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[oT, kubepdusnieckne cucrembl u VMHIYyCTPHUS 4

Mogenu Kubepdu3naecKux CUCTEM:
o Kubep-uacTh: gucKpeTHasi CUCTEMA IIEPEXOIOB;
o QusnyecKasl 9aCTh: HEIPEPBIBHAA (PUINIECKAT MOIED.

Cucremuaga gactb — embedded OC!
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Oto sunienzupyemas 1o BSD orkpeitas OC, B HEKOTOPOil Mepe
cooTBercTBYyIOMas cranmapram [10 s aBuonnkm, ObLIA
cO3/IaHa B HAYTHO-MCCTIEIOBATEIHCKOM HHCTUTYTE BO PpaHim B
kadectBe nuccepranuu Julien Delange, nesn coznanus —
TMPUMEHUTDH WHXKEHEPUIO Ha OCHOBE MOje/eil /IJIsT OTIMCaHMsT
KOH(UT'YPAIUU CUCTEMBI:
@ 3T0 OTIMYHEIN proof-of-concept, cocrosmuit u3 siapa u
MHOXKECTBa ITPUMEPOB;
o uactuuno coorBercTByeT ARINC 653 crammapry real-time
OC 1151 6OPTOBBIX CHCTEM;
@ 3alIUIICHHbIC ITapTUIIUN C pa3/ie/IeHneM BPEMEHN U ITaMATH,
@ real-time MIAHUPOBITUKY C BO3MOXKHOCTBIO 33 IAHUS
pasIMYHBIX CTpaTeruil IIaHMPOBAHUSI JBYX BUJIOB: (a)
JIAHUPOBIIUK TapTuiuii (b) MIAHUPOBIIKK MIPOIECCOB

BHYTPH NapTUIUIN.
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Cxema BHyTpenHneit apxutekTypbl POK

PPC

* ARINC 653-comectumoe API mossosisier paboraTh ¢
[MapTUIUSIMY, IIPOIIECCAMU, TPUMUTHBAMU, IIOPTAMU, OYepPeIsIMU
1 COOOIIEHUSIMU CTAHIAPTUINPOBAHHBIM CIIOCOOOM. 4/37



SPIN u Promela
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Model Checking ¢ momomipio SPIN

@ SPIN — 510 cBOGOIHAST YTHIUTA JJIsI [IPOBEPKU
KOPPEKTHOCTH MOJIENIENl pacipeIeIeHHBIX TPOrPaMM.
Aob66pesuarypa SPIN osnagaer Simple Promela INterpreter
(mpocroit nrTepupeTaTop sA3bIKa Promela).

o Cucrema SPIN Bepuduiupyer He caMu IpOrpaMMbl, a UX
MOJIEJIH.

o st mocTpoeHuns MOZeI OPUTMHAJILHON IapaJlIe/IbHOR
IPOIPAMMbl UJIM aJITOPUTMA, WHKEeHep (0ObIYHO BPYUHYIO)
CTPOUT TaKyIo Mozesb Ha C-11og00HOM BXOIHOM SI3BIKE,
HasbiBaeMbiM Promela (PROtocol MEta-LAnguage).
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Model Checking ¢ momomipio SPIN

Aprop SPIN Gerard J. Holzmann
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SPIN u Promela
0080

Model Checking ¢ nmomornipio SPIN

C kuwuroit “Kapmos FO.I'. Model Checking. Bepudukarus
apaJijieJIbHbIX U PaCIIPeJIeJIEHHBIX MPOIPAMMHBIX CHCTEM Ha

MI'Y
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SPIN u Promela
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Promela

Iiist dpopMasinsanuy HaIuX 33349, HaM IOHAI00sITCs
CJIeIyIoNne 0CODEHHOCTH s13bIKa Promela:

@ OH SIBJISIETCS AKTOPHBIM (IIPOIIECC- U
COODIIEHNEe-OPUEHTHPOBAHHBIM ) SI3BIKOM;

