Alloy
Specifikace pomoci relaéni logiky

Radek Matik

CVUT FEL, K13132

29. ¥ijna 2015

Radek Ma¥ik (radek.marik©fel.cvut.cz) Alloy Specifikace pomoci relaéni logiky 29. Fijna 2015 1/ 54

O Alloy

@ Motivace
e Zakladni prvky jazyka
@ Nastroj Alloy

@ Studijni priklady
@ Stropy a podlahy
@ Dynamické systémy

Radek Ma¥ik (radek.marik©fel.cvut.cz) Alloy Specifikace pomoci relaéni logiky 29. Fijna 2015 2 /54



Alloy Motivace

| Am My Own Grandpa - pisef

@ Vyzvou je vytvofFit situaci muZze, ktery je svym vlastnim dédeckem,
aniz by byl spachan incest nebo bylo potfeba cestovani ¢asem.

@ Slova pisné popisuji feSeni.
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Alloy Motivace

| Am My Own Grandpa

Many many years ago, when | was twenty-three,

| was married to a widow as pretty as can be,

This widow had a grown-up daughter who had hair of red,
My father fell in love with her and soon the two were wed.

I'm my own grandpa, I'm my own grandpa.
It sounds funny, | know, but it really is so
I'm my own grandpa.

This made my dad my son-in-law and changed my very life,
For my daughter was my mother, for she was my father's wife.
To complicate the matter, even though it brought me joy,

| soon became the father of a bouncing baby boy.

My little baby thus became a brother-in-law to dad,

And so became my uncle, though it made me very sad,

For if he was my uncle then that also made him brother

To the widow's grown-up daughter, who of course was my step-mother.
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Alloy Motivace

... by Dwight B. Latham and Moe Jaffe

Father's wife then had a son who kept them on the run.

And he became my grandchild for he was my daughter’s son.
My wife is now my mother’'s mother and it makes me blue,
Because although she is my wife, she's my grandmother, too.

Oh, if my wife'’s my grandmother then | am her grandchild.
And every time | think of it, it nearly drives me wild.

For now | have become the strangest case you ever sawn
As the husband of my grandmother, | am my own grandpa.

I'm my own grandpa, I'm my own grandpa.

It sounds funny, | know, but it really is so I'm my own grandpa.
I'm my own grandpa, I'm my own grandpa.

It sounds funny, | know, but it really is so

I'm my own grandpa.
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Alloy Motivace

| Am My Own Grandpa - Alloy teSeni

module grandpa
abstract sig Person {
father: lone Man,
mother: lone Woman }
sig Man extends Person { wife: lone Woman }
sig Woman extends Person { husband: lone Man }
fact Biology { no p: Person | p in p.~ (mother+father) }
fact Terminology { wife = “husband }
fact SocialConvention {
no wife & *(mother+father) .mother
no husband & *(mother+father).father }
fun grandpas [p: Person]: set Person {
let parent = mother + father + father.wife + mother.husband |
p.parent.parent & Man }
pred ownGrandpa [m: Man] { m in grandpas[m] }
run ownGrandpa for 4 Person expect 1
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Alloy Motivace

Alloy - pro co se pouziva?

Alloy je modelovaci jazyk pro navrh softwaru.

@ 777 Neni vsak uréen pro modelovani architektury (jako nap¥. UML).
@ Je dostate¢né obecny, aby mohl modelovat

e jakoukoliv doménu individudli,
e relace mezi nimi.

@ syntaxe Alloy 4.2
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Alloy Zakladni prvky jazyka

@ V3e je postaveno na atomech a relacich.
@ Atom je primitivni entita, kterd je
o nedélitelna: nemiiZe byt rozdélena na mensi &asti

e neménna: jeji vlastnosti se neméni v Case,
e neiterpretovana: nemd zZadnou vestavénou vlastnost,

@ Relace je struktura, kterd zachycuje vztahy mezi atomy.
Je to mnozina n-tic, kazda n-tice je sekvence atomi
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Alloy Zakladni prvky jazyka

Signatura

e Signatura zavadi mnoZinu atomd.
@ Deklarace definujici mnoZinu pojmenovanou A
sig A { }
@ MnoZina mizZe byt zavedena jako rozSiteni jiné mnoziny, takto Al je
podmnoZinou mnoZiny A.
sig Al extends A { }
@ Signatury deklarované nezavisle na jakékoliv ostatni signatut¥e je tzv.
vrcholova signatura.
@ Rozsiteni té samé signatury jsou vzdjemné disjunktni, tak jako
vrcholové signatury.
@ Mnozina mizZe byt zavedena jako podmnozina jiné mnoZiny
sig A1 in A { }
@ Abstraktni signatura nemd zZadné elementy s vyjimkou téch, které
patfi do jejich rozsifeni nebo podmnozin.
abstract sig A { }

