BepundpuKauma nporpamm
Ha Moaenax

Jlekumna No4

Cpepna sepmndpukaumm SPIN. Onucanue
moaeneun Ha a3bike Promela.

KoHcmaHmuH CaseHKo8 (neKkmop



[1naH nekuumn

* MMpumeHeHmne SPIN ansa sepnpmuKaumm
nporpamm Ha moaensax,

* OnucaHue moaenen NPorpamm Ha A3blKke
Promela:
— OCHOBHbI€ OMnepaTopbl,
— HeAeTePMUHU3M,
— CMHXPOHM3aLMA NPOLECCOB,
— 3d4daHNe NOTOKa yrnpaBaeHna moagenun.



Bepudunkauma nporpammsl npwu
NOMOLLU MOAENU

Ham Hy»HO 3a4aBaTb Kak CUCTEMA yCmpPoeHa
KaK oHa 00s13Ha 6bimb ycmpoeHa;

Takmum o6pa3om, HYXKHbl ABE HOTALUMU:

— yT10b6bI ONKUCaTb NoBeAeHme (YCTPOMCTBO CUCTEMDI),

— yT10bbI ONUcaTb TpeboBaHUA (CBOMCTBA NPaBUAbHOCTH);
[Mporpamma-sepudmnKaTop NPoBepseT, YTo
YCTPOMUCTBO CUCTEMbI YA0OB/IETBOPAET CBOUCTBAM
NPaBUJZIbHOCTHU,

BbibpaHHaA HOTaUKUA rapaHTUPYeT Pa3peLMMocCTb
npoBepkun ntoboro ceouncrasa ntobou moaenn.



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




SPIN, Promela, LTL

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

[ onucaHue noeedeHun]
 LTL—Linear Temporal Logic.

[onucaHue ceoﬁcme]

http://spinroot.com
0oKymMeHmauus, oucmpubymusei,
y4yebHble Kypcbl




SPIN, Promela, LTL
* SPIN:

— MmojgennposaHue,

— BepudpuKauma;
{ peanusayua HeOemepMuHU3Ma }
* Promela: \

—. He,EI,eTepMMHMpOBaHHbIIZ A3bIK C OXpPaHAEeMbIMN KOMaHAadMMU,

\{ pacwupaem 803MOMCHOCMU abcmpakyuu }
— 3a/ay4a A3blKa — He NpeaoTBPaTUTb ONMCaHNE Moaeen
MNNOXMUX MPOrpamm,

[ goto nododepxcusaromcs }

— 33/a4a f3blKa — pa3peLlmnTb ONUCbIBaTb TakKMe MOAENN,
KOTOopble MOryT 6bITb BepnUdULIMPOBAHDI

KOHeyYyHoe Yucso coOCmoAaHUU }



[Tpouecc BepnPpmnKaumm

Mopaenb Ha
Promela
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KawoyeBble MOMEHTbI

* Y moaenem — KOoHeYHoe YMC/I0 COCTOAHUMN
(mnoTeHUuManbHO 6eCKOHeYHbIe 3/1IeMeHTb!
mogeneu B Promela orpaHunyeHbl)

— rapaHTUpYyeT pa3peLmnmocTb BepudpmKaumu,

— TEéM He MeHee, y Moaenn moxet bbiTb beckoHe4yHoe
YMC0 BbIYUCNECHUN;

* dCMHXPOHHOE BblMNOJIHEHNE NPOLUECCOB
— HeT rnobasibHbIX YacoB,

— NO YMOIYaHMIO CUHXPOHM3ALMA Pa3HbIX NPOLECccoB
OTCYTCTBYET;



KawoyeBble MOMEHTbI

* HepeTepMUHUPOBAHHDBIN NOTOK YNpaBAeHUA
— abcTpakuma ot AeTanein peanmusaunm;

* [loHATME BbINOJIHMMOCTU ONepaTopa

— C 110ObIM OnepaTopom CBA3aHbl NOHATUA
npeaycnosua u spPekxra,

— onepaTtop BbinoaHAeTcA (npoun3soasa apPekT),
TONbKO €CAn Nnpeaycnosme NCTUHHO, B MPOTUBHOM
c/ly4ae oH 3ab10KMpPOBaH,

— Mpumep: g?m — ecaun KaHan g He NyCT, YNTAEM U3
Hero coobLleHne, UHaye XKaEM.



YcTtponctso moaenun Ha Promela

\
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Hello, world!

HemeaneHHoe MHCTaHUMPOBaHWMe

Uma npouecca

onucbiBaem TUM npoLecca (He KntoyeBoOe €/10BO)
I /

active proctype main ()
{ “” -- pazpenntenb KOmaHa,

printf (“Hello , world! \n”) d He TepMWNHa/IbHbIK CMMBOJ

paclwiMpeHne — onumMoHaNbHO

[a, 37O oyeHb
noxoxxe Ha C >spin hello.pml

Hello, world!
1 process created




Hello, world!

 OCHOBHasA CTPYKTYPHAA eaAnMHMNLA A3bIKA
Promela — He dpyHKUMA, a npoLuecc.