@ OH CIenuaJbHO NPEeJIHA3HAYEH JJId ONMMCAHNAS IIPOTOKOJIOB U
B3aMMOJCHCTBYIOIINX CUCTEM;

o on umeeT C-CTHUIM3UPOBAHHBIN CHHTAKCUAC W THUIIBI JTAHHBIX
OI'PaHUYEHHOI'0 pa3Mepa;

@ umMmeroTcs inline-pyHKINM, MOX0XKKIe Ha Makpochl B C;

® MMeeTCsl BO3MOXKHOCTD OICAHHS CBOUX THUIIOB (C
ucnonbzoBanueM typedef kak B C);

@ mMeroTcd “atomic’-ceKnmu M1 MOJAEINPOBAHNs Ko1a 6e3
BO3MOXKHOCTH TIEPEKJIFOUEHUsT IIPOIECCOB BHYTPHU CEKIINM.
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u Prom ITpumep rparuposanue A BaKJII0YeHHeE
@00 OO0000000C O O

[Ipumep nyis n3ydenus

e\
pok_thread_create (1) return=0
pok_thread_create (Z) return=0
I will signal semaphores
: pok_sem_signal, ret=0
I will wait for the semaphores
: pok_sem_wait, ret=0
thread create returns=0
: begin of task
: begin of task
: begin of task
: begin of task
: begin of task
: begin of task
: begin task
: begin of task
I will signal semaphores
: pok_sem_signal, re
I po. em_wait, ret=
: begin of task
: begin of task
I will signal semaphores

MunumasbHbiil ipuMep KimenTckoro koma POK, paboraroriero
B MapTUIUsX, 3amyiieH B cpeae QEMU.
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[Ipumep g n3ydenns

Jluctunar 1: MHOrOmOTOYHBIN TpuMep

void+ pinger job ()

{

pok ret t ret;

while fl)
printf ("P1T1:_I_will_signal_semaphores\n");
ret = pok_sem_signal (sid);

printf ("P1T1:_pok sem signal,_ret=%d\n", ret);
pok _thread sleep (2000000);

@ 9TO peayibHO MUHUMAJIbHBII IPUMED MTOBEIeHUsI
naprunupoBaraoit OC;

@ OH COJIEPYKUT MHOITOTOYHOCTD, HECKOJILKO MAPTUIINH, a
TaKzKe IPUMUTHUBBI OJIOKUPOBKH U 3aCHIIAHUE MTPOIECCOB,
MTOITOMY TIOJIXOIUT JIJIS MOJICTUPOBAHUST aJITOPUTMOB
JIMHAMMYECKOTO [LJIAHUPOBAHUS.
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Monensb g MUHIMAJIBLHOTO TP

proctype threadP1Tl (short myPartTd; short myThreadld) {
do

:1 (osLive 1 -
atomic {

if ::(currentPartition myPartId

&& currentThread == myThreadld && currentContext.IP ->

{
pok_print (P1T1_I will _signal semaphores)
currentContext.IP+
)
else ->
if ::(currentPartition == myPartld &&
currentThread == myThreadld && currentContext.IP
{
pok_sem_signal (sid, currentContext.r0);
currentContext.IP++;
)
lse ->
if ::(currentPartition == myPartld &&
currentThread == myThreadld && currentContext.IP == 2) ->
{
pok_printf (P1T1_pok_sem_signal ret, currentContext.r0);:
currentContext.TP++;

}

lse ->

if ::(currentPartition == myPartld &&

currentThread == myThreadld && currentContext.IP == 3) —>
{

pok_delay (2000) ;

currentContext.IP = 0

}

J+ inf loop +/

lse -> skip;

fi
£i
£i
£i
}

else -> break;

od
) 11/37
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CsoiicTBa MOJeJIM MIHUMaJILHOI'O KOda

o /I KaKIoro mpoIiecca B CUCTEME CO3IAeTCs
COOTBeTCTBYIONMiT poriecc B Promela.

o Jlist Bcex cBOMX BBIUMCJIEHUH, JAHHBIN IIPOIECC TOJIKEH
HCIIOJIb30BaTh JaHHbIE U3 IIePEMEHHbBIX-PDETUCTPOB U3
TEKYIIEro KOHTEKCTA.

