BepudumKauma nporpamm
Ha Mmoaenax

Jlekumna Neq

Cpepa Bepudunkaumm SPIN. Onmncanue
moaenen Ha a3bike Promela.

KoHcmaHmuH CaseHKos (nekmop



[1lnaH nekuuun

* [MpumeHeHune SPIN ana sepudmkaumnm
Nporpamm Ha moaensax,

 OnucaHue moaenem NPorpamm Ha f3blKe
Promela:
— OCHOBHbIE OnepaTopbl,
— HeAEeTEPMUHU3M,
— CMHXPOHM3aLMA NPOLECCOB,
— 3d4aHUNEe NOTOKa yhnpasaeHNA MOo4eNN.



Bepundunkauma nporpammbl rnpwm
MOMOLLU MOAENU

Ham Hy»KHO 3a4aBaTb KaK CUCTEMA YCMPOEHA U
KaK OHa 00s13HaA 6bimb yCMpoeHa;

Takmm 06pa3om, HyXKHbl ABE HOTALUN:

— yT10bbI ONKCATb NoBeaeHMe (YCTPOMUCTBO CUCTEMDI),

— YyT10bbI ONKCaTb TpeboBaHMsA (CBOMCTBA NPABUAbHOCTH);
[Mporpamma-sepuPmUKaToOp NPOBEPSET, UYTO
YCTPOUCTBO CUCTEMbI YAOBIETBOPAET CBOMCTBAM
NPaBUJIbHOCTHU,

BblbpaHHaA HOTAUMA rapaHTUPYET PA3PELINMOCTb
npoBepKu nrboro ceomncrea ntobo moaenm.



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. /




SPIN, Promela, LTL

* SPIN —Simple Promela INterpreter,
* Promela — Process Meta Language,

[onucaHue noeedeHun]
* LTL—Linear Temporal Logic.

[onucaHue ceoﬁcme]

http://spinroot.com

0oKymMmeHmauyus, oucmpubymusei,
y4yebHble Kypcbl



http://spinroot.com/

SPIN, Promela, LTL
 SPIN:

— MoAeNnpoBaHue,

— BepudUKauma;
[ peanu3ayus HedemepmMuHU3Ma }
* Promela: \

—. He,EI,ETepMMHVIpOBaHHbIﬁ A3blK C OXpaHAEMbIM KOMaHA4dMMU,

\{ pacwupsaem 803MOXCHOocmMu abcmpaxkyuu )
— 33/4a4a A3blKa — He NPeaoTBPaTUTb ONNCAHUE MoAEeNEN
NNOXUX NPOrpamm,

[ goto nododepxycusaromcs }

— 3a/a4a fA3blKa — pa3peLlnTb ONUCbIBATb TaKMe MOAENN,
KOTopble MOTyT 6biTb BepnUdULMPOBaHDbI

[ KOHe4YHoe Yucio cocmoAaHul }



[Tpouecc BepnPpuKaumm

Mopgenb Ha
Promela
an.c ncnon-
-3 P Komnu- .
Bepudu- HAEMbIU
. NATOP
LMpYoLWnNm c Bepndu-
CBOLCTBO Kog Ha C KaTop
NpaBu/ib-
HOCTH

C/ly4alHOe moaenmpoBaHue
NHTEPAKTUBHOE MOAENNPOBAHUE t
ynpaB/isiemoe moaennpoBaHue

\
KOHTp-
npumepbl




KawyeBble MOMEHTbI

* Y mogenem — KOHEYHOE YMCNO COCTOAHUM
(mnoTeHumManbHO 6€CKOHEeYHbIe 3/1eEMEHTDI
moaenen B Promela orpaHnyenbi)

— rapaHTMpyeT pa3peLlnmocTb BepudurkaLmu,

— TeM He MeHee, Y MOAeNN MOXKeT bbITb becKkoHeyHoe
YMC/1I0 BbIYNCNIEHUWN;

* dCMHXPOHHOE BbINOJ/IHEHWE MNMPOoUECCOB
— HeT robanbHbIX YacoB,

— MO YMOJI4aHUIO CUHXPOHM3ALMA Pa3HbIX NPOLEccoB
OTCYTCTBYET;



KawyeBble MOMEHTbI

* HepeTepMUHUPOBAHHbBIXN NOTOK YNpPaBAEeHUSA
— abcTpakuma oT Aetaneun peannsaunu;

* [ToHATME BbINOAHMUMOCTU ONepaTopa

— ¢ NtobbIM ONEpPaATOPOM CBA3AHbI NOHATUSA
npeaycnosuna U adpdeKTa,

— onepaTop BbinoaHaeTca (npounssoasa spPekT),
TO/IbKO €Cn NpeaycnoBmue UCTUHHO, B MPOTUBHOM
C/ly4ae OH 3abN10KMPOBaH,

— Mpumep: g?m — ecam KaHan q He NycT, YNTaem U3
Hero cooblleHne, nHa4ye KOem.



Yctponuctso moaenn Ha Promela

Tpn TMNa 06bEKTOB:
— MPOL,EeCChI,

— r1iobanbHblE U
JIOKa/IbHble
06BbEeKTbI AaHHbIX,

— KaHanbl
COOOLLEHUN.

//

npouecc
0

| |

JNOKa/1b-

Hble AaH-

Hble

rnobanb-
Hble AaH-

%
— —
KaHanbl
coobuweHni
|
JIOKanNb-
Hble AaH-
| Hble




Hello, world!

HemeaneHHoe MHCTaHUUPOBaHUE

Mma npouecca

onumcbiBaem TN npouecca (He K/1ro4eBoe CI'IOBO)
I /

active proctype main ()

u,n

, —- pPas3genntesib KoMmaHa,
L / o
prlntf (“Hello , world! \n”) d HE TEPMUHA/IbHbIU CUMBOJI

{

}

pacwmnpeHne — onuynoHaIbHO

[1a, 3TO o4eHb

noxoxe Ha C >spin hello.pml
Hello, world!

