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1. MeTta AMCUMILTIHN — 3aCBOEHHSI OCHOBHUX KOHIETIIH, IPUHIIMIIIB Ta MOHATH Cy4aCHUX METOIB
pPO3poOKM TPOrpaMHUX CHCTEM Ta 1X 3aCTOCYBaHHS /ISl aJeKBATHOTO MOJENIOBAaHHS  MOB
crienikamniii i mporpaMyBaHHS Ta BUKOPUCTaHHS MOOYIOBAaHWX MOJENeH Ui CTBOPSHHS CyYacHHX
MPOrpaMHHX Ta iHPOPMAIIITHUX CUCTEM BUCOKOT 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. llonepeani BUMOrHY /10 ONIaHYBaHHsI 200 BUOOPY HABYAJIbHOI JUCUMILIIHU (34 HasA6HOCMI):

1. 3namu: OCHOBHI MOHSATTA, 3aCO0M 1 METOAM MAaTEMaTHYHOI JIOTIKM, X 3aCTOCYBAaHHS B

iHhOopMaTHIIl i MpOrpaMyBaHHi; 3HATH MOBHU MPOMO3HIIIHHOT JIOTIiKH Ta JOTIKH 1-TO MOPSAKY,

iX MOKJIMBOCTI JJIsl OMHCY TpPEAMETHHX 00JacTeil; OCHOBHI METOAM TOIIYKY JOBEIEHb Ta

3aco0M JIOTIYHOTO BUBEICHHS.

2. Bumimu. ommcyBatu Ha (OPMATBHUX MOBaX |-TO MOPSAIKY TBEPHKEHHS CTOCOBHO THX UM

IHIIUX TpPeAMETHUX OO0JIaCTel; BCTAHOBIIOBATH ICTUHHICTH TIPOMO3MLIHHUX (OPMYII,

Oe3kBaHTOpHUX (opmyn, (opmyn 1-ro mMopsAKy; BCTaHOBIIOBATH HASBHICTH JIOT19HOTO

HACITIJIKY; BCTAHOBIIIOBATH BUPA3HICTh Ta HEBUPA3HICTH MPEIUKATIB Y MOJIEISIX MOBH.

3. Bonooimu enemMeHmMapHumMu HA@U4Kamu. TPOTPAMyBAaHHS B CYy4aCHHUX MOBaX, MEPEBIPKU

BUKOHYBAHOCTI (hOpMYII.

/

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. AHOTANiS1 HABYAJIBLHOI JUCIHUILIIHA:

Hapuanpna mucuumuiina «PopmaibHi METOAN PO3POOKH MPOTPAMHUX CHCTEM» € CKJIAZIOBOIO
OCBITHBO-HAYKOBOI TIPOTpaMH TMiATOTOBKH CHEIIaJiCTIB 3a OCBITHbO-KBaTi(iKaIifHUM piBHEM
«marictp» ramysi 12, Iapopmaniitai TexHonorii” 31 cneyiarvnocmi 122, KoMm’roTepHi HayKH',
0c8imubo-Hayko8oi npocpamu — ,,J1ITydHAN THTEIEKT”.

Jana auciuiiiHa € 000B’I3KOBOI0 HABYAIBHOIO TUCIUILTIHOIO 32 npozpamoio “LlImyunuil
inmenekm”.

Buknanaerscs B 2 cemectpi 1 Kypcy marictpatypu B 00csi3i 150 roaus.

(5 kpeoumie ECTS) ) 30kpema: nexyii — 36 200., Koncyromayii — 2 200., camocmiiina poboma
— 112 200. Y kypci nependadeHo 2 uacmunu Ta 2 KOHmMpoabHi pobomu. 3aBepiryeThes JUCIHUITTIHA —
eK3aMeHOM B 2 ceMecTpi.

B p€3yJ'II>TaTi BUBYECHHS HaBYaJbHOI ,HI/ICI_II/IHJ'IiHI/I CTYACHT IOBUHCH:

3HATH: OCHOBHI MTOHATTS MPOTpaMyBaHHsA, METOIH (opmMaizamii MOB IPOTpaMyBaHHS Ta MOB
cnerudikarii, METOIM MOJICITIOBAHHS TIPEMETHUAX O0JIACTEH; IOTIYHI YUCIICHHS.



BMiTH: (QopMaii3yBaTH MOBH NpPOTPaMyBaHHS Ta CreHU]ikaIliif, MOJIECIOBATH MPEAMETHI
00J1acTi 3a JJOMOMOTOIO BiINIOBITHUX MOB, 3aCTOCYBAaTH MPOTPaMHi 3ac00H aHami3y crenuikamiii.

