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[Ipennoxken MeTon JAE€AyKTHUBHOW BepU(PHUKAIMUM aHHOTHUPOBAHHBIX
Reflex-mporpamm [1, 2] (puc. 1.7), KOTOpBIH BKIIOYACT YETHIPE IIara: aHHOTH-
poBanue ucxoanou Reflex-mporpamMmel uepes 3aianue yciaoBHid 3amycka, orpa-
HUYEHUHN Ha OKPY)XCHHE W WHBAPUAHTOB LUKJIA YIPABJICHUS; TPAHCISAIHUIO aH-
HoTtupoBaHHOU Reflex-mporpamMmMbl B anHOTHpOBaHHYI0 CH-TIporpammy; reHe-
palro YCIOBUM KOPPEKTHOCTH ISl pe3ynbTupyromiei Cu-nporpaMmsl; 10Ka3a-
TEIbCTBO MOPOXKJIECHHBIX YCIOBHI KOppeKTHOCTU. B kauectBe (hopmanbHOrO
000CHOBaHHS METOJla Pa3pabOTaHbl: ONEpAllMOHHAs CEMAaHTUKA aHHOTHPOBAaH-
ueix Reflex-nporpamm [3, 4]; Tpanchopmanmonnas cemanThka Reflex-
nporpamm B si3blk Cu [5]; akcomaTuyeckasi CEeMaHTHKA TIOJIyYCHHBIX B PE3yJib-
TaTe TPAHCISAIUU aHHOTUPOBaHHBIX CH-TIporpaMM. Mertoa anpobupoBaH Ha Te-
CTOBOH yNpaBJSIOIIEH mporpamMMe ¢ wucronb3oBaHueM SMT-pemarens Z3.
[TpenioskeHHBIN METOA SIBJISIETCS] TIEPBBIM METOI0M (pOpMaIbHOUN Bepudukanuu
MPOLIECC-OPHUEHTUPOBAHHBIX MPOTPAaMM U HAIpaBlieH Ha KOHTPOJIb KayecTBa
IPOrpaMMHOr0 00ecnedyeHusl JJIsl IPOrpaMMUPYEMBIX JIOTUYECKUX KOHTpOJLIe-
pOB.
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Puc. 1.7. Cxema nenyxkruBHol Bepudukaiun Reflex-nporpamm
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Fig. 1.7. Method of deductive verification of control programs
in the process-oriented Reflex language

A method of deductive verification of annotated Reflex-programs
(Fig.1.7) is proposed [1, 2], which consists of four steps: annotating the source
Reflex-program by setting starting conditions, environment constraints, and con-
trol cycle invariants; translation of the annotated Reflex-program into an anno-
tated C program; generation of verification conditions for the resulting C pro-
gram, and proving the generated verification conditions. As a formal foundation
of the method, we developed an operational semantics of annotated Reflex pro-
grams [3, 4]; a transformational semantics of Reflex-programs into the C lan-
guage [5], and an axiomatic semantics of the resulting annotated C programs.
The method was tested on a control program using the Z3 SMT solver. The pro-
posed method is the first method for formal verification of process-oriented pro-
grams. It is used for quality control of software for programmable logic control-
lers.

IIyoaukanun/References:

1. Anureev |, Garanina N., Liakh T., Rozov A., Zyubin V., Gorlatch S. Two-Step Deductive
Verification of Control Software Using Reflex // Lecture Notes in Computer Science. —
2019. — Vol 11964. — P. 50-63. — DOI 0.1007/978-3-030-37487-7_5.

2. Amnypees U.C., T'apanuna H.O., JIsx T.B., Po3oB A.C., 3r06un B.E., l'opmau C.I1. denyk-
tuBHas Bepudukanust Reflex-nmporpamm // Iporpammuposanue. — 2020. — Ne 4. — C. 14-26.
—DOI 10.31857/50132347420040020.

3. Anureev |.S. Operational semantics of Reflex // System Informatics. — 2019. — Ne 14. —
P. 1-10. — DOI 10.31144/si.2307-6410.2019.n14.p1-10.

4. Amnypees U.C. Onepannonnas cemanTika anHotupoBanubix Reflex mporpamm // Momemnu-
poBaHue u ananu3 uHGopmannoHusix cucrem. — 2019. — T. 26, No 4. — C. 475-487.

5. Anureev |., Garanina N., Liakh T., Rozov A., Zyubin V. Towards safe cyber-physical sys-
tems: the Reflex language and its transformational semantics // IEEE International Siberian
Conference on Control and Communications (SIBCON-2019) (Tomsk, Russia, April 18—
20, 2019). — DOI 10.1109/SIBCON.2019.8729633.



