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Vending Machine

» System
— sell product
» can drink : 500& X 2ea, 600, 700&, 1,000
> coffee : 200 X 2ea, 3003 X 3ea
« Model Checkers

— SMV



parameter setting

* Input
—coin : 50¥, 100¥, 500¥, 1,000 (X| 1|

— button : can_button 5ea, coffee button Sea,
refund Tea

* Output

— can_button_lamp 5ea, coffee_button_lamp
5ea, coffee_lamp 3ea

— money_display
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parameter setting

* Input
—coin : 50¥, 100¥, 500¥, 1,000 (X| 1)

— button : can_button 5ea, coffee button Sea,
refund Tea

* Output

— can_button_lamp 5ea, coffee_button_lamp
5ea, coffee_lamp 3ea

— money_display



constraint-1

e coin max : 5,000
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constraint-2

e refund
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Automata

coin > 200
com in

push button siaelue:

sell

coin < 200 /
{ | coin>200

push refund coin < 200

\J

coin > 0



Automata — main module

coffee_lamp=none
coffee_button1.lamp=on&coffee_button1.input=1)

coffee 1

refunding

(0<money<200)

(coffee1_stock=0&coffee2_stock=0 ---
can1_stock=0&can2_stock=0 -
cup_stock=08&coffee_lamp=none)

coin coin
500 1000

user_action=coin1&money<=4900



Automata - coffee button module

init

money stock=0|cup=0
>=200
supply
money

200

H== input : boolean

stock= O|cup 0
(action =

cup_supply|coffee_supply)&money>=200




Automata - can button module

init

money Stock=0
>=500
supply
money

500
stock 0

supply&money>=500

H== input : boolean




Automata — money display state
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Automata — money display state

50 50

1008 50*2, 100

1508 50*3, 509/ +100¥

200 50*4, 502*2+1009, 100¥4*2

2503 50&*5, 50&*3+100¢, 100&*2+50¥

300 50*6, 509*4+1008, 100¥*2+508/*2, 100€/*3

350 50*7, 508*5+100¢, 100*2+50*3, 100¥*3+50¢

400¥ 50*8, 502*6+100, 100¥4*2+504*4, 1002/*3+50¥*2, 100 *4

450 50&*9, 50&*7+100&, 50&*5+100@*2, 50&*3+100*3, 50 +100&*4

5008 50&*10, 50*8+100%, 50*6+100&*2, 50 *4+100*3, 50&*2+100¥*4, 100-&*5, 500



Automata - refund module

~(state=wait)
(reiun =18&coin_cou nter$= 1)
N

91e1s) ~

(1em=

e )
refun money>08&act on=refunding
Init ‘0 s ’
money=0
N ' /




modul

e coffee HHE 2 &

« can HHE B =

e refund HE 2=

e 17T ¢ -

MODULE buttonl (money, satock, cup)

VAR
lanp : {on, off, s=llout};
ASEIGH
init(lamp) := off;
next{lamp) :=
case
(cup = 0 & stock > 0 & money < 200} : off;
fcup » 0 & stock > 0 & money == 200) : on;
{stock = 0) : s=llout;
feup = 0) : sellout;
1: lanp;
esac;

MODULE button? (money, stock)

AR
lamp : {on, off, s=1llout};
ASSTGH
initi{lamp) := off;
next(lamp) =
case
fatock = 0 & money < H00) : off;
(stock > 0 & money == h00) : on;
(stock = 0) : s=llout;
1: lamp;
esac;

MODULE refundire, 100,500, c1000)

AR

state : {wait, rel00, r=h00, r=1000};

ASETIGH

initistate) := wait;

nextistate) =

case
fre = 1 & <1000 = 1) : r=1000;
fre = 1 & <h00 = 0) : r=h00;
fre = 1 & <100 = 0) : rel00;
1 : wait;

=gac;




module 73 -2

e main B =

MODULE main
AR
money : {0,100,200,300,400,500,800,700,800,%00,1000,
1100,1200,1200,1400,1500,1a00,1700, 12800, 1%00,2000,
2100, 2200,2200, 2400, 2500, 2:00,2700, 2800, 2500, 2000,
2100, 2200,2200, 32400, 2500, 200, 2700, 3200, 2%00,4000,
4100,4200,4200,4300,4500,4:00,4700,4800,4%00,5000};
coinlll_count : 0..50;
colnb00_count : 0..10;
colnllll_count @ 0..1;
thouzand : boolean;
refun : boolean;
E : refundirefun, coinll_count, coinb00_count, thousand);
action : {wait,refunding,
coinlil, coinbh00, coinl000,
coffesl, coffe=2,
supply_coffesl, supply_coffesl, supply_cup,
canl, can3, cand, canh,
supply_canl, supply_can3, supply_cand, supply_canh};
user_action : {coinl,coinb,coinld,col,co3, cal,ca3, cad, cab,wait, ref};
coffes_lamp : {none, first,second, third};
coffeel _stock @ 0..5;




module 7+ -3

e main B =

cup_stock
canl_stock
- canZ_stock
can3_stock
cand _stock
canbh_stock

- can_button?
can_button3
can_buttond

coffesl _=tock
- coffe=s2 stock
coffesed stock
- coffe=d =tock
-— coffesebh _stock

: 0.