/

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 "Artificial 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. 3apaanns (HaB4aJbHi Hiji) / Objectives of study:
HaOyTTsl 3HaHb, YMiHb Ta HaBUYOK (KOMIETEHTHOCTEH) Ha piBHI HOBITHIX JOCATHEHb Y
NporpaMyBaHHi, BiIMOBIIHO OCBITHROI KBamiikarii «MaricTp 3 KOMIT IOTEPHHUX HAYK».
30Kpema, pO3BHUBATH:
® 3JIaTHICTH JI0 a0CTPAKTHOTO MUCJICHHS, aHAJII3y Ta CUHTE3Y;
® 3JaTHICTh CNIJIKYBAaTUCS IHO3EMHOIO MOBOIO;
® 3MATHICTH 1 TOTOBHICTH [0 NPOEKTYBaHHSA I1H(POPMALINHHOI CHCTEMH BH3HAYEHOTO
NPUKIATHOTO 3aCTOCYBaHHS NUITXOM aHaji3y Ta CHHTE3y CKJIaay Ta CTPYKTYypH
CUCTeMH a00 OKpPEMHX iX CKIIaJ0BUX, po3pobka QPyHKIIOHATEHUX 1 HeQYHKI[IOHATTEHUX
BUMOT JI0 CUCTEMH, IO TPOCKTYETHCH.

/

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. PesysibTaTH HAaBYaHHS 3a AucuuiLiiHow / Learning outcomes:

Pe3yJII>TaT HaBYaHHA

®opmu (Ta/ado

(1. 3narm; 2. BMiTH; 3. KOMyHikanis; 4. MeToaH i . Bincorox y
. . . . MeToau OLiHIOBAHHSA Ta . s
aBTOHOMHICTb Ta BilNOBigaJbHiCTB)/ TEXHOJIOTiN) . .. niicyMKoOBii
Learning outcomes BUKJIAIaHHI i TIOPOTOBMH KpHTEPIH omiHmi 3
to l'(HOW; 2. to be able; 3. ability tO‘ . HaBYaHHS / OHIH;"_;aHHﬂ .(3/3 MUCIUILTIHN/
communicate; 4. autonomy and responsibility Forms (and / or He(f XiJgHOCTI) Percentage in
methods and Evaluation methods and the final
K . .
;)II PesybraT HaBuanus/ technologies) of evaluatlonl-thlsrlshold ar grade of the
Code Learning outcomes teaching and applicable) discipline
learning
PHI1.1 Bnamu oCHOGHI - Jlexyii Konmponvua poboma 1, 20%
/ o / 60% npasunvHux
LO1.1 |"PO2PaMysanns ma n02iuni wucaenns. lectures sionosioeii
/ 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%
/ 3uamu memoou popmanizayii mog / 60% npaswibnice
LO1.2 Z5 225 Z)ﬂjl): jal.]gm ma Mos lectures sionogioeil,
" i Icnum
/ /
Test 1, 60% of correct
To know the methods of formalization ansvﬁe}{;
of programming and specification exam ’
languages.
PH1.3 Jlexyii Konmponvna poboma 2, 20%
/ 3namu Memoou MOOeN06aAHHS / 60% npasurbnice
Loz | eomemnux o6aacmet. lectures gionosioeil,
/ Icnum
. . . /
To dk}};w methods of subject domain Test 2, 60% of correct
modeting. answers,
exam
PH2.1 . . Jlexyii, 20%
Bmimu @opmanizysamu Mo8U o
/ cneyugixayiii ma I camocmilna Koumponvua poboma 2,
LO2.1 % % . pocpam, poboma 60% npasunvrux
MoOenosamu npeomemui obracmi 3a . oL
. . / 8ionogioeii, nomoune
00nOM02010 B8IONOBIOHUX MO8, .
; Lectures, OYIHIOBANHS,
sacmocyeamu  NpoepamHi - 3acobu| .
. L independent work Icnum
auanisy cneyugixayii. /
/ Test 2, 60% of correct
answers,
To be able to formalize specifications exam
and programing languages, model
subject domains using appropriate
languages, apply sofiware tools for
specification analysis.
PH3.1 . Jlexyii Tlomoune oyintosanns, 10%
/ Obrpynmogysamu 61acrHuil no2iao Ha / Tenum
LO3.1 3a0aty, CniIKy6amuca 3 Konezamu 3 lectures / current evaluation,
NUMAaHb NPOEKMYBAHHSA Ma PO3POOKU exam

cneyucbixayiti npoepam.
/

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




PHA4.1 . . Camocmiiina Ilomoune oyintosanns, 10%
/ Opeanizogygamu c8010 CAMOCMILIHY

p ons O poboma Icnum
LO4.1 |POOOMY Q1A OOCASHEHHA pE3YTbmAnty. / / current evaluation,
/ independent work exam

Organize your independent work to
achieve results.