1l process created



Hello, world!

* OCHOBHaA CTPYKTYpHaA eaAnHUL,A A3bIKa
Promela — He ¢pyHKUMA, a npoLecc.

* Ecau npouecc oAuH, TO MOX¥HO ONncaTb ero
npoLue:

init {
printf (“Hello, world!\n”) [

He Bblaensem onpeaeneHue
TUna npouecca

}

* [lonHaa popma — C ABHbIM MHCTAHLUMUPOBAHUNEM:

run main ()

init { .
co3aaém npoLiecc B xoae
BbINOJIHEHNA MOAENU

}



[Mpoueccol B Promela

* MNoBeaeHme npouecca 3a43éTcs B 06bABIEHUN
TuNa npouecca (proctype),

* DK3emnaap npolecca — UHCTaHUMpPOBaHME
proctype,

* /lBa BMAA MHCTAHUMUPOBAHMA NPOLLECCOB:
— B HA4dJ/IbHOM COCTOAHUNN CUNCTEMDI,
[ npepuKc active}

— B NMPon3BoO/IbHOM AOCTUHKUNMOM COCTOAHNN

CnNCTeMbl.
[ onepaTtop run}



[Mpoueccol B Promela

active [2] proctype eager|()
{

run eager () ;

run eager ()

®

run eager ()

} ®

run eager ()

sto
[1Ba npouecca MHCTAaHUMPOBAHbI P
B HA4YadJ/IbHOM COCTOAHUUN Q
cncrtembl

Kaxabin npouecc MHCTaHUmMpyeT
iBE CBOUX KOMWU, a 3aTeM
3aBepLUaeT BbIMOJHEHWE




[Mpoueccol B Promela

active [2] proctype eager|()

run eager()

run eager ()

[Moyemy Takaa Moaelb OCTAETCA KOHEYHOW?
— run — onepaTop-BbIpaKeHMe,

— run anbo Bo3sBpauwaeT pid HoBoro npouecca, 1mb6o 0, ecau
MHCTAHUMPOBAHWE HEe YyAa10cCb,

— Bblpa*KeHue BbINONHAETCA, TO/IbKO eCc/in Bo3BpaulaeT He O,
— MaKCMMaIbHOE YMUCNO0 NpoLeccoB orpaHnveHo 255.



OnepaTtop run

proctype irun (byte x)

{

/

printf (“it is me %d, %d\n”,x, pid)

}
init{
pid a,b;
a = run irun(l);

b = run irun(2);

printf (“I created %d and %d”, a, b)

>spin irun.pml
it isme 1, 1

I created 1 and 2
it is me 2,
3 processes created
>

2

npegonpenenéHHasa nepemeHHan _pid

o

/ﬂpMCBaMBaHMH 7 printf\

BbIMONIHAOTCA BCerga.
Bblpa*KeHnAa — TONbKO
eC/n UX 3Ha4yeHune He

pasHO O. /

OT1cTyn no ymonyanuto pid+1
nosuuma Tabynaumm

1 n3 6 BO3MOKHbIX YepeaoBaHUM




Bsanmoagencrsme npoueccos

e J1Ba cnocoba CMHXPOHM3ALMU NPOLLECCOB:
— rnobanbHblie (pa3gensemble) NnepemMmeHHble,

— 0bmeH coobuweHuamm (bydbepunsoBaHHbIE NN
CMHXPOHHbIE KaHanbl),

— rnobasibHbIX YaCOB HET;
e Yy KaXX4o0ro npouecca eCtb J1Ioka/ibHOE COCTOAHUE.
— «CYETYMK KOMaHA» (COCTOAHME NOTOKA YNpaBAEHUA),
— 3HAYEHMA NOKANbHbIX MEPEMEHHbIX;
* Y moaenu B uenom — rnobanbHoe coctodHme:
— 3HaYeHme rnobanbHbIX NEPEMEHHDIX,

— CoAepXKMMOe KaHanoB CoOObLLEHUN,
— MHOX€eCTBO aKTUBHbIX MPOLLECCOB.



[Toyemy YNCNO COCTOAHUN MOOENU
KOHEeYyHo?

HYncno akTUBHbIX npoueccoB KOHEYHO,

Y KaxKgoro npouecca — orpaHUYeHHOEe YUCNOo
onepaTopos,

[1nana3oHbl TUMOB AaHHbIX OrPaHNYEHbI,
Pa3smep Bcex KaHa/10B COODOLLLEHWNIA OrpaHUYEeH.



ABHaA CMHXPOHM3ALUMA NpoLeccoB

bool toggle = true; ./spin provided.pml | more

?77 A: cnt=1
— B: cnt=0
active proctype A() provided (toggle == true) A: cnt=1

B: cnt=0

short cnt;

{

L: cnt++;
printf ("A: cnt=%d\n", cnt);

toggle = false;

goto L / \

} [1pouecc BbinonHAeTCA,
active proctype B() provided (toggle == false) TOJZIbKO eC/1In1 3Ha4veHune
{ provided clause paBHO
b enem true.

printf ("B: cnt=%d\n", cnt);

toggle = true;

[10 ymonyaHuio
3HayeHue paBHO true.