Radek Ma¥ik (radek.marik©fel.cvut.cz) Alloy Specifikace pomoci relaéni logiky 29. Fijna 2015 11 / 54

Alloy Zakladni prvky jazyka

Signatura - ptiklad

abstract sig Person { }

sig Man extends Person { }
sig Woman extends Person { }
sig Married in Person { }

Person

Man Woman

Married
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Alloy Zakladni prvky jazyka

@ Relace se deklaruji jako pole v signature.
@ Deklarace definujici relaci f,
e jejiz doména je A a
e jejiz obraz je dan vyrazem e
sig A { f: e }

@ Bindrni relace ... f1 je podmnozinou A X A
sig A { f1: A }

@ Terndrni relace ... f2 je podmnozZinou B x A x A
sig B { f2: A -> A }
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Alloy Zakladni prvky jazyka

Nasobnost

@ Dovoluje ndm omezit velikost mnozin.

o Kili¢ové slovo ndsobnosti umisténé pred deklaraci signaturou omezuje
pocet elementu v mnoZiné signatury

msig A { £f: e }

e MiZeme omezit ndsobnosti poli
sig A {f: me}
sig A {f: el m-> ne2}

@ Existuji ¢tyfi nasobnosti

e set: jakykoliv pocet,

e some: jeden nebo vice,

e lomne: nula nebo jeden (L),

e one: presné jeden,

@ Implicitni klicové slovo, pokud je vynechdno, je one. Takze nasledujici
jsou ekvivalentni zapisy:
sig A{f: e}

sig A { f: one e }
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Zakladni prvky jazyka

Relace - ptiklad 2

abstract sig Person {
children: set Person,
siblings: set Person,
}
sig Man, Woman extends Person { }
sig Married in Person {
spouse: one Married,

}
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Alloy Zakladni prvky jazyka

Kvantifikatory

@ Alloy poskytuje bohatou kolekci kvantifikator(
all x: S | F : F plati pro kazdé x v S,

some x: S | F : F plati pro néjaké x v S,

no x: S| F . F selze pro kazdé x v S,

lone x: S | F : F plati pro nejvice jedno x v S,
one x: S | F : F plati pro pravé jedno x v S,
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Alloy Zakladni prvky jazyka

Logické operatory

@ Jsou k dispozici b&zné pouzivané logické operatory

not ! negace
and &&  konjukce
or | | disjunkce
implies => implikace
else alternativa

<=> iff (ekvivalence)
e Priklad
a != b je ekvivalentni not a = b
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Alloy Zakladni prvky jazyka

MnoZiny a operatory

@ Preddefinované mnozinové konstanty
none : prazdnd mnoZina,
univ : univerzalni mnoZzina,
ident : identita,

@ MnoZinové operatory

+  :sjednoceni
&  : prlnik

- :rozdil

in : podmnoZina
= . rovnost

e Pr¥iklad: Zenati muzi
Married & Man

@ Vymezend mnoZina (angl. set comprehension)
e MnoZina hodnot mnoZiny S, pro které plati F

{x:8|F}
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Alloy Zakladni prvky jazyka

Rela¢ni operatory

->  ipka (soutin)

transpozice

. dot join

[] box join

tranzitivni uzavér

* reflexiné-tranzitivni uzavér
omezeni domény

:> omezeni obrazu

++ prepsani
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Alloy Zakladni prvky jazyka

Soudin, Transpozice

e Sipkovy soutinp -> g
e p a g jsou dvé relace
e p —> g je relace, kterd vezme v8echny kombinace n-tic relace p a m-tic
relace g a spoji je (konkatenace).
e Priklad
Name = { (NO), (N1) }
Addr = { (DO), (D1) }
Book = { (BO) }
Book -> Name -> Addr = { (BO,NO,DO), (BO,NO,D1),
(BO,N1,DO), (BO,N1,D1) }
@ Transpozice “p

e produkuje zrcadlovy obraz relace p
e tzn. reverzuje poradi atomi v kazdé n-tici.