6. CniBBinHOUIEHHs1 Pe3yJbTATIB HABYAHHS IMCUUILUIIHM i3 NPOrpaMHUMH pe3yJibTaTaMHU
HapuyaHHsi / Correlation of learning outcomes of the discipline with program learning
outcomes

Pesynbratn HaBuanus qucuumutinu| PH | PH | PH | PH | PH | PH

IIporpamui pe3yabTaTi HaBYaHHS/ 1.1 | 1.2 | 1.3 | 21 | 3.1 | 41
Learning outcomes of the discipline| / / / / / /
Program learning outcomes LO [LO |LO|LO |LO | LO

11 | 1.2 | 1.3 | 2.1 | 3.1 | 4.1

(3 onucy oceimuboi npoepamu)
(from the description of the educational program)

IMPH4. AHani3zyBatu BEJUKi JJaHI Ta MOJEIIOBATH BUCOKOPIBHEBI + +
abctpakuii y Benmukux Habopax JaHMX pi3HOI MOPUPOAH,
MPOEKTYBATH CXOBHWIIA BEJIMKUX TAHUX, U1 BUAOOYTKY NAHUX i
3HaHb, Bi3yalli3yBaTH BeJWKI MdaHi, OyayBaTH 1 OIIHIOBATH
perpecuBHi MOZENI, IO TeHEPYIOTHCS Ha OCHOBI BEIHKUX TAHUX.

/
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

ITPH13. BuxopucToByBaTH 3HAaHHS 3 KOMII'IOTEpHUX HaykK Ta| + +
iHpOpPMaliiHUX TEXHONOTiH W yMIHHS KPUTHUYHOTO MHCIICHHS,
aHaJIi3y Ta CHHTE3Y B MPOQECIHHNX MIIISAX.

/
PLO13 To use computer science and information technology and
critical thinking skills, analysis and synthesis for professional

purposes.
MIPH15. Bomoxmith wMeTogamu po3poOKH Ta BIIPOBAKEHHS + +
3aX0MiB,  COPSAMOBAaHUX HAa  MiABUIIEHHS  e€(QEeKTUBHOCTI

iHpOpPMAIITHUX CHCTEM.

/

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




7. Cxema ¢opmyBaHHs oninku / Evaluation scheme.
7.1 ®opmu ouniHBaHHA cTyaeHTIB / Forms of student assessment:

- ceMecTpOBe OLiHIOBaHHsA / semester assessment:

1. KonTtponbna pobora 1: PH 1.1., PH 1.2 — 25 6anis/15 6amnis.

2. Konrponsna pobdora 2: PH1.3, PH2.1 — 25 6anis/15 6aaxis.

3. [Toroune ominroBanug: PH2.1, PH3.1, PH4.1 — 10 6aJis /6 6aJis.

3nm00yBau OCBiTH MOXKe OyTH HEIOMYIIEHWH MO IMiJICYMKOBOTO OI[iHIOBAHHS, SIKIO TiJ 4ac
ceMecTpy BiH: 1) He JocAr MiHIMaJIbHOTO MOpOroBoro piBHA (60%) OIIHKM THX pe3yibTaTiB
HABYaHHA, SKi HE MOXYTh OyTH OIliHEHI MiJ| Yac MiJICYMKOBOTO KOHTPOJIO; 2) HAOpaB KiJIbKiCTh
0aJiB, 110 € HEJOCTATHBOIO [UI OTPUMAHHS MO3UTUBHOI OI[IHKM HaBiTh y BUMAJKY JOCSITHEHHS HUM
Ha MiJJICYMKOBOMY KOHTPOJII MaKCUMaJIbHO MOXIIUBOI'O PE3yJIbTaTy.

PexomennoBanuii Minimym — 36 GaiB
/

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, LO4.1 - 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.

- MiACYMKOBe OLiHIOBAHHSA: icUT
- MaKCUMaJIbHa KUTBKICTh OaltiB sSIKi MOXKYTh OyTH oTpuMaHi ctyaenTrom: 40 Oais;
- pe3yJIbTaTH HaBYaHHS sKi OynyTh ominroBatrch: PH1.1, PH1.2, PH1.3, PH2.1, PH3.1, PH4.1;
- popMa mpoBeIeHHS 1 BUJIM 3aBJIaHb: TICHMOBA POOOTA.
PexomennoBanmii MiHiMyM — 24 OatiB.
/
- 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, LO2.1, LO3.1, LO4.1;
- form and types of tasks: written work.
The recommended minimum is 24 points.

Buau 3aBaanb: 4 NMCbMOBHX MUTAHHS.
o | muranusa: PH1.1, PH3.1, PH4.1;
e 2 murtanns: PHI1.2, PH3.1, PH4.1;
o 3 muranusa: PH1.3, PH3.1, PH4.1;
o 4 muranusa: PH2.1, PH3.1, PH4.1;

3a po3ropHyTY BiJOBi/Ib HA KOKHE 3aBJaHHS CTYJEHT MOXxe oTpumMaty Bif 1 1o 10 Gamis.
KpwuTepii oriHFOBaHHS BIAMOBII CTYJCHTA HA TTUTAHHS:

® [TIOBHOTA PO3KPUTTS MUTAaHHA — 1-4 Oanm;

® JIOTiKa BUKJIAJAeHHS — 1-2 Oanm;

® aHANITUYHI MipKyBaHHS — 1-4 Ganu.



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, LO4.1;
* 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.

