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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Mucuynnvya b1.B.06 HenuneliHasi JIoruka OTHOCUTCS K YacTH, OPMUPYyeMO yuyaCTHUKaMHU

oOpa3oBaTe/TbHBIX OTHOIIEHUH 0Opa30BaTe/TbHOM MTPOTrPaMMBbI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

aHanu3 u CuHmes
UHopmayuu,
npumeHsimb
cucmemHblii Nno0xo0
ons

peweHus
nocmaeneHHbIX 3a0au

YK-1.2: ¥Ymeem coomHocumb
DA3HOPOOHble sieeHus U
cucmemamu3uposamsn Ux 8
pamKax usbpaHHbix 8UO08
npogeccuoHanbHoU
OdessmenbHOCMU

YK-1.3: Umeem
npakmuueckuti onbim pabombt
€ UHGOPMAYUOHHBIMU
UCMOYHUKAMU, ONblm
HAy4HO20 NOUCKA, CO30aHUsl

HAY4YHbIX MeKcmos

mamemamuyecKux meopuii;
Memoo 31UMUHAYUU K8AHMOPO8
02151 doKazamenbcmea
aneopummuyeckotl
paspewiumocmu meopuii;
OCHOBHble MOOeU 8bIYUCACHULL;
NOHSIMUsI pa3pewumo2o
OMHOWEHUS U 8bIYUCAUMOL
¢yHKyuU; noHsimue Yacmu4yHoO
peKypcugHoil pyHKyuu u
¢opmynupoeky me3uca Yépua;
OCHOBHble NPUHYUNbI U3MepeHUst
an20pumMMUuu4ecKoil c10HcHoCmu
3adau; onpedeneHus Kaaccog P
u NP; ocHO8bL
UHMYUYUOHUCMCKOU U
MOOANbHOU N02UK, 1AM60a-
ucuucneHust; popmyauposky
meopemb! Yépua-Poccepa o
pombuueckom ceoticmee bema-
pedykyuu /

Students must know the basic
approaches to modeling of
mathematical theories;
quantifier elimination method to
prove algorithmic solvability of
theories; main calculating
models; concepts of solvable
relation and computable
function; concept of partially
recursive function and
formulation of Church thesis;
main principles to measure

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHL{UH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA IPOMEXXyTOUHOH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
YK-1: CnocobeH YK-1.1: 3uaem npuHyunbt YK-1.1: 3adauu
ocyujecme/isimb 3 cbopa, ombopa u 0606wjeHuss  |3Hamb 0CHOBHbIe NOOXOO0bI K Tecm 3quém:
NOUCK, Kpumuyeckuu |y chopmayuu MOOeAUpOBaHUIo 3adauu




algorithmic complexity of
problems; definitions of classes
P and NP; basics of
intuitionistic and modal logics,
of lambda-calculus; formulation
of Church-Rosser theorem on
rhombic property of beta-
reduction

YK-1.2:

Ymemb npumeHsimb Memoo
AUMUHAYUU KBAHMOPOB 0151
HeCKO/MIbKUX MamemMamuyecKux
meopuii; paspabambieamb
npocmetiwiue npoepammbl HA
mawuHe TblopuH2a u oyeHusamb
UX C/I0X%CHOCMb; NPUBoOUMb
npumepbl paspelumbix U
Hepaspewumblx OMHOWeHUll,
8bIULUCAUMDBIX U HEBbIUUCAUMBIX
¢yHKyull; npugodumsb npumepbl
3a0au u3 kaaccog P u NP/

Students must be able to apply
quantifier elimination method
for several mathematical
theories; to develop the simplest
programs on Turing machine
and to estimate their complexity;
to give examples of solvable and
unsolvable relations, of
computable and incomputable
functions; to give examples of
problems from the classes P
and NP

YK-1.3:

Ymemb cmpoumb npocmetiwiue
UHMYyUYUOHUCMCKUE U
ModanbHble ¢ppelivbl Kpunke,
Haxooumb OyeHuUBaHue
8bICKA3bIBAHUL HA 3MUX
¢pelimax; cmpoumb
peodyKYUOHHbIe Yenouku 015
npocmeliwux AIm6da-mepmos;
npou3eo0umb SAUMUHAYUIO
nambda-abcmpaxkmopa ons
npocmetiwiux KoMOUHamopoes /

