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KpuTuyHele 110 0€30I1aCHOCTH
CHCTEMBI

O1nOKU B TaKUX CHUCTeMaXx
MOTYT IIPUBECTH K:

* ['ubenu U TpaBMaM JIIOOen

* KpymmHBIM (pHHAHCOBEIM
IIOTEPSIM

* YiiepOy OKpyzKalolleu
cpennl




Il LinuxTesting
org

[leHa OIIIMOKU

* OmmbOKa okpyrieHus B [10 3eHUTHOTO paKeTHOT0 KOMIIJIeKaca
Patriot, npuBogsdiiasa K orcTaBaHuio 4acoB Ha 300 MUIIJIMCEKYH] 3a
100 gyacos 60eBoro mexxypcTtBa. Tor - mponyileHHasa UpakKCcKas
OannucTtudeckas pakera Scud, 28 youteix u >100 paHensrx, 1991 r.

» [TepenonHeHue npu npeodpa3oBaHuu 64bit float -> 16bit int B ITO
MHEePLUaIbHOM HaBUTallMOHHOU CUCTEMEI paKeThl ApyaH 5 - B3PhIB
pakeTsl cnycTsa 40 cekyH mocie 3amnycka, norepsda $500mmH, 1996 1.

 OmwubKa B IIporpaMMe nepeHoca bJl moHOpPOB opraHoB B
BenukoOputanuu — y 25 4eJI0BEK B34 He Te opraHe, 2009 r.

* OmmobKku B I10 aBTOMOOUNST Toyota Prius: KomIiaHus oTo3Basna 0oiee
MUJIJINOHA aBTOMOOMIEH 13-3a OIMUOKY B aITOPUTME yIIpPaBIeHUS
ABS, 2010 .
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dopmMaIibHBIE METOOBI

dopmanTbHBEIE METOOELI MOTYT OBITh MCIIOJIE30BAHEI
IOJIsI HOCTUXKEHUS MaKCUMaJIbHOU YBEPEHHOCTHU B
OTCYTCTBUU OMINOOK B CHCTEME.

Hcrnonb30BaHue popMasIbHBEIX METOOOB COCTOUT U3:

* Pa3paboTKy MaTeMaTU4YeCKOM MOJIEeJIN CHUCTEMEI U
TpeOOBaHUH K Hel

» [loKka3aTeIbCTBa KOPPEKTHOCTH Pa3paboTaHHO’
MaTeMaTU4YeCKOU MOOEIHU



" neaere 0
Event-B 1 Rodin

Event-B - oguH n3 Hanbosiee aKTUBHO PAa3BHUBAIOIIUXCS
(bopManbHEIX METOHOB.

CBob6opHasa nnatdopma Rodin comepRut:

* TekcTOBLIM pPemakKTOpP Momesieu Ha Event-B

* Habop cucTteM aBTOMaATHUYECKOT O
OIOKa3aTeJIbCTBa

* [IogmepKKy UHTEPaKTUBHOI' O
OIOKa3aTeJIbCTBa

MHOTI'O4YHUCJIEHHEIE
IIJIaT'MHEBI
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PaccMOTpHM CHCTEMY VIIPABIEHUS OXJIaKIeHUEM
SIHEPHOT0 peakKTopa.

OnucaHKe CUCTEMBI: Boda OIS OXJIaKOeHU S
peakTopa Iu00 He MOJaeTCsa BOBCe, TN00 MOJaeTCs
113 O/IM37ezKallero Bogoema, Iudo - B
Yyepe3BBIYaMHBIX CUTYAlIUSIX — U3 CIIeUaIbHOTO
pe3epByapa C OXJIaXXKOEHHOHN BOOOMU.

TpeboBaHMe: BoJa 13 BOOOEMA M OXJIasKIEeHHAas
BOJla He MOJIXKHHEI IIOCTYIaTh OMHOBPEMEHHO.
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CoOTBeTCTBYOIIIad Mogesnb Ha Event-B BHITIAOUT Tak:

machine CoolingSystem

variables normal water flows cold water flows event stop_normal water
then
invariants @actl normal water flows = FALSE
@normal water flows type normal water flows € BOOL end
@cold water flows type cold water flows € BOOL
@CoolingSystemIsSafe event set cold water
- (normal water flows = TRUE A cold water flows = any new value
TRUE) where
@grdl new value € BOOL
events then
event INITIALISATION Cactl cold water_ flows =
then new value
@actl normal water flows = FALSE end
@act2 cold water flows = FALSE end
end

event start normal water

where
@grdl cold water flows = FALSE
then
@actl normal water flows = TRUE
end

TpebyeTcst moKa3aTh, YTO MHBApPHAHTH HEe HAPYIIAIOTCSI
B pe3yJIbTaTe BBIIIOJTHEHUS COOBITUM.
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Rodin BeISIBJISIET BCe Ciiydau, TPeOyIoIue
OOKa3aTeJIbCTBA, a TaKXKe IJII HEKOTOPBIX U3 HUX
IIPOBOOUT €r0 aBTOMAaTHUYECKH.