TeopeTu4Hi NMTAHHS 10 KOHTPOJILHOI podoTH 1:

1. BnacTUBOCTI OCHOBHOI EHTAAM IPOTPaMyBaHHS.

2. BnactuBocTi mporpaMHoi EHTaIH.

3. IIlo Take yacTKOBa KOPEKTHICTh mporpaMm? SIKUM YMHOM JOBOJUTHCS YAaCTKOBA KOPEKTHICTb
nporpam?

4.lo Take NOBHAa KOPEKTHICTb HporpaM? SKUM YHMHOM JOBOAMTHCS IOBHA KOPEKTHICTh
nporpam?

5. Poskpuiite 3micT hopmanizallii HOHATTS IpOrpamu.

6. BuznauTte pi3Hi kiacu QyHKIIIH.

7. BuzHauTe nmporpaMHi CUCTEMH Pi3HOTO PiBHS a0CTPaKIIii.

8. JlaliTe BU3HAYCHHS KJIAaCy HOMIHATUBHUX JTaHUX.

9. [NoBHwMIA KJ1ac 0OUYHCTIOBAHUX (DYHKIIH HaJl HOMIHATUBHUMU JIAHUMHU.

3aBaaHHs 15 camocTiiiHol podoTu. [ToOynyBaTi Mozeni Ta crierudikamii HaCTyITHUX
MPOTPAMHUX CHCTEM:
1. bankomart

2. Kasoswuii aBTOMaT
3. Cknan

4. E-marasun

5. MikpoXBHIbOBA MY
6. Tenmedon

7. Enexrtpomnuta

KoHTposbHi 3anuTanHs A0 yacTunu 1:

1. SIKi npUHOUTHA € OCHOBHHMH METOOJIOTIYHUMHE MTPHHITUIIAMHU T€OPii IpOrpaMyBaHHs?
2. Sk GopMyIIOIOTHCS IPHHLIUIH PO3BUTKY Ta THOCEOJIOTYHOCTI?

3. Ik BU3HAYaeThCS MMEHTOAA OCHOBHUX MOHSATH MPOTPaMyBaHHS?

4. Sk BU3HAYAIOTHCS MOHATTS KOPUCTYBaya, MPOOIIEMH, IPOTpaMu, OOYUCITIOBAHOCTI,
MporpaMyBaHHs?

SIKi BIaCTMBOCTI OCHOBHUX IOHATH IPOrpaMyBaHHs?

SIKi acieKTH mporpam € TOJIOBHUMHU?

Ha miacrasi sikux npuHIUMiB BiAOyBaeThes popmarizailis mporpaMHUX MOHATH?

SIK BU3HAYarOThCs IHTEHCIOHANbBHI Ta €KCTEHCIOHAIbHI ACIIEKTH IPOTPaMHUX MOHSATH?
9. Sk BM3HAUAIOTHCS CUCTEMH Pi3HUX PiBHIB abcTpakilii?

10. Sk BM3HAUYAIOTHCS MOBH clieliudiKaIliii Ta IporpaMmyBaHHs?

11. fxi € hopmanbHi Mozaeni o0uncTIOBaHUX (DYHKITIH?

12. Sl BU3Ha4YaeThCS OOUMCIIIOBAHICTh HAJl CKJIAJJHUMU CTPYKTYypaMH JaHUX?

13. SIx BU3Ha4YaeThCsl OOUMCIIOBAHICTh HAJl HOMIHATUBHUMHU JaHUMH?

14. 1o Take HaTypaJibHA OOYNCITIOBAHICTH?

e e



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

SIk BU3HAYAETHCS OOYMCITIOBAHICTh KOMIIO3HIIIH ITporpam?

[MoBHI K1acH 0OYUCITIOBAHUX (PYHKITIM.

SAxuMu MeToaMH OMUCYIOTH TIPEAMETHI 001acTi?

SIk MeToIM BUKOPUCTOBYIOTh JUIsl crienndikaliii BAMOT A0 MPOrpaMHHUX CUCTEM?

Sxi 3acagu RAISE-meTony po3poOku mporpam?

Sxi noriuni opMaTizMi BUKOPUCTOBYIOTh JUIA crieludikariiidi mporpam?

SIK BUKOPHCTOBYETBHCS KIIaCHYHA Ta HEKJIAaCHUYHa JIOTiKa Juld cnenugikawiii nporpam?
Sk BU3HAYAIOTHCS TEMITOPaJbHI Ta MOJIAJIbHI JIOTiKH?

SK BU3HAYAIOTHCS aKCIOMATUYHI METOIM crierudikallii mporpam?

Sk Bu3HavaeTbes Jorika dnoiiga-Xoapa Ta siKi BIaCTHBOCTI BOHA Ma€?

SKi 0cOOMMBOCTI Mae CEMaHTUKO-CHHTAKCUYHA TEXHOJIOT1sI pO3pOOKH mporpam?

SKi 0cOOMMBOCTI Mae METOJ MOCITiTOBHUX YTOUHEHb?

SIki 0coOIMBOCTI Y pO3p0oOKY MporpamM BHOCSTH 00’ €KTHO-OPIEHTOBaHI METON?

SIka MeTa cTaHIapTiB IpOTpaMyBaHHs?