o Ilocite KaK10r0 3HAYUMOIO JEHCTBUS yBEJIMIUBACTCS
peructp IP.

o Kaxknprit omepaTop BeIOIHsIETCSI B omepaTope “switch” mo
peructpy IP, TekyimeMy mpoleccy U TeKyIei IapTHIIH.
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Omnpeiesienne MOJeIN JaHHBIX

Partition Thread
~threads <> " |-context
~threadsCount 1 -t\rnr_‘;pa(:PQrThrudQ—]‘ ‘Context
-timeSpacePerPartition -wakeUpTime 1 -1P
~threadCount -id -sp
-schedulingStrategy -partition -r0
-mainThread -prior -rl

-rate -r2

*

1

System Semaphore
-partitions . |-theadsAwaiting

hores -maxCount
-currentPartition | 1 —currentCount
-currentThread -threadAwaitingCount
—currentContext

1337
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Omnpeiesienne MOJeIN JaHHBIX

Y106 CMOZE/MPOBATS BHITOHEIHE KO, ME! SBHO BBOTMM PETHCTPHI TIPOILECCOPA
KaK mepemermbic Promela W NOMEIIaeM MX B TCKYIWl KOHTEKCT BHIIOTHCHNS,
KOTOPELI{ MMHTHPYET OXUH HPOLECCOp C CTO MAMSTHIO. B NepEyio ouepels 510
perHeTp A yKasatens Texymeii mictpyxim (IP), peructp crexa (sp)  HECKOTHKO
apumeTiuccKix peruetpos (0-m), cat. JTucrinr 3:

typedef Context (

int 1 //instruction pointer
int //stack pointer - for further modeling
int //arithmetic registers

int

int

Jlucmunz 3. Modesn cocmosnus mexyujezo npoecca
IP HCnOTB3yeTCs A PErMCTPa NOTOKa BRNOMHERHs B mponecee (cM. Jlucrunr 2),
APHOMCTHICCKHE PETHCTPH JOKHEI HCTOABIOBATECS B BEMHCICHHSAX, SP

. Gyaymero HATDHMED, VIS MOIETHPOBANHS
TOKATBHOY IIAMSTH, TPOIIEAYP 1 TIEPE/Iatit IAPAMETPOB. 3TEM M BKITIONACM TaKOi
KOHTEKCT B Onpezenerie noToKa (cw. JlncTimr 4):

Context context; //thread context to save
short timeSpacePerThread; //count of ticks to thread work

bit isLocked; //1 if it has been locked on a semaphore
int wakeUpTime; //wake up time to schedule using sleep
short id; //unique thread id

short partition; //number of parent partition

short prior; //for further model with priorities
short rate; //current execution time - for rms

ucmune 4. Onpederenue dannix 01 nomoKos (kuenmexux npoyeccos).

Torox CBOHM u
BpeMetieM PaGOTH B THKAX, PACCHHTHIBACMEIX [UIAHHPOBUIMKOM. B KOHIE KOHIIOB,
MbI IPE/ICTABIACM ONPCCTICHHE PA3CTa, Kak MoKasano B Jlucrunre S:
typedef Partition (

short timeSpacePerPartition; //count of ticks to run

short threadCount;

Thread threads [MAXTHREADS); //threads of this partition
short schedulingStrategy; //type of sched for threads
short mainThread; //first thread to run

Tuemune 5. Onpederenue dannix 013 pasderos (napmuyua

14/37
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MopenupoBanne IaHTPOBITIKA

Jl1s1 IepBOI UTepaIyy MOJIETUPOBAHUS, TPEACTABIM
HPOCTEHINNHA HeJeTEePMUHUPOBAHHBIN IIJIAHUPOBIINK, KOTOPBINA
CIy9aiiHO BHIOMPAET MAPTHUIUIO U IIPOIECC BHYTPH HEE, CM.
JIuctunr 6:

proctype schedNonDeterministicInstance() {

i realTime < MAXTIMESIM -> {
atomic {
saveCurrentContext () ;

