BepndpuKkauma nporpamm
Ha Mmoaenax

Jlekuma Neb6
[MpaKTnyeckme npmémobl abcTpakumm.

CBonctBa MMHENHOTo BpemeHun. CneumndpumKauma u
BepudmuKaLmna CBOMCTB Npu nomouim Spin.

KoHcmaHmuH CaseHkos (nekmop)



[1lnaH nekuuun

[paKTUUYecKne Npmémbl abcTpakumum,
Paccy»aeHna o NnpaBuIbHOCTU NPOrpPamMmbil,
CBoncTBa 6€30NaCcHOCTU U XKUBYYECTH,

NHcTtpymeHTbl SPIN/Promela ana
cneynduKaumm CBOUCTB.



Obwan cxema

Moaenb Ha
M C ‘
porpamma Ha Promela

 HenpaBunbHbiK noaxon!

— Ecnu cTpontb mogenb 6e3 ornaakm Ha nposepsiemble
CBOICTBA, TO OHa MOJIYYUTCA CIMLLKOM AeTa/IbHOM.

— CKopee Bcero, He XBaTUT pPecypcoB Ha BepudUKaLmio.



Obwan cxema

[Mporpamma Ha C

Promela

! Moaenb Ha

[lpoBepaemble
CBOMCTBA

 Mopaenb AONKHA MOAENNPOBaTb TOJ/ILKO TO,
4YTO B/IMAET Ha BbIMNOJIHMMOCTb NPOBEpPAEMbIX
CBOMCTB.



[Tpnumep

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
} o x >= 10 ->
else{ break;
printf (“Case 2\n”); :: else ->
} printf (“Case 2\n”);
x++; x=x+1
} od
} }
init {
. int x;
* Mopaenb TO4YHaA, HO Yy Hee do
CITNWKOM MHOTO D x4+
OOCTUXKMUMbIX COCTOAHUMN. S
:: break;
* [laBanTe NOCMOTPUM Ha od;

3aZlaHHble CBOUCTBA. }



[Tpnumep

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
} ‘ c:ox >= 10 >
else{ break;
printf (“Case 2\n”); :: else ->
} printf (“Case 2\n”);
x++; x=x+1
} od
} }
init {
int x;
do
«[lposepums, Ymo nepeo D e
nedyameoto “Case 2” trox--;
8ce20a 6bina 8bIMOAHEHd P preak

neyams “Case 17 » run £ (x)



void f (int x)
{
while(x < 10) {
if(x < 3){
printf (“Case 1\n”);
}
else{
printf (“Case 2\n”);
}
X++;
}
}

«[lposepums, ymo nepeo
neyameoto “Case 2”
gcez20a bbiaa 8binosHeHa
neyameo “Case 1”.»

[Tpnumep

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

do
o x == X1 ->
printf (“Case 1\n”);
incr (x) ;
i1 x == X3 ->
break;
11 x == X2 ->
printf (“Case 2\n”);
incr (x) ; P |
od :inline incr(x){:
} | if :
intef Joimem 1
mtype x; gl i skip |
if /) £ |
1 x = X1 / :_l__________________:
1 x = X2 //
cr x=X3 _ L _ __ __
£i; I |
run £(x) | He 3arpomoXgaem |
}
: MmoJenb :



[Mpmnémbl abcTpakumm

AbBCTpaKuma npeamnKkaTos

ABCTpaKLUMA TUNOB AAaHHbIX

AbBCTpaKkuma HabaroaaembiX NepemMeHHbIX
ABCTpaKLUMA OT «IULLHEro» Koaa

Ab6CTpaKkumna oT PYHKLUM U CUCTEMHbIX
BbI3OBOB



AbBCTpaKumna npeanKaToB

if (x < 0) {
printf (“Case 1”); i
<}alse{ ‘ :: printf (“Case 1”);
rintf (“Case 2”); :: printf (“Case 27);
} ° ’ £i

* B moaenu ysennmymBaeTca KONNMYeCTBO BO3MOMKHbIX
BbIYUCNEHUNN
— ecnn dopmyna He HapyLlaeTca HXU Ha OAHOM BbIYMCNEHUN MOOENH,
TO HA UCXOAHOM NPOrpaMmme OHa TaKKe byaeT BbINOJIHUMA,
cnenyet U3 KOppPeKTHOCTU MOAENU ]

— ecnn dopmyna HapyLlaeTca Ha OAHOM U3 «406aBAEHHbIX»
BbIYUCAEHUN, HEODBXOANMO YBENNYUTDL YPOBEHb AeTan3aLmnmn

Mmoaenm
MoAenb HeaZleKBaTHa



ABCTpaKUMA TUNOB AAHHbIX

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

}
}
e JlnanasoH TMNa AaHHbIX Pa3buBaeTca Ha Kaacchl

9KBUBA/NEHTHOCTN OTHOCUTEJ/IbHO KOHCTpYKLI,MIZ opraHn3auuu
MOTOKa ynpasaeHma U nposepAaemMbiX CBOMCTB.

