
strings. Ot values eivau strings 1) arrays aso strings ywpig NUL, CR 1) LF. To body amavtd o€ each 1)
call. Av amavta kat ota §Vo, Bewpeitan enumerable kat o server kaAel each. ‘0,11 yield kavel tpémet
va eivan String.
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SINATRA MEXPI TEAOYZ To Rack contract wg apxITeKToVIKO 6pI0

RUBY

class TinyRackApp
def call (env)
request id = env.fetch ("app.request id")

body = T["request=#{request id}\n"]
[200, { "content-type" => "text/plain" }, body]
end
end

To env givan ko1vog xmpog ovvepyaoiag middleware ko endpoint. Ta CGI keys 0mtwg REQUEST METHOD
Sev €xovv tedela. Application-specific keys mpémet va £xovv namespace, OwG seatly.request id.
Mnv amoBnkevelg ekel object mov BEAeig va {rjoet petd to request ywpig cagég cleanup. To env
ta&idever mpog ta péoa ot otoifa kot pmopet va kpatrjoet reference oe buffers, sessions, transactions
n trace state.

To body gival resource boundary

"Eva array amo strings eivat astho body. 'Eva file iterator, streaming producer 1) database cursor £xet
lifecycle. To Rack astantel va kAnBei close 0tav to body 10 vITOOTNPIEL, AKOUT KAl OTAV 1) KATAVAA®OT)
amtotuyet 1) otav middleware avtikataotroet To body.

RUBY

class ClosingBody
def initialize (rows, release:)
@rows = rows
@release = release
end

def each
@rows.each { |row| yield JSON.generate (row) << "\n" }
end

def close
@release.call
end
end

H close mpémel va eival ao@aing av kAndei Eava. Mnyv vitobeteig 6Tt to happy path eivan n povn
S1adpopr). Client disconnect, middleware error 1) internal subrequest pmopovv va kAeioovv to body
vapltepa. Av to body katéyel connection, file descriptor 1) subscription, n idempotent cleanup eivat
UEpog tov contract.

Middleware stov B&Aet va petprjoet OAN ) Sidpkela Sev mPemel va Katavarooel to body péoa oto call.
IIpémet va to TUAIEEL KAl va OAOKATPMOEL TN LETPNOT) OTO close.
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SINATRA MEXPI TEAOYZ To Rack contract wg apxITeKToVIKO 6pI0

RUBY

require "rack/body proxy"

class TotalDuration
def initialize (app, emit:)

Gapp = app
@emit = emit
end

def call (env)
started = Process.clock gettime (Process::CLOCK MONOTONIC)
status, headers, body = QRapp.call (env)
wrapped = Rack::BodyProxy.new(body) do

elapsed = Process.clock gettime (Process::CLOCK MONOTONIC) - started
@emit.call (status: status, seconds: elapsed)
end
[status, headers, wrapped]
end
end

AvuTo petpd peypt 1o close, Oyt amAmg peypt va mapaybovv headers. Av 10 Gapp.call ONK®MOEL
exception mptv emotpewet body, xperaletar Eexwplotd error path yia va kataypagei n amotuyia. Av 1
epapuoyn xpnoipomotel to optional rack. response finished, 0 server pmopel va kaAéoet registered
callbacks pe env, status, headers kat error agov ene€epyaotel to response. Eneidn etvan optional,
npwta emPefainoe 0TL 0 handler To viomotel.

Internal requests dev gival dwpedv

To Sinatra emtpénel call env.merge ("PATH INFO" => "/other").AuTo €ivan véa Rack kAnon, oyt
Ruby goto. To returned body &xet lifecycle. Av 1o kavelg body . map, TO KATAVOADVELG, AANA TTPETTEL
akoun va @povTtioeig 1o close. ZvvnOwg eival kabapotepo va eEaydyelg Koo use case avti va KOAECELG
route asod route.

To SCRIPT NAME KO TO PATH INFO padi Seiyvouv ol eival mounted 1 epappoyn. URL generation stov
ayvoel To mount point SovAevel ot pida kat omdel TMOW A0 map "/admin”. To 1610 10xvel yia scheme
kat authority miow amod proxy. Avtd eivan Rack request semantics kat xperalovtat trusted proxy
configuration, o1 string concatenation.

Lint wg executable specification

To Rack: :Lint 8ev amobekviel business correctness. ITiavel opwg malformed env, headers, status kat
body behavior. BaX’ to o tests yOpw amod custom middleware kot streaming bodies. 'Eva middleware
propel va @aivetal owoto e array body kat va xavel close polg poet file 1y stream.

SOURCE TRACE

To normative contract €ival To SPEC . rdoc Tou Rack 3.2.7. Na 1n Sinatra petd@pacn deg
Sinatra::Basef#call!, Sinatra: :Response#body=Kal Sinatra: :Response#finish 010 1ib/
sinatra/base.rb. lNa HEAD behavior 8¢g Rack: : Headfcall oTo Rack 3.2.7, 1o otoio kAcivel To original
body ka1 To avTiIkaBIoTa Pe KeVO array.

MATIAA

Mnv peTpdg streaming endpoint pévo yupw atmo app.call. ©a kataypdyeig ypriyopo response evw) o worker,
T0 socket kal T0 body pévouv evepyd yia AeTTTd.
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SINATRA MEXPI TEAOYZ To Rack contract wg apxITeKToVIKO 6pI0

MHXANIZMOZ

To Rack tuple gival apxrj Tou response phase, 0x1 1o TEA0G Tou. Headers commit, body consumption kai body
close €ival dlo0QopEeTIKA XPOVIK& anuEia.

PROBE

®1dage body Tou ypdgel timestamps oT1a each kal close. [N€pacé 10 amd Rack: :Lint, Rack: : Head Kal éva
middleware 1mou avTikaBioTd To response. Aokipaoe GET, HEAD kai exception oto deUtepo chunk.
EmBePaiwaoe 611 TO close Tpéxel Yia TouAdyioTov @opd o€ KABe diadpoun.
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SINATRA MEXPI TEAOYZ Classic, modular ka1 Tpia scopes

KE®AAAIO 3

Classic, modular kai Tpia scopes

To Sinatra €xel class scope, request scope kal delegation
scope. Ta bugs apyilouv ot1av £€va object TotroBeTeiTal 01O
AGBo¢ atrod Ta Tpia.

| top-level DSL |
| Delegator I
? _____ * _____ 3
application class
settings + routes
i ! 1
prototype instance
shared references
. + 7

dup per request
env + request + response

v

route / filter / template
instance scope

>xnua 3.1 - H top-level DSL kataAfjyel o€ class registries kai request duplicates.

Me require "sinatra", ta top-level get, before kat set 8ev opidovral mAvw 0To main object. To
Sinatra::Delegator Ta tpowBel 0T povadikn Sinatra: :Application. AUTO givan 1o classic style.
Eilval e€aipetikod yia éva pikpo executable app, aAAd onpaiver pia classic application ava Ruby process
kat implicit global composition.

Me require "sinatra/base", opielg subclass Tov Sinatra: :Base. AutoO elval o modular style.
Mritopeig va £Xe1g TOMEG EPApPLOYES, Va TIG Kavelg mount, va Tig mepaoeig wg middleware kat va
Snuovpynoeig isolated subclasses yia tests. Agv yivetal avtoudtmg KaAn architecture. Asthwg ocov Sivel
kaBapo object boundary.
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SINATRA MEXPI TEAOYZ Classic, modular ka1 Tpia scopes

RUBY

require "sinatra/base"

class PublicApi < Sinatra::Base
get ("/health") { [200, { "content-type" => "text/plain" }, ["ok"]] }
end

class AdminApi < Sinatra::Base
get ("/health") { [200, { "content-type" => "text/plain" }, ["admin ok"]] }
end

Application scope

H class body tp&yet katda to load. Exel kaloOvtat get, before, helpers, register, use KAl set. Routes
kau filters ammoOnkevovtan oe class-level registries. Settings yivovtat singleton methods tavw otnv
application class. Apa avto to scope eivat process-level configuration, 01 xwpog yia current request
data.

RUBY

class Catalog < Sinatra::Base
set :page size, 50

configure :production do
set :show exceptions, false
end

helpers do
def canonical limit
Integer (params.fetch ("1limit", settings.page size))
end
end
end

To block Tov helpers ekteleitan o€ class scope yia va opioet instance methods. Ta methods apyotepa
TpeXovV oe request scope. To settings.page size Slafadet shared configuration. To params Srafadet
per-request state.

Request scope ka1 1o shallow dup

H class kpata éva prototype instance. I'a kd0e request, to instance method Base#call kavel
dup.call! (env).To duplicate maipvel véa instance variables yia env, params, request Kot response
puéoa oto call!. Ta instance variables mmov ypageig oe before filter 1) route aviikovv Aowtov oto request
duplicate.

To dup opwg eivar shallow. Objects mov varpyav 118N wg instance variables Tov prototype
avtypagovtal wg references. To built-in @template cache gival xapakmploTiko mapadetypa: ta
request duplicates BAémovv 1o 1810 cache object. To 1610 Oa cupfei av kaveig initialize custom mutable
array oto application instance.
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SINATRA MEXPI TEAOYZ Classic, modular ka1 Tpia scopes

RUBY

class UnsafeCounter < Sinatra::Base
def initialize(app = nil)
super
Qcounts = Hash.new (0)
end

get "/hit/:key" do
@counts|[params[:key]] += 1
@counts[params[:key]].to_ s
end
end

To hash dev eivan request-local. AnpiovpynOnke oto prototype mpv amnd ta dups kat poipaderal. Xe
threaded server to read-modify-write Sev £xet application atomicity. e multi-process server ka0e
worker £yel Stapopetikod hash. Apa to 1610 code eival Tavtoypova racy kot AoUVeETEG avda process.

Request-local state va dnuiovpyeitan peoa oe call!, filter 1 route. Shared state va eivan explicit
dependency pe tekunpuwpévo concurrency contract. Durable counters va avijkouvv og store mov
vooTnpidel TNV astartovuevn atomic operation.

ca11 KOl ca111 OEV EiVOI CUVWVUHA

To instance call (env) Snuovpyet duplicate. To call! (env) ypnowposmotel to 1610 instance. H emionun
TeEKUNPlwon avapepel To call! yua internal request oo 1810 application instance, aAAd avto exet
pueyaio coupling: avtikabiota env, params, request kai response mave oto active object. Nested ca11!
umopei va Stahvoet to outer request context. Ipotiunoe kowvo helper 1) use case.

H class method App.call (env) mepva amtd synchronize OTAV TO setting 1ock glval evepyo kal pHetd
KaAel To prototype. Me 1ock false, Siapopetika server threads pmopovv va ektedodv Srapopetikd
duplicates tapdMnAa. Me 1ock true, 6o To process yivetau single-request critical section. Auto givan
safety switch, Oyt capacity strategy.

Closures kpartouv 6,71 cuvéAafav

To route block petatpénetal o€ UnboundMethod, AAA objects mov £xAeloe o lexical scope mapapévovv
references. Av éva array 1 client SnpiovpynOnke e€w amd v class kot xpnopomoleitan péoa oto route,
etvan shared axoun ki av to route tpéyel oe véo duplicate.

RUBY

audit sink = Queue.new

AuditApp = Class.new(Sinatra::Base) do
post "/events" do
audit sink << request.body.read
status 202
end
end

To queue &yel thread-safe contract, dpa n emmhoyn pmmopel va eivat owotr yia in-process handoff. Aev
elvan durable ka1 kaBe process £xel Sapopetiko queue. To onuavtiko Sev eivar av o object etvan
global 1 closure. Eivau 1o lifetime, to concurrency model ka1 ) eyybnon mov tov {ntag.
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SINATRA MEXPI TEAOYZ Classic, modular ka1 Tpia scopes

SOURCE TRACE

Aeg 1ib/sinatra/main. rb yia TNV evepyotroinon Tou Delegator kal Sinatra: :Application,
Sinatra::Delegator, Sinatra: :Base.prototype, Basef#call Kal Basef#call! 010 1ib/sinatra/
base.rb Tou tag v4.2. 1. To request instance TTpokUTITEl e dup, OXI € TTAPEG new ava request.

NATIAA
Mn Bagrieig request-local omidfToTe ival instance variable. Av dnuioupyrbnke aTto prototype Trpiv amé 1o
dup, T0 referenced mutable object ptopei va gival shared ammé 6Aa Ta requests Tou process.

MHXANIZEMOZ

Class scope kpatd configuration kai registries. Request scope kpartd execution state. Delegation scope givai
convenience proxy Tpog Tnv classic application. To lifetime Tou object ival o onuavTiké a1od T0 syntax TTou
TO TTPOCTTEAACE.

PROBE

BdAe object idyia self, settings, request, response Kal €va mutable object TTou apyxikotroigital oT0
initialize. 21€iAe BUO TTOPAAANAQ requests. Katdypawe Trola ids aAAGdouv Kal TTola Pévouyv idia.
EmavaAaBe pe d0o Puma workers yia va &eig Tn diagopd thread sharing kai process isolation.
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SINATRA MEXPI TEAOYZ Boot, settings kai inheritance

KE®AAAIO 4

Boot, settings kai inheritance

270 Sinatra yeyaAo PEPOG TOU TTPOYPAUMATOG EKTEAEITAI OTAV
@opTwveTal N class. To boot cival aon ue side effects,
ordering kai fork semantics.

' require app files I
I class bodies execute I

Base.reset!
registries initialized

v

set / configure
define setting methods

v

subclass inherits
then owns registries

v

first call builds
prototype + middleware

2xAMa 4.1 - A6 10 class load oTnv TTpwTn Kataokeur) Tou Rack stack.

'‘Otav n Ruby Siafader pia Sinatra class, ot DSL calls ektedovviat apgowg. To get kavel compile route.
To use kataypagel middleware. To set opidet singleton getter, setter kan predicate. To configure
amto@aoidet ekeivn n otyur) av Oa tpeet to block yia To evepyo environment. Aev vVTdpyEL KPLET)
Oevtepn configuration pass.

AvTo onuaivel 0T og1pd TwV requires eivat observable. Av extension mepiuéver setting, route hook 1)
helper va vrtapyel tpv eyypapei, to load order eivat pépog Tov boot contract. KukAika requires ko
autoload surprises eivat WSaitepa akpifa exe1dn pmopoliv va aprioovy uooytiouévn class.

Ti1 KAVEI TTPAYHATIKA TO set

Ia scalar value, To Sinatra tapayet singleton method mov emaotpéget to value. I'a Proc, o Proc yivetat
getter kau exteAeitan kaBe popd mov SraPdadetan to setting. I'a Hash, o generated setter kavel merge e
TNV TPONYOUUEVT] TIUN. AUTEG Ol TPELG LOPPES EXOLV B1APOPETIKO XPOVO Al0AOYNONG.
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RUBY

class ConfiguredApp < Sinatra::Base
set :api version, 2

set(:ass@t_root) { File.join(root, "public")
set :limits, request bytes: 1 048 576, page size:

configure :production do
set :limits, page size: 50
end -
end

Boot, settings kai inheritance

To api_version eivau stable scalar. To asset root vmoAoyidetan oe kaBe read kot e€aptaTal Ao T0
TpEXOV root. To §eUTepo set :1imits KAVEL merge, OMOTE KPATA TO request bytes KAl AAALEL TO
page_size. AUTO elval Xpriolpo, aAAd pmtopel va kpowet typo oe key. Kave validation tov teAikov config

oto boot.

RUBY

module BootChecks
def self.validate! (settings)
limits = settings.limits

raise "request bytes missing" unless limits[:request bytes].is a?(Integer)
raise "page size invalid" unless (1..500).cover?(limits[:page size])

end
end

BootChecks.validate! (ConfiguredApp.settings)

Configuration error mpéset va piyvel to process mptv apyioet va dexetan traffic. Silent fallback oe
production credential, hostname 1 limit cuvr|Bwg petatpénel boot bug oe runtime incident.

Inheritance avTiypdgel policy, 6xi live state

'‘Otav Snuovpyeitar subclass, 10 Base. inherited KOAel subclass. reset ! ka1 0piet app file. To
reset gidyvel véeg registries yia routes, filters, errors, middleware kan extensions. Kata v
aAvVAYV®OT), TOAMA ato avuTta ovvévaldovtat e Ta registries tov superclass. Settings eivat inherited Ruby

singleton methods péypt to child va ta Eavaopioet.

RUBY

class ApiBase < Sinatra::Base
set :default content type, :json

before do
headers "cache-control" => "no-store"
end
end

class InternalApi < ApiBase
set :audience, "internal"

get ("/health") { JSON.generate (status: "ok",

end

settings.audience) }

To child route list eivat §1ko tov, ada to dispatch tepva kan asto routes tov superclass. Ta filters twv
ancestors tp&yovv mptv amo ta child filters ene1dr) to filter! katefaivel mpwmta oto superclass. Av
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SINATRA MEXPI TEAOYZ Boot, settings kai inheritance

base class yivel peydio implicit framework, kaBe aAayr) €xel mhaty blast radius. Kpata v base class
ukpn kot tpotiunoe modules 1) middleware yia policy pe cagpég contract.

Prototype ka1 middleware xriovrai lazy

H class method prototype kGvel memoize éva instance. H new evog Sinatra app dev emotpepet amimg
application instance: Snpovpyel instance, xti¢et o Rack middleware pipeline kau emotpéper

Sinatra: :Wrapper. H class-level ca1ll xpnowomotel to memoized prototype, apa 1 payTn Tpaypatikn
KA O™ wtopel va mAnpwoel initialization av Sev exet mponynBel warmup.

To use B€tel @prototype = nil, wote véa middleware definition va avaykaoet rebuild. Dynamic
route mutation 1) middleware mutation ag@ov Eexvroet traffic elvar SbokoAlo concurrency contract.
Treat the application class as frozen petd to boot, akoun kit av n Ruby Sev tnv €xet kavel freeze.

Prefork aAAddel To TTOU avoiyouv resources

Me Puma workers kau preload, nj epappoyn goptaovetat mpy anod fork. Read-only Ruby pages pmopotv
va Lo1pacTovV Hecw copy-on-write. Database connections, threads, mutex state, sockets kou
background loops Sev mpémet va kAnpovounBotv tugAd. Avoie process-owned resources o€ worker
boot hook 1} kave reconnect peta to fork. To Sinatra on_start Aertovpyei povo otav to Sinatra Eexiva

UOVO TOL TOV server, Oyl yevika yia kaBe rackup deployment, apa Sev eitvan portable worker lifecycle
hook.

Environment-specific config va emAéyetat oto boot, adAd secrets va unv Tusmm®vovTal G€ errors 1
diagnostics. Kpata fingerprint, presence kat source name, oyt value. e rolling release 5o generations
umopet va tpeéyovv padi. To config schema mipémet va eivan backward compatible oto overlap window.
SOURCE TRACE
270 1ib/sinatra/base.rb Tou Sinatra 4.2.1 akoAoUBnoe reset!, set, configure, inherited,

prototype, .new, build Kal use. Ta on_start Kal on_stop kaAouvTal atro 1o self-hosted run! path
péow start server Kal quit!, 6x1 ommé omolovdnTote Rack handler lifecycle.

MATIAA

Mnv avoiyeig thread ) network connection o€ class body xwpig va €xeig opioel TI cupBaivel o€ preload, fork,
restart kai test reload. To 61 T0 boot code Tpéxel pia @opd aTo laptop dev eivai production lifecycle guarantee.

MHXANIZMOZ

To Sinatra app €ival executable class definition kai lazy-built Rack stack. Metd 10 boot, settings kai registries
TIPETTEI VO avTIMETWTTICOVTAI WG immutable process configuration.

PROBE

Katadypawe PID kai monotonic timestamp oTo class load, 070 initialize, 0TO TTPWTO call Kal o€ Puma
worker hook. Tpé€e single mode, cluster xwpig preload kai cluster pe preload. EmBefaiwoe mou dnuioupyeitai
K&Be pool, socket kai thread Tng epappoyng cou.
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SINATRA MEXPI TEAOYZ H mpayuaTtikry middleware oToifa

KE®AAAIO 5

H mrpaypaTtikil middleware oToifa

H oeipd Twv middleware givai control flow. KaBopilel trolog
BAETTEI TO request, TTo10¢ XeIpileTal TNV exception Kal TTO10G
TTapaTtnpei 1o TEAIKO body close.

Puma / Rack handler

v

Sinatra defaults
Head + logging + sessions

| Rack::Protection |
I HostAuthorization I

application middleware
order of use calls

) y .
Sinatra instance
dispatch!

) 3 .

response unwinds
reverse stack

2xAua 5.1 - Ta defaults Tou Sinatra TuAiyouv Ta application middleware kai 1o endpoint.

To use potadel pe Aiota, aAAd to runtime eivan nested calls. Me use A, use B, run App, TO request
EPVAA -> B -> App KOl TO response eMOTPEPEL App -> B —> A. Av 10 B Sev karéoel downstream,
To App Sev exteleital. Av to App onkmoel exception, To B ) PAénel tpwto kabag Eetuliyetan ) Ruby
stack.

To Sinatra 4.2.1 xtidel mpota ta default middleware kot peta 6ca dniwoe 1 application class. H ogipa
twv defaults elval ExtendedRack, TPOAPETIKO ShowExceptions, IPOALPETIKO Rack: :MethodOverride,
Rack: : Head, logging, sessions, Rack: : Protection KAl Rack: : Protection: :HostAuthorization.
Meta épyovtal Ta application use entries ka1 010 k€vipo to Sinatra endpoint.
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Eme1dr) to Rack: :Builder#to app KAVeL reverse injection, To Tp@TO use elval 1o EEWTEPIKOTEPO
wrapper. Apa éva middleware stov SnAwvetar péoa otnyv Sinatra class fpioketat 7110 KOVTA 0TO
endpoint amo ta default protections. Aev Ba et request mov komnke amd e€wtepikod HostAuthorization.
Av B¢Aerg global access logging yia kaBe response, faie 10 €€ atd v Sinatra app 0Tto config. ru.

RUBY

require relative "lib/seatly/app"
require relative "lib/seatly/access_log"

use Seatly::AccessLog
run Seatly: :App

AvuToO 10 use avikel oe e€wtepiko Rack::Builder. TuAiyelt OAOKANPO TO Seatly: : App, Hadl UE TO
middleware pipeline mov yTie1 eowtepikd 1o Sinatra. H Stapopd Sev eivar aroOntikr). AAadet mola
failures kau blocked requests yivovtat observable.

Middleware contract pe body-aware completion

"Eva 0woto middleware ywpilet header latency asto total response duration. Aev petatpénel streaming
body oe array ko Sev Eexva 1o close.

RUBY

require "rack/body proxy"

module Seatly
class AccessLog
def initialize (app, sink: EventSink.new)

Gapp = app
@sink = sink
end

def call (env)
started = Process.clock gettime (Process::CLOCK MONOTONIC)
status, headers, body = @app.call (env)
wrapped = Rack::BodyProxy.new (body) do
@sink.emit (
name: "http.response.finished",
status: status,
route: env["sinatra.route"],
seconds: elapsed since(started)
)
end
[status, headers, wrapped]
rescue Exception => error
@sink.emit (name: "http.request.failed", error class: error.class.name)
raise -
end

private

def elapsed since(started)

Process.clock_gettime(Process::CLOCK_MONOTONIC) - started
end

end
end

To rescue ¥pnolUomolel Except ion €MEIST) kKAvel observation kot Eavaonkmvel apeéows. Aev HETATPETEL
signal 1 fatal exception oe application response. To body proxy avaiaupavet va tpow0Onoel close 010
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SINATRA MEXPI TEAOYZ H mpayuaTtikry middleware oToifa

original body. O sink mtpémer va €xer bounded, non-blocking 1 cagpag budgeted behavior. Synchronous
network export uéoa oto response close popet va kpatrjoet worker pHetd v asmooToAr).