- /

goto L




OcHoBHble onepaTtopbl Promela

3a4at0T 3/1eMeHTapHble Npeobpa3oBaHUS
COCTOSIHUU,

Pa3smeyaloT Ayru B cMcTeme nepexonos
COOTBETCTBYHOLLEro NpoLiecca,

X HemHoro — scero 6 TMNOB,

OnepaTop MmoKeT bbIThb:
— BbINO/THUMbIM: MOXeT ObITb BbIMOJZIHEH,

— 3a6/10KMPOBAHHbIM: (MOKa YTO) HE MmoXKeT bbITb
BbIMOJIHEH. [

BbIMO/THUMOCTb MOYeT 3aBUceTb
OT rMnobanbHOMo COCTOAHUA



OcHoBHble onepaTtopbl Promela

* 3 TMNa ONepaTopoOB YXKe BCTPEYa/IUCH:

— onepartop nevatm (printf),

Bceraa 6e3yc/s10BHO BbINOJHUM, Ha
COCTOSIHME He BAUAEeT

— onepaTop npucBanBaHus,

Bceraa 6e3ycn0BHO BbINOJIHMM, MEHAET 3HAYEHUE TONIbKO
O4HOM NepeMeHHOM, PACNO/IOXKEHHOW C/1eBA OT «=»

— onepaTop-BbiparkeHue.

BbIMOJIHMM, TONIbKO €C/N
BblparkeHne He paBHO O (UCTUHHO)

2 < 3 —BbINOJHUM BCeraa,
X < 27 —BblINO/HUM, TO/ILKO €CNN 3Ha4YeHue x < 27,
3 + X — BbINOJHMUM, TONbKO ecaun X |=-3.



YepenoBaHWe onepaTopoB
(MHTEepPANBUHT)

npoL.eccbl BbINOAHAKOTCA NapannesibHoO U
aCUHXPOHHO,

MeEXKAY BbINOJIHEHMEM ABYX NOC/e0BaTE/IbHbIX ONEepPaTopoB
OZ1HOTO NpPoLUEecca MOXKeT BbITb CKOMb YrOAHO AJIMHHAA Nay3a

NPOW3BO/IbHAA AMUCNeTYepPm3aLMs NPOLLECCOB,

BbINMO/IHEHNE ONEePaToOpPOB PA3HbLIX MPOLUECCOB
NPOnNCXoanT B NPOnN3BOJIbHOM NOPAAKE,

[ OCHOBHbIE ONEepPaTopbl BbIMO/ITHAKOTCA aTOMAPHO ]

B Teqie 04HOro npoLecca AonycKaeTcs
HeJeTepMUHUPOBAHHOE BEeTBJIEHME.



[1Ba ypOBHA HegeTepMUHU3MA

 BHyTpeHHuH (BbibOp AencTBUA B npoLecce),

“ YepepnoBaHue
 BHewHnM (BbIOOP Npouecca). [ (MHﬁeﬁnMBMHr) j

al bl
a2 @ b2
—
O Xe = &0
2\/ sz @

a




BbINONHMMOCTb ONepaTopos

* OCHOBHOW MHCTPYMEHT ynpaBaeHUs
BbIMOJIHMMOCTbIO onepaTopoB B Promela —
BblpaxKeHunsa (expressions)

C

while (x <= vy)
/* wait*/;
y++;

Promela

(x >y) >y=y + 1;




[lceBao-onepaTopbl

* HeckonbKo cneumnduryeckmx onepaTopos:

— skip: Bceraa sbiNnoNAHUM, 6€3 3dpdeKTa, IKBUBANEHT
Bblpa*keHua (1),

— true: Bceraa BbinoAHUM, 6e3 addeKTa, IKBUBANEHT
BblpaxkeHuna (1),

— run: 0, echn npum co3gaHnmM npouecca npesbllleH
AMMnT, _pid B NPOTUBHOM C/y4ae.



N ewe oanH TMN onepaTopa

e assert (BblparkeHue)

— Bceraa BbINOMIHUM, HEe BANAET Ha COCTOSIHUE
CUCTEMBI,

— SPIN coobuwaeT 06 owmnbke, ecnm 3HayeHme
BbipaxeHus paBHo O (false),

— MCNOAb3yeTcA ANA NPOBEPKU CBOUCTB
6e3onacHocmu (COCTOAHUN).

int n;

active proctype invariant() { B cnny acCMHXPOHHOCTM BbINOJIHEHUA
MPOLLeCCOB, AaHHbIA ONepaTop MOXeT
assert(n <= 3) 6bITb BbIMNO/IHEH B IIOOON MOMEHT.




int x;

proctype A()

{

[Tonmep

3Ha4YeHUNEe No YMOJZTHaHUIKO — 0

int y = 1; BbIMOJIHUMO, €C/IN NOJIY4NTCA
] co3aaTb npouecc B

skip;

run B() ;

X = 2;
/ 6y,£||ET BbINMNO/IHEHO, TOJ/IbKO
(x > 2 & y == 1); ec/im Apyroi npouecc

U3MEHUT 3HaAYEHNE X

printf (“x %d, y %d\n”, x, y)



OnepaTtop run

Bce BbipaxeHusa 6e3 run B Promela He npuBoaAT K
noboyHomy sadpPeKTy;

B oT/inumne ot C, B BbiparkeHnn Promela Henb3a namerHunTs
3HAYEHNE NePEeMEHHOMN;

B BbIPpaXX€HMU MOKeT ObITb TO/IbKO OAMH ONepaTop run:

— run B() && run A () —moxKeT bbITb 3a6/10KMPOBaAH C
YACTUYHbIM 3P PEKTOM,

— V' (run B()) -—3KkBuBaneHt( nr_pr >=255),
— run B() && (a>b) -—cospaértnpoueccsl 4o Tex nop,
noka (a <= b);

Bo3BpaT 0 — Kak npasBu/io, owmnbKa Npu paspaboTke
Mmoaenm.