o Priklad
example = { (a0,al,a2,a3), (b0,b1,b2,b3) }
“example = { (a3,a2,a1,a0), (b3,b2,b1,b0) } o
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Alloy Zakladni prvky jazyka

Spojeni n-tic

@ p.q Co je spojenim téchto dvou n-tic?

o p:(Sl,...,Sn)

° q:(tl,...,l'm)

o Jestlize s,! = t;, potom vysledek je prazdny

o Jestlize s, = t;, potom vysledkem je k-tice (s1,...,Sm—1,t2, .-, tm)
e Priklad

{(a,®}.{(a,a)} = {}

{(@,®)}.{(M,c)} = {(a,)}
@ Co se stane v pfipadé {(a)}.{(a)}?
o Neni definovano!

e p.s je definovano, tehdy a jen tehdy, jestlize p a s nejsou ob& unarni
relace
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Alloy Zakladni prvky jazyka

Spojeni relaci, Uzavéry, Omezeni relaci

®p.q
@ p a g jsou dvé relace a nejsou obé& undrni.
e p.q je relace, kterd vznikne kombinaci v8ech n-ticz p a m-ticz g a
pridanim jejich spojeni, pokud tento existuje.
@ plql (box join)
e sémanticky identické spojeni dot join, ale bere své argumenty v
opacném poradi

plal=aq.p
@ r=r+r.r +r.r.r +
@ *r = "r + iden
@ s<:r obsahuje n-tice z r za€inajici elementem v s
(range(s<:r)=s.r)
@ r:>s obsahuje n-tice z r koné&ici elementem v s
(domain(r<:s)=r.s)

@ pt+q = p - (domain(qg) <: p) + q e
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Alloy Zakladni prvky jazyka

Priklad

module grandpa
abstract sig Person {
father: lone Man,
mother: lone Woman }
sig Man extends Person { wife: lone Woman }
sig Woman extends Person { husband: lone Man }
fact Biology { no p: Person | p in p.  (mother+father) }

Man = {(Jirka), (Tomas), (Josef), (Vlada), (Franc)}

Woman = {(Jana), (Lenka), (Tereza), (Olga)}

father = {(Jirka,Tomas), (Lenka,Tomas),(Tomas,Josef),
(Josef, Vlada), (Jana, Franc)}

mother = {(Jirka, Jana), (Jana, Tereza), (Tomas, Olga)}

{(Jirka)}.father = {(Tomas)}

{(Jirka) } .mother = {(Jana)}

{(Jirka)}.father.father = {(Josef)}

{(Jirka)}.father.mother = {(0Olga)}
{(Jirka)}.mother.father = {(Franc)}
{(Jirka) } .mother.mother = {(Tereza)}
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Alloy Zakladni prvky jazyka

Priklad

module grandpa
abstract sig Person {
father: lone Man,
mother: lone Woman }
sig Man extends Person { wife: lone Woman }
sig Woman extends Person { husband: lone Man }
fact Biology { no p: Person | p in p." (mother+father) }

Man = {(Jirka), (Tomas),(Josef), (Vlada), (Franc)}
Woman = {(Jana), (Lenka), (Tereza), (Olga)}

father = {(Jirka,Tomas), (Lenka,Tomas),(Tomas,Josef),
(Josef, Vlada), (Jana, Franc)}
mother = {(Jirka, Jana), (Jana, Tereza), (Tomas, Olga)}

father + mother = {(Jirka,Tomas), (Lenka,Tomas), (Tomas,Josef),
(Josef, Vlada), (Jana, Franc), (Jirka, Jana),
(Jana, Tereza), (Tomas, Olga)}
{(Jirka)}. (father+mother) = {(Tomas), (Jana)}
{(Jirka) }. (father+mother) . (father+mother) =
{(Josef), (0Olga), (Franc), (Tereza)}
{(Jirka) }. (father+mother) . (father+mother) . (father+mother) = {(Vlada)}
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Alloy Zakladni prvky jazyka

@ Lze zjednodusit vyrazy
let x = e | A

o KaZdy vyskyt proménné x je nahrazen vyrazem e v A
e Priklady
o "Clov&k v manZelstvi ma pravé jednoho partnera”
sig Married in Person { spouse: one Married }
o "KaZdy Zenaty muZ (Zena) ma manZelku (manZela)”
all p: Married |
let q = p.spouse |
(p in Man => q in Woman) and
(p in Woman => q in Man)
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Alloy Zakladni prvky jazyka