* HeobxoaMmo KOPPEKTHO MOAENNPOBaTb:
— MNpeanKaTbl B Ornepatopax BETBAEHUA,
— onepartopbl, nasMmeHALWNE 3HaYEHNA NEPEMEHHDbIX 3TOITO TUMA.



AbBCTpaKkumna Habnogaemblx
nepemeHHbIX

* N3 moaenu yganaetca nepemMeHHble, 3HaYeHUs
KOTOPbIX HE BAUAIOT Ha BbIMOJIHUMOCTb 3a4aHHbIX
CBOWCTB:

— He UCMONb3YTCA NPU GOPMYIMPOBKE CBOMUCTBA,
— HEe B/IMAKOT HA NOTOK ynpasaeHnAa Mo4e .

* OnepaTtopbl Moaenn MmoryT 6biTb CBSA3aHblI
NOCTAaTOYHO CNOMKHbIMM 3aBUCUMOCTAMM NO
NAHHbIM 1 YNPaBAEHUIO, MO3TOMY B XO4e yYAa/leHUs
nepemMeHHbIX A0NyCKaeTCcA TO/IbKO paclunpeHue
MHOeCTBa BO3MOKHbIX BbIYMC/IEHUN MOAENN



AbBCTpaKkumna Habnogaemblx
nepemeHHbIX

x printf (“Something\n”) ;

int x;

while (x !'= 0){

do
x = get value(); e il
} - : . break
. od;
printf (“Something\n”) ; printf (“Something\n"”)

e CBOICTBO — onepauma neyaTn byaeT BbiNO/IHEHA OAUH pas,

e Ecnm abcTtparupyemcs oT LUMKAQ — TEPAEM BO3MOXKHOCTb
H6ecKOHEeYHOTro 3aUUKANBAHMA (CyrKaem MHOXeCTBO
BO3MOXHbIX BbIYUC/IEHUM).



ABCTpaKUMA «NNLLHEro» Koaa

some func() ; ‘ some func: skip;

printf (“Func called!\n”)

e (Csouncrtso—some_func() byaet Bbi3BaHa.
 MorKHOo abcTparmpoBaTbCa OT:

— KOJa, He B/MAIOLWEro Ha nposepaemoe cBoncTeo (printf),

— peanbHOoro BbiMNOJIHEHUA ONEPATOPOB, ECNMN HAC MHTEPECYET INLLb
daKT ero BbinonHeHUA («byHKLUMA OBblna BbI3BaHA»).

e 3[4ecb TaK¥e Heobxoanmo cneauTb 3a AONYCTUMbIMU
BbIYNC/IEHUAMM.

int x;

int x; .
some func: skip;

x = some func(); if

if (x) tLX => .




AbBCTpaKkuma oT PYHKLMNN N CUCTEMHDIX
BbI3OBOB

f sys_call

£ () call

{ >
sys call();

}

\ 4

res

N

* BbinonHeHne peanbHON GYHKLMU 3aMEHAETCA Ha
0bMeH COObLLLEHNAMMK C NPOLECCOM-K3aryLLKON»,

e ObmeH coobLEHNAMU AO/IKEH KOPPEKTHO
MOAENNPOBATb BbI30B PYHKLUN:
— CUHXPOHHOE B3aMMOAENCTBUE, TAPAHTUPOBAHHbIN OTK/IUK.



OT Yyero He cTouUT abcTparnmpoBaTbhea

[10TOK ynpaBneHuA:
— BeTB/1IeHne, UUKNbI;

MoXHO 000aB/ATb HOBbIE BETBU U NYTU BbINOJHEHUA:
— CM. «abCTpaKkuua NnpeanKkaTosy,

— eC/I1 Ha AobaBNeHHbIX NyTAX OyAeT HapyLaTbCa CBOUCTBO,
TO 3Ta owWwKnbKa byaeT obHapyXKeHa Npun aHanAuse
KOHTpNpumepa.

Henb3a ybmnpaTtb NyTH BbINOAHEHUA HA OCHOBE «MeToAa
NPUCTANIbHOTO B3rsAa»

— MOXHO C/y4anHO ybpaTb NyTb BbINOJAHEHMA MPOTrPaMMbl,
Ha KOTOPOM MPOUCXOAUT HApYLLUEHNE CBOWCTBA
NPaBMABHOCTU MPOrPaMMBbiI.



