BepudumKauma nporpamm
Ha Mmoaenax

JleKuma Neb

CBOWCTBA IMHEUHOIO BPEMEHMN.
CneundunKauma n sepuduKauma CBOUCTB Npu
nomoLuu Spin.

KoHcmaHmuH CaseHKo8 (nekmop)



[1naH nexkuun

* Paccy*aeHuna o NpaBUAbHOCTU MPOrpamMmbl,
* CBomcTBa 6€30MacHOCTU N XKUBYYECTH,

* NHcTpymeHTbl SPIN/Promela ans
cneynduKaLmum CBOUCTB.



BepndunKauma nporpammbl rnpum
NOMOLLU MOoaeNu

NONKHO ObITb
nycTo

/MH)KeHeprlﬁ ﬂ3bIK\

nporpamMmmmnpoBaHms
MOMET OrpaHu4mnBaTh
BO3MOMHOCTHU
nosb3oBaTens nucaTb
Henpaswu/bHble
rnporpammbl. Y A3biKa
onucaHua moaenen —

\ Apyrue 3agavu. /




OcHOBHble KOMNOHeHTbl moaenun B SPIN

CneundunKaumsa noseaeHuaA (803MoxcHoe rnosedeHue)
— dCNHXPOHHOE BbIMNOJ/IHEHWNE MPOLECCOB,

— MepemMeHHble, TUMNbl AaHHbIX,
— KaHa/ibl COOOLLEHUN;

* CBOWCTBA NPaBUAbHOCTU (pasusibHoe nosedeHue)
— accepTbl,
— METKM 3aBepLUEeHUA 1 Nporpecca,
— yTBEpPXKAEHMNA 0 HEBO3MOXKHOCTU (never claims),
— TPaccoBble acCepThl,
— CBOMCTBA NO YMO/IYaHUIO:
— OTCYTCTBME TYNUKAQ,
— OTCYTCTBME HEAOCTUMKMMOTO KOAa,
— dopmy/ibl TEMNOPATLHOU NOTUKMW.



PaccyxaeHunAa o NpaBUIbHOCTU
NpPOrpammsbl

* TpeboBaHMA NPaBUIbHOCTM 334at0TCA KaK YTBEPXKAEHUA O

BO3MOXHbIX UM HEBO3MOXKHbIX BapUaHTaX BbIMO/IHEHUA
Mmoaenu,

— paccy*KAeHUA 0 BEPOATHOCTU He A0NYCKATCA U3 cO0bparkeHui
CTPOroCTU AOKA3aTeNbCTBa;

* Mbl yTBEPKAAET, YTO HEKOTOPbIE BapPUaHTbI BbINOJHEHUA
Mmoaenm

— /IM60 HEeBO3MOXHbl,
— Nnb0o HensbeKHbl;

e J1BOMCTBEHHOCTb YTBEPKAEHUMN:
— eC/ZIN YTO-TO HEM36€H(HO, TO NPOTUBOMNOJZTIOKHOE — HEBO3MOXKHO,
— €CJ/IN YTO-TO HEBO3MOKHO, TO NPOTUBOMOJ/TOKHOE — HGM36€)KHO,

— WCMNONb3YA JIOTUKY, MOXHO NepexoamTb OT OAHOro K Apyromy npu
MOMOLLIM JIOTUYECKOTO OTPULLAHMS.



CBouCcTBa 6€30MacHOCTU U XKUBYYECTH
(aBTOp — Leslie Lamport)

6e3onacHoOCTb YXUBYYECTb

*  «HWYEro NJOXOoro HMKorga He
NPOM30ONAETY;

* «PAHO UM NO3AHO
NPOM3OUAET YTO-TO XOpOLUEe»;

[ NIpYMEpP: MHBapWaHT CUCTEMb

— (x Bcer, %
. : B&RI/I(I)MKaTOp HaNTU

: KOTQpﬂg 9 seayT

* MPUMEP: «OT3bIBUMBOCTbY

«Xopoifee» moXxeTt
OTK/lagblBaTbCA 40
6egkoHeUHOCTH



HemHoro noapobHee...

CBouncTBa 6€30NacCHOCTU — CaMble NPOCTbIe
CBOMCTBA («COCTOSIHUE, IAe UCTUHHO O,

HEeAOCTUXMUMOY).