* Echm npouecc oanH, TO MOXHO ONMUCaTb ero
npotle:
init {

printf (“Hello, world!\n”)
}

* [lonHana popma — C ABHbIM MHCTAaHLUNPOBAHUNEM:

He Bblaensem onpegeneHue
TUNa npoLiecca

init { CO343éM NPOLECC B Xoae
run main () BbINOJIHEHMA MOAENN

}



[Tpoueccol B Promela

* [NoBeaeHMe Npouecca 3a4aETcA B 06bABNEHUM
TuNa npouecca (proctype),

* JK3emMnaap npouecca — MHCTaHLMpOBaHUE
proctype,

e [1Ba BUAQ MHCTaHLUMPOBAHMA NPOLLECCOB:

— B HA4a/IbHOM COCTOAHUUN CUCTEMDI,

npepukc active

— B NMpPon3BoJZibHOM AOCTUKMNMOM COCTOAHNN

CnNcCTteMbl.
onepaTop run



[Mpouecchbl B Promela

active [2] proctype eager()

{

run eager() ;

run eager ()

run eager () run eager|()

[1Ba npouecca MHCTaHLMPOBaHbl stop

B HA4a/1IbHOM COCTOAHWNUA
CUCTEMDbI

Kakabl npouecc MHCTaHUUpyeT
[IBE CBOUX KOMUU, a 3aTEM
3aBepLUAET BbIMOMHEHME




[Tpoueccol B Promela

active [2] proctype eager ()

run eager()

run eager ()

[Moyemy TaKaa moaesib OCTaéTcst KOHEeYHOoM?

— run — onepaTop-BblparkeHue,

— run anbo Bo3spauwaet pid HoBoro npouecca, nmbo 0, ecnun
MHCTAHUMPOBAHME He yAa/10Ch,

— Bblpa*KeHue BbINOJIHAETCS, TO/IbKO ecnn Bo3BpaLlaeT He 0,
— MaKCMManbHOEe YMC/0 NPOLLeccoB orpaHmMyeHo 255.



OnepaTop run

proctype irun (byte x)

npegonpeaenéHHas nepemeHHasa _pid

{
printf (“it is me %d, %d\n”,x, pid)

} .
MpucBansaHusa u printf

init{
BbINONIHAIOTCA BCeraa.
pid a,b;
BblparkeHnAa — ToONbKO
= i 1);
a = run irun(l) eC/IN UX 3HaYEeHMe He
b = run irun(2);

pasHO O.
printf (“I created %d and %d”, a, b)

OT1cTyn no ymon4vanuio pid+1

>spin irun.pml nosnuma Tabynaumm

it isme 1, 1

I created 1 and 2

it is me 2, 2

3 processes created
> 1 13 6 BO3MOXKHbIX YepeaoBaHU




Bsanmoaencreme npoueccos

e [1Ba cnocoba CMHXPOHM3ALMU NPOLLECCOB:
— rnobanbHble (pa3aensiemblie) NepemMeHHbIE,

— obmeH coobuieHuamu (bypepmnsoBaHHbIie UK
CMHXPOHHbIE KaHabl),

— rnobanbHbIX YaCOB HET;
e Y KaxXX4oro rnpouecca ectb JiIOka/ZibHOE COCTOAHUE.
— CYETYMK KOMaHA» (cocToAHMEe NOTOKa ynpasaeHus),
— 3HaYeHMA IOKaNbHbIX NePEeMEHHbIX;
* Y Mmoaenu B Lenom — rnobasibHoe cocToaHue:
— 3HayeHue rnobanbHbIX MepemMeHHbIX,
— coAeprKMmoe KaHanoB coobLeHun,
— MHOEeCTBO aKTMBHbIX MPOLLECCOB.



[Toyemy 4Mcao COCTOAHNUN MOAENU
KOHEYHO?

HYnucno akTUBHbIX npoueccoB KOHEYHO,

Y Kaxgoro npoLecca — orpaHM4YeHHoe YnCo
onepaTopos,

|£|,l/|al'la3OHbI TUNOB AdHHbIX OrPdHNYEHDbI,

Pa3mep Bcex KaHan0B COOOLLLEHNIN OTPAHUNYEH.



ABHAA CUHXPOHM3aUMA NPOLLEeCCOoB

bool toggle = true; P4l - /spin provided.pml | more
—3 A: cnt=1
short cnt; —»””;7

active proctype A() provided (toggle == true) A: cnt=1
{ B: cnt=0

B: cnt=0

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

toggle = false;

goto L
) [lpouecc BbINOAHAETCA,
active proctype B() provided (toggle == false) TOJ/IbKO eC/11 3Ha4veHune
{ provided clause paBHO
L: ent-- true.

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

toggle = true;

[1o ymonyaHwuto
3Ha4YeHune paBHO true.

goto L



OcHoBHble onepaTtopbl Promela

3a4at0T anemMeHTapHble Nnpeobpa3oBaHUA
COCTOSAHUMN,

PasmeyaloT Ayrn B CUCTEMe nepexoaos
COOTBETCTBYIOLLEro npouecca,

X HEMHOro — BCero 6 TMNOB,

OnepaTop MOXKeT ObITb:
— BbIMOJIHUMbIM: MOXKeT ObITb BbIMOJ/IHEH,

— 3a610KMpPOBaHHbIM: (MOKa 4YTO) HE MOXeT ObITb

BbINMOJIHEH.
BbIMO/THUMOCTb MOXET 3aBNUCETDb

OT rNob6asibHOro COCTOAHMA



OcHoBHble onepaTtopbl Promela

* 3 TUNa ONepaTopoOB YyKe BCTPeyanaunchb:

— onepartop nevatn (printf),
Bceraga 6e3ycnoBHO BbINOJIHUM, Ha ]
COCTOAIHME He BAUAET
— Oonepartop npmnceanBaHuA,

Bceraa 6e3yc/s0BHO BbINOJIHMM, MEHAET 3HAYEHUE TOJIbKO
OAHOWN NepemeHHOMN, PaCNONOXKEHHOW C1EBA OT «=»
— ONnepaTtop-BblpaKeHUNe.

BbIMOJIHUM, TO/IbKO €CNu
Bblpa*keHune He paBHO O (UCTUHHO)

2 < 3 —BbINOJHMUM BcCeraa,
X < 27 —BbINOAHUM, TONIbKO €CNun 3HaYeHune x < 27,
3 + X — BbIMNOJIHUM, TONIbKO ecnun x !=-3.



