BepundpuKauma nporpamm
Ha Moaenax

Jlekuma Ne5
[MpaKTnyeckne npmémbl abcTpakumm.

CsoWcTBa IMHENHOro BpemeHn. CneyndurKkayma u
BEPUPUKALIMA CBOMNCTB NPU NOMOLLM Spin.

KoHcmaHmuH CaseHKo8 (nekmop)



[1naH nekuumn

[MpaKTnyeckme npuémsol abcTpakLmnu,
Paccy»XaeHna o NnpaBUAbHOCTU NPOrpaMmmbl,
CBoncTBa 6€30MaCHOCTM U KUBYYECTH,

MHcTpymeHTbl SPIN/Promela ans
cneunduKaumm CBOUCTB.



[TpaKkTNyeckne Nnpuémbl abCTpaKkuUnm



Obwan cxema

Moaenb Ha
NMporpamma Ha C j‘> oromela

 HenpasunbHbi noaxon!

— Ecnn ctponTb moaenb 6e3 ornagKkm Ha NpoBepAemble
CBOWMCTBA, TO OHA NONYYUTCA CAAULLIKOM AEeTa/IbHOM.

— CKopee BCEero, He XBaTUT pecypcoB Ha Bepudukaumio.



Obwan cxema

[Mporpamma Ha C

Promela

; Moaenb Ha

[lpoBepaemble
CBOMCTBA

* Mopenb AONXHA MOAENUPOBATb TONbKO TO,
YTO B/ZIMAET HA BbINOJIHUMOCTb NpoBepAeMbIX
CBOMCTB.



[Tonmep

void f (int x) proctype f(int x) {
{ do
while(x < 10){ 1 x < 3 >
if(x < 3){ printf (“Case 1\n”);
printf (“Case 1\n”); x=x+1
} > 0 x >= 10 ->
else({ break;
printf (“Case 2\n”); :: else ->
} printf (“Case 2\n”);
X++; x=x+1
} od
} }
N init {
¢ MO,ﬂ,efIb TOYHAA, HO Yy Hee int x;
C/INLLKOM MHOTO o
“ 2 x++;
AOCTUKUNUMDBIX COCTOAHUMN. cr ox——
* [laBanUTe NOCMOTPUM Ha . break;

3a4aHHble CBOMUCTBA. run £ (x)



[Tonmep

void f(int x) proctype f (int x) {
{ do
while(x < 10){ 1 x < 3 >
if(x < 3){ printf (“Case 1\n”);
printf (“Case 1\n”); x=x+1
} > 0 x >= 10 ->
else({ break;
printf (“Case 2\n”); :: else ->
} printf (“Case 2\n”);
xX++; x=x+1
} od
} }
init {
int x;
«lposepums, ymo nepeo do
neyamotro “Case 2” 88 hmry
cr ox——
gce20a bbina 8bIMoAHEHA .. break:
neyams “Case 1”.» od;



void f(int x)

{
while (x < 10) {

if(x < 3){
printf (“Case 1\n”) ;
}

else({
printf (“Case 2\n”);

}
X++;

}
}

«lposepums, ymo nepeo
neyameotro “Case 2”
gcez20a bbina 8bInosHeHa
neyamso “Case 1”.»

[Tonmep

mtype {X1, X2, X3};
proctype f (mtype x) {

do
1o x == X1 ->
printf (“Case 1\n”);
incr (x) ;
i1 x == X3 ->
break;
1o x == X2 ->
printf (“Case 2\n”);
incr(x); rinline incr (x) { |
od L if |
} A o ox += 1; i
init{ /1 :: skip |
mtype Xx; /| fi |
if /1) |
.- x = X1 // ___________________
x=X2 _ ¢, ____________
x = X3 | I
£i; | He 3arpomoxgaem !
run f (x) :
|



[Mpnémbl abcTpaKkumm

AbBCTpaKuma npeanKaTos

ABCTpaKUUA TUMOB AAHHbIX

AbcTpaKuma Habnogaembix NepemMeHHbIX
ADOCTpaKUUA OT «JINLLIHEro» Koaa

ABCTpaKkumnsa oT GYHKLUMMN U CUCTEMHDbIX
BbI3OBOB



ABCTpaKkuma NnpeamnKaToB

if(x < 0){

printf (“Case 1”); if
} j‘> :: printf (“Case 1”);
else? £ (nc 2y :: printf (“Case 2”);
} prln ase ’ fi

* B moaenu yBenm4ymBaeTcs KOJIMYECTBO BO3MOKHbIX
BblYUNC/IEHUMN

— ecnu Gopmyna He HapyLIaeTca HU Ha OHOM BblYMCAEHUN MOAENN,
TO Ha UCXOAHOWM NPOrpPaMMe OHa TaKXKe byaeT BbINONHMMA,

— ecnn dopmyna HapyLaeTcs Ha OAHOM U3 «400aBAEHHbIX»
Bbl4MCIEHNI, HEODXOAMMO YBENNYUTL YPOBEHb AETaAMU3aLNM
Mmoaenu



ABCTpaKUMa TUNOB AAHHbIX

int x; mtype { X1, /*x < 0*/
i X2, /*0 <= x < 3%/
if(x < 0) { X3 /*x >= 3%/
};
}
else { > if
if(x < 3) { oo x == X1 -> ..
. ox == X2 -> .
} 1 x == X3 -> .
else { fi

}

}

* Jlnana3oH TMNa AaHHbIX pa3buBaeTca Ha Knacchl
3KBUBAJIEHTHOCTU OTHOCUTENbHO KOHCTPYKLIMIA OpraHmn3aLmnm
NOTOKa yrnpaBaeHUA U NPOBepPAEMbIX CBOICTB.