[ocTtaTo4yHOo uccnenoBatb BCE (KOHeYHoe)
MHOXEeCTBO AOCTMXUMbIX COCTOAHUM

MOXHO /I B paMKax cBOMCTBA 6e30nacHOCTH
cHPOPMYNNPOBATb, YTO (P HEU36EKHO?

«COCTOAAHUE, rAe UCTUHHO !¢, HepJoCTNKNMO»
— He TO, 3TO C/IMLLKOM CU/IbHOE CBOUCTBO;

«COCTOAIHUE, TAe UCTUHHO (P, AOCTUXKMNMO»
— a 3To, HaobopoT, cAnWKOM cnaboe.



HemHoro noapobHee...

* «(p Hen3beXXHo» — 03HayYyaeT, YTo
06Aa3aTenbHO AOCTUKUMA;

* NNA cneundmnKaumm Takom MoaanbHOCTU U
HY*KHbl CBOMCTBA XXMUBYYECTMW.
Heobxoanmo nokasaTb, YTO CBOMCTBO AOCTUXKMMO B

N060M Ha4yaNbHOM BbIYUCNEHUU CUCTEMDI. B YacTHOCTH,
HYXKHO UCCaienoBaTb UUK/bl B CUCTEME NMepexonos.

\




Cnocobbl onucaHuna CBOUCTB

NPaBMNJIbHOCTW

CBOMNCTBA NPaBUIbHOCTU MOTYT 3a1aBaTbCA KaK:

— CBOWMCTBA AOCTUXKMMbIX COCTOAHUM (CBOMCTBA
6e3onacHoCTH),

— CBOWCTBa NocseaoBaTe/lbHOCTEN COCTOAHUM (CBOMCTBA
KUBYYECTWN);

B a3blKe Promela

— dCCepTbl:
¢ J1IOKaJibHble aCcCepTbl MpPouUeCCos,
* UHBAPUAHTblI CUCTEMDBI NPOLECCOB,

— MEeTKU TeEPMUNHA/IbHbIX COCTOAHUMN:
* 3343€M A0NYCTUMbIe TOYKN OCTAHOBA MPOLLECCOoB;

CBOMCTBA
> COCTOAHUN

-’
~
— METKM nporpecca (nonck unknos 6e3nemncrems); cBoucTBa
. nocnenoBa-
— YTBEPXKAEHMA O HEBO3MOXKHOCTU (never claims) | L .
Te/IbHOCTEU
* Hanpumep, onpegenatotca LTL-popmynamu; COCTOAHMIA

— TpaccoBble accepTbl.




AccepTbl — CaMbIV APEBHUN CNOCOD NpPoOBEPUTL
NPaBUIbHOCTb 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 MFHOpMpyeN\OUMA6KM
>gcc -o pan pan.c HEKOPPEKTHOTO

>./pan -E OCTaHOBa NnpoLecca
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) 1line 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



[lpegoTBpalleHne TOHKKU

byte state = 1;
active proctype A()

{ atomic((state == 1) -> state++);——| pobBasnsem ase aTomapHbie
assert (state == 2)

} nocnenoBaTe/s1IbHOCTU

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
(0 of 5 states)
unreached in proctype B
(0 of 5 states)




3aJaHue 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)

}

CKONbKO «CTOUT» TaKasa NpoBepKa?

MHCTaHUMPOBaHME

assert (count <= 1)

BaBeplleHue

[lobaBneHne TaKoro MHBapMaHTa
YBE/IMYMBAET NPOCTPAHCTBO NOUCKA

B 3 pa3a...
(c 16 JOCTUKMMBIX COCTOAHUI A0 48)




[lpoABAAEM 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?

MHCTAaHLMPOBaHME

assert (count <= 1)

MpOCTPaHCTBO AOCTUMKUMBbIX COCTO-
AHUN He YBeNMUYMBAETCA, OAHAKO
[06aBNAETCA MHOIO HOBbIX NEPExXoaoB




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?

MHCTaHUMPOBaHME

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

BaBeplleHue

* He yBeninumMBaeT NPOCTPaAHCTBO
JOCTUMKUMbIX COCTOAHUN,

* He yBenMuMBaET KONMYECTBO
Nnepexoos.