SIK BUKOPHCTOBYIOTH TEXHOJIOTIYHI Ta IHCTpPYMEHTaJIbHI 3ac00u crierudikaii Ta po3poOKu

mporpam?
PexomenpoBana Jyiteparypa: [1-5].

/

Test questions for part 1:

l.
. How are the principles of development and epistemology formulated?

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

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

. What are the main aspects of programs?

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

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

9.

01N N b~ W

What principles are the main methodological principles of programming theory?

How are systems of different levels of abstraction defined?

10. How are specification and programming languages defined?

1

1. 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?

2

1. 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].



3aBaanus Ajas camocTiitHoi po6oTu. [loGynyBatn Moseni Ta crienudikailii HaCTYITHIX
MPOrpaMHUX CHCTEM:
1. bankomart
Kaposuii aBTOMaT
Ckinan
E-marasun
MikpoXBUIbOBA MY
Tenedon
Enexrpomnura

Nk wh

/

Tasks for independent work. Build models and specifications of the following systems:
ATM

. Coffee machine

. Storage

. E-shop

. Microwave oven

. Phone

. Electric stove

NNk W=

Tunose 3aBAaHHA KOHTPOJbHOI podoTH 2:

BepudikyBaTu 3 BUKOPUCTaHHS NPOrPaMHUX 3aC00IB MOJIEJ HACTYITHUX MPOTrPAaMHUX CHCTEM:
bankomar

Kasoswuit aBTOMaT

Cknan

E-marasun

MikpoxBuiIbOBa MY

Tenedhon

Enexrporura

Nk =

/

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

KoHTpo/bHi 3antMTAHHSA 10 YaCTUHH 2:

1. HaBectu npuKiaay CTaHiB TPAH3UIIHHIX CUCTEM.

Buznauutn noriku ®@noina-Xoapa. ChopMynoBaT iX aKCioMaTHKY.
JloBecTH KOPEKTHICTh YUCIICHHS Ta BiJHOCHY NMOBHOTY JIoriku dinoiiga-Xoapa.
3acobu crienudikailii Ta po3poOKu mporpam 3a nomomororo Jiorik dioiiga-Xoapa.
OcnogHi 3acagn Metony TLA ta moOynyBaTu npukiaam.

ChopmymroBaTH BIACTUBOCTI JOCSKHICTI 1 Oe3MeKi.

HanaTty BU3HaUeHHS TPAH3UI[IHHOTO MEPEXOTY.

[Mpunnumm Bepudikamii B TLA.

[punmumm nepeBipku Moaenel, 3aganux B TLA, 3a mommomororo SPIN.

10. IIpuHIMNH IEpEeBipKU MOIENEH, 3aIaHuX B Z.

11. BractuBOCTI Z-METOTY.

12. IlpuHIMNM nepeBipku MoIeNel, 3a1anux B B.

e e A Tl



13

. Brmactusocti B-metony.

14. Tpuniunm nepeBipku Monenel, 3ananux B RAISE.

15

. Bmactusocti RAISE-meTony.

PexomenpnoBana nmiteparypa: [1-5].

Test questions for part 2:

1.

0 NN D bk~ W

9.

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].

PRI R

°

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

3anuTaHHA Ui HiATOTOBKH /10 eK3aMeHY

SIKi IPUHLIMOKN € OCHOBHUMHU METO/I0JIOTIYHUMH TPUHIIUIIAMU T€OPii IpOorpaMyBaHHs?

Sk GOpMYITIOIOTHCS IPUHLUIIM PO3BUTKY Ta THOCEOJIOTTYHOCTI?

SIk BU3HAYa€ThCS MEHTAla OCHOBHUX IOHSATH MIPOrpaMyBaHHs?

SIK BH3HAYAIOTHCS MOHATTS KOpPHUCTyBauya, HpoOJeMH, NpOrpaMu, OOYUCIIIOBAHOCTI,
MporpaMmyBaHHs?

SIKi BIIaCTHBOCTI OCHOBHHX ITOHSATH POTpaMyBaHHs?

BrnactuBOCTi OCHOBHO{ IEHTA N TPOTPaMyBaHHS.

BrnactuBocTi mporpaMHOi IEeHTaIu.

[Ilo Take 4acTKOBa KOPEKTHICTH Mporpam? SIKUM YHMHOM TOBOJHMTHCS YaCTKOBA KOPEKTHICTBH
mporpam?

[Ilo Take MOBHa KOPEKTHICTh mporpam? SIKMM YHWHOM JOBOJAWTHCS TOBHA KOPEKTHICThH
mporpam?

Po3kpuiiTe 3micT popmanizalii MOHATTS MPOTPaMH.

Busnaure pi3Hi KJIacu QyHKITIH.

BusnauTe nporpamHi cUCTEMH Pi3HOTO PiBHS aOCTpaKIlii.

JlaiiTe BU3HaYEHHS KJ1acy HOMIHATUBHUX JaHMX.

[ToBHwMIt kMac oOUYMCTIOBaHNX QYHKIIIN HaJl HOMIHATUBHUMU JIAHWMH.