* HeobxoAMMO KOPPEKTHO MOAENNPOBATb:

— npeagnkaTtbl B ornepatopax BETB/IEHUA,
— onepartopbl, U3IMeHALOWNE 3HaAYEHUNA NMEPEMEHHDLIX 3TOIO TUMNA.



AbcTpaKkuma Habatoagaemblx
nepemeHHbIX

* /3 moaenn yoanAatoTca nepemeHHble, 3Ha4YeHUS
KOTOPbIX HE B/IMAKOT HA BbINMO/IHUMOCTb 3adHHDbIX
CBOUCTB:

— He UCNoab3yoTcA NpU GOPMYNINPOBKE CBOUCTBA,

— HEe B/IMAKOT Ha MNOTOK yrnpasjieHNAa moaeNN.

 OnepaTtopbl MOAENN MOTYT ObITb CBA3aHbI
NOCTAaTOYHO CNOKHbIMUN 3aBUCUMOCTAMM NO
NAHHbIM U YyNpPaBAEHUI0, MO3TOMY B X04e yAaNeHUs
nepemMeHHbIX A0MNYCKAeTCA TO/IbKO pacluMpeHue
MHOXeCTBa BO3MOKHbIX BbIMMCNEHNIN MOOENN



AbcTpaKkuma Habatoagaemblx
nepemeHHbIX

int x; % printf (“Something\n”) ;

while (x '= 0) {

do
x = get value();

:: skip
} > :: break
» od;

printf (“Something\n”)

printf (“Something\n”);

* CBOWCTBO — onepauus neyatm byaeT BbiINoAHEHA OAUH Pas,

* Ecnun abcTparnpyemcs ot LUMKAa — TepAem BO3SMOMKHOCTb
6eCcKOHeYHOoro 3auMKANBaHMA (Cy*Kaem MHOXKECTBO
BO3MOKHbIX BbIYUCNEHUI).



ABCTpaKUUA OT «/IULWIHEro» Koaa

some func(); some func: skip;
printf (“Func called!'\n”)

e (Csouncteo—some_func() byaet Bbi3BaHa.
 MorKHO abcTparnpoBaTbCA OT:
— KOJa, He BAUAIOLLLEero Ha npoBepsiemoe cBoncTBo (printf),

— peasibHOro BbINOJIHEHNA ONEPATOPOB, ECAN HAC MHTEpPECYET ANLLb
daKT ero BbINno/NHeHUA («PYHKUKMA Oblia BbiI3BaHa®).

e 3[ecb Tak¥Ke HeobxoaAnmo cneauTb 3a 4ONYCTUMbIMMU
BbIYNC/IEHUAMM.

int x;

int x; !
some func: skip;

x = some func(); if

if (x) ..

X -> ..



ABcTpakuma ot GYHKLUMUMN N CUCTEMHbIX
BbI3OBOB

f sys_call

Il
f() Ca R

| —

sys call(); res
}

* BbinonHeHWe peanbHOM PyHKLMUN 3aMEHAETCA Ha
obmeH coobLEeHNAMK C NPOLLECCOM-K3Ar/TyLLKONY,

e ObmeH coobuweHnaAMU AOIKEH KOPPEKTHO
MOJEeNNPOBATb BbI30B PYHKLMN:
— CUHXPOHHOE B3auMoJencTBmne, rapaHTUPOBAHHbIN OTK/IMUK.



OT Yyero He cTouUT abcTparnposaThes

[TOTOK ynpaBaeHuAa:
— BeTB/1eHne, UUKANbI;

MoXxHo f06aBAATb HOBblE BETBU U MYTU BbIMOJHEHUA:
— CM. «abCcTpaKkuusa npeamKkaToBy,

— €eC/n Ha aobaBneHHbIX NyTax byaeT HapyLaTbCa CBOMCTBO,
TO 3Ta owmnbKa bypeTt obHapyxKeHa Npu aHaAn3e
KOHTpNpumepa.

Henb3s youpaTtb NyTU BbINOJAHEHNA HAa OCHOBE
«MeToZla NPUCTaNbHOrO B3rnAaa»

— MOXHO C/Iy4anHO ybpaTb NyTb BbIMNOJHEHMA NPOrPaMMbl,
Ha KOTOPOM MPOUCXOAUT HAapYyLUEHME CBOUCTBA
NPaBUAbHOCTU NPOTrPaAMMBbI.



Mpmep noatanHou abcTpaKkumm

int x = 0; cycle: do
:: inc: skip
j‘> :: break
while (x < 5){ od;
X++; printf (“Something\n”)

}

//finite cycle removed
printf (“Something\n”); T

printf (“Something\n”) ;

e CBoucTtBo — «PaHo nnm no3gHo “Something” byger
Hane4yaTaHoOY.

* [lpn NONHOM NPeanKaTHOM abCcTpaKkLUU MOAeIb KOPPEKTHA, HO
He afleKBaTHa CBOMUCTBY.

e Ecnu mbl AOKaXKeM, YTO B LMKNE — KOHEYHOE YNCA0 utepaunn, |

OT HEro Mo*KHo abcTparnpoBaTbCes. ,l

° ,D,J'IFI 3TON0 HYXKHO NMOKAd3aTb, YTO MeXA4y ABYMA NPOBEPKaAMHU //
YCN0BUA UNKNA BCerda NponcxoantT MHKPEMEHT X. -———

- e e e e



TUNNYHbIE OLUMOKN N «KCTPAHHOCTMY

bit b;

if

fi

ooboo

oORr KRR

VVVYV

w > >

«f Xo4y NOBbICUTDL
BEpPOATHOCTb b == 1»

HepetepmMMHU3IM CBA3aH
He C NOHATUEM BepPOATHOCTHU, 3
C NOHATMEM BO3MOXHOCTMU




TUNNYHbIE OLUMOKN N «KCTPAHHOCTMY

bit b;

. «fl KAy, NoKa He
active proctype A()
{ BbINOJIHUTCA ycaoBue!»

do _
:: b=1 ->A
:: else -> skip

od
}
bit b; Ncnonb3ynute HaTUBHbIE

I
active proctype A() KOHCprKLIIMM Promela.

