Vending Machine
Model Checking - Spin



Vending Machine

» System

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

« Model Checkers
— Spin
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Automata

main_controller

{run Coffee_Buttonl({CoBS1,coc))

{run Coffee_Button2 (CoBS2,coc) )

{run Coffee_Button3(CoB53,coc))

{run Coffee_Buttond{CoB54,coc) )

{run Coffee_Button5(CoB55,coc))

{run Can_Buttonl{CaB5],cac))
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Source code - 1

o« MFHT power
- mtypelL £ HA[X|Z= F2

bool power = 1;

mtype = { coin50, coinl00, coin500, coinl000, refund, wait,
CoBl, CoBZ, CoB3X, CoB4, CoB5,
CaBl, CaBZ, CaB3, CaB4, CaB5}

run main_contraller{};



Source code - 2

Main controller()

I I—

- &) T =22 OO0 {
int money = 0;
. E Ol3d int cup stock = 50;
— coc : coffee HE &= o e 1
chan cac = [1] of { mtype };
—_ Cac . Can H‘l%% E_:ll int coffee stock[&] = {0,10,10,10,10,10};
) int can stock[e] = {0,10,10,10,10,10};
. - int signal = 0;
— Slgnal . E% |'Cc>>|' '”3- chan mi = [0] of { mtype };
chan CoBS1 = [1] of { bool ,bool };
E—T— chan CoBS32 = [1] of bool ,bool };
chan CoBS3 = [1] of bool ,bool };
. O OI E chan CoBS4 = [1] of bool ,bool };
—mi: 3 |_I s chan CoBS5 = [1] of { bool ,bool };

chan CaB33 = [1] of bool ,bool };

D'”Ale chan CabBsS4 = [1] of

chan CaB353 = [1] of

bool ,bool };

{
{
{
{
chan CaB31 = [1] of { bool ,bool };
{
{
{
{ bool ,bool };

H
— COBS% . EE% EI-I O.”A-I chan CaBS2 = [1] of { bool ,bool };
=
-



Source code - 3

 Main controller()

EO|IT1E AlsH
H'l o EJ—l' T = = o
A E run Coffee Buttonl (CoBSl,coc);
=

=
E =
— Al I—II-Al H-l :E—O—l ol- E run Coffee Buttond (CoBSZ, coc);

2 A_” EI run Coffee Button3 (CoBS3,coc);
run Coffee Buttond (CoBS4,coc);

run Coffee Button5 (CoB35, coc);

Efi run Can Buttonl (CaBSl, cac);
=

— 0|2 =O[Lt {1
Sof wat o] B

E |. _|| EI run Can Button4 (CaBS4, cac);
=0} Q /| &

run Can ButtonS (CaBS5,cac);

run Can Button2 (CaB32, cac);
run Can Button3(CaBS3, cac);

IO—

run money in(mi) ;
=start :

goto buttonmanage



Source code - 4

* Main controller() ——

signal = 0;
. . o atomj:_c{
— again : H30] Sl= Al it
:: mi?coin50 -» atomic{if
- 0= :: (money <= 45530) -» money = money + 30
Ol_kgg Eor% :: else
f1}
. . = AL :: mi?coinl00 -»> atomic{if
- Slgnal . E o x-” 5‘ E T :: (money <= 4500) -> money = money + 100
:: else
- .
7|2} £i}

:: mi?coin500 -> atomic{if

:: (money <= 4500) -* money = money + 500

_ BIX T9I0| S0{@ALY

£1}
o r: mi?coinll00 -> atomic{if
Hl_l-g-l_|'0| El EX| % x-” 5__6|' :: (money <= 4000) -» money = money + 1000
:: else
otOre X2 ASH £1}
O:I =EXL T1H=2 _I_OO :: mi?refund -> money = 0

: mifwait -» signal++
£1



Source code - 5

Main controller()