[MTpnmep NosTanHOM abCcTpaKkumm

int x = 0; cycle: do
:: 1nc: skip
v > :: break
while (x < 5){ od:
x++; printf (“Something\n”)

}

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

\
CBounctBo — «PaHo nnam no3gHo “Something” éyger I|
HaneyaTaHoY. :
|
I
|

[Mpu NnonHOM NpeanKaTHOM abCTpaKUMM MoAe/ib KOPPEKTHA, HO
He aJeKBaTHa CBOUCTBY.

ECn mbl fOKaXeMm, 4TO B LIMKNE — KOHEeYHOe YNC0 UTepauumn,
OT HEro MoXXHo abcTparmposaTbcA. /

[1NA 3TOTO HYXKHO MOKa3aTb, YTO MeXAy ABYMA npoBepkamu ,/
YCNOBWA LUMKNA BCErAa NPOUCXOANT UHKPEMEHT X. -=-



TUNUYHbIE OWLNOKU U KCTPAHHOCTUY

«f Xo4y NOBbICUTb

bit b; BEPOATHOCTb b == 1»
if

c:b=1 -> A

c:b=1->A

c:b=1->A

: b==0->B

£ HepetepmnHM3m cBA3aH

He C MOHATUEM BEPOATHOCTMU, a
C NOHATMNEM BO3MOMXKHOCTU




TUNUYHbIE OWLNOKU U KCTPAHHOCTUY

bit b;

active proctype A() «f Ay, NOKa He

{ BbINOAHUTCA ycnoBue!»
do

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

od
}
bit b; Ncnonb3ymte HaTUBHbIE

St EeEETeE B KOHCTPYKUMM Promela!
{

(b ==1) -> A
}



TUNUYHbIE OWLNOKU U KCTPAHHOCTUY

bit b;

if

:: b
:: b
fi;
if

i
o R

w >

fi

if

w >

fi

«lepemeHHaa mox<eT
NPUHUMATb pPa3Hble
3Ha4YEeHUA»

OT Heé BoobLEe HYXKHO
abcTparnposatbca!




TUNUYHbIE OLLMOKM N «KCTPAHHOCTU»

chan f1l
chan f2

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

active proctype caller ()

{
do

:: 1f
::f1'm;
:: else -> break
fi;

L
}

active proctype callee()
{

msg m;

do

:: f1?7m -> f2'm

od
}

«Ho A ke ponxeH
YYEeCTb, YTO KaHa
MOXeT ObITb 3aHAT!»

HekoppeKTHoe moaennposaHue
Bbl30Ba PYHKLUW: BbI3OB
«cbpacbiBaeTcaA», ecam npouecc-
«3arnywKa» 3aHAT




TNMYHbIE OWMOKU U «CTPAHHOCTUY
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Burnout

«f cCHayana NocTpoto
MoJeNb, a NMOTOM
ybepy BCE nuwHee»

CHayvana npovmTaunTe
cneundunkayuto!!!




[1lnaH nekuuun

[MpaKTnyeckme npuémbl abcTpakumnu,
PaccyXaeHna o NpaBUNbHOCTU NPOrpammbil,
CBouncTBa 6€30nNacHOCTU U }KUBYYECTHU,

NHcTtpymeHTbl SPIN/Promela ana
cneynduKaumm CBOUCTB.



Bepudunkauma nporpammbl Npwu
NOMOLLU MOoAEeNU

NONKHO ObITb
nycTo

/VIH)KEHeprIﬁ ﬂ3bll(\

nporpammMmupoBaHus
MOMET orpaHUM4YUBaTh
BO3MOMHOCTU
nosib3oBaTesis NucaTb
HenpaBuibHble
nporpammbi. Y Asbika
onucaHua mogenei —

\ Apyrue 3afaum. /




OcHoOBHble KomnoHeHTbl moaenu B SPIN

CneundurKauusa noseaeHma (803MoxcHoe rnosedeHue)
— dCUHXPOHHOE BblIMNO/IHEHNE NPOL,ECCOB,
— nepemeHHble, TUMbl AdHHbIX,

— KaHanbl COOOLLEHUN;

 CBOWCTBA NPaBUAbHOCTU (IpasusibHoe nosedeHue)
— accepThl,
— MEeTKM 3aBepLUeHNA K nporpecca,
— YTBEPKAEHUA O HEBO3MOXKHOCTMU (never claims),
— TpaccoBble accepThl,
— CBOMCTBA MO YMONYAHUIO:
— OTCYTCTBME TYMNUKA,
— OTCYTCTBME HEeAOCTUKUMOTO KoAa,
— PopMynbl TEMNOPAIbHOM NOTUKW.