{

(b ==1) -> A
}



TUNNYHbIE OLUMOKN N «KCTPAHHOCTMY

bit b;
L «lepemeHHaa moxert
if NPUHUMATb pa3Hble
- b=1
. b =0 3Ha4YeHMA»
fi,;
if
i b==1->2
:: b==0 ->B
£i
OT Heé Boob e HYXKHO
if
. abctparnposaTtbcea!
B

fi



TUNNYHbIE OLUMOKN N «KCTPAHHOCTMY

chan f1
chan £f2

[0] of bit;
[0] of bit;

active proctype caller()

{
do

:: if
::f1l'm;
:: else -> break
fi;

L
}

active proctype callee()
{

msg m;

do

:: £f1?2m -> £2'm

od

«Ho a e ponxKeH
Y4ecCTb, YTO KaHan
MoOXeT bbITb 3aHAT!»

HekoppeKTHOE moaennpoBaHue
Bbl30Ba GYHKLMUU: BbI3OB
«cbpacbiBaeTca», ecnu
npouecc-«3araylwKa» 3aHaT




TUNNYHbIE OLUMOKN N «KCTPAHHOCTMY
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«f cCHa4yana NocTpoto
MoAe/lb, a NOTOM
ybepy BCE nuwHee»

CHavana npovyntanTe
cneundumnkaumto!!!




[1naH nekuumn

[MpaKTnyeckmne npmémobl abcTpakumm,
Paccy»kaeHua o NnpaBUIbHOCTU NPOrpammbil,
CBouncTBa 6€30nNacHOCTU U }KUBYYECTMU,

MHcTpymeHTbl SPIN/Promela ans
cneunduKaumm CBOUCTB.



Bepudunkauma nporpammsl npwu
NOMOLLU MOAENU

NONXKHO ObITb
nycTo

—

Bo3morkHoe nosegeHue
Nporpammol

NHXXeHepPHbIU A3bIK
nporpaMmmMmmMpoBaHu;

MOXEeT OrpaHuinBaTb

30SMOHOCTU
ONb30BaTeNA NUCaTh

Henpasu/ibHble

porpammbl. Y A3blKa
onnMCaHUA moaesiev

Apyrue 3anavu.

npasunabHOE | HEMPaBW/IbHOE




OcHoOBHble KomnoHeHTbl moaenu B SPIN

CneundunKaumsa noseaeHuUs (803mMoxcHoe noseodeHue)
— dCMHXPOHHOE BbINMNOoJ/IHEHNE NMPOoUECCOB,
— NnepemeHHble, Tunbl AaHHbIX,

— KaHa/ibl COOOLLEeHUM;

e CBoWCTBa NpaBUAbHOCTU (NpasusbHoe nosedeHue)
— accepThbl,
— METKM 3aBepLUeHUa N nporpecca,
— YTBEPXAEHUA O HEBO3MOXKHOCTU (never claims),
— TpaccoBble accepThl,
— CBOMCTBA NO YMO/IYAHMUIO:
— OTCYTCTBME TYMNUKQ,
— OTCYTCTBME HEAOCTUKMMOro KoAaa,
— popMy/ibl TEMMNOPASIbHOM NOTUKMN.



PaccyaeHuAa o NpaBUAbHOCTU
NPOrpammsl

* TpeboBaHMA NPaBUNbHOCTU 334atOTCA KaK YTBEPHKAEHUSA O

BO3MOXHbIX M1 HEBO3MOKHbIX BapMaHTaX BbINOAHEHUSA
MOZenNn,

— paccy*KAeHUA O BEPOATHOCTU HE A0MNYCKaloTCA U3 coobparkeHui
CTPOrocT¥ A0Ka3aTeNbCTBa;

* Mbl yTBEpPKAAEM, YTO HEKOTOPbIE BAPUAHTbI BbINONHEHUA
Mmoaenm

— MB60 HEBO3MOXKHbI,
— B0 HEen36eXXHbl;

e J1BOMCTBEHHOCTb YTBEPKAEHNMN:
— eCZIN YTO-TO HEM36€)+(HO, TO NMPOTUBOMONOHKHOE — HEBO3MOMKHO,
— €CJ/IN YTO-TO HEBO3MOXHO, TO NPOTUBOMOJ/ZIOXKHOE — HEVI36€)KHO,

— WCN0/1b3yA NIOTUKY, MOXHO NEPexoanTb OT OAHOrO K APYyromy npu
MOMOLLM NOTUYECKOTO OTPULLAHUA.



CBoncTBa 6€30NacHOCTU U XKUBYYECTU
(aBTOp — Leslie Lamport)

6e30nacHoOCTb

«HWYEro njaoxoro HMKoraa He
NPON3ONAETY;

NPUMEpP: MHBAPUAHT CUCTEMb

— (x BW%

nmcbm KaTo
KoTOp

Y);
Hanu
|ﬂ BeayTK

XUBYYECTb

«PaHO WUAN NO34HO
NPOU30MNAET YTO-TO XOpoLuee;

NPMMep: «OT3bIBYMBOCTbY

o 6yp,eT
3agaua-fen JTOpa — HanTH
BblUMCHER OTOpPbIX 3TO |

«xopolfee» MoXeT
OTK/lagblBaTbCA A0
begkoHeuHoCTH



HemHoro nogpobHee...