[lopmep — ABa npoLecca

mtype = { P, C };

mtype turn =

nepeyncammbin Tun (Hymepauma c 1)

active proctype mh\
{

do

rnobanbHas nepemeHHan

Nno YMONYaHUIO — 0, nosaTomy UHUUUNANUINPYEM

(turn == P) ->

printf (“Produce\n”) ;
turn = C

od
}
active proctype consumer ()

{

do
(eorm = >
printf (“Consume\n

turn = P

od

6eCKOHEeYHbIN LMK

nocneo0BaTe/IbHOCTb BAPMAHTOB
(option sequence)

MHOAUKATOP Ha4a/la NocaenoBsaTte/ibHOCTU

cTpax (guard)




[lopmep — ABa npoLecca

mtype={Pr C };
mtype turn = P;
active proctype producer ()

{

do
(turn == P) ->
printf (“Produce\n”) ;
turn = C
od

}

active proctype consumer ()

{

do
(turn == C) ->
printf (“Consume\n”) ;
turn = P
od

—uN - orpaHuyeHue Koanyecrea
Lwaros

./spin -ul4 pc.pml
Produce
Consume
Produce
Consume

depth-limit (-ul4 steps) reached

#processes: 2
turn = C
14: proc 1 (consumer) line 17 "pc.pml"
(state 3)
14: proc 0 (producer) line 6 "pc.pml"
(state 4)
2 processes created



active proctype consumer () active proctype consumer ()
{ {

do again: if

(turn == C) -> (turn == C) ->

printf (“Consume\n”) printf (“Consume\n”) ;

4

turn = P
turn = P

fi;
od

goto again

 break — Bbixog 13 Tena do,
e : else—ecnn HM 0aHaA M3 anbTEePHATUB He BbINOJIHAETCA,
* eC/IN BbINO/IHAETCA HECKO/IbKO aNbTE€PHATUB — BHYTPEHHUN

HeJeETEPMUNHU3IM
wait: if
(turn == P) ->...
(turn == P) -> ... -
else -> goto wait — NIn

£i (turn == P) ;...



[lpmep: B3aMHOEe UCKIoYeHune

bool busy;

byte mutex;
proctype P(;::‘;;55555555555“‘--§___‘~
{ ('busy) -> busy = true;

mutex++; \\\\\\\\\\_____

printf (P%d in cri$jical section\n”,i);

mutex--;
busy = false
}
active proctype invariant()
{ assert (mutex <= 1)
} \\\\\\\\\\\\\\\\N\\‘
init {

atomic { run P(0); run P(l)}————_\§\\\

[MOKa3bIBAET, YTO KPUTUYECKAA CeKLUUSA
3aHATA

Konnuyectso npoueccoB B KPUTUUYECKOM
cekumnm

KOEM, NMOKa KPUTUYECKAA CEKLUNA He
ocBobogunTcA, U 3aHUMaemM eé

NOTEHLMabHaA rOHKa:
oba npouecca MOryT BblYMCAUTb
('busy) Ao BbINOAHEHMA
onepartopa busy = true

LIMKN He HyXeH

ATOMapHbIN 3aNyCcK ABYX 3K3emnaspos P




3anycK BepnpuKaTopa

> ./spin -a mutex.pml
> gcc -DSAFETY -o pan pan.c
> ./pan
pan: assertion violated (mutex<=1l) (at depth 10)
pan: wrote mutex.pml. trail
(Spin Version 5.1.4 -- 27 January 2008)
Warning: Search not completed
+ Partial Order Reduction
Full statespace search for:
never claim (none specified)
assertion violations
cycle checks (disabled by -DSAFETY)
invalid end states +
State-vector 24 byte, depth reached 19, errors: 1
73 states, stored
32 states, matched
105 transitions (= stored+matched)
1 atomic steps
hash conflicts: 0 (resolved)
2.501 memory usage (Mbyte)
pan: elapsed time 0 seconds




MoaenunpoBaHune KOHTPNpUMepa

./spin -t -p mutex.pml
Starting invariant with pid 0
Starting :init: with pid 1
Starting P with pid 2
1: proc 1 (:init:) line 14 "mutex.pml" (state 1) [(run P(0))]
Starting P with pid 3
2: proc 1 (:init:) line 14 "mutex.pml" (state 2) [(run P(1))]
proc (P) line 4 "mutex.pml" (state 1) [ (! (busy))]
proc (P) line 4 "mutex.pml" (state 1) [ (! (busy))]
proc (P) line 4 "mutex.pml" (state 2) [busy = 1]
proc (P) line 5 "mutex.pml" (state 3) [mutex = (mutex+1l)]
Pl in critical section
proc 3 (P) 1line 6 "mutex.pml" (state 4) [printf('P%d in critical section\\n',i)]
proc 2 (P) line 4 "mutex.pml" (state 2) [busy = 1]
proc 2 (P) line 5 "mutex.pml" (state 3) [mutex = (mutex+1)]
PO in critical section
10: proc 2 (P) 1line 6 "mutex.pml" (state 4) [printf('P%d in critical section\\n',i)]
spin: line 11 "mutex.pml", Error: assertion violated
spin: text of failed assertion: assert((mutex<=1l))
11: proc O (invariant) line 11 "mutex.pml" (state 1) [assert((mutex<=1l))]
spin: trail ends after 11 steps
#processes: 4
busy =1
mutex = 2
11: proc 3 (P) line 7 "mutex.pml" (state 5)
11: proc 2 (P) line 7 "mutex.pml" (state 5)
11: proc 1 (:init:) line 15 "mutex.pml" (state 4) <valid end state>
11: proc 0 (invariant) line 12 "mutex.pml" (state 2) <valid end state>
4 processes created




B3amHOe UCKAKYeHue
(opyrov BapuaHrT)

bit x,y;
byte mutex;