PaccyXaeHnA o NPaBUIbHOCTH
NpPOrpammsbl

* TpeboBaHWA NPaBUAbLHOCTU 33aI0TCA KaK YTBEPKAEHUA O

BO3MOXHbIX UM HEBO3MOXKHbIX BapUaHTaX BblINO/IHEHMUA
Mmoaenm,

— paccyXAeHuna 0 BePOATHOCTU He AOMYCKatoTCA U3 coobparxKeHni
CTPOroCcTM A0Ka3aTeNbCTBa;

* Mbl yTBEPXKAAEM, YTO HEKOTOPbIE BAPUaAHTbI BbINO/IHEHUA
Mmoaenm

— /IM60 HEBO3MOXHbl,
— NMb60 HensbeKHbl;

 J/1BOMCTBEHHOCTb YTBEPKAEHUMN:
— eC/IM YTO-TO HeM36e)-KHO, TO NMPOTUBOMNOJZTIOKHOE — HEBO3MOXKHO,
— €eC/IN YTO-TO HEBO3MOKHO, TO NPOTUBOMOJ/TIOKHOE — HeM36e>KHO,

— MCNOJb3YA NOTMKY, MOXKHO NEPexoanTb OT OAHOrO K APYyromy npwu
NMOMOLLM NOTUYECKOro OTPULLAHMS.



CBouncTBa 6€30NacHOCTU U KUBYHECTU
(aBTOp — Leslie Lamport)

6e3sonacHoCTb YXUBYUECTb

* «HWYEro NJI0XOoro HUKOraAa He
NPOM30ONAETY;

* «pPaHO UM NO34HO
NPOU30MNAET YTO-TO XOpPOoLLEE»;

[ IPYMEp: NHBapWaHT CUCTEMb

— (x Bcer, %
. F BéRMd)VIKaTOp HaNTU

A
A, KOTOPLIg BeayT

* MNPUMEpP: «OT3biBYMBOCTbY

«xopoiree» moxKeT
OTK/lagblBaTbCA A0
6egKOHEYHOCTH



HemHoro noagpobHee...

CBoucTBa 6€30NacCHOCTU — CaMble NPOCTbIe
CBOMCTBA («COCTOSAHUE, TAE UCTUHHO O,
HEeAOCTUXMUMOY).

MHOXeCTBO AOCTMXUMbIX COCTOAHUM
MOXHO 11 B paMKax cBOMCTBA 6e30nacHOCTH

chOOpPMYyINPOBaATb, YTO (P HEU36eKHO?

«COCTOAIHUE, rae NCTUHHO !, HepOCTUIKUMO»
— He TO, 3TO C/IULLKOM CU/IbHOE CBOMUCTBO;

«COCTOAHUE, rAe UCTUHHO (P, JOCTUKNMO»
— a 3To0, HaobopoT, cAnWKOM cnaboe.

[ocTaTouyHo uccnepoBaTtb BCé (KoHeuHoe) J



HemHoro noagpobHee...

* «(p Hen3bexXHO» — 03HayaeT, YTo ¢
06Aa3aTenIbHO AOCTUXKUMO;

* NNA cneundmnKkaumm Takom MoaanbHOCTU U
HY*KHbl CBOMCTBA XXUBYYECTMU.
HeobxoanMmo nokasaTtb, YTO CBOICTBO AOCTUMUMO B

N060M HavaIbHOM BbIYMUC/IEHUU CUCTEMDI. B YacTHOCTH,
HYXHO Uccanegoesatb UUK/bl B CUCTEME Nepexoaos.

\




[1lnaH nekuuun

[paKTUUYecKne Npmémbl abcTpakumum,
Paccy»aeHna o NnpaBuIbHOCTU NPOrpPamMmbil,
CBoncTBa 6€30NaCcHOCTU U XKUBYYECTH,

UHcTpymeHTbl SPIN/Promela ans
cneundpuKaumm CBOUCTB.



Cnocobbl onMcaHmMAa CBOUCTB

NPaBMNIbHOCTHU

CBoWcTBa NPaBU/IbHOCTU MOTYT 3aaBaTbCA KakK:

— CBOMCTBA AOCTUXKMMbIX COCTOAHUM (CBOMCTBA
b6e3onacHoCTH),

— CBOWCTBa NocseaoBaTeNIbHOCTEN COCTOAHUM (CBOMCTBA
XKUBYYECTU);

B a3blKe Promela

~
— accepTbl:
¢ JIOKaJ/ibHbl€ aCCepTbl NPOUECCOB, CBOMCTBA
* MHBAPUaAHTblI CUCTEMbI NPOLECCOB, >- COCTOSHUMN
— METKU TEPMUHAJIbHbIX COCTOSAHUI:
* 334a€M A0ONYCTMMblE TOYKM OCTaHOBA NPOLIECCOB; _
~
— METKM nporpecca (monck umknos 6esgenctesmnsn); cBouncrsa
: nocnenosa-
— YTBEPXAEHNA O HEBO3MOXKHOCTHK (never claims) e HoCTe
* Hanpumep, onpegenatorca LTL-dpopmynamu; COCTOAHMIA
— TpaccoBble accepThbl.
i