¥ @ Proof Obligations
@ INITIALISATION/CoolingSystemlsSafe/INV
@"start_normal_water/CoolingSystemlsSafe/INV
&' stop_normal_water/CoolingSystemlsSafe/INV
&)'set_cold water/CoolingSystemisSafe/INV

B manHoM ciiy4ae Rodin He cMOTr moKa3aTh COXPAaHHOCTD
nHBapuaHTa CoolingSystemlIsSafe Ojsi COOBITHSA
set cold water.
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B ClIy4da€ Heydad4iu CUCTEM dBTOMATHUYECKOI'O I10KA3aTeJIbCTBA MO2KHO
BOCIIOJIb30BATLBCA MHTEPAKTHUBHLBEIM JOKA3adTE€JILCTBOM.

Proving - CoolingSystem/CoolingSystem.bps - Rodin Platform

Jr:’- EH & JQ' J P J 4 J J J v B X t J v v B Qv O B [MProB | @ Proving| B Event-B
T Proof Tree 2 4 ¥ = B @ coolingSystem *Cooli tem &2 = O |k EventBExplorer 32 =g
¥ (2 remove ~ in —(normal_water_flows=TRUEAcold_wa set_cold_water/CoolingSystemisSafe/INV ROl
¥ (7 remove - in goal

v (?) generalized MP J[—” @

¥ (7 simplification rewrites » = amodel
¥ (7) type rewrites ¥ 1= CoolingSystem
v (7 v to = in goal ¥ @:CoolingSystem
v 7 = goal » o Variables
@ new_value=FALSE + -4 Invariants

> 4 Events

¥ ¢ O ¥ @ Proof Obligations
[ ¢t cold water_flows=FALSE G INITIALISATION/CoolingSystemisSafe/INV
[ ¢ - normal_water flows=FALSE @start_normal_water/CoolingSystemisSafe/Il
- @'stop_normal_water/CoolingSystemIsSafe/It

selected Hypotheses @
» = Data
Sl B v & detailed

ct new value=FALSE » 1= dmodel

¥ symbols | ® Type Environment 53 =8

Identifier Type

% Proof Control 22 . [Zi Rodin Problems] (@] Statistics] ¥ =8

J":Vv v § & o @ 0 p1 m T xd H

@

0* g g W Notanewproof node

MuI He MOKeM JoKa3aTh TpebyeMoe - B Hallleld Mofiesii oInoKa!



LinuxTesting
=Org

IIpumep

I1st uCIpaBlIeHusT MOAEJIH MOCTAaTOYHO NO0AaBUTh JONOTHUTEJIbHOE
IIpenycioBue B cobwiTue set cold water.

machine CoolingSystem

variables normal water flows cold water flows event stop_normal water
then
invariants @actl normal water flows = FALSE
@normal water flows type normal water flows € BOOL end
@cold water flows type cold water flows € BOOL
@CoolingSystemIsSafe event set cold water
- (normal water flows = TRUE A cold water flows = any new_value
TRUE) where
@grdl new value € BOOL
events @grd2 new value = TRUE
event INITIALISATION = normal water flows =
then FALSE
@actl normal water flows = FALSE then
Gact? cold water flows = FALSE @actl cold water flows = new value
end a a end
end
event start normal water
where
@grdl cold water flows = FALSE
then
@actl normal water flows = TRUE
end

10
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I IpuMep UHOYCTPUATILFHOT' O
IIPUMEHEHUS

14-g TOTHOCTBIO aBTOMAaTHUYeCKas JIMHUA [TapUIKCKOT0 METPO
OblJIa pa3paboTa c IpuMeHeHueM (popMaIlbHOI0 MeToma B
(mpemiecTtBeHHUK Event-B).

 briyla HamMcaHa U I[IOJIHOCTBLIO MOKa3aHa MOoOesib Ha B
pa3Mmepom cBeilze 110 000 cTpok

 Ha eeé ocHoOBe Ob1J10 creHepupoBaHo 86 000 cTpok Koja Ha
si3bIKe Ada

 C MOMEeHTa 3aBepIIeHus JOKa3aTelbCTBA He OBIJIO HAaugeHO
HY OOHOU OINMOKHU - HU IIOCJIE OOIMOJIHUTENbHEIX PadO0T 110
BepuUKaIlUU U BaJIugalliy CUCTEMBI, H C MOMEHTa
3allyCKa JIMHUU B 3KcItyaTanuio (1998). IIporpaMmMmHuoe
obecmnmeyeHue 00 cux mop Bepcum 1.0.

11
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Haill OIBIT UCIIOJIBh30BaAHUY

C nomoririo Event-B u Rodin MEI:

« dopmMann30BaId MOJEb YIIPaBIeHHUS IIPaBaMM OJOCTYyIIaA U
MH(GOPMAITMOHHEIMHA IIOTOKAMHU OIIEPAIlMOHHON CUCTEMEI
Astra Linux Special Edition.

* [IOTHOCTHIO JOKa3alikd €€ KOPPEKTHOCTD

* OOHAPYXKUIN U UCIIPABUIIN PSIO HETOUHOCTEM B €€
M3HAYaJIbHOM TEKCTOBOM ONMNCaAHUU

12
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[I7TF0CEI 1 MUHYCEI

BriCOKMY YPOBEHBb 3aTpaT Ha IpoBeeHne (popMalbHOU
BepudUKalimn

OrpaHndeHHad noagepzkka Rodin KomMmaHOgHOM pa3paboTKu
OTCyTCTBHE MMOOOEPKKU BBIOEJIEHUS YaCTO UCIIOIb3yEeMBbIX
BhIPakK€HUHU B OTOEJIbHLIE CYLIHOCTH C IIOCIIEeOYIOIIUM
OOCTYIIOM K HUM II0 CCHIJIKE
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