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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Mucuynnuya 51.B.[1B.03.01 Teopust KogupoBaHUst OTHOCUTCS K YacTH, (OpMUPyeMOi yuacTHUKaMHU
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)

dopmMmupyeMble
KOMIIeTeHI{UH
(xof, copmep>kaHue

IInaHupyemMble pe3y/abTaThl 00yUeHNs 10 JUCIUIIHHE

(Mopymo), B

CO0TBETCTBUH C

HHAUKATOPpOM

JAOCTH)XKEeHHUA KOMIIeTeHIL{UH

HaumMeHOBaHHeE OL|eHOYHOT'0 CPeJCTBa

nouck, Kpumuueckuti
aHanu3 u CuHmes
UHopmayuu,
npumeHsimb
cucmemHblii Nno0xo0
ons

peweHus
nocmaeneHHbIX 3a0au

uHpopmayuu

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

modenu 04151 onucaHus ceoticme
Kodupyemoti uH¢popmayuu;
MemoObl U an20pummbl
oucyunauHbl «Teopus
KOOUPOBAHUSI».

To KNOW

mathematical models for the
description of the properties of
the encoded information;
methods and algorithms of the
discipline "Theory of coding".

YK-1.2:

YMETbD 1. cmpoumb Molenu,
onucbigarowjue ceolicmea
Kooupyemoli uHgpopmayuu, Ha
CMaHOapmHbIX npumepax; 2.
unnrocmpuposams pabomy
U3YUeHHbIX a/120pUMmos
9KOHOMHO20 KOOUPOBAHUSL HA
npumepax.

TO be able

1. to build models describing the
properties of the encoded
information on standard
examples;

2. to illustrate the work of the
studied algorithms of
economical coding by examples

YK-1.3:
BJ/TAJETH
1. Hasblkamu no

MO0enupos8aHuio ceoticms

KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA MPOMEe)XyTOUHOMH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
YK-1: CnocobeH YK-1.1: 3uaem npuHyunbt YK-1.1: 3adauu
ocywecme/simb cbopa, ombopa u obo6weHuss  |3HATH: mamemamuueckue 3quém:

KoumposnbHble
80NpOCh!




KOOUPOBAHUSL.
To have SKILLS

1. in modeling the properties of

coding.

Kooupyemoti uHpopmayuu;
2. usyyeHHbIMU Memodamu U

asnzopummamu 3KOHOMHO20

the encoded information;
2. application of studied methods
and algorithms of economical

3. CTpyKTypa U cojepKaHHe AUCIUILIUHbI

3.1 TpyAoeMKOCTb AMCLUTI/IUHBI

ouyHasA

OO01IasA TPY/0EMKOCTD, 3.e. 3

Yacos 1o yue0HOMY IJIaHY 108

B TOM UHCJIe

ay/MTOPHBIE 3aHATHA (KOHTAKTHas1 padora):

- 3aHATHS JIEKI[HOHHOT0 THIIA 16

- 3aHATUS CEMHHAPCKOI0 TUMA (MpaKTHYeCcKue 3aHATHs / TabopaTopHbIe padoThi) 16

-KCP 1

caMocTosTe/IbHaA padoTa 75

IIpomexyTouyHas arrecTanys 0
3auér

3.2. Cogep)xaHue JUCHUILIMHDI

(cmpykmypupoeaHHoe no memam (pasdenam) C yYKa3aHueM OmMEe0eHHO20 Ha HUX Ko/auuecmed

akadeMuuecKux 4acos U 8uobl yuebHbIX 3aHamutl)