Env ownership kai namespacing

Middleware pmopovv va mpooBecovv request id, authenticated principal, deadline 1) parsed metadata
oto env. To key mpémet va eivan namespaced. O owner mpémnel va opioel av downstream emipémetal va
0 aA\dEet kat mto1og kavel cleanup.

RUBY

class RequestlIdentity
def initialize (app, generator: SecureRandom.method (:uuid))

Gapp = app
@generator = generator
end

def call (env)
incoming = env["HTTP X REQUEST ID"].to_ s
env["seatly.request id"] = trusted?(incoming) ? incoming : @generator.call
@Qapp.call (env)

end

private

def trusted? (value)
value.match? (/\A[a-zA-Z0-9 -1{16,80}\z/)
end
end

To va Seyteig omorodnmote request id emtpénet log injection kat unbounded cardinality. Akoun kot
harmless metadata eivat input contract.

Authentication, transactions ka1 exceptions

Authentication middleware eival yprnowo otav tolMasntha Rack apps poipadovtat tov 1810 credential
protocol. Authorization cuvrBwg xperdletar domain resource kat pévet 7o kabapo oto application
layer. Transaction middleware yOpw asto oAOkANpo request eivan emxkivouvo yia streaming kau external
I/0: kpata transaction avouytr) puéypt body close 1, av kAeivel oto tuple return, pmopei va kavet
commit spv to lazy body ekteAéoet queries.

To showExceptions gival €§w amod application middleware. Ze development popei va petatpeypet
unhandled exception oe debug response. 'Eva outer observability middleware 0to config.ru PA&mnel to
amtotedeopa. 'Eva inner middleware pmopet va Set to raw exception kabwg avefaivel, avaloya pe 1o
Sinatra error handler kot ta settings raise errors Kol show exceptions.

Map kai cascade

Me Rack: : Builder#map, S1apopeTikd apps maipvouV IpocaploOUEVA SCRIPT NAME KO PATH INFO.
Me Sinatra wg middleware, éva route miss kaAel forward mpog To downstream app. Xwpig
downstream, OnNK®VeL Sinatra: :NotFound. To X-Cascade: pass 0€ 404 gival convention stov ptopet
va xpnolpomotoet outer router, aAa Sev onpaivetl 0T kaOe server Oa kavel avtopata fallback.
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SOURCE TRACE

At Sinatra: :Base.build, setup default middleware, setup middleware Kal TA ETMIMEPOUG
setup_* methods 010 1ib/sinatra/base.rb Toutag v4.2.1. H nesting ocipd empBePaiwveral oTo
Rack: :Builder#to app Tou Rack 3.2.7, 6TTou 70 @use.reverse.inject (app) KOTAOKEUAEEl TN oTOIRA.

NATIAA
Mn Bdaceig database transaction middleware yUpw até streaming response. 'H 6a kpatgeig locks 600
TepIpével o client ) Ba kAgioeig Tnv transaction Tpiv ekTeAeaTei To lazy body.

MHXANIZEMOZ
Application use kai outer config.ru use dgv £xouv To id10 observation surface. Zxediaoe middleware order
ue request path, response path, exception path kai body close path.

PROBE

Pd1idge Tpia middleware TTou ypd@ouv before, after, rescue Kal close Ye povadiké dvoua. BaAe éva £Ew
atré 10 app Kai dUo péoa. Aokipaae normal route, 404, blocked Host kai body Trou onkwvel exception ato
OeuTepo chunk. H ogipd Tou trace gival n mpaypatikr) cou middleware apXITEKTOVIKI).
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KE®AAAIO 6

Routes wg compiled mrpoypappa

‘Eva route d¢ev gival hash lookup. 210 boot pyetaTpéTreTal og
pattern, conditions kai bindable Ruby method 1Tou ptraivouv
o€ ordered registry.

get path, options
class load time

v

Mustermann pattern
params matcher

v

compiled conditions

UnboundMethod
i : i
routes[verb]
ordered signatures
. * v

process_route
bind to request dup

2xAMa 6.1 - H DSL kdavel compile 1o route rpiv €pBel To TTpwTOo request.

‘Otav ypa@elg get "/events/:id", To Sinatra extelel class method. H route kaAel compile!, 1 omoia
petatpénel to path oe Mustermann pattern, ouAé&yel conditions kat Snuiovpyel tpoowpiva instance
method pe 1o route block. ITaipvet 10 UnboundMethod, apaipel To named method asd v class kan
astoBnkevel wrapper stov Ba to kavel bind oto request instance.

To registry elvat routes [verb], l€ array signatures ot oeipa declaration. Aev vapyet automatic
specificity ranking. /events/:id pv amo /events/new WIOPEL VA Katautiel 10 new wg id. H oelpd
eivan pépog tov deployed protocol kat mpérmet va dokipddetar.
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RUBY

class EventsApi < Sinatra::Base
get "/events/new" do
content type :json
JSON.geHerate(form: "new event")
end -

get "/events/:id" do |id|
content type :json
JSON.generate (id: id)
end
end

H otatikn route paivet patn eme1dr) eivat o otevr). Auto eivar avBpwotvn policy, 0xt optimization
Tov router. Ze peydAn epapuoyn kparta related routes kovta kat ypawye precedence tests yia overlaps.

Mustermann givai 1o pattern boundary

String paths Sev yivovtatl amAn Ruby Regexp asto 1o Sinatra. ITepvoUv asmd Mustermann . new LE TA
global mustermann_opts kat Ta per-route overrides. To pattern object amavtd o€ params (route). I'a
regular patterns to Sinatra kavel emtutAeov match, yepidel params [ : captures] Kal tepva captures g
block arguments.

RUBY

class AssetsApi < Sinatra::Base
set :mustermann opts, type: :sinatra

get "/assets/:name.:ext" do |name, ext]
halt 415 unless %w[css Js].include? (ext)
[200, { "content-type" => "text/plain" }, ["#{name}.#{ext}"]]
end
end

To pattern kavet structural match. Aev emkvp@vel 0Tt T0 name avtioTolyel oe emtpento file ovte OT1 TO
id vmapyel. Route matching, input validation kou authorization eitvat tpia Siapopetika fripata.

Regex routes eivat yproipa, aAlad Snuiovpyovv 0o kivdvvoug. O mpartog eivan catastrophic
backtracking av to pattern epappuootei oe attacker-controlled path. O Sebtepog eivar acagpeg capture
contract petd ano refactor. Ilpotiunoe Mustermann string syntax otav ekgpadel o path. Av
xpeladetat regex, kpata to anchored ovupwva pe tig Mustermann options, Hikpo kat pe test oe pakpla
adversarial strings.

To route block diatnpei Ruby semantics

To generated UnboundMethod ONUALVEL OTL self kaTd To request eival to request duplicate. Helpers
eivan instance methods kot Bpiokovtat kavovikd. Lexical constants kan captured local objects
mapapevouv kavovika Ruby references. H compilation Sev petatpémnet business code oe immutable
plan.

H arity aAMadel v kAnon. Zero-arity block kaAeital xwpig extracted values. AAo block maipvet
flattened pattern values. Params mtapapévouv SiaBeo1pa kat wg params, aAAd block arguments kavouv
To route contract mmo opato.
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RUBY

get "/reports/:year/:month" do |year, month|
period = Date.new(Integer (year, 10), Integer (month, 10), 1)
ReportRenderer.call (period: period)

rescue ArgumentError
halt 400, "invalid period"

end

To local rescue 5o kaAvmTel LOVO TO parse mov yvwpilovpe. Aev kavel catch kabe standardError,
yiati database outage 1) programming bug Sev eivau invalid client input.

HEAD registration kai route hooks

To get ammoBnkevel GET route ko Eavaypnopomoiel tig idieg conditions yia va kataypawet HEAD
route. Auto emtpenel oto route va viroAoyioel headers 0mwg oe GET, evo To outer Rack: : Head
apaipel kat kAetvel 1o body. Av €xeig explicit head route, nj declaration order astopacilet moio HEAD
route Oa tpetel.

Extensions pmopovv va vhomo|oovy route added hook. Kaeitat pe verb, path kau original block
petda v eyypaen. Etvar kaAo onueio yia route inventory 1 boot-time validation. Aev etvar Adyog va
peTaAAGEeLg route registry evo Tpeyouvv requests.

Route inventory wg artifact

Ye production system, paths kau verbs eivan compatibility surface. Mmopeig oto boot va e€ayayeig éva
bounded inventory amd settings.routes, Xwpig va kavelg request-time introspection. Katéypawe
verb, pattern string, source location kat policy tags. Mnv kataypa@eig captured closure objects 1
source code.

'Eva route count metric Sev Aéet toAAd. "Eva diff mov Seiyvel 0T apaipeédnke POST /reservations 1)
o1t generic wildcard petakivnOnke stptv asto health route eivan release evidence.
SOURCE TRACE

2710 Sinatra 4.2.1 8¢ Sinatra: :Base.route, compile!, compile, generate method, get Kal
invoke hook 010 1ib/sinatra/base. rb. To runtime matching ouveyidel ota route ! Kai
process_route. To pattern contract rpoépyetar ammé 1o compatible Mustermann 3.x.

MATIAA

Mn dnAwveig dynamic routes atmé request. MetaAAdaoeig shared class registry, aAAaleig precedence yia
concurrent requests kai dnuioupyeic unbounded methods 1 closures xwpig lifecycle.

MHXANIZMOZ

Routes €ivai ordered compiled program. Declaration order, pattern semantics, conditions, arity kai captured
references avrikouv aTo execution model.

PROBE

TUTwoe yia kGBe verb Ta stored pattern classes kai 1o source location Tou original block péow gvég
route_added extension. Mp6oBeoe static, named, wildcard kai regex routes trou overlap. Zteile test requests
Kal emBeRaiwae TN oeipd TTou UTTOAGYIOEG TTPIV TPEEEIG TO app.
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KE®AAAIO 7

Precedence, conditions kal negotiation

To matching €ivai pipeline: verb, ordered pattern, extracted
params, conditions kai TeAIKG route body. KaBe o1adio utropei
va aAAGEel TO aTTOTEAEC Q.

request method
select route list

v

pattern.params(path)
) ¥

merge captures
request params

I conditions evaluate |
| in request scope I

first route that halts
or pass to next

>xnAua 7.1 - To route emA€yeTan povo agou Trepdoouv pattern kai conditions.

STV apyr tov route !, To Sinatra staipvel pdvo ) Alota tov current request method. I'a kaBe
signature kaAel process_route. To path kavovikomoteitar avahoya e empty path info Kot

strict paths, Hetd To pattern emotpepel params 1) nil. Av vrtapyel match, ta route params paivouv
poowpPva oto current params hash kat o1 conditions ektehovvtan pe self bound oto request
instance.

H mtpctn route mov 0AOKANPOVETAL KAVEL throw :halt HEO® TOV route eval. Condition mtov
emotpepet false ovpmepipepetal oav pass kai n avadntnon ovveyilet. Av teAeiwoovy ot child routes,
o Sinatra payvel routes twv superclasses. Apa inheritance kot declaration order oynuatidovv pia
ouvvoAkn ordered chain.

Conditions gival executable policy

Built-in conditions vtapyovv yia host name, user agent kot provided media types. Mmopeig va opioeig
custom condition péow setting ;tov kaAel condition. To block Tpéyxel oe request scope kat pmopet va
SlaBaoet principal, headers 1 feature state.
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RUBY

module RoutePolicy
def self.registered (app)
app.set (:requires role) do |role|
condition do -

principal = env|["seatly.principal"]
principal && principal.roles.include? (role.to s)
end B
end
end

end

class AdminApi < Sinatra::Base
register RoutePolicy

get "/metrics", requires role: "operator" do
content type :json
JSON.generate (Metrics.snapshot)
end
end

Avuto Aettovpyel, ard authorization mov e€aptatal amo loaded resource ovvrBwg eivar kabapoTepo
puéoa oto use case. Route condition taip1adel oe coarse access policy mpiv amd axpifr) SovAeid. Av
condition kavel database query yia ka0e candidate, overlapping routes toAamAac1iaovy To KOOTOC
Kat kavovv timing §vokoAo va mpofAepOel.

Condition name eivau setting method. Collision pe dAAo setting 1) extension pmopei va aAlager
semantics. Namespacing ka1 boot-time contract test elvat ypropua otav ypagpeig reusable extensions.

Content negotiation Xxwpig KPUPESG TTAPADSOXES

To provides petatpemnel extensions oe MIME types kat xpnolosnolel Request #preferred type. To
Sinatra avalvel to Accept, Talivopel entries pe quality, wildcard specificity kot apiBuo parameters kat
Bplokel mpwto compatible offered type. Av vitapyet match kan Sev £xer 1)8n response content type, 1)
condition to opicet.

RUBY

get "/events/:id", provides: :json do |id]
event = Events.fetch (id)
JSON.generate (event)

end

get "/events/:id", provides: :html do |id]
@event = Events.fetch (id)
erb :event

end

H order €6 eivan product decision otav o client oteihe */*. O tpwTog compatible route kepdidel. Av
browser ka1 API client yperdlovtan otaBepa defaults, ypdape ta pntd kot tpoobece vary: Accept Otav
shared cache pmopel va kpatnoel Stagpopetikeg representations tov idiov URL.

Before filter mov B&tel content type to kavel pin. Xto dispatch!, petd anod kabe before filter o Sinatra
ONUEIOVEL av vTapyel content type. X1o route ! kaBapilel To content type mpiv and kaBe candidate
uovo av Sev nrav pinned. Avto epmodiler failed provides candidates va agroovv stale negotiation
state, aAAd onpaivel 0 global before content type mepilopidet Tig routes.
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Path normalization givai policy

Me strict paths true, /events ko /events/ elval Stagpopetikad. Me false, to Sinatra apaipel to
trailing slash ektog amod root mpv kaver match. Empty PATH INFO ylvetal / €KTOG av £Xel
evepyomomnBel empty path info. Autég o1 puBuioeig ennpeadovv mounted apps kot proxies, apa dev
aMadovv aBopuPa oe rolling release.

Path traversal protection pmopei va tpomomtomoet to request path sipv ptaoet otig routes. Avto eivan
£va akoun mapaderypa omtov middleware order stponyeitat Tov router mental model. Test encoded
slashes, dot segments, duplicate slashes ka1 UTF-8 paths peow mpaypatikov Rack stack, o1 povo pe
direct method call.

pass WG controlled fallback

AVo routes pmopovv va potpadovtat pattern kat va arropacifouvy apyotepa. AvTo eival Xprjoiuo yia
negotiation 1 gradual migration, aAAd n amopaon npémnel va eival cheap kot deterministic. Av route A
kavel effect kan petd pass, route B Oa exteleotel emiong. To pass 6ev kavel rollback.

RUBY

get "/documents/:id" do |id|
document = Documents.find (id)
pass unless document.public?
present_public (document)

end

get "/documents/:id" do |id|
document = Documents.find(id)
authorize! (document, action: :read)
present private (document)

end

To example kavel dvo reads. Mimopel va eivat ammodekto 1 va ypetaletat shared loader helper. Mnv
artoOnkevoeig loaded document oe process-global cache amhawg yia va yAttwoeig query. Av to faAeig oe
request env, 0pioe namespaced key kan authorization semantics.

SOURCE TRACE

AkolouBnoe route! Kal process route 010 lib/sinatra/base.rb Tou Sinatra 4.2.1. lNa negotiation

0eG Request#accept, AcceptEntry#priority, MimeTypeEntry#accepts? Kal T0 class method
provides. To content type pin opidetal o1o before-filter pépog Tou dispatch!.

MATIAA

Mn Baceig non-idempotent effect Trpiv ammoé mBavo pass. To emopevo route Ba TPEEEI KAVOVIKA KAl TO TTPWTO
effect dev avaipeitai.

MHXANIZMOZ

Route matching eivai ordered execution pe mpoowpivé params state. Conditions €ival code, éx1 metadata.
Negotiation, inheritance kai path settings pmopouUv va aAAd&ouv tolo route kepdicel.

PROBE

Oniage matrix a1é Accept headers: absent, * /*, JSON pe peyaAdtepo q, HTML pe peyaAUTtepo q kai
unsupported type. Katdypawe route, status, content type kai vary. NpdoBeae condition TTou KAvel pass Kal
emPBePRaiwaoe 611 params atd 1o TPWTO candidate dev diappéouv oTO dEUTEPO.
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KE®AAAIO 8

halt, pass, forward ka1 control flow

T na1e KAl pass €ival non-local control flow pe Ruby th-ow KAI caten.
TO forwara €iVAI KAVOVIKI downstream Rack kAnon.

invoke
catch :halt

v

route block
normal Ruby call

l pass
I throw :pass

L T p—

next matching route
or downstream app

v

halt / return value
response tuple

Zxnua 8.1 - Ta 1pia control-flow epyaAcia oTapaTolv | cuvexifouv BIAPOPETIKO ETTITTEDO.

"Eva route return dev mepva anAag iow otov caller. To route eval TUAlyel TO route kKt kAvel

throw :halt, yield.Toouter invoke €€l catch :halt kal peTa@padel To caught value oe Sinatra
response. Auto e€nyel ylati €éva amAo String, status Integer, Rack tuple 1) enumerable body pmopotv va
elvau route result.

To halt kavel to 1810 throw vopitepa. Mmopel va mapet status, headers kat body. Aev givan exception
Kal éva rescue 6ev 1o mavel. Ta Ruby ensure blocks mov fpiokovtar avapeosa oto throw kan oo catch
TPEYOUV KAVOVIKA.
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RUBY

post "/admin/reindex" do
principal = env["seatly.principal"]
halt 401, { "content-type" => "application/json" },

[JSON.generate (error: "unauthenticated")] unless principal
halt 403, { "content-type" => "application/json" },
[JSON.generate (error: "forbidden")] unless principal.operator?
Reindex.enqueue
status 202
end

To explicit tuple amopevyel default HTML content type. Ta header names eivat lowercase yia Rack 3
correctness. H authentication kat authorization amogaon eivat EexwploTn ®OTE 401 KA 403 va Ui
ouyXEOVTAL.

pass OUVEYXI{EI TO route search

To pass kAvel throw :pass. Toprocess route €€l To avTiotoo catch. Apa eykataieinet conditions
n route block ka1 emotpé@el oto loop Tov route!. Aev Byaivel amod oAOkANpo To request. Optional
block 010 pass pmopet va kpatnBei wg fallback kot va a&lohoynBet av e€avtAnBolv routes.

RUBY

get "/exports/:id" do |id]
export = Exports.find(id)

pass { halt 409, "export is not ready" } unless export.ready?
send file export.path, disposition: :attachment
end

get "/exports/:id" do
halt 404
end

To fallback block eival advanced feature kan ebkoAa SuokoAetel v avayvwon. ZuviBwg eva explicit
branch péoa oe €va route eivat o kaBapd. Xpnoomoinoe pass OTAV OVING VITAPXOVV TOAATAOL
handlers yia 1o 1810 path space.

forvara XPEIALETOI dOWNnstream app

'‘Otav Sinatra app Aetrtovpyel wg middleware, kpatd eapp. Av kavéva route Sev taupraget, to
route missing KaAel forward. To forward kaAei downstream pe 1o 1610 env ko avitypagel status,
body kot headers otn Sinatra response. Xwpig downstream onk®vetal Sinatra: : NotFound.
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RUBY

class ApiGateway < Sinatra::Base
get ("/health") { "gateway ok" }

before "/internal/*" do
halt 403 unless env["seatly.principal"]&.operator?
end
end

use ApiGateway
run LegacyRackApp

Ed® o Sinatra eivan middleware. Route miss mepva 010 LegacyRackapp. 'Eva matching before filter
umopel va kowet to request spv antd 1o downstream. H oe1pd kan to path filter etvan gateway policy,
apa yperalovtal integration tests mov kaAvmtovv both matched kot forwarded paths.

Internal -.1: €ival subrequest

Mmopeig va kaAéoelg call pe modified env yia va evepyosotrjoeig Mo route. To instance call kavel
duplicate, ev®d call! ypnoposotel 1o id10 request object kal avtikabiota current state. Kat otig §vo
neputtwoelg maipvelg Rack response pe body lifecycle.

RUBY

get "/legacy-status" do
inner env = env.merge ("PATH INFO" => "/health", "QUERY STRING" => "")
status_code, inner headers, inner body = call (inner env)
chunks = inner body.each.to a
inner body.close if inner body.respond to?(:close)
[status_code, inner headers, chunks]
end

AvTo eivan syntactically valid, ad\a apyitektovikd akpipo. Eavatpéyet dispatch, filters kat route
matching. Mmopei va Suthaoidoet logging 1) va pmepdéyet request ids. Kowr) Aettovpyia va Byaiverl oe
method 1| use case.

Transaction semantics dev akoAouBouv 1o control flow

halt péoa oe transaction block eivan throw. Ruby ensure tpéyet, aA\a o database adapter pmopet va
Bewprjoet 1o block emTuynuévo av dev €1de exception. Av Béleig rollback, mpémel va xpnotpuomonoelg
To contract tov adapter 1 va amo@aoioeig pv avoifeig transaction. To 1810 10xVeL y1d pass: Sev
AKVPOVEL Writes stov Eytvay non.

"Eva broad wrapper mov kavel commit av to route dev raised pmopet va kavet commit petd amd halt
422, HTTP status ka1 transaction success eivan Siagpopetikeg Staotaoelg. Bale transaction yvpw amod
application operation, 01 yOpw asto arbitrary HTTP control flow.

invoke KOI return shape

To invoke petatpénel Integer ) String oe povo-element array. Av to result eivat array pe mp®To
Integer, apaipei status, teAevtaio body kat 0,11 pével to mepva wg headers. Av eival aAho enumerable,
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yivetau body. Unknown scalar mov Sev amavta og each Sev Oa ylvel avtopata xpropo response.
IIpotiunoe explicit return shapes ota shared helpers.

SOURCE TRACE

Agg Sinatra: :Base#halt, #pass, #forward, #invoke, #route eval, #route missing Kal #route!
070 1ib/sinatra/base.rb Tou Sinatra 4.2.1. To catch (:halt) BpiOKeTal GTO invoke, EVW TO

catch (:pass) tival yéoa 010 process_route.

NATIAA
HTTP control flow &¢v gival transaction control flow. halt, pass kai normal return ymopoUv va odnyRoouv €
commit av o database wrapper dev £xel diké Tou explicit failure signal.

MHXANIZMOZX

halt oAokAnpwvel To current dispatch, pass ouveyilel oTa erépeva routes kal forward KaAei downstream
Rack app. Mnv Ta xpnoipoTroigig wg utrokatdaTaro application workflow.

PROBE

TOMIEe route pe Ruby begin, rescue Kal ensure. Aokipooe normal return, halt, pass Kal exception.
Kataypawe tmoia blocks tpéxouv. Me test database, eravaAaBe péoa o transaction kal emBeBaiwoe av €yive
commit A rollback avrti va to cupTrepdveig ammod 1o HTTP status.
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KE®AAAIO 9

Request input, params kai trust
boundaries

TO perans €ival BOAIKO merge dIaQopPETIKWYV TTNYWV. Agv gival
validated command kai dev diatnpei atrdé JOVo Tou TNV
provenance Ka06¢ value.

- == =--==-= == N
| query + headers + body '
untrusted bytes I
__________ J
a + 3
Rack::Request
parse with limits
i : i
IndifferentHash
route captures + params
, ! 1
coerce + validate
allow known fields
, : i
typed command
trusted application input

>xAua 9.1 - Ta untrusted bytes mpéTrel va yivouv typed command Trpiv tdocouv oto domain.

TNV apyn Tov dispatch!, To Sinatra (Tl request .params Q7O TO Sinatra: :Request, IOV
KAnpovopel asmod Rack: :Request. Query params, form body kon multipart fields avaAtovtat amd o
Rack. To Sinatra ta fadet oe IndifferentHash, epapuodet default encoding kan apyotepa tpoobeter
route captures otav e€etadel candidate route.