//non-deterministic partitions scheduler
if

::true -> currentPartition = 0;

::true -> currentPartition = 1;

£i

if
::(currentThread == 0) -> currentThread = 1; //stub
:: else -> currentThread = 0;

fi

realTime++;
restoreCurrentContext ();
}
)

i else -> {
printf(“Simulation time is over!\n");
osLive = 0;
break;
1
od

Listing 6. Simple scheduler that peaks random partitions and threads. 15 /37
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MopenupoBanne IaHTPOBITIKA

o [lrarmpoBmuk paboraer Kak mporecc Promela; on
AKTUBUPYETCS B HEKOTOPOE CJIydaiiHOoe BpeMs.

@ Bpemst paboThl CHCTEMBI OIPAHMYEHO KOHCTAHTOM, TEKYIIee
BpeMs cuuTaercd B nepementoil realTime, To ecTb Mbl
yBe.HI/ILII/IBaeM TeKymee BpeMd B OJJTHOM MecTe, Korjga
AKTUBHU3UPYETCsl [IPOIECC MJIAHMPOBIIHKA, (COOTBETCTBYET
006paboTKe IPEPBIBAHUN OT AIIAPATHOTO TaliMepa).

e Maxkpocsr saveCurrentContext and restoreCurrentContext
UCIIOJIB3YIOTCsI JIJIsi COXPAHEHUsI TeKYIIero KOHTEKCTa
TEKYIIEro MPOIEecca U ero BOCCTAHOBJICHUS.

o To ecThb € UCIIOJIB30BAHUEM DTUX I/I,Hﬁfl, MO2KHO peaJin30BaTb
IIPOCTYIO MOJIE/Ib ITIJITAaHUPOBIIIUKA.

16 /37
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MogenupoBanne TapTUIIUPOBAHHOTO TIJIAHIPOBITIKA

‘ Yaemrus runTime 1 rexymel naprnuin ‘

I

| Yaeamurm. runTime s rexyutero npotecca |

o

‘ [ ——— |

/

CKOpPEKTHPOBATS BpeS: IS CISILUX IPOLIECCOR ‘

l

‘ BIGpaT: CIeRyIoNLyIo MaApTHIIO

\

‘ BriGpaTs crenyiomri nporecc ‘

\

| Boceraonim, exymui Kormexr |

TIpepLIBANIA IBNPCICHbT

17 /37
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rum IJilaHupPOBaHMA

mtypes = ({sched_part_rms_strategy, sched _part_rr_strategy,
sched part_edf strategy, sched part 11f strategy}

inline elect next thread(needPeakAThread) {
if

:: (partitions(currentPartition].schedulingStrategy ==

sched part_rms_strategy) -> sched part rms(needPeakAThread);
:i (partitions[currentPartitien].schedulingStrategy ==

sched part_rr_ strategy) =-> sched part rr(needPeakAThread);
:: (partitions(currentPartition].schedulingStrategy ==

sched part 11f strategy) =-»> sched part 11f (needPeakAThread);
:: (partitions(currentPartition].schedulingStrategy ==

sched part edf strategy) -> sched part edf (needPeakAThread);
::alse -> skip;

£i

}

Listing 7. An extensible thread election.
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Mogesnb round-robin mIaHEPOBIINKA ¢ BO3MOYKHOCTHIO

6HOKHpOBKI~I 1 3acCbIllaHnAd IIPOIIECCOB

runtime > time space
JUI5 TEKYILEro nporecca

e

l nextThread = (nextThread + 1) % MAXTHREADS ‘

needPeackAThread=1

nextThread cnsmii

Her
| I 3a6I0KHpOBaH Celftiac?

M1 npouun see
TIpoLeCCHI B mapTHIH?

1937
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MogempoBatine cHCTEMHBIX BBI30BOB (syscalls)

o B cucreme POK, Bce API, koropoe npenocrasisiercst OC ee
KJIMEHTCKUM TIpolieccaM (Halpumep, co3manue ceMadopa,
OKUJIaHHe €ro M/ OJIOKMPOBKA), OCYIIECTBIISIETCSI
[OCPEJICTBOM CHCTEMHBIX BBI30BOB (syscalls).