Jlonyctumble 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

sem?p

count++

count--

sem!v

Hn oauH 13 NpoLeccoB He A0KeH
3aBepLaTbCca; 4ONYyCTUMOEe COCTOAHUE
OCTaHOBa A7 060MX NPOLLECCOB — S,

BepudurKaTop A0NKEH UCKATb
HeaoNnyCTUMble COCTOAHMUA OCTaHOBA, He
OTB/IEKAACH 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

semaphore user

sem?p

count++

count--

sem!v

Cucrema AeMOHCTPUpPYET Nporpecc
BCAKWUI pa3, Koraa user nosy4YaeT AOCTyn
K KPUTUYECKOM CeKkumu, T.e. Koraa
npouecc semaphore gocturaer
COCTOAHMUA S,.

Tenepb BepnduKkatop byaert uckatb
AOCTUMKMMbIE YUKsbl be3delicmaus.




[Tpnumep
byte x = 2; * x beckoHe4yHO BapbupyeT mexay 2 u 1,

[ ] —
active proctype A() Y KaXK4oro npouecca — ogHo CoCtoaHue,

{ * METKM Progress He UCNOoNb3YTCSA => MO
‘.i‘.’ YMONYaHUIO BCAKUI LUK pacCMaTpUBaETCA
od KaK NoTeHUWanbHO 6e34eNCTBEHHbIN

>spin -a fair.pml

active proctype B()>903—DNP;1L2221f2;2-_~_-~_-§7_
{ pan: non-progxess cycle (at depth O6HapyKeHune LMKNOoB

do pan: wrote fair. b6e3nencrems
1 x =3 - x (Spin Version 5.1.4 = 7 January 2008
od Warning: Search not compl
} + Partial Order Reducth
Full statespace search for: 3anycxanropMﬂwa
never claim
assertion violations ; NPOBEPKN

: non-progress cycles
Q1: Hro 6yp,eT, Sedi invalid end states (disabled by never claim)
OTMEeTUTb O4NH N3 s[eBeloMM -vector 24 byte, depth reached 5, errors: 1

LMKNOB METKOMN progress? 3 states, stored
0 states, matched

Q2: A ecnmn PasMETUTH 3 transitions (= stored+matched)
ob6a umKna? 0 atomic steps

niacss conflicts: 0 (resolved)

2.501 memory usage (Mbyte)




Kakoun umnkn mbl o6HapyXunnm?

>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.pml"
<<<L<L<START 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 OTHOCUTENIbHO CROPOCTUN BbIMOJTHEHWNA
npoueccos:

* BO3MOKHO, YTO Npouecc B BbINO/IHUT BECKOHEYHO 6Oo/iblle Waros,
yem npouecc A;

* UMKAN be3penctema, obHapyXeHHbIN Spin — 37O He 06A3aTeNbHO
cripaseodq1usbIl LUUKA.




CnpaBeagnuvBbie UUKAbI

* YHacTo Mbl OXKnagaem KOHe4YHo20 nporpecca.

— eC/IN NPOoLECcC MOXeT cAenaTh Lar, OH B KOHLE KOHLOB ero
caenaer.

e CyllecTByeT ABa OCHOBHbIX BapuaHTa CnpaBea/iMBOCTU:
1) cnabasa cnpaBeaIMBOCTD:

—  ecnu onepaTop BbINOJAHUM HECKOHEYHO AOATr0, TO OH B
KOHLEe KOHLOB byaeT BbINMO/NHEH;
2) cunbHaA cnpaBea/IMBOCTb:

— ec/1 onepaTtop BbINOJHMM 6EeCKOHEYHO YacTo, TO OH B
KOHLE KOHUOB byaeT BbIMOMHEH.

 CnpaBeaMBOCTb MPUMEHUMA KaK K BHELWWHEMY, TaK U K
BHYTPEHHEMY HEAETEPMUHUBMY.



byte x

active

{
do

od
)

active

{
do

od

2,

BbIOOp onepaTopa

VS. Bblbop npouecca

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 nopgaep»nBaeT oanH U3 BapnaHTOB caboi
cnpaseanunsoctu (>pan -f):
«eCNn NPOLECC CoAepPKUT XoTA bbl 0oaANH onepaTop,
KOTOPbI BECKOHEYHO A01r0 OCTAETCA BbIMOAHUMbIM,
TO 3TOT NPOLECC PaHO UM NO3AHO CAENAET LAry.
ITO KacaeTcAa TO/IbKO NOTEHUMANbHO BECKOHEYUYHbIX BbIYMC/IEHUN
(umknos).