HavmMeHoBaHHe pa3/ie/noB U TeM AUCLIUILIMHEI Bcero B TOM YHCJTIe
Yyachl
( ) KonTakTHast pabora (pabota Bo
B3aUMO/eHCTBHH C NIperofaBaresieM), 4achl
13 HUX
3ausTUS CamocTosiTesibHast
CeMHHapCKOro pabora
REVCEE THIA 00yuyarorLierocs,
JIeKLMOHHOTO | (TipakTHueckue | Bcero Hacel
THUMa 3aHATHsI/mabopa
TOpPHbIE
paboThI), yackl
b $ b b §
0 0 0 0 0
‘YHuBepcanbHble MeToZbl KogrpoBaHus / Universal coding methods 1 21 3 3 6 15
Kopuposanue riensix unces. / The encoding of integers 21 3 3 6 15
CnoBapHble MeTo/p! cKatus. / Dictionary compression methods 21 3 3 6 15




MogenupoBanue u KogaupoBanue. / Modeling and coding 21 3 3 6 15
[Jpyrue MeTo/bl 5KOHOMHOr0 KogupoBaHusi. / Other methods of economical 23 4 4 8 15
coding

Arrecranus 0

KCP 1 1

Utoro 108 16 16 33 75

Contents of sections and topics of the discipline

MaremaTuuecKue MOZIeNH Jijisi ONMCaHKs CBOMCTB KOoupyeMoi nHdopmaruu: 1. ICTOUHUKY C KOHEUHBIM
YKCJIOM COCTOSIHUH; 2. TOKaTbHbIe MOZE/H S3bIKOB COOOIIeHH; 3. KOHTEKCTHOe MoJieTupoBaHre. MeTozsl 1
aJITOPUTMBI TUCLATUTMHBI « Teopusi KoAUpoBaHusi»: 1. arOPUTMbI SKOHOMHOTO KOTUPOBAHKS: aJITOPUTMBI
Xaddmana, Pano, [1leHHOHa, apUPMeTHUECKOT0 KOJUPOBaHUs; 2. CI0BapHble MeTO/bI CKaTus Jlemmners- 3uBa;
3. Kob1 JIeBeHIIITelHA [/11 KOJUPOBAHUS LIe/IbIX Urcesi; 4. anropuT™ paBHOMEPHOTO O/I0YHOTO KOAWPOBaHUS
[J151 BEDOSITHOCTHBIX UCTOYHHKOB; 5. METOZ, KOJMPOBAaHKS, UCTIO/B3YIOIMI KOHTEKCTHYIO MO/ie/Tb s13bIKa
COOOIIIeHUI;

6. JloKabHO-TIpe(h)MKCHOEe KOJMPOBaHUe

Mathematical models for the description of the properties of the encoded information:

1. sources with a finite number of states;

2. local models of message languages;

3. contextual modeling.

Methods and algorithms of the discipline "Theory of coding":

1. algorithms of economical coding: algorithms of Huffman, Fano, Shannon, arithmetic coding;

2. dictionary methods of Lempel-Ziv compression;

3. Levenstein codes for encoding integers;

4. the algorithm of uniform block coding for probabilistic sources;

5. a coding method using a contextual model of the message language;

6. local prefix encoding.

4. YueOHO-MeToAMUYeCKOe 00ecrieyeHHe CaMOCTOSITe/TbHOW Pad0ThI 00yJarouxcs

CamocrosiTenbHasi paboTta oOyuarouuxcsi BK/IIOUaeT B ceDbsi MOATOTOBKY K KOHTPOJIBHBIM BOITPOCAM U
3aZlaHUsIM [IJIsT TEKYIero KOHTPOJISI U TIPOMEXKYTOUHOM aTTeCTaldd 0 UTOTaM OCBOEHHS JUCLIATUIAHBI
TIPUBEJIeHHBIM B II. 5.