CurHan o Bxoae/Bbixoae 13 KpuUtmuyecom
CeKLMn

active proctype A() YnCN0 NPOLLECCOB B KPUTUYECKOW CEKLMM

_> active proctype B()
{

mutex++;
printf ("$d\n
mutex--;

x =0;

(x == 0) ->

mutex++;

printf ("$d\n", pid);
ax——;

active proctype invariank
{ assert (mutex != 2)

}

I(y == 0) o3HauaerT, 4To
B — B KpUTUYECKOWN CEKL UM




Bepundunkauma

> ./spin -a mutex2.pml

> gcc -DSAFETY -o pan pan.c

> ./pan

pan: invalid end state (at depth 3)
pan: wrote mutex2.pml.trail

(Spin Version 5.1.4 -- 27 January 2008)
Warning: Search not completed
+ Partial Order Reduction

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

State-vector 20 byte, depth reached 16, errors: 1
23 states, stored
3 states, matched
26 transitions (= stored+matched)
0 atomic steps
hash conflicts: 0 (resolved)
2.501 memory usage (Mbyte)
pan: elapsed time 0 seconds




B3amHOe UCKAKYeHue
(opyrov BapuaHrT)

bit x,y;
byte mutex;

active proctype A()
{

_> active proctype B()

y__ {
mutex++; <§::::>
printf(f%d\n' (x == 0) ->
mutex--; mutex++;

x =0; printf ("$d\n", pid);

mutex--;
y =20
active proctype invariant()
{ assert (mutex != 2)

}

roHKa
€C/IN 3TN onepaTopbl 6yAyT BbINOAHEHDI
nocnenoBaTeNbHO, NpoLecchl 3ab610KNpYOT
apyr apyra (deadlock, invalid endstate)




MoaenunpoBaHune KOHTPNpUMepa

> ./spin -t -p mutex2.pml
Starting A with pid 0
Starting B with pid 1
Starting invariant with pid 2
1: proc 2 (invariant) line 25
2: proc 2 terminates
3: proc 1 (B) line 16 "mutex2
4: proc O (A) 1line 6 "mutex2
spin: trail ends after 4 steps
#fprocesses: 2
x =1
y=1
mutex = 0

4: proc 1 (B) line 17 "mutex2.
4: proc 0 (A) 1line 7 "mutex2.

3 processes created
>

"mutex2.pml"

.pml"
.pml"

(state
(state

(state 1)

1)
1)

[assert ((mutex!=2))]




Anroputm lNetepcoHa (1981)

mtype = {A Turn, B Turn};
bool x,y;-—————“'__—_______—_______

byte mutex;

CurHan o Bxoae/Bbixoae 13 KpuUtmuyecom
cekumm

mtype turn = A Turn;

active proctype A()
{ x = true;
turn =
('y Il

mutex++;

B_Turn;

turn == A Turn) ->

/*critical section*/
mutex--;

x = false;

active proctype invariant()
{ assert (mutex <= 1)

}

Yucno npoueccos B KpMTVI‘-IGCKOVI cekuun

Yen xon?

active proctype B()

{ vy = true;
turn = A Turn;
(!x || turn == B Turn) ->
mutex++;
/*critical section*/
mutex--;
y = false;




BapunaHTt anroputma Jlamnopta (1981)

byte turn[2];———“’“"———’—’————ﬂ—

Yen xon?

byte mutex;

active [2] proctype P()

Yncno npoueccoB B KPUTUYECKOM CEKLUM

MoeT M anropuTm A0CTUYb
MaKCMmanbHoro i = 2557

{ bit 1 = pid;

L:
turn[i] = 1; 4////////
turn[i] = turn[i+l];
(turn[l-i] == 0) ||

(turn[i] < turn[l-i]) ->
mutex++;
assert (mutex == 1) ;
mutex--;
turn[i] = O;

ByaeT i anroputm KOPPEKTEH, eCN Npu
AOCTMXeHUn 255 obHynATb i?

goto L;




OcHOBHble onepaTopbl A3blka Promela

* NMpucBanBaHUe: Xx++, x-—-, x =x + 1,
X = run P();
* BblpaKeHue: (x), (1), run P(),

skip, true,
else, timeout;

* neyaTh: printf (*x = %d\n”, x);

* accepr: assert (l1+1 == 2),
assert (false) ;



[MocheaHune ABa TMMNa OoNepaTopos

receiver

Promela
OTNpPaBKa U NPUEM COODOLLLEHNN
S2r ——
— - = — >— = — >
sender -
« — — —<« - — — —
——— r2s

s2r!'msg

r2s?ack

| — oTnpaBKa,
? - MPUEM

—y
—y
—
—y
—y
—
—y
—y
—y

—
—
—
—
—
—
—
—

—

s2r?msg

r2s'lack



KaHasbl coobLeHni

e CoobuieHnA nepeaatoTca Yepes KaHanabl
(ouepenmn/6ydepa orpaHMYeHHOro o6 bEMA),
* KaHa/ibl 6bIBAOT ABYX TUMOB:

— bydepmnsoBaHHbIe (ACUHXPOHHbIE),

— Hebydepun3oBaHHbIe (CMHXPOHHbIE, PaHAEBY);



KaHasbl coobLeHni

* Npmumep obbABNEHUA KaHaNa:

UMA TUNA UMA I'IEpEMEHHOVI

\ / NHULUMaNn3auma
.