Students must be able to
construct the simplest
intuitionistic and modal Kripke
frames, to find evaluation for




combinators

propositions on these frames; to
construct reduction chains for
the simplest lambda-terms; to
perform lambda-abstractor

elimination for the simplest

3. CTpyKTypa M cojjep)XxaHue JUCLUIL/IMHbI

3.1 TpyA0eMKOCTb AMCLUILTUHBI

oyHasn

OG61asi TPy/[0€MKOCTB, 3.€. 2

Yacos 1o yue0HOMY IJIaHY 72

B TOM YHUCJIe

ay/JUTOpHbIE 3aHATHSA (KOHTaKTHasi padoTa):

- 3aHATHA JIEKIJMOHHOI'0 THIIA 32

- 3aHATHSA CEMHUHAPCKOro THIA (MpaKTHYeCcKUe 3aHATHS / 1a0opaTopHbIe padoThI) 32

- KCP 1

caMocTosATe/IbHasA padoTa 7

IIpoMe)xyTouHasi aTTecTamis 0
3auét

3.2. CozepxaHWe JUCLUIIIMHbI

(cmpykmypupogaHHoe no memam (pazdenam) C yKasaHueM OMBeOeHHO20 HA HUX Koauuecmed

akademuuecKux 4acos U 8uobl yuebHbIX 3aHamutl)

HavmeHOBaHHe pa3/ie/yioB U TeM JUCLIUIUIUHBI Bcero B TOM UHCJIe
Yyachl
( ) KonTakTHas pabora (pabota Bo
B3aMMOJeNCTBUU C MperojaBaresiem),
Yyackl U3 HUX
3aHATHS CamocTosiTesibHast
CeMHUHapCKOro paGora
3aHATHSA THUTA o6yuatowerocs,
JIEKL[MOHHOTO | (TIpaKkTHueckue | Bcero 4ackl
THUMa 3aHATHsI/mabopa
TOpHBIE
paboThI), Yacel

$ o b b b

0 0 0 0 0
Tema 1. [Ipuno)xeHns IOTUYECKOrO SA3bIKa I1€PBOTO NOPAAKA K
MO/Ie/TMPOBaHUIO0 MaTeMaTHUecKuX Teopuii / Applications of the first-order 13 6 6 12 1
logical language to the modeling of mathematical theories
Tema 2. Metog snumuHarmuy kBaHTopoB / Quantifier elimination method 13 6 6 12 1
Tema 3. VI3yueHue Mogiesiel BbIUMC/IEHHH Ha MpUMepe MaluuHbl ThiopuHra / 13 6 6 12 1
Study of calculation models on the example of Turing machine




Tema 4. IHTyWILIMOHKCTCKKE U MOAabHbIe JIoruky / Intuitionistic and modal 10 4 4 8 2
logics

Tenf[a 5. HHMGga-chcheHHe 1 Jioruka KombuHatopos / Lambda calculus and 2 10 10 20 ’
logic of combinators

ATTectarust 0

KCP 1 1

Wtoro 72 32 32 65 7

Contents of sections and topics of the discipline

1. TIpuoykeHust IOTUUECKOTO SI3bIKa MEePBOr0 MOPsiIKa K MO/Ie/TMPOBAHHI0 MaTEMaTHUeCKUX TEOPHH.
AxcruoMaThyecKue ¥ CTPYKTYpPHBIE TEOPUH, TIPUMEpBI, UX pa3BUTHe. [TOHATHe TeOpeM U 3JIEMEeHTapHBIX
Teopuii /

Applications of the first-order logical language to the modeling of mathematical theories. Axiomatic and
structural theories, examples, their development. The notion of theorems and elementary theories.

2. CBoiicTBa 3/1eMeHTapHBIX TEOPHIA: TTOJTHOTA, alTOPUTMUYeCKast pa3peliuMocTb. MeTo, 3TMMAHALAN
KBaHTOPOB /I/IsI I0Ka3aTe/IbCTBa alrOPUTMUYECKOH Pa3pelMMOCTd HEKOTOPBIX Teopuid (00ILuiA anmropuTm) /
Properties of elementary theories: completeness, algorithmic solvability. A method of quantifier elimination to
prove the algorithmic solvability of certain theories (general algorithm).