[TpakTHueckue foMallHue 3aaHusi POPMHUPYIOTCS Ha OCHOBe yueOHO-MeTo[UuecKoro mocooust:

1. ’Kunbuoga JI.I1., CmupHoBa T.I'. OcHoBbI Teopuu rpacoB ¥ TeOPUM KOAMPOBaHUS B IIpUMepax U
3azlauax: yueObHO-MeToquueckoe mocobue. - Hwkumii HoBropos: Hukeroposckuii roCyHUBEpPCUTET,
2017. - 64c. // ®oup 06pa3oBaTe/bHBIX 3/IEKTPOHHBIX pecypcoB. Per. Ne 1437.17.06. /Zhiltsova LP,
Smirnova TG Fundamentals of graph theory and coding theory in examples and problems: a teaching
aid. - Nizhny Novgorod: Nizhny Novgorod State University, 2017. - 64s. // Fund of educational
electronic resources. Reg. Ne 1437.17.06. http://www.unn.ru/books/met_files/Graphs.pdf

2. J.H. van Lint. Introduction to Coding Theory . Graduate Texts in Mathematics . Series V o lume 86.
1992 Sp ringer Verlag Berlin Heidelberg. eBook ISBN 978 3 662 00174 5 DOI 10.1007/978 3 662
00174 5. Series ISSN 0072 5285 http://www.springer.com/gp/book/9783540641339

3.J. H.van Lint . Coding Theory. Lecture Notes in Mathematics . Series Volume 2011973.

Sp ringer Verlag Berlin Heidelberg. eBook ISBN 978 3 540 36657 7 . DOI110.1007/978



3 540 36657 7 . So ftcover ISBN 978 3 540 06363 6. Series ISSN 0075 8434
http://www.springer.com/gp/book/9783540063636

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:

Bapuanr 1.

1. Vcrione3ys anroputm MapKoBa, BBISICHUTB, siBJIsieTcs v kog V = {1, 100, 0001, 010, 0010} B3aumMHO-
0/IHO3HauHbIM. EC/iu KoZl He B3aMMHO-0/JTHO3HAYHbIN, yKa3aTh Mapy CJI0B, KOTOPble KOAUPYIOTCS OAUHAKOBO.

1. Using the Markov algorithm, find out if the code is V = {1, 100, 0001, 010, 0010} one-to-one. If the code is
not one-to-one, specify a couple of words that are encoded the same way.

2. nst pacnipezenenus BepositHocTed P = (0,2; 0,1; 0,3; 0,25; 0,15), 3a[aHHOT0 Ha MHOXKeCTBe OYKB asihaBHUTa
B ={a, b, c, d, e}, mocTpouts OnTHMaNbHBIN ABOUYHLIN MTpedUKCHBIN KO, U HAUTH €ro CTOMMOCTh

KozupoBanHus. Orpeie/IuTs SHTPOIHIO P.

2. For the probability distribution P = (0,2; 0,1; 0,3; 0,25; 0,15), given on the set of letters of the alphabet B =
{a, b, ¢, d, e}, construct the optimal binary prefix code and find its encoding cost. Determine the entropy of R.

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria

The problem has been solved completely, or the main part of the problem has been solved, or the

pass problem has been solved with shortcomings

fail ~ The problem has not been solved or the first stage of solving the problem has been completed

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

Ikana OIl€HMBAaHUA C(l)OpMI/IPOBaHHOCTI/I KOMHETEHI[I/Iﬁ

YpoBen
b

chopmu Hey/I0BJIETBOP | Y/AOBJIETBO 04YeHb
1/10X0 XOpOILIO0 OTJINYHO MPeBOCX0/{HO
POBaHH HUTe/ILHO PHTe/ILHO XOpO1IIOo

oCTH
KoMIeT
eHIUI
(uHpUK
aropa

AOCTHIK He 3aUTeHO0 3auTeHO
eHus!