SIKi acieKTH mporpam € TOIOBHUMH?

Ha miacraBi sikux npuHIUMIB BiAOyBaeThes popmarnizailis mporpaMHUX MOHATH?

Krnacu ¢yHKIii, 110 BUKOPUCTOBYIOThCA A5 (hopMaizaliii mporpam.

SIK BU3HA4YarOThCs IHTEHCIOHANbBHI Ta €KCTEHCIOHAIbHI ACIIEKTH IPOTPAMHHX MOHATH?
IToHATTSI KOMIO3ULIITHO-HOMIHATUBHOI CUCTEMHU.

SIK BU3HAYAIOTHCS CHCTEMU Pi3HHX PiBHIB aOCTpaKIIii?

Sk BU3Ha4arOThCA MOBHU crienudikaniil Ta mporpamyBaHHs?

SIKUMH METOIaMU OMHCYIOTh MTPEIMETHI 001acTi?

SIK MEeTOTM BUKOPHUCTOBYIOTh JUIS CTIeNM(iKaIlii BAMOT A0 MPOTPAaMHHUX CUCTEM?



24. Sxi 3acamu RAISE-meTony po3poOku mporpam?

25. Sxi 3acamu B-meToxy po3poOku mporpam?

26. Ski 3acanu Z-MeTory po3poOku mporpam?

27. Sxi3acagu TLA-meToxy po3poOku mporpam?

28. Ski moriuHi GpopmanizaMu BUKOPUCTOBYIOTH JIJIs crieniudikariii mporpam?

29. Sk BUKOPUCTOBYEThCS KIIACHYHA Ta HEKJIACWYHA JIOTiKa s criendikariiii mporpam?

30. Sk BM3HA4YAIOThHCS TEMIOPAIbHI Ta MOJIaJIbHI JIOTiKH?

31. Sk BM3HAUaIOThHCS aKCiOMAaTUYHI METOAM crierudikalii mporpam?

32. Sk BuzHauaeThes norika @noiina-Xoapa Ta sSKi BIaCTHBOCTI BOHA Ma€?

33. TloBHota noriku ®noiina-Xoapa.

34. Slki 0coOMMBOCTI Ma€ CEMaHTUKO-CUHTAKCHYHA TEXHOJIOTisl PO3pOOKH Tiporpam?

35. Slki 0coOMMBOCTI Ma€ METOJI MOCIIIOBHUX YTOUHEHb?

36. Slki 0coOMMBOCTI Y PO3pOOKY MPOrpaM BHOCSTH 00’ €KTHO-OPIEHTOBAaHI METOIN?

37. Slxa mMeTa cTaHIApTIB MPOrpaMyBaHH?

38. SIk BHKOPHCTOBYIOTH TEXHOJIOTIYHI Ta IHCTpYMEHTaJbHI 3aco0M crnenudikaii Ta po3poOKu
mporpam?

/

Questions to prepare for the exam
1. 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?
10. Explain the meaning of formalizing the concept of program.
11. Identify different classes of functions.
12. Identify software systems at different levels of abstraction.
13. Define the class of nominative data.
14. Complete class of computable functions over nominative data.
15. What aspects of programs are the main ones?
16. On the basis of what principles are program concept formalized?
17. Classes of functions used to formalize programs.
18. How are the intentional and extensional aspects of program concepts defined?
19. The concept of compositional-nominative system.
20. How are systems at different levels of abstraction defined?
21. How are specification and programming languages defined?
22. What methods describe the subject domains?
23. What are methods used to specify software system requirements?
24. What are the principles of RAISE-method of software development?
25. What are the principles of B-method of program development?
26. What are the principles of Z-method of software development?
27. What are the principles of TLA-method of software development?
28. What logical formalisms are used for program specifications?
29. How are classical and non-classical logic used for program specifications?
30. How are temporal and modal logics defined?
31. How are axiomatic methods of program specification defined?
32. 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?
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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. Oprani3aitist OiHIOBaHHS:

Tepminu npoBeneHHs1 GopM OLiHIOBAHHA:
1. KouTponbha pobota 1: 10 7 THXKHS ceMecTpy.
2. Konrponbaa pobdota 2: 10 14 THXHS ceMecTpy.
3. IloTouyHe OLIHIOBAHHS: MPOTATOM CEMECTPY.

CtyzeHT Mae mpaBoO Ha OJJHE TMEPECKIaJaHHsI KOXKHOI KOHTPOJIBHOI pOOOTH i3 MOXKIIHMBICTIO
OTpUMaHHs MakcUManbHO 80% IMOYaTKOBO BM3HAUEHMX 3a III0 KOHTPOJIBHY pobotry GamiB. Tepmin
HepecKiIalaHHs BU3HAYAETHCS BUKIIAaIadeM.