[ToncK cnabo cnpaBeanmnBbIX
LMUKNOB 6e3aencTBUA

>./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) 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 UMK/1e eCTb Wwarun

obownx npoueccos




YKa3biBaem nonesHble AenNCcTBUA

byte x = 2, y = 2;

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

<

od
active proctype B()
do

3 - x;
3 - y; progress: skip

<

od




MNcnonb3oBaHUe YCNOBUN
cnpaBea/INBOCTU

* Jliobon TN cnpaBeasIMBOCTM MOMKHO ONMUCATb
npu nomouwun dopmynbl LTL (nos:xe)
 nobasneHne NPeanoNoOXKEHUS O

cnpaBeaNnNBOCTM BCerga ysennvymBaet
C/IOXKHOCTb BEPUPUKALUU

* KMCNOJIb30BaHMeE cuUsabHOU cnpaBeaIMBOCTU
CYLLLeCTBEHHO A0pPOXe cnaboii:

— cnaban: C/I0XKHOCTb (no BpemeHun 1 namaATK) paCTéT
NIUHEUHO OT YNCa aKTUBHbIX npoueccos,

— CNJIbHAA: CAOXKHOCTb paCTéT KBaApPaTUYHO.



[Ipnumep: NpoT
P P. NPOTOKOJ1 TOZIOCOBAHWUA
#idefine N 5 /* nr of processes (use 5 for demos)*/ out!one (mynumber) ;
#define I 3 /* node given the smallest number */ /|| do
#define L 10 /* size of buffer (>= 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;
e 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%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++;
\ fi;
\
\

od

if
know winner

else -> out'!'winner,nr
fi;

break




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, 5
in?two, 3
in?two, 4
in?one,5
out'!one, 5
in?one, 5
out'!one, 5
in?one, 5
out'one, 5
in?one, 5
out!one, 5
in?one, 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
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

oo b_WWMNDNMNMNRROOBBAWWDMNMNMNMEDMNMNWER

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

5
K]
2
4
2
4
1
3
1
5
2
1
5
K]
5
4
1
4

in?two, 2
6 processes created




Bepudunkauma no ymonyaHumio

>./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 (unsuccessXul 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) %
.282 total actual memory usage Ownbox al Sy LalOAAIHELES
unreached in proctype node He CKa3a/ln, 4YT1o A01KeH
line 40, state 26, "out!two,nr"

(1 of 44 states) Aenatb aJITPUTM
unreached in proctype :init\

(0O of 11 states)

(none specified)

(not selected)

pan: elapsed time 0.03 seconds MoxoKe. B MOAenun ecTb
7

pan: rate 160433.33 states/second .
HeJOCTUXUMbIN KOA,




CBowncTBa
NPaBUIbHOCTU

* [lpn nomoLu
accepToB MOKHO
NpoBepUTb ABa
NPOCTbIX PpaKTa:

— AO/1XKEH BbIUTPATb
npouecc C
MaAKCHUMAJIbHbIM
HOMEPOM,

— NONXeH ObITb TONbKO

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
3 8 e —->

out&\{wo (nr); assert(false)

fi

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

oAuvH nobeautTenb.

[lpaBda nn onepatop
OTNpaBKM coobLieHmna
HEeAOCTUKNM?

:: np”T= myn
,»”else -> nr leaders++; assert(nr leaders == 1)

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




Bonee ocmbicneHHaa BepudpuKaumA

>./spin -a leader.pml

>./gcc -DSAFETY -o pan pan.c

>./pan

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

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

State-vector 196 byte, depth reached 112, errors:

4819 states, stored
1824 states, matched
6643 transitions (= stored+matched)
12 atomic steps
hash conflicts: 5 (resolved)

3.379 memory usage (Mbyte)

unreached in proctype node
line 40, state 26, "out!two,nr"

0

line 40, state 27, "assert(0)"
(2 of 47 states)

unreached in proctype :init:
(0 of 11 states)

pan: elapsed time 0.01 seconds

MpoBepsaem npocrenine
cBOMCTBa Bbe3onacHoCTU

nOHBMﬂMCbaCCGDTH

OwmnbOK He HanaeHo!