AccepTbl — CaMbIM APEBHUK cNOCOD NpPoBEPUTL
NPaBUAbHOCTb NPOrpammbl

byte state = 1;

active proctype A()

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

}
active proctype B()

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

>spin -a simple.pml MFHOpMpVGN\OUﬂAﬁKM
>gcc -o pan pan.c HEKOPPEKTHOIO

>./pan -E OCTaHOBa npoLiecca
pan: assertion violated (state==2) (at depth 6)

pan: wrote simple.pml.trail

>spin -t -p simple.pml
Starting A with pid O
Starting B with pid 1
1: proc 1 (B) line "simple.pml" (state 1) [ ((state==1))]
proc 0 (A) line "simple.pml" (state 1) [ ((state==1))]

proc 1 (B) line "simple.pml" (state 3) [assert ((state==0)) ]
: proc 1 terminates
6: proc 0 (A) line 3 "simple.pml" (state 2) [state = (state+l)]
spin: line 4 "simple.pml", Error: assertion violated

2
3: proc 1 (B) line "simple.pml" (state 2) [state = (state-1)]
4
5



[lpepoTBpalleHne rOHKK

byte state = 1;
active proctype A()

assert(state == 2)

} nocnenoBaTte/ibHOCTU

active proctype B()
{ atomic ((state
assert(state

>spin -a simple.pml

>gcc -o pan pan.c

>./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
(0O of 5 states)




3aJaHNe NHBAPUAHTOB 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)

}

CKONbKO «CTOUT» TaKasA NpoBepKa?

MHCTaHOMPOBAHMEe

assert (count <= 1)

BaBepueHne

,ﬂ,OGaB!‘IEHME TaKOro MHBapwmaHTa
yBETNYUNBAET NMPOCTPAHCTBO NOUCKA

B 3 pa3a...
(c 16 gOCTUXKUMBIX COCTOAHUI 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

}

CKONbKO «CTOUT» TaKasA NpoBepKa?

MHCTaHOMPOBAHMEe

assert (count <= 1)

[MPOCTPaHCTBO AOCTUXMMbIX COCTO-
AHWUWN He yBeNIMYMBaeTCsa, OAHAKO
n06aBnseTcA MHOro HOBbIX NEPEXoaoB




Ewe nyyuwe...

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 ()
{
d step { !(count <=1) ->
assert (count <= 1)}

}

CKONbKO «CTOUT» TaKasA NpoBepKa?

MHCTaHOMPOBAHMEe

(count > 1) ->
assert (count <= 1)

BaBepueHne

* He yBennMumBaeT NPOCTPaAHCTBO
NOCTUMMMbIX COCTOAHUM,

* He yBenmumBaeT KOJIMYECTBO
nepexonos.




JlonycTmble COCTOAHMNA OCTAHOBA

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

sem!p sem?v

semaphore user

sem?p

count++

count--

sem!v

Hu oanH 13 NpoLLeccoB He AO/XKEH
3aBepLlaTbCs; A0NYCTUMOE COCTOSAHUE
OCTaHOBa A1 060MX NPOLLECCOB — S,

BepudunKkaTtop AonKeEH UCKaATb
HeaonyCTUMble COCTOSIHUA OCTaHOBA, He
OTBNI€KAACb Ha AONYCTUMbIE.




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

Cuctema 4eMOHCTPUPYET Nporpecc
BCAKMUM pas, Koraa user nosyyaeT AocTyn
K KPUTUYECKOW CeKkLuu, T.e. Koraa
npouecc semaphore gocturaet
COCTOAHUA S,;.

Tenepb BepndunKatop byaert uckatb
AOCTUXUMbIE YUKsblI be30elicmaus.




[Tpnmep
byte x = 2; X beckoHe4yHO BapbupyeT mexxay 2 n 1,

([ ] J—
active proctype A() Y KaRA4oro npouecca — ogHo CoCtoaHue,

{ * MEeTKM progress He UCNO/Ib3yTCA => NO
‘fk_’ Qo - YMONYAHMIO BCAKUIM UMK PpacCMaTPMBaETCA
od KaK NOTEeHLUMaNbHO 6e3aeNCTBEHHbIN

}
>spin -a fair.pml

active proctype B()>gm:_DNP‘iLEEEJEEtf______§_§_?T~
{ pan: non-progxess cycle (at depth ObHapy»>KeHue LMKNOoB

do pan: wrote fair. b6e3nencrema
0 x =3 - x (Spin Version 5.1.4 =27 January 200§
od Warning: Search not compl
} + Partial Order Reduc
Full statespace search for:

: 3anycK anropntma
never claim

assertion violations ' NnPoBEPKHU
; non-progress cycles
Cll.th)6MAET,ech invalid end states (disabled by never claim)
OTMEeTUTb OANH N3 s[eRels M -vector 24 byte, depth reached 5, errors: 1

LIMKNOB MEeTKOW progress? -;' States, stzrﬁdd
sStates, matche
Q2: A echun pasmeTuUTb 3 transitions (= storedtmatched)

oba umkna? 0 atomic steps

ssawee conflicts: 0 (resolved)
2.501 memory usage (Mbyte)




Kakon uMKn mbl 0OHaApYyXUAN?

>spin -t -p fair.pml

Starting A with pid 0O

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 3HaeM OTHOCUTE/IbHOW CKOPOCTU BbIMOHEHUA
NPOL,eCccos:

* BO3MOKHO, YTO npouecc B BbINONHUT BECKOHEYHO bOoblue Waros,
yem npouecc A;

* uukn 6espgenctemna, obHapyXKeHHbIN Spin — 370 He 06A3aTe/IbHO
cripaseonuasil UUKA.




CnpaBeanumsble UUKAbI

* YacTo Mbl OXXMaaem KOHeYHoz20 nporpecca.

— eC/I1 NpoLecc MOXEeT cAenaThb LWar, OH B KOHL,E KOHLLOB ero
caenaer.

e CylwecTByeT ABa OCHOBHbIX BapMaHTa crnpaseasiMBOCTU:

1) cnabas cnpaBen/IMBOCTb:

— eC/2inm onepatop BbinoO/IHUM 6eckoHeyHo AONro, TO OH B

KOHLUE KOHLOB byaeT BbINOJ/IHEH;
2) cuAabHaA crnpasea/IMBOCTb:

—  ec/iM onepaTop BbINOAHUM 6ECKOHEYHO YacTo, TO OH B
KOHL,e KOHLOB byaeT BbIMO/HEH.

 CnpaBeanmMBOCTb MPMMEHMMA KaK K BHELLHEMY, TaK U K
BHYTPEHHEMY HeieTEPMUHU3MY.



byte x

active

{
do

od
)

active

{
do

od

BbIOOp onepaTopa

VS. BbI6Op npouecca

2, y=2;

proctype A()

<

3 - x;
3 -y

proctype B()

<

3 - x;
3 -y

X = 3-x x = 3-x
y = 3-y y = 3-y
X = 3-x y = 3-y
X = 3-x y = 3-y

SPIN nopaep»kmBaeT oguH N3 BapMaHTOB c1abown
cnpaseaansoctu (>pan -f):
«eCc/n NPOoLEecc coaepKUT xoTa bbl oanH onepaTtop,
KOTOPbIN HECKOHEYHO A0AT0 OCTAETCA BbINO/JIHUMbIM,
TO 3TOT NPOLECC PaHO UAKU NO3AHO cAaenaeT wary.
9TO KacaeTcA TO/IbKO NOTeHLUMaNbHO HECKOHEeYHbIX BbIYMCAEHUN
(umknos).




[MTonck cnabo cnpaBeanmnBbIX
LMKNOB be3aencTeus

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

>./spin -t -p fair.pml
Starting A with pid 0O
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) line 6 "fair.
<<<L<L<LSTART OF CYCLE>>>>>
1 (B) line 13 "fair.
0 (A) line 6 "fair.
ends after 10 steps

x =1
1 (B) line 12 "fair.
A) __]line 5 "fair.
Tenepb B UKUKNe eCTb Wwaru

obounx npoueccos




YKa3biBaem nonesHble 4eNCTBUA

byte x = 2, y = 2;

active proctype A()
{
do
i 3 - x;
3 - y; progress: skip

<X
i

od
)

active proctype B()
{
do
D 3 - x;
3 - y; progress: skip

<

od




MNcnonb3oBaHMe YyCA0BUIA
cnpaBeaIMBOCTU

e JTtobon TMn cnpaBeaIMBOCTM MOXHO ONMCaTb
npu nomouwm dopmynbl LTL (nos:xe)

 nobaBneHue npeanonoxKeHmsa o
CrnpaBea/sIMBOCTUN BCeraa yBeamymBaeT
CIOXHOCTb BepUdPMKaLmnu

* KMCNONIb30BaHME CuUsIbHOU cnpaBeaIMBOCTU
CYLLLeCTBEHHO J0OpOXKe cnaboii:

— cnaban: CNoKHOCTD (no Bpemenu n namatn) PACTET
JIMHEUHO OT YMCJ/1a aKTUBHbIX NPOLECCOB,

— CUNbHAaA: CIOXKHOCTb PacTET KBaApPaTUUHO.