YepepnoBaHme onepaTtopos
(MHTEepANBUHT)

npoL.eccbl BbINOAHAKOTCA NapanaesibHO U
aCMHXPOHHO,

MeX Ay BbIMONHEHUEM ABYX NOC/eA0BaTeNbHbIX ONepaTopoB
OHOro npoLecca MoXeT bbITb CKOMb YroAHO AJNMHHAA Nay3a

NMPON3BOJZIbHAA ANcnetTvyepm3aumid Nnpoueccos,

BbIMOJIHEHME ONepaTopPOB Pa3HbIX NPOLLECCOoB
MPOUCXOAUT B MPOMN3BOJSIbHOM MOpPsAKe,

OCHOBHbIe Oonepatopbl BbIMONHAKTCA aTOMAPHO

B TeJie 04HOro npoLecca AonyckaeTcs
HeaeTepPMUHUPOBAHHOE BETBAEHME.



/1Ba ypOBHA HeaeTepMUHU3MA

 BHyTpeHHUM (BbIbOp AencTBUA B Npouecce),

 BHewHunM (BbIOOp Npouecca).

® ®

O

“6)(6 p—

a2

®

YepepnoBaHue
(MHTEPAUBUHT)

X, »,
QQQ




BbINONTHMMOCTb OMepaTopoB

* OCHOBHOM MHCTPYMEHT yNpaBaeHUA
BbIMOJIHUMOCTbIO onepaTopoB B Promela —
BblpaxKeHuna (expressions)

C Promela

while (x <= vy)
/* wait*/; (x >y) >y=y + 1;
y++;




[lceBao-onepaTopsl

* HeckonbKo cneundmnyeckmnx onepaTtopos:

— skip: Bcerga BbinonHUM, 6€3 adpdeKTa, IKBUBANEHT
BbipaxkeHuna (1),

— true: Bceraa BbINONHUM, 6€3 3pPeKTa, IKBMBANIEHT
BbipaxkeHuna (1),

— run: 0, ecnm npu cozgaHum npouecca npesbllleH
AMMnT, pid B NPOTUBHOM Caydae.



N ewe oguH TUN onepaTtopa

e assert (BblparkeHue)

— BCerga BbINOJIHUM, He B/IMAET Ha COCToAHUe
CUCTEMbI,

— SPIN coobuwaeT 06 owwnbke, ecnm 3HavyeHue
BbipaxkeHua pasHo O (false),

— NCNONb3YEeTCA ANA NPOBEPKN CBOMUCTB
6e3onacHocmu (COCTOAHUN).

int n;

active proctype invariant() ({ B cnny aCUHXPOHHOCTHU BbINMO/THEHUNA
npoueccos, ,ﬂ,aHHbIVI onepaTtop Mmoxet

assert(n <= 3) ObITb BbINOJIHEH B OO0 MOMEHT.




[lpumep

int x;

3Ha4YeHune nNo ymo4aHU — 0

proctype A()

inty =1; BbINOJIHUMO, €C/IU NONYYUTCH
co3aaTb npouecc B

skip;

run B() ;

X = 2; / 6yAeT BbINONHEHO, TOILKO
. ecnu gpyroun npouecc
1);

(x > 2 && y == M3MEHUT 3HaYeHMe X

printf(“*x %d, y %d\n”, x, y)



OnepaTop run

Bce BbiparkeHus 6e3 run B Promela He npuBoaAaT K
noboyHomy 3pPeKTy;

B oTan4umne ot C, B BblpaxKeHUn Promela Henb3a NU3MeHUTb
3HAYEeHNEe NnepeMeHHON;

B BblPa*KeEHMU MOXKeT ObiTb TONIbKO O4MH onepaTop run:

— run B() && run A () —moxeT b6biTb 326/10KMPOBaAH C
YACTUYHbIM 3 DEKTOM,

— ! (run B()) -—>3KkBuBaneHt (_nr_pr>=255),
— run B() && (a>b) - co3paeT npouecchl 40 Tex nop,
noka (a <=b);

Bo3BpaT 0 — Kak npasuao, ownbKa Nnpu pa3paboTke
MOJEeNN.



[loumep — ABa Npouecca

mtype = { P, C };

mtype turn = P; T

nepeyncammbl TMn (Hymepauymsa c 1)

active proctype producer

{

rno6aanaﬂnepemeHHaﬂ

no ymon4yaHuto — 0, N03TOMY MHULIMANNIUPYEM

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

}
active proctype consumer ()

{

do
Eamn = Cy>
printf (“Consume\n”) ;

turn = P
od

6eCKOHEYHbIN UMK

nocnenoBaTe/IbHOCTb BapMaHTOB
(option sequence)

MHOWMKATOP Ha4Ya/Jla nocaenoBaTe/ibHOCTU

cTpax (guard)




[loumep — ABa Npouecca

mtype= { P, 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 — orpaHunyeHume Konm4vecrBa
Laros

./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
"pc.pml" (state 4)
2 processes created



active proctype consumer ()

{

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

break — Bbixoa 13 Tena do,

1l

f

active proctype consumer ()

{

again:

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

fi;

goto again

e : else—ecnn Hu OAHa U3 aNbTeEPHATUB HE BbINOJ/IHAETCA,
¢ €eC/i BblINONHAETCA HECKOJIbKO a/ibTEPHATUB — BHyTpeHHI/II\/'I

HedeTeEPMNHU3IM

wait: if

(turn == P) -> ...

else -> goto wait

fi

(turn == P) ->...
UIN
(turn == P) ;...