..
coffese _buttonl
- coffese_button?
coffese buttoni
- coffese_buttond
- coffes_buttonh

can_buttonl
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buttonl imoney, coffe=sl_stock, cup_stock);
buttonl imoney, coffe=s?_stock, cup_stock);
button? imoney, coffe=3_stock, cup_stock);
button? imoney, coffesd_stock, cup_stock);
button? imoney, coffeseh_stock, cup_stock);

button3 imoney, canl_stock);
buttoniimoney, canZ_stock);
buttond (money, canid_stock);

buttonb imoney, cand_stock);
e N U Sy ~ S, MNP S S S - S J




vending machine property-1

« SPEC AG ((money < 500) -> AX
(can_button1 = off))

« SPEC AG ((coin1000 count = 1 & refun = 1)
-> AX(R.state = re1000))

» SPEC (AG ((money>200) ->(AX
(coffee_button1.lamp=o0n))))



vending machine property-2

» SPEC (AG ((money>200) ->(AX
(coffee_button. Iamp on))))

— M propertyl| 452 ®lo &4 I E 7

« SPEC AG ((user_action = co1) ->
AF(coffee_lamp = first))

« SPEC AG ((action = coffeel &
coffee1_stock > 0 & money>=500) ->

AX(coffee_lamp = first))



SMVO| AL 45-

* SPEC AG ((money.state > 400) -> AX
(coffee_button1.lamp = on |
coffee_button3.lamp = on))

— a0 ZEE I AL HEO =0 =H=7t
— 1= false



SMVOJ| A2 BS-

« X7} YO{ A selloutO| B4

Source | Trace | Log |

File Edit Run View

1 2 il 4 5 3 7 8 S 10 11 12
R.refun| 0 0 0 0 0 0 0 0 0 0 0 0
B.state | wait wait wait wait wait wait wait wait wait wait wait wait
action | wait wait coinl000lwait coffesl |wait walt coinl000 wait coffesl |wait canl
canl_stock| 2 2 2 2 2 2 2 2 2 2 2 2
can2_stock| 2 2 2 2 2 2 2 2 2 2 2 2
cand_stock| 2 2 2 2 2 2 2 2 2 2 2 2
cand_stock| 2 2 2 2 2 2 2 2 2 2 2 2
canb_stock| 2 2 2 2 2 2 2 2 2 2 2 2
can_buttont.input| 0 0 0 0 1] 0 0 ] ] 0 1
coffeel_stock| 2 2 2 2 2 1 1 1 1 1 0 0
coffeeZ_stock| 2 2 2 2 2 2 2 2 2 2 2 2
coffeed_stock| 2 2 2 2 2 2 2 2 2 2 2 2
coffeed_stock| 2 2 2 2 2 2 2 2 2 2 2 2
coffee5_stock| 2 2 2 2 2 2 2 2 2 2 2 2
coffee_buttont.input| 0 0 0 1 0 0 0 0 1 0 0
coffee_button1.lamp | o £ £ off off off on on on on on on on sellout
coffee_button2.input| 0 0 0 0 1] 0 0 0 ] 0 0
coffee_button3.input| 0 0 0 0 0 0 0 0 [1} 0 0
coffee_button3.lamp | of £ off off off on on on on on on on sellout
coffee_buttond.input| 0 0 0 0 1] 0 0 0 ] 0 0
coffee_buttonS.input| 0 0 0 0 0 0 0 i} [1} i 0
coffee_lamp | none= none none none none first second third nones none firat second
coin.coin1000_count| 0 0 0 1 1 0 0 0 1 1 1 1
coin.coin100_count| 0 0 0 0 [ 3 il H 3 H 1 1
coin.coin500_count| 0 0 0 0 0 1 1 1 1 1 1 1
cup_stock| 2 2 2 2 2 1 1 1 1 1 0 0
money.state| 0 0 0 1000 1000 200 200 200 1800 1800 1600 1600
user_action | wait coinl0 coinl coinl coinl wait coinld coinl coinl coinl coinl coinl