CBoncTtBa 6€30MacHOCTN — CamMble NMPOoCTble
cBOMCTBA («cocToAHME, FAe NCTUHHO (@,
HEeAOCTUXUMO»).

MOXHO 11 B paMKax cBOMCTBa 6e3onacHOCTH
chOpPMYNNPOBATb, YTO P HEN36EIKHO?

«COCTOAAHME, TAe NCTUHHO !¢, HepoCTUXKUMO» —
He TO, 3TO C/IMLLKOM CU/IbHOE CBOUCTBO;

«COCTOAHUE, TAEe UCTUHHO P, OCTUKUMO»
— a 370, HaobopoT, cAnWKoMm cnaboe.



HemHoro nogpobHee...

* «(p HEeU36eXKHO» — 03HayaeT, YTo ¢
06sA3aTenbHO AOCTUKMNMO;

* NNA cneundmnKkaumm Takom moaanbHOCTU U
HY*KHbl CBOMCTBA *XUBYYECTMW.



[1naH nekuumn

[MpaKTnyeckme npuémsol abcTpakLmnu,
Paccy»XaeHna o NnpaBUAbHOCTU NPOrpaMmmbl,
CBoncTBa 6€30MaCHOCTM U KUBYYECTH,

UHcTpymeHTbl SPIN/Promela pgns
cneundpmKauum CBOMUCTB.



Cnocobbl onmMcaHma cCBOUCTB

NPaBUAbHOCTU

CBoWCTBa NPaBU/IbHOCTM MOTYT 3a1aBaTbCA KaK:

— CBOMCTBA AOCTUXMMbIX COCTOAAHUM (CBOMCTBA
6e3onacHocTH),

— CBOMCTBA NocneaoBaTe/ibHOCTEN COCTOAHUMN (CBOMCTBA
KUBYYECTU);

B a3biKe Promela

— accepTbl:
¢* J1IOKaJ/ibHble aCCepTbl MPOUECCOB,
* UHBAPUAHTbI CUCTEMDI NMPOL,ECCOB,

— METKMN TePMUHA/IbHbIX COCTOAHWUN:
® 3a,a,aéM A40MNyCctnumble TOYKN OCTaHOBaA MNMPoOUECCOB,

CBOMCTBA
> COCTOAHUN

-’
~
— METKM nporpecca (Nouck unknos 6esaencrTens); cBouncrsa
: nocnenosa-
— VyTBEPXKAEHUA 0 HEBO3MOMKHOCTU (never claims) reneHOCTel
* Hanpumep, onpegenatotca LTL-dopmynamu; COCTOSHUE

— TPACCOoBble aCCepPThbl.




AccepTbl — CambiV APEBHUMN CNOCOD NPOBEPUTH
NPaBUAbHOCTb NPOrpammbl

byte state = 1;

active proctype A()

{ (state == 1) -> state++;
assert (state == 2)

}

active proctype B()

{ (state == 1) -> state--;
assert(state == 0)

NrHopupyem owmnbkm
>spin -a simple.pml pvpy
>gcc -o pan pan.c HEKOPPEKTHOIO

>./pan -E OCTaHOBa npouecca
pan: assertion violated (state==2) (at depth 6)
pan: wrote simple.pml. trail

>spin -t -p simple.pml
Starting A with pid 0
Starting B with pid 1
1: proc 1 (B) line "simple.pml" (state 1) [ ((state==1))]
2 proc 0 (A) 1line "simple.pml" (state 1) [ ((state==1)) ]
3: proc 1 (B) line "simple.pml" (state 2) [state = (state-1)]
4 proc 1 (B) line "simple.pml" (state 3) [assert ((state==0)) ]
5: proc 1 terminates
6: proc 0 (A) line 3 "simple.pml" (state 2) [state = (state+l)]
spin: line 4 "simple.pml", Error: assertion violated




[lpepoTBpalleHne rToOHKN

byte state = 1;
active proctype A()
{ atomic((state == 1) -> state++); nobasnsem gBe aTomapHble

assert (state == 2) noc/iea0BaTe/IbHOCTU

}

active proctype B() >spin -a simple.pml
{ atomic ( (state el lRET RN FV. Tt W
assert(state >./pan -E

(Spin Version 5.1.4 -- 27 January 2008)
+ Partial Order Reduction

Full statespace search for:
never claim - (none specified)
assertion violations +
acceptance cycles - (not selected)
invalid end states - (disabled by -E flag)

State-vector 20 byte, depth reached 3, errors: 0
6 states, stored
0 states, matched
6 transitions (= stored+matched)
0 atomic steps

hash conflicts: 0 (resolved)

2.501 memory usage (Mbyte)

unreached in proctype A
(0O of 5 states)

unreached in proctype B




3aJaHne MHBAPUAHTOB CUCTEMDI

mtype = {p, v}’
chan sem = [0] of {mtype};
byte count;

active proctype semaphore ()
{
do
sem!p ->
sem?v
od
}

active proctype user()
{
do
:: sem?p;
count++;
/*critical section*/
count--;
sem!v
od

active proctype invariant()

{

assert (count <= 1)

}

CKONIbKO «CTOUT» TaKas NpoBepKa”?

MHCTAaHIOMPOBAHME

assert (count <= 1)

3aBeplleHne

[lo6aBneHne Takoro MHBapMaHTa
yBe/MYMBAET NPOCTPAHCTBO NOUCKA

B 3 pa3a...
(c 16 pocTUKMMbIX coCcTOsIHMI A0 48)




[lpoAaBAAEM UHTYULUIO

mtype = {p, v}’
chan sem = [0] of {mtype};
byte count;

active proctype semaphore ()
{
do
sem!p ->
sem?v
od
}

active proctype user()
{
do
:: sem?p;
count++;
/*critical section*/
count--;
sem!v
od

active proctype invariant()

{

do ::assert(count <= 1) od

}

CKONIbKO «CTOUT» TaKas NpoBepKa”?