Ia i810 key, to route param ovvnBwg viteployveL Tov LIIAPYOVTOC request param otav dev eivan nil.
AvTO amoTpénel ?id=other QIO TO VA AVTIKATAOTNOEL /events/ : 1d, A To merged hash
eEakohovbel va kpvPet v mnyn. Ta security decision poTipunoe request .get header, explicit JSON
document 1} named route argument avti va pdayvelg yEVIKA 0TO params.
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RUBY

post "/events/:event id/reservations" do |event id|
input = ReservationInput.new (
event id: Integer (event id, 10),
seat: params.fetch("seat") .to s,
request key: request.get header ("HTTP IDEMPOTENCY KEY").to s

)
result = CreateReservation.call (input)
present (result)
rescue KeyError, ArgumentError
halt 422, { "content-type" => "application/json" },
[JSON.generate (error: "invalid input")]
end

H petatporm oe immutable input object kavel opatda ta accepted fields. Aev tepvape oAdOkANpo to
params hash oto repository. To rescue kaAvmtel known coercion failures, oy1 ke exception.

Parse limits rpiv a6 allocations

Nested query strings, moA\a keys kot peydAa multipart bodies pmopotv va katavaimoovv CPU,
memory kot temp files pwv tpé€et route. Ta limits mipémet va vdpyovv otov edge server, oto Rack
parser 1 oe middleware mov tpé€yel mprv SiaPaotel 1o body. Route-level request .body. read eivan
apya av o server £yet 116n Sextel unbounded upload.

JSON body Sev pmaiver avtopata oto Sinatra params asto tov core. Alaface to pia gopa, pe media
type kau size contract. 'Eva helper pmopet va kpatroet parsed document oto request env.

RUBY

module JsonInput
MAX BYTES = 1 048 576

def json document
return env["seatly.json"] if env.key?("seatly.json")

halt 415 unless request.media type == "application/json"
payload = request.body.read(MAX BYTES + 1)
halt 413 if payload.bytesize > MAX BYTES
env|["seatly.json"] = JSON.parse (payload)

rescue JSON: :ParserError
halt 400, "invalid JSON"

end

end

To body read eivanl consuming operation. Av d&A\Ao middleware mpémel va 1o Siafaoet petd, xperadetan
rewind otav to input to vtoopidet 1) shared parsed representation pe capeg key. Mnv kaveig parse
Svo popeg. Mnv logdpeirg raw body oe error, ylati pmopei va sepieyel credentials 1) tpoowimika
SeSopeva.

Invalid encoding kai malformed forms

To Sinatra: :Request#params uSTGTpéﬂelRack::Utils::ParameterTypeErrorrKal
InvalidParameterError O€ Sinatra::BadRequest ue escaped message. EOF oe multipart yivetal
emiong BadRequest. Auto Sivel 400 avti yia generic 500, ala dev avtikabiotd application validation.
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Encoding conversion pstopei va amotuyet pv @gtaoet i) route. Aokipaoe invalid UTF-8, duplicate
scalar/array shapes ka1 unexpected nested objects. "Eva field ;tov 1 epappoyr) tepiuéver String pmopet
va @ptaoet wg Hash av o parser eytel name [key]=value. Kave type checks miptv asmo to_ s, ylati to
to s umopel va kpuyet shape attack avti va to amoppiypet.

Headers éxouv 81k Toug contract

Rack env header names ¢yovv CGI pop@n) 0w HTTP AUTHORIZATION, EKTOG QIO CONTENT TYPE Ko
CONTENT LENGTH. TO request.get header kavel v mnyr oca@r). Normalize povo 0,t1 emtpemnel to
protocol. 'Eva idempotency key umopei va €xe1 bounded ASCII grammar. Bearer token Sev mipémet va
lower-case. Host, Forwarded kau client IP ypeialovtat trusted proxy model.

Cookies eivat emiong attacker-controlled serialized input, akoun 6tav eivat signed 1 encrypted. H
Kkpumtoypagia aodekviel 0Tt ekdoOnkav amod holder tov key, oyt 011 To mepiexduevo eivat TpEXOV,
authorized 1 ovppato pe veo code.

Tempfiles kai lifetime

Multipart upload pmopet va Swoet tempfile. Mnv amoBnketerg to path yia job mov Ba tpe€er apyotepa.
To tempfile avrkel oto request lifecycle ko prtopet va Siaypagei. Kave bounded streaming copy oe
owned storage, vtoAdyioe digest kot kataypawe durable reference mpwv emotpewerg success.

Validation errors ypeialovtat stable machine code kau field paths. Mnv emotpégerg raw parser
exception message wg public API. Mmopei va adha&et pe Rack upgrade kat va amokaAtpet
implementation detail.

SOURCE TRACE

2710 Sinatra 4.2.1 akoAoUBnoe Sinatra: :Requestfparams, Basefdispatch! kai

Base#process_route 070 1ib/sinatra/base.rb. To TpwTo petappadel Rack parser errors, 10 deUTEPO
(POPTWVEI request params Kal TO TPITO TTPOCBOETEI TTPOCWPIVA route params Kai regex captures.

MATIAA

Mn Bewpeig 6Tl params [ : id] €xel yia TTNyN ) €vav TUTTo. Query, form kai route captures evwvovtal. Nested
parser input putropei va aAAa&er String o€ Array ) Hash.

MHXANIZMOZ

Parsing Tapayel data structure. Validation Trapdyel trusted command. Avapeca ota dUo XpelddovTal size,
shape, type, encoding ka1 provenance checks.

PROBE

>reile query kai form pe idio key, nested avri yia scalar value, invalid UTF-8, malformed multipart kar JSON éva
byte TTavw a1 10 limit. Katdypawe status, public error code kai allocations. ETepaiwoe 611 raw payload kai
secrets dgv ytaivouv oTa logs.
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KE®AAAIO 10

Response semantics, HEAD ka1 body
lifecycle

To route result yivetal response object, uerad Rack tuple kai
TENOC bytes. 2¢ kGBe peTdaon aAAdlouv ol Kavoveg TTou
IOXUOUV.

route result
String / tuple / body

v

invoke maps result
to Response

v

Response#finish
status + headers + body

v

server iterates body
bytes reach client

close even on error |
release resources |

>xAua 10.1 - Ao 10 route return péxpl TNV KatavaAwaon kai 1o close Tou body.

To invoke maipvel o result Tov route KAl EVNUEPMVEL Sinatra: :Response. String yivetat body.
Integer yivetau status. Array mov Eexiva pe Integer epunvevetat wg response shape. Ao enumerable
yivetar body. Zto téhog Tov call!, av dev vtdpyel content type, To Sinatra ypnowuosoiel content type
mtov pepel to rendered value 1 10 default content type.

To Response#body= EeTuliyel nested Rack::Response objects kot TuAiyet String oe array. To finish
agpaipet content headers ywa informational, 204 ka1 304 omtov amarteital, adeialet body ywa 204 kau
304 ka1 vitoAoyilel content-length pdvo 6tTav To body eivan Array, vitapyet content type ko Sev exet
noén oprotet length.
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RUBY

get "/events/:id" do |id|

event = Events.fetch(id)

payload = JSON.generate (event)

[200, { "content-type" => "application/json" }, [payload]]
end

To explicit tuple eivan xprjoo oe API boundary. Av ypnowosomoeig helpers, umopeig va ypaweig to
1610 0 PUOKA, apKel va Tapapével oaPng n TeAikn) representation.

HEAD &e¢v gival atrAwg dg0TEpO route

To get kataypagel kat HEAD route. H route ekteAeitan oote va mapayBovyv status kat headers, peta
1o default Rack: : Head KAeivel to returned body av €xel c1lose kal o avTikabota pe kevo array. Apa
expensive body generation péoa oto route pmopei akoun va ovuPet oe HEAD, e18ikd av Snuiovpyeig

0AOKAN po String mptv to return.

INa akp1pBo export, éva explicit HEAD route stptv anto GET pstopet va vtohoyioel metadata ywpig va
mapayet bytes. Ipémnet Opwg va Sivel ta 1dwa validators kat content headers stov 6a eiye to GET.

RUBY

head "/exports/:id" do |id]
export = Exports.fetch (id)
content type export.media type
headers "content-length" => export.bytesize.to s
status 200 -
end

get "/exports/:id" do |id]

export = Exports.fetch (id)

send file export.path, type: export.media type, disposition: :attachment
end

Ene1dn get mpoobétet emiong HEAD signature, 1) explicit HEAD route nipémet va SnAwBet iptv asto to
GET yw va kepdioet oto ordered registry.

Status ka1 body compatibility

204 ka1 304 Sev emTpenmeTal va petagepovy representation body 1 content headers. 1xx responses
£yovv emiong e1dikovg kavoveg. Mnyv emotpépelg generic JSON error helper aveEaptnta and status. To
helper ntpémet va yvwpilet av to status emtpémnet body.

Redirect helper emmAéyel 303 yia non-GET request mdvw oe HTTP/1.1 ka1 302 0g AAAEG TEPUTTOOELG.
Ta public API potipunoe explicit 303, 307 1) 308 avdioya pe 1o av o client pemel va alMa&er method.
Redirect semantics eivat protocol decision, 01 cosmetic navigation.

Headers dev mpémnet va mepiéyovv raw user input pe CR 1) LF. To Sinatra attachment kaBapidet
filename pe basename ko percent replacements yia quote, CR kot LF. Custom Content-Disposition
builder nipémet va kavel avtiotoiyn SovAeld 1) va xpnowtomnoiel vetted helper.
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Lazy body, eager headers

Headers xau status asogaoifovtan siptv o server apyioel va katavaimvel body. Av lazy body onkawoet
exception petd 1o mpmto chunk, ouvnBwg Sev pmopeig va petatpéyelg kabapa to response oe JSON
500. Ta headers £xovv 1én otaiel. H recovery eivat connection close, logging kot application-level
resume protocol, 01 Sevtepo response.

RUBY

class JsonLinesBody
def initialize (source)

@source = source
end
def each

@source.each { |item| yield JSON.generate (item) << "\n" }
end

def close
@source.close 1if @source.respond_to?(:close)
end
end

To source npémet va €xel bounded lifetime. Av givan database cursor, long client download kpata
connection. Tuyva eivan kaAvTtepo va Snuovpynoelg file 1y object storage artifact asynchronously kau
LETA va To oepPipelg.

Middleware dev Trpétrel va omrdel To body

Compression, checksum, metrics kat error wrappers spesnel va mpowbolv each, close Kal 0510V
xpeletan to_path. MeTATPOTMn 0€ body .each.to_a.join katapyel streaming, aAAdler memory
profile ka1 propet va unv kAeioet source oe exception. To Rack 3 contract amayopevel oe middleware
va koAel avBaipeta each, EKTOG ATTO OLYKEKPIUEVO to ary path. Emotpépel wrapper body.

Content length eival bytes, 0yt Ruby character count. Av aA\d€eig encoding 1) compression petd tov
VITOAOYLOUO, A@Aipeoe T0 N EavadtoAOY10E TO OWOTA.

SOURCE TRACE

270 1ib/sinatra/base.rb Tou Sinatra 4.2.1 8¢¢ Base#invoke, Responsef#body=, Response#finish
Helpersi#body, Helpers#redirect Kal Helpers#attachment. MNa HEAD &¢¢ Base . get Kal

Rack: :Head#call oto Rack 3.2.7.

NMATIAA
Metd 10 TTpWwTO body chunk dev €xeig agidtmoTo deuTepo HTTP status. Zxediaoe streaming failures wg
interrupted representation kai dwoe client resume r re-fetch strategy.

MHXANIEMOZ
Route completion, header commit, body consumption kai resource close ival TEooepa dIAQOPETIKA events.
Performance kai correctness metrics rpétrel va Aéve 11010 a1rd auTd PETPOUV.

PROBE

Aokipaoe String, array body, custom enumerable, 204, 304, HEAD ka1 body TTou onkwvel exception peTd atmo
€va chunk. ‘EAeyée pe Rack::Lint status, lowercase headers, content-length kai close count. Metd emavaAafe
Tiow atrd Tov TTpayuatiké Puma handler.
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KE®AAAIO 11

Exceptions, error handlers ka1 after
filters

To error pipeline gival couvduaouog Sinatra settings, handler
lookup, middleware order kal Tou onueiou GTTOU CUVERN N
aTtroTuyia.

dispatch! rescue
handle_exception!

v

exception class
then HTTP status

v

nearest error block
or re-raise

v

after filters
may raise again

Zxnua 11.1 - H exception petagpdadetal TpwTa o€ status kar yetd avalntd handler.

To dispatch! TUAlyel params, static handling, before filters ka1 routing o€ rescue Exception. Xe
amotuyia KaAel handle exception! péoa asmod invoke. To exception amoBnkevetal 0to
env["sinatra.error"], ®ote error handlers kat middleware va pmopovv va to Sovv.

Av 10 error gival Sinatra: :Error U http status, AUTO yivetal apyiko HTTP status. Alagpopetikd to

status yivetat 500. T'a server errors, To Sinatra pmopei va ypawel 0To rack.errors, va EQvaonKOOeL
yla show exceptions 1 va avadntroet error block, avaloya pe settings kon environment.

RUBY

class InputError < StandardError
attr reader :code

def initialize (code)

@code = code
super (code)
end

end
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class Api < Sinatra::Base
set :show exceptions, false
set :raise errors, false

error InputError do

failure = env.fetch("sinatra.error")

content type :json

status 422

JSON.generate (error: failure.code)
end

error do
content type :json
status 500
JSON.generate (error: "internal error")
end
end

To public error Sev mepigyel exception message 1) backtrace. To internal event pmopel va kpatnoet
class, sanitized message, request id ka1 causal ids pe retention policy. Credentials, params ko1 raw
body Sev ptaivouv avtopata.

Handler lookup éxel oeipa

To Sinatra payvel mpota handler yia exception class kat peta handler yia current status. Xto class
hierarchy pdyvet application class ka1 ancestors. I'a toAAG handlers oto 610 key, e€etddet ta mo
npoo@ata pwta. Av Sev Bpet class handler, avefaivel otouvg exception superclasses.

AvTO onuaivel OTi generic error StandardError pumopel va okiaoel inherited policy. Kpata pukpd
apBuo typed application errors kat éva catch-all. Mnv petatpéneig adapter timeout, programmer bug
kau validation failure oto 1610 422 e7e161) OAA KANPOVOROUV amtd StandardError.

raise_errors KOl show_exceptions

Y10 test environment, raise errors givat true by default. Auto fon0a tests va BAémovv unhandled
failures, aA\a catch-all error handler pmopet va pn ovpmepipepOet dmtwg oty production. I'a response
contract test pvOuioe explicitly ta settings tng test subclass. I'ia unit test apnoe to exception va
avefet.

Ye development, show_exceptions elvat true kat to outer ShowExceptions middleware pmopet va
eppavioet detail page. Me :after handler, To custom handler tpéyel tpv anod v debug
presentation. Mnv agrjoeig development mode o€ public environment. To debug response mepiéyet
source ka1 request details.

After filters Tpéxouv o€ ensure

Meta to main dispatch, to Sinatra tpéyet after filters oe ensure, ektog av oepPipiotnke static file. Apa
after filter tpéyel oe normal route, halt kot handled exception. Av after filter onkwoel véo exception
XWPIG VA LTTAPYEL TION sinatra.error, MEPVA EAVA QIO handle exception!. Av vmapyel original
error, n apywkn failure context tapapévet kat to dedtepo error Sev TPETEL VA TNV AVTIKATAOTIOEL.

After filter 8ev eivau reliable durable hook. Process kill prtopet va to mapaieiypet. Emiong to body
pmopel va punv exet katavainBei axopn. Eival kaAo ywa headers 1) pikpo in-process observation, oyt yia
billing, email 1} guaranteed audit write.
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RUBY

after do
headers "x-request-id" => env.fetch("seatly.request id")
end

Av headers €youv 1161 commit oe streaming path, aAhayn apyotepa Sev Ba ptaoet oo client. To
normal Sinatra stream cuvr|BwWg EMOTPEPEL TPV TNV KATAVAA®OT), OTTOTE O,TL Tpernel va eivat header
TIPETEL VA OPLOTEL TPV emoTpagel To body.

404 £xe1 SU0 ONMACIEG

Route miss onk®vel Sinatra: :NotFound 0tav dev vnapyet downstream app. To handler pmopet
emiong va evepyormonOet av response status eivat 404. Xto default path, to Sinatra tpooBétel x-
Cascade: pass OTAV x_cascade €lval evepyo. Auto pmopel va onuaivel router fallback og opiopeva
stacks. 'Eva application-level missing record ypeialetal va amo@aocioetl av OAel cascade 1 terminal

404.
RUBY

get "/events/:id" do |id|
event = Events.find(id)

halt 404, { "x-cascade" => "stop" }, ["not found"] unless event
present (event)
end

Mn Baoilecat oe un-standard header ywpig va £xeilg eAéyEet outer router. Xe toAAQ deployments eivat
atAwg response header.

Errors petd 1o tuple

Exception péoa oe lazy body Sev mepva asmo 1o dispatch! rescue, ylati to route £xet n6n emotpewet.
Tn PAémner server 1) body-aware middleware. Autog eivat o Adyog mov xpetalovtar §vo error surfaces:
dispatch failures ka1 body consumption failures. I'a streaming, kataypagn oto body wrapper kat
cleanup oto close eivat vtoypewTKA.

SOURCE TRACE

210 Sinatra 4.2.1 d¢g Base#dispatch!, #handle exception!, #error block!, #dump errors! Kal

T1a class methods error Kal not found. Ta defaults yia raise errors, dump errors,
show exceptions Kal x_cascade OnNAWvoVTal KOVTA OTO TEAOG TOU 1ib/sinatra/base.rb.

NATIAA
To after filter dev eivai after-response kai dev ival durable. Tpéxel piv katavaAwBei lazy body kai ytropei va
unv Tpéel kaBodAou o hard process loss.

MHXANIZEMOZ
Typed error mapping avrikel cto HTTP boundary. Dispatch exceptions kai body exceptions éxouv d10@OpPETIKO
capture path. To public response kai 1o internal diagnostic event xpeidfovrai dia@opeTikd schema.

PROBE

dniage failures o€ before filter, route, typed error handler, after filter ki deUTtepo body chunk. Tpé€e matrix pe
raise errors true/false kal show exceptions false/true/:after handler. Kardypaye status, handler,
outer middleware trace kai 1o av €ixav fdn oTaAei headers.
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KE®AAAIO 12

Views, Tilt kai template lookup

Views, Tilt kai template lookup

To < :snow €ivVal pipeline atré engine registry, lookup,
compilation, scope kai locals. To filename €ival poévo €va

MEPOG TOu render shape.

erb :show
engine + name + options

v

Tilt engine mapping
extensions

v

find_template
views + preferred ext

v

Tilt template
path + line + source

render scope + locals
String output

2xnua 12.1 - To Sinatra Bpiokel engine kai source TTpiv 10 Tilt dnuioupynoel template.

Ta template helpers tov Sinatra kataAnyouvv oto private render. Exel cuvduvalovtan application-level
engine options pe call options, emAgéyovtat views directory, layout, layout engine, content type, scope
kat locals. Metd 10 compile template {ntd engine class amo to Tilt kan amopaoilel av to template

elvar named Symbol, Proc 1 literal String.

To Symbol eivat lookup intent. To Sinatra payvel tpwta preferred extension kat peta Tig extensions
mtov 1o Tilt xe1 SnAwoel yia 1o engine. To String Sev elvan filename. Oswpeitan literal template source.
To Proc eivau block template. H SiGikpion eivan onuavtikn yia security kat caching.

RUBY

get "/events/:id" do |id|
@event = Events.fetch (id)

erb :event, layout: :application, locals: {
request id: env.fetch("seatly.request id")

}

end
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To template tpeyel by default pe scope 1o request instance. BA&met helpers, instance variables kat
methods tov app. Ta locals mepvoiv Eexwprota oto Tilt. Ta reusable partials, locals kavouv
dependencies 1o opatég amod implicit instance variables. T'ia page template, Alya intentional instance
variables pmropovv va peivouy pakTikda.

Lookup d¢v gival authorization

Mnv mepvag user input wg template Symbol 1} view path. Axoun ki av root lookup mepropidet oo
Payvel o engine, o client Sev mpémel va emAeyet server-side code 1 presentation source.

RUBY

TEMPLATES = {
"compact" => :event compact,
"full" => :event full
}.freeze

get "/events/:id" do |id|
template = TEMPLATES. fetch (params.fetch ("view", "compact"))
@event = Events.fetch(id)
erb template
rescue KeyError
halt 400, "unknown view"
end

To allowlist eivan protocol mapping. Aev Kavouvpe params [:view] .to sym, YIATL QUTO HETATPETEL
arbitrary input oe template identity kot mahiotepeg Rubies eiyav emmAéov symbol-lifetime concerns.

Layout eivail deUTepo render

To Sinatra mtpota kavel render to content template. 'Esterta, av vapyet layout, kahel Eavd render pe
layout: false kaldivel 1o mpato output wg block. To layout pmopei va ypnowomnooet yield. To
default layout eivan : 1ayout, ektOg av engine options 1) call options 10 aAAGEoLV.

Av1o onpaivel §vo template lookups kot Svo render scopes. 1ayout engine pmopel va Siapepet amo
content engine, alMda av&avel compatibility surface. Kpata engine choices Atyeg. KaBe engine £yel 51ko
Tov escaping, compilation kat error behavior.

ERB

<!doctype html>
<html lang="el">
<head>
<meta charset="utf-8">
<title><%= Rack::Utils.escape html (@title) $></title>
</head>
<body><%= yield %></body>
</html>

Plain ERB 6ev kavet automatic HTML escaping. To <%= €10ayel T0 QIOTEAECUA WG EXEL. XPT|O1UOTTOINOE
explicit escaping yia untrusted text 1) presentation layer stov kavel safe-by-default serialization. Mnv
Bewpeig 0T eme1dn) 1o Sinatra evepyomolel XSS-related headers, to template output £xet kaBapiotel.
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Content type ka1 output object

Engine helpers pmopotv va dnAmoovv default content type. To render HITOPEL VA EEKTEIVEL TO
returned String pe pikpo module mov kpata content type. 1o 1€\og ToL request, av response Sev £xel
noén type, 10 call! xoitd to mpato body element yia avtod to metadata.

Ia API endpoints, mpotiunoe explicit content type :json. [ta HTML, to ERB helper kot to default
text/html elval apketd, aA\a tests mpémet va eAéyyovv charset. Content negotiation mov Siahege
representation smpésnel va tpocbetel vary otav vidpyel shared cache.

Custom lookup pe pikp6 contract

Mumopeig va override find template yla TOAQIIAQ view roots, themes 1) tenants. H ueBodog Sev
emotpépet path. Kavet yield kaBe candidate ko to caller otapatd oto mpwto existing file. Kabe
emuAgov dimension praivel oto cache shape. Av tenant theme aA\ddet runtime ywpig versioned path,
umopei va oepPiplotei compiled template dA\ov tenant.

Kave lookup candidates deterministic kat bounded. BaAe tenant theme id oe allowlist, ypnowpomoinoe
immutable release directories ka1 un oxavapeig oAoxkAnpo filesystem ava request. Zvvr0wg Vo explicit
view roots apkovv.

Inline templates petd o END ka1 named templates peow template elval xpropa yia pikpa tools.
Ye peyain epapuoyn kpvfovv source discovery kat editor tooling. Aev eivan performance feature. H
compiled popen £tot k1 aAag tepva asto to 1610 cache.

SOURCE TRACE

210 Sinatra 4.2.1 akoAoUBNOe Ta Sinatra: : Templates methods render, compile template,

compile block template kal £ind template 0T0 lib/sinatra/base.rb. To engine registry kai 10
actual template object avrikouv aTo Tilt 2.7.0.