3. OCHOBHO# 3Tan MeTo/ja 3TUMHUHALIM KBAHTOPOB JIJIs1 0Ka3aTe/IbCTBA a/IlTOPUTMHUECKOUM Pa3peIliMOoCTH
TeOPUH TUIOTHOTO JIMHEHHOTO TIopsifKa 6e3 KOHLEBBIX TOUEK /

Main stage of quantifier elimination method to prove algorithmic solvability for the theory of dense linear order
without end points.

4. OCHOBHBIE 3Tallbl METO/A 3/TMMUHALIMK KBAaHTOPOB /151 10Ka3aTe/bCTBa arOPUTMUUECKON Pa3pelnMOCTH
TeopuH Liesbix umcen (anroputm Ipec6yprepa) /

Main stages of quantifier elimination method to prove algorithmic solvability for the theory of integers
(Presburger's algorithm).

5. Mopeny BBIUMC/IEHUI, MalinHa ThIOpUHTa: TIpe/ICTaBIeHe 1 Tipeobpa3oBaHue MH(OPMALU, THIOPUHTOBBI
nporpamMMsl. Anre6pa ThIOPUHIOBBIX IIporpaMM. MeTozrKa [joKa3aTebCTBa PaBUIbHOCTU ThIOPUHIOBBIX
rnporpamm /

Computing models, Turing machine: representation and transformation of information, Turing programs, their
algebra. Method for the proof of correctness for Turing programs.

6. BBIUMC/TMMOCTE U Pa3pelIMMOCTb: CJI0BapHbIe (DYHKIUK W CIOBapHBIE OTHOILIEHMS, TI0/Typa3peliiMble U
pa3pelmMbie OTHOIIEHWs, BEIUUCTUMBIe (DYHKITUH /

Computability and solvability: word functions and word relations, semi-solvable and solvable relations,
computable functions

7. IloHsITHe YaCTUYHO-PeKypcuBHbIX QyHKIMM. Te3uc Uepua /
The concept of partially recursive functions. Church thesis

8. IlpuMepbl HEBBIUMCIMMOI 110 ThIOpUHTY (PYHKLIMU U aIrOPUTMUUYECKU Hepa3pewMOoro OTHOLIEeHus /
Examples of incomputable Turing function and algorithmically unsolvable relation.

9. MsmepeHure arOpUTMUYeCKOU CJIO’KHOCTH 3a/jau: BpeMeHHas U IIPOCTPaHCTBeHHas C/I0’KHOCTh alTOPUTMOB /



Measurement of algorithmic complexity of problems: time complexity and space complexity of algorithms.
Upper and lower bounds on time complexity

10. Knaccet P u NP. TIpumeps! 3a1au 13 3TUX K1accoB. [lomrHoMMuanbHas CBOAUMOCTE OFHOM 3a/iauul K IpyToi,
NP-nionssle 1 NP-TpyaHble 3a5auu /

Classes P and NP. Examples of tasks from these classes. Polynomial reducibility of one problem to another, NP-
complete and NP-hard problems

11. VIHTYWL[MOHKCTCKUE U MO/IaibHbIe JIOTHKH, UX akcuoMaTuka. CemaHTHKa Mogenelt (ppetimor) Kpurke /
Intuitionistic and modal logics, their axioms. Semantics of Kripke models (frames).