MHCTAaHIOMPOBAHME

assert (count <= 1)

MPOCTPaAHCTBO AOCTUMKUMbIX COCTO-
AHUW He YyBENMYMBAETCA, O4HAKO
nobaBnAaeTca MHOro HOBbIX MePExo 0B




Ewe nyyuwe...

mtype = {p, Vv}; active proctype invariant()
{
chan sem = [0] of {mtype}; d step { ! (count <= 1) ->
assert (count <= 1)}
byte count; }
active proctype semaphore() CKO[”DKO «CTOUT» TAKAA I'IpOBepKa?
{
do MHCTaHLUMPOBAaHME
sem!p ->
sem?v
od (count > 1) ->
} assert (count <= 1)
] BaBepleHne
active proctype user()
{
do
:: sem?p;
count++; * He yBennymsaeT NpOCTPaHCTBO
/*critical section*/ AOCTUXMMbIX COCTOAHUN,
count--; * He yBennumsaeT KONMYECTBO
sem!v nepexoaos
od PEXOAOB.




JlonycTnmble COCTOAHMA OCTAaHOBA

mtype = {p, v}’
chan sem = [0] of {mtype};
byte count;

active proctype semaphore ()
{
end: do
sem!p ->
sem?v
od

}

active proctype user()
{
end: do
sem?p;
count++;
/*critical section*/
count--;
sem!v
od

semaphore user

Hu oauH 13 npoueccoB He A0/XKeH
3aBepLIaTbCs; AONYCTUMOE COCTOSIHUE
OCTaHOBa A/1a 060MX NPOLLECCOB — S,

BepudunKaTop A0MKEH UCKATb
HeAoNyCTUMblE COCTOAHUA OCTAHOBA, He

OTBJ/1IEKAACL Ha AO0NYyCTUMbIE.




CocToAHMA nporpecca

mtype = {p, v}’
chan sem = [0] of {mtype};
byte count;

active proctype semaphore ()
{
do
sem!p ->
progress: sem?v
od
}

active proctype user()
{
do
:: sem?p;
count++;
/*critical section*/
count--;
sem!v
od

sem!p sem?v

semaphore user

sem?p

count++

count--

sem!v

CucTteMa eMOHCTPUPYET nporpecc
BCAKMI pas, Koraa user nosy4yaeT AoCTyn
K KPUTUYECKOM CEeKLUU, T.e. Koraa
npouecc semaphore gocrturaer
COCTOAHMA S;.

Tenepb BepudpukaTop byaet nckatb
OOCTUXKUMbIE UUKsbl be3delicmaus.




[Tonmep
byte x = 2; * X 6ecKoHeyHo BapbupyeT mexxay 2 u 1,

. ®* Y KaXgoro npouecca — oaHO COCToAHME,
active proctype A()

{ * METKM progress He UCNOob3yoTCs => Mo
do YMO/TYAHUIO BCAKMIM LIMKN paccmaTpuBaeTcs
‘é X =S8 KaK noTeHuManbHO 6e30eMCTBEHHbIN
(o)
>spin -a fair.pml
} P P

>gcc -DNP n pan.c
active proctype B ()Rg¥i Ll N!

{

Ob6HapyKeHne LUUKIOoB

do 6e3aencTemns
0 x =3 - x )
Warning: Search not complet
od + Partial Order Reductio
} Full statespace search for: 3anycK anroputma
never claim NpPOBEpPKMn
assertion violations (if . S
Q1: Yto byaet, ecnu non-progress cycles (fairness disabled)
OTMETUTb OAUH U3 do-od invalid end states - (disabled by never claim)

UKI0B METKOM Drogress? -vector 24 byte, depth reached 5, errors: 1
L pros ’ 3 states, stored

Q2: A ecnu pasmeTuTb 0 states, matched
o6a|4MKna? 3 transitions (= stored+matched)

0 atomic steps
hash conflicts: 0 (resolved)




Kakou UMKA Mmbl OOHapyKUAN?

>spin -t -p fair.pml

Starting A with pid 0

Starting B with pid 1

spin: couldn't find claim (ignored)
2: proc 1 (B) line 13 "fair.pml"
<<<L<L<LSTART OF CYCLE>>>>>
4: proc 1 (B) line 13 "fair.pml"

6: proc 1 (B) line 13 "fair.pml"
spin: trail ends after 6 steps
#processes: 2

x =1
6: proc 1 (B) line 12 "fair.pml"
6: proc 0 (A) line 5 "fair.pml"
2 processes created

Mbl He 3HaemM OTHOCUTENbHOM CKOPOCTU BbIMOJAHEHUA
NpoL,EeccoB:

* BO3MOXKHO, YTO npouecc B BbINOAHUT 6ecKoOHeYHO 60bLUE LWAros,
yem npouecc A;

* UMKN be3gencTBus, obHapy*KeHHbIM Spin —3To He 0b6A3aTeNbHO
cripaseonuasil UNKAN.




CnpaBeasiMBble LUKAbI

* HacTto mbl OXNOaeM KOHeYHO20 nporpecca.
— eC/1 NpoLecc MOXKeT caenaThb LWar, OH B KOHLE KOHLLOB ero
caenaer.