#define N
#define I
#define L

10 /* size of buffer

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

[Ipmep: NPOTOKON rON10COBAHUA

out!one (mynumber) ;
*/ / do
(>= 2*N) */ / in?one (nr) ->
/* file ex.8 */ / if
mtype = { one, two, winner }; // :: Active ->
chan g[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;
... 4 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 (q[proc-1], q[proc%N], maximum neighbourR;
(N+I-proc) $N+1) ; \ out'!one (neighbourR)
proc++ \ : else ->
: proc > N -> \ Active = 0
break \ fi
od \ : else ->
} \ out!two (nr)
\ fi
\ in?winner,nr;
\ if
\ nr != mynumber
\ else -> nr leaders++;
\\ £i;
\ if
\ know_winner
\ else -> out'!'winner,nr
\ fi;
\ break
od




3anyckaem moaennpoBaHue

leader.pml
:init:
= node
node
node
node
= node
1 2 3 4 5
. out'!one, 5
out!one, 2
out'!one, 3
out'one,1
in?one, 3
in?one, 1
out!one, 4

. out!one, b5
in?two, 3
in?two, 4
in?one, 5
out'one, 5
in?one,5
out!one, b5
in?one, 5
out'one, 5
in?one, 5
out'one, b5
in?one, 5
out!winner,5

Q
~
)

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

. in?one, 2

in?one, 4

. . . in?one, 5

out!two, 4
out!two,5

. out!two,1

out!two, 3

GO b b_WWMNNMNRRLROUOOOBBBWWDMNMNMNMEDMNMNWERE

. in?two,1
. out!two, 2
in?two,5

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

in?two, 2
6 processes created




BepndumnKauma no ymonyaHuto

>./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 -
assertion violations +
acceptance cycles -
invalid end states +
State-vector 200 byte, depth reached 106, errors: 0
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 (storkd* (State-vector + overhead))
.070 actual memory usage for states (unsuccesslul compression: 107.92%)
state-vector as stored = 217 byte + 16 byte overhead
.000 memory used for hash table (-wl9)
.305 memory used for DFS stack (-m10000) o
.282 total actual memory usage Owwnbok Al O Wl S
unreached in proctype node He CKa3ad/in, 4YTO AO0/1XKEH
line 40, state 26, "out!two,nr"

(1 of 44 states) AeNnatb aJITOPUTM
unreached in proctype :init\
(0 of 11 states)

pan: elapsed time 0.03 seconds
pan: rate 160433.33 states/second I'onome, £ MO,CI,EJ'lI/I Sl
HeAOCTUXMMbIUN KO/,

(none specified)

(not selected)




CBoWMCTBa
NPaBUAbHOCTU

* [MTpn nomoLwu
accepToB MOXXHO
NPOBEPUTb ABa
NPOCTbIX PpaKTa:

— AO/1XKeH BblINTPATb
npouecc C
MaAKCUMAJIbHbIM
HOMEPOM,

— NOJIKeH bbITb TO/IbKO

T~

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
fi
i e —->
out™

o(nr); assert (false)

fi

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

oAuH nobeauTenb.

[lpaBaa nn onepatop
OTNpPaBKKN COOOLLEHUS
HEeAOCTUKNM?

:: np”T= myn —
7 else -> nr leaders++; assert(nr_leaders == 1)

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

od




Bonee ocmbicneHHan BepudpumKaumua

>./spin -a leader.pml
>./gcc -DSAFETY -o pan pan.c Mposepsem I'IpOCTEVILUVIE
>./pan

(Spin Version 5.1.4 -- 27 January 2008) cBOMCTBa be3onacHoOCTH
+ Partial Order Reduction

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

State-vector 196 byte, depth reached 112, errors: 0 o
4819 states, stored Ownbok He HaMAeHO!
1824 states, matched
6643 transitions (= stored+matched)
12 atomic steps
hash conflicts: 5 (resolved)

Yucno coctoaHum
3.379 memory usage (Mbyte) YBENIMYNNOCbL: aCCepTbl

unreached in proctype node
line 40, state 26, "out!two,nr"
line 40, state 27, "assert(0)" lleﬁCTBMTeanO
7

(2 of 47 states)
unreached in proctype :init: HeAOCTUXKMMOEe COCTOAHNE

(0 of 11 states)

pan: elapsed time 0.01 seconds




Alternating Bit Protocol

(c noTepen coobuieHns n TammayTom)

mtype = {msg, ack}; active proctype channel ()
chan to_s = [1] of {mtype, bit}; { mtype m; bit a;
chan to r = [1] of {mtype, bit}; do
chan from s = [1l] of {mtype, bit}; :: from s?m,a ->
chan from r = [1] of {mtype, bit}; if
true -> to r'm,a
active proctype sender () :: skip
{ bit a; fi
do from r?m,a ->
from s!'msg,a -> to _s'm,a
if od
to_s?ack,eval(a) -> }
a=1-a
timeout
fi

od
}

active proctype receiver ()
{ bit a;

do

progress:

od

Tepaem coobuleHune

[loBTOpPHaA oTNpaBKa

to_r?msg,eval (a) ->
from rlack,a;

a=1-a byaet nn anropntm adpPekTMBHO

paboTaTb Npu notepe coobLeHnin?