VY BuUmMajky BIICYTHOCTI CTYAEHTa 3 IMOBAXXHUX NPHYMH BIINpAIfOBaHHA Ta TNepe3nadi
KOHTPOJIBHUX POOIT 3MIHCHIOIOTHCS Y BiMOBITHOCTI 1O ,,I1070XeHHS MPO MOPSAIOK OIiHIOBAHHS
3HaHb CTYJIEHTIB MpPH KPEIUTHO-MOIYIBHIA CHUCTeMI OpraHizamii HaBYajdbHOTO Mporecy” Bix 1
xoBTHS 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 lllkana BignosigHocTi ouinok / Rating scale:

Bigminno / Excellent 90-100
Hoope / Good 75-89
3agoBinbHo / Satisfactory 60-74
He3anosinbHo / Fail 0-59

8. Ctpykrypa HaBYaJLHOI JMCUMIUTIHM. TeMaTUUHUI MIaH JeKuii
/
The structure of the discipline. Thematic plan of lectures and independent work

Ne KinpkicTs roaus /
ek Number of hours
/ Hazsa nexmii Tiparr. Comn.
Ne of / Jexuii 3aH. p-Ta
lectrur .
. Title of a lecture / / /
Lectures | practical |Independe
training nt work
Yacruna 1. @opmajbHi Moaesai mporpaM Ta MeTOAM iX|




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

Tema 1. Betyn o npeamery. OCHOBHI METOIOJIOTIUHI
HNPUHIUNN T00YA0BU GOpPMaNIbHUX MOJIENIEH Iporpam.
Camocriiina po6ora: OCHOBHI MOHATTS MPOTrpPaMyBaHHS.
dopmainbHi Moseni 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 dhopmamnizarii porpaMHUX MOHSTS.
[HTEeHCiOHAT Ta eKCTeHCIOHA TTOHATh MHOKWHH, (PyHKIIT Ta
HPOrPaMH.

Camocriiina podora: @opmanizallisi OCHOBHUX TOHSTb.
Mertonu dopmanizaiii MOB IporpaMyBaHHs Ta crienuikariii.
[Mpuknanu cienmdikariii mpoctux 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 crieniudikaiiii Ta mporpaMyBaHHs

Camocriiina po6ora: PiBHi abcTpakiiii B po3riisijii OCHOBHUX
NOHATh HNpPOrpaMyBaHHS. BiacTUBOCTI OCHOBHUX TOHSTH
nporpamysanHus. [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. GopmanbHi Mosesi 00YUCTIOBAHUX (QYHKITIH

CamocrTiiina po6oTa: ['010BHI acnieKTH mporpam.
dopmai3mMu OJaHHS CHHTAKCUC Ta CEMAaHTHUKA POTpaM
[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 5. [IpenmeTHi o6macTi Ta METOIM iX OTIHCY.

Camocriiina  podora:  Teoperuko-¢QyHKI[iOHaTbHa  Ta
TEOpEeTUKO-HOMIHATHA IiaTgopmu (opmanizaiiii mporpaMHUX
NOHATH. [HTEHCIOHAN TMOHATTA, eKCTeHCioHan NmoHATTs. Kiacu
He paerepMiHOBaHUX (yHKmid. Dopmamizamis KOMIO3HUIIi
[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 ITPOTPaM.

Camocriiina podora: CdopMynoBatd BiAMIHHOCTI MiX
TEOPETUKO-(PYHKIIOHAIFHOI0 Ta TEOPETUKO-HOMIHATHBHOIO
miargopmoro  opmamizanii nmporpamMHux MOHATH. HaBectn
npuknagu. [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 JaHUX Ta KJacu (QYHKIIIH y MOBax
crierudikaii

Camocriiina podora: Hajatu Bu3HaueHHs iHTEHCIOHAITY
MOHSATTS Ta eKcTeHcioHany. HaBectn npukianu. BuznaunTu
KJIaCH He JieTepMiHOBaHUX (DyHKIiH. Po3risHyTr MeToan
dbopmamizanis komnosuiii [ 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. Knacu xommoszuniii y MoBax crierudikartii

Camocriiina po6ora: CdopmyrntoBaTd 0COOIMBOCTI MOB
cnenudikanii y TOpIBHIHHI 3 MOBaMH TPOTrpPaMyBaHHS.
Bu3HaunTH NEHOTaTHBHI KOMTMO3HWINI B MOBax crerudikamii.
Sxi JOTiYHI ~ KOMIO3WIT BUKOPHCTOBYIOTH Yy  MOBax
cnerudikarii [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. Metou yTouHeHHsI 1aHUX, QYHKIIN Ta KOMIIO3UIIIi.
CamocrTiiina podora: TpamumiiiHi ¢dopmanbHi  Mozemi
obuncmoBanux (QyHKOIH Ta iX oOMexeHicTb. Mogpemi
a0cTpakTHOI OOYMCIIOBAHOCTI. AKCIOMAaTHYHI BHU3HAYCHHSI
obOuncmoBannx QyHkii [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].