Skalary

@ V3e je mnozina v Alloy

e neexistuji skalary
e pouZivame singleton relaci

let matt = one Person
e Interpretace kvantifikaci:

all x : S| ... x
x = {t} pro n&jaky element t z S
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Alloy Zakladni prvky jazyka

@ Dalsi omezeni na signatury a pole Ize vyjadrit v Alloy jako fakta

@ AA (Alloy Analyzer) hleda instance modelu, které také spliiuji
véechna omezeni uréend fakty

o P¥iklad: "Z4dn4 osoba nemize byt svym vlastnim p¥edchidcem.’

fact selfAncestor {
no p: Person | p in p. parents

}
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Alloy Zakladni prvky jazyka

Funkce a predikaty

@ Mohou byt pouzity jako "makra”
e Mohou byt pojmenované a nasobné pouzité v riiznych kontextech
(fakta, tvrzeni, podminky bé&hu)
e Mohou byt parametrizovana, pouZivaji se ke zkraceni zapisi
@ Funkce:
e Pojmenovany vyraz s Zddnym &i vice argumenty.
e Vraci vyraz jako navratovou hodnotu
e Béhem analyzy se vyvoldvaji pouze, pokud je na né odkdzano jménem.
e Ptiklad: " Relace rodic¢e.”
fun parents []: Person -> Person { “children }
o Pr¥iklad: " Sestry.”
fun sisters [p: Person]:
{ {w: Woman | w in p.siblings } }
o Ptiklad: " Zadny ¢lovek nemize byt svym vlastnim predkem nebo
sestrou.”

all p: Person |
not (p in p. parents or p in sisters[p]l)
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Alloy Zakladni prvky jazyka

Predikaty

Predikaty jsou dobré v situacich:
@ Omezeni, kterd nechcete zaznamenat jako fakta.
@ Omezeni, kterd chcte pouZzit vicekrat
@ Béhem analyzy se vyvolavaji pouze, pokud je na né odkazano jménem.

o Priklad: " Dvé osoby jsou pokrevni pfibuzni, jestlize maji spole¢ného
predka.”

pred BloodRelated [p: Person, q: Person] {
some p.*parents & q.*parents

}

e Ptiklad: "Osoba nemiize byt v manZelstvi s pokrevnim p¥ibuznym.”

no p: Married | BloodRelated [p, q.spousel]
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Alloy Nastroj Alloy

P¥ikaz Run

run prikaz zpisobi, Ze AA jeho provedenim analyzuje model.
P¥ikazuje nastroji, aby hledal instance modelu.
AA provede pouze prvni pfikaz run v souboru.

AA hledad pouze v omezeném prostoru instanci uréeném rozsahem.

Rozsah (angl. scope) reprezentuje maximalni pocet n-tic v kazdé
vrcholové signatuve.

P¥ednastavend hodnota rozsahu = 3
e Ptiklady

run {} /* the scope is 3 */
run {} for 5 /* the scope is 5 */
run {some Man && no Married} /* with conditions */
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Alloy Nastroj Alloy

Tvrzeni

o Casto v&fime, Ze nds model spliiuje jisté omezeni, vlastnost, kterd
neni pfimo vyjad¥ena.

@ MiZeme nadefinovat takovd dodate¢nd omezeni jako tvrzeni a pouZit
AA k jejich ovéreni.

@ Pokud omezeni vyjaddfené danym tvrzenim neni splnéno,
AA vyprodukuje instanci protipfikladu.
e Priklady
o "Z4dn3 osoba nemd rodie, ktery je zirovei bratrancem & sest¥enici.”

assert al {all p: Person |
no p.parents & p.siblings }
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Alloy Nastroj Alloy

| Am My Own Grandpa - Alloy teSeni

module grandpa
abstract sig Person {
father: lone Man,
mother: lone Woman }
sig Man extends Person { wife: lone Woman }
sig Woman extends Person { husband: lone Man }
fact Biology { no p: Person | p in p.~ (mother+father) }
fact Terminology { wife = “husband }
fact SocialConvention {
no wife & *(mother+father) .mother
no husband & *(mother+father).father }
fun grandpas [p: Person]: set Person {
let parent = mother + father + father.wife + mother.husband |
p.parent.parent & Man }
pred ownGrandpa [m: Man] { m in grandpas[m] }
run ownGrandpa for 4 Person expect 1
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Studijni p¥iklady Stropy a podlahy

