Meaning of Some Formulas

OF
OLIF

(F— OF)
-FU[JF
FU-F
OF NLI(F — QF)




variable domain explanation

st_coffee | {0,1} drink storage contains coffee
st_beer {0,1} drink storage contains beer
disp {none, beer, coffee} | content of drink dispenser
coins {0,1,2,3} number of coins in the slot

customer | {none, student, prof } | customer




. Recharge which results in the drink storage having both beer
and coffee.

. Clustomer_arrives, after which a customer appears at the
machine.

. Clustomer_leaves, after which the customer leaves.

4. Coin_insert, when the customer inserts a coin in the machine.

. Dispense_beer, when the customer presses the button to get a

can of beer.
. Dispense_coffee, when the customer presses the button to get

a cup of coffee.
. Take_drink, when the customer removes a drink from the

dispenser.



Reasoning About Transitions

Consider the following properties:

1. “one cannot get two beers in a row without inserting a coin”.

2. “If we never have two recharge transitions in a row, then the next

transition after a recharge must be a customer arrival”.

Note that they are about transitions, not about states.

How can one represent these properties?



Reasoning About Transitions

Consider the following properties:

1. “one cannot get two beers in a row without inserting a coin”.

2. “If we never have two recharge transitions in a row, then the next

transition after a recharge must be a customer arrival”.

Note that they are about transitions, not about states.
How can one represent these properties?

Introduce a state variable denoting the next transition.



Symbolic Representation

def
Recharge = tr = Recharge N\ customer = none A

st_coffee’ A st_beer’ A
only (st_coffee, st_beer, tr).

. def .
C’U,StOmG’I"_CL’I“’I“’L’UGS = tr = C’LLStO’I’I’L@’f’-CL’I"’I"’I/UGS A customer = none N\

customer’ # none A
only (customer, tr)

o def o :
Coin_insert = tr = Coin_insert N\ customer # none A coins #= 3 A

(coins = 0 — coins’ = 1) A (coins = 1 — coins’ = 2) A
(coins = 2 — coins’ = 3) A
only(coins, tr).



. One cannot claim two beers without inserting a coin in between
getting them.

. One can get two beers (from the drink dispenser) without
Inserting a coin in between getting them.

. If we never have two recharge transitions in a row, then the next
transition after a recharge must be a customer arrival.

. The value of customer can only be changed as a result of either
Customer_arrives or Customer_leaves.

. For every two transitions Customer_arrives there should be a
transition Customer_leaves between them.

. If somebody inserts a coin twice and then gets a beer, then the
amount of coins in the slot will not change.

. If the system is recharged from time to time, then after each
Dispense_beer the customer will leave.



When we design a system, we would like to be sure that it will
satisfy all requirements, such as safety. How?

What we can do:

> formally represent transition systems (the symbolic

representation);
> express the desired properties of the systems in temporal logic.

What is missing?



Model Checking

Given
1. A symbolic representation of a transition system;
2. A temporal formula F',

check if every (some) computation of the system satisfies this

formula, preferably in a fully automatic way.



Equivalences: Unwinding Properties

OF = FVQOOF

F = FANOLF
FUG = GV(FAOFUG))
FRG = GA(FVO(FRG))



Equivalences: Negation of Temporal Operators
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Expressing Temporal Operators Using U

OF = TUF
F = —I(TU—IF)
FRG = —-(-FU-G).
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Other Equivalences

But

T

OFV OG

F'A

FV

OF N QG
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