-~

chan x = [10] of {int, short, bit};

// ~—

CTPYKTYpa nepecbinaembix
coobLweHnmn
(cMMcoK MMEH TMNoB
noseu coobueHna)

MaKCUMa/IbHOE YUCNOo
coOOLWEeHUN B KaHane;
O 3agaeT paHAaesy




KaHasbl coobLeHni

* Npmumep obbABNEHUA KaHaNa:

HEUHNUNATN3NPOBAHHAA

KaHa/ C TUMa «paHaAeBy»
KaHad/ibHaA nepemeHHad a

chan éé/ ////////

chan ¢ = [0] of {bit};
chan toR = [2] of {mtype, bit, chan};
chan line[2] = [1l] of {mtype, record};

/ /K8Haflbl MOMHO

MaCCuB N3 v nepenasartb No
NMNO/1b30BATE/IbCKUU TUT

NBYX KaHa/0B KaHanam




Ob6basneHne mtype

(mtype = message type)

¢ CI'IOC06 onpeaenntb CMMBOJ/IbHbl€E KOHCTAHTbI
(po 255),
e 06BABEHUE mtype: B UTOre obbAasnaeTca 6 KOHCTAHT

mtype = {foo, bar}; //
mtype {ack, msg, err, interrupt};

* 0b6bABNEHME NepeMeHHbIX TNa mtype:

mtype a;— | HEeMHMUMNAIM3NPOBAHHaA, 3HaveHne O

mtype b = foo;
N

3Ha4yeHue Bceraa otT/iIndHo oT 0




OTnpaBKa 1 Npuém coobLleHnin

* OTNnpaBKa: ch'expr,,...,expr,
— 3Ha4eHunA expr; AOKHbl COOTBETCTBOBATb TUNAaM B
ob6baABNEHNUU KaHaNa;

— BbINOMIHUMA, €CNU 33[4aHHbINA KaHa 1 He NONOH;
°* npuem: ch?const, mmm var,,..,const, mim var,
— 3HayeHuA var; CTaHOBATCA PaBHbl COOTB. 3a4eHNAM Nosen
cooblweHus;

— 3HayeHuA const; orpaHNYMBALOT A0MYCTUMbIE 3HaYEH WA
nonewu;

— BbINMOJIHUM, €CNMN 3a4aHHbIN KaHAN He NYCT U NepBoe
coobLleHne B KaHane COOTBETCTBYET BCEM KOHCTAHTHbIM
3HAYeHMAM B onepaTope Nnpuéma coobeHus.



OTnpaBKa 1 Npuém coobLleHnin

* npumep:

#define ack 5

chan ch = [N] of {int, bit};
bit segno; APYrov BapuaHT:
ch'ack,0; ch'ack (0) ;

ch?ack, segno ch?ack (seqno)



ACMHXPOHHAA nepeaaya coobweHnmn

aCMHXPOHHble coobLieHna bydepunsyroTca ana
nocneayrowero npueéma, noka KaHas He MoJIoH,

oTnpasuTenb 6NOKUpPYeTCs, Koraa KaHas NoJIoH,
nony4yatenb 610KMpyeTcs, Korga KaHana nycr.

E%%hﬂl
Y
/ m3

g'm2 , =

<> / m1l
g!m3 — C
y

O

—

/

O
O

> g?’ml

g?’m2

g’m3



CUHXPOHHAaA nepenavya coodLWEHNN

€MKOCTb KaHa/1a paBHa O:

chan ch = [0] of {mtype}:;
nepenaya coobLLEHNN METOAOM «PAHOEBYY;
He XpaHUT coobLeHuns;

oTnpaBuTeib 6N1OKUPYETCA B OXUAAHUM NOAy4aTeENA, U
HaobopoT;

OTNpaBKa U NPUEM BbINO/IHAIOTCA AMOMAPHO.




[Mpumep: moaenmnpyem cemadop

mtype = { P, V };
chan sema = [0] of { mtype };
active proctype semaphore ()

{

L: sema!P -> sema?V; goto L

?V

}
active [5] proctype user() \\\\\\\\\\\\\\\\\\\\\\\\\\
{

L: /*non-critical*/
sema?P ->
/*critical*/
sema!V;

goto L;



[pyrme onepaunm c KaHanamu

len (q) - BO3BpaLlaeT YNCAO0 COOOLLEHUN B
KaHane,

empty (q) -—B0O3BpalaeTtrue, ecau q nycrT,
full (g) —Bo3BpallaeTtrue, ecam q NONOH,

nempty (gq) —BmecTto 'empty (q) (B
Luenax onTMmm3aLumm),

nfull (q) —smecto !'full (q) (B uenax
ONTUMMU3ALUN).



Onepaunm co CKobkamm

eCTb /1IN B KaHae noaxoaduiee COO6 eHme?J
+ gq?[n,m,p] [ AXORT -

— byneso BbipakeHne 6e3 NoH6oYHbIX 3PPEKTOB,

— paBHO true, TO/NbKO Korga g?m, n, P BbINOJHMMO, OAHAKO He
B/ISIET Ha 3HAYEeHMS N,M,P U HE MEHAET COAEePHKMMOe KaHana q;

LLIMPOKOBeLaTe/IbHbIW KaHa J
° gq?<n,m,p> [ P -

— BbIMO/IHUMO TOTAa Xe, Koraa u g?n,m, p; BANAET Ha 3HAYEHUA
n,m,p TaK Xe, Kak U g?n,m, p, O4HAKO HE MEHAET COAEPKNUMOE (;

* g?n(m,p) ( oTaensem TMn coobweHmna oT NnapameTpoB J

— BApPWaHT 3aNucK onepaTtopa Npuéma coobuweHusa (T.e. g?n,m, p),
— MOMKEeT UCMNO0/1b30BaTbCA A1 OTAeNEeHNA NePeMeHHOMN OT KOHCTaHT.