[lpmep: B3aMMHOEe UCK/IloYeHune

bool busy;

byte mutex;

proctype P(bit i)

mutex++;

{ ('busy) -> busy = true; \\\\\\

printf (P%d in critsjcal section\n”,i);

mutex--;

busy = false
}

active proctype invariant()

{ assert (mutex <= 1)
} \

init {

atomic { run P(0); run P(l) }——__

[MoKa3biBaeT, YTO KpUTUYECKaA CeKLua
3aHATa

KonnyectBo NpoLEeccoB B KPUTUYECKOM
cekuunm

KAEM, NOKa KpUTNYECKaa CeKumna He
ocBoboaunTCA, U 3aHMMaem eé

NOTeHUMabHAA rOHKa:
ob6a npouecca MoryT BbI4UCINUTb
('busy) oo BbINONHEHMA
onepartopa busy = true

LlKA He HyXeH

ATOMapHbIM 3anyCK ABYX 3K3emnaapos P




3anycK BepupmnKaTopa

> ./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




MoaennpoBaHMe 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+1)]

Pl in critical section
proc 3 (P) line 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) line 6 "mutex.pml" (state 4) [printf ('P%d in critical section\\n',6i)]
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<=1))]
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 O (invariant) line 12 "mutex.pml" (state 2) <valid end state>
4 processes created




B3amHoOe UCKAKYeHue
(opyron BapuaHT)

bit x,y;
byte mutex;

CurHan o Bxoe/Bbixoae U3 KPpUTUYECcom

CeKL MM
a{‘Ctive proctype A() Yncao NPoLLEeCccoB B KPUTUYECKON CeKLMM
-> active proctype B()

{

mutex++;
printf ("%d\n

mutex--; (x == 0) ->
%x = 0: mutex++;
} prian("%d\n",_pid);

active proctype invariank
{ assert (mutex '= 2)

}

I(y == 0) o3HauaerT, uTo
B — B KpUTUYECKOM CEKLUMU




Bepndumnkauma

> ./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)




B3amHoOe UCKAKYeHue
(opyron BapuaHT)

bit x,y;
byte mutex;

active proctype A()
G
(y == 0)
mutex++;
printf ("%d\n'
mutex--;

x =0;

active proctype B()
{

(x 0) ->
mutex++;

printf ("%d\n", pid);
mutex--;

y =0

active proctype invariant ()
{ assert (mutex '= 2)

}

roHKa
€C/In 3TN onepaTopbl 6yAyT BbINOJIHEHDI
nocnenoBaTe/ibHO, Npouecchl 3ab610KNpYOT
apyr apyra (deadlock, invalid endstate)




MoaennpoBaHMe 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 "mutex2.pml" (state 1) [assert ( (mutex!
=2))1
2: proc 2 terminates
3: proc 1 (B) line 16 "mutex2.pml" (state 1) [y =
4: proc O (A) line 6 "mutex2.pml" (state 1) [x
spin: trail ends after 4 steps
#processes: 2
x =1
y=1
mutex = 0
4: proc 1 (B) line 17 "mutex2.
4: proc O (A) line 7 "mutex2.
3 processes created
>




Anroputm lNMeTtepcoHa (1981)

mtype = {AW CurHan o BxoAe/BbiXxoae U3 KpUTUyecom
bool x,y; cekuunu

byte mutex;

mtype turn = A Turn; Yncio NpoLeccoB B KPUTUYECKOM CEKLUU

active proctype A()

Yen xon?
{ x = true;
turn = B _Turn;
('y || turn == A Turn) ->
mutex++; active proctype B()
/*critical section*/ { vy = true;
turn = A Turn;
SRR ('x || turn == B _Turn) ->
x = false; mutex++;
} /*critical section*/
mutex--;
y = false;

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

}



BapuanT anropmutma Jlamnopta (1981)

/ Yen xopn,?
byte turn[2];

byte mutex; Y1c0 NPOoLLECCOB B KPUTUUYECKOWN CEKLUK

active [2] proctype P()

{ bit i = pid;

L: MOXeT I aNropuUTMm A40CTUYb
turn[i] = 1; / MaKcumasbHoro i = 2557
turn[i] = turn[i+l];

(turn[1l-i] == 0) ||

(turn[i] < turn[l-i]) ->
mutex++;
assert (mutex == 1) ; byaeTt nm anroputm KOppPEKTEH, ec.nm npu

AOCTUXKeHUN 255 obHyNATL i?
mutex--;
turn[i] = O;
goto L;



OcHOBHble onepaTopbl A3bika Promela

* npucBanBaHME: x++, x--, x =x + 1,
X = run P();
* BblpaXeHUne: (x), (1), run P(),

skip, true,
else, timeout;

°* nevyaTh: printf (“x = %d\n”, x);

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



[MocheaHue ABa TMNa onepaTopos

Promela
OTNPaBKa U NPUEM COODLLEHUM
S2r —
—————— >— — — — —>
sender receiver
<— — — — — < — — — — — —
- r2s
s2r!msg ~ -
T~ - s2r?msg
_ - r2s'ack
r2s?ack <& B
| — oTNpaBKa,
? - MPUEM




KaHasbl coobLleHni

e CoobLleHunA nepegatoTca Yepes KaHanbl
(ouepegmn/6bydepa orpaHMYeHHOro o6bEMA),
°* KaHa/bl ObIBAIOT ABYX TUMNOB.
— bydepunsoBaHHble (ACUHXPOHHbIE),

— H86y¢epM3OBaHHble (CVIHXpOHHbIe, paH,u,eBy);



KaHasbl coobLleHni

* Npumep ob6BbABNEHUA KaHaNa:

UMA TUMA NMMA I'IGpEMEHHOVI

\ / UHMUMaNn3aumnAa
~ — Ty

chan x = [10] of tint, short, biE};

—

CTPYKTYpa nepecbiNnaemblxX
coobLeHnmn
(cnMcok MMEH Tunos
nonen coobuweHunn)