12. JIam6a-ucuncnenve. [Tousitue nsmM6a-Tepma. [Tpeobpa3oBanust anbha-KOHBEPCHH U OeTa-peayKIuu C
nsaMba-TepMamu. PeieKChbl U peiyKLIMOHHbIE 1IeMOYKH /

Lambda-calculus. Concept of lambda-term. Transformations of alpha-conversion and beta-reduction with
lambda-terms. RedEx and reduction chains

13. JIambaa-ucuucienve. IToHsaTHE HOpMa/TbHOH hopMbI 1AMO1a-TepMa. OCHOBHBIE CTPAaTeruy peylipOBaHuUs
K HopMmasbHot dopme. Teopema Yépua-Poccepa /

Lambda-calculus. Concept of normal form for lambda-term. Basic strategies for reducing to normal form.
Church-Rosser theorem

14. Jiam6a-ucurcnenue. [TousiTe KomMOrHaTOpa. HeCKObKO BaXKHBIX KOMOMHATOPOB, UX CBOMCTBA /
Lambda-calculus. Concept of combinator. Several important combinators, their properties

15. JIam6a-ucuncienve. [ToHsTHE HEMOJBU)KHOM TOUKU TepMa. TeopeMa O CyIIieCTBOBAHHUM HETOBIXKHOM
TOYKH Yy Jitoboro nsmba-Tepma /
Lambda-calculus. Concept of stable point of a term. Theorem on existence of stable point for any lambda-term

16. JIam6a-ucuncienve. [ToHsTHe KOMOMHATOPA HEMOJBI)KHOM TOUKHU, TeOPeMa ero CyIeCTBOBaHMSI.
ITapagokcanbHelii KombuHaTop Kappy 1 KoMOrHaTOp HernogBMKHOM Touky ThropuHra /

Lambda-calculus. Concept of stable point combinator, theorem on its existence. Paradoxical Curry combinator
and Turing stable point combinator

17. Jiam6a-ucuricneHue. Teopema 0 KOMOMHATOPHOM MOTHOTe. Peamu3aliysi peKypCUBHBIX (DYHKIUH B
K/IacCU4YeCcKoM JIiMO/1a-1cuuc/ieHu! /

Lambda-calculus. Theorem on combinatory completeness. Realization of recursive functions in classical
lambda-calculus

18. Peam/lz;aum[ apI/I('l)MeTI/IquKI/IX 1 JI0rn4yeckKmx CI)YHKL[I/II‘/JI B PAMKaX K/IdCCHY€CKOro ]IHM6,Z[8—I/IC‘—II/ICJIEHI/IH.
Peanmaulxm MaCCHBOB U CBSI3HBIX CITUCKOB /

Realization of arithmetic and logical functions in classical lambda-calculus. Realization of arrays and linked
lists

19. VicuncnieHre KOHBEPCHH U SKCTEHCHOHAIbHOE JIIMO/1a-UCUrC/IeHre. AKCHOMBI SKCTeHCHOHA/TBHOCTH U 3Ta-
KOHBEpPCHH, UX IKBUBATI€eHTHOCTD /

Conversion calculus and extensional lambda-calculus. Axioms of extensionality and eta-conversion, their
equivalence

20. DnumMyHaLys abcTpakTopa B 3KCTeHCHOHABHOM JISIMO/1a-UCUUCTIEHUH /
Lambda-abstractor elimination in extensional lambda-calculus



4. YueOHO-MeTOAMUYEeCKOe 00ecrieyeHre CaMOCTOSITe/TbHOW Pad0ThI 00yJarouXCs

CamocrosiTenbHasi paboTta oOyuarouuxcsi BK/IOUaeT B cebsi MOATOTOBKY K KOHTPOJIBHBIM BOIIPOCAM U
3a/laHUSIM JI7Is1 TEKYIlero KOHTPOJIsi M TIPOMEXKYTOUHOM aTTeCTaldd M0 WUTOTaM OCBOEHHS JTUCLIATUIMHBI
MIPUBEJEeHHBIM B II. 5.

1. Sorochan Sergei Vladimirovich. Fundamentals of Graph Theory = OcHoBbI Teopyu rpaos :
teaching aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of
Information Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House,
2023. - 59 p. - TekcT : 31eKTPOHHBIM.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853269&idb=0

2. Sorochan Sergei Vladimirovich. Functions of the Logic Algebra. Canonical Types of Boolean
Formulae = ®yHkiyu anreopsl joruku. KanoHnueckue Buzibl OysieBuix Gpopmyi : teaching aid / S. V.
Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information Technologies,
Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 41 p. - TekcT :
3/IeKTPOHHBIM.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853270&idb=0

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)

5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:

5.1.1 Model assignments (assessment tool - Tasks) to assess the development of the competency
YK-1:

1. BeisicHUTE, SBSETCS /U TIPEJIOKeHNe A TeopeMoi TeOPUHU TIJIOTHOTO JIMHEHHOTO TopsiZika 6e3 KOHIEBBIX
TOUeK: /

Find out whether the sentence A is theorem of the theory of dense linear order without end points:

A=%z"y$x[[- R(z,y) v R(y, x)] & [- R(z, x) v R(x, y)]]

2. TIpumensist anroput™m [IpecOyprepa, BLISICHUTE, SIB/ISETCS JIM TIPe/Io’KeHne A TeopeMOi TeOpUH LIesIbIX
YKCesI C OTHOLIEHHSIMH IeTUMOCTH: /

Applying Presburger algorithm, find out whether the sentence A is theorem of the theory of integers with
divisibility predicates:

T:(Z;<)D2)D3)"-;+’_’03 1)
A=%y $x[(15y + 11 < 5x) & (4x < 12y + 13) & D4(3x — 1) & Dg(5x — 1) & D9(7x — 2)]

3. HanmmmyiTe nporpaMmy /i/1st MamivHbl ThIOpUHTa, KOTOpasi repepabaTtbiBana Obl BXOJHOE C/IOBO M

Haz andasutom A = { 1 } B BhIXOZHOE clloBO [M/3] (3meck m — pUKCUpOBaHHOe, HO 3apaHee He U3BECTHOE
HaTypasbHOe uncio). Mcnonb3ys Metoguky ®iolifia, JoKaXKUTe NMPaBUIbHOCTb pabOThl HANTMCAaHHOU
rporpammel. Halijute BepxHHe OLIEHKH ee TPOCTPAHCTBEHHOW M BpeMEeHHOM CJI0’KHOCTH /



Write a program for Turing machine that processes an input word m under the alphabet A= {1} into the
output word [m/3] (here m is fixed unknown number). Using Floyd technique, prove the correctness of this
program. Find upper bounds for its space complexity and time complexity.

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria
pass BepHo perueHo He MeHee 60% 3azau
fail PerieHo HelpaBUIBHO WM He peltieHOo 6omee 40% 3amau

5.1.2 Model assignments (assessment tool - Test) to assess the development of the competency
YK-1:

1. Kakue 13 ipuBe/IeHHBIX HIDKe JIIMO/1a-TepMOB UMEIOT HOPMajibHYI0 hopmy? /

Which of the following lambda-terms have normal form?

a) (I x. xx) (I x. x x)
6) (I x. xy) (I x. xy)
B) (I x. xx) (I x. x y)

r)(Ix. xy) (Ix xx)

2. Kakoli U3 MpuBeJIeHHBIX HIDKE /ITMO/Ia-TepMOB SIBJISIETCSI HOPMaJTbHOU (hopMotii /i1s TepMa
ly. Ix. xx) (Ix. xy)?/

Which of the following lambda-terms is normal form for the term (I x. x x) (I x. x y) ?

a)ly. (Ixxy)(Ix xy)

6)ly.(Ix.xy) y
B)ly. Ix xy
nly.yy

Assessment criteria (assessment tool — Test)

Grade Assessment criteria

pass BepHo peliieHo He MeHee 60% TeCTOBBIX 3a/lJaHUMN

fail PerieHo HerpaBUIBHO UK He peltieHo 6omee 40% TeCTOBBIX 3alaHUH




Grade

Assessment criteria

5.2. Description of scales for assessing learning outcomes in the discipline during interim

certification
IIxana oueHMBaHUA Cd)OpMPIpOBaHHOCTH KOMIIeTeHI{UU
YpoBeHn
b
chopmu Hey/I0BJIETBOP | Y/AOBJIETBO 04YeHb
TI0X0 X0pOo11I0 OT/IMYHO TIPEBOCXO0/{HO
POBaHH HMTe/IbHO pUTe/ILHO X0poLI0
oCcTH
KoMIeT
eHIuit
(uHANK
aropa
AOCTHIK He 3aUTeHO0 3auTeHO
eHus
KoMIet
eHIHI)
YpoBseHb
OtcytcTBHE YpoBeHb POBE
o o 3HaHUH B
3HaHUU MuvHMManeH | 3HaHUY B oGBemMe YpoBeHb
TeopeTUYecKoro 0 obbeme, ’ 3HaHUH B
YpoBeHb COOTBETCTBY YpoBeHb
Marepuara. o JIOMYCTUMBI | COOTBETCTBY obbeme, o
3HAHUM HIDKe 8 I0I1[eM 3HaHUH B
HeBo3MO>XHOCTb 1 ypoBeHb I0I1eM COOTBETCTB
MHHHMa/bHBIX . TporpaMme obneme,
3HaHUS | OLIEHWUTb MOJIHOTY o 3HaHUH. rporpaMme yiolieM
o TpeboBaHM. TMOZATOTOBKH TIpeBBILIAOIIIe
3HaHUI [JonylieHo MOATOTOBKU riporpamMmMe
Vimenu mecto . Jomy1eHo M IIporpamMmy
BC/Ie/ICTBUE MHOTO . JomnyeHo TIOJTOTOBK
rpy6ble OIMOKH HeCKOJIbKO TOATOTOBKHU.
OTKasa HerpyobIx HECKOJIbKO u. Ommbok
HecyllecTBe
obyuaroiierocs ot OIIM60K HerpyobIx HHEIX HeT.
OTBeTa OIIM60K
omboK
IIpogemonc
TPHPOBaHbI
IIpogemoHc PHp
IIpogemoHc | Bce
IIpogemMoHC | TpUpPOBaHbI
TPUPOBaHbl | OCHOBHBIE
TPUPOBaHbI | BCe
BCE YMeHUSI. IMpogemoHcTp
OCHOBHBI® OCHOBHBI®
OtcyTcTBUE OCHOBHbIe Perienst HPOBaHkbI BCe
I[Tpu perennu YMeHUSI. yYMeHUsI.
MHHUMAaNbHbIX yYMeHUSI. BCE OCHOBHbIe
o CTaH/lapTHBIX Periensl PeiueHs! Bce
YMeHH. PerieHsl Bce | OCHOBHBIE YMeHUSI.
3ajlad He THUIOBbIE OCHOBHbI®
HeBo3MoXHOCTB OCHOBHBIE 3a/lauu C Pewens! Bce
TIPOJEMOHCTPUP | 3afauu C 3afauu C
OL|eHUTh Ha/nume 3ajiaunl. OTZIeNbHBIM | OCHOBHBIE
Ymenus N OBaHbI HerpyObIMH | HerpybbIMU
yYMeHHUi BeinonHeHe! | 1 3ajlaunl.
OCHOBHBIe omunbKaMu. | ommbKamu.
BC/Ie/ICTBUE BCe 33/laHHs1 | HecyllecTB | BbIro/sHeHsI
ymeHus. Vimemu | BeinosHeHsl | BpinonHeHs!
OTKasa B T10JTHOM €HHBIMU BCe 3a/laHus, B
MecTo Tpy0Obie BCE BCe 3a/]aHusl
obyuaroiierocst ot obbeme, HO | HefjoUeTaM | TIOJTHOM
ommoKH 3aZaHuis, HO | B IIOJTHOM
oTBeTa HEeKOTOpble | H, obbeme Ge3
He B obbeme, HO
d BBITIOJTHEH HeJ|0YeToB
TIO/THOM HeKOTOpble
HeJjoueTaMH | bI BCe
obbeme o
3a/laHyis B
HeJj0ueTaMu
TI0/THOM
obbeme
Nwmeercs
OtcytcTBHE IIpogemoHc IIpogemoHC
MHHUMaJbH IIpogemonc
6a30BbIX ITpu pereHnn o TPHUPOBaHbI TPHPOBaHbI
bl Habop TPHUPOBAaHbI ITpogemoHcTp
HaBBIKOB. CTaH/JapTHBIX Oa3soBble HaBBIKU
HaBBIKOB 6a3oBbie VPOBaH
HeBo3MO>XHOCTb 3ajlad He HaBBbIKU TIpU npu .
ITsT HaBBIKU TIPH TBOPYECKUH
OL|eHUTb Ha/llMuue | TPO/IeMOHCTPUP pereHnu pelieHUn
HaBbiku perIeHust perIeHnn TIOAXOZ K
HaBbIKOB oBaHkb! 6a30BbIe CTaH/JapTHbI HecTaHJapT
CTaH/apTHBI CTaH/lapTHEI pelIeHHI0
BC/Ie/ICTBUE HaBbIKU. ViMenu X 334 C HBIX 3a7jau
X 3a7iau C X 3a7iau 6e3 HeCTaH/apTHBI
OTKaza MecTo Tpy0Obie HEKOTOPBIM 6e3
HEeKOTOPbIM omboK u X 3a7a4
o0yuaroierocst OT | OmUOKH u o1mboK 1
u HeJJ0ueToB
OTBeTa HeJ[0YeTaMHt He/[0YeTOB

HefloueTaMu




Scale of assessment for interim certification

Grade Assessment criteria

All the competencies (parts of competencies) to be developed within the discipline have

outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the
relevant competencies have been demonstrated at a level higher than the one set out in the
programme.

excellent All the competencies (parts of competencies) to be developed within the discipline have

been developed at a level no lower than "excellent",

pass very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",

good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",

satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.

unsatisfactory At least one competency has been developed at the "unsatisfactory" level.

fail

poor At least one competency has been developed at the "poor” level.

5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Tasks) to assess the development of the competency
YK-1
3agaua 1.

BrisicHuTe, SIB/ISIETCS /U TIPEAIJIOXKeHHe A TeopeMO TeOpHH IJIOTHOTO JIMHEHHOTO MopsiZika 0e3 KOHIIeBbIX
TOYeK: /
Find out whether the sentence A is theorem of the theory of dense linear order without end points:

A=%u$v"x $y [Ru, x) v [=R(v, x) & R(x, y)]]

3agaua 2.

BBIHCHI/ITE, SBJIAETCS JIU TIpejIoKeHne A TEOPEMOﬁ TeopUumn AEﬁCTBHTEHBHbIX uuces: /

Find out whether the sentence A is theorem of the theory of real numbers:
T= (R; =<5+t —, 0’ 1):

A="x$y $z[(5x +y <2z) & (5z < 3x + 2y) & (3z < 4x + 3y)]

3agaua 3.

IMpumeHnsist anroput™ I1pecOyprepa, BbISICHUTE, SIB/ISIETCS A TIPeJJIOYKeHHe A TeopeMOoi TeOpHH LeJIbIX UHCes C
OTHOLIEHUSIMU J1eJTUMOCTH: /



Applying Presburger algorithm, find out whether the sentence A is theorem of the theory of integers with
divisibility predicates:

T=(Z, <JD2’D3’ cees +)_: O’ 1)'
A=$y $x [(By + 23 < 4x) & (3x < 6y + 19) & D15(7x — 11) & D45(11x — 28) & D75(19x — 47)]

3agaua 4.

Harmmmimmre nporpamMmy [ijist MalliiHbl ThIOPYHTA, KOTOPasi TiepepabaThiBaia ObI BXOAHOE CJIOBO M Haf,
anaBurom A= {1} BBBIXOJHOE CJIOBO I, TAe I —OCTAaTOK OT JleJleHys uncia m Ha 4 (37eck m—
(hMKCcMpOBaHHOE, HO 3apaHee He U3BeCTHOE HaTypaibHOe uncio). Mcmonb3ys MeToauky dmoiisa, JoKakuTe
MPaBUILHOCTL PabOTHI HATIMCAHHOM MporpaMMel. Halizinte BepXHUe OIIEHKH ee TIPOCTPAaHCTBEHHOH U
BpPEMEHHOM CJI0)KHOCTH /

Write a program for Turing machine that processes an input word m under the alphabet A={ 1} into the
output word r, where r is the residue from division of the number m by 3 (here m is fixed unknown
number). Using Floyd technique, prove the correctness of this program. Find upper bounds for its space
complexity and time complexity.

3agaua 5.

HaiimuTe HopManbHyt0 opMmy criepyrotero asmbaa tepma: /
Find normal form of the following lambda-term:
(Ix.yx)(Ix.xy)

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria
pass BepHo petieHo He MeHee 60% 3azau
fail PelieHo HerpaBU/IBHO WK He peltieHo Oostee 40% 3az1au

6. YueGHO-MeTOfMUEeCKOe M HH(OpMaLMOHHOE o00ecrieyeHHe JUCIUILTHHBI (MO/y/1s1)

OcHOBHas1 MTeparypa:

1. Sorochan Sergei Vladimirovich. Fundamentals of Graph Theory = OcHoBbl Teopuu rpados : teaching
aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information
Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 59 p. -
TekcT : 5/1eKTPOHHBIM., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853269&idb=0.
2. Sorochan Sergei Vladimirovich. Functions of the Logic Algebra. Canonical Types of Boolean
Formulae = ®yHkipu anrebps oruku. KanoHnueckue Bup! OyseBbix ¢opmyi : teaching aid / S. V.
Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information Technologies,
Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 41 p. - Tekcr :
3/1IeKTPOHHBIM., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853270&idb=0.

3. Priest, Graham. An introduction to non-classical logic : from if to is. - 2nd ed. ; 4th printing with
corrections. - New York : Cambridge univ. press, 2011. - XXXII, 613 p. - (Cambridge introductions to



philosophy). - ISBN 978-0-521-85433-7 : 5917,00., 1 3ks.

[ononHuTenbHas uTepaTypa:

1. Rasiowa, Helena. An algebraic approach to non-classical logics. - Warszawa : PWN, 1974. - 403 p. -
(Studies in logic and the foundations of mathematics. Vol. 78). - bubmuorp., 1 3k3.

ITporpammHoe obecrieueHue U IHTepHET-peCypChl (B COOTBETCTBUH C CO/IePKaHUeM THCIUTTAHBI):

1. Sorochan Sergei Vladimirovich. Fundamentals of Graph Theory = OcHoBbI Teopuu rpagos : teaching
aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information
Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 59 p. -
TeKCT : 5/IeKTPOHHBIN.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853269&idb=0

2. Sorochan Sergei Vladimirovich. Functions of the Logic Algebra. Canonical Types of Boolean
Formulae = ®yHkiyu anre6psl jorvuku. Kanonnueckue Buzibl OysieBuix Gpopmyi : teaching aid / S. V.
Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information Technologies,
Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 41 p. - TekcT :
3/IeKTPOHHBIM.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853270&idb=0

7. MartepHa/ibHO-TeXHHYeCKoe ofecreyeHHe JUCLUIIMHBI (MO Y1)

YueOHble ayWTOPUM [i/isI TIPOBeJIeHHs yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa30oBaTe/bHOM
MPOTPaMMOM, OCHAIeHbl MYJbTUMEAUUHBIM 000pyZoBaHUEeM (TTPOEKTOP, 3KpaH), TeXHUUYeCKUMHU
cpefCcTBaMHU 00yueHUs, KOMITbIOTepaMH.

[TomerieHus: A1 CaMOCTOSITe/TbHOM paboThl 00YyYarOLUXCsl OCHAIlleHbl KOMITbIOTEPHON TEeXHUKOHU C
BO3MOJKHOCTBIO TMOAK/IOUeHUss K cetu "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/IEKTPOHHYIO
MH(pOpMaLMOHHO-00pa3oBaTe/IbHYI0 Cpejy.

IIporpaMma cocrtaBieHa B cooTBeTcTBUM ¢ TpeboBanusimu OC HHI'Y 1o HampaB/ieHHIO
nogrotoBku/crierasbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

Astopsbl: Copouan Cepreii BiagumupoBuy, KaHauAaT GrU3UKo-MaTeMaTUUeCKUX HayK.
3aBenytomuii kadeapoii: 3omotbix Hukomnait FOpbeBuu, 10KTOp (hH3UKO-MaTeMaTUUeCKUX HayK.

I[Tporpamma ofo6peHa Ha 3aceJaHUN MeTOAWYeCKOW KoMuccuu oT 17.12.2025, mpotokos Ne mpoToKos
Neb6.
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