NATIAA
Plain ERB d¢v kdvel autépaTto escaping. Rack::Protection headers peiyvouv opiopéva browser risks, aAAG dev
petaTpémmouv untrusted HTML oe safe text.

MHXANIZEMOZ
To render shape mrepiAapBdavel engine, source identity, options, views, layout, scope kai locals. Av kdrroia
didaTacon aAAddel To output, TTpETTEl va ival opaTr) oTo lookup ) oTo cache key.

PROBE

Kdve override find template pévo ot test subclass kai logdpioe candidates. Aokipace Symbol, literal
String, named template, layout kai custom views root. Metd BdAe untrusted <script> o¢ title kai emBeRaiwoe
Trol0 helper kdvel escaping avti va BaciaTeic oTnv eueavion Tou browser.
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KE®AAAIO 13

Template cache, layouts kal rendering
safety

To compiled template cache gival process-local, shared kai
unbounded. Agv gival fragment cache kail dgv yvwpilel TiTToTa
yia freshness Tou domain data.

engine + template +
options + views

v

TemplateCache key
unbounded Hash

v

compiled Tilt object
shared by request dups

v

scope + locals
request output

I developmentclear |
| each request |

>xnua 13.1 - To cache key odnyei oe compiled Tilt object TTou renderdpel avd request.

KaBe Sinatra application instance dnuiovpyel TemplateCache, £va HKpO wrapper yopw amo Hash. To
fetch xpnowomnoiel array key ko amoOnketel akoun kau nil result tov block. H i61a 1) source comment
eivar oagng: Sev eivan thread-safe, £xel unbounded size kat ta key objects Sev avtypagovtat
defensively.

To prototype instance Snuiovpyei 1o cache. Ta request instances eivai shallow dups, dpa poipadovran
10 1610 cache reference. Xe production, 0mov reload templates eivai false, compiled templates
emavaypnoipomolovvral. Xe development, to call! kavet clear to cache otv apyn kabe request.

Ti atroteAei cache key

Ia named template, 10 compile template KAAEl template cache.fetch € engine, template
identity, options ka1 views. I'a literal String kavet avtiotoiyo fetch pe 1o 1610 To source String. Mutable
options 1) views object mov adadet hash peta v elocaywyn propet va kavel 1o entry unreachable 1y va
Snovpyrjoet ampofAertto hit.
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RUBY

class HtmlApp < Sinatra::Base
configure do
set :erb, escape html: false
set :reload templates, false if production?
end

get "/about" do
erb :about, layout: :application
end
end

To example kavel v policy explicit, aA\d escape html Sev eivan portable guarantee yia ka0e ERB
implementation. To tpaypatikod escaping behavior stpémnet va Soxipaotel pe to active Tilt engine. Mnv
avtypagpetg option amo o framework Bewpwvtag ot €xet idta onuaocia.

Dynamic template source onpaivel unbounded cache

Av kavelg erb user supplied string, kaBe Siapopetiko String yivetan mBavo cache key kau
executable template source. Autd eivar code injection kat memory growth padi. Akoun kat trusted
dynamically generated source pmopel va Snuiovpynoet unbounded cardinality. Compile fixed
templates oto deploy kau tépva petafariopeva values wg locals.

RUBY

CARD TEMPLATE = <<~ERB.freeze
<article class="event">
<h2><%= Rack::Utils.escape html (title) %$></h2>
</article> -
ERB

get "/preview" do
erb CARD TEMPLATE, layout: false, locals: {
title: params.fetch("title", "Preview")
}

end

Axoun k1 edw To literal source eivat constant. I'ia normal app, file template Sivel kaAUtepo source
location kot deploy discipline.

Thread safety kai first-hit races

Ye threaded server §vo mpota requests Propel va KAvouvv TaLTOXPOova miss kat va compile to 1610
template. MRI stpootatevet internal Hash memory asd corruption, oyt to higher-level check-then-
write contract kat 01 dMeg Ruby runtimes. Zuvi|0wg to amotélecua eivar duplicate compilation, aAa
custom Tilt engine 1) mutable options pmopovv va exovv side effects.

H astAr) mitigation eivan warmup twv known templates mpiv avoier traffic 1 e€wtepiko application lock
YUpw asto controlled compilation. Mnv evepyomonoelg Sinatra 1ock yia mavta povo yua template
warmup, yati ogiplosoiei kaBe request. Me deploy mov tapayet immutable release, pre-render
representative pages oe health warmup kat peta 8£€ov traffic.
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To cache dev &£xel eviction. Av template identity 1y options &yovv request-level cardinality, To process
memory peyaiaovel uéypt restart. IlapakoAovOnoe cache size povo wg diagnostic kat S10pbwoe to key
design. Mnv mpooBeoeig arbitrary LRU yOpw asto private object ywpig compatibility test.

Fragment caching gival GAAo cuoTnua

Compiled cache amopevyet parsing kot code generation. Fragment cache amofnxebet rendered output.
Xpewaletar domain version, locale, authorization audience, representation kot freshness policy. Av
BaAeig private page oe key ywpig user dimension, £yelg data leak. Av BaAeig raw user id, exelg
cardinality ko privacy risk.

Kalbtepo key etvar bounded namespace pe explicit version:

RUBY

def event cache key(event, locale:)
["event-card", 3, locale, event.id, event.version].join(":")
end

To store adapter kaBopicel atomicity, TTL kat race behavior. Sinatra Sev mpoo@épet fragment caching
contract. H eqpappoyn mpémnel va opioel stampede policy kot Tt emitpenetat va eivan stale.

Rendering failure kai partial response

File ERB render eivai eager: cuvnifwg oAokAnpwvel oe String mpiv emotpagei to Rack tuple. Exception
ptavel o1o Sinatra error pipeline. Av opwg aieig render péoa oe stream producer, pmropei va ovpPet
peta ta headers. Tote Sev vapyel kaBapod 500 response. Kpata template render €é€w amo long-lived
stream 1) tpoetoipace chunks spv to commit 6tav yperdlecat atomic HTML response.

To layout eivar Se\tepo render kat ptopel va ammoTuyel ag@ov to inner template £xet mapaydel, A&
nipv emotpagel body. Avto mapapéver dispatch error oto normal eager path.

SOURCE TRACE

Agg Sinatra: :TemplateCache, Base#finitialize, Base#call, Basefcall! Kai
Templates#compile template 0T0 l1ib/sinatra/base.rb Tou Sinatra 4.2.1. H source comment tou
cache dnAwvel pnTd non-thread-safe, unbounded behavior kai mutable-key limitation.

MATIAA

Mn xpnoiyotroleig request input wg literal template source rj template name. Anpioupyei execution risk, path
ambiguity kal unbounded compiled cache.

MHXANIZMOZ

Compiled template cache, rendered fragment cache kai HTTP cache éxouv diag@opeTikd owner, key Kai
freshness model. To koivé évoua cache dev Ta Kdvel idlo mechanism.

PROBE

>¢ staging, adeiace To compiled cache, oteile 20 concurrent first requests kai pérpnoe compile count, latency
kail allocations. MeTd kdve 1.000 renders pe d10¢popeTiKO literal source kail TTapaTripnoe cache size. To deUTEPO
probe TTpéTTel va peivel isolated kail bounded, 6xi1 o€ public endpoint.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 46



SINATRA MEXPI TEAOYZ Static files, send_file kai path boundaries

KE®AAAIO 14

Static files, send_file kau path
boundaries

To filesystem path cival capability. O1T010¢ PTTOPEI VO TO
eTTNPEACEl UTTOPEI Va OIaAECEl TTola bytes Ba diadoel o
process.

' URL path / app path
I untrusted or derived

e e e e e e e e — - )
( + B
unescape + expand_path
root containment
) : i
regular file
known media policy
, : i
Rack::Files
range + body
, : i
server sends bytes
body closes

>xAua 14.1 - To file path epva normalization kai containment Tpiv yivel Rack body.

Ia GET ka1t HEAD, 1o dispatch! dokiuddel static! mpv amod ta before filters. To method evovet
public folder kot unescaped path info, eAéyyel valid path, kavel expand path katl asaitel 1o
arotéAeopa va Eekva peéoa oto expanded public directory. Meta Befaiwver 0Tt eivan regular file ko
KaAel send file.

Apa ta application before kau after filters Sev tpéyovv yia built-in static response. Ta Rack middleware
eEakolovbovv va tepiarrovy to endpoint kan PAEmovv To response. Security header sov vitapyet
povo oe after filter Ba Aeimer ano static assets. Ba\’ 1o o€ outer middleware, static headers 1) 0TOV
reverse proxy sov oeppipet assets.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 47



SINATRA MEXPI TEAOYZ Static files, send_file kai path boundaries

RUBY

class WebApp < Sinatra::Base

set :public folder, File.expand path("../public",  dir )
set :static cache control, [:public, { max age: 86 400 }]
set :static headers, {
"x-content-type-options" => "nosniff"
}
end

Fingerprint assets pmopovv va stapovv peydro immutable max-age. Apyeia pe stable URL mov
aMadovv mepiexopevo xperadovtar pkpotepn freshness policy. To static cache control Sev kavel
fingerprinting.

send_file EMTTIOTEVETOAI TTEPICOCOTEPO TOV caller

To helper send file (path) opidel content type, optional disposition kat last modified, peta kaiet
Rack::Files#serving e TO oUuykekpuevo path. Te avtiBeon pe static!, dev epappodel amod Povo tov
containment oto public root. Av to path mpokvntel and params, £xeig arbitrary file read.

RUBY

EXPORT _ROOT = File.expand path("../exports”, dir ).freeze

def export path(id)
candidate = File.expand path ("#{Integer(id, 10)}.csv", EXPORT ROOT)
prefix = EXPORT ROOT + File::SEPARATOR
halt 404 unless_candidate.start_with?(prefix)
halt 404 unless File.file? (candidate)
candidate
end

get "/exports/:id" do |id]|
send file export path(id), type: "text/csv", disposition: :attachment
end

Axoun kaAUtepa, resolve id péow database record mov kpatd opaque storage key, oyt filename asto
client. To containment check mpémet va Adper vioyn symlinks av attacker 1) aAho subsystem pmopei va
ta Snuovpynoet péoa oto root. I'ia 1oxvpd boundary ypnoiposoinoe owned directory ywpig untrusted
filesystem writes kai, 67t0v amatteital, realpath pHetd v vTapén tov file.

Range requests kai body lifetime

To Rack 3.2.7 Rack: : Files#serving vmootpilet GET, HEAD, OPTIONS ka1 byte ranges. I'ia normal
file emotpépel iterator pe to path, ®OTE server va UIopel va XPr OO 0EL 0 A0S0TIKO transport.
Ia range Snovpyet iterator mov Stafadet ovykekpieéva segments kal VITOAOYI(EL content-range.

Mnv tuAiyeg file body oe middleware sov to kavel join. Xavelg to path, @optwvelg oAokAnpo file otn
Ruby heap ka1 pmopel va omdoeig range semantics. Compression yia nén ovpmeopéva media ouyva
npooBetel CPU ywpig Opelog.

Content type asto extension eivat hint. Upload ;tov ovopdotnke . png 6ev eyive ao@aing eikova. I'a
user uploads, amoBnkevoe £€w amod executable public tree, xpnowomoinoe generated storage key,
enéPaie download content type kat Content-Disposition oOp@wva pe product policy. Active content
ontwg HTML 1) SVG ptopet va ekteleotel 0to origin av ogpPipiotetl inline.
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Upload ka1 download €ivai dia@opeTika contracts

Upload path ypeiaetan size limit, streaming write, digest, type validation, malware policy kat terminal
state. Download path ypeialetan authorization, version, range policy ka1 cache headers. To 6Tt ka1 Ta
Vo ypnoworotovy file Sev onuaivel 6T popadovrat controller helper.

Public file response petd amd database authorization pmopei va éxet time-of-check/time-of-use race av
file avtikataotaBei. Immutable object keys kat append-only artifacts asmAomoiohv To model. Av
emTpenetal overwrite, 6¢oe response validator kau storage version oto authorization decision.

Offload pe eAeyxoépevo boundary

Ye production, reverse proxy 1 object storage ouyva oepfipet peydia files mo amodotika. H Sinatra
route pmopel va authorize kat va emmotpewet internal redirect header 1y signed short-lived URL. Mnv
agpnvelg client va S1aAé€er to internal path. To mapping id -> internal location yivetat server-side kau
TO pProxy npéesnel va ayvoet spoofed version tov internal header asto upstream client.

Signed URL eivan bearer capability. BaAe pikpo expiry, fixed resource key, disposition kati, 6tav
xpeladetay, audience. Mnv 1o logapeig oAOkANpo.

SOURCE TRACE

2710 Sinatra 4.2.1 8eg Base#dispatch!, #static!, Helpers#send file Kal Helpers#attachment. To

static containment yivetal pévo oto static!. lNa range, iterator kai to path 8¢g Rack: : Files o010 Rack
3.2.7.

NATIAA
send file params|[:path] eivail arbitrary file read. To helper dev trepiopidel To path aTto public folder.
Resolve opaque id o€ owned path kai kdve explicit containment.

MHXANIZMOZ
Path choice, file ownership, representation type kai authorization eivai EexwpioTég amopdoeig. To Rack ptropei
va PETaQépel bytes owaTd xwpig va E€pel av eTTITPETTOTAV VA Ta JIGBACEI.

PROBE

Aokipaoe encoded . ., duplicate slashes, null-like encodings, symlink péoa oTo export root, missing file, HEAD
kai single/multiple byte ranges. EmBeBaiwaoe moia middleware kai filters Tp€xouv yia built-in static response kai
Trola security headers @tévouv cTov client.
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KE®AAAIO 15

HTTP caching kai conditional requests

O validator civai version contract. Emtpétrel otov client va
atrodeicel OTI N representation TTou €xel TTAPAPEVEL current
XWPIG va TN JETAPEPEIG cava.

' If-None-Match / I
I If-Modified-Since I

cheap resource version
ETag / timestamp

v

etag / last_modified
precondition logic

a + 3
304 or 412
no representation
. + 7

200 + Cache-Control
representation

>xnua 15.1 - O1 preconditions amo@aaifovTal Tpiv atré 10 akpiBo6 render.

To Sinatra mpoo@epet cache control, expires, last modified KAl etag. Aev ammoBnkevel response
oe cache. ITapayet headers kat e@appdler conditional request logic. O browser, CDN 1) reverse proxy
amopaoilel av kat g Oa kpatroel representation.

To owotd order eival va optaoelg To eOnvotepo authoritative version, va kaAéoeig validators kat
uovo peta va kavelg akpifo render 1) downstream fetch.
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RUBY

get "/events/:id" do |id|
event = Events.fetch (id)
etag "event:#{event.id}:#{event.version}"
last modified event.updated at
cache control :public, max age: 60
content type :json
JSON.generate (event.to h)

end -

Av If-None-Match taupla&el oe safe request, 1o etag kavel halt 304. I'ia unsafe request pmopei va
Swoel 412. Av vrtapyel I£-Match kat Sev taupladet, Sivel 412. To 1last modified Sev epapuodet 1f-
Modified-Since OTAV LITAPXEL If-None-Match, ®ote o ETag va €yel precedence.

Strong ka1 weak identity

Strong ETag onuaivel 0 dvo representations eivat byte-equivalent yia tig oxetikég semantics. Weak
ETag SnAavel semantic equivalence ywpig anmapaitnta idia bytes. Av JSON serializer aAhadet
whitespace 1 key order, database updated at iowg eival domain version aAAa ox1 byte version.

Ia API optimistic concurrency, xpnopomnoinoe validator stov avtiotolyel otnyv state version srov
nipootateLel To write. To T£-Match mpemel va eAeyyetatl oty idia transaction pe to update 1 va
petag@padetan o conditional SQL. Check £€w kan write péoa eyet race.

RUBY

put "/events/:1d" do |id]|
expected = request.get header ("HTTP IF MATCH").to s
command = UpdateEventInput.from json (id: id, body: request.body)
result = Events.update if match(command, expected etag: expected)
halt 412 unless result.updated?
etag result.etag
status 204

end

To repository contract mpésmel va kavel compare-and-write atomically. To route Sev apkel va kaAéoet
etag mvw oe stale object ka1 peta avefaptnto save.

Cache key dimensions

Av response aAAACeL e Accept, Accept-Language 1) encoding, shared caches ypeiddovtal 6woto Vary.
Av aM\ader ava authenticated user, private 1) no-store €lval CUXVA AOPAAECTEPO ATTO TEPAOTIO Vary.
Cookies oe request pmopovv va kavovv CDN policy ampofientn. Mnv Badeig public caching o€ route
ene1dn) to body Sev paivetan sensitive oe eva test.

RUBY

before "/account/*" do
cache control :private, :no_store
end
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no-cache 8ev onuaivel mavta unv amolnkevoelg. Znuaivel revalidate spiv asmod reuse. no-store NTA
va un yivel storage. max-age eivat freshness lifetime. Tpéye policy pe faon data sensitivity kat
staleness budget, o1 pe fdon Ta ovopata oL AKOVYOVTAL TAPOUOLAL.

304 dev TrEPIEXEl representation

'Otav helper kavet halt 304, 10 Sinatra: :Response#finish agaipel body, content-type kat content-
length. O client eavaypnopomotel to cached body. Av to response eiyxe Siapopetiko authorization 1
representation dimension sov Sev fjtav oto cache key, 10 304 pmopel va emkvpwoel AdBog bytes.

'Eva ETag Sev mpémnet va mepieyet sensitive raw value. Eivou visible header kan popet va logapiotet.
Hash ywpig secret pmopet emiong va emtpenel guessing oe puikpo domain. ITpotipnoe opaque version
token pe bounded length.

Stampede kai stale policy

HTTP caching peiwvet load povo av intermediaries emtpenetal va potpadovtan responses. ‘Otav entry
An&ey, oMot callers pmopet va kavouv origin request padi. CDN stale-while-revalidate 1 application
lease pmopet va mepropioet stampede. H policy mpéret va Aéet mooo stale emtpenetal kau moto invariant
Sev mpemel mote va oepPiprotel stale.

Mn xpnowuomnoieig stale cache yia authorization, balance 1) one-time token. Mmopei va givat cwoto ya
public catalog 1) rendered article. To 1610 store Sev onuaivet idia freshness policy.

Ye rolling release, maA10g kot véog process Umopel va mapdyovv Siapopetika bytes yia tnv idia domain
version. Bae representation schema 1| renderer version puéoa otov validator 6tav n alMayn dev eivan
byte-compatible. AAMag évag client pmopel va mtdpet 304 amo véo process yia body mov Snpiovpynoe n
oAl €kSoon pe Stapopetikn onuaocia.

SOURCE TRACE

2710 Sinatra 4.2.1 8eg Helpers#cache control, #expires, #last modified, #etag Kal

#etag matches? 010 1ib/sinatra/base.rb. To final removal body kai content headers yia 304 yiverai
OTO Sinatra: :Response#finish.

NATIAA
Validator check £€w até Tnv write transaction dev mpooTaTeUel optimistic update. Xpeidletar atomic compare-
and-write oT1o durable owner Tng version.

MHXANIZEMOZ
Cache storage, freshness, validation kai write preconditions €ivai dia@opeTikéd mechanisms. ‘Evag ETag éxel
agia poévo av n version identity Tou gival cwaoTh.

PROBE

Ipawe matrix yia GET kai PUT pe absent, matching kai stale ITf-None-Match, If-Match kai dates. ‘EAeyée
200, 304, 412, body presence, content headers ka1 Vary. Tpé€e duo concurrent conditional updates kai assert
611 yévo éva kavel durable transition.
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KE®AAAIO 16

Sessions, cookies kal secret rotation

Cookie session civai client-carried encrypted state. 'Exel size,
rotation, revocation kalr compatibility constraints Tou dev
¢aivovtal oto Hash API.

I browser cookie
| untrusted transport

Rack::Session::Cookie
verify / decrypt

v

rack.session
request Hash

v

minimal identity state
server-side truth

v

key rotation + expiry
forced re-auth

ZxNpa 16.1 - To cookie atroKwWAIKOTTOIEITAI O€ request session Kal €TTIOTPEPE! versioned.

Me enable :sessions, T0 Sinatra adet to configured session middleware smpwv amo Rack::Protection.
To default store elvat Rack: : Session: : Cookie. To session data ta&i8evel otov browser kau emoTpépet
oe kaBe request. Znv TpEyovoa rack-session 2.1.2, configured secrets evepyosmolovv authenticated
encryption. To sipato secret ypaget véa cookies kan 1 Alota secrets Soxipadetal katd to decrypt, apa
vroompidel rotation.

To Sinatra Snuovpyel random session secret 010 class load av §ev dmoeig S1kd gov. AvTo eivan
ao@arég wg randomness, aAA al\adel ava process boot kat Stagepel ava instance. Ze cluster ot users
Ba paivovtal logged out Tuyaia. Production secret mpémet va eivan kowvo, stable kat tovAdyiotov 64
bytes 0mtwg {nta 1o rack-session encryptor contract.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 53



SINATRA MEXPI TEAOYZ Sessions, cookies kail secret rotat

RUBY

current = ENV.fetch("SESSION_SECRET_CURRENT")
previous = ENV["SESSION SECRET PREVIOUS"]
secrets = [current, previous].compact.freeze

class WebApp < Sinatra::Base
set :session secret, current
set :sessions, {
key: "seatly.session",
secrets: secrets,
httponly: true,
secure: production?,
same_ site: :lax,
expire after: 86 400
}

end

To example Stafadet values ywpig va ta Tumavel. Te mpaypatikd project to composition code mpémet
va emPefarwvet length ko presence, oyt va kave fallback oe yvwoto string.

Rotation xwpig padiké logout

Brjua 1: deploy [new, old] o€ 6Aovg TOUG processes. Nea responses ypa@ouv e new, oAl cookies
Safadovtan pe old. IMepipeve TovAdyiotov To uéyloto session lifetime xat to deployment overlap.
Brjua 2: agpaipeoe old. Av viapyet rollback mBavotnta, n ponyovpevn ekdoomn mpémel emiong va
umopel va Stafaocet cookies mov ypagmrav pe new 1 to rollback 6a kavet logout.

Secret rotation Sev avakalel emAeyuevo session. Client-carried state ev €xel server-side row ywa
revoke, extog av amoBnkedoelg version 1) denylist oe server-side store. I'a high-risk session, kpata
opaque session id otov cookie kat authoritative state server-side.

Mikp6 payload, pikp6 blast radius

To rack-session cookie &yet mpakTikod opio mepimov 4 KB padi pe overhead. Av to encoded data
Eemepoet To Op1o, write pITopel va aroTtUyel Kot va Ypa@pTel warning oto rack.errors. Mnv
artoOnkevelg model objects, permissions list 1) large flash data. Kpata subject id, authentication time,
session version kat Atya bounded flags.

Encryption kpUBet content asto client kat authentication amtotpéner modification ywpig key. Aev
eyyvatat freshness. User role mov aMage ot database Sev evnuepwvetal emeldn maAio cookie eivat
cryptographically valid. ®optwoe authoritative authorization state 1} faAe revocable version.

Cookie deserialization etvan deployed protocol. AA\ayn serializer 1 field shape mpémnet va Sovhebet oe
mixed release. H current Rack encryptor pmopei va ypnopuosmomoet JSON serialization. Primitive
JSON shapes eival evkoAoTepa yia compatibility amo arbitrary Ruby objects.

Cookie attributes eivai security policy

Secure amautel HTTPS transport. Ht tponly epmodidel normal JavaScript access, Ox1 kaOe browser
attack. sameSite=Lax pe1MVEL TOAA cross-site sends, ala Sev avtikabiota CSRF token ya state-
changing browser flows. Domain-wide cookie polpadetan pe subdomains kan peyaiovet to trust
boundary. Host-only cookie eivan aocpaiéotepo default.
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'Otav yivetat login 1) privilege elevation, kaBdpioe maio state kan fnoe session renewal ovpuPwva pe
o store API. ¥to Rack request pmopeig va 0€oeig request . session _options[:renew] = true.
Logout mpemet va kavel clear/destroy kat va unv agrvel reusable bearer data oe aA\ho cookie.