@ DT0 O3HAYAET, UTO JJIST KazK/[0r0 B3aNMOJEHCTBUS C

00 BEKTOM Aaapa 6y,ZLeT BBITIOJIHEHa I'€HEePpallsd
IIPOrpaMMHOI'O IIPpEPbIBAHUA.

o Hacrosrmuit moxo/1 1103B0/1sIeT KOHTPOJUPOBATDL TaAKNE
BBI30BbI €O cTopoHbl OC, BO3MOXKHOCTH ITPUOPUTH3UPOBATD
WX, BBINIOJIHATh B 3aIIUIIIEHHOM KOHTEKCTE.

20 /37
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€JINPOBaHNE CUCTEMHBIX BBISOBOB (

//syscalls types
mtype = {syscall sem p, syscall sem v, syscall delay,
syscall printf}

//library available to user
inline pok sem signal (sid, ret) {
printf ("pok sem_signalin™);
pok_do_syscall (syscall sem v, sid, NOPARAM, ret);

inline pok sem wait(sid, ret) {
printf ("pok sem wait’n");
pok_do_syscall (syscall sem_p, sid, NOPARAM, ret);

Listing 8. Syscalls user library.
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MoiempoBatne cuCTEMHBIX BbI30BOB (syscalls)

inlina pok_do_syscall (N, paraml, paramZ, ret) {
atomic |
//pass the params

currentContext.rd = N;
currentContext.rl = paraml;
if
ti(paramZ != NOPARAM) -> currentContext.rZ = param;

::alse -> skip
fi
;
//femit the interrupt
InterruptController ! POK_INTERRUPT;
f/wait for iret
InterruptRet ? ret;

Listing 9. Syscalls executor.
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MoiempoBatne cuCTEMHBIX BbI30BOB (syscalls)

interruptsDisabled = 1; //stop the scheduler
saveCurrentContext();

if
::(intNum == POK INTERRUPT) -> {

if
syscall _sem v) -> sem_signal (paraml);
syscall sem p) =-> sem wait (paraml);
syscall delay) =-> sleepl(paraml});
syscall printf) -> print(paraml, paramZ);

::else -> skip; //unknown syscall id
£i

}
i:else -> skip;
fi
restoreCurrentContext () ;

Listing 10. A part of syscalls handling.
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MoiempoBatne cuCTEMHBIX BbI30BOB (syscalls)

pok_do_syscall(syscall_delay,
time, NOPARAM, currentContext 0);

prepare params in registers

et O TR

proctype InterruptHandler
InterruptController ? intNum

restore params from the registers

if: (id == syscall_delay) -> sleep(paraml);

execute sleep(), possible in kemel space

InterruptRet ! ret

InterruptRet ?ret

24 /37
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Jluckyccust (crmerema mepexojioB Mo MporpaMMe Ha si3bIKe

¢ (hopMaJsIbHOIT Cel\sla,HTHKoﬁ)

o C ucnombpzoBanueM BozMokuHocTr SPIN skcroprupoBaTh
aBroMar mMozesn Kak .dot aquarpammy (./pan -D), 6bLin
CreHepUPOBaHbBI [IPEJICTABIEHUS IIPOIECCOB, & TAKIKE
ILUTAHUPOBIIIKA.

e Apromar nporecca (coorBercrsytomiero Jlucrunry 1)
coJIepKUT OK0JIO 80 COCTOAHUN, MBI MOYKEM BUJIETDH, UTO
9acTh COCTOSHUI MOBTOPsieTCs 3a cueT inline MakpocoB st
MoJenpoBaus syscalls.