SMVO[ X8| BF-

* SPEC AG ((money.state < 500) -> AX

(can_button1.lamp = off))
—E0| EX5lH I I} off AFEJO|LC}
— A1t= false



—
—t
S of= 8% &KX
T
| oo |
File Edit Run View
1 2 H 4 5 B 7 8 ]
R.refun| 0 0 0 0 0 0 0 0 a
R.state| wait wait wait wait wait wait wait wait wait
action | wait wait coinl000 wait canl wait canl wait coinlin
canl_stock| 2 2 2 2 2 1 1 0 1]
can2_stock| 2 2 2 2 2 2 2 2 2
can3_stock| 2 2 2 2 2 2 2 2 2
cand_stock| 2 2 2 2 2 2 2 2 2
cans_stock| 2 2 2 2 2 2 2 2 2
can_bution1.input| 0 0 0 1 0 1 0 0
can_buttoni.lamp | of £ of f of £ of £ on on on on zellout
coffee! _stock| 2 2 2 2 2 2 2 2 2
coffee2_stock| 2 2 2 2 2 2 2 2 2
coffeed_stock| 2 2 2 2 2 2 2 2 2
coffeed_stock| 2 2 2 2 2 2 2 2 2
coffeeS_stock| 2 7 2 2 2 2 2 2 2
coffee_button?.input| 0 0 0 ] 0 0 0 0
coffee_button2.input| 0 0 0 0 0 0 0 0
coffee_button3.input| 0 0 0 0 0 0 0 0
coffee_buttond.input| 0 0 0 0 0 0 0 0
coffee_bution5.input| 0 0 0 i 0 0 0 0
coffee_lamp | non= nones none none none none none none none
coin.coin1000_count| 0 0 0 1 1 0 0 0 i]
coin.coin00_count| 0 0 0 0 0 0 0 0 1]
coin.coins00_count| O 0 0 0 0 1 1 0 0
money.state | 0 0 0 1000 1000 500 500 0 1]
user_action |wait coinll coinl coinl coinl coinl coinl coinl coinl




SMVO|| A S| BS-

« SPEC AG ((coffee_buttont.input = 1) ->
AX(action = coffeel))
- AHLO HES =28 AL/ LI20
— A1 false



SMVOJ| A2 BS-

» money”/} 00[O{ A M| ZO0| Li2X| H=

Source | Trace | Log |

it Bun Wiew




SMVO| A2 BS-4

« SPEC AG ((coffee_buttont.input = 1 &
coffee1_stock > 0 & cup_stock > 0 &
money.state = 300) -> AX(action = coffee1))
—- XA, 00| S8 I AL 7t LI=X|

— A1t= false



SMVOJ| A2 BS-

» ALV LRE =3 L ALE &5 7

Source | Trace | Log |

File Edit Run View

1 2 3 4 5 ] 7
R.refun |0 0 0 1] 0 0 0
RB.state| wait wait wait wait wait wait wait
action | wait walt coinb00 |wait coffe=s2 (wait coinllD
cani_stock| 2 2 2 2 2 2 2
can2_stock | 2 2 2 2 2 2 2
can3_stock| 2 2 2 2 2 2 2
cand_stock| 2 2 2 2 2 2 2
canb_stock| 2 2 2 2 2 2 2
can_button.input| 0 0 0 0 0 0
coffee! _stock | 2 2 2 2 2 2 2
coffee2_stock | 2 2 2 2 2 1 1
coffeed_stock | 2 2 2 2 2 2 2
coffeed_stock| 2 2 2 2 2 2 2
coffeeS_stock | 2 2 2 2 2 2 2
coffee_button1.input| 0 0 0 0 0 1 0
coffee_button2.input| 0 0 0 1 0 0
coffee_button3.input| 0 0 0 1] 0 0
coffee_button4.input| 0 0 0 0 0 0
coffee_button5.input| 0 0 0 0 0 0
coffee_lamp | non= none none none none first second
coin.coin1000_count| 0 0 0 1] 0 0 0
coin.coin1 00_count| 0 0 0 0 0 3 3
coin.coin500_count| 0 0 0 1 1 0 0
cup_stock | 2 2 2 2 2 1 1
money.state | 0 0 0 500 500 300 200
user_action |wait coinh coinl coinl coinl coinl coinl




SMVO[ X8| BF-

« SPEC AG (((coin.coin1000_count = 1 |
coin.coin500_count > 0O |
coin.coin100_count > 0) & action =
refunding) -> AX(R.refun = 1))

- =0| AE Mf refund HES FE2H XHEH7| 7}
refunding & E{f 7t =l C}
— A= true



SMVO| A2 BS-

« SPEC AG ((coin.coin1000 _count = 0 &
coin.coin500 count = 0 &
coin.coin100 _count = 3 & action = coffee1)
-> AX(action = refunding))
- ME2 &30 7t 200 O]2HR1 AL refunding
AFER 7} EIC}H

— A1}= true




SMVO| A 2| AS-

* EF (money.state>5000)
— money”}t 50002 Z1I5t= 4
— A1}= false



SMVO| A2 BS-

« EF (user_action = ref & coffee_lamp =
second)
- AHL|7} L= =50 Br2t0]| 75Tt

— 1= true



SMVO| A2 BS-

« SPEC AG (coin.coin1000 count = 1 &
coin.coin500 count = 0 & action =
coin1000) -> AX(coin.coin500 _count = 2)

—1000% X|H 28 = s 87 10008 18
S00& 2702l MEfZt =T}
— A1} true



SMVO| A2 BS-

» SPEC EF (~(coffee_lamp = none) &

action = can1)
~ ALt LI2E E5 = &2 = UL

— 1= true