— CoffeeH{ E0] Cliot & A

1 f
:: (len{coc) !=0) ->if
:: coc?CoBl —-> atomic{if
:: ((money >= 200) && (coffee stock[l] >=1) && (cup stock >= 1)) —-> mone:
r: el=e
£i}
coc?CoB2 —-» atomic{if
:: ((money >= 200) && (coffee stock[2] >=1) && (cup stock >= 1)) —-> mone:

H-

:: else
fi}
coc?CoB32 —> atomic{if
:: ((money »= 300) && (coffee stock[3] »>=1) && (cup stock >= 1)) —> mone;

1 else
fi}
coc?CoB4 —> atomic{if

:: ((money >= 300) && (coffee stock([4] >=1) && (cup stock >= 1)) —> mone:

:: else
£fi}
coc?CoBS —-> atomic{if
:: ((money >= 300) && (coffee stock[3] >=1) && (cup stock >= 1)) —-> mone:
1 else
fi}

fi
:: else -> signal++



Source code - 6

Main controller()

~ Cant{ S0 CH3t Zreis
if

fi

(len (cac) 1=0)

fi

cac?CaBl —-»

-

cac?CaBZ

cac?CaB3 —-»

-

cac?CaB4

cac?CaBs —-»

else —-> signal++

—=if

atomic{if
:: ((money
:: else
£1}
atomic{if
:: ((money
:: else
£1}
atomic{if
:: ((money
:: else
i}
atomic{if
:: ((money
:: else
fi}
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Source code - 7

« Main controller()

— X200 2t maintenancel} CHA| & =O0FL

if
i1 ((coffee stock[l] == 0)t&(coffee stock([2] == 0)&&(coffee_stock[3] == 0)&&(coffee stock[4] == 0)&&(coffee stock[5] == ()&t
(can_stock[l] == 0)&&(can stock[2] == 0)&&(can stock[3] == 0)é&&(can stock[4] == 0)&&(can stock[5] == 0))&&(cup stock == 0) -> goto malntenance
r:elae
f1

goto start



Source code - 8

Main controller()

- HE=32 JEE M3AsHE

— 7tAO0[Lt A0 HS0| SRS Al HIZ WA LiZ
buttonmanage :
if
(signal!=3) ->
atomic
{
if

::{(coffee stock([l]>0) && (money>=200)) -> CoBS1!1(0D)

:: {(coffee_stock([l]>0) && (money<200) ) -> CoBS1!0(0)
::{(coffee stock[l]==0) || (cup stock==0)) -»> CoBS1l!0(1)

fi

1f

:: {(coffee_stock([2]>0) && (money>=200)) -> CoBSZ2!1(0)
::{(coffee stock[2]>0) && (money<200)) —-> CoBS2!0(0)

:: {((coffee_stock([2]==0) | | (cup_stock==0)) -»> CoBS2!0(1)

£1

if

::{(coffee stock([3]>0) && (money>=300)) -> CoBS3!1(0)

:: {(coffee_stock([3]>0) && (money<300) ) -> CoBS3!0(0)
:{{coffee stock[3]==0) || (cup stock==0)) -> CoBS3!0(1)



Source code - 9

Money in

=
- 5W YT

— 2t 509, 100¥, 5008, 10008, Btst 7|Ck

EEZ50| HAIXE EH

— XHERZ|o] MO 7THA|H T2 A ==

proctype money in(chan out)

{

do

:: out!coins50

:: out!coinl0O

:: out!coin300
: out!coinl000

: out!refund

:: out!wait

:: (power=0) —->» goto end

od

end :

oroj 7



Source code - 9

Button

- N30 =2 JEE HE2Z 49

proctype Coffee Buttonl (chan in; chan out)
1

bool lamp = 0;

bool =sellout = 0;

bool input;

again:
atomic]
szelect (input : 0 .. 1);
if
(power——0) -> goto end
(len(in)!=0) -> in?lamp(sellout) Q| ZHAEZO|AM ELiFE HA[X|0f 2t & EH
fi
if £ HH o=
{{(input == 1) && (len{ocut)==0) && (lamp == 1) && (=ellout == 0)) -> out!CoBl
(power=—0) —-» goto end
- sise HE0| s2|1 =S THEotH AHEt7|of A HAIX] ©E

1
goto agaln

end:



vending machine simulation

16 December 2014 :: iSpin Version 1.1.4 -- 27 November 2014

Background command executed

Mode A Full Channel Output Filtering (reg. exps.)
= Random, with seed 123 * blocks new messages process ids

Spin-p-s -r -X -v -n123 -1 -g-U40000 ve rdingmachine. pmi

Interactive (for reselution of all nondeterminism) loses new messages queue ids:
Guided, with trail: vendingmachine pmltrail  browse MSC+stmnt
idth[20 var names:
initial steps skipped: 0 MSC max text wi racked o
maximum number of steps 40000 MSC update delay |25 racked variable
¥ Track Data Values (this can be slow) track scaling Save in: msc.ps

bool power = 1;

mityps ={ coins0, coin100, coins00, colnl 000, refund, wait,
CoB1, CoB2, CoB3, CoBd, CoBs,
CaB1, CaB2, CaB3, CaB4, CaBs}
chancec = [1] of { miype }:
chancac = [1] of { miype | Can_Button1:1:7
Coffee_Button:

#ckfine p (main_controller:money<=5000)

sickfine pp (({len(cos)!=0)&& (main_controller:money ==1000))-><= (main_controller:money!=1000)) 570.0
it p1 P}

itl p2 {[pr}

proctype Coffee_Button1(chan in; chan out) Coffee_Byutton2:1:3
{ o1 o EH \ Can_Button2:]

bool sellout =0;

bool input;
1?coins0 56 Bufton3 14 T

agpin:
4700

atomic]
select(input: 0. 1);
if Coffee_Buttonl:1:2
(power==0) -> gotoend 2700
: (len(in)!=0) -> in7k llout
"(E\mm ) -> inlampisellout) 2i00

tep 21820]

input = 1




vending machine verification - 1

» AS0Ae =X
— Itl =0l M proctypelf 2| chanl| & LHES 282

Xl 23t -> coc?CoB1 S AR E7}

— len(main_controller:coc)2f # 0| &<=0{| A proctype

LB AFBE 7t -> MBS 2 S}0joft 75

He 5= 0|8910 A5A| ChaHA = chanl =z H
L= Z\Ol_T_l chanOj|Al 22 & AH|O|EZ} B 7| O}
=0 B2 0|85t H5=71

— <>(eventually)& Ar&5tH EE 11 SEj=Z Qlof 1
Zdol |Juu_ | o T 818 -> —?—jggl'é;l' ?:]I%



vending machine verification - 2

* Itl p1 {[I (main_controller:money<=5000)}
— 22k 20| 5000 O|5HO| LY,
— XtEH7|0fl 50008 O|Afo] 2SS HOo M Hig}

—_
o —

— true

SEAIT 1 vendingmachine. pml
024 -02 -DXUSAFE -DNOCLAIM -w -0 pan panc




vending machine verification - 3

It p2 {[]
(((len(coc)!=0)&8& (main_controller:money==1000))-

>(main_controller:money!=1000))

— Main controller®| cocE& MYO =2 510 HS

— Money 30| S HX| UEF can, coin_in M|AH & 845 =2
Z=7|0f ot AHSIH S

— =0] 1000& UL CoffeeH{ERIZHO| Y™ =0 WA L}ZHC},

— (0| Y1 coffeeHEZ FEH Hu|7} LI2LC}

— true




vending machine verification - 4

It p2 {[]

(((len(cac)!=0)&&(main_controller:-money==1000))-

>(main_controller:money!=1000))

— Main controller®| cac& MYC=Z 5l AS

— Money #H3to| kS HHX| AT E coffee, coin_in MAH & BS =
= X7[0] ot Y=SH0i=

— =0] 1000% AU canHERYHO| J2H =0| WA LIZECE,

— (0] Y1 canHHEZ FEH canO| Lt=2L}

— true