RUBY

post "/login" do
principal = Login.authenticate (json document)
halt 401 unless principal

session.clear
request.session options|[:renew] = true
session[:subject id] = principal.id
session[:auth version] = principal.auth version
status 204

end

Mnyv amoBnkeveig password 1y access token tpitov provider oto session cookie.

Sessions outside Sinatra

Av BdAeig session middleware 0T0 config.ru Ywpig enable :sessions, To Sinatra Sev evepyomotel
avtopata session-based Rack::Protection. ITpémet va SnA®oelg set :protection, session: truen
va ovvBEoelg ta ouykekpuéva protection middleware e€wtepikd. H ogipd £xel onuaocia: session
npEmel va eivar outer asto protection sov Stafadet rack. session.

SOURCE TRACE

2710 Sinatra 4.2.1 8¢ setup _sessions, setup protection, Ta settings sessions, session_store Kal
session_secret. [a encryption, secret list, 4 KB guard kai rotation 8¢ Rack: : Session: :Cookie 2.1.2
Kal Rack: :Session: :Encryptor.

MATIAA

To auto-generated Sinatra secret aAAdCel ava boot kai process. Eival kaAé random fallback yia development,
Ox1 shared production identity.

MHXANIZMOZ

Cookie session gival encrypted client-carried cache 1ng identity state. Authorization truth, selective revocation
kol compatibility xpeidlovTal explicit server-side design.

PROBE

=ekiva U0 app instances pe dlaQopeTIKG secrets kail Kave alternating requests pe 1o id10 cookie. Metd
dokipaoe rotation [new, old], rollback reader kai payload kovtd o1o 4 KB. ‘EAcye Set-Cookie attributes
Xwpig va kataypdyelg Ta secret values r] oAdkAnpo 1o cookie.
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KE®AAAIO 17

Rack::Protection, Host kai1 browser
defenses

To Rack::Protection gival cuvoAo ouykekpipgévwy middleware.
Agv gival yeviké ofua OTI n epappoyn ival ac@alng.

I Host + Origin + path I
headers + params 1

HostAuthorization
permitted authorities

v

default protections
origin + path + JSON CSRF

v

opt-in policies
authenticity + CSP + HSTS

v

deny / report /
drop session

L J

>xnua 17.1 - To request repva Host policy, default protections kai opt-in defenses.

Me protection evepyo, 1o Sinatra xTi(el Rack: : Protection mptv amtd to HostAuthorization. Xto
Rack::Protection 4.2.1, default-on layers eivar FrameOptions, HttpOrigin, IPSpoofing, JsonCsrf,
PathTraversal, RemoteToken ka1 XSSHeader, ektog av ta efaipéoeig. AuthenticityToken,
ContentSecurityPolicy, CookieTossing, EscapedParams, FormToken, ReferrerPolicy, RemoteReferrer,
SessionHijacking ko StrictTransport givan off by default kau evepyomolotvtan pe use option.

Avutog o katdAoyog eivan version-specific. Mnv ypdweig security claim protection enabled Ywpigva
kataypagpelg mowa layers kat options vapyovv ot Sk cov ekdoon).

HostAuthorization xpeialetal production allowlist

To Sinatra mpooO&tel Rack: : Protection: :HostAuthorization AQVEEAPTTA AITO TO YEVIKO protection
toggle. Xe development emitpémet localhost, . 1ocalhost, . test kat IP addresses. Te dAAa
environments to default options hash eivai kevd. 1o middleware, kevr) permitted hosts emTpemnel
omolodnmote host.
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RUBY

class PublicApp < Sinatra::Base
set :host authorization, {
permitted hosts: ["app.example.com", ".internal.example.com"]

}

end

Leading dot emtpénel subdomains cvpgwva pe to Rack::Protection matcher. Mnv Badeig broad suffix
av untrusted parties pmopovv va asoktroovv subdomain. To middleware eAéyyet origin Host kat
forwarded authority. ITiow amd proxy, n proxy normalization kat trust policy mpésmel va ouupwvovv pe
v allowlist.

Host header ennpeddet absolute URLs, password reset links kau redirects. To block Sev eivar povo DNS
rebinding protection. Eivau origin construction boundary.

Reaction aAAddel To failure contract

To base protection middleware pmopei va deny, report 1} drop session avahoya pe reaction. To
Sinatra emmAgyetl :drop session by default oto combined protection setup. Av Sev vitdpyet session, T0
reaction PTopel va unv emoTpEWPeL response Ko 1 request va guvexioel, avaloya LLE TO CUYKEKPIUEVO
layer ka1 options. T'a critical policy mpotipunoe explicit deny semantics kau test to actual stack.

RUBY

set :protection, {
reaction: :deny,
session: true,
use: [:authenticity token, :content security policy, :referrer policy],
script src: "'self'"™, a o a
style src: "'self'",
frame ancestors: "'none'",
referrer policy: "strict-origin-when-cross-origin"

To options hash mepva ota selected middleware. Esuifefaiwoe ta supported option names otr pinned
€xboomn. CSP mov pmhokapel inline scripts pmmopel va ontaoet 1o Ul apa Eexiva pe report-only otav
aAAAde1g vitapyov app kat pétpa violations pe bounded reporting.

CSREF layers b¢v gival éva mrpaypa

HttpOrigin, JsonCsrf KAl RemoteToken KAADIITOVV GUYKEKPIUEVA cross-origin patterns. To masked
AuthenticityToken eival opt-in. Me sessions, pmopeig va mapayelg token yia form kat va 1o oteilelg
wg¢ hidden field 1 x-CSRF-Token.
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RUBY

helpers do
def csrf token(path:, method:)
Rack: :Protection: :AuthenticityToken.token (

session,
path: path,
method: method
)
end
end

Per-form token &évetat oe normalized path kat method. Form action, mount point kau trailing slash
nipémel va ouppwvoLy. Bearer-token API stov Sev ypnopomoiei ambient cookies £xer aAAo CSRF
model, alMa CORS, token storage ka1 XSS mapapévouvv. Mnv anevepyoroteig layers cuvolika emeidn
éva endpoint eivar JSON.

Headers d&v kavouv escaping

Frame options, CSP, nosniff ko referrer policy mepropidovv browser behavior. Aev kavovv HTML
escape, SQL binding, authorization 1) output validation. PathTraversal kaBapicet route path patterns,
oyt arbitrary path mov mtepvag oe send file. IPSpoofing Sev amo@aoidel oo proxy epmotevecal yia
business geolocation 1) rate limits.

StrictTransport fadet HSTS, ad\a povo owotd HTTPS deployment mpémel va to evepyormotel. Me
includeSubDomains 1) preload popeig va ennpeadoeig aAia hosts. Autd eivar domain ownership
decision, 0x1 local header tweak.

Instrumentation kai tests

KaBe protection pmopet va Adfet instrumenter. e failure ypaepet attack name oto env kat kaet
instrument ("rack.protection", env).Mnv e€ayeig oAOkANpo env. Kpdta protection type, route
class, status ka1 bounded authority. Ta attack attempts pmopovv va gxovv vynAn cardinality.

Tpaye negative tests yia encoded paths, hostile Host ka1 Forwarded, cross-site form, JSON CSRF
shape, iframe embedding ka1 content type sniffing. Security header snapshot uoévo oto happy path dev
armtoSekvouet blocking behavior.

SOURCE TRACE

H oUvBeon yivetal oTa Base . setup protection Kol Base.setup host authorization tou Sinatra

4.2.1. H akpifrg default-on kai opt-in AioTa BpiokeTal 010 rack-protection/lib/rack/protection.rb
4.2.1. Na reactions d¢g Rack: : Protection: : Base Kal yia hosts T0 HostAuthorizationfaccepts?.

NATIAA
>¢ production 10 default host _authorization options hash gival kevo kal To middleware emmTpETTEl KABE
host. BdAe explicit allowlist étav To Host ernpedder origin 1 routing.

MHXANIZEMOZ
Security middleware €ivai layered policy pe ouykekpipévn threat model, ordering kai reaction. Kavéva boolean
setting dev avTikaBioTd route-level validation kai authorization.

PROBE

E¢riyaye oTo boot T AioTta protection middleware kai options xwpig secrets. 21eiAe hostile Host, Forwarded
host, cross-origin form kai JSON request. Na k&Be case katéypawe Tolo layer avtédpaaoe, status, session
effect ka1 av 1o endpoint eKTEAEOTNKE.
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KE®AAAIO 18

Authentication kail authorization xwpig

framework magic

Authentication Trapayel principal. Authorization atmmogaacilel av
QUTOG O principal uTTopEi va Kavel CUYKEKPIUEVN action TTavw
O€ OUYKEKPIPEVO resource.

—————————— b
|
|  cookie / bearer token !
I untrusted credential I
S Fo- -
authenticate once
principal or anonymous
i ¥ i
request identity
immutable context
i ¥ i
resource + action
policy decision
i y i
effect + actor + outcome
durable audit

2xAua 18.1 - To credential yivetar immutable identity Trpiv atmd resource policy.

To Sinatra 6ev emPBaiiet authentication stack. Auto oe avaykadel va Eexwpioeig Ta contracts.
Credential extraction avrket oto HTTP edge. Verification aviket oe authenticator stov E¢pet key
material, issuer 1) session store. To amotéAeopa eivan immutable principal 1) anonymous. Authorization
QVTKEL KOVTA OTO use case Kal saipvetl principal, action kat resource facts.
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RUBY

Principal = Data.define(:id, :roles, :auth version) do
def operator?
roles.include? ("operator")
end
end

class Authentication
def initialize (app, authenticator:)

Gapp = app .
@authenticator = authenticator
end

def call (env)
credential = env["HTTP AUTHORIZATION"].to s

env["seatly.principal"] = Qauthenticator.call (credential)
@app.call (env)
end

end

To middleware xave verification pia popd. O authenticator mpémel va emotpépet nil yia absent
credential ko typed failure yia malformed, expired 1) invalid credential mote to outer policy va
ATT0PAOifeEl 401 XWPIG VO ATTOKAAVIITEL AETTITOUEPELEG.

401, 403 ka1 404

401 onuaiver 0Tt asarteiton valid authentication kat ouviBwg ouvodeveTal Ad WWW-Authenticate yld
o scheme. 403 onuaivel authenticated 1) otherwise understood caller ov dev emitpenetal. 404 umopet
va ypnotporownBet yia va pn Stappevioet Uitapén resource, aAAQ stpemel va eivan consistent wote timing
Kat error shape va punv asmokaAvmtouvv ) Stagopad.

RUBY

get "/accounts/:account id/reservations/:id" do |account id, id]
principal = env["seatly.principal"]
halt 401, { "www-authenticate" => "Bearer" }, [] unless principal

reservation = Reservations.find(account id: account id, id: id)
halt 404 unless reservation
halt 404 unless ReservationPolicy.read? (principal, reservation)

present (reservation)
end

To repository query sieprappavet account scope yia defense in depth kat Atyotepn accidental cross-
tenant exposure. H policy mapapévet explicit.

Filters yia coarse policy

Before filter pmopet va amautroet authentication ywa path family. Mnv Baielg 0An v authorization oe
regex paths. To route pmopel va aAAG€el 1 va kavel mount katw aso veo prefix. Resource ownership
Sev ex@padetan afomota povo pe URL.
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RUBY

before "/api/*" do

next if request.path info == "/api/public-key"
halt 401, { "www-authenticate" => "Bearer" }, [] unless
env["seatly.principal"]
end

To next Byaiver ano filter block, Sev eivat pass. Kpata allowlisted public routes puikpa kot Soxipaoe
o011 véo route Sev yivetat public katd Aabog.

Session identity kai revocation

Session cookie prtopel va kpata subject id kat auth version. Xe ka0e sensitive request, poptwoe
current user state 1) ypnowonoinoe short bounded cache. Av password reset, account disable 1 role
change avfavel auth version, a0 session anoppintetat. Avto Siver selective revocation xwpig
global secret rotation.

Bearer token ypeiadetan signature verification, allowed algorithm, issuer, audience, expiry kat clock
skew policy. Mnyv emiAéyeig algorithm amo untrusted header xwpig allowlist. Key rotation ypeiddetan
key id pe bounded lookup ka1 old/new overlap. Token claims givat assertions tov issuer, oyt hydrated
domain object.

Password kai login boundary

Password verification stpémel va xpnowostoiet password hashing library pe xatdAAnAo cost kau
constant-time verification path. Mnv vAosmoteig crypto péoa oto Sinatra route. Rate limiting ypeiaetat
identity ;tov vitapyel tpv ano login, 6mtwg normalized account key kot network signal, aAAa mpémet va
astopevyel user enumeration. Lockout policy va punv emtpénet attacker va khelSooet padika
Aoyaplaopovg.

Me successful login, avavéwoe session id, kaBapioe tponyovueva state kot kataypawe authentication
event ywpig credential. Me logout, invalidation mpémel va taupiadel oo store model. Ataypapr) browser
cookie 8ev avakalel server-side bearer token stov €yet avriypag@el alov.

Audit wg durable effect

Authorization denial pmopel va eivar metric. Privileged state change ypeidletan durable audit record
otV i61a transaction pe to domain change 1 péow outbox. Record actor id, effective subject, action,
aggregate id, version ka1 outcome. Mnyv amofnkeveig raw token, password 1 full request.

Impersonation xpeiadetar Svo identities: actor kau effective subject. Av avtikataotnogig amAmg current
user, to audit pevdetar. Expiry, reason kau visible Ul indicator eivan pépog tov contract.

Authorization TOCTOU

Av poptmoelg resource, kavelg policy check kat peta update xwpig version 1) transaction, n state
pmopel va aAAager eviiapeoa. Ta permission mov e€aptatal amo current ownership 1) status, check kat
write mpémel va porpalovrat durable boundary 1| conditional update.
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SOURCE TRACE

To Sinatra Tapéxel filters, request env, sessions kai halt, 0xi identity framework. Aeg Base#filter!,
Helpers#session kal middleware composition 010 1ib/sinatra/base.rb 4.2.1. To placement
authentication trpiv a1é routes €ivar application design évw oto Rack contract.

NATIAA
Mnv amroBnkeUeig role list o€ long-lived cookie kai Tn Bswpeig authorization truth. Eivar snapshot mou
Tapapével valid péxpr expiry akoun ki av Ta rights dAAagav.

MHXANIEMOZ
Credential, principal, policy decision kai audit record eivai TEgoepa diagopeTikd artifacts. KaBe éva €xel diké Tou
owner, lifetime kai failure mode.

PROBE

Mpdwe matrix absent, malformed, expired kai valid credential, disabled user, changed role, cross-tenant id kai
concurrent ownership change. Assert 401/403/404 policy, WWW-Authenticate, audit identity kai 611 denial
Ocev ekTeAel kavéva domain effect.
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KE®AAAIO 19

Modular architecture ka1 dependency
ownership

Modular Sinatra onuaivel composable Rack app. Application
architecture onpaivel 611 KGBe atrdépacn Kal dependency €xel
oagn owner.

transport adapter
parse + map response

v

typed command
explicit dependencies

\ J
a * 3
use case
invariants + decisions
a * 3

repository / clock /
queue / provider ports

\ — — ~ _+ ~ — ~ — 7
— -~
' adapters '
I external effects I
| o e e e e e o )

2xAua 19.1 - To route petappadel HTTP kal To use case PIAG HEOW UIKPWYV ports.

H subclass tov Sinatra: :Base eivan modular wg Rack component. Auto Sev onuaiver 6Tt business
logic £ywe modular. Av routes kaAovv global constants, models otéAvouv webhooks xat helpers
avoiyovv transactions, o1 dependencies eivat implicit kan ot failure boundaries pmepSepéveg.

Mua xpriowun Sopur) €xel técoepa layers ywpig va xperaetar framework. To transport layer kavet parse
kot presentation. To application layer ektelei use cases. To domain layer kpatd invariants kau state
transitions. Ov adapters vAomoioUv database, queue, clock, ids ka1 external providers.
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RUBY

CreateReservation = Data.define (
:reservations,
:clock,
:ids,
:unit of work
) do
def call (input)
unit of work.call do
reservation = Reservation.hold (
id: ids.next,
event id: input.event id,
seat: input.seat, -
now: clock.now
)
reservations.add (reservation)
reservation
end
end
end

To use case Sev Stafadel settings, params 1 Time.now. Ot dependencies eivau constructor fields. To
transaction contract eivan explicit. Ze test pmopeig va Swoeig deterministic clock kat in-memory
repository mtov tpel 1o 1610 interface.

Composition root pia @popa

>1o boot 6nuovpyeig adapters kat use cases. H Sinatra class mmaipvel éva immutable container wg
setting. Routes StaAéyouvv povo 1o use case mtov ypetadoval.

RUBY

Container = Data.define(:create reservation, :find event)

def build container (configq)
database = Database.connect (config.database url)
repositories = Repositories.new(database)
Container.new (
create reservation: CreateReservation.new (
reservations: repositories.reservations,
clock: Clock.new,
ids: Securelds.new,
unit of work: repositories.unit of work
) r
find event: FindEvent.new(events: repositories.events)
)

end

Aev yperaetau generic registry pe string keys. Typed container kavel missing dependency boot failure.
Av o container kpata connection pool 1) HTTP client, to object mpérmet va eivan thread-safe kot va E€pet
fork lifecycle.

INa tests, avti va petalMa&elg App . settings. container global peta&d cases, prid&e subclass 1) app
factory pe 81kd tou container. ITapaAnAa tests tote Sev matovv to &va state Tov aAlov.
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RUBY

def build app (container)

Class.new (Seatly: :App) .tap do |appl
app.set :container, container
app.set :environment, :test

end

end

Results avri yia HTTP péoa oto core

Use case Sev emaotpegel Sinatra tuple. Emotpéget result pe domain meaning. To route mapping
amto@aoidet status kot representation.

RUBY

Result = Data.define(:kind, :value)

post "/reservations" do
input = ReservationInput.from json(json document)
result = settings.container.create reservation.call (input)

case result.kind
when :created
status 201
present (result.value)
when :seat taken
halt 409, json error ("seat taken")
else - -
raise "unknown result kind: #{result.kind.inspect}"
end
end

Unknown result elvan programmer mismatch kat onkavel exception. Aev T0 UETATPETOVUE OF 422.
'Etot contract evolution amotuyydavel eppavag oe test.

Oxi1 éva route file avd noun atmréd cuviOsia

Split apps otav xperdleoar Stapopetiko middleware, authentication boundary, deployment lifecycle 1)
ownership. To va KdVSlg UsersApp, EventsApp KAl ReservationsApp }J.(')VO 87‘[8187’] UT[('leOUV Tpia
nouns ptopel va Snuiovpynoet cross-app calls kat duplicated filters. "Eva cohesive HTTP app pe plain
Ruby modules ouyva eivar asmAovotepo.

Mount Siapopetikeg apps 0tav o boundary eivan tpaypatiko:

RUBY

map "/api" do
run PublicApi
end

map "/ops" do
use OperatorNetworkPolicy

run OperationsApi
end

To /ops &xel SlagpopeTikd network kat identity policy. Avto SikaroAoyel Eexmwpirotod Rack subtree.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 65



SINATRA MEXPI TEAOYZ Modular architecture kai dependency ownership

Dependency direction kai adapters

Domain code dev mpémnel va require Sinatra. Repository interface Sev ypeialetau abstract base class.
Apkel stable method contract ka1 contract tests mov Tpgxovv oe ke adapter. Mnv kaveig mock every
call sequence. Aokipaoe observable behavior kau failure categories.

External provider adapter uetagppdadet timeout, rejected request kat ambiguous outcome oe typed
results. Aev agrvel vendor exception classes va Staoyicovv 0Ao to application. ITapddinAa kpatda
original cause ywa internal diagnostics.

H ammAomta Sev etvan Atyotepa apyeia. Eival Atyotepeg kpupeg Stadpopeg. 'Eva use case e mevte
explicit dependencies pitopet va eivat o astAo amod route Seka ypappmv ov kKaAel tévte globals.
SOURCE TRACE

To Sinatra composition surface €ival Sinatra: :Base, .new, .build, helpers, register, use Kal
settings 010 1ib/sinatra/base.rb 4.2.1. Ta layers kai ports €ival application design, 6x1 framework
internals.

NMATIAA
Mn xpnoiyotrolgig settings péoa oto domain core. Metatpémel shared class configuration o€ hidden service
locator kai dével kGBe test oto Rack app.

MHXANIEMOZ
To Sinatra app eivai transport shell kar composition boundary. Plain Ruby use cases kpatoUv decisions.
Adapters kpatouv effects kai version-specific APls.

PROBE

AidAege éva route kai atmapiBunoe k&Be global constant, clock, random id, database call ka1 provider effect mou
ayyicel. Kav’ Ta explicit dependencies. Tpége 1o use case xwpig Rack env. Av xpeidletal akopun Sinatra helper,
10 transport boundary dev £xe1 KAgio€l.
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KE®AAAIO 20

Persistence, transactions kai unit of
work

To Sinatra d¢ev opiCel persistence lifecycle. H epapuoyn TTpETTEl
va opioel transaction, connection ownership kai Tn OTIyUr) TTOU
éva result yivetai durable.

validated command
request intent

v

database transaction
unit of work

v

load / lock / compare
current state

v

write state + outbox
one commit

response / dispatcher '

I after commit |

>xnua 20.1 - To validated intent ypdoel state kai outbox péoa o€ éva durable boundary.

Mmopeig va xpnowomnomoeig Sequel, Active Record, ROM, raw SQL 1} remote data service. To Sinatra
Sev avotyet transaction ka1 Sev emotpé@el connection. Avto elval tAeovekTnua povo av to application
layer £ye1 explicit contract.

'Eva unit of work mpemet va mepirapfavel 0Aa ta reads kot writes mov oynuatidovv pia atomic
amtopaon. Aev mpénet va mepthaufavel template rendering, slow HTTP call 1) streaming response. H
transaction pével pkpr kat to asmotéAeopa materialize mpv kAeioel.
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RUBY

class ConfirmReservation
def initialize (unit of work:, reservations:, outbox:)
Qunit of work = unit of work
@reservations = reservations
Qoutbox = outbox
end

def call(id:, expected version:)
@unit of work.call do
reservation = @reservations.lock (id)
reservation.confirm! (expected version: expected version)
@reservations.save (reservation) -
Qoutbox.append (
type: "reservation.confirmed",
aggregate id: reservation.id,
version: reservation.version
)
reservation.snapshot
end
end
end

To snapshot mpémet va eivan detached value. Av emotpéyeig lazy dataset 11 model tov Ba poptmoet
association apyotepa, pmopel va kavel query £Ew amd v transaction, oe AA\o connection kat pe GAAN
state version.

Connection ownership avd execution

Threaded Puma process eEvnnpetei moAAd requests. O database adapter ypeialetar bounded pool.
Checkout mtpémel va ovufaiverl 6o o apyd yivetal kau release oe ensure. Pool size 6ev akoAovDet
TuPAa Ta Puma threads: background work, streaming code 1) async clients pmopei va mpoofetouvv
demand.

Av éva request kpata connection eve mepipével provider, dAa threads pmopet va koAAnoovv oo pool
akoun k1 av database eivar idle. Métpa checkout wait Eeywpiota amo SQL time.