Uloha stropl a podlah - zadani

Pisni¢ka Paula Simona, 1973
“One Man's Ceiling Is Another Man's Floor”

module CeilingsAndFloors

sig Platform {}

sig Man {ceiling, floor: Platform}

fact PaulSimon {all m: Man | some n: Man | n.Abovel[m]}
pred Above[m, n: Man] {m.floor = n.ceiling}
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Studijni p¥iklady Stropy a podlahy

Uloha stropl a podlah - protipriklad feSeni

open CeilingsAndFloors

assert BelowToo { all m: Man | some n: Man | m.Above[n] }
check BelowToo for 2 expect 1

Manl
($BelowToo_m)

$BelowToo n \:n-

Man0 )$BelowToo n ceiling Platform0

ceiling \ floor

Platforml

— i s
John Mc Naughton's Twisted
House
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Studijni p¥iklady Stropy a podlahy

Uloha stropll a podlah - protipfiklad FeSeni s geometrii

open CeilingsAndFloors
pred Geometry {no m: Man | m.floor = m.ceiling}
assert BelowToo’ { Geometry =>

(all m: Man | some n: Man | m.Above[n]) }

check BelowToo’ for 2 expect 0O

Executing "Check BelowToo’ for 2 expect 0"
Solver=sat4j Bitwidth=0 MaxSeq=0 SkolemDepth=1 Symmetry=20
211 vars. 18 primary vars. 335 clauses. 15ms.
No counterexample found. Assertion may be valid, as expected. 16ms.

check BelowToo’ for 3 expect 1

Manl
($BelowToo'_m)

Man0
%WTOO' MTOO'I} \““1
Man2

ceiling Platform2
ceiling &xm

Platforml Platform0

floor ceiling
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Studijni p¥iklady Stropy a podlahy

Uloha stropll a podlah - fYeSeni s NoSharing

open CeilingsAndFloors

pred NoSharing {
no m,n: Man | m!=n
&% (m.floor = n.floor || m.ceiling = n.ceiling) }

assert BelowToo’’ { NoSharing

=> (all m: Man | some n: Man | m.Above[n]) }
check BelowToo’’ for 6 expect O
check BelowToo’’ for 10 expect O

Executing "Check BelowToo’’ for 10 expect 0"
Solver=sat4j Bitwidth=0 MaxSeq=0 SkolemDepth=1 Symmetry=20
6750 vars. 330 primary vars. 14472 clauses. 296ms.
No counterexample found. Assertion may be valid, as expected. 889ms.
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Studijni p¥iklady Dynamické systémy

Dynamické modely

@ modelovani systému se stavy a pfechody

@ modelovani operaci, které zpiisobuji prechody

@ nezna koncept stavového prechodu,
@ existuje nékoli zplsobi, jak dynamiku systému modelovat
e specifikace signatury Time vyjadfujici ¢as
e pridat ¢asovou komponentu do kaZzdé relace, kterd se méni s ¢asem.
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Studijni p¥iklady Dynamické systémy

Staticky model rodiny

abstract sig Person {
children: set Person,
siblings: set Person,

}

sig Man, Woman extends Person { }

sig Married in Person {
spouse: one Married,
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Studijni p¥iklady Dynamické systémy

Dynamicky model rodiny

sig Time {}

abstract sig Person {
children: Person set -> Time,
siblings: Person set -> Time,

}

sig Man, Woman extends Person { }

sig Married in Person {
spouse: Married one -> Time,

Signatury jsou ¢asové nezavislé

@ Married neni spravné modelovana
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Vyjadreni prechodu v Alloy |

@ Prechod miize byt modelovdn jako predikdt mezi dvéma stavy:

e stav tésné pred prechodem a
e stav pravé po prechodu.

@ Definovano jako predikdt s (nejmén&) dv&ma formalnimi parametry:
t, t’: Time

@ Omezeni, kterd vymezuji stav v obou &asech.
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Vyjadreni prechodu v Alloy Il