KoMIeT
eHIHii)
3Hanus OrcyTcTBHE | YpoBeHb MunumaieH | YpoBeHb | YpoBeHb | YpoBeHb | YpoBeHb




o N 3HaHWH B
3HaHUI 3HAHUH B
obneme, o
TEopeTHYecKoro 0 06beme, 3HaHUH B
COOTBETCTBY
Marepuara. . JIOMyCTUMBI | COOTBETCTBY obbeme, .
3HAHUM HIDKe 8 IoI1[eM 3HaHU B
HeB0O3MO>XHOCTb i ypoBeHb I0IL[eEM COOTBETCTB
MHWHHUMa/bHBIX - TporpaMme obbeme,
OLIeHUTb TIOJIHOTY . 3HaHWH. nporpamMme yIoIem
N TpeboBaHU. MOATOTOBKH TIpeBbILIAOIIIe
3HaHUH [HonyieHo TMO/ITOTOBKH rporpamme
Wmenm mecTo . JonyiieHo M MpOrpamMmy
BCJIEJICTBHE MHOTO . Jony1ieHo TIO/ArOTOBK
rpy6ble OIMOKH HeCKOJIbKO TMO/ITOTOBKH.
OTKasa HerpyobIx HECKOJIbKO u. Ommbok
HecylIL|ecTBe
obyuaroierocs ot OIIM60K HerpyobIx HHEIX HeT.
OTBeTa OIIH60K
o1IboK
IIpogemoHC
TPHUPOBAHBI
IIpogemoHc PYp
IIpogemoHc | Bce
IIpogemMoHC | TpUpOBaHbI
TPUPOBaHbI | OCHOBHBIE
TPHUPOBaHbI | BCe
BCe YMeHWUsI. ITpozseMoHCTp
OCHOBHBI® OCHOBHBI®
OtcyTcTBUE OCHOBHbIe Perienst HpOBaHkbI BCe
[Tpu perieHNM YMeHUSI. YMeHUSI.
MUHHMMaJ/IbHbIX yMeHUsl. BCE OCHOBHBIE
N CTaH/apTHBIX Pertensl PelrteHs! Bce
YMeHHH. PeriieHsl Bce | OCHOBHBIE YMeHUSI.
3a7iay He THIIOBbIE OCHOBHbIE
HeBo3MO>KHOCTB OCHOBHBIe 3a71auu C PemteHn! Bce
MIPOZIEMOHCTPUD | 3aJauu C 3a/iauM C
OL|eHUTh Ha/IuuHe 3ajiaunl. OTZIeNIbHBIM | OCHOBHBIE
Ymenus N OBaHbI HerpyObIMU | HerpybbIMU
yMeHHH BbInosHeHb! | U 3a/jauH.
OCHOBHbIE omubKaMu. | ommbKamu.
BCJIE[ICTBHE BCe 33JlaHUs1 | HecyllecTB | BbINosHeHs!
yMmenusi. menu | BbimonHeHsl | BobinosHeHbI
OTKaza B [10JTHOM €HHBIMU BCe 3a/laHus, B
MecTo Tpy0Obie BCE BCe 33/laHus
obyuaroierocst ot obbemMe, HO | HejoUeTaM | TIOJTHOM
oIIOKH 3a/laHysl, HO | B IIOJTHOM
oTBeTa HEeKOTOpble | U, obbeme Ge3
He B obneme, HO
d BBITIOJTHEH HeJ|0YeToB
TIOJTHOM HEKOTOpble
HeJjoueTaMH | bI BCe
obbeme d
3a/laHyis B
HeJloueTaMu
TI0/THOM
obbeme
Nwmeetca
OtcytcTBUE IIpogemoHc IIpogemoHC
MHHUMaJIbH IIpogemonHc
6a30BbIX ITpu pereHnn o TPUPOBaHbI TPHUPOBAaHBI
bl Habop TPHPOBaHbI ITpogemoHcTp
HaBbIKOB. CTaH/apTHBIX Oa3soBble HaBbIKU
HaBBIKOB 6a3oBbIe VPOBaH
HeB0O3MO>XHOCTb 3a7jau He HaBBIKH TIpU npu N
ISt HaBBIKH TIpU TBOPYECKHI
OLIeHUTb Ha/jMure | NPOJEMOHCTPUD pelleHnn peleHrr
Hagbiku pelleHus peleHnn TIOZIXO/, K
HaBBIKOB oBaHb! 6a30BbIe CTaHZapTHBI HeCTaHJapT
CTaHZapTHbI CTaHZJapTHBI peLLeHNI0
BCJIEJICTBHE HaBbIKH. VIMenn X 337124 C HBIX 3a71au
X 33/jQ4 C X 3a/1au Oe3 HeCTaH/apTHBI
OTKa3za MecTo Tpy0Obie HEKOTOPBIM 6e3
HEKOTOPBIM ommboK 1 X 3a/1a4u
obyuarorierocsi ot | ommbKu u omboK 1
u HeJZloueToB
OTBeTa HeJ0YeTaMu He/[0YeToB
Hef0ueTaMHt
Scale of assessment for interim certification
Grade Assessment criteria
pass 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",
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 - Control questions) to assess the development of the
competency YK-1