@ ABToMaT IIAHUPOBIINKA COHAEPXKUT HpuMepHO 150
COCTOAHUIA.

o CozjaHne TaKuX CUCTEM IEPEXOJ0B BPYIHYIO
IpO0JIEMATUYHO, [TO9TOMY BBLIIIOJTHUMAs CIenuMUKaIns Ha
Promela peajibHO TIOMOTaeT OMUCHIBATD CJIOYKHBIE

dopMaIbHbIE MOIEIH. 25 /37
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[Ipumep aBTOMAaTa TIpOTIECCa,
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AsToMmaTsl
ooe

[Ipumep aBTOMATA TIJIAHTPOBITIKA
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Cumynsinus
[ Je]

Cumynsmmst paboThl MOJIEIN

Elected thread: @ in partition
[1] PIT1: I will signal semaphores
pok_sem_signal
Elected thread: 1 in partition
Elected thread: @ in partition
[3] P1T1: pok_sem_signal_ret = 1
Elected thread: 1 in partition
[5] P1T2: I will wait for the semaphor:
pok_sem_wait
[5] P1T2: pok_sem wait ret = 1
Elected thread: @ in partition
Elected thread: 1 in partition
pok_sem_wai
[6] P1T2: pok_sem_wait ret = 1
pok_de lay
Elected thread: 0 in partition @
[7] PIT1: I will signal semaphores
pok_se_signal
Elected thread: @ in partition
pok_sem_signal
[9] P1T1: pok_sem_signal_ret = 1
pok_de lay
Elected thread: @ in partition
[101] P2T1: begin of task
pok_delay
Elected thread: @ in partition
Elected thread: 1 in partition
pok_delay
Elected thread: @ in partition 0
[2022] PIT1: I will signal semaphores
pok_sem_signal




Cumynsinus
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Cast3aHHbIE PAOOTHI

Cawmpbrit m3BecTHBIH oaxoa K Bepudukamun OC mnpeacraBieH B
[Klein G. et al. seL4]. ABTOpBI CO31a/IM HCIOTHSIEMbIE
crrenmmukarnun mukposiapa L4 B Haskell nHa ocroBe
IepBoOHAYAIBHOM peaym3aruu C, a 3aTeM yTOUHUIU UX J0
mozenu Isabelle / HOL. B ux crarbe Takzke eCTh XOpoIuii 0630p
JITEepaTyphl B 9Toi obactu. [IpeacraBiisieMblil MOIX0 B IIEJIOM
ceyeT X MOJXOJLY: CO3/IaHa UCIOJHSIeMasT CIEIU(pUKAIS Ha
Promela coriacuo C-xony POK, HO oTiimumeM CIyKUT TO, UTO
MBI COOMpaeMcsl NCIOJIb30BATh METOIbI IPOBEPKHU MOIEeH
(Model Checking) BmecTO JJOKa3aTEIHCTBA TEOPEM.
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Bepudukanus
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K Bepudukammm coiicts mojesnn OC

XoTs MBI BCe ellle JyMaeM O CBOHMCTBaX JIJI ITPOBEPKU, Ha,
JTAHHOM CJIafifie MbI IIPEIOCTABIISIEM CIIOCOD ITPOBEPUTH
MIPAaBUILHOCTD HEPEKJIIOYeHUs pa3/iesioB B Mmojean. CoryracHo
HaIleil MOJIEJIN, MbI UCIIOJIb3YEeM HEKOTOPbhIE CTPOKOBBIE
KOHCTAHTHI (CM. mapaMeTpsl pok print B jmctunre 1).
[TockoJIbKY MBI 3HAEM, K KAKOMY Pa3/esy IPUHAIeKUT
KaxKJlasli CTPOKAa, MBI MOXKEM YCTAHOBUTH OXKNJIAEMOE
COOTBETCTBUE TAKOU CTPOKU €€ pas3eiry, CM.:

ffstring constants

#define P1T1 I will signal semaphores 0
#define PI1T1 pok sem signal ret 1

#define P1T2 I will wait for the semaphores 2
#define P1T? pok sem wait_ret 3

#define P2T1 begin_of_task 4

//map data-partition
short partitionByDatalndex[5] = {
PARTITIONL,
PARTITIONL,
PARTITIONL,
PARTITIONL,

PARTITIONZ
) 30 /37
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K Bepudukammm coiicts mojesnn OC