@ Vstupni podminky

e Co plati ve stavech pred prechodem.
e Vystupni podminky

e Popis efektli pfechodil, které generuji nasledujici stav
@ Invariant

e Popis toho, co se neméni

@ Doporuduje se dobfe komentovat jednotlivé kategorie podminek a
Invariantu
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Protokol kli¢t v hotelu - zakladni signatury

module hotel
open util/ordering [Time] as TO
open util/ordering [Key] as KO
sig Key {}
sig Time {}
sig Room {
keys: set Key,
currentKey: Key one -> Time }
sig Guest { gkeys: Key -> Time }
one sig FrontDesk {
lastKey: (Room -> lone Key) -> Time,
occupant: Room -> Guest -> Time }
fun nextKey [k: Key, ks: set Key]: set Key {
KO/min [KO/nexts[k] & ks] }
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Protokol kli¢d v hotelu - invarianty

fact {
all k: Key | lone keys.k
all r:Room, t:Time| r.currentKey.t in r.keys }

pred noFrontDeskChange [t,t’: Time] {
FrontDesk.lastKey.t = FrontDesk.lastKey.t’
FrontDesk.occupant.t = FrontDesk.occupant.t’ }

pred noRoomChangeExcept [rs: set Room, t,t’: Time] {
all r: Room - rs | r.currentKey.t = r.currentKey.t’ }

pred noGuestChangeExcept [gs: set Guest, t,t’: Time] {
all g: Guest - gs | g.gkeys.t = g.gkeys.t’ }
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Protokol kli¢i v hotelu - ptihlaseni

pred checkin [ g: Guest, r: Room, k: Key, t,t’: Time ] {

// the guest holds the input key

g.gkeys.t’ = g.gkeys.t + k

let occ = FrontDesk.occupant | {
// the room has no current occupant
no r.occ.t
// the guest becomes the new occupant of the room
occ.t’ = occ.t + r->g }

let 1k = FrontDesk.lastKey | {
// the input key becomes the room’s current key
lk.t’ = 1lk.t ++ r->k
// the input key is the successor of the last key in
// the sequence associated to the room
k = nextKey [r.lk.t, r.keys] }

noRoomChangeExcept [none, t, t’]

noGuestChangeExcept [g, t, t’] }
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Protokol kli¢i v hotelu - vstup do mistnosti

pred entry [ g: Guest, r: Room, k: Key, t, t’: Time ] {

// the key used to open the lock is one of
// the key the guest holding
k in g.gkeys.t
// pre and post conditions
let ck = r.currentKey |

// not a new guest

(k = ck.t and ck.t’ = ck.t)

// new guest

or (k = nextKey [ck.t, r.keys] and ck.t’ = k)
// frame conditions
noRoomChangeExcept [r, t, t’]
noGuestChangeExcept [none, t, t’]
noFrontDeskChange [t, t’] }
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Protokol kli¢t v hotelu - odhlasgeni

pred checkout [ g: Guest, t,t’: Time ] {
let occ = FrontDesk.occupant | {
// the guest occupies one or more rooms
some occ.t.g
// the guest’s room become available
occ.t’ = occ.t - (Room -> g)
}
// frame condition
FrontDesk.lastKey.t = FrontDesk.lastKey.t’
noRoomChangeExcept [none, t, t’]
noGuestChangeExcept [none, t, t’]
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Protokol kli¢i v hotelu - dynamika v ¢ase

pred init [t: Time] {
// no guests have keys
no Guest.gkeys.t
// the roster at the front desk shows no room as occupied
no FrontDesk.occupant.t
// the record of each room’s key at the
// front desk is synchronized with the
// current combination of the lock itself
all r: Room | r.(FrontDesk.lastKey.t) = r.currentKey.t }
fact Traces {
init [TO/first]
all t: Time - TO/last |
let t’ = TO/next [t] | some g: Guest, r: Room, k: Key |
entry [g, r, k, t, t’]
or checkin [g, r, k, t, t’] or checkout [g, t, t’] oo
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Protokol kli¢t v hotelu - verifikace

assert noBadEntry {
all t: Time, r: Room, g: Guest, k: Key |
let t’ = TO/next [t], o = r.(FrontDesk.occupant).t |
(entry [g, r, k, t, t’] and some o)
implies g in o

check noBadEntry for 3 but 2 Room, 2 Guest, 5 Time
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Protokol kli¢i v hotelu - protipfiklad

 FromDesk e

Guestl
(SnoBadEniry ¢) |

(SnoBadEntry_r)
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~
Teys E\\N\\ /< currentKey [Keyl ]
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&2 ($noBadEntry k')
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Protokol kli¢ii v hotelu - oprava

fact nolntervening {
all t: Time - TO/last |
let t’ = TO/next [t], t’’ = TO/next [t’] |
all g: Guest, r: Room, k: Key |
checkin [g, r, k, t, t’]
implies (entry [g, r, k, t’, t’’] or no t’’)

check noBadEntry for 3 but 2 Room, 2 Guest, 10 Time
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