¢ CVLLI,ECTBYGT AB8a OCHOBHbIX BAPWNadHTA CMNpaBea/inBoOCTU:

1) cnabaa cnpaBeaMBOCTD:
—  ec/n onepaTop BbINONHUM HECKOHEYHO A0Aro, TO OH B
KOHLLe KOHLLOB ByZeT BbINOJ/IHEH;
2) cuabHaA cnpaBeasINBOCTb: ﬁ
—  ec/n onepaTop BbINONHUM HECKOHEYHO YacTo, TO OH B
KOHLLe KOHLL0B ByAeT BbIMOJIHEH.
* CnpaBeannBOCTb NPUMEHMMA KaK K BHelWWHeMy, TaK U K

BHYTPEHHEMY HeaeTepMUHU3MY.



byte x

active

{
do

od
)

BbIOOp onepaTtopa

VS. BbIOOp npouecca

=2,y=2;

proctype A()

1 x =3 - x;
try=3-y
proctype B()

active

{
do

o x =3 - x;

od

<
I

_3—y

X X =

y = 3-y

S

€,
\

X = 3—xy= 3-y
.0

x = 3-x y = 3-y

SPIN noaaep*unBaeT ogMH U3 BapMaHTOB c1abow
cnpasegaunsoctu (>pan -f):
«eC/IN NPOLECC COAEPKUT XOTA Obl 0ANH onepaTop,
KOTOPbIN BECKOHEYHO A0NTO OCTAETCA BbIMOJHUMbIM,
TO 3TOT NPOLECC PaHO WM NO3AHO cAeslaeT wWwar».
3TO KacaeTcA TO/IbKO NOTEHUNA/IbHO BECKOHEYHbIX
BbluMcneHn (LMKNOB).




[ToncK cnabo cnpaseasnBbIX
LMKNOB be3nencTema

>./pan -1 -f
pan: non-progress cycle (at depth 6)
pan: wrote fair.pml.trail

>./spin -t -p fair.pml
Starting A with pid O
Starting B with pid 1
spin: couldn't find claim (ignored)
2: proc 1 (B) line 13 "fair.
4: proc 1 (B) line 13 "fair.
6: proc 0 (A) 1line 6 "fair.
<<<L<L<START OF CYCLE>>>>>
1l (B) line 13 "fair.
0 (A) line 6 "fair.
ends after 10 steps

12 "fair.

Tenepb B UMKAe eCTb Waru
obounx npoueccos




YKa3blBaem noJsie3Hble AencTeuns

byte x

active

{
do

od
active

do

od

proctype A()

3 - x;
3 - y; progress:

proctype B()

3 - x;
3 - y; progress:

BOMPOChHI:

* byayTt an umknbl besgencremsa

C METKOWM progress B 04HOM
npouecce?

A cnpaBeasnBble UNKAbI?

A ecnm MeTKu ecTb B 060mx

npoueccax?




Mcnonb3oBaHWe yca0BUM
cnpaBeasinBOCTU

e Jlioboun TN cnpaBeaNINBOCTU MOXKHO ONMUCaTb
npu nomowm popmynbl LTL (no3s«e)

e nobaBseHMe NpeanosIoKeHNA o

cnpaBeanMBOCTM BCeraa ysennvymBaer
C/IOXHOCTb BepUPUKaLmnm

* KMCNONb30BaHME CUsbHOU crnpasBeainNBOCTH
CYLLLeCTBEHHO A0pOXKe cnaboin:

— cnaban: CNOXKHOCTb (no spemenn 1 namatn) PACTET
NIMHEUHO OT YNC/1a aKTUBHbIX NPOLLECCOB,

— CUJIbHAA: CN1OXKHOCTb paCTéT KBaApPaTUYHHO.



#define N
#define I

[Ipmep: NPOTOKO r0J1I0COBaHUA

5 /* nr of processes (use 5 for demos) */

3 /* node given the smallest number

out!one (mynumber) ;
do
*// in?one (nr) ->
10 /* size of buffer (>= 2*N) */ 7 if
/* file ex.8 */ // : Active ->
mtype = { one, two, winner }; / if
chan q[N] [L] of { mtype, byte}; / :: nr !'= maximum ->
/ out!two (nr) ;
byte nr_leaders = 0; // neighbourR nr
/ :: else ->
proctype node (chan in, out; byte mynumber) / know_winner 1;
{ bit Active = 1, know_winner = 0; // out!winner,nr;
byte nr, maximum = mynumber, neighbourR;/ fi
. : else ->
} \ out!one (nr)
\ fi
init { \\ in?two (nr) ->
byte proc; \ if
atomic { \ Active ->
proc = 1; \ if
do \ neighbourR > nr && neighbourR > maximum ->
proc <= N -> \ maximum = neighbourR;
run node (gq[proc-1], q[proc%y], out!one (neighbourR)
(N+I-proc) $N+1) ; : else ->
proc++ \ Active = 0
proc > N -> \ fi
break \ :: else ->
od \ out! two (nr)
\ fi
\ in?winner,nr;
\ if
\ nr '= mynumber
\ :: else -> nr_leaders++;
\ fi;
\ if
\ .
\ know_winner
\ ..
\\ fi,‘

else -> out'!'winner,nr
break
od




>spin -c

proc
proc
proc
proc
proc

K]
2
4
2
4
1
K]
1
5
2
1
5
K]
5
4
1
4

3anyckaem moaennpoBaHue

leader.pml

:init:

= node
= node

node
node

= node

1 2

out!
out'!one,

in?o
in?one, 4
out! two,
out!

in?two,5

3 4 5
out'!one, 5
one,2
3
out'one,1
ne,3
in?one, 1
. out!one, 4
in?one, 2

. in?one, 5
4
out!two,5
out!two,1
two, 3
. in?two,1
out!two, 2

in?two, 2

in?two, 4
in?one, 5
out'!one, 5

in?one, 5

out'!one,

in?o
out!