[MpoBepsem!

> ./spin -a abp lossy.pml B HanaeHHOM cUeHapun Mbl
> gcc -DNP -o pan pan.c

> ./pan -1 HecKoHe4YHOo YacTo Tepsem
pan: non-progress cycle (at depth 4)

pan: wrote abp lossy.pml.trail COO6|.|.||eHMe

./spin -t -c abp lossy.pml
proc = sender
proc = receiver
proc = channel
spin: couldn't find claim (ignored)
q\p 0 1
1 from s!msg,0
1 . . from s?msg,0
Xopouwo Ob <<<<<START OF CYCLE>>>>>
pa CCMOTpeTb 1 from_s 'msg, 0
. . from s?msg,0
n apyrue in: trail ends after 12 steps

cueHapuun!

#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




YTouyHAem CBOUCTBO

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

:: from s?m,a ->

1 f
J:-: true -> to_r!m,a/ Pa3N\eL‘|aeM L||V|Kf|

:: skip; progress: skip

5 notepu coobLeHnn
:: from r?m,a -> N\ETKOVI nporpecca,

to s!'m,a
X UCKHOYaA M3 NOUCKA

}

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 pan 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)
non-progress cycles + (fairness disabled) ELU4HCTB€HFHﬂﬁ
invalid end states - (disabled by never claim)
State-vector 60 byte, depth reached 53, errors: 0 LKA
73 states, stored (98 wvisited) 6e3,£l|el\/’ICTBVIFI
64 states, matched
162 transitions (= visited+matched) CBA3aH C
0 atomic steps b
hash conflicts: 0 (resolved) 6eCKOHeL”jOM
2.501 memory usage (Mbyte) noTepen
unreached in proctype sender ~
line 17, state 10, "-end-" COO6U'I'eHMM
(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

10 /* size of buffer

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

[Ipmep: NPOTOKON rON10COBAHUA

out!one (mynumber) ;
*/ / do
(>= 2*N) */ / in?one (nr) ->
/* file ex.8 */ / if
mtype = { one, two, winner }; // :: Active ->
chan g[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;
... 4 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 (q[proc-1], q[proc%N], maximum neighbourR;
(N+I-proc) $N+1) ; \ out'!one (neighbourR)
proc++ \ : else ->
: proc > N -> \ Active = 0
break \ fi
od \ : else ->
} \ out!two (nr)
\ fi
\ in?winner,nr;
\ if
\ nr != mynumber
\ else -> nr leaders++;
\\ £i;
\ if
\ know_winner
\ else -> out'!'winner,nr
\ fi;
\ break
od




CBomcTBa
NPaBUIbHOCTW

* Koe-4yTo Mmbl yKe

NPOBEPUIN NMPWU
MOMOLLIM acCepTOB:

1. BbiMrpbiBaeT npoLecc
C MAKCMMaIbHbIM
HOMEpPOM.

2. JonxeH bbiTb TONBLKO
OAWH nobeguTens.

3. OnepaTop OTnpaBKH
cooblweHunsa He
OOCTUMNKUM.

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
fi
:: else ->
out!two (nr); assert (false)

fi

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

if
:: nr != mynumber

3

—

1

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

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

N\

2




LInKnbl
be3nencTeums

 CBOWUCTBO:

— Mporpamma 3sppeKTnBHO
paboTaeT, NoKa
yBe/InYnBaeTcs
3HaYeHMne NepemeHHOo
maximum.

o

[lpoBepaem:

> ./spin -a leader2.pml
> gcc -DNP -o pan pan.c

> ./pan -1

(umKnoB 6e3aencTema He
HanaeHo)

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
\ if
:: neighbourR > nr && neighbourR > maximum ->
progress: maximum = neighbourR;
out!one (neighbourR)
:: else ->
Active = 0

Active ->

fi
:: else ->
out! two (nr)
fi
: in?winner,nr;
if
:: nr !'= mynumber
:: else -> nr leaders++
fi;
if
:: know_winner
:: else -> out!winner,nr
fi;
break
od




Cnacnbo 3a BHMMaHue!
Bonpochi?