MaKCMMAJIbHOE YUCNO
coObOLEeHNN B KaHane;
O 3apaéetT paHAaeBy




KaHasbl coobLleHni

* Npumep ob6BbABNEHUA KaHaNa:

HeEUHNUNATN3INPOBAHHAA
KaHa/ibHaA rnepemeHHan a

/

chan a;
chan ¢ = [0]

KaHan ¢ Tuna «paHaeBy»

/

of {bit};

chan toR = [2] of {mtype, bit, ch

chan liii}Z]

MaCcumB U3
ABYX KaHa/10B

NOJZIb30BaTe/NIbCKUN TUN

n};
= [1] of/iﬁfzggi/recjvd};

KaHa/ibl MOXHO
nepenasartb Mo
KaHa/1laM




Ob6baBneHne mtype

(mtype = message type)

* cnocob onpeaennTb CUMBOJIbHbIE KOHCTAHTbI
(po 255),

° 06-bﬂ B/IeHue mtype. B UTOre ob6vABAseTcA 6 KOHCTAHT

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

* 06BbABNIEHUE NEPEMEHHbIX TUNa mtype:

—
mtype a; HEMHULUMANN3UPOBaAHHAsA, 3HaYeHne 0

mtype b = foor\\\

3HayeHue Bcerga ot iM4Ho oT 0




OTnpaBKa 1 NPUEM COODLLLEHUN

* OTnpaBKa: ch'expr,, ... ,expr,
— 3HaYeHUA expr; AO/I}KHbI COOTBETCTBOBATbL TUMaM B
0b6bABNEHUM KaHaNa;

— BbINOJIHUWMA, €C/IA 3aﬂ,aHHbIIZ KaHa/1 He NOJIOH,

°* npuem: ch?const, mmm var,,..,const,Z unm var,d

— 3Ha4yeHKA var; CTaHOBATCA PaBHbl COOTB. 3a4EHUAM NoJen
cooblweHus;

— 3HayeHuA const; orpaHNYMBalOT AONYCTUMbIE 3HAYEHUA
nonewu;

— BbINOJIHUM, €CNN 33 aHHbIN KaHan He NYCT 1 MepBoe

coobuleHne B KaHa/ie COOTBETCTBYET BCEM KOHCTaHTHbIM
3HaYeHUAM B onepaTope Npmnéma coobLueHua.



OTnpaBKa 1 NPUEM COODLLLEHUN

* Npumep:

#define ack 5

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

ch?ack, segno ch?ack (segqno)



ACMHXPOHHAA Nnepenadya coodbLWweHnIn

aCUHXPOHHble cooblieHun bydpepunsytoTca ana
nocneaytoLero npnuéma, Noka KaHana He NOJOoH,

oTnpasuTeNb 6NOKUpPYeETCs, Koraa KaHan noJsioH,
noay4vartenb 610KMpyeTca, Koraa KaHan nycr.

g'ml
Y
/
g'm2 , m3
m2
/ m1l
g'm3 — ——

, > qg’ml
|
g’m2

g?m3



CUHXPOHHAA nepenaya coobLLeHnM

€MKOCTb KaHana paBHa O:

chan ch = [0] of {mtype};
nepegaya coobweHnn MeToaoM «PaHOEeBY»;
He XPaHUT coobLLEeHNS;

oTnpaBuTeNb BNOKNPYETCA B OXKMAAHUN NOAyYaTeNnsa, u
HaobopoT;

OTNPaBKa U NPUEM BbINMOJIHAOTCA AMOMAPHO.



[Mpnumep: moaenmpyem 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;



[pyrmne onepaumm c KaHaliamm

len (g) —BO3BpaWaAET YNCAO COOOWEHNN B
KaHane,

empty (q) —BO3BpallaeTtrue, ecam g NycrT,
full (g) —Bo3Bpawaertrue, ecam q NONOH,

nempty (q) —sBmecto 'empty(gq) (B
Luenax ontTMmusaummn),

nfull (g) —smecto !'full (gq) (B uenax
ONTUMM3ALNN).



Onepaunm co CKobkamum

eCTb /I B KaHa/ie noaxoaatliee
* g?[n,m,p] coobuweHune?
— byneBo BblparkeHne 6e3 NoboYHbIX 3 PeKTOB,

— paBHO true, TONbLKO KOrga g?m, n, p BbIMOJHUMO, O4HAKO He
B/IMAAET HA 3HAYEHMUA N,M,P N HE MEHAET COAEePKMMOe KaHana q;

LUMPOKOBeLLlaTeIbHbIA KaHan
* g?<n,m,p> P U-L

— BbINMOJIHUMO TOr4da *Ke, Koraa u q?n,m,p; B/IMAET Ha 3Ha4YeHWUA
Nn,M,P TaK e, KakK U q?n M, P, 0O4HAKO HE MEHAET COAEPKMMOE (;

* g?n(m,p) oTaenaem Tun coobuieHmnsa oT NnapameTposB

— BAPMaHT 3anMcu onepatopa npnéma coobuieHmsa (T.e. g?n,m, p),
— MOXET UCMN0/1b30BaTbCA ANA OTAE/IEHUA NEePEMEHHOM OT KOHCTaHT.



Ob6nacTtb BUANMOCTN OODBABAEHUS
KaHa/ia

* NMSA KaHana moKeT ObiTb NOKaAbHbIM UK TN0baNbHbIM, HO
KaHan cam no cebe — Bceraa rnobanbHbIN OOBEKT.

chan x = [3] of { chan };— rnobanbHan nepemeHHas, BuaHa A n B
active er HEUHULMNANN3NPOBAHHbIN NOKa/NbHbIN KaHan
{ chan a;
x?a nosyyaem naeHTMGUKaTop KaHana oT npouecca B
a'x

MCMNMosib3yem ero

NHULNANN3UPOBAHHDIN JIOKA/IbHbINA KaHan

active proctype B()

{ chan b = [2] of { chan };
<1b - oTnpasssem npoueccy A uaeHTMGUKaTop KaHana

b?x;

3Ha4yeHne X He U3SMEeHUNT0Cb

0

y T

ecnn B ympér, kaHan b ncyesHer!