Yuncao coctoaHum
YBEIMYNIOCH: accepThbl

[encTBUTENBHO,
HeAOCTUXNMOE COCTOSIHME




Alternating Bit Protocol

(c notepen coobweHUa U TanmayTom)

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 = [1] of {mtype, bit}; :: from s?m,a ->
chan from r = [1] of {mtype, bit}; if
to_ rm,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

Tepsaem coobuieHune

nOBTOpHaﬂ OTNpaBKa

to_r?msg,eval (a) ->
from r'ack,a;

a=1-a Byaet nan anroputm apdeKkTMBHO

paboTatb Npu notepe coobuweHnn?




[TpoBepsem!

> ./spin -a abp_lossy.pml B HangeHHOM cUueHapun mbl
> gcc -DNP -o pan pan.c

> ./pan -1 HecKoOHe4YHO YacTo Tepsem
pan: non-progress cycle (at depth 4)

pan: wrote abp lossy.pml.trail COO6U.I,€HVIe

./spin -t -c abp lossy.pml
proc sender
proc receiver
proc = channel
spin: couldn't find claim (ignored)
a\p 0 1
1 from s!msg,0
1 . . from s?msg,0
Xopouio 6bl <<<<<START OF CYCLE>>>>>
paccmoTpeTb from_simsg, 0
. . from s?msg,0
n plpyrme in: trail ends after 12 steps

cueHapumn!

#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 O (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 ->

if
.: to_r'm,a / Pasmeyaem UMKA

:: skip; progress: skip

i notepm coobueHnm
:: f:;g‘“;‘;;‘j‘: -> METKOW nporpecca,

od

} UCK/THO4aA N3 NMOUCKA

active proctype receiver ()
{ bit a;
do
:: to_r?msg,eval(a) ->
from r'ack,a;
progress:
a=1-a
od
}



YTOUYHEeHHaa 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) EﬁUdHCTBEHFHﬂH
invalid end states - (disabled by never claim)
State-vector 60 byte, depth reached 53, errors: 0 LUKN
73 states, stored (98 wvisited) 663ﬂ,€l\;1CTBMFI
64 states, matched
162 transitions (= visited+matched) CBA3adH C
0 atomic steps 6eCKOHEeYHOM’
hash conflicts: 0 (resolved) o
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)




[Ipnumep: NpoT
P P. NPOTOKOJ1 TOZIOCOBAHWUA
#idefine N 5 /* nr of processes (use 5 for demos)*/ out!one (mynumber) ;
#define I 3 /* node given the smallest number */ /|| do
#define L 10 /* size of buffer (>= 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;
e 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%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++;
\ fi;
\
\

od

if
know winner

else -> out'!'winner,nr
fi;

break




CBowncTBa
NPaBUIbHOCTU

* Koe-4yTo Mbl yiKe
npoBepuan npu
NOMOLLWU acCepTOB:

1.

BblurpbiBaeT npouecc
C MAKCUMaA/IbHbIM
HOMEpPOM.

[loneH ObITb TO/IbKO
oAuH nobeaunTens.

OnepaTop OTrpaBKu
coobleHuns He
NOCTUKNM.

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
be3nencTeumA

e CBOWUCTBO:

— [Mporpamma 3adpdeKTUBHO
paboTaerT, NoKa

yBe/IM4nBaeTca
3HAYeHUe nepemeHHomn \|

maximum.
* [lpoBepaem:

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

> ./pan -1

(umKknoBs 6e3nencTema He
HaMOeHo)

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 ->

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




ROHCTPYKLUUU hever
(oTpuuaHMe cBOUCTB)

Never say never

(HapoaHas nocnoBuuaA)



Paccy*aeHna o BblYUCAEHUAX

nporpammbl

e CyllecTByeT HECKO/IbKO BapuaHTOB dopmanmn3saumm
BblYMCNEHUWN pacnpeaeEHHON CUCTEMDI:

— nocneaoBaTeNbHOCTb COCTOAHUMN,
— nocnenoBaTenbHOCTb cobbITUIN (Nepexonos),

— nocnenoBaTeNbHOCTb 3HAYEHUW BbICKa3blBaHUN B
COCTOAHMAX (CBOMCTBA COCTOSAHNIN) — TPACChI.

bit x,y;

byte mutex; x=1 (y==0) mutex++ printf mutex--
active proctype A()

=0

{ QCCCCC

}({y==i; o) S x==0 x==1 x==1 x==1 x==1 x==1

mutex++ 5 y==0 y==0 y==0 y==0 y== y==
printf (“%d\n”, pid); mutex==0 mutex==0 mutex==0 mutex==1 mutex==1 mutex==0
mutex--;
x =0