3areM, IMOCKOJIbKY MbI 3HAEM O0KUJIAEMOE COOTBETCTBUE
pa3/iesioB u OyJieM 3HATh TEKYINEe Pa3/esbl IpU paboTe MOJIEIIH,
MBI IIPEJIOCTAaBIIAEM CJIEJIYIONUN MaKpOC IIPOBEPKU, CM.:

//check if we are in the correct partition
inline checkPointer (expectedPartition, actualPartition) (

if
:: (expectedPartition != actualPartitien) => {
pointersok = 0;
printf(“segmentation fault!\n");
i
:: else -> skip
£i

Listing 12. A macro to check the safety of data strings.

N makpoc checkPointer Temneps ucronb3yercs: B peajn3aiun
CUCTEMHOT'O BBI30BA MEYATH, CM.:

inline print(string, param) {
checkPointer (partitionByDataIndex[stringl, currentPartition);
if

t:(string == PIT1_I will signal semaphores) ->

rintf("[%d] P1T1: I will signal semaphores\n", realTime);

::(string == PIT1_pok_sem signal ret) ->

printf("(%d] PITl: pok _sem signal ret = %d\n", realTime,
param) ;

::else -> skip
£i
}
Listing 13. A fragment of print syscall implementation 31/37
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K Bepudukammm coitcts mojgen OC

To ectb 1151 BepudKamu JaHHONW 338491 IpoIecce Oyaer
3akjouarhes B mpoBepke LTL dbopmysbl “Becerma ykazarean
KOPPEKTHEI”

G(pointersOk)

rie nepeMentas pointersOk moxker OLITh U3MEHEHa, KOIJIa,
CTPOKa 3alpallliBAeTCsI U3 HEIIPABUJILHOIO pa3jesia BO BpeMs
BCEX BOSMOXKHBIX ITPOI'OHOB MO/JIEJIN.
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Bepudukanus
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K aBTomarmaeckoMmy mocrpoeHuto mojenn Ha Promela n3

C Koja KJIMEHTCKUX IIPOIECCOB

Coccinelle:

o CpesicTBO JIJTsi CO3JAHUST CEMAHTUIECKUX TTATYEH,
omobperHoe coobmecTBoM Linux.

o [losBouisier onpeesisiTh PeakInio Ha KOHKPETHBIE
cuaTakcngeckue smeMeHTl AST C-mporpamm, a Takxke nx
TOCIEOBATEIHHOCTH.

o Bayrpu ocaoBana Ha CTL jioruke, 910 1mo3BoJIsier
OIIPEJIENIATD CJI0XKHBIE TEMIIOPAJILHBIE [TOCJIEI0BATETHHOCTI
HY?KHBIX OIIEPATOPOB B KOJIE.

o Kpowme marueit, mozBossier BoinosiaaTh Ocaml win Python
CKPHIITHI JIJIsl TIPOBEIEHUsT TPAHC(OPMAIIUN UCXOTHOTO
KOJIA.
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==
// rules for syscalls
I1==

@print_rule@
expression E;
position pp;
@e
printf(E)@pp

@signal_rule@

identifier sid, il;
position pp;

ee

i1 = pok_sem_signal(sid)@pp

@wait_rule@
identifier sem;

expression wait_value;

position pp;

ee

pok_sem_wait(sem, wait_value)@pp

@sleep_rule@

expression sleep_val;

position pp;

@e
pok_thread_sleep(sleep_val)@pp

/7"
7/ reaction to a particular

/7 system call - scripts

17 -

@script:python depends on print_ruleg

ee << print_rule.E;

pos << print_rule.pp;

e

fun = findFunByPos (pos[0]. line, pos[0].file)
addTuple(fun, pos(].line, (MySyscalls.PRINT, ee))
print(“print on ->", ee, 'at', pos[o].line)

@script:python depends on signal_ruleq
ssid << signal_rule.sid;

pos << signal_rule.pp;

e

fun = findFunByPos (pos(0]. line, pos(0].file)
addTuple(fun, pos(e].line, (MySyscalls.SEM_SIGNAL, ssid))
, ssid, 'at’, pos[0].line)

print(“sen signal on -

@script:python depends on wait_rulee
ssid << wait_rule.sem;

wal << wait_rule.wait_value;

pos << wait_rule.pp;

ee

fun = findFunByPos(pos[0]. Line, posle].file)

addTuple(fun, pos(].line, (MySyscalls.SEM WAIT, ssid, wval))

, ssid, 'value', wal, ‘at’, pos(ol.line)

print(“sen wait on

@script:python depends on sleep_ruleg
sWal << sleep_rule.sleep_val;

pos << sleep_rule.pp;

e

fun = findFunByPos(pos (0] . Line, pos(o].file)
addTuple(fun,pos (6. Line, (MySyscalls.SLEEP, slval))
print(“sleep on ->*, slal, 'at’, posiel.line)
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//tinatize script

@finalize:pythone
e

print(*fint")
print(*found function:
for key, val in map_file2fun.items():

print (key, ':')
for x in val:
print (x)

print("generated processes:")

for fun in map_fun2loc:
print("proctype 4s(short myPartld; short myThreadid) {" % (fun))
1) -> \natonic {*)

print(*do\n: : (osLive
i=0
nap = map_fun2syscalls [fun]

for v in sorted(nap. itens()):
%d) > \n {* % (1)

ByPartld \n &6 currentThread == myThreadld §& currentContext.IP =

pok_print(%s);" % (param.replace(':',"").replace(* *,'_*).replace("\"", ") replace(*\\n*, "))
MySyscalls. SEM_SIGNAL:
pok_sen_signal(ss, currentContext.ro);" % (paran))
MySyscalls. SEH_WATT:

pok_sen_wait(ss, s, currentContext.rd);" % (param, extra))

MySyscalls. SLEE;

print(* pok_delay(%s);" % (param))

print(" currentContext.IP++;\n }*)
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KJIIOUeHUe

SaKJIr0uYeHne

o B srom mokmasme 6N IpoaHAIN3NPOBAHBI HA3HAUEHNE,
cocTaB 1 CTpyKTypa naprunuposannoit OC peajabHOro
BPEMCHHU.

o O6cyK/1eH BOSMOXKHBIN TOAX0J] K CO3JAHUIO MOJIEIN TaKOi
OC na Promela.

o IIpennaraemoe perreHne MO3BOJIAET EPEUTH OT CIOXKHOTO
ApXUTEKTYPHO-3aBUCUMOTO KOJIa Ha si3bike C K 00IuM
MOJIEJISIM OTIEPAITMOHHBIX CUCTEM, KOTOPhIE MOYKHO
HCIIOJIL30BATh B yI€OHOM ITPOIIEcCe.

o Takxke, umest popmaymzoBanuy0 Mojesb OC, Mbl MOXKEM
IPOBEPSTH CBOMCTBA OE30IIACHOCTHU BBIMIOJHEHUST KO/ B
MAPTUIMPOBAHHBIX CHCTEMAaX C BO3MOXKHOCTHIO
HCIIOJTE30BAHUST PA3INIHBIX AJITOPUTMOB ILJIAHUPOBAHUSI.
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BakJroueHune
oe

SakJII0uYeHne

BoamoxkubIe OytyIiue Maru paciimpeHust:

MOJIEJIMPOBAHNE PA3TMYHBIX CTPATEruil IJIaHUPOBAHS;
momenuposanne ARINC API;

J1i06aB/IeHne KOHTPOIbHBIX [TEPEMEHHBIX, TOCTPOEHNE
dopmyst LTL u mpoBepka Mmojesu;

ABTOMOTHYECKOE CO3JIAHUE MOJIeJIeNl KIIMEHTCKUX TPOIECCOB
o C-komy;
MHOTI'OsAJIEPpHbBIE MOJIE/IN IIJIAHUPOBAHU A

IIPOBEPKA TIPOCTHIX KNOEPPU3NIECKNX MO/IeIed,
paboratomnux B Takoir OC.
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