RUBY

class UnitOfWork
def initialize (pool)
@pool = pool
end

def call
@pool.with connection do |connection]|
connection.transaction { yield }
end
end
end

To actual adapter API Siagpépet. To contract elvan 6Tt exception 1) explicit abort kavet rollback kot 6T

connection emotpépel oe kaOe path. halt eivan throw, Oy exception, apa unv To XproUOTOIEIC HECA
oto transaction block wg failure signal.
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Constraints aviijkouv otn database

Application validation 8ivel ka0 error. Unique constraint, foreign key, not-null kau check constraint
mpootatevovy concurrent writers. 'Eva exists? mpv amo insert €xel race. Kave insert kat petagppace
OULYKeKP1EVN constraint violation oe domain result.

Constraint names eivat compatibility surface peta& schema kot adapter. Awoe stable names wote
error mapping va unv egaptatal and database message text. Mnv kaveig rescue ke database
exception wg conflict. Connection loss, serialization failure ko programmer SQL error £xouv
Slagopetikn recovery.

Isolation ka1 optimistic concurrency

Version column emtpémnel conditional update:

sSQL

UPDATE reservations
SET status = 'confirmed', version = version + 1
WHERE id = :id AND version = :expected version;

Affected row count 1 onpaivel success. Zero onpaivel missing 1) stale version kat ypeiadetal Sevtepo
bounded read av to API Eexwpilel 404 amo 412. Autd To compare-and-write eivan atomic ot database.

Pessimistic lock eival cwoto dtav n amdgaon yxpelddetan current multi-row state kat contention eivat
bounded. ITape locks o€ deterministic order. Mnv kpatag lock katd to HTTP provider call. Deadlock 1)
serialization failure pmopet va eivan retryable povo av Eavatpe€erg oAokAnpo unit of work asto fresh
inputs ka1 kavéva external effect Sev exe1 116N @UyelL

Transaction callback d&v gival message queue

Adapter after-commit hook kAeivel to window miptv astd commit, aAAd 0x1 to window petd to commit
KAl 7tpv asto enqueue. Av o process meoel ekel, 1) database state pével xwpig job. Transactional outbox
ypagel intent oty i61a transaction kat Eeywpirotog dispatcher to mapadidet.

To HTTP response pmopei va yabei agpot &ywve commit. Client retry mpémnet va eivan idempotent. H
transaction AVvel atomicity péoa oe pia database, oyt exactly-once delivery mavw amo network.

Read consistency kai replicas

Av route ypdet primary kot petd redirect oe GET mov Stafdader replica, o user pmopel va Set maiio
state. Sticky primary window, causal token 1} explicit read-your-write route eivau application policy.
Sinatra Sev E€pet oo connection role ypnoiposnoiel to repository.

Pagination mavw oe changing data ypeiaetau stable order kau cursor. Offset pmopel va Suthaoiaoet iy
va mapaieiypet rows otav yivovral inserts. Cursor pe ordered unique tuple, 0nwg (created at, id),
Sivel oapeatepo contract.

SOURCE TRACE

To Sinatra 4.2.1 dev pocBétel ORM 1 transaction wrapper. To route lifecycle @aivetal oTa dispatch!,

route! Kal invoke Tou 1ib/sinatra/base.rb. Connection pools, isolation kai callback semantics
avrkouv oTov eTTIAeyuévo adapter kal otn database documentation.
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NATIAA
Mnv kpatdg database transaction r} connection péxpl 1o Rack body close. Slow client petarpémeTtal o€ pool
exhaustion ka1 lock retention.

MHXANIZEMOZ
Unit of work katéxel atomic database decision. External effects xpeidlovtai durable intent kai retry protocol.
HTTP success ptropei va xabei yetd 1o commit.

PROBE

BdAe barriers o€ dUo transactions 1mou d1ekdikoUv T0 id10 seat. Assert 611 n database constraint rj version
emTpéTel éva success. ‘Emerra kdve process-like failure perd To commit kai mpiv atré response. To retry pe idio
intent TTpémmel va emoTpéwel To idlo outcome xwpig deuTepo effect.
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JSON APIs, validation kai contract
evolution

‘Eva JSON endpoint eival deployed protocol. Parser, schema,
status, headers kai error shape pétrel va e¢eAicoovtal padi.

(—————————— =
I JSON bytes + media type
I untrusted
C o e o |
a * 3\
bounded parse
syntax errors
i ? i
schema / command
semantic errors
i ¥ 1
use case
versioned behavior
i y i
status + headers +
stable error shape

>xnua 21.1 - Ta bytes mepvouv syntax kar semantic validation 1rpiv yivouv response contract.

To JSON. parse amavtd povo av ta bytes eivan syntactically valid JSON. Aev E€per required fields,
types, ranges, cross-field invariants 1 authorization. To transport layer nipémetl va Eexwpidet parse
failure a6 schema failure kat domain conflict.

'Eva mpaxtiko status model eivat: 400 yia malformed request syntax, 401/403 ywa identity policy, 404
yla missing resource, 415 yia unsupported media type, 422 yia well-formed document stov Sev yivetat
valid command, 409 ywa conflict pe current state kan 412 ya failed HTTP precondition. Aev elvat
Bpnoxkeia, aAAa mpémel va eivan consistent kat documented.
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RUBY

ErrorDocument = Data.define(:status, :code, :message, :fields)

helpers do
def render error (error)

content type :json

status error.status

JSON.generate (

error: {

code: error.code,
message: error.message,
fields: error.fields

}s
request id: env["seatly.request id"]
)
end
end

To code eivau stable machine identifier. To message pmopet va aAAager 1) va petagpaotel. Ta field
paths eivat bounded ka1 Sev mepigyovv raw values. To request id fonBa support ywpig va ekBeter trace
1 secret.

Media type mrpiv atré parser

Av endpoint 5¢xetar JSON, amaitoe application/Json 1) versioned vendor type. To charset yia
JSON eivar ouviBwg UTF-8. Mnv nipoontafeig va pavtéwelg form 1 JSON and mpmto byte. Content
negotiation tov response givat Siapopetikd amod request content type.

Limit body bytes mp1v to parse. Limit nesting, collection sizes kot string lengths oto schema. 'Eva 500
KB JSON pe exatovtadeg ythiadeg pikpa nodes propel va £xet mohd peyaitepo allocation footprint.

Allow known fields ka1 preserve compatibility

Ia command endpoints, unknown fields prtopotv va eivat error oote typo va unv ayvoeitat. I'ia event
consumers, tolerant reader ouyva ayvoei ayvwota additive fields. H policy e€aptatat amo direction ko
ownership. Mnv epapuodeig strict parser stavtov ee1d1) AKOUYETAL ACPAATC.
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RUBY

class ReservationInput
ALLOWED = %w[event id seat note].freeze

def self.from document (document)
raise InputError, "object required" unless document.is a? (Hash)
unknown = document.keys - ALLOWED -
raise InputError, "unknown fields" unless unknown.empty?

new (
event id: Integer (document.fetch ("event id"), 10),
seat: String(document.fetch ("seat")),
note: document["note"]

)

end

def initialize(event id:, seat:, note:)
@event id = event id

@seat = seat
@note = note
freeze
end
end

String(value) 8&xetal objects pe to str kat apiBuovg peow conversion. Av Beieig povo JSON String,
éleyEe is_a? (string). Coercion policy mpémel va eivan intentional.

Mnv serializedpeig domain object TupAd

JSON.generate (model) T) generic to h pmopei va pooBeoet véa internal fields oto public response
peta aso refactor. dtia&e presenter ;tov SnAwvel exact shape, types kat nullability. Timestamp format,
decimal representation xaut id type eivai contract.

Lists ypeialovtau stable ordering ka1 pagination. Opaque cursor pmopel va epieyet signed versioned
payload. Mnyv padeig raw SQL offset 1} internal primary key av 6ev 6¢Aeig va yivel public guarantee.
Links mtpémel va mapayovial pe cwoto mount point kat trusted origin.

Evolution oto overlap window

Rolling deploy onuaivet old kan new producers/consumers padi. Add optional field mpota. Kave
readers tolerant. Metd dpyioe write. Movo agot An&et o maximum client kol queued-message
horizon pmopeig va apaipeoeig old shape.

Rename 6ev elvat atomic. Ta transition, Siafade old kal new, ypage canonical new kai, av ypeiadetar,
dual-write old field yia mepropiopevo Staotua. Metpa ypnon old field tpv 1o apaipéoetg. API version
oto path dev Aver povo touv database 1) job payload overlap.

Error contracts o€ partial failure

Mnv emotpépelg provider message avtovoio. Map timeout oe stable code kot BdAe retry hint povo
otav operation eivau safe. Av external outcome eivar unknown, 1o response pEmel va 1o Aéel, iIo0wg 202
ue status resource, 61 va sipooroteitat clean 500 sov evBappuvet blind retry.

Batch endpoint ypeialetan per-item results 1] atomic all-or-nothing statement. Mn xpnoiposoteig 200
pe mixed implicit failures xwpig schema. ‘Opioe ordering, duplicate handling kan maximum batch size.
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SOURCE TRACE

To request kai response shell xpnoiyotolei Sinatra: :Request, Helpers#content type, #status,
#headers, #halt Kal Response#finish aT1o Sinatra 4.2.1. JSON schema kai version evolution €ivai
application protocol, 6xi1 built-in Sinatra feature.

MATIAA

Generic model serialization kdvel internal refactor public API change. AAwaoe exact presenter shape kai
dokipaoe 10 serialized document wg contract.

MHXANIZMOZ

Syntax parse, shape validation, domain decision kai HTTP presentation €ival T€ooepig EEXwWPIOTEG
uetappaoelg. Ta stable error codes €ival yépog Tou API.

PROBE

AnpioUpynoe contract fixtures atré oldest supported client kai newest server. Aokipaoe unknown fields,
missing fields, wrong scalar/container types, max sizes, duplicate request ka1 mixed-version response reader.
Kdve JSON parse o010 TTapayouevo response kai assert exact keys, 0x1 substring.
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KE®AAAIO 22

Idempotency, optimistic concurrency
Kal race windows

ldempotency atravtd 11 yiveTal 6tav etravaAneOei To idio intent.
Optimistic concurrency atravTd 11 yivetal otav dAAage 1o state
TTou €ide o caller.

same intent |
repeated request I

stable idempotency key
scoped identity

v

unique claim +
request fingerprint

v

single state transition
ambiguous external effect

v

stored outcome or
reconciliation

>xnua 22.1 - To stable key diekdikei pia intent row ka1 odnyei o€ replay r) repair.

Network timeout Sev Aéel av o server ektéleoe v operation. Client, proxy 1 load balancer 6a
enmavaiafer request. Av to endpoint Snuiovpyei charge, reservation 1) webhook, o retry mpémetl va
avayvopilet To 1810 intent.

Idempotency key yperaletat scope. To 1610 string asmo Svo users dev eivan 1810 intent. Xperaletan
emtiong request fingerprint. Av caller etavaypnoiposow)oet key pe Stapopetikd amount 1) seat, o server
nipémet va emotpéyet conflict, Oyt o a6 result mavw oe véa parameters.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 75



SINATRA MEXPI TEAOYZ Idempotency, optimistic concurrency kai race windows

RUBY

IdempotentRequest = Data.define(:scope, :key, :fingerprint)

post "/reservations" do
document = json document
request identity = IdempotentRequest.new (
scope: env.fetch("seatly.principal") .id,
key: request.get header ("HTTP IDEMPOTENCY KEY").to s,
fingerprint: RequestFingerprint.call (document) -
)
result = Reservations.create once(request identity, document)
present (result)
end

To fingerprint npémnel va Paciletan o€ canonical accepted fields, oyt raw JSON whitespace 1) key order.
To key €xe1 bounded grammar kot expiry policy.

Claim row kai1 concurrent callers

Database table pmopel va €xel unique constraint oe (scope, key), fingerprint, state, result reference
ka1 timestamps. ITp®Ttog caller Snuovpyet claim. O devtepog pe 1610 fingerprint fAEmer processing 1)
stored outcome. Me dM\o fingerprint aipvet 409.

To read-then-insert ywpig unique constraint €yet race. To unique index eivat o arbiter. Metd amo
conflict, Eavadiafaoe existing row. Av state eivar processing, SidheEe bounded wait, 202 status
resource 1 409 retry-later policy. Mnv kpatag Puma thread e’ adpiotov.

Success response npénel va amtodnkevel domain outcome, o1 amtapaitnta raw HTTP bytes. Av
presentation schema aAAa&el, pmopeig va Eavamapovoidaoelg stable result. Ta operation dmov exact
response replay eivat contract, version to stored response.

Crash windows

Av business write kat idempotency row eivan otnyv i61a database, ypdwe ta otnyv i8a transaction. Av
external effect pecoAafei, viapyovv unknown outcomes:

1. provider 8&ytnke effect, response xaOnke
2. local process &neoe mpv ypdpet receipt
3. retry BAémnet processing claim ywpig owner

Xpewadeoat provider idempotency key 1) lookup endpoint. Xwpig avtd, automatic retry pmopet va
Suthaoiaoet effect. Mark state unknown, BdAe reconciliation ka1 human review otav to business risk to
QITTEL.

Optimistic concurrency givai d1a@QopeTIKO key

Idempotency key avayvwpidel command. Version 1) ETag avayvwpidet resource state sov €ide o caller.
Update pmopet va eivatl idempotent aAAa stale: 1610 request key Sev mpémet va mapakapyer failed 1£-
Match yia Sta@opeTikr| state version.
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RUBY

patch "/reservations/:id" do |id]|
expected = request.get header ("HTTP IF MATCH").to s
command = ReservationPatch.from document (json document)
result = Reservations.patch if version(id, command, expected)
halt 412 unless result.updated?
etag result.etag
present (result.reservation)

end

To repository kavel atomic conditional update. Ruby mutex yOpw amo route dev mpootatevel AGAAOUG
processes, jobs 1) direct database writers.

Retry boundary kai budget

Retry povo transient failure ka1 povo ohoxAnpn replayable unit. Bahe maximum attempts, exponential
backoff pe jitter kan deadline. Connection timeout stpv send pmopel va eivan safe. Read timeout petd
send pmopet va eivan ambiguous. Mnv ta&ivopeig kat ta 500 wg 1810 generic timeout.

Idempotency records £xouvv retention horizon tovAdyiotov 660 to maximum client retry window. Av
ta Staypawerg vopitepa, delayed retry yivetan véo intent. Unbounded retention yivetau storage cost.
Product protocol stpémet va SnAavel mooo kaipo key mapauéver valid.

In-process dedupe d&ev apkei

Hash 1 mutex oto Sinatra process ptopei va peiwoet duplicate work péoa oe évav worker, aAha dev
elvan correctness boundary. Restart yavet state xau cluster €xe1 toAAG copies. Xpno1pomoinoe to povo
g optimization mavw amd durable unique claim.

Metrics: new claims, replayed successes, fingerprint conflicts, processing waits, stale claims, unknown
outcomes ka1 reconciliation age. Mnv fadeig raw idempotency key wg metric label.

SOURCE TRACE

To Sinatra TTapéxel request headers, route execution kai response helpers, dx1 idempotency store. To request

uTTopEi va ekTeAeoTel TTAOPAAANAQ €TTEION Base . call dev kKAeldwvel 61av 1ock gival false. H durable claim kai
conditional update avrikouv oTnv database rj provider contract.

NATIAA
Mutex Kal in-memory cache TrpooTarelouv povo éva process. Agv AUvouv duplicate requests oe Puma cluster,
restart i} queue redelivery.

MHXANIZMOZ

Idempotency identity €ival (scope, key, fingerprint).Resource concurrency XpelddeTal EexwpioTh
expected version. External ambiguity xpeidZetal lookup 1} reconciliation.

PROBE

>1eile 20 concurrent POSTs pe id10 key kai body, petd idlo key pe dAAo body. BaAe crash points 1piv claim,
META claim, petd business commit kal etd provider success. Assert éva domain transition, stable replay, visible
unknown state kai bounded recovery.
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KE®AAAIO 23

Jobs, outbox ka1 webhooks

To 202 Accepted cival aAnBivé uovo otav uttapyel durable
intent TTou GANOG process PTTOPEI va ouvexioel HETA ToV BAvaTo
Tou request worker.

domain write + outbox
one DB transaction

v

dispatcher claim
lease + attempt

v

queue / webhook
at-least-once

v

provider receipt /
consumer inbox

' retry + dedupe + I
I reconciliation '
]

Zxnua 23.1 - H outbox kAegivel To local commit window kai n reconciliation Ta utréAoiTTa.

To Sinatra ev £xel built-in job system kot avtd eivar kaho yia To mental model. H route mpémet va
E&per TL akp1fwg eyyvatal to queue adapter. In-memory thread 1) Queue yavetan oe restart. Redis list,
database queue 1) broker £yovv Siapopetiko acknowledgment, redelivery kan ordering contract.

Av route ypawet database kat petd kavel enqueue, process loss avapeoa ota dvo agpnvel committed
state ywpig job. Av kavel enqueue mpwTA, worker propel va tpé€el mpiv yivel commit 1y o database
write va amotUyel. Transactional outbox ypagpel domain state ko message intent otnv i61a database
transaction.
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RUBY

unit of work.call do

reservation = reservations.confirm(id)

outbox.append (
event id: SecureRandom.uuid,
event type: "reservation.confirmed",
aggregate id: reservation.id,
aggregate version: reservation.version,
payload: ReservationConfirmedPayload.build(reservation)

)

end

Metd to commit, dispatcher claimdpet unpublished rows, otéAvel kal onuelwvel outcome. Av méaet
peta to send kot ;tpv o mark, Oa Eavaoteiel. To boundary eivau at-least-once. Consumer ypetadetat
inbox 1) domain idempotency.

Claim, lease kal poison messages

IToA\oi dispatchers ypeidlovtan atomic claim. Row lock with skip-locked, conditional update 1) queue-
specific lease pmopel va to Swoel. Claim €yel owner kat expiry wote orphan work va Eavayiver eligible.
Mwkpo expiry mtpokaiei duplicate concurrent sends. Meydo expiry kaBuotepel recovery.

KaBe attempt kataypaget bounded error category kot next attempt time. Permanent contract error
Sev mpémer va retryapet yia mavta. Poison row maet oe visible terminal state pe operator action. Mnv
astoBnkevelg unbounded provider response 1) secrets otnv exception text.

Payload wg temporal API

Job 1 event pmopei va extedeotel petd amd deploy. Class names ko arbitrary Ruby serialization etvan
brittle. Xpnowpomoinoe primitive versioned document pe event type, schema version, stable aggregate
identity ka1 occurred time.

Reference payload @optmvel current state kot pmmopet va ydoet historical meaning. Snapshot payload
kpatd event-time facts aAAad peyadmvel compatibility surface. AtdAe€e ava field. Ta
reservation.confirmed, ticket number kau price snapshot iowg eivan event facts, eveo display name
popel va @optwOel current av to product To emTpemnel.

Webhook delivery protocol

Webhook eivat outbound message mavw amd unreliable HTTP. KaBe delivery £xet stable event id kot
attempt id. Signature kaAvmtet timestamp kot exact raw body. Consumer eAéyyet signature constant-
time, timestamp window ka1 event-id dedupe mtprv epapuooet effect.

RUBY

def sign webhook (secret:, timestamp:, body:)

data = "#{timestamp}.#{body}"
OpenSSL: :HMAC.hexdigest ("SHA256", secret, data)
end

EKAOZH 1.0 - ZEMTEMBPIOX 2026 79



SINATRA MEXPI TEAOYZX Jobs, outbox kar webhooks

Canonical JSON reserialization otov consumer pmopet va aAAd&et bytes kot va omdoet signature. Verify
raw bytes mpata, parse petd. Secret rotation ypeialetan key id 1) old/new verification window. Mnv
Badeig secret oe query string.

HTTP 2xx pmopet va Bewpnbel acknowledgment, aAAd consumer pmopel va amavtnoet ipv to effect
yivel durable. Avto elvan 61x06 tov contract. I'a high-value integration kpata reconciliation endpoint 1y
periodic comparison e canonical state.

Inbound inbox

Consumer ypa@el unique (provider, event id) receipt kot domain effect otnv i81a local
transaction. Av duplicate event £pBe1, emotpépel to stored outcome ywpig devtepo effect. Av provider
Sev Siver stable id, pmiage fingerprint amd document povo 6tav i business semantics to emTpener.

Ordering npénet va eivan scoped. Global order mavw oe distributed deliveries omdvia vtapyet.
Aggregate version emtpénel oTov consumer va amoppiyet stale event, va bufferapet gap 1) va xave re-
fetch. H owotr) etthoyn e€aptatar av kaOe intermediate transition £yel onuaoia.

Request kai worker capacity xwpiota

Mnv tpexerg durable dispatcher wg ad hoc thread péoa oe kaBe Sinatra web process xwpig leader
election ka1 shutdown protocol. Web scale-out tote aAAdder worker count. ITpotipunoe Eexwplotod
process role 1) queue adapter pe oa@r) supervision.

Health endpoint Sev mpémer va Aget healthy povo eme1dn web routes amavtovv. ITapakorovBnoe oldest
outbox age, ready jobs, retry age, poison count ka1 worker heartbeat. Backlog count ywpig age pmopet
va kpowpet stuck critical message péoa oe oA ppéoka low-priority messages.

SOURCE TRACE

To Sinatra request lifecycle oAokAnpwveTal 010 Base#call! kal Oev mapéxel durable enqueue hook. Ta job,

outbox ka1 webhook guarantees eival adapter kai application protocols. To Rack body close 1 after filter dev
atroteAei durable commit boundary.

NATIAA
Mnv amravtdg 202 agol £Baleg work pévo oe process memory. Accepted onuaivel 611 To intent emiBiwvel
worker loss kai uttéipyel owner TTou Ba 1o avafpei.

MHXANIZMOZ
Outbox mpoaTarteuel local database intent. Inbox TrpooTarever local consumption. At-least-once transport,
idempotency kai reconciliation kAgivouv Ta uttéAoiTTa crash windows.

PROBE

BdAe deterministic crash perd 1o domain commit, uetra 1o claim, perd 1o webhook send kai Trpiv 10 mark. Ztov
consumer, crash petd 1o receipt kai petd 1o effect. Assert eventual terminal state, duplicate tolerance, gap
visibility ka1 bounded retry. Métpa oldest unresolved age, éx1 pévo row count.
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Streaming, SSE ka1 backpressure

Streaming dev anuaivel 011 To request £yive ONVO N
aoUyXPOVo. 2nuaivel 0Tl To response body mrapdyel bytes o€
XPOVO TTOU OEV CUUTTITITEI JE TO route block.

route returns Stream
headers commit

v

server consumes body
producer emits chunks

v

socket buffer
finite capacity

I slow client I
backpressure

disconnect / shutdown
close + cleanup

Zxnua 24.1 - To streaming path xpeidZetal bounded buffer, disconnect handling kai 8ik6 Tou capacity budget.

Y10 Rack 1o response body Sev eivanl amAmg éva string. Eivan object mov amavta o€ each, kavet yield
strings kai, Otav €yel close, MPEMEL TEAIKA va kAgioel. Ta headers kau to status amogpacidovtat pv
katavaAmBel 0Ao to body. Av i Tapaywyr) aroTdyel apov @uyel To Tp®To chunk, dev pmopeig ma va
aAagerg kabapa to response oe JSON 500. H amotuyia avijkel oto stream protocol.

To stream helper tov Sinatra emotpeéPel Sinatra: :Helpers: : Stream. To Stream#each EeKvd TOV
producer péow scheduler, to << mapadidel chunks kat 1o close tpeyer callbacks. Av to Rack
environment €yel async.callback, To Sinatra emmiAéyel EventMachine scheduler. Atagopetika
Xpnotpomoiel Tov 81k0 tov apeoo scheduler. Apa n mpaypatikn mtapaiiniia, to buffering kou 1o av
Oeopevetan server thread e€aptaovtal astd handler kot deployment.