Konrponsna podota 1 / Test 1

Bceroro mo wactuni 1 / Total for part 1 18 54

Yactuna 2. Metoau Bepudikanii nporpam / Part 2.
Methods of program verification
Tema 10. Bepudikamis B norika dnoiiga-Xoapa.
CamocrTiiina podora: IlepepaxyBaTu OCHOBHI MoOjemi
abctpakTHOi 00YHMCIIOBaHOCTI. PO3MIsiHYyTH —akcioMaTW4Hi
BH3HAUCHHS o0uMCIIOBaHUX 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. Ilpuknaau 3acrocyBanns. KopekTHiCTh Ta MOBHOTA
JIOTIKH.
Camocriiina po6ora: HominatuBHi naHi Ta ix kimacudikaris.
bazoBi  ¢yHkmii. MojentoBaHHS =~ HaTypajdbHUX  YHCET]
HOMIHATUBHUMU JaHUMH. KoMmmo3uiii HoMiHaTUBHUX (YHKITIH

11 /[1’ 43} 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. TexHOMOTIYHI Ta IHCTPYMEHTAIIBHI 3ac00U
crnierrdikarii Ta po3poOKH Mporpam 3a JJOMOMOTOKO JIOTIK
®noitna-Xoapa.
Camocriiina po6ora: Jlath BHW3HAUCHHS JaHWM CKIHYCHOT
CTPYKTYpH. CoopmymnroBaru BHU3HAYCHHS byHKIiN
HaTypamizamii Ta neHarypamizamii. [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. Bepudikamis cucrem B TLA. 3aranbHi MOI0KEHHS.
Camocriiina po0ora: Po3risHytn cxemMy HaTypaidbHOI
oOuncmoBaHocTi. JloBecTH TeopeMH TIpO TMOBHI  KIacH
obOuncmoBannx QyHkii [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. Bepudikarnis cuctem B TLA. [Ipuxamm. ) 6

CamocriiiHa po6ora: Po3riasiHyTH YTOYHEHHS JaHMX Ha




migcTaBi cxemum Xoapa. Haeectm mnpuknamu. [oBectn
BIIACTHUBOCTI YTOYHEHUX 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 moaeneii 3a nonomororo SPIN.
CamocrTiiina po6ora: KracudixyBatn kmacu ¢GyHKOid y
MoBax crierudikarii. [1-3].

/
Topic 15. Checking models using SPIN.

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

16

Tema 16. Bepudikaris cuctem B Z.

Camocriiina poOora: Hasectn mnpukiaan BUKOPUCTAHHS
OMHO3HAUYHMX Ta Oarato3Haynnx (QyHKA. PosrmsanyTn
crocoOu MmojiaHHs Ta nepeTBopeHHs pyHkiiin [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. Bepudikanis cuctem B B.

Camocriiina po6ora: KnacudikyBaTu Kiacu KOMIIO3HIIN Y|
MoBax crnierudikarii. [1-3].

/

Topic 17. System verification in B.

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

18

Tema 18. TIporpamMHi KOMITO3UITIHHO-HOMIHATHBHI JIOT'IKH Ta
X 3aCTOCYBaHHSA

Camocriiina po6ora: [ToOynyBaTi Mozedi Ta crierudikarii
00paHNX IPOTPaMHHUX CHCTEM.

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

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

Konrponsna pobota 2 / Task 2

Bceporo o gactuni 2 / Total for part 2

18

56

Koncynprariis / Consultations

Ex3ameHn / Exam

BCHOI'O / TOTAL

36

112

3araabnmuii 0ocsar 150 200., B TOMy YHUCHi:
Jlexiii — 36 200.

Koncynprarii — 2 200.

CamocriitHa po6ota - 112 200.

/

The total amount is 150 hours, including:
Lectures - 36 hours.




Consultations - 2 hours.
Independent work - 112 hours.

9. PexomenaoBani qxepesa / Recommended references::

N —

(98]

11.

12.
13.

14.

15.

16.

17.

OcHosHi / Basic

C.JI. Kpusnii. Beryn 1o meroniB ctBopenHs nporpamanx cuctem. Kuis, HoVYKMA,2018.-449 c.

. Jopomrenko A.1O., Kepeb K.A., UBanor E.B., Hukutuenko H.C., fAnenko E.A. ®opmanbHbie

METO/Ibl TOCTPOCHUS NapajuieibHbIX porpamM, Kponusaunpkuii, 2016.— 440 c.
M.C. Hikityenko, C.C. lIxinpHak. MaTemaTiyHa Jiorika ta Teopis anroputmis. — K., 2008.
M.C. Hikitgenko, C.C. lxinpask. [Ipuxnagna norika. — K., 2013.— 277 c.

JonaTkosi / Additional

N.A. bacapa6, H.C.Hukutuenko, B.H. Penpko. Komnosunmonnsie 6a3el qanubix. - K., JInbins,
1992.—- 182 c.

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

C. JlaBpos. [IporpamMmvupoBanue. MatemaTnieckue OCHOBBI, cpencTBa, Teopus.— CII6.: BXB-
[eTepOypr, 2001.— 320 c.

ba6enko JLII., JlaBpimesa K.M. OcnoBu mnporpamuoi imkenepii: Hapu. moci6.—K.: T-Bo
"3nanng", 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.