Ob6nacTb BUAMMOCTUN 0O BABNEHUA
KaHasa

* NMSA KaHaNa MOXKeT ObITb 10KaAbHbIM UK I10O6ANbHBIM, HO
KaHan cam no cebe — Bcerga robanbHbi 0O6BEKT.

chan x = [3] of { chan };,—
active er
{ chan a;

x?a;

alx
}

active proctype B()

{ chan W
x'b;

b?x;

}0 

rnobanbHaa nepemeHHasn, BuaHa A n B

HeMHMLLMaﬂM3MpOBaHHbIl>'1 JIOKaNbHbIN KaHan

nosny4yaem MaeHTUPUKaToOp KaHana oT npouecca B

NUCNoJib3yem ero

I/IHI/ILI,I/Ia}'IM3I/1pOBaHHbII71 JIOKaNbHbIN KaHan

oTnpasasem npoueccy A naeHTMGUKaTop KaHana

3Ha4YeHUNE X HE NSMEHNTOCb

ecnun B ympér, kaHan b ncuesHer!




Ocobbie cnyyau:

ynopsaaovYeHHasa oTnpaBKa, C/Iy4auHbIM NPUEM

¢ q! 'n ;M , P —aHanornyHo qln,m,p, Ho coobuieHne n,m,p

MomeLLaeTca B KaHan cpa3y 3a NepBbiM COODOLLEHMEM, MEHbLLUM
n,m,p;

¢ q? ?n ;M ,P —aHanornyHo q?n,m,p, HO U3 KaHana MOKeT
6bITb BbiIOpaHO Nt0boe coobuieHne (He ob6a3aTenbHO nepsoe).

init > ./spin sorted.pml
{ 2
chan g = [3] of {int}; > 5
int x; i 1 process created
ql!!s; >
q!!2;

q?x->printf (“%d\n”,x) ;
q?x->printf (“%d\n”, x)



OcHOBHbIe TUNbl AaHHbIX Promela

Tvn Avana3oH Mpumep ob6vABNEHUA

bit 0..1 bit turn = 1;

bool false..true bool flag = true;

byte 0..255 byte cnt;

chan 1..255 chan qg;

mtype 1..255 mtype msg;

pid 1..255 pid p;

short -215,.215-1 short s = 100; d 3 buTa,
int 2231, 2311 int x = 1; / 0..7
unsigned 0..2"-1 unsigned u :73;

No YMO/IYaHMIO BCce 06beKTbl (M NOKasbHble, U robanbHble)
MHULMANNINPYIOTCA HYNEM;

BCE MepemMeHHble A0MKHbl ObiTb 06bsABNEHbI 40 NEPBOro
MCMOJZ1Ib30BaHUA;

nepemeHHaa MOXeT bbiTb 06bABNEHA rae yrogHo.



OcHOBHbIe TUNbl AaHHbIX Promela

B Promela HeT A4encTBUTE/IbHbBIX YNCEN, YNCEN C
NnaBatoLLLEN TOYKOMN N YKa3aTeneun. IToT A3bIK
npeaHa3Ha4yeH Ana onMcaHna B3aMMoaencTBmsA
0O6BEKTOB, 2 HE ANA ONUCAaHUA BbIYNCNEHUMN.




MaccuBbl 1 NOAb30BaTe/IbCKMNe TUMbl
NAHHbIX

OaHOMepHble MaccuBbl:

byte a[27];
bit flags[4] = 1;

* BCe 3/1IeMeHTbl MaCCMBa UHULMNANNIUPYIOTCA OAHUM 3HAYEHMEM,
* unHAeKcbl HymepytroTeca c 0.

_—— Karo4yesoe C/10BO

Monb3oBatenbckue TUNbI . -

typedef record—{ MMA NO/Ib30BATE/IbCKOTO TUMA

short f1;,—

byte £2 = 4; — no ymonyaHuto 0
} I obbABNEHME NepeMeHHOoM
record rr;—— HOBOFO TUNa
ff.f1 = 5;

CCbI/IKA Ha 3/IEMEHT CTPYKTYpbl




Eweé oanH cnocob obbABneHUS
MacCcmnBOB

typedef array {byte b[4];}
array al[4];

a[3].b[2] = 1;

UJ1n

#define ab(x,y) a[x].bly]

ab(x,y) = ab(2,3) + ab(3,2);

Mepepn pasbopom Bce moaenn NporoHsaoTca Yepes npenpoueccop C
(nopgpeprkusatotca #define, #if, #ifdef, #ifndef, #include)



BbluncneHume BblpaKeHnn

* 3Ha4yeHWe BCceX BblparKeHUM BbluMCAAeTCA B Hanbonee
LUMPOKOM Anana3oHe (int);

* B npucsamBaHuAX U Nepeaaye coobLeHnn 3Ha4YeHuns
NPMBOAATCSA K LLe/IeBOMY TUMY NOCAE BblYNC/IEHUS.

mtype = {foo, bar};
active proctype tryme ()

{ byte x; OwwnbKa
short y = 1024;
chan a,b;
mtype p; MpeaynpexxaeHue —

noTeps AaHHbIX

a=a + b;
x = 257; MpeaynpexaeHue —
X =Y noteps AaHHbIX
p = y/8

} \

CoobuieHuns 06 owmnbke He byaeT




Ob6nactb BUANMOCTU OOBEKTOB AaHHbIX

* TonbKo ABa YPOBHA BUAUMOCTM:

— rno6anbHbIN (AaHHbIE BUAHbI BCEM aKTUBHbIM
NONb30BaTENAM),

— JIOKaNbHbIN (AaHHbIE BUAHbBI TO/IbKO OAHOMY Npoueccy)
* nogobnacten (Hanp. ana 610KOB) HerT,
* /IOKanbHaA NepemeHHaa BUAHa Be3ae B Tene npouecca.

active proctype main ()

{ int x, y’

{ / OwnbKa, NoBTOpHOE 0OBbSABNEHME Y

int y, z;

X++; y++; z++

} ////////// [lepemeHHasn z BCE ewé BnAHa!
14

printf (“y=%d, z=%d\n”, y, 2);
}



[1OTOK ynpaBaeHnA npouecca

 5cnocoboB 3a4aTb NOTOK ynpaB/eHUA:
— nocnepgosatenbHaa komno3uuma (N ; ), meTkn, goto,

— CTPYKTYpu3auma (mMakpocbl n inline),
— aTOMapHble nocaegosaTesibHOCTU (atomic, d_step),

— HeeTePMUHUPOBAHHbIN BblIbop U ntepauun (1 £. . £i,
do. .od),

— escape-nocnepoBatesibHocTh ({ . . . Junless{.. . }).



MaKpocbl — npenpoueccop cpp

* Mcnonb3yeTtca AnAa BkAtoYeHUa ¢anios u
Pa3BOpPAYNBAHUA MAKPOCOB,

* BapumaHTbl UICNONb30BAHUA:

#define MAXQ 2

— ROHCTaHTbI chan g=[MAXQ] of {mtype,chan};

(anbTepHaTmBa: spin —-DMAXQ=2 ...)

— MaKpOocChbl #define RESET (a) \
atomic {a[0] = 0; a[l] = 0}

#define LOSSY 1

— YC/IOBHbIN KOA, ... #if O
#ifdef LOSSY COMMENTS
active proctype D () #endif

#endif



MaKpocbl — npenpoueccop cpp

* MUWHyCbI:

— MMeHa MaKpoCoB He BUAHbI B napcepe,

— MMeHa MaKpPOCOB He BUAHbI NpU MmoaeamnpoBaHNN,
* BapuaHThbI:

— MCNONAb30BaTb Mtype Ana onpeaeneHnA KOHCTaHT,

— MCNO/b30BaTb APYron npenpoteccop (Ko -P),

* inline-onpeaeneHunaA.



inline-onpeaeneHus

* cpegHee Mmexay MaKpoCoM M npoueaypou,
* UMEHOBAHHbIN pparmeHT KoAa C NapameTpamm,
* He PYHKUMA — He BO3BpaLLaeT 3Ha4YeHus.

#define swap(a,b) tmp = a;\ inline swap (a,b) {
a =b;\ tmp = a;
b = tmp — a = b;

$endif b = tmp

}



HepnetepMUHUPOBAHHbLIN BblIBOP

if
. :guardl _> Strnntll;stmntIZ;stmntIB;
. Zguard2 _> Stmnt21;Stmnt22;Stmnt23;

::guard, -> stmnt_ ,;stmnt ,;stmnt ;;
fi

* onepaTop if BbINONHMM, €C/TN BbINOAHUM XOTA Obl OAUH U3
CTpaXewn,

* eC/IM BbINOJHUMO b0osiee oaHOro CTparka, TO ANA BbIMOJIHEHUA
BbIOMpPaeTca ognH U3 HUX HeJeTEPMUHUPOBAHHbIM 0b6pa3om,

* eC/IN HM OAIUH M3 CTPa*Ken He BbINOJHUM, BbIMOJIHEHUE
onepaTopa if baokupyeTcs,

* B KayecTBe CTParka MOXeT bbITb UCMOb30BaH /1t0H60M
onepartop.



Eweno 1f

/*mueM MaxkcuMMyM cpemu X u y*/

if

fi

X >=
X <=

/*cnyuanusmt BrBGop umcina 0..3*%/

if

fi

= B« B o

(VU \ VI i

(n$2 '= 0) ->n =20
(n >= 0) -> n = n-2
(n$3 == 0) -> n =3

else /* -> skip */

BbIMNO/IHAETCA, TO/IbKO €CNU He
BbINOJIHAETCA HU OAUH U3
CTparken

LTS




BbipaxkeHne else

C Promela
if (x <= vy) if
X =y - X; i (x<=y) >x =y - x
y++; :: else
fi;
y++

e B oT/imume ot C, ecnu else oTcyTCTBYET, TO
BbINO/IHEHUE BNOKMpYeTCA,

* T.e. BCE BapMaHTbl BbINO/IHEHMA onepaTopa if
N0J13Hbl ObITb ABHO BbINMUCAHDbI.



CI'IeLI,VIafIbeIe BblpaKeHNA U
nepemeHHbIE

else —true, echn HM oANH onepaTop
npouecca He BbINOMTHUM,

timeout —true, ecan HM OAMH onepaTop
mMmoAenu He BbIMOJIHUM,

__ —nepemeHHan, 40CTyMNMHaA TOZIbKO No
3dMNnCn, 3Ha4eHne He CoOXpaHAeT,

_pid —HoMmep TeKylero npouecca,
_nr pr —4uC/I0 aKTUBHbIX NPOLLECCOB.



OnepaTtop do

do
. :guardl _> Strnntll;stmntIZ;stmntIB;
. Zguard2 _> Stmnt21;Stmnt22;Stmnt23;

::guard, -> stmnt_ ,;stmnt ,;stmnt ;;
do

* B KAQYeCTBe CTParka MoXKeT bbITb MCNONb30BaH
ntoboun onepaTtop,

* paKTn4eckmn, ato onepartop if, BbINOAHAEMDBIN B
LMKNe

* N3 LUMKIA MOMKHO BbIMTM TOJIbKO MPWY NOMOLLMU
break n goto.



OnepaTtop do

e KAEM, NOKa HEe HAacTyNUT MOMEHT (a==Db)

do L: if
:: (a == b) -> break; ::( a== b) -> skip
::else -> skip else goto L
od fi
(a == b)

* BCe TPU PparmeHTa 3KBUBAIEHTHbI



Cnacmbo 3a BHMMaHuel

* Bonpocbl!?