Ocobble cnyyam:

ynopsaaovyeHHasa oTnpasKa, CZIYy4auHbIN MPUEM

¢ q! 'n ;MM ,P -—aHanornyHo q!ln,m,p, Ho coobLieHne n,m,p
nomeLllaeTcsa B KaHaa Cpa3y 3a NepBbiM COOOLWEHMEM, MEHBLLUUM
n,m,p;

* g?7?n,m,P - aHanornMuHo ?n,m,p, HO U3 KaHana MOXKeT
6bITb BbiIOpaHO N0boe coobuieHne (He ob6A3aTeNnbHO nepsoe).

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

ql!!2;
q?x->printf (“%d\n”,x) ;
q?x->printf (“%d\n”, x)



OcHoBHble TUMNbl AaHHbIX Promela

Tun

bit

bool

byte

chan

mtype

pid

short

int

unsigned 0..2"-1

Avnana3oH
0..1
false..true
0..255
1..255
1..255
1..255
-215.2159
-231,231

Mpumep ob6bvABNEHUA
bit turn = 1;
bool flag = true;
byte cnt;

chan q;

mtype msqg;

pid p;

short s

= 100;
int x = 1; /
unsigned u :-73;

3 6buTa,
0..7

Mo YMONYaHUIO Bce 0O6beKTbl (M IoKanbHble, U rnobanbHble)

NHULMANU3UPYIOTCA HYNEM;

BCE NepemMeHHble A0/1XKHbl ObITb 06BbABNEHBI 40 NEPBOro
MCNO/Ib30BaHUA;

nepemeHHaa MoKeT bbiTb 06bsABNEHA rae yrogHo.




OcHOBHbIe TUNbl AaHHbIX Promela

B Promela HeT aenctBuTenbHbIX YMCEN, YNCEN C
NaBaloOLLLEN TOYKOU U YKa3aTeneun. ITOT A3bIK
npeaHa3HayYeH A9 ONUcaHMA B3aMMOAEenCTBUA
0OBEKTOB, a HEe A1 ONUCAHUA BbIYNCNEHUMN.




Maccusbl U NO/Z1Ib30BaTeNbCKUe TUN.LI
NAHHbIX

OaHOoMepHble MaccuBbl:
byte a[27];
bit flags[4] = 1;

* BCE 3/IEMEHTbl MAaCcCUBA MHNLMANUINPYIOTCA OAHUM 3HAYEHUEM,
* unHAeKcbl Hymepytotca c 0.

— Knr4yesoe C/10B0O

Nonb3oBaTtenbckue TMNb . o

typedef record { MMA NONb30BATEIbCKOrO TMMa

short £f1,—

I no ymos4vaHuio O
byte £f2 = 4;
} — 06bABNEHME NepeMEeHHOM
| HOBOrO TUNa

record rr;

ff.f1 = 5; CCbI/ZIKA HA 3N1EMEHT CTPYKTYPblI




Ewé oamH cnocob obbasneHus
MaCCUBOB

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

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

UIun

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

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

Mepepn pa3bopom Bce moaenn nporoHaoTcs yepes npenpoueccop C
(noppeprkuBatotcs #fdefine, #if, #ifdef, #ifndef, #include)



BbluncneHue BbiparkeHnmn

* 3HauyeHune Bcex BblpaXKeHUM BbluMcnAaeTcA B Hanbonee
LUIMPOKOM Amnanas3oHe (int);

B NPMUCBanMBaHNAX U Nnepeaaye COO6LI.I,€HMVI 3Ha4YeHUA
NPUBOAATCA K uenesomy Tnmny nocise BblI4MNCINEHUA.

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

{ byte x; OwwnbKa
short y = 1024;
chan a,b;
mtype p; [MpeaynpexneHune —
noTepa AaHHbIX
a=a + /
x = 257; MpeaynpexaeHue —
X =Y, notepa AaHHbIX
p =y/8 \
} CoobuweHuna ob ownbke He byaeT




Ob6nacTb BUAMMOCTN OOBEKTOB AAHHbIX

* TonbKo ABa YPOBHA BUAUMOCTMU:

— rnobanbHbIN (AaHHbIE BUAHBI BCEM aKTUBHbIM
NONb30BaTENAM),

— NOKanbHbIM (AaHHbIE BUAHbI TOJIbKO OA4HOMY NpoLeccy)

* nopgobnacten (Hanp. ans 610KOB) HeT,
* /IOKa/NbHaA NepemMeHHas BMAHa Be3je B Tese npouecca.

active proctype main ()

{ int X, Y/

{ / OwwnbKa, noBTOpHOE 0O6BABNEHUE Y

int y, z;

x++; y++; z++ MepemeHHan z BCé ewwé BnaHal
};

printf (“y=%d, z=%d\n”, y, z);
}



[1OTOK ynpasaeHnAa npouecca

* 5 cnocoboB 3a4aTb NOTOK yNpaBAeHUA:
— nocnepoBaTenbHaa Komno3unuua (Y ; ), metkn, goto,

— CTPYKTYpU3aumusa (makpocbl 1 inline),
— aToOMapHble nocneagosaTenbHOCTM (atomic, d_step),

— HeJeTePMMUHUPOBAHHbLIN Bblbop 1 ntepaumun (1 £. . £i,
do. .od),

— escape-nocnepoBatenbHoctT ({ . . . Junless

{...}).