}

p: (x == mutex)
q: (x !'=y)

O
I
X==

y::
mutex==




[Tonmep

* «He CyLlecTByeT BblYMC/IEHUA, B KOTOPOM 33 P
cnegyet g»

active proctype invariant() — HEMPABWJ/1IbHO!
{ o

assert('p || 'a); CBowucTBa TO/IbKO ANA
} OAHOro COCTOAHMA

active proctype invariant ()

{
b - HEMPABW/IbHO!
do ACUHXPOHHOE
;éassert( 'q) ; BbINONHEHME

}



hever claims
(yTBEpKOEHUA O HEBO3MOXKHOCTH)

BbINONHAOTCA CUHXPOHHO C MOAENbIO,
ec/In AOCTUTHYT KOHel,, TO — OLMNDOKa,

COCTOAT U3 BbIPaXXeHMN N KOHCTPYKLNM
3aaHUA MOTOKA ynpas/ieHuns,

daKTUYEeCKN, ONUCLIBAIOT pacrno3Harowuu
asmomam.



[Tonmep

* «He cyLlecTByeT BblYMC/IEHUA, B KOTOPOM 33 P
cnegyet g»

never — HEMPABUBLHO!
{ CUHXpPOHHOE BbINO/IHEHUE
P/q — byaet paboTaTb TONIbKO ANA
} nepsBbixX 4BYX COCTOAHUN
never
{
do
:: p —-> break
od
do
:: q —-> break

od



ROHCTPYKUUNA hever

MOXKeT bbITb KakK ﬂ,ETepMMHMpOBaHHOVI, TaK N HET,

COAEPKUT TONbKO BbiparkeHnA 6e3 noboyHbIX 3ddeKToB
(cooTB. ByneBbIM BbICKa3biBaHUAM Ha COCTOAHUAX);

NCMOb3YIOTCA A1 ONMUCaHMA HEeNPaBUIbHOIO NoBeAeHUA
CUCTEMbI;
npepbiBaeTcA Npu 61OKMPOBaAHUN:

— bnokupyetca => Habnogaemoe nosegeHMe He COOTBETCTBYET
ONMUCaHHOMY,

— May3bl B BbIMO/THEHNUN TE€J1a never 4O0/1XKHbl 6bITb ABHO 3ddHbl
KaK becKkoHeYHble LLUK/bl,

never HapyllaeTcs, ecnu:

— JOCTUTHYTa 3aKPbIBalOLLLAA CKOOKa,

— 3aBeplleHa KOHCTPYKUMA accept (AonycKatlowmm LmKn);
be3nencreme MmorxKeT 6bITb ONMCAHO KaK KOHCTPYKUUA never

AN eé YyacTb (pnAa obHapyKeHusa unknos 6e3aencTBUA ecTb
TEeNO Never «No YMONYAHUIOY).



[lepeceyeHne MHOKeCTB Tpacce
(A3bIKOB)

OrpaHu4yeHuns

OnucaHune cnpasBegnnBOCTU

noBegeHus Ha
Promela

Cneundunkauma npu
nomoLLm never
(oTpnuaHue ceomncTB)

KROHTPMPUMEPBI




[lpoBepKa MHBAPUAHTA CUCTEMbI NMPU
NOMOLLN KOHCTPYKLUKNU hever

never

{

never
do s
:: invariant 1

:: else -> break C—1

od

do
:: assert(invariant)
od




CCbINKKM Ha TOYKM NpoLueccos

U3 T€J1a never
* K3 Tesla never MOXHO COCNAaTbCA Ha TOYKY (cocTosiHME
ynpasaeHuna) ntoboro akTMBHOIo NpoLecca;
* CMHTAKCUC TAKOWU CCbIJIKU:
— proctypename [pidnr] @labelname

* 3TO Bblpa*€HME NCTUHHO TOJIbKO eC/in NPoLEecc C HOMEPOM
pidnr HaxoAnUTCA B TOYKE ONMUCAHMA TUNa Npouecca
proctypename, paame4yeHHON meTKoun labelname;

