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1. MeTa IMCHUILTIHU — 3aCBOEHHS! OCHOBHUX KOHIICTILIN, IPUHIIUITIB Ta MOHATh Cy4aCHUX METOJIB
PO3pPOOKH IPOTPAMHHUX CHCTEM Ta iX 3aCTOCYBaHHS JUIS aJCKBATHOTO MOJEIIOBAHHA  MOB
crierikaiii i MporpaMmyBaHHS Ta BUKOPUCTAHHS MOOYIOBAaHUX MOJEJEH Ui CTBOPEHHS Cy4aCHUX
MIPOrpamMHKX Ta iHHOPMAIIHHUX CUCTEM BUCOKOI SKOCTI.

/

Discipline aim. The aim of the discipline is to master the basic concepts, principles and concepts
of modern methods of software development and their application for adequate modeling of
specification languages and programming and use of built models to create modern software and
information systems of high quality.

2. Ilonepeani BUMOI" 10 ONaHYBAHHS 200 BUOOPY HABYAJIBLHOI IUCUMILIIHN (3a Hasenocmi):

1. 3namu: OCHOBHI NOHATTS, 3aCOOM 1 METOAM MAaTEeMaTHUYHOI JIOTIKM, X 3aCTOCYBAaHHS B

iH(opmaTuIll i mporpamyBaHHi; 3HATH MOBH MPOIMO3UIIIMHOI JIOTIKH Ta JIOTIKU 1-TO MOPSIKY,

iX MOXXJIMBOCTI Ul OMUCY MPEIMETHHX 00JacTeidl; OCHOBHI METOJAU IOIIYyKYy JOBEACHb Ta

3acO0M JIOTIYHOT'O BUBEICHHS.

2. Bmimu: onucyBaTtu Ha (OpMaJIbHUX MOBax 1-ro MopsiiKy TBEPIKEHHS CTOCOBHO THX YH

IHIIMX TpEeIMETHUX O00JacTeil; BCTAHOBIIOBATH ICTUHHICTH MPOMOZHUIIMHUX (OPMYIL,

0e3xkBaHTOpHUX (Bopmyn, Gopmyn 1-ro MOpsSIKY; BCTAHOBIIOBATH HASBHICTH JIOTIYHOTO

HaCJ'IiI[Ky; BCTAaHOBJIFOBAaTHu BPIpaSHiCTL Ta HCBI/Ipa3HiCTB HpeILI/IKaTiB Yy MOJCJIAX MOBHU.

3. Bonodimu enemenmapuumu Haguukamu: MPOTPAMyBaHHS B CYYaCHHX MOBaXx, MEPEBipKH

BUKOHYBAHOCTI (hOpPMYIL.

/

Preliminary requirements to master or choice of the discipline (if any):

1. To know: basic concepts, tools and methods of mathematical logic, their application in
computer science and programming; to know the languages of propositional logic and
first-order logic, their possibilities for describing subject areas; basic methods of finding
proofs and means of logical inference.

2. To be able to: describe in formal languages first-order statements relevant to certain
subject areas; to establish the truth of propositional formulas, quantifier-free formulas,
first-order formulas; establish of a logical consequence; establish the definability and
indefinability of predicates in language models.

3. To have basic skills: programming in modern languages, checking the satisfiability of
formulas.

3. AHOTAllif HABYAJBbHOI JUCHUIIIHA;

Hapuanpna nucnumiina «@opManabHi METOAU pO3pOOKH MPOTPaMHUX CUCTEM» € CKJIaZI0BOIO
OCBITHBO-HAyKOBOi MPOTrpaMH IMATOTOBKU CIIEHIANICTIB 32 OCBITHbO-KBATI(IKAIINHUM piBHEM
«marictp» ramysi 12, Iadopmariitni TexHonorii” 31 cneyiaronocmi 122 , KoMm’roTepHi Hayku”,
0Cc8imHbO-HAYK060I npoepamu — ,,JIITydHUI 1HTEIEKT .

Jlana qucnumiiiHa € 000B’SI3KOBOI0 HABYAILHOIO JTUCLUIUIIHOW 3a npozpamoto “LlImyunuii
inmenekm?”.

Buknanaetses B 2 cemectpi 1 Kypcy marictpaTypu B 06cs3i 150 roaus.

(5 kpeoumis ECTYS) ) 30kpema: sexyii — 36 200., koncynemayii — 2 200., camocmitina poboma
—112 200. Y kypci nepeadayeHo 2 yacmunu Ta 2 KOHMpoIbHi podomu. 3aBepITy€eThCS AUCIHUILTIHA —
€K3aMEHOM B 2 cemecTpi.

B pCSy'J'IBTaTi BUBYCHHS HaBYaJbHOL ILI/ICI_[I/IHJ'IiHI/I CTYJICHT IIOBUHECH

3HATH: OCHOBHI MTOHSTTS MIPOrpaMyBaHHs, MeToau (opmaizalii MOB IporpaMyBaHHS Ta MOB
cnenuikamiif, METOIM MOAETIOBAHHS MPEIMETHUX 00JaCTel; JIOT1YHI YHCICHHS.



BMiTH: ¢opmarnizyBaTd MOBH NpOTpaMyBaHHA Ta cCHelH]iKalliif, MOJENIOBATH MpPEIMETHI
00J1aCcTi 32 TOTTOMOTOFO BiJIMOBITHUX MOB, 3aCTOCYBATH MPOTPaMHi 3aco0u aHami3y crienudikarii.

/

The discipline "Formal methods in software development” is a part of the educational-
scientific program of training specialists at the educational-qualification level "Master" in the field
12 “Information Technologies™ in the specialty 122 "Computer Science"”, educational-scientific
program "Artificial Intelligence".

This discipline is mandatory in the specialty 122 "Computer Science”, educational-scientific
program "Atrtificial Intelligence".

It is taught in the 2nd semester of the 1st year of master's studies in the amount of 150 hours.

(5 ECTS credits)) in particular: lectures - 36 hours, consultations - 2 hours, independent work -
112 hours. The course includes 2 parts and 2 tests. The discipline ends with an exam in the 2nd
semester.

As a result of studying the discipline the student must:

to know: basic concepts of programming, methods of formalization of programming and
specification languages, methods of modeling subject domains; logical calculi.

be able to: formalize programming and specifications languages, model subject domains with
the help of appropriate languages, apply software tools for specification analysis.