MaKpocbl — npenpoueccop cpp

* Mcnonb3yeTtca Ana srkatoYeHmnAa ¢annos u
pPa3BOpPa4YNBaAHUA MAKPOCOB,

* BapunaHTbl UICNONb30BaAHUA:

#define MAXQ 2
— KOHCTAHTbI chan g=[MAXQ] of {mtype,chan};

(anbTepHaTMBa: spin —-DMAXQ=2 ...)

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

#define LOSSY 1

— YC/IOBHbIN KOO, ... #if 0
#ifdef LOSSY COMMENTS
active proctype D() #endif

#endif



MaKpocbl — npenpoueccop cpp

* MuHycbl:
— MMeHa MaKpPOCOB He BUAHbI B NAdpPCEPE,
— MMeHa MaKpOCOB He BUAHbI NP1 moae1npoBaHNMN,

* BapuaHThbI:
— MCNO/Ib30BaTb Mtype ANns onpeaeneHns KOHCTaHT,
— MCNO/ZIb30BaTb APYron npenpoueccop (Kntoy -P),

* 1nline-onpeaeneHus.



inline-onpeaeneHunA

* cpefHee mexXay MaKpoCcoMm U Npoueaypon,
* MMEHOBaHHbIN ppParmeHT Koga C NapameTpamu,
* He GPYHKLUMA — He BO3BpaLlaeT 3Ha4YEeHuUA.

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

#endif b = tmp

}



HepneTepMUHUPOBAHHbLIN BbIOOP

if
: :guard; -> stmnt, ;;stmnt, ,;stmnt, ;;
: :guard, -> stmnt, ;;stmnt, ,;stmnt, ;;

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

e onepaTtop if BbINOJAHUM, €CNn BbINOJHUM XOTA Obl 0AUH U3
CTpaXKewn,

* eC/IM BbINOHMMO HBonee oaAHOro CTpaXKa, TO A1A BbIMOJIHEHMUA
BblOMpPaeTca OAMH U3 HUX HEAETEPMUHUPOBAHHbIM 06pPa3om,

* eC/IM HX OAMH N3 CTPAXKEeMN HEe BbINOJHUM, BbIMOJIHEHME
onepaTtopa if baokmnpyetcs,

* B KayecTBe CTParka MoKeT ObITb NCMO/Ib30BaH Nt0b60M
oneparop.



Ewe no 1£f

/*mueM MakcuMyM cpemu X u y*/
if

X >y ->m
X <=y ->

=)
i
X

fi

/*cnyuanumt BoG6Op umcina 0. .3*/
if

o B o g o i o
inu

I
WN KRrO

fi

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

else /* -> skip */

BbIMNO/IHAETCSA, TO/IbKO €C/IN HE
BbIMO/IHAETCA HN OAUH U3
CTparkeW

LTS




BbipaXkeHne else

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

* B oT/InumMe ot C, ecnu else oTcytcTByerT, TO
BbiNO/IHEHWE BAOKUpYeTCA,

* T.e. BCE BapWaHTbl BbINOJIHEHUSA onepaTopa if
N01XKHbl 6bITb ABHO BbINMMUCaAHbI.



CneuynanbHble Bblpa*KeHnAa u

nepemeHHble
else —true, ecim HM OAMH oNepaTop
npouecca He BbINO/IHUM,

timeout —true, ecan HM 0AMH OonepaTop
MmoAeNnu He BbIMOJIHUM,

__ —nepemeHHad, 40CTyMNMHaA TOJIbKO MO
3dMnCnU, 3Ha4eHne He COXPaHAET,

_Pp1d —HOMep TeEKYLLEro npouecca,
_nr pr —4YuUCN0 aKTUBHbIX NPOLLECCOB.



OnepaTtop do

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

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

* B KayecTBe CTpa)a MOXeT ObITb MCNONb30BaH
ntoboun onepaTtop,

* paKTHU4ecKun, ato onepatop if, BbiInoAHAEMbIN B
LMKNe

* N3 UNKIA MOKHO BbINTM TONIbKO NPU MOMOLLMU
break n goto.



OnepaTtop do

e XKOém, noKa He HacTynuT momeHT (a==b)

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

* BCE TPU PpParmMeHTa SKBUBANEHTHbI



Alternating Bit Protocol
(Bartlett u ap., 1969)

e [1Ba npouecca, oOTNPaBUTeNb U MOJYy4aTEND;
* K Kaxkgomy coobuleHuto nobasnaerca oamH bum;

* [MlonyyaTtesnb coobulaeT o AOCTaBKe coobLWeHUs,
BO3Bpallaa buUT oTnpasBuTento;

 Ecamn otnpasutenb yoeanncsa B A4OCTaBKe
coobLeHus, OH OTNpPaBAAET HOBOE, U3MEHASA
3HayeHue buTa;

* Ecnm 3HayeHmne 6UTa HE N3MEHUNOCH,
noay4yaTesib CYUTAET, YTO MAET MNOBTOP
coobleHus.



dyHKuMA eval()

OTobparkaeT TeKylee 3Ha4YeHUE X
Ha KOHCTAHTY, KOTOPAas CAYXUT
OorpaHMyYyeHuem gaa
NPUHUMAEMbIX COODLLEHNI

ch!msg(12)
ch?msg (eval (x) )

CoobuieHune byget NpUHATO, €CN 3HAYEHUE NePEeMEHHON X paBHO 12




Mopaenb Ha Promela

sg, ack}; S
%2] of {mtype, bit}; msg (0)
[2

] of {mtype, bit}; < ack (0)

msg (1) >
active proctype sender () < ack (1)
{ bit seqno;
do
s _r!msg,seqno ->
if

chan s r
chan r s

mtype = {m

r s?ack,eval (seqno) ->
seqno = 1 - seqno; CunTbiBaem HoBoe coobuieHmne
r s?ack,eval (1-seqno)