MMA TUNa NpoLecca \ : HOMep 3K3emnaapa npouecca
user[1l]Q@crit—_

UMA METKUN

* eC/N CYyLWecTBYEeT TO/IbKO OAMH NPOLECC TUMa Uuser, TO MOXHO
OonycTUTb YacTb [pidnr]:

user@ecrit



CCbINIKX Ha TOYKM NpoLleccos

(npumep)
never
{
do
:: user[l]@crit && user[2]@crit -> break
:: else
od
}
UCNonb3yem | nmiype = (p, vi;
MEeTKU chan sem = [0] of { mtype };
ynpaBieHNA active proctype semaphore ()
{
BMECTO do sem!p ; sem!v od
CYETYUKA }
npoueccos

active [2] proctype user()

{ assert( pid ==1 || pid == 2);
do

:: sem?p ->
crit: / *kpuTnuyeckass cexuus*/
sem?v
od




[poBepaem, YTo NpoLLecc 3aBepLUn/ICS

active proctype runner () active proctype runner ()

{ {
do do

:: else -> break I :: else -> break

od od;
} L: (false)

n

runner(@QL




ROHCTPYKUUU hever:

*  MOryT coaeprKaTb t0Oble KOHCTPYKLU MM MOTOKA YyNpaBAeHUA:
— if, do, unless, atomic, d_step, goto;
* [OJI}KHbl COAEPKATb TO/IbKO BbIPaXKeHUA:
— T1.e. g?[ack] nau nfull(q), Ho He g?ack nau glack;
* He AO0/IKHbI CoOAepXKaTb METOK progress un end;
* HY)XHO aKKypaTHO UCMNO/Ib30BaTb never BMecTe C MeTKaMU progress;
*  MOTYT MCNO/Ib30BaTbhCA ANA GUNBTPALMM NHTEPECYIOLLEro Hac

noseneHuA:
I{lever NpoBepAem assert (r) Ha
T KaXKZOM Luare, HO UL b ANA
atomic {(p || q) -> assert(z)]} Tex BbIYMCAEHUN, rae
od OAHOBPEMEHHO BbINOAHAIOTCA
} p U Q.




BuammocTb

* BCe KOHCTPYKUUU never — rnobanbHbl;

* TeéM CaMbiM, B HUX MOXHO CCbl/1aTbCA HA
— rnobanbHbie NepPEMEHHbIE,
— KaHanbl coobLleHunn,
— TOYKM ONUCAHUA NPoLLeccoB (MeTKu),
— npegonpenenéHHble rnobasbHbie NEPEMEHHDIE,
— HO He JIOKaNbHble MepemeHHble NPOLLeCcCOoB;

* Henb3A CCbl/1aTbCA Ha cobbiTna (aencreus),
TO/IbKO Ha COCTOAHUA. A ec/iM o4YeHb xoueTca?



AccepTbl Ha Tpacchbl

¢ MCI'IOIIb3yI-OTCFI ANnAa ONMCaHMNA NPaBUIbHbIX U HEMPABWJ/IbHbIX
ﬂOCﬂe,ﬂ,OBaTEHbHOCTEVI BbIMO/IHEHNA ONEPATOPOB send u receive.

mtype = {a, b };

chan p [2] of mtype;
chan g = [1] of mtype;

trace {
do
pl'a; g?b
od

3TOT accepT PUKCUPYET NNLLb B3aUMHbIN NOPSAA0K
BbIMO/IHEHUA ONepauMi NOCbIKN COObLLLEHNI
B KaHa/a p U NPUEma coobLLEHMI NO KaHany q.

OH yTBEPXKAAET, YTO KaXKAaan oTnpaBKa
coobLeHMA a B KaHa/l p CONPOBOXKAAETCA
nony4yeHnem coobueHua b n3 KaHana q.

OTKNOHEHWEe OT 3TON CXeMbl NPUBETET
K coobleHunto ob ownbKe.

Ecnun B accepte ynomunHaetcs
X0TA 6bl 0AHA onepaums
OTNPaBKKU COOOLLEHUA B
KaHan g, emy A0JIKHbI
COOTBETCTBOBATb BCE
noAobHble onepaunm

B accepTax Ha Tpaccbl MOTYy UCNO/Ib30BATbCA /INLLb
onepaTopbl OTNPABKU N NONYHEHNA COOOLLEHUN.