1. AndasurtHoe kogupoBaHue. [TpedukcHble Koabl. HepaBeHcTBOo Mak-MusiiaHa. [TocTpoeHre cxeMbl pepUKC
KO/IMpOBaHUsi 110 Habopy //MH /
Alphabet coding. Prefix codes. McMillan's Inequality. Constructing a scheme of prefix encoding by a set of leng

2. TIpob6siema pacrio3HaBaHUs B3aMMHOM OJHO3HAUHOCTH ai)aBUTHOTO KogupoBaHus. Anroputm A.A. MapkoBa
The problem of recognizing the one-to-one alphabet coding. Algorithm of A.A. Markov

3. IlocTaHOBKa 33/lauM ONTUMANbLHOTO KOAUPOBaHUsi. Teopema peyKLIUH.

AJITOpUTM OTNITUMAJILHOTO KOIUpOBaHus (anroput™m Xaddmana) /

Statement of the problem of optimal coding. The reduction theorem. The optimal coding algorithm (Huffman
algorithm)

4. AnropyutMbl 3KOHOMHOTO KoAurpoBaHus ®aHo u [lleHHoHa /
Fano and Shannon's economical coding algorithms

5. OuTpornusi. CBA3b CTOMMOCTH ONTUMATBbHOT'O KOAUPOBAHUS C SHTPOITHEH /
Entropy. Relationship between the cost of optimal coding and entropy

6. AnropuT™M paBHOMepPHOT0 6/I0UHOTO KOAWPOBaHHUs. Ero acMuMIToTiueckast ONTUManbHOCTb /
Algorithm for uniform block coding. Its asymptotic optimality

7. KogupoBaHye BepOSITHOCTHBIX HICTOUHUKOB. TeopeMa IlleHHOHa 2151 KaHasa 6e3 mryma /
Coding of probabilistic sources. Shannon's theorem for a channel without noise

8. JlokanbHasi Mo/iesib si3biKa. I'pad anTunpedburkcHocTy. JIokanbHO-TIpehHUKCHbIe KOZbI /
Local model of language. The graph of anti-prefix. Local prefix codes

Assessment criteria (assessment tool — Control questions)

Grade Assessment criteria

pass Knowledge of basic and additional material is sufficient or with minor errors and inaccuracies

fail  knowledge of the material necessary for this subject is not enough. Work during the semester can be




Grade Assessment criteria

assessed as unsatisfactory

6. YueGHO-MeTOfMUeCKOe M HH(OPMaLOHHOE o00ecrieyeHHe JUCHMILTHHBI (MO/y/1s1)

OcHoBHasi TUTeparypa:

1. Coding theory and cryptography. From enigma and Geheimschreiber to quantum theory / ed. by D.
Joyner. - Berlin a.o. : Springer, 2000. - VI, 256 p. : 39 fig., 12 tabl. - ISBN 3-540-66336-3 : 2522-00., 1
9K3.

[ononHuTebHas TUTEpaTypa:

1. Kensbept M. §1. Teopust uHbopmatyu 1 Koauposanus. T. 3. Teopust uHboOpMarivy U KOJUPOBaHUs /
Kenmsbept M. 4., CyxoB FO. M. - Mockga : MIJTHMO, 