£i
od
}

active proctype receiver ()

{ bit expect, seqno;
do CoxpaHAaem coobuweHune
s r?msg,seqno ->
r_s'lack,seqno;
if
seqno == expect;
expect = 1 - expect
::else
£i S
od

NrHopupyem coobuieHue




3anyckaem moaennpoBaHue

>./spin -u20 -c abp.pml
proc 0 = sender
1 = receiver
0 1
s_r'!'msg,0
s r?msg,0
r:s!ack,O
r s?ack,0
s _r!'msg,l
s_r?msqg,1l
r slack,1

#processes: 2

queue 1 (s _r):
queue 2 (r s):
20: proc 1 (receiver)_line
"abp.pml" (state 7)
20: proc O (sender) line
"abp.pml" (state 7)
2 processes created

19

Mopgenunpyem nepsble 20 waros




Bepudmnkauma no ymony4aHuio

>./spin -a abp.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 44 byte, depth reached 13, errors: 0
14 states, stored
1 states, matched
15 transitions (= stored+matched)
0 atomic steps
hash conflicts: 0 (resolved)

2.501 memory usage (Mbyte)

unreached in proctype sender
line 15, state 10, "-end-"
(1 of 10 states)
unreached in proctype receiver
line 27, state 10, "-end-"
1l of 10 states

Yem n Kak npoBepsaem?
Kakune cBonctBa?

MpoaenaHHana paboTa

Mcnonb3lyemaa namaTtb

Ob6HapyxeH
HEeJOCTUXNMbIN KO,
(npoueccobl He
3aBepLuaroTCcA)




[padmnyecknn nHTEpPemnc xspin

. =x Sequence Chart "

" == SPIN CONTROL 4.3.0 -- 22 June 2007 :::: [=11E3

File.. | Edit.. | View.. | Run..| Help | SPIN DESIGN VERIFICATION Line#:|4 Find:|

_:|mtype = {msq, ack};
chan s_r = [2] of {mtype, hit};
Ilchan r_s = [2] of {mtype, hit};

active proctype sender()
hit seqno;

s_tlmsg,seqno ->
if
r_s7ack,eval{(seqno) ->
seqno = 1 - seqno;
:r_s%ack,eval(1-seqno)
fi
od

}

active proctype receiver()
{ hit expect, segno;
do
© §_r7msg,seqno ->
r_slack,seqno;

if
Ioeimbadddl -~ Simulation Output “IDIC1ES
Search for: | Find
~ 155 proc 0 (sender) line 11 "pan_in" (state 3) [segqno = (1-seqno))
156: proc 0 (sender) line 14 "pan_in" (state 6) [-{goto)]
157 proc 0 (sender) line 15 "pan_in" (state ) [(goto)]
158: proc 0 (sender) line & "pan_in" (state -) [values: 1Imsg,0]
158: proc 0 (sender) line 7 "pan_in" (state 7) [s_r'msg,seqno]
159 proc 1 (receiver) line 22 "pan_in" {state 5) [else]
160: proc 1 (receiver) line 26 "pan_in" (state 6) [-(goto)]
161: proc 1 (receiver) line 27 "pan_in" {state 8) [-{goto)]
162: proc 1 (receiver) line 20 "pan_in" (state -) [values: 17msg,0]
_, 162 proc 1 (receiver) line 13 "pan_in" {state 7) [s_r?msg,seqno]
/i v
Single Step ’ Run | Save in: | sim.out Clear l Cancel L
| 1




[MpocTpaHcTBa cocToAHUM B SPIN
(«oTnagKa» npouecca BepnpuKkaumm)



[lone3Hble MHCTPYMEHTDI

° ﬂpOCMOTp NPOCTPAaHCTBA COCTOAAHUW:
— MNapamMeTpbl KOMNUAAUNNU Pan.c:
e -DCHECK — BbIBOAUTb NOPAAOK 06X04a NPOCTPAHCTBA COCTOAHMUM
 -DVERBOSE -DSDUMP — BbIBOAUTb BEKTOPA COCTOAHUMN
* -DBFS — 06xopa, B wWnpuHy (yaobHee ana aHanunsa)

— NapameTpbl 3anycKa pan:
* -d —BbIBOA, rpados npoueccos (state — Homep onepaTopa)
* OTKIOYEHME ONTUMMU3ALNN:
— napameTpsbl spin:
* -0]1 — oTKNOYEHUE ONTUMUN3aAUNUN MOTOKA AaHHbIX,

* -02 — OTK/ItOYEHWNE YAANNIEHUSA MEPTBbIX MEPEMEHHbIX,
* -03 — OTK/IlOYEHUE C/INAHNA COCTOAHUN

— NapameTpbl KoMmnnaaumu pan.c:
* -DNOREDUCE — oTK/ito4eHMe peayKLuMmM YaCTUYHbIX NOPALKOB



ObpaTnTe BHUMAHME:

MHULUMANN3ALUMA NePEMEHHON (int x = 1) He
CYUTAETCA AEeUCTBUNEM;

nopokageHue (run) n 3aBepLieHue npouecca —
NencTeumA,

— NMPW NCNonb3oBaHUK active B HAYa/IbHOM COCTOAHUM
NPOLLECC YXKe 3anyLleH,

— He TO/IbKO TEPMUHA/IbHOE COCTOAHUE, HO U
TepMUHaNbHOE aencrteue -end-;

NPOLLEeCcCbl MOPOXKAATCA B CAYYAaUHOM NOPAAKE,

HO 3aBepLIAlOTCA B TO/IbKO NopAaaKe, obpaTtHOM

nopagky nopoxaenua (LIFO);

NpPoOBepKa CTparka BeTB/IeHNA — AencTBuUe.



Cnacmbo 3a BHMMaHue!

* Bonpocsbl?