TINa finite response 1o contract eival kabapo:
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RUBY

get "/exports/:id" do |id]|
content type "application/x-ndjson"
attachment "export-#{id}.ndjson"

stream do |out|
Exports.each row(id) do |row|
break if out.closed?
out << JSON.generate (row) << "\n"
end
end
end

To route Sev mpemet va kpatd avoryt) database transaction 600 ypagpet apyd oto diktvo. Alafaoce pe
bounded pages 1) cursor Tov o70lov T CuVENEld £XE1g oploel. Av asmarteital point-in-time snapshot,
KAVE TO KOOTOG KAt To timeout pntd. Ala@opeTikd €va export pmopel va 5e1 SiapopeTikeg versions
kaBag poxwpd.

SSE cival application protocol

Server-Sent Events xpetdletal text /event-stream, records YwplopEVA e KEVT) Ypapuun kat ovviBmg
id, event Kal data. Data pe moAAEQ ypaupeg xpelddetal Eva data: prefix ava ypauur). Mnv kaveig
interpolation raw user text péoa oto wire format. ®t1a&e encoder kat xpnowosnoinoe JSON wg
payload.

KaBe event £xe1l monotonically ordered identity uéoa oe oagég scope. O browser pmopet va
tavaovvoebel e Last-Event-ID. Av Ta events eival povo process memory, reconnect o€ aAAo worker
Snuovpyet kevo. Durable log 1) snapshot-plus- cursor endpoint emtpésnet replay. ‘Otav to requested id
£xe1 \EeL, aavTNoe e OPIOUEVT) TeSYNC OUUITIEPIPOPA, OXL LLE OLWITNAT ATMALLQL.

Heartbeat comment 07tw¢ : ping\n\n kpatd visible pia fovyn obvéeon kat amokaivmtel disconnect,
aAAG Sev Bepartetiel proxy timeout av o proxy kavet buffering. 'EAey&e reverse proxy, CDN kat load
balancer ywa buffering, idle timeout ka1 maximum response duration. To Xx-Accel-Buffering: no
glvat xpropo povo o vrodour) oL To KataAaPaivel.

O apyo6g consumer gival capacity problem

Av producer mapayet ypnyopotepa amd 000 ypaget o client, unbounded queue yivetar memory leak.
Bounded queue ypeiaetan policy: block producer, drop maid event, drop véo event 1| kAeioe
ovvdeon kot amaitnoe replay. I'a durable business events, To kAeiowo kot reconnect aso stable cursor
elvat ouvnBwg kaBapotepo aso silent drop.

To backpressure mpérnet va mepva peypt tov payuatiko producer. To OTL TO out << chunk ETIOTPEPEL
Sev amobekvvel 0Tt o client tapéAafe to chunk 1) 6T Sev avtiypagnke oe evdiaueoo buffer. Metpa
queue depth, oldest queued age, bytes pending ka1 disconnect reason. Bae per-connection byte limit,
Ox1 uovo event count, eme1dn) ta payloads €xovv Stagpopetiko peyebog.

Keep-open xwpig Kkpupn utré0eon

To stream (:keep open) QIOTPENEL TO auTopato close, opwg N fallback Siadpopr) tov Sinatra, otav Sev
vrapyet async scheduler, emavakalei 1o producer block péypt va kAgioet to stream. Block mov amimg
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kavet subscribe kat emotpepel pmopel va kavet repeated subscriptions. Aokipaoe o akpipeg server
adapter ka1 unv Bewpnoeig Ot to chat example opiel production semantics yia tov Puma.

INa pakpofro SSE mpotipnoe adapter pe tekunpliwpévo streaming contract 1) 816 oov Rack body mov
£xe1 bounded mailbox, cagn each kat idempotent c1lose. Autd To body ptopel va deopevel Puma
thread. Aev eivan AddBog av to capacity model to mepthaufaver. Eivar AdBog dtav yithiadeg connections
eppavidovral oav Swpedav eneldn to API ovopdadetat stream.

Cleanup npémnet va ovufaivel kar oe normal end ko og client disconnect. Subscription, timer, cursor
ka1 Tpoowpvo file kAeivovv idempotently. Exception oto cleanup Sev mpesmet va kpOWel TV TpmTn
astotvyia. To after filter tpéyet mptv ohokAnpwBel n katavaiwor evog streaming body, apa Sev eivan
0WOTO onpeio yua stream-lifetime cleanup.

SOURCE TRACE

270 Sinatra 4.2.1 10 Helpers: : Stream#each, #<<, #close Kal #callback opifouv To stream lifecycle. To
stream €mAEyel scheduler ammé 10 env [ 'async.callback'] kai €xel €10IKA fallback cupTtrepipopd yia keep-
open. To Rack contract armraitei string chunks kai TeAIK6 body close é1mou uTTapxEl.

NATIAA
Mnv kpartdg transaction, checkout ammé connection pool r} request-scoped object péxpl va @uyel o TeEAeuTaiog
SSE client. 'Eva apyo socket ptropei va 10 KpatAoel yia WPEG.

MHXANIEMOZ
>xediaoe stream wg EexwpioTo protocol: replay identity, bounded buffering, disconnect cleanup, proxy
behavior, capacity limit kai graceful drain.

PROBE

Tpée real-server test pe client Tou diafddel Eva byte ava deutepOAeTTTO, client Tou k6Bel TCP oTn péon Kai
reconnect pe TaAid Last-Event-ID. Kave deploy evw uttdpyouv streams. Assert bounded memory, released
subscriptions, opaTd gap kai Teppatiopd péoa oto shutdown deadline.
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Thread safety kai shared mutable state

To Sinatra atropovwvel 1o request object. Aev atTropovwvel
autoparta omidrTroTe £BaAEC o€ settings, constants, clients,
caches 1 closures.

application class
shared settings + registries |

prototype
shallow dup source

v

request dup
env + params + response

v

shared clients / caches
thread-safe contract

v

ensure cleanup
no leaked context

>xnua 25.1 - K&be request €xel instance state, evw ol pntég dependencies kai caches avrikouv GTo process.

To Sinatra::Base#call ekteAel dup.call!. KaBe request Sovledel oe shallow copy Tov prototype kat
maipvel S1kd Tov @request, @response, @params kal route temporaries. To shallow eivat ) kpioun
AEEN. Objects mov Seiyvouv o1 instance variables tov prototype, ta class settings 1) Ruby constants Sev
yivovtat deep copy.

"Eva client object pmopet va eivan thread-safe, thread-confined 1} va asautel pool. 'Eva plain Hash
cache propet va deytel concurrent mutations. 'Eva mutable array oe setting pmopet va aAAd€et eva
Ao request to Stafadet. H aopdaiela mpémel va SnAwvetal ava dependency.
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RUBY

Dependencies = Data.define(:users, :clock, :events)

class AccountsApp < Sinatra::Base
set :dependencies, Dependencies.new (
users: UserRepositoryPool.new(size: 6),
clock: Process.method(:clock gettime),
events: EventPublisher.new
) .freeze

get "/accounts/:id" do |id|
account = settings.dependencies.users.with do |repo|
repo.fetch (id)
end
present (account)
end
end

To frozen dependency container epmodier arayr| references, 01 eowTePIKN mutation Twv objects.
KaBe object yperaletan S1kd tov contract. Repository pool mapaywpel exclusive handle kot to
emoTtpepel ue ensure. Publisher eite eivan concurrency-safe eite €yet pool/serialized owner.

GVL d¢v gival transaction

¥1o CRuby 1o Global VM Lock epmodidel Svo threads va extehovv Ruby bytecode tavtoypova yia
peydha draotuata, aAla I/0 kat native code pitopovv va mapadAnAidovrat. AKOuUn Kat pia Aoyika
ovuvBetn operation tavw oe Hash eivan oe1pa Pnuatwv. Check-then-act, memoization kan read-modify-
write &yovv race. AMeg Ruby implementations £xouvv Siapopetiko runtime.

RUBY

class PriceCache
def initialize
Qvalues = {}
@mutex = Mutex.new
end

def fetch (key)
@mutex.synchronize do
return @values.fetch (key) if @values.key? (key)
@values[key] = yield
end
end
end

Avto Siver pla computation ava key povo eneidn kpatda global mutex kot katd to slow yield. Eivan
0woTO contract aAAa pmopel va yivel convoy. Production cache pmopei va xpeladetan per-key single-
flight, timeout, bounded size, negative-cache policy ka1 eviction ektog critical section. ITpmta ypdwpe
semantics, peta S1a\e€e primitive.

10ck EIVOI XOVTPO epyaAcio

To Sinatra setting 1ock propet va faAel mutex yOpw aso kdbe call! uéoa oe eéva application instance.
AvuTo og1plomotel requests 0To ovyKekpluEVO process. Aev mpootatevel AAAo Puma worker, job process
n external writer. Mopel va eivan xprjoluo ya legacy adapter ;mov anmodeberyuéva dev eivar thread-
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safe, aA\a petatpenel ta max threads oe ovpd avapovnig. Aev eivan distributed lock ovte 510pBwon
database race.

IIpoTtiunoe va seplopioelg to serialization yOpw astd Tov CuyKekpIpEvo resource. Av o resource dev
pmopel va potpaotel, Swoe evav ava thread 1) checkout amd pool. BaAe timeout oto checkout wote
saturation va yivel eheyyopevn 503 kat Oyt avenynto request timeout.

Context kal reuse worker threads

Puma threads e€umnpetovv moAa requests S1adoyika. Oidrmote pmaivel oe thread-local 1 fiber-local
storage mpémnel va kaBapilel pe ensure. ANmG principal, request id 1) locale popet va Stappetioet oto
enopevo request. To Puma 8 yel mpoaipetikd fiber per request, 7ov Sivel kaBapo fiber storage,
aAa eivan defense in depth. H epapuoyr) opeirel akoun va kabapidel resources.

Edw vrtapyet lifecycle trap. To ensure yOpw aitd app.call (env) TEAEIOVEL LOAG emtioTpagel To Rack
triple. Streaming body xatavaiovetat apyotepa. Av to body yperdletan context, middleware mpémel va
TUAEEL KA each KAl close T va tepdoet immutable context péoa oto body. Mnv facileoal oe ambient
thread state peta to route.

Request-local memoization oe instance variable route helper eival ovvBwg ao@aing emeidn) to request
instance eitvan Stapopetikd. Memoization oe class method, module singleton 1} object stored ota
settings eivan process-shared. Closure mov dnuovpynOnke oto boot pmopel emiong va kAgioel Tavw
asto mutable array 1) client.

Fork safety

Me Puma workers, process fork dnuiovpyei véo address space. Connections, background threads kau
locks mov SnuovpynOnkav spv to fork pmopei va unv eivan €éykvpa oto child. Immutable code kat
read-only data pmopoUv va mpopoptwbolv yia copy-on-write. Sockets, pools kan thread-owning clients
avoiyovv oto worker boot kat kAeltvouv ato worker shutdown.

H Swagopa thread-safety kot fork-safety mpésmet va vitapyet oto dependency inventory. Enueiwoe
owner, creation phase, concurrency contract, checkout limit, reset method ka1 shutdown method ywa
ka0e external client.

SOURCE TRACE

To Sinatra 4.2.1 uhoTroigi Basefcall pe shallow dup kai apxikotroli request state ato call!. To optional
lock kaAei To request péoa amd mutex. Ta settings kai 1o prototype mapauévouyv class/process-level objects.

NATIAA
Mnv amrodeikvuelg thread safety emmeidr éva concurrent test épaoe pia @opd. To test pmropei ammAwg va unv
TTETUXE TO race window.

MHXANIZMOZ
Kd&Be mutable object £xel owner kai concurrency protocol. Request instance, thread, pool, process kai durable
store ival dla@opeTiKA ownership scopes.

PROBE

BdAe barriers avapeoa o read kai write yia va avaykdoeig dUo requests va ptrouv oTo idio window. Tpége pe
TTOAG threads kai peta pe duo workers. Assert pool timeout, context cleanup, fork reconnect kai bounded
cache. EmravéAaBe pe streaming body Tmou oAokAnpwveTal a@ou eTTIOTPEWEI TO app.call.
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Puma capacity, processes kai graceful
shutdown

H puBuion Puma d¢v cival tuning pe Tuxaioug apiBuoug. Eivai
AoyIoTIKO UAAO yia threads, connections, memory, latency kai
shutdown time.

client sockets
reactor + accept

v

Puma workers
process isolation

v

request threads
bounded concurrency

v

DB / HTTP pools
real bottlenecks

drain + deadline
forced termination |

2xAua 26.1 - H Tpayuatiki xwenTikéTnTa TreplopieTal atmd 1o o1evoTEPO pool kal atrd 1o shutdown budget.

'Evag Puma worker etvan process. Méoa tov vnapyet thread pool. Ta workers Sivouv process isolation
ka1 CPU parallelism, eva ta threads a&lomototv concurrent I/0. Xto CRuby, CPU-heavy Ruby work
Sev yivetau o ypnyopo eneldn avénoeg threads. Mmopel pdAiota va peyaiwoet queueing ko tail
latency.

Eexiva amd workload classes. 'Eva route mepipévet database, aAlo kavet peydho JSON encode, Ao
kpatd SSE connection. Av poipadovtat to 1610 pool, to &éva pmopet va mvi€el ta dAAa. Separate process
role 1) endpoint isolation eivan pepikeg popeg o amho amod mePTAOKO priority system.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 87



SINATRA MEXPI TEAOYZ Puma capacity, processes kai graceful shutdown

RUBY
min threads = Integer (ENV.fetch ("PUMA MIN THREADS", "Q"))
max threads = Integer (ENV.fetch ("PUMA MAX THREADS", "5"))

web workers Integer (ENV.fetch ("WEB CONCURRENCY", "2"))

threads min threads, max threads
workers web workers
preload app!

before fork do
Dependencies.close prefork resources
end

on_worker boot do
Dependencies.open worker resources (pool size: max threads)
end

on worker shutdown do
Dependencies.close worker resources
end

force shutdown after 25

O ap1Bpoi etvar mapaderypa ekkivnong, oxl recommendation yia ka0 host. Me 2 workers kot péypt 5
request threads &yeig péypt 10 concurrent request slots. Av ka0e request pmopet va kpata database
connection, To web connection budget eivar TovAdiotov 10 cuv headroom yia health checks kan
management work. IIpooBeoe job workers, console ka1 migrations siptv ovykpivelg pue to database
maximum.

Pool pikpotepo amod thread count pmopel va eivan okompo admission control. Tote opwg to checkout
timeout spérmet va eivan pikpdtepo amod request deadline xau 1) saturation va petpietat. Pool ol
peyaAttepo amo usable concurrency omataid connections kot emitpemnel burst tov yovartidel
database.

Queueing ka1 overload

To Puma ¢yet accept/reactor path ko thread pool. Me queue requests true, mov eivan default,
umopel va Seytel kat va kavel queue requests smptv ta tapovv handler threads. Auto BeAtimver
throughput oe apxeta workloads, aAAd kpOPet overload wg latency. Me queue requests false, k0Oe
worker 5&éxetal 0oa pmopel va xepilotel tavtoypova, amevepyosolovvtal HTTP keep-alives kat slow
clients kataiapupavouvv handler threads. H emtthoyn e€aptdtat kat amd To reverse proxy.

KaBe ovpd xperadetar 0pio 1) upstream admission policy. Av 1o service ptopel va 0OAOKANP®VEL 100
requests/s ka1 (pTACOLV 1.000/s, 1 peEYAAn ovpd dev Snuiovpyei capacity. Metatpémel ypryopo 503 o€
apyo timeout. ITapakolovBnoe pool capacity, backlog, busy threads kot request queue time ywplota
auto service time.

Deadline mtpémet va Staoyidel ta layers. Proxy timeout, app timeout, database statement timeout kat
provider timeout Sev elvan t€ooepig aoyetol apiBuoi. O inner operation YpelAdetal ¥pOVO va ATTOTUXEL
ka1 va kaBapioel tpv o outer caller eykatadeipet. Retry péoa oe request katavaiovel o id10
ouVOAIKO budget.
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Preload ka1 copy-on-write

To preload app! optmvel application code oto master mpwv ta worker forks. Read-mostly pages
LUITOPOVV VA LO1pACTOVY EC® copy-on-write. Mutation petd to fork aviiypaget pages kat avéavel
RSS. Avuto eivan optimization, oyt adela va kAnpovounoeig live database socket 1 background thread.

KaBe dependency yapaxmpiletan prefork-safe 1) worker-only. Random generator, connection pool,
telemetry exporter kxou thread scheduler 6¢hovv Eexwprot) okéyn. Hooks mpemet va eivan idempotent
eneldn restart xau boot failure psropovv va agroovv pepikmg avorypéva resources.

Graceful onpaivel bounded drain

Ye deploy, o malog worker otapatd va taipvet veéa work, ohoxkAnpwvet in-flight requests kat kheivet
resources. Av propel va mepluével yia mavta, dev eivan graceful protocol adia leak. To

force shutdown after BAdel TeAIKO Oplo. AliAeEe To peyahvtepo autd o amodekto request deadline
ovv cleanup margin ka1 pikpoTepo asto 1o orchestrator kill deadline.

To Puma mpoo@épel drain_on_shutdown, T0 0moio pmopei va adeldioel pending connections asto To
accept socket mp1v otapatnoel. Avto aAAadel 1000 work avaAapBavel o TaAldg process KAt
shutdown. Mnv 1o evepyomoteig unyavika. Xe rolling deploy iowg 6¢Aeig to load balancer va petagépet
ypnyopa véo traffic ota véa instances.

Long streams ypetalovtat e181kn mohrtikr). Mmopeig va oteileig reconnect event, va kAeioeig stream kat
va Baototeig oe durable cursor. Av agrjoeig kaBe stream va {foet puoka, deploy duration yivetat ico
LLE TN HakpUTEPT GUVOEDT).

Readiness agpaipei 1o instance aso routing sptv apyioet drain. Liveness dev mpémnel va 0KOTomVEL
process ene1dn n dependency xet mpoowpivn emPpaduvon. Startup check mpémer va amodeikviel 6Tt
routes ka1 kpioeg dependencies Exovv apykomonei, Ox1 amAwg 0T avoige TCP port.

SOURCE TRACE

210 Puma 8.0.2 1a defaults repihapdavouv 5 max threads oto CRuby kal queue requests true. To DSL
€KOETEl threads, workers, preload app!, worker hooks, fiber per request,drain on shutdown
Kal force shutdown after.H owaoTh Tiyn mapapével property Tou workload.

NATIAA
Mnv uttoAoyiceig database pool avd instance kai {exvag Tov TToAAaTTAacIaopuo Twv workers. Ké&Be fork €xer 81k
TOU pool Kail SIKr) TOU PVAuN.

MHXANIZMOZ

Capacity €ival workers x usable concurrency, Tepiopiouévo amé CPU, memory, database,
downstreams kai queueing policy. Shutdown givai pépog Tou idlou povTéAou.

PROBE

Kave load test pe 1/0 route, CPU route kai slow stream padi. Metd Eekiva rolling shutdown oto peak. Métpa
queue time, p99, connection usage, RSS, forced requests kai reconnect recovery. EravaAafe pe éva
downstream oTo 6plo Tou timeout.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 89



SINATRA MEXPI TEAOYZ Performance, allocation budgets kai cache ownership

KE®AAAIO 27

Performance, allocation budgets kai
cache ownership

Optimization xwpic phase timing kai resource budget civai
aAAayr) TrioTng. H Sinatra epapuoyr) €ival apKeTa PIKPr) WOTE
Va METPAOEIC aKPIBWC TTOU TTAYE 0 XPOVOC.

request budget
latency + allocations

v

profile by phase
route + template + I/O

| bound cardinality
| body + cache + fanout

remove measured cost
protect correctness

v

load test + memory
steady state

>xnAua 27.1 - Latency, allocations kai cache growth xpeidlovtai EexwpioTd budgets kai koivéd request context.

To request latency ywpiletar oe queue time, middleware, route matching, authorization, data access,
serialization ka1 body delivery. Measurement povo yOpw astd to route block yavel queueing kau
streaming. Measurement povo yOpw asto app.call XAVEL TO XPOVO JTOL O SErver KAtavaAmvel o body.

'Eva Rack middleware pmopel va xataypdet application-return time kon va TuAi&et to body ya
consumption time. To wrapper spémnel va Statnpei 1o close contract:
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RUBY

class TimedBody
def initialize (body, clock:, observer:)
@body = body
@clock = clock

Qobserver = observer
end
def each
started = @clock.call (Process: :CLOCK MONOTONIC)
@body.each { |chunk| yield chunk }
ensure
@observer.observe_body(@clock.call(Process::CLOCK_MONOTONIC) - started)
end

def close
@body.close if @body.respond to?(:close)
end
end

Monotonic clock eivan yia durations. Wall clock eivan yia timestamps ov cvoyetifovtatl peta&l
ovomuatwv. NTP adjustment pmopet va kaver wall-clock duration apvntiko 1 amdtoua peyaro.

To timing wrapper Sev mpémnel va katasmel exception ovte va SuthokAeioet body. e production Baie
histogram pe bounded route labels. Raw path 6mtwg /users/ 93847 dnuiovpyet unbounded cardinality.
To env['sinatra.route'] §ivel 1o selected route apov ekteAeotel 1o match, Opwg routes sov
astotuyyavouy miptv v emoyn xpetalovrar fallback label.

Allocation budget

Ruby latency ouyva pyetar asmo allocations kar GC. Métpa allocated objects kau bytes ostov emrtpenet
to profiler, aAAd Buuroov 0Tt process-wide GC counters eivat noisy 0tav Tp€yovv concurrent requests.
TNa akp1pBég before/after profile xpnowuosoinoe isolated process pe representative fixture kot apketod
warmup.

Svvnbopéveg mnyeg eivan repeated JSON transforms, regex creation péoa o€ route, peydia
intermediate arrays ka1 template partials ;tov Eavagoptavouy ta i8ia Sedopéva. Mnv avukataotnoeig
kaBapo code pe mutable object reuse mipv Se1g allocation flame graph. 'Eva retained object eivan
ouvnBwg xe1pdtepo amod Eva short-lived object ene1dn av€aver live heap.

Budget Sev etvar povo average. ‘Opioe p50, p95 kat p99 ava workload, maximum response bytes,
allocation range ka1 peak RSS. Awoe ywp1oto6 budget oe warm process kat cold boot. ITp®To request
umopel va mAnpavel template compilation, autoload 1} connection establishment.

Cache onpaivel ownership

KaBe cache ypetadetat owner, key space, freshness rule, maximum size, eviction, invalidations kat
observability. Av Aeielr maximum, Sev eivan cache arda Sevtepn faon Sedopévav mov peyaiwvet pueyxpt
restart.

To Sinatra template cache eivat process-local Hash-like object. Ztnv 4.2.1 SnAwvetat pnta non-thread-
safe kan unbounded. Ta compiled templates eivan xprjouo warm cache dtav to template set eivat
finite. Av template name 1) options mpogpyovtar aud request, o key space pmopei va yiver unbounded.
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Ye development 10 reload templates kaBapicel to cache ava request, kAt oLV AAALEL AT PWG TA
performance characteristics.

Application cache tavw astd mutable records xpeiadetan versioned key 1) explicit invalidation peta to
commit. Invalidation stp1v to commit avoiyet window osov dA\o request Eavayepidet stale value.
Invalidation petd to commit £xet pukpod window stale read. Av to contract astaitet read-your-write,
process cache iowg Sev eivar owoto boundary.

HTTP cache ouyva eivar Onvotepn amo server-side object cache. Strong ETag kal Cache-Control
agpnvovv client 1 proxy va emavaypnoipomooet bytes xwpig va kpatdg arbitrary Ruby objects. Opwg
private identity-specific responses Sev mpémet va yivovv shared kata AdBocg.

Load test TTou Aéel kATl

Representative load £xe1 mix routes, payload sizes, cache hit ratios xat think time. Closed-loop
benchmark pe otaBepovg clients pmopei va kpowet overload emedn) o clients emPBpadvvovy otav o
server emPpaduvel. Open-loop arrival model asmokaAtttel queue growth, apkei o generator va ptopet
TPAYLATIKA VA KPATIOEL TO rate.

Warmup péypt va otaBepomoinBovv code paths kat pools. Kataypawe exact commit, Ruby, gems,
Puma config, host shape, dataset kat command. AMa€e pia vrtoBeon kabe popa. Tvykpive confidence
intervals 1} TOVAGY1OTOV TTOMA runs, Ox1 éva evIuTwolako best result.

Ta downstream limits pmtaivouv oto 1610 report. I'prjyopog Sinatra worker sov ompwyvel meploodtepa
concurrent queries oe saturated database pmopet va peiwoet system throughput. Optimization eivat
emtuyia otav Bedtiovel end-to-end service objective ywpig va peta@Epet un opatd KOOTOG AAOD.
SOURCE TRACE

To Sinatra 4.2.1 kpatd template cache avw oTo application prototype kai To kaBapilel dtav

reload templates gival evepyd. To Rack response body ptropei va katavaAwBei yeté 10 app . call, apa
complete latency amaitei body-aware instrumentation.

NATIAA
Mnv Bdceig object ids, raw URLs, user ids fj exception messages o€ metric labels. H cardinality 6a petatpéwel
Tnv observability o€ véo outage.

MHXANIZMOZ
Kd&Be optimization £xel baseline, workload, budget kai rollback. K&Be cache €xel owner, 6pio kai freshness
contract.

PROBE

Tpége cold kar warm profiles, yetd steady open-loop load péxpi saturation. Katéypawe queue time, service
time, body time, allocations, GC, RSS, cache size kai downstream utilization. AAAa&e cache maximum kai
worker threads yia va d€ig av To bottleneck petakiveital avti va e§agpaviceTal.
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KE®AAAIO 28

Observability pe request causality

Observability pe request causality

‘Eva log line dev gival observability. Xpeidleoal causal chain

atrd 1o inbound request puéxpl database attempt, job, webhook

Kal TEANIKO atToTEAEO Q.

request id + trace id
trusted generation

v

route name + status
duration

v

DB /HTTP / job
child operations

v

structured event
bounded fields

I SLO alert + debug
1 causal evidence

>xnua 28.1 - To request context Trepvd o€ logs, metrics, traces kai asynchronous work xwpig sensitive payloads.

Zexiva pe request id. Av §eyeoar id ano trusted proxy, EAeyEe punkog kat grammar. AA®G
Snuovpynoe véo. Eméotpewe to oe response header kat tépaoe 1o pntd ota events. Mnv agpnveig

arbitrary header va yivel log injection 1) tepaoTo field.

RUBY

class RequestIdentity

VALID = /\A[a-zA-Z0-9 .:-1{1,96}\z/
def initialize (app)

Capp = app
end

def call (env)
supplied = env["HTTP X REQUEST ID"].to s

request id = VALID.match? (supplied) ? supplied :

env["request.id"] = request id

status, headers, body = @app.call (env)

headers["x-request-id"] = request id

[status, headers, body] N
end

end
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Ye moAMamAd trust zones iowg kpatnoelg kat edge id kot service-local id. Trace context akoAovOei
standard propagation, eve request id mapauéver foAko yia operator search. Aev xpelrdetal va ta
kavelg to 1610 identifier.

Structured event €ye1 otabepo schema: timestamp, level, service, version, environment, request id,
trace id, normalized route, method, status, duration, principal kind kau error category. To principal id
pmopel va eivat tpoowsmiko Sedopévo. Kateéypawe to pdovo av vmmapyel ouykekpipevn operational
avaykn kat retention policy. ITote password, session cookie, authorization header, raw request body n
signed webhook secret.

Route identity kai cardinality

To Sinatra ypaepet to selected route 010 env [ 'sinatra.route'] auéowg mpv ekteAéoet To route block.
H ) eivar method padi pe compiled pattern. Eival kaAUtepo metric dimension asto raw path, adAAd
nipénel va empPefaimwoerg 6Tt custom matchers €xovv bounded string representation. 'Eva 404 Sev exet
selected route. 'Eva middleware error miptv to Sinatra emiong oyt

Status povo Sev e€nyet outcome. 'Eva 409 expected concurrency conflict Sev exet idia onuacia pe 500
bug. Xpnoosoinoe pikpo error taxonomy Omwg validation, unauthorized, forbidden, conflict,
dependency_timeout, dependency_rejected kat internal. Exception class pévet oe logs/traces, oyt
amapaitnta wg metric label.

Mote TeAgiwoe TO response

Middleware code peta 1o @app.call PAemet status kat headers, oyt amapaitnta ohokAnpwuévo body.
I'a non-streaming application timing avtd pmopet va apkel. T'a bytes sent, disconnect kot body error
xperaletan body wrapper 1) server hook.

To Rack 3 environment pmopei va mepiéyetl rack . response_finished, array asto callables mov o server
KaAel peta v enegepyaoia tov response, oe reverse order. Callback maipvet env, status, headers kot
error kat 8ev mpémel va onkmvel exception. Emedn) n mapovoia kat 1) xpovikn akpifeia e€aptovral amod
TOV server, Xpnollomoinoe 1o wg capability mov eAéyyetan oto integration test. Mnv to epetpeig otav
10 key Aetmet.

"Eva body wrapper petpa bytes sov eywvav yield mpog tov server. Aev amodeikvoet 0t o remote client
ta mapélafe. Server/proxy telemetry ypetaletan yia socket write failures kai upstream disconnects.
Avt) ) Stakplon amotpémnel pevtiko «response delivered» event.

Traces, metrics kal logs £éxouv d10@OPETIKA OOUAEIG

Metrics Setyvouv av vitapyet tpopAnua: rate, errors, duration, saturation. Traces Seiyvouv oV nEpaoe
xpovog peoa oe sampled causal path. Logs e€nyoUv discrete state transitions pe apketo context. Av
ypageig kaBe SQL statement wg metric label 1 kaOe request field wg log, xpnowomnoieig AdBog
epyaieio.

Span boundaries ptaivouvv yOpw asto spaypatikeg remote operations, queue wait, transaction kat
serialization. Mnv 8novpyeig SekdSeg spans yia trivial Ruby helpers. Katéypawe retry attempt,
timeout budget ka1 peer. Error span 8ev onuaivel mavta failed HTTP request, emeidn fallback pmopet
Va TETUYE.
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Ia jobs, amoBnkevoe causation id kat correlation id oto versioned message. N¢o job execution maipvet
véo trace 1) linked span avdoya pe to tracing model, aAAd Stampel T oxéon pe to initiating request.
Webhook attempt £ye1 event id kot attempt id. "Eto1 duplicate delivery Sev gpaivetar oav doyeto
incident.

Health, SLO ka1 alerts

Liveness amtavtda av mpemel va Eavaexivroet o process. Readiness av ptopet va Aaper véo traffic.
Dependency diagnostics eivan Eexwplotod, authenticated operator surface. Mnyv kaveig liveness va
efaptartar amod kabe downstream, yati pia database Siakosnr) Oa mpokaéoet restart storm.

Service-level indicator petpa user-visible outcome oto owotod boundary. I'a sync API pmopet va givat
successful non-cancelled requests katw asno latency threshold. T'ia async command eivat o xpovog
uéypt durable terminal state, Ox1 povo to yprnyopo 202. Alert tavw o€ burn rate ko saturation £yet
ePLo0OTEPO VONUa asto alert oe kaBe pepovopevo exception.

Dashboard mpérmet va o6nyet oe runbook. Ao avEénuévo p9g o operator PAenel queue time, busy
threads, database checkout, downstream latency, deploy marker kon top bounded error categories. Av
xpeladetal va pavtewet oo chart oyetideta, n causal chain dev £xel oAokAnpwOei.

SOURCE TRACE

To Sinatra 4.2.1 Bé1e1 env [ 'sinatra.route'] o1av emAgyeTal route. To Rack 3.2.7 opiCel TTpoaipeTIKO
rack.response finished callback contract. O xpdvog peTd 10 app . call &ev IG0UTAI ATIO HOVOG TOU UE
oAokAnpwpévn attooToAr) body.

NArIAA
Observability data eivai production data. Redaction, access control, retention kai deletion policy 10xUouv 6TTWG
Kal oTnVv Kupia Baaon.

MHXANIEMOZ
Xtioe bounded identifiers kal taxonomy pia @opd kai TéEpace Ta pnTd aTTd request o€ transaction, job kai
webhook. Ta Tpia telemetry orjpara poipadovral context, ox1 cardinality.

PROBE

MpokdAeoe route 404, validation 422, database timeout, body exception, client disconnect kai duplicate job.
A6 éva request id Bpeg 6An Tnv causal chain. Assert 611 secrets kai payloads dev eugavifovtal, 0TI metric label
count pével bounded kai 6T alert 0dnyei o€ cuykekpiuévo runbook action.
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KE®AAAIO 29

Tests, contract suites kai fault injection

Ta duokoAa bugs Tou Sinatra system {ouv ota boundaries kai
oTta crash windows. Ekei rpétrel va gival deterministic kai Ta
tests.

unit tests
core decisions

v

Rack::Test
request contract

v

Rack::Lint +
middleware order

. |

I barriers + races

| fault injection I
)

real server + proxy
shutdown + streaming

>xnua 29.1 - H test matrix aveBaivel ammé pure policy oe Rack contract, real server kai controlled failure.

T'prjyopa unit tests kaAvmtovv parsers, policies, serializers kau service objects ywpig Rack. Request
tests mepvovv mpaypatiko Rack environment péoa amo oAn ) middleware otoifa. Adapter contract
suites tp&yovv to 1810 behavior mavw oe fake kan production adapter. Real-server tests eAéyyovv ooa
Sev pmopet va povtelormonoel eéva in-process request helper: sockets, streaming, disconnect, signals
ka1 proxy headers.

Kpata to application factory explicit mote kaOe test va maipvel véo app class kat Sikég Tov
dependencies:
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RUBY

def build app (accounts:)
Class.new(Sinatra: :Base) do
set :environment, :test
disable :show exceptions
set :accounts, accounts

get "/accounts/:id" do |id|
account = settings.accounts.fetch (id)
content type :json
JSON.generate (id: account.id, name: account.name)

end
end
end
repository = FakeAccounts.new ("42" => Account.new ("42", "Ada"))
response = Rack::MockRequest.new (build app (accounts: repository)) .get (
"/accounts/42"
)
raise "unexpected status" unless response.status == 200

Anonymous class astogpeVyet routes kau settings smov pévouv asto smpornyovpuevo test. Fake adapter dev
nipémetl va eivar arthwg Hash av to production repository €xet transactions, version conflicts 1) not-
found semantics. H kowvr| contract suite opiel accepted input, return types, error taxonomy kat
atomicity.

Rack contract wg executable boundary

BdAe Rack: : Lint o€ test composition. @a Bpet invalid status, header names, body chunks kat lifecycle
napafaoeig. Katavaimwoe 6Ao 1o body kat kGAeoe close 0€ ensure, eme1dn test mov ko1td udvo 10
triple pmopel va yaoet exception oty mapaywyn 1) cleanup leak.

KaBe route contract Soxiuader method, path, content type, auth state, accepted media type, valid body,
malformed body, boundary size kat expected error. I'a HEAD é\ey&e empty delivered body kau
headers avtiotota pe GET. I'a conditional request éAeye validators ka1 304 semantics. T'a files
£\ey&e traversal, symlink policy, missing file ka1 Range av to vitootnpiderg.

Snapshot oAdkAnpov JSON response eivar yprjoio povo yia public schema. I'a dynamic timestamps 1
unordered maps yivetau brittle. ITpotiunoe parsed document assertions kat explicit required/
forbidden fields. 'Eva schema compatibility test mpémet va amotuyyavet otav agaipebet field 1 ad aer
meaning ywpig version.

Deterministic concurrency

To sleep dev avoiyel aflomota race window. BdAe barrier hook oto akpipég onueio petda to read kat
npv To conditional write. Avo threads mepiuévouv peypt va gptacovy kat ta dvo, petd ouvveyidouvv. To
production object maipvel no-op hook, evd to test eAéyyet interleaving ywpig probabilistic timing.

Database unique constraint kau compare-and-swap Sokipuddovtat kan pe mpayuatikr database. In-
memory fake pe global mutex pmopel va kpUwpet o race. ExtéAeoe 1o 1610 idempotency key
TavTtoxpova, Ao fingerprint pe 1810 key kau dvo updates pe i61a expected version. Assert domain
state, stored receipt kat response yia ka0e caller.

Me stoMotg Puma workers ypeialetan process-level test 1) external load driver. Thread-only test ev
artodekvuer 0Tt in-memory dedupe Aetrtovpyet oe cluster.
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Fault injection pe ovépara

KaBe reliability protocol éxet named cut points: after claim, after domain commit,

after provider accept, before outbox mark. Test hook oto onpeio onkwvel controlled exception 1
teppartilet child process. Metd restartapeig kat a@rjvelg recovery va SovAgyel. Assert 01 LOVO AUECO
HTTP status, aA\a eventual durable state ka1 maximum recovery age.

Timeout fake mpémel va Eexwpidel connect timeout, read timeout stpv bytes ka1 ambiguous timeout
ueta remote acceptance. Generic raise Timeout::Error avtov dev Sokipddel n retry policy.
Provider fake amoBnkevel received idempotency key wote reconciliation va fpet to asotéleoua.

To real-server layer

Exkivnoe Puma oe ephemeral port pe production-like config. Xpnowonoinoe real HTTP client kat, yia
lifecycle tests, raw socket. 'EAeyEe slow upload, oversized headers, keep-alive, chunked body, client
disconnect ka1 graceful shutdown. I'a SSE kpdata connection avoiytn, kave deploy signal kat
reconnect e cursor.

Reverse proxy behavior ypelaletat Eexmploto environment 1) containerized test povo av avtod eivat To
production path. Unit test evog header Sev amoSekvier 0 buffering £xel amevepyomomnOei. To 1610
woyvel ya forwarded host kat scheme. Test trusted proxy chain kot spoofed direct header.

H suite pémel va eivan repeatable. Freeze wall clock péow injected clock, seed random data,
xpnowuomoinoe monotonic deadlines kot TOnmwoe seed oty asotuyia. Parallel tests Sev mpemet va
potpadovtan global Sinatra app, ports 1) database rows ywpig namespace.

A0 test o€ release evidence

CI xpatd artifact pe dependency lock, audit result, contract matrix ko failing seed. Smoke test petd to
deploy eAéyyel version endpoint, critical write/read ko telemetry emission ywpig destructive
production mutation. Canary metrics cuykpivovtat pe baseline mpwv peyadwoer traffic.

'Eva test suite dev amodeikvel amovoia bugs. Aivel emavainyiueg amodei&erg yia SnAwpéva contracts.
'‘Otav Bpebet incident, mpwta ypdwe characterization oto owoto layer, peta fix. "Etot to production
failure yivetat povipo pépog tov correctness packet.

SOURCE TRACE

To Sinatra Trporteivel Rack-based testing ka1 To Rack apéxel MockRequest kal Lint. To Rack body contract

ataitei katavadAwon kai close. O process, socket kal shutdown guuTTepIPopEG TTapapévouy eubuvn real
handler tests.

NATIAA
Fake Trou €ivai 1m0 atomic, 1m0 ypriyopo 1 1o cuveTTég atod Tov production adapter ytropei va kave 1 suite
Tpdaoivn yia akpifwg To bug TTou Ba cupBEi.

MHXANIEMOZ
Test o10 xapnAoTEPO layer TTou atrodeikvUel To contract, aAAG kpdTa real-server tests yia lifecycle. Kave ta race
kal crash windows eAeyxoueva, oxi Tuxaia.

PROBE

Tpége 6An Tn fault matrix o€ loop pe fixed seeds kai parallel Cl. Metd ok6Twaoe TrpayuaTikd worker oTa TE00EPA
named cut points. Assert body close, pool return, idempotent recovery, bounded duplicate effects kai traceable
evidence yia k&b¢ case.
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KE®AAAIO 30

Extensions, upgrades kai production
correctness packet

TeAeiwpévo Sinatra system dev gival auto TTou dev aAAAlEL.
Eival autd 1Tou pTTopei va aAAdgel framework, dependency kai
topology xwpic va xaoel Ta contracts Tou.

invariants + owners
public contracts

v

old / new overlap
routes + payloads + sessions

D * ______ 7
( \
I failure table I
I crash + retry + recovery |
e p— T _____ -

baseline + gates
rollback evidence

v

mixed-version rehearsal
then production

>xnua 30.1 - To correctness packet guvdéel source, contracts, tests, operations kai rollout evidence.

To Sinatra extension model £xe1 500 faocikd epyaieia. helpers meptiaufavel instance methods mov
elvan StaBeoua oe routes kat templates. register enextelvel v application class pe module kat
KOAel registered (app) av vmapyel. Extensions pmopovv emiong va akovoovy hooks omwg

route added.

'"Eva extension mpémel va pooBeTet pikpo, tekunpiwpévo public surface. Mnv avtiypauperg private
methods amd sinatra: :Base yld va YMT®OOEIG TEVTE YpaAUUES. Autd eivan versioned implementation
details.
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RUBY

module JsonErrors
module Helpers
def json error (code, message, status:)
content type :json
halt status, JSON.generate(error: { code: code, message: message })
end
end

def self.registered (app)
app.helpers Helpers
app.error Domain::NotFound do
json_error("not_found", "Resource not found", status: 404)
end
end
end

class Api < Sinatra::Base
register JsonErrors
end

To module dev xpatd mutable global state kot pmopet va registered oe toAAG app classes. Av extension
xpeladetan state, BAN o o€ setting tov ouykekpiuévov app. Ilpdooete Ot setting value mov eivan
mutable pmopei va kAnpovoun0ei 1) va poipaotei. dtid€e véo owner ava app, mtaywoe configuration kat
oploe cleanup.

To route added maipvel verb, original path kat block, aA\d 0x1 application wg argument. Extension
singleton sov Bupdtan «To TeAevTaio app» omael otav registered oe dvo classes. T'a route inventory
elvanl ouyva kaBapotepo va OUAMEEELS app . routes PeTA T0 boot oe read-only diagnostic, 1) va
Snuovpyroeig Eexwplotod extension instance ava app.

Public DSL 4 middleware

Cross-cutting behavior stov agopd kaBe Rack app, d0nwg request id, body limits 1) timing, avrket
ouvnBwg oe middleware. Behavior mov xpeialetan Sinatra route scope, helpers kat error handlers
taupradel oe extension. Domain policy dev avrkel oe kavéva amo ta SVo. Mével plain object wote va
Sokipadetar ywpig web framework.

Middleware ordering eivat uépog tov extension contract. Extension mtov kavel 0lwmnAd app . use
umopet va Bpebel péoa 1 €€w ano security middleware avaloya e registration time. Tekunpiwoe
required order ka1 kave boot assertion otav eivan kpioo. Mnv aAAddelg route registry agpot apyioet
traffic.

Upgrade wg controlled source migration

'Eva framework upgrade Eexiva amo exact current kan target versions. Ataaoce changelog, gemspec
constraints kot source diff ota code paths sov ypnowosmotei n epapuoyr). I'a Sinatra avtd cuvnBwg
elvan dispatch, settings inheritance, middleware build, sessions, protection, templates kat streaming.
Dependency upgrade tov Rack 1} Mustermann pmopel va aAAd&el observable behavior ywpig va aAlaget
7OAU To Sinatra code.

IIpw to update, mape characterization baseline:

1. route inventory ka1 precedence cases
2. mAnpn middleware order pe arguments
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settings ava environment kot subclass

representative Rack triples kat error bodies
cookie/session compatibility

template keys, cache growth kau static file boundaries
concurrency, stream xat shutdown probes

N ook

Meta aAhage éva dependency set, tpe€e contract suites kot oUykpive behavior. Warnings kot
deprecations eivat work items, oyt output ;tov kpOBetar. Av aladet cookie serializer 1) encryption
secret, rollout mpésmet va vrtootnpilet overlap: new code S1afadet old kal new, ypagel new, epluevel
retention window kot petd apaipet old.

Canary mtaipvel ikpo mpayuatiko traffic pe 1610 topology. ITapakolovOnoe route status mix, error
taxonomy, p99, allocations, RSS, database pool, session failures ka1 body errors. Rollback &ye1 exact
trigger ka1 Soxipaopévn evioAr). Av new code ypagetl acvufato durable data, binary rollback povo tov
Oev eivar aopaiég. Xpewaletal expand-contract data protocol.

To production correctness packet

To packet Sev eivan tepaotio wiki. Eivan pikpo, versioned ovvolo evidence mov ouvodevel kabe release.

1. System contract. Supported methods, media types, authentication, authorization, request limits,
response schemas, idempotency kai consistency.

2. Execution map. Route inventory, precedence, middleware order, error pipeline, file boundaries
kau settings provenance.

3. State protocols. Transaction boundaries, unique constraints, outbox, inbox, retry taxonomy,
crash windows, secret rotation ka1 data compatibility.

4. Capacity envelope. Puma workers/threads, pool sizes, downstream limits, request deadlines,
queue policy, memory budget ka1 streaming cap.

5. Operational proof. SLOs, dashboards, alerts, runbooks, health semantics, graceful shutdown
result, backup restore evidence kat reconciliation age.

6. Release evidence. Locked versions, source diff review, audit output, contract tests, fault matrix,
load baseline, canary comparison kau rollback conditions.

KaOe statement Seiyvel executable test, config 1 measured result. «Thread-safe» ywpig inventory kau
concurrency probe gival etiketa. «Highly available» ywpig failure mode ko recovery time eivat evyr).
Tpdwe kat 0,11 Sev eyyvatan to ovotnua, omwg global event ordering 1) exactly-once external effect.

MNoTe Exeig pracel pEXPI TEAOUG

Aev tederwvelg otav EEpeig OAa ta Sinatra helpers. TeAeimvelg 0tav umopeig va poPfAEwelg T yivetat
oe kaBe boundary: oo middleware BA&mel 1o request, oo route kepdilel, moTe Seopevetan To status,
71010¢ KAgivel 1o body, mov yivetar commit, Tt emPiwmver crash, toco work ywpd, tmg yivetat drain kat
mola evidence arrodelkvouy TNV AsTavTnon.

To pikpo framework mapapéver mieovektnua. Mmopeig va S1afdoeig to source ov TpEXEL, va
oxed1aoelg T 61Kr) 0OV APYITEKTOVIKN XWPIg KPu@O container kat va kpatroelg to production model
apKeTd LKpo wote va edeyyBel. H meBapyia Sev epyetar amo nmepioodtepo framework. "Epyetat amo
explicit contracts.
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SINATRA MEXPI TEAOYZ Extensions, upgrades kai production correctness packet

SOURCE TRACE

210 Sinatra 4.2.1 Ta helpers, register, registered Kal route added amoteAolv To extension surface.
Ta registries, 10 prototype kai To middleware build TTapapévouv implementation Trou TrpéTTel va eAéyxeTal Eavd
o€ upgrade.

NATIAA
Mnv kdveig monkey patch private Sinatra method wg péviun TAaT@opua. Av gival avaTTOQEUKTO, KAEIBWOE
exact version, BaAe characterization test ka1 agaipeoé 10 pe ocuykekpiyévo upgrade plan.

MHXANIEMOZ
Production mastery civai n ikavétnta va petatpémelg source behavior ae explicit contracts kai Ta contracts o€
eavoAnWIun evidence TpIv Kal HETA atrd aAAayn.

PROBE

Mdpe 1o correctness packet piog release kal dwao’ T0 O€ engineer TToU dev £ypawe To service. ZATNOE Tou va
TpoBAEyel route choice, crash recovery, maximum capacity kai rollback. Metd exTéAeoe Ta avTioToixa probes
oe canary. KaBe diagopd eival kevd ato packet | ato auatnua.
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