4. 3apnanns (HaBuaabHi niji) / Objectives of study:
HaOyTTS 3HaHb, yMiHb Ta HaBHYOK (KOMIIETEHTHOCTE) Ha piBHI HOBITHIX JOCSTHEHb Yy
IporpaMyBaHHi, BIIIOBITHO OCBITHROI KBasi(ikarii «MaricTp 3 KOMI FOTEPHUX HAYK.
30KkpemMa, pO3BUBATH:
® 3JIATHICTH JI0 a0CTPAKTHOTO MHCJICHHS, aHAJII3y Ta CUHTE3Y;
® 3JIaTHICTH CIUIKYBAaTHCS IHO3EMHOIO MOBOIO;
® 3/aTHICTh 1 TOTOBHICTH [0 MPOEKTYBaHHA iH(OPMAILIIHOI CUCTEMH BH3HAYEHOTO
IPUKJIAJHOTO 3aCTOCYBAaHHS IUISXOM aHaji3y Ta CHUHTE3y CKJIaay Ta CTPYKTypH
CUCTEMH 200 OKPEMUX iX CKJIaJI0OBUX, PO3pOOKa PYHKIIIOHATBHUX 1 HE()YHKI[IOHATIbHUX
BUMOT JI0 CUCTEMH, 110 TPOEKTYETHCS.

/

Objectives of study: acquiring knowledge, skills and abilities (competencies) at the level of the
latest achievements in programming, according to the educational qualification "Master in
Computer Science".

In particular, to develop:
» ability to abstract thinking, analysis and synthesis;
» ability to communicate in a foreign language;

» ability and readiness to design of an information system of a specified application by
analyzing and synthesizing the composition and structure of the system or their
individual components, development of functional and non-functional requirements for
the projected system.



5. Pe3yJbTaTH HAaBYAHHS 32 AUCHMILIiIHOIO / Learning outcomes:

Pe3yJIbTaT HaBYaHHSA

®opmu (Ta/ado

(1. 3marm; 2. BMiTH; 3. KOMyHiKauis; 4. MeTOIH i MeToNn OmiHIOBANHS T2 Bincorok y
aBTOHOMHICTh Ta BiINOBiZaJbHICTBH)/ TEXHOJIOT i) o (Z)lronlliﬁ KDUTeDiii nigcyMKoBiii
Learning outcomes N BUKJIAJIaHHS i pot pHTEp ouiHui 3

to know; 2.to be able; 3. abilityto papuanms / OLiHIOBAHHA (32 AMCIHILTiHH/

communicate; 4. autonomy and responsibility Forms (and / or Heqﬁxmmcﬂ)/ Percentage in
Evaluation methods and -
Kon methods and evaluation threshold (if the final
/ Pe3yﬂl>T_aT HaBYaHHs/ technologies) of applicable) grade of the
Code Learning outcomes teaching and P discipline
learning
PH1.1 . Jlexyii Koumponvha poboma 1, 20%
/ Buamu OCHOBHL NOHAMMNIA / 60% npasuILHUX
LO]. 1 npoecpamyeanHsa ma JIO2IYHI YUC/ICHHSL. Iectures 61.0’1061.()612
/ Icnum
. /
To know the basic concepts of Test 1. 60% of correct
programming and logical calculi ’answers
exam
PH1.2 N Jlexyii Konmponvna pobomal, 20%
/ 3namu  memoou ¢popmanizayii  mog / 60% npaswsnin
LO1.2 |!Pocparyeanii ma o6 lectures sionosioetl,
cneyugpikayiii. Tenum
/ /
o Test 1, 60% of correct
To know the methods of formalization ansvSers
of programming and specification exam '
languages.
PH1.3 Jlexyii Koumponvha poboma 2, 20%
/ 3namu Memoou MOOeno8anHs / 60% npasunsi
Lo13 | comemuux obracmet. lectures sionosioeil,
/ Icnum
. . /
To know methods of subject domain Test 2. 60% of correct
modelling. ’answers
exam
PH2.1 . . Jlexyii, 20%
/ Bmimu qbopMaﬂBygamu Mo6U .o 2
pixayii camocmiina Koumponvnua poboma 2,
LO2.1 |Creynqpirayiu ma - 1pospdi, poboma 60% npasunvHux
Mooentosamu npedmemui obaacmi 3a / sionosioeii. nomoue
00NOMO02010 8I0N0BIOHUX MO8, Lectures ouimoe;aHHﬂ
sacmocyeami - npoepami sacobu independent work Ienum
anaumsy cneuud)maum. /
/ Test 2, 60% of correct
. e answers,
To be able to formalize specifications exam
and programing languages, model
subject domains using appropriate
languages, apply software tools for
specification analysis.
PH3.1 . Jlexyii Tlomoune oyiniosanns, 10%
/ Ob6rpynmosysamu 61acHull no2isi0 Ha / Tenum
LO3.1 |%@0aw, cninkysamuci 3 Koreeamu 3 lectures / current evaluation,
numaHsv npoeKknyeanHs ma po3p061<u exam

cneyugirayii npoepam.
/

Justify your own view on the task,
communicate with colleagues on the
design and development of program
specifications.




PH4.1 . . Camocmiiina Tlomoune oyiniosanns, 10%
/ Opeanizogysamu 6010 CAMOCMIUHY

P 015 0 poboma Icnum
LO4.1 |POOOTMY O COCASHENHA PE3yToMAmy. / / current evaluation,
/ independent work exam

Organize your independent work to
achieve results.

6. CniBBifHOLICHHS pe3yJbTATIB HABYAHHS AMCHUILUIIHM i3 NPOrpaMHMMH pe3yJibTATAMH
naBuanus / Correlation of learning outcomes of the discipline with program learning
outcomes

PesyabraTtn HaBuanua gucuumiainu| PH | PH | PH | PH | PH | PH

IporpamHui pe3ysibTaTn HaBYaHHs1/ 11 (12|13 ]21|31 |41
Learning outcomes of the discipline| / / / / / /
Program learning outcomes LO | LO | LO | LO | LO | LO

11 |12 1132131 |41

(3 onucy ocgimuboi npozpamu,)

(from the description of the educational program)
IPH4. AHani3yBaTu BEJHKi JaHi Ta MOJACIIOBATH BUCOKOPIBHEBI + +
abcTpakuii y BENIMKMX Ha0oOpax JaHUX PI3HOI MPHUPOJIH,
MPOEKTYBATH CXOBHUIIA BEIMKUX AAHWUX, I BUAOOYTKY MaHUX 1
3HaHb, BI3yalli3yBaTHM BEJUKI JaHi, OyayBaTH 1 OILIIHIOBAaTH
pEerpecuBHi MOJIEII, 110 TeHEPYIOThCS HA OCHOBI BEJIUKUX JTAHUX.
/
PLO4 To analyze large data and simulate high-level abstractions
in large data sets of different nature, design large data warehouses,
extract data and knowledge, visualize large data, build and
evaluate regressive models generated on the basis of large data
IIPH13. BukopucToByBaTH 3HaHHA 3 KOMITIOTEpHHUX HayK Ta| + +
iHpOpMaLIHHUX TEXHOJOTIH W yMIHHS KPUTHUYHOTO MUCIICHHS,
aHaIi3y Ta CHHTE3y B MPOeCiHUX IIIAX.
/
PLO13 To use computer science and information technology and
critical thinking skills, analysis and synthesis for professional

purposes.

MPH15. Bomonmitn wMeTogamMu po3poOKH Ta BIPOBAHKEHHS + +
3aX0JliB,  CHPSIMOBAaHWX HA  IMIABHIICHHS  €(PEKTUBHOCTI

iH(hopMaIiftHIX CcHCTEM.

/

PLO15. To master the methods of development and
implementation of measures aimed at increasing the efficiency of
information systems




7. Cxema ¢opmyBanns ouinku / Evaluation scheme.
7.1 ®opmu ouinoBanHs cryaeHtis / Forms of student assessment:

- ceMecTpoBe oliHIOBaHHA / semester assessment:

1. KonTponsna pobora 1: PH 1.1., PH 1.2 — 25 6axis/15 6auis.

2. KonrponbHa pobota 2: PH1.3, PH2.1 — 25 6axiB/15 6aJis.

3. [Noroune oninroBanus: PH2.1, PH3.1, PH4.1 — 10 6aJiB /6 0axis.

3100yBa4 OCBITH MOXE OYTH HEIOIMYIICHUH 0 MiJICYMKOBOTO OILIIHIOBAHHS, SKIIO TiJ Yac
cemecTpy BiH: 1) He gocsr MiHiIMajabHOro moporoBoro piBHSA (60%) OLIHKM THX Pe3yJIbTATiB
HaBYaHHS, AKI HE MOXYTh OyTH OLIHEHI MiJ Yac MiJCYMKOBOTO KOHTPOJIIO; 2) HaOpaB KiIbKICTH
0aJiB, 110 € HEIOCTATHHOIO JIJIsl OTPUMAHHS MO3UTUBHOI OLIHKY HABITh Y BUNAAKY TOCSTHEHHS HUM
Ha I1JICYMKOBOMY KOHTPOJII MAaKCUMaJIbHO MOYJIUBOTO PE3yJIbTATY.

PexomennoBanmii MiHiMyM — 36 GaniB

/

1. Test 1: LO 1.1, LO 1.2 - 25 points / 15 points.

2. Test 2: LO1.3, LO2.1 - 25 points / 15 points.

3. Current evaluation: LO2.1, LO3.1, LOA4.1 - 10 points / 6 points.

An applicant may not be admitted to the final assessment if during the semester he: 1) has not reached
the minimum threshold level (60%) of the assessment of those learning outcomes that cannot be assessed
during the final control; 2) scored the number of points, which is insufficient to obtain a positive assessment,
even if he achieves the maximum possible result in the final control.

The recommended minimum is 36 points.

- MiJICyMKOBE OLiHIOBAHHS . iCTIUT
- MaKCHMallbHa KIJIbKICTh OalliB AKi MOXKYTh OyTH oTpuMaHi cryaentom: 40 Oaiis;
- pe3ynbTaTu HaB4aHHA sKi OynyTsh omintoBaruck: PH1.1, PH1.2, PH1.3, PH2.1, PH3.1, PH4.1;
- (opma mpoBeieHHs 1 BUIM 3aBAaHb: MHCBMOBA POOOTA.
PexomennoBanuii MiHiMyM — 24 GartiB.
/
- final assessment: exam.
- the maximum number of points that can be obtained: 40 points;
- learning outcomes that will be evaluated: LO1.1, LO1.2, LO1.3, L0O2.1, LO3.1, LO4.1;
- form and types of tasks: written work.
The recommended minimum is 24 points.

Buau 3aBaanb: 4 NTHCbMOBHX NMATAHHS.
e | nuranuga: PHI1.1, PH3.1, PH4.1;
e 2 mutanus: PH1.2, PH3.1, PH4.1;
e 3 muranus: PH1.3, PH3.1, PH4.1;
e 4 murannsa: PH2.1, PH3.1, PH4.1;

3a po3ropHyTY BIAMOBIAL HA KOKHE 3aBJIaHHS CTYACHT MOKe oTpumMatu Bia 1 go 10 Gamis.
KpuTepii oriHIOBaHHS BiNOBI/1 CTY/I€HTa HA MUTAHHS:

® IOBHOTA PO3KPUTTS NMUTaHHS — 1-4 Oamnu;

e JIOTiKa BUKJIaJeHHS — 1-2 0anu;

® aHAJITUYHI MipKyBaHHS — 1-4 Gamnu.



Types of tasks: 4 written questions.

* 1th question: LO1.1, LO3.1, LO4.1;
* 2nd question: LO1.2, LO3.1, LOA4.1;
* 3rd question: LO1.3, LO3.1, LOA4.1;
* 4th question: LO2.1, LO3.1, LO4.1.

For a detailed answer to each task, a student can receive from 1 to 10 points.
Criteria for evaluating the student's answer to the question:

» completeness of the question — 1-4 points;

* logic of presentation — 1-2 points;

» analytical considerations — 1-4 points.

TeopeTnyHi NUTAHHSA 10 KOHTPOJILHOI po6oTH 1:

1. BracTHBOCTI OCHOBHO{ IIEHTA ! MPOTPaMyBaHHSI.

2. BnacTuBOCTI MpOrpaMHOi EHTAH.

3. o Take 4yacTKOBa KOPEKTHICTh mporpam? SIKMM YMHOM JTOBOJMTHCS YaCTKOBa KOPEKTHICTh
nporpam?

4.11lo Take TOBHAa KOPEKTHICTh mporpam? SIKUM YHHOM JIOBOJUTHCS IIOBHA KOPEKTHICTh
nporpam?

5. Po3kpuiiTe 3micT GopMatizarii HOHATTS IPOTPAMH.

6. Buznaute pi3Hi Ki1acu (QyHKITIH.

7. BuzHauTe nporpaMHi CUCTEMH Pi3HOTO PiBHS a0CTpaKIIii.

8. JlaiiTe BU3HAYCHHS KJIaCy HOMIHATUBHUX JIaHUX.

9. IoBHwuii kinac oOuymncIoBaHUX (YHKIIIN HaJl HOMIHATUBHUMHU JAHUMH.

3aBaanHs AJs caMocTiiiHoi podotu. [ToOynyBaTn Moeni Ta crienudikarii HaCTyITHIX
IIPOrPaMHUX CUCTEM:
bankomar
KaBoBuii aBTomar
Cxuag
E-marasun
MikpOoXBHIIbOBA MY
Tenedon
Enexrpormnra

NoukwbhE

KOHTpOJ’IbHi 3alIUTAHHA 10 YaCTHHHU 1.

1. SIki npyHUMOM € OCHOBHUMH METOJOJIOTTYHUMH ITPUHLMIIAMH TEOPii MporpaMyBaHHs?
2. SIx GOpMyITIOIOTHCS TPUHIIAITNA PO3BUTKY Ta THOCEOJIOTTIHOCTI?

3. Sk BU3HAUAETHCA NEHTO/1a OCHOBHUX MOHSATH IPOTpaMyBaHHs?

4. Sk BU3HAYaIOTHCS MOHATTSI KOPUCTYBaya, MpoOIeMH, MporpaMu, 00UHCIIOBAHOCTI,
nporpamyBaHHs?

5. SIki BMacTMBOCTI OCHOBHHUX MOHATH NPOrpaMyBaHHS?

6. JSIki acriekTu mporpam € roJOBHUMH?

7. Ha miacrasi SKUX NPUHIUIIB BiIOYBa€ThCS popMaizallis IporpaMHUX MOHSTH?

8. SIk BU3HAUYaIOThCS IHTEHCIOHAJIBbHI Ta EKCTEHCIOHATIbHI aCMIEKTH MPOrPaMHUX MOHATH?
9. Sk BH3HAUYAIOTHCSI CUCTEMH Pi3HHUX PiBHIB abcTpaKiii?

10. Sk Bu3Ha4arOThcA MOBHM cnenMdikaiiif Ta mporpaMmyBaHHs?

11. Sxi € popmanbHi MOAEIi O0UHCTIOBAaHUX (YHKIIIH?

12. Sk BU3HA4Ya€THCS OOUMCIIIOBAHICTh HAJl CKJIQAHUMU CTPYKTYpaMH JTaHUX?

13. SIx Bu3HAYacTHCA OOUYMCIIFOBAHICTE HaJ HOMIHATUBHUMHA TaHUMH?

14. o Take HaTypaJibHAa OOYUCIIIOBAHICTH?



15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

SIK BU3HAUAETHCS OOUMCITIOBAHICTh KOMIIO3HUITIH porpam?

[ToBHi K1ack 00UYUCITIOBaHUX (DYHKITIH.

SIKUMH METOJJaMH OTIMCYIOTh IPEAMETHI 001acTi?

SIk MeToIM BUKOPUCTOBYIOTH JUIsl crienrdikaliii BAMOT 10 MPOTpaMHUX CUCTEM?

SIki 3acanu RAISE-merony po3poOku mporpam?

Sxi moriuni popMaizMu BUKOPUCTOBYIOTH JJIs crienudikariii mporpam?

SIK BUKOPHCTOBYETHCS KJIACUYHA Ta HEKJIACHYHA JIOTiKa JUTsl crienndikariiii mporpam?
Sk BU3HAYAIOTHCS TEMIOPAIbHI Ta MOJIAIbHI JIOTIKH?

SIK BU3HAUAIOTHCS aKCIOMAaTUYHI METOM crierudikaii nporpam?

Sk Bu3HauyaeThes sorika Ooina-Xoapa Ta K1 BIaCTUBOCTI BOHA Mae?

SIki 0COOIMBOCTI Ma€ CEMaHTUKO-CHHTAKCHYHA TEXHOJIOTIS pO3pOoOKH mporpam?

Ski 0coOIMBOCTI Ma€e METO/ MOCTIJOBHUX YTOUHCHB?

SIki 0c00IMBOCTI y pO3pOOKY IpOrpamM BHOCATH 00’ €KTHO-OPIEHTOBaHI METO I ?

Slka meTa cTaHAapTIB MPOrpaMyBaHHS?

SIK BUKOPHCTOBYIOTH TEXHOJIOTI4HI Ta IHCTPyMEHTaNIbHI 3aco0u crierudikaii Ta po3pooku

nporpam?

PexomenoBana niteparypa: [1-5].

/

Test questions for part 1:

1. What principles are the main methodological principles of programming theory?
2. How are the principles of development and epistemology formulated?

3. How is the pentad of the basic concepts of programming defined?

4. How are the concepts of user, problem, program, computing, and programming defined?
5. What are the properties of the basic concepts of programming?

6. What are the main aspects of programs?

7. On the basis of what principles are program concepts formalized?

8. How are the intentional and extensional aspects of program concepts defined?

9. How are systems of different levels of abstraction defined?

10. How are specification and programming languages defined?

11. What are the formal models of computable functions?

12. How is computability determined over complex data structures?

13. How is computability determined over nominative data?

14. What is natural computing?

15. How is computability of program compositions determined?

16. Complete classes of computable functions.

17. What methods describe subject domains?

18. What methods are used to specify requirements for software systems?

19. What are the principles of RAISE-method of software development?

20. What logical formalisms are used for program specifications?

21. How are classical and non-classical logic used for program specifications?

22. How are temporal and modal logics defined?

23. How are axiomatic methods of program specification determined?

24. How is the Floyd-Hoare logic defined and what properties does it have?

25. What are the features of semantic-syntactic technology of program development?
26. What are the features of the method of sequential refinements?

27. What are the features of object-oriented methods in software development?

28. What is the purpose of programming standards?

29. How to use technologies and tools for specification and program development?

Recommended References: [1-5].



3aBaaHHs AJs1 caMocTiiiHOT podoTH. [ToOynyBaTn Moneni Ta cerudikarii HaCTyITHUX
MIPOrPaMHUX CUCTEM:
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Tasks for independent work. Build models and specifications of the following systems:
1. ATM

2. Coffee machine

3. Storage

4. E-shop

5. Microwave oven

6. Phone

7. Electric stove

Tunose 3aB1aHHsI KOHTPOJIbHOI podoTH 2!

BepudikyBatu 3 BUKOPUCTAHHS TPOTPAMHHUX 3aCO0IB MOJIEII HACTYITHUX MPOTPAMHUX CHCTEM:
1. Baukomar

KaBosuii aBToMar

Cknan

E-maraznn

MiKpOXBUIILOBA Y

Tenedon

Enexrpormnra

Noukown

/
Typical test task 2:
Verify with software tools models of the following systems:
1. ATM
2. Coffee machine
3. Storage
4. E-shop
5. Microwave oven
6. Phone
7. Electric stove

KoHTpoJIbHI 3anIMTaHHSA 10 YACTHHH 2!

1. HaBectu npukiaay CTaHiB TPAH3ULIHHUX CUCTEM.

Busnauutu noriku ®noiina-Xoapa. CopmyntoBaTu ix akCiOMaTUKY.
JloBecTH KOPEKTHICTh YMCJICHHS Ta BITHOCHY MOBHOTY JioTiku Doiaa-Xoapa.
3acobu crienudikallii Ta po3poOKu mporpam 3a gornomoroto jorik duoiiga-Xoapa.
OcHoBHi 3acaau metoay TLA Ta moOyayBaTH PUKIIAIH.

CdopmymroBaTi BIaCTUBOCTI JOCSKHICTI 1 O€3MeKi.

Hanatu BU3Ha4YeHHS TPaH3UIIIHHOTO TIEPEXOY.

[Mpuntunu Bepudikamii B TLA.

[Tpuntunu nepeBipku Mojenei, 3aaanux B TLA, 3a momomororo SPIN.

10. TlpuHiunu nepeBipku MoJeNei, 3ajaHuX B Z.

11. BnactuBoCTi Z-METOY.

12. TTpunuunu nepeBipku Mozese, 3aganux B B.

©CoNoRWN



13
14
15

. BmactuBocti B-meTony.
. [Ipunnumm nepeBipku Mojenei, 3aganux B RAISE.
. BmactuBocti RAISE-meTony.

PexomenoBana niteparypa: [1-5].

Test questions for part 2:

1.

O© 00 NO O bW

Give examples of states of transition systems.

. Define the Floyd-Hoare logic. Formulate its axiomatics.

. Prove correctness of calculus and the relative completeness of Floyd-Hoare logic.

. Software tools for specification and program development using Floyd-Hoare logic.
. Describe basic principles of TLA method and build examples.

. Formulate the properties of reachability and safety.

. Provide a definition of the transition.

. Principles of verification in TLA.

. Principles of checking TLA models using SPIN.

10. Principles of verification of models specified in Z.
11. Properties of Z-method.
12. Principles of verification of models specified in B.
13. Properties of B-method.
14. Principles of verification of models specified in RAISE.
15. Properties of RAISE method.
Recommended literature: [1-5, 7-13].

NN

N O

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

3anuTaHHS AJS MIATOTOBKH 10 €K3aMEeHY

SIKi IPUHIMITA € OCHOBHUMH METOJIOJIOTIYHUMH NMPUHIMIIAMH TEOpii mMporpaMyBaHHs?

SIK GOpMyITIOIOTHCS IPUHIMIIA PO3BUTKY Ta THOCEOJIOTTYHOCTI?

SIk BU3HAYAETHCS MEHTAa OCHOBHUX MOHATH IPOrpaMyBaHHs?

Sk BM3HA4alOTbCAd TOHATTS KOpPHUCTyBada, IpoOOJeMH, NpPOrpaMu, OOYMCIIOBAHOCTI,
IporpaMyBaHHs?

SIK1 BIacTUBOCTI OCHOBHUX MOHATH MPOrpaMyBaHHs?

BnacTuBOCTI OCHOBHOT IEHTA 1M IPOrpaMyBaHHs.

BrnactuBocTi mporpamMHoO1 eHTaIu.

[ITo Take yacTkOBa KOPEKTHICTh Mporpam? SIKUM YMHOM JOBOAMTHCS YACTKOBA KOPEKTHICTh
nporpam?

[Ifo Take moBHa KOPEKTHICTH Mporpam? SKMM YMHOM JIOBOJWUTHCS TMOBHAa KOPEKTHICTH
nporpam?

PoskpuiiTe 3MicT ¢popmanizalii HOHATTS IPOrpaMu.

Busnaure pi3Hi kaacu QyHKIIIHN.

Busnaure nporpaMHi CUCTEMH PI3HOTO PiBHSI aOCTpaKIIii.

JlaiiTe BU3HAUEHHSI KJIaCy HOMIHATUBHUX JIaHUX.

[ToBHUI1 K1ac oOuucHoOBaHUX (QYHKIINA HAJ HOMIHATUBHUMH JTAHUMHU.

SIKi acTieKTH MporpaM € roJIOBHUMU?

Ha miacraBi skux npuHIMIIB BiIOyBaeThes (hopmMarizallisi IporpaMHUX MOHSATH?

Knacu ¢yHK1ii, 1110 BAKOPUCTOBYIOThCS JUTs (hopManizaiii mporpam.

Sk BU3HAYAIOTHCS IHTEHCIOHAIBHI Ta €KCTEHCIOHAIBHI ACMIEKTH MPOTPAMHUX TTOHSTH?
[TOHATTS KOMITO3UIIITHO-HOMIHATUBHOI CUCTEMHU.

SIk BU3HAYAIOTHCS CUCTEMHU PI3HUX PIBHIB a0CTpaKIii?

SIK BU3HAUAIOTHCSI MOBH CIIEIM(iKalliif Ta mporpaMyBaHHs?

SlkuMu MeTOJJaMU ONUCYIOTh MPEAMETHI 00J1acTi?

SIk MeToIM BUKOPUCTOBYIOTH IS crienu(ikallii BAMOT 1O IPOTPaMHUX CUCTEM?



24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

/

Sxi 3acamqu RAISE-merony po3poOku mporpam?

Axi 3acagu B-meTomy po3poOku mporpam?

Sxi 3acamu Z-MeToy po3poOKu mporpam?

Axi 3acagu TLA-Metoxy po3poOku nmporpam?

SIki norivyni hopMani3sMu BUKOPUCTOBYIOTH JUIs crieudikaliiii mporpam?

SIK BUKOPHCTOBY€ETHCS KJIACUYHA Ta HEKJIaCHYHa JIoTiKa JuIsl crienuikaiiiii mporpam?
SIK BU3HAUAIOTHCS TEMIOPAJIbHI Ta MOAAIBHI JIOTIKU?

Sk BU3HAYAIOTHCS aKCIOMATHYHI METOIM crienudikaii nporpam?

Sk BU3HauaeThes Jorika Proiina-Xoapa Ta sSKi BIaCTUBOCTI BOHA Ma€?

IToBHOTA noTiKKM Droitga-Xoapa.

SIki 0COOIMBOCTI Ma€ CEMaHTUKO-CHHTAKCHYHA TEXHOJIOTIS pO3pOoOKH mporpam?

Ski 0coOIMBOCTI Ma€e METO/ MOCTIJOBHUX YTOUHCHB?

SIki 0c00IMBOCTI y pO3pOOKY IpOrpamM BHOCATH 00’ €KTHO-OPIEHTOBaHI METO I ?

Slka meTa cTaHAapTIB MIPOrpaMyBaHHs?

SIK BUKOPHCTOBYIOTh TE€XHOJIOTIYHI Ta IHCTpPyMEHTaJIbHI 3acobu crenudikaiii Ta po3pooku
nporpam?

Questions to prepare for the exam

. What principles are the main methodological principles of programming theory?

. How are the principles of development and gnoseology formulated?

. How is the pentad of basic programming concepts defined?

. How are the concepts of user, problem, program, computing, and programming defined?

. What are the properties of the basic concepts of programming?

. Properties of the main programming pentad.

. Properties of the software pentad.

. What is the partial correctness of programs? How is partial correctness of programs proved?

. What is complete correctness of programs? How is complete correctness of programs proved?

. Explain the meaning of formalizing the concept of program.

. Identify different classes of functions.

. Identify software systems at different levels of abstraction.

. Define the class of nominative data.

. Complete class of computable functions over nominative data.

. What aspects of programs are the main ones?

. On the basis of what principles are program concept formalized?

. Classes of functions used to formalize programs.

. How are the intentional and extensional aspects of program concepts defined?
. The concept of compositional-nominative system.

. How are systems at different levels of abstraction defined?

. How are specification and programming languages defined?

. What methods describe the subject domains?

. What are methods used to specify software system requirements?

. What are the principles of RAISE-method of software development?

. What are the principles of B-method of program development?

. What are the principles of Z-method of software development?

. What are the principles of TLA-method of software development?

. What logical formalisms are used for program specifications?

. How are classical and non-classical logic used for program specifications?
. How are temporal and modal logics defined?

. How are axiomatic methods of program specification defined?

. How is the Floyd-Hoare logic defined and what properties does it have?

33. Completeness of Floyd-Hoare logic.
34. What are the features of semantic-syntactic technology of program development?



35. What are the features of the method of successive refinement?

36. What are the features of object-oriented methods in software development?
37. What is the purpose of programming standards?

38. How are technologies and tools used to specify and develop programs?

7.2. Oprani3aitisi OHiHIOBaHHS:

TepMminu npoBeaeHHs1 popM OLiHIOBAHHS
1. KonrponbHa poboTa 1: 10 7 THXKHS CEMECTpY.
2. Kontposbaa po6ota 2: 10 14 THXHS ceMecTpy.
3. IloTOYHE OIIIHIOBAHHS: TIPOTATOM CEMECTPY.

CryneHT Mae mpaBo Ha OJHE MEPECKIIaJaHHs KOKHOI KOHTPOJILHOI POOOTH 13 MOMIIUBICTIO
oTpuMaHHs MakcuManbHO 80% MOYaTKOBO BU3HAUEHUX 32 I[I0 KOHTPOJIbHY poOoTy OainiB. Tepmin
MEPCCKIIalaHHA BU3HAYAETHCA BUKJIAAa4YCM.

VY BuUmaaky BiJICYTHOCTI CTyJE€HTa 3 IMOBAKHHMX MPUYHMH BiJNpPAIIOBaHHS Ta Iepe3aadl
KOHTPOJBHHUX POOIT 3MIHCHIOIOTHCSA Y BIAMOBIIHOCTI 110 ,,J10J0KEHHST TIPO TOPSAIOK OIIHIOBAHHS
3HaHb CTYAEHTIB MPU KPEAUTHO-MOIYJIbHINA CHUCTEMi Oprasizamii HaBYaJlbHOTO mporecy” Bix 1
woBTHs 2010 poky.

/

Terms of evaluation forms:

1. Test 1: up to 7 weeks of the semester.

2. Test 2: up to 14 weeks of the semester.

3. Current assessment: during the semester.

The student has the right to one retake of each test with the possibility of obtaining a
maximum of 80% of the points initially determined for this test. The term of reassembly is
determined by the teacher.

In case of absence of a student for valid reasons working off and transfer of tests are carried
out according to "Regulations on the order of an estimation of knowledge of students at the credit-
modular system of the organization of educational process" from October 1, 2010.

7.3 llIkagaa BigmoBigHocti ominok / Rating scale:

Bigminno / Excellent 90-100
Jo6pe / Good 75-89
3anoBianHo / Satisfactory 60-74
He3anosiabho / Fail 0-59

8. CrpykTrypa HaBYAJAbHOI AMCHUIIiHN. TeMaTHYHM TUIaH JIeKIii

The structure of the discipline. Thematic plan of lectures and independent work

No Kinskicts rogun /
nexuii Number of hours
/ Hassa nexuii Tipaxr. Conr.
No of / Jlexuii 3aH. p-Ta
lectrur .
Title of a lecture / / /

o )
Lectures | practical |Independe

training nt work

Yacruna 1. ®opmanbHi Mojeai mporpaM Ta MeTOAH iX




cnenudixanii / Part 1. Formal models of programs and
methods of their specification

Tema 1. Beryn go npeamery. OCHOBHI METOI0JIOT14HI
NPUHIUIH T00Y10BH (POPMAIBHUX MOJIENIEH TPOTpaM.
Camocriiina po6oTa: OCHOBHI IOHATTS POrPaMyBaHHS.
dopmanbHi Mojeni mporpam. [1,4,5].

/

Topic 1. Introduction to the subject. Basic methodological
principles of construction of formal programs models.
Independent work: Basic concepts of programming. Formal
models of programs. [1,4,5].

Tema 2. [Tpunnunu dopmanizaiii mporpaMHUX TOHSTh.
[HTEeHCIOHAN Ta eKCTEHCIOHAT MOHATH MHOKUHU, PYHKIIIT Ta
IPOTPaMH.

Camocrtiiina po6ora: ®opmaizailisit OCHOBHUX HOHSTb.
Metoau dopmanizaiiii MOB mporpamMyBaHHs Ta crienudikariii.
[Mpuknaau cnenudikaii npoctux cuctem [1, 4, 5].