in?winner, 5
out!winner, 5
in?winne

G WWwWwMhdMNDNDNERERRPRPOOB_D_WLWWDNMNNMNEDMWR

6 processes created

in?two, 3

out'!one, 5

5

ne,5

one,5

in?one, 5

out'!one, 5
in?one, 5
out'!winner, 5

r,5

out'!winner,5
in?winner, 5
out!winner,5

in?winner,5
out!winner,5
in?winner,5




BepndumnKauma no ymoa4aHuio

>./spin -a leader.pml
>./gcc -o pan pan.c
>./pan
(Spin Version 5.1.4 -- 27 January 2008)
+ Partial Order Reduction
Full statespace search for:
never claim (none specified)
assertion violations +
acceptance cycles - (not selected)
invalid end states +
State-vector 200 byte, depth reached 106, error
4813 states, stored
1824 states, matched
6637 transitions (= stored+matched)
12 atomic steps
hash conflicts: 13 (resolved)
Stats on memory usage (in Megabytes):
.991 equivalent memory usage for states (stored* (State-vector + overhead))
.070 actual memory usage for states (unsuccessful compression: 107.92%)
state-vector as stored = 217 byte + 16 byte

.000 memory used for hash table (-wl9) OLUVI6OK HeT, HO Mbl ELL|,e
.305 memory used for DFS stack (-m10000)

.282 total actual memory usage HE CKasaaun, 4To AONIKEH
unreached in proctype node

AeNaTtb aAIfTOPUTM
line 40, state 26, :BEt{Ezi,nr"

(1 of 44 states)

unreached in proctype :init:
(0 of 11 states) [Noxorke, B moaenn ectb

pan: elapsed time 0.03 seconds HG,EI,OCTMH-(MMbIl\;I Koz,
pan: rate 160433.33 states/second




* [lpn nomoLu

CBoOWMCTBa
NPaBUAbHOCTU

accepToB MOXHO
npoBepuTb ABa

NPOCTbIX PaAKTA:

— AOJ1XXEH BblNTPaATb
npouecc ¢
MAdKCMMAJIbHbIM \
HOMEPOM,

— NONXKeH bbITb TO/IbKO
oAuH nobeautens.
[lpaBaa nn onepatop
OTNPaBKKU coobLeHmnsA
HEeOOCTUXNUM?

out!one (mynumber) ;
do
:: in?one(nr) ->
if
:: Active ->
if
:: nr '= maximum ->
out!two (nr) ;
neighbourR = nr
:: else ->
know_winner = 1;
out!winner,nr;
fi
:: else ->
out!one (nr)
fi
:: in?two(nr) ->
if
:: Active ->
if
:: neighbourR > nr && neighbourR > maximum ->
maximum = neighbourR;
out!one (neighbourR)
:: else ->
Active = 0

; assert(false)

—

:: else -> nr leaders++; asser
fi;
if
:: know_winner
:: else -> out!winner,nr
fi;
break
od

_leaders == 1)




bonee ocmbic/ieHHaaA BepnPpuKauma

>./spin -a leader.pml
>./gcc -DSAFETY -o pan pan.c

>./pan _ [MpoBepAaem npocrenwimne
(Spin Version 5.1.4 -- 27 January 2008) o
+ Partial Order Reduction cBoMcTBa HbesonacHoCTH

Full statespace search for:
never claim (none specifie
assertion violations
cycle checks (disabled by -
DSAFETY)
invalid end states

ﬂonsmnMCbaccepTu

State-vector 196 byte, depth reached 112, errors: 0 o
4819 states, stored OwmnboK He HangeHo!
1824 states, matched
6643 transitions (= stored+matched)
12 atomic steps

hash conflicts: 5 (resolved) YUCNo COCTOAHMUL

3.379 memory usage (Mbyte) YBE/INYNNOCb: aCCepTbl

unreached in proctype node
line 40, state 26, "out!two,nr" o
line 40, state 27, "assert(0)" lencrteutenvHo,
(2 of 47 states) He4OCTUXMMOE COCTOAHME
unreached in proctype :init:
(0 of 11 states)

pan: elapsed time 0.01 seconds



Alternating Bit Protocol

(c notepen coobLLeHMNA n TakmayToMm)

mtype = {msg, ack};

chan to s = [1] of {mtype, bit};
chan to r = [1] of {mtype, bit};
chan from s = [1l] of {mtype, bit};
chan from r = [1] of {mtype, bit};

active proctype sender ()

{ bit a;
do
from s!msg,a ->
if
to_s?ack,eval(a) ->
a=1-_a
timeout
fi
od

}

active proctype receiver ()
{ bit a;
do
to_r?msg,eval (a) ->

active proctype channel ()

{ mtype m; bit a;

do
from s?m,a ->
if
true -> to r'm,a
skip B
fi
from r?m,a ->
to_s'm,a
od

Tepsaem coobuieHne

[MoBTOpPHAn OTNpaBKa

from r'lack,a;
progress:
a=1-a
od

byaet v anropntm adPeKTUBHO
paboTaTb Npu noTepe coobweHnn?




[TlpoBepsem!

> ./spin -a abp_lossy.pml B HangeHHOM cUueHapuu Mbl
> gcc -DNP -o pan pan.c
> ./pan -1 6EeCKOHEYHO 4acTo Tepaem

pan: non-progress cycle (at depth 4)
pan: wrote abp lossy.pml.trail

coobuleHune

./spin -t -c abp lossy.pml
proc 0 = sender

proc 1 = receiver

proc 2 = channel

spin: couldn't find claim (ignored)
a\p 0 1
1 from s'msg,0
X0p0|_|_|0 6b| 1 . . from s?msg,0
<<<L<L<START OF CYCLE>>>>>
paCCN\OTPETb 1 from s!msg,0
1 . . from s?msqg,0
4 p,pyrme spin: trail ends after 12 steps

cueHapmn! | [

#processes: 3
queue 1 (from s):

12: proc 2 (channel) line 33 "abp lossy.pml" (state 4)
12: proc 1 (receiver) line 21 "abp lossy.pml" (state 4)
12: proc 0 (sender) line 11 "abp lossy.pml" (state 5)

3 processes created



YTO4YHAEeM CBOUCTBO

active proctype channel ()
{ mtype m; bit a;

do

:: from s?m,a ->

if

e t°—r’mfa/ Pazmeyaem LUKA
: skip; progress: ip

£i noTepu coobuieHnm
:: from r?m,a -> o
to s'm,a MEeTKOU Nnporpecca,
d
Vo MCK/ItOYan U3 MOMUCKa
active proctype receiver ()
{ bit a;
do

:: to_r?msg,eval(a) ->
from r'ack,a;
progress:
a=1-a
od
}



YTOYHEHHaA NPOBepKa

> ./spin -a abp lossy2.pml
> gcc -DNP -o p;h pan.c
> ./pan -1
(Spin Version 5.1.4 -- 27 January 2008)
+ Partial Order Reduction
Full statespace search for:
never claim +
assertion violations + (if within scope of claim) o
non-progress cycles + (fairness disabled) EFU4HCTBEF“*b”4
invalid end states - (disabled by never claim) LKA
State-vector 60 byte, depth reached 53, errors: 0 v
73 states, stored (98 wvisited) 663,£I,€MCTBMFI
64 states, matched CBA3aH C
162 transitions (= visited+matched) o
0 atomic steps 6eCKOHeLITOM
hash conflicts: 0 (resolved) noTepeun
2.501 memory usage (Mbyte) COO6LLI,eHVII\/JI
unreached in proctype sender
line 17, state 10, "-end-"
(1 of 10 states)
unreached in proctype receiver
line 27, state 7, "-end-"
(1 of 7 states)
unreached in proctype channel
line 40, state 12, "-end-»
(1 of 12 states)




#define N
#define I
#define L

5 /* nr of processes (use 5 for demos) */
3 /* node given the smallest number

[Ipmep: NPOTOKON r0J1I0COBaHUA

out!one (mynumber) ;
*/ /|| do
10 /* size of buffer (>= 2*N) */ // in?one (nr) ->
/* file ex.8 */ // if
mtype = { one, two, winner }; / Active ->
chan q[N] = [L] of { mtype, byte}; / if
/ nr !'= maximum ->
byte nr_ leaders 0; // out!two (nr) ;
// neighbourR = nr
proctype node (chan in, out; byte mynumber) / else ->
{ bit Active = 1, know_winner = 0; / know_winner = 1;
byte nr, maximum mynumber, neighbourR;/ out!winner, nr;
.. ] fi
} \ else ->
\ out!one (nr)
init { \\ fi
byte proc; \ in?two (nr) ->
atomic { \ if
proc = 1; \ Active ->
do \\ if
proc <= N -> \ neighbourR > nr && neighbourR > maximum ->
run node (gq[proc-1], q[proc%y], maximum neighbourR;
(N+I-proc) $N+1); out!one (neighbourR)
proc++ \ else ->
proc > N -> \ Active 0
break \ fi
od \ else ->
\ out!two (nr)
\ g
\ fi
\ in?winner,nr;
\ if
\ nr !'= mynumber
\
\ else -> nr leaders++;
\ fi;
\\ if
\ know_winner
\
fi;

— break

else -> out'!'winner,nr




CBoOWMCTBa
NPaBUAbHOCTU

* Koe-yTo Mbl yXKe

NpoBepuIn npu
NMNOMOLLUN aCCepTOB.
1. BbiurpbiBaeT npouecc

C MAaKCUMa/IbHbIM
HOMEPOM.

2. JonxeH bbiTb TONBKO
oAWH nobeauTens.

3. OnepaTop oTnpaBKu
coobweHuna He
OOCTUKNM.

out!one (mynumber) ;
do
:: in?one(nr) ->
if
:: Active ->
if
:: nr '= maximum ->
out!two (nr) ;
neighbourR = nr
:: else ->
know_winner = 1;
out!winner,nr;
fi
:: else ->
out!one (nr)
fi
:: in?two(nr) ->
if
:: Active ->
if

:: neighbourR > nr && neighbourR 3
maximum = neighbourR;
out!one (neighbourR)

:: else ->

Active = 0

fi
:: else ->

out!two (nr); assert(false)
fi

:: in?winner,nr -> assert(nr == N) ;

if
:: nr != mynumber

1

:: else -> nr_ leaders++; assert(nr_leaders == 1)

fi;
if \
:: know_winner
:: else -> out!winner,nr
fi;
break
od

2




LI| M Kn bl Z‘;t!one (mynumber) ;

: in?one (nr) ->
- if
6e3AeMCTBMH 3 8 A:;ive ->
:: nr '= maximum ->

out! two (nr) ;

¢ C B O m CTBO : neighbourR = nr

:: else ->

— MNporpamma 3¢pPpeKTUBHO ~ know winner = 1;
paboTtaeT, NoKa £i | o
yBe/M4YmnBaeTca e tone (nr)
3HayeHue nepemeHHon N, £,
maximum. \if

:: Active ->
* npOBepﬂeM: lf neighbourR > nr && neighbourR > maximum ->
progress: maximum = neighbourR;
out!one (neighbourR)
1 - :: else -
> ./spin -a leader2.pml R
> gcc -DNP -o pan pan.c 3 1fi N
> o /pan _l B out!two (nr)
fi
i ;1f1.w1nner,nr;
~ :: nr '= mynumber
(LIIV‘IJK[IOB 6@3,£I|EI/ICTBI/IFI He :: else ->ynr_leaders++
HaMgeHo) 2L
:: know winner
:: else -> out!winner,nr
fi;

break



Cnacnbo 3a BHMMaHue!
Bonpochi?