He moryTt ncnonb3oBatbCcA NepemMeHHble, TONbKO
KOHCTAHTbl, mtype nnn _

g?_ ncnonbayeTca Ana 0603Ha4YeHUA NpUEMa
ntoboro coobuleHms




[Tonmep

BepHO /K, 4YTO B NPOTOKO/IE F0/IOCOBAHMSA TUMbl COODOLLEHN
one, two 1 winner NpuxoasaT B CTPOrom nopaaKe, Tak YTo
HUKTO He YBUAUT coobLieHne one nocne coobuieHus two?

trace {
do
q[0] ?one, _
:: q[0]?two, -> break
od;
do
q[0]?two,
q[0] ?winner, -> break

od




Bepudunkauma

(Henpaspaal)

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

(Spin Version 5.1.4 -- 27 January 2008)
Warning: Search not completed
+ Partial Order Reduction
Full statespace search for:
trace assertion
never claim (none specified)
assertion violations
acceptance cycles (not selected)
invalid end states +
State-vector 200 byte, depth reached 63, errors: 1
52 states, stored
0 states, matched
52 transitions (= stored+matched)
12 atomic steps
hash conflicts: 0 (resolved)
2.501 memory usage (Mbyte)
pan: elapsed time 0 seconds




-t -c leader trace.pml
:init:

K ? = node
a K )‘Ke Ta K o node
node
node
= node
1 4 5
out'!one, 4
out!one, 5
in?one, 5
. out!two, 5
out'!one, 1
in?one, 1
out!two,1
in?two,1
out'one, 5

Q
P
L ®)

out'!one, 2
in?one, 2

out!two,2
AccepT HapyLweH! in?two, 2

out!one, 3

in?one, 3

out!two,3

. in?two, 3

in?one,K 4

out!two,4
in?two, 4

in?two,5

5
5
1
4
4
5
5
1
3
3
4
4
2
2
3
3
1
2
2
1

trail ends after 64 steps




AccepTbl hotrace

* obpaTHOe yTBepKAeHMe: accepT notrace
YTBEPXKAaeT, YTO ONMCaHHbIM WabnoH noBeaeHUs

HEBO3MOMXEH

mtype = {a, b };

chan p = [2] of mtype;
chan g = [1] of mtype;

notrace {
do
:: pla; g?b
:: g?b; p'la
od
}

ITOT accepT YyTBEPKAAET, YTO HE CyLLecTByeT
BblYMCNEHUNA, B KOTOPOM OTMPaBKa
CcoobLLEHMA @ B KaHAN P CONPOBOXAaEeTCs
nosyyeHmem coobuieHna b ns q, u HaobopoT.

CoobuweHune 06 ownbKe reHepupyeTcs, ecnu
AOCTUTHYTA 3aKpbiBatowan ¢purypHaa ckobka
accepTa notrace.




O HeBO3MOXXHOM U HensbexHOM

accepTt dopmanmnsyeT yTBepHKaeHue:

— YKa3adHHOe€ BblpaKeHne He MOoXKeT NPNHUMATb 3Ha4YeHUne 10XKb,
eCc/in AOCTUTHYT aCCepT,

meTKa end popmanmsyer yTeepKaeHue:

— CUCTEMA He MOXKeT 3aBepLunTb paboTy 6e3 Toro, 4TobbI BCE
aKTMBHbIe Npoueccbl MbO 3aBepPLUNINCL, MO0 OCTaHOBU/IUCH B
TOYKax, NOMeYeHHbIX METKamu end;

MeTKa progress popmanmnsyeT yTBepKaeHue:

— CUCTeMa He MOXKeT BbINoAHATbCA 6beckoHe4yHOo 6e3 Toro, YTobbI
NPOXOANTb Yepe3 TOUKY, MOMEYEHHYIO METKOM Progress
becKoHeYyHOo 4acTo;

KOHCTPYKUMA hever bopmanunsyeT yTBepKaeHune:

— CUCTEMa He MOXKeT JeMOHCTPUpPoBaTh nosegeHue (KoHeyHoe
NN 6eckoHeYyHoe), NOJIHOCTbIO CoBNaAatoLLee ¢ ONMCaHHbIM B
Tene never;

accepT Ha Tpaccax GopmanunsyeT yTBepKaeHMe:

— CUCTEMA HEe MOXKeT JEeMOHCTPMPOBATb NOBeAEHNE, OTAINYHOE OT
ONUcaHHoOro wabnoHa.



Cnacnbo 3a BHMMaHue!
Bonpochbi?