/

Topic 2. Formalization principles of program concepts.
Concepts of intensions and extensions of sets, functions and
programs.

Independent work: Formalization of basic concepts.
Methods of formalizing programming and specifications
languages. Examples of specifications of simple systems [1, 4,
5].

Tema 3. MoBu crienudikariii Ta mporpaMmyBaHHs

Camocriiina po0ota: PiBHI aOcTpakiiii B po3risijii OCHOBHUX
MOHATh MPOrpaMyBaHHSA. BIacTHMBOCTI OCHOBHUX TIOHSATH
nporpamyBanHs. [1,2,4,5].

/

Topic 3. Specification and programming languages
Independent work: Levels of abstraction in the consideration
of basic concepts of programming. Properties of basic
programming concepts. [1,2,4,5].

Tema 4. ®opmanbHi MOJEIN1 00UUCTIOBAaHUX (DYHKIIIN

Camocriiina po6oTa: ['0JI0BH1 aCIEKTH NpOrpam.
q)OpMaJ'Ii3MI/I MogaHHA CUHTAKCHUC Ta CCMAaHTHUKA ITporpam
[1,2,4,5].

/

Topic 4. Formal models of computable functions
Independent work: The main aspects of the program. Formal
representations of syntax and semantics of programs [1,2,4,5].

Tema S. [IpeameTHi 007aCcTi Ta METOIU X OIHCY.

Camocriiina  pobora:  Teoperuko-(yHKIIOHAIbHA  TA)
TEOpEeTUKO-HOMIHATHA miaTdopMu (dopmaiizallii TporpaMHUX
MOHATH. [HTEHCIOHAN MOHATTS, ekcTeHcioHan noHATTs. Kiacu
He JeTepMiHOBaHMX (QyHKUIA. Popmanmizaiis KOMIIO3ULIN
[1,2,4,5].

/

Topic 5. Subject domains and methods of their description.




Independent work: Function-theoretic and nominative-
theoretic platforms of formalization of program concepts.
Intension and extension of notions. Classes of non-
deterministic  functions. Formalization of compositions
[1,2,4,5].

Tema 6. 3aranbHi cXeMH PO3POOKH IMPOTPaM.

Camocriiina pobora: CdopMmynoBaTd BiAMIHHOCTI MIX
TEOPETUKO-(PYHKIIOHATBHOIO Ta TEOPETUKO-HOMIHATUBHOIO
matdopmoro  dopmaiizaiii nmporpaMHUX TOHATH. HaBectn
npukiamm. [1, 2, 4, 5].

/
Topic 6. General schemes of program development.
Independent work: Formulate the differences between the
function-theoretic and nominative-theoretic platforms of
formalization of program concepts. Give examples. [1, 2, 4,
5].

Tema 7. CTpyKTypH 1aHUX Ta KJacu QYHKIIIH y MOBax
cnenudikarii

Camocriiina po6ora: Hagatu BU3Ha4eHHs iHTEHCIOHATY
IIOHATTA Ta eKCTeHCiOHaJ'Iy. Hasectu IpUKJIaan. Buznauutu
KJIaCH He JIeTepMiHOBaHUX (QyHKIIH. Po3ristHyTH MeTOIM
dopmaizaris kommosuuii [1, 2, 4, 5].

/
Topic 7. Data structures and function classes in specification
languages

Independent work: Provide a definition of the concepts of
intension and extension. Give examples. Identify classes of
non-deterministic functions. Consider methods of
formalization of compositions [1, 2, 4, 5].

Tema 8. Kitacu koMmo3uiiii y MoBax crienugikarii

Camocriiina po6ora: CdopmymoBatd 0coOIMBOCTI MOB
cnenudikaii y TOpIBHSAHHI 3 MOBaMH IpPOTrpaMyBaHHS.
Bu3HauuTH AEHOTATHBHI KOMIIO3UIIII B MOBax crenuikarii.
SAxi  JOriYHI  KOMITO3WIIT  BUKOPHCTOBYIOTH y  MOBax
crierdikarii [1-5]?

/
Topic 8. Classes of compositions in specification languages.
Independent work: Formulate features of specification
languages in comparison with programming languages.
Identify denotative compositions in specification languages.
What logical compositions are used in specification languages
[1-5]?

Tema 9. MeToau yTo4HeHHs TaHUX, PYHKIIN Ta KOMITO3HITIH.
Camocriiina poOora: TpanuuiiHi  QopmalibHI  MOJeIl
obuncimoBaHUX (QYyHKIIH Ta iX oOMexeHicTb. Mogeni
a0CTpakTHOI O0OYMCITIOBAaHOCTI. AKCIOMaTW4YHI BW3HAYEHHS
obuncoBaHux QyHkuii [1,4,5].

/
Topic 9. Methods of refining data, functions and compositions.
Independent work: Traditional formal models of computable
functions and their limitations. Models of abstract




computability. Axiomatic definitions of computable functions
[1,4,5].

Konrpoasna podora 1/ Test 1

Bceworo mo wactuni 1 / Total for part 1 18 54

Yacruna 2. Meroau Bepudikanii nporpam / Part 2.
Methods of program verification
Tema 10. Bepudikaris B morika ®oiaa-Xoapa.
Camocriiina po6ora: IlepepaxyBatu OCHOBHI MOAEi
a0CTpakTHOI 00uYMCIIOBaHOCTI. PO3MIsIHYyTH akKcioMaTH4HI
BHU3HaueHHs oOuncmoBanux QyHKIH. [1, 4, 5].

10 |/ 2 6
Topic 10. Verification in Floyd-Hoare logic.
Independent work: Specify the basic models of abstract
computability. Consider axiomatic definitions of computable
functions. [1, 4, 5].
Tema 11. IIpuxnanu 3actocyBanHs. KopekTHiCTh Ta MOBHOTA
JIOTIKH.
Camocriiina podora: HominatuBHI JaHi Ta iX kiacudikaris.
bazoBi  ¢yHkmii. MopenoBaHHs ~ HATYpalIbHHUX  YHCEI
HOMIHATUBHUMH JaHUMU. KoMno3ullii HoMiHATUBHUX (DYyHKIIIN

11 /[1’ 4 5] 2 6
Topic 11. Examples of application. Correctness and
completeness of logic.
Independent work: Nominative data and their classification.
Basic functions. Modeling of natural numbers by nominative
data. Compositions of nominative functions [1, 4, 5].
Tema 12. TexHoIOT14HI Ta IHCTPYMEHTANIbHI 3aCO0U
crerrdikallii Ta po3poOKH porpam 3a JOMOMOTOFO JIOTIK
®dnoitna-Xoapa.
Camocriiina po6ora: JlaTi BuU3HAYEHHS JaHUM CKIHYEHOI|
CTPYKTYpH. CcdopmymroBatu BHU3HAYECHHS GbyHKLiN
HaTypasi3alii Ta aenarypanisarii. [1,4,5].

12 |/ 2 6
Topic 12. Technological and instrumental tools for
specification and program development using Floyd-Hoare
logic.
Independent work: Define the data of a finite structure.
Formulate the definition of the functions of naturalization and
denaturalization. [1,4,5].
Tema 13. Bepudikaris cuctem B TLA. 3araiibHi 0JI0KEHHS.
Camocriiina poOora: Po3misiHyTM cXeMy HaTypalbHOI
oOumcmoBaHocTi. JloBecTn TeopeMH Mpo IMOBHI  Kiacu
obuncroBanux QyHkiii [1,4,5].

13 |/ 2 6
Topic 13. System verification in TLA. General statements.
Independent work: Consider the scheme of natural
computability. Prove theorems on complete classes of
computable functions [1,4,5].

14 Tema 14. Bepudixauist cucrem B TLA. IIpuxmnagu. 5 5

CamocriiiHa poOora: Po3rissHyTM YTOYHEHHS JaHMX Ha




migcrtaBi  cxemu Xoapa. Haeectw mpuknamu. JloBectH
BJIACTUBOCTI YTOYHCHHX JaHuX [1, 6].

/

Topic 14. System verification in TLA. Examples.

Independent work: Consider data refinement on the basis of
the Hoare scheme. Give examples. Prove the properties of
refined data [1, 6].

15

Tema 15. IlepeBipka mozeneii 3a gonomororo SPIN.
Camocriiina po6ora: KiacudikyBatn kmacu QyHKIIH Y|
MoBax crienudikamii. [1-3].

/
Topic 15. Checking models using SPIN.

Independent work: Classify function classes in specification
languages. [1-3].

16

Tema 16. Bepudikariis cucreMm B Z.

Camocriiina po0Gora: HaBecTu mpuKiIaad BUKOPUCTAHHS
OTHO3HAYHMX Ta Oarato3HauHuxX QyHKOiH. PosrisHyTn
CIIocoOu MmoiaHHsI Ta nepeTBopeHHs GyHKiii [1-3].

/
Topic 16. System verification in Z.

Independent work: Give examples of the use of unambiguous
and multivalued functions. Consider ways to represent and
transform functions [1-3].

17

Tema 17. Bepudikartis cuctem B B.

Camocriiina po6ora: KnacugikyBaTu Kiacu KOMIIO3ULIN Y
MoBax crneuudikamii. [1-3].

/
Topic 17. System verification in B.

Independent work: Classify composition classes in
specification languages. [1-3].

18

Tema 18. [IporpamHi KOMIO3UIIHHO-HOMIHATUBHI JIOT1KH Ta
1X 3aCTOCYBaHHSA

Camocriiina podora: [ToOyayBaTu Mozeni Ta crienugikarii
00paHUX MPOrPAMHHUX CHCTEM.

/
Topic 18. Composition-nominative program logics and their
application

Independent work: Build models and specifications of
selected software systems.

KonTponbeHa pobora 2 / Task 2

Bceror

o no yactuni 2 / Total for part 2

18

56

Koncynbrariis / Consultations

Ex3amen / Exam

BCbOI'O / TOTAL

36

112

3araasnuii 06csr 150 200., B ToMy 9mcIi:
Jlexuiit — 36 200.
Koncynpramii — 2 200.

Cam
/

The
Lect

ocrtiitHa po6orta - 112 200.

total amount is 150 hours, including:
ures - 36 hours.




Consultations - 2 hours.
Independent work - 112 hours.

o
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11.

12.
13.

14.

15.

16.

17.

. PexomenoBani mxepena / Recommended references::

OcHosHi / Basic

C.JI. Kpusuii. Beryn o metoziB ctBopeHHs nporpamuux cucreM. Kuis, HoVYKMA,2018.—449 c.
Hopomenko A.YO., XKepeb K.A., UBanos E.B., Hukutuenko H.C., Slnenko E.A. ®opmanbHbIe
METO/Ibl TIOCTPOEHUS MapaJLIeNbHbIX ITporpaMM, Kponusuunpskuii, 2016.— 440 c.

M.C. Hikituenko, C.C. llIkinpHsak. MaTemaTtryHa Jjiorika ta Teopis anroputmis. — K., 2008.

M.C. Hikituenko, C.C. lkinbusik. [lpuknagna norika. — K., 2013.— 277 c.

Hoaxarkosi / Additional

N.A. Bacapa6, H.C.Hukutuenko, B.H. Penpko. Kommnosunuonusie 6a3bl nanubix. - K., JIubims,
1992.- 182 c.

The RAISE specification language. Prentice Hall Int.— 1992.— 397 p.

C. JlaBpos. I[IporpammupoBanue. MaremaTuueckie OCHOBBI, cpeactBa, Teopus.— CII6.: BXB-
[etepOypr, 2001.— 320 c.

ba6enko JLII., JlaBpimea K.M. OcnoBu mporpamuoi imxkenepii: Hapu. moci6.—K.: T-Bo
"3nanug"”, 2001.— 269 c.

E.C.R.Hehner: A practical Theory of Programming. Springer, New York, 1993.— 244 pages.

. Hoare C.A.R., Jifeng He. Unifying Theories of Programming.— London: Prentice Hall Europe,

1998.— 298 p.

Schneider K.: Verification of Reactive Systems. Formal Methods and Algorithms. Springer-
Verlag Berlin Heidelberg (2004)

Clarke E.M., Grumberg O., Peled D.: Model Checking. MIT Press (1999)

Mike Spivey. The Z Notation: A Reference Manual, 2nd edition. Prentice Hall International
Series in Computer Science, 1992.

Jim Davies and Jim Woodcock. Using Z: Specification, Refinement and Proof. Prentice Hall
International Series in Computer Science, 1996.

Jean-Raymond Abrial. Assigning Programs to Meanings, Cambridge University Press, 1996.
ISBN 0-521-49619-5.

Steve Schneider. The B-Method: An Introduction, Cornerstones of Computing series, 2001.
ISBN 0-333-79284-X.

Leslie Lamport. Specifying Systems: The TLA+ Language and Tools for Hardware and
Software Engineers, 2002 Pearson Education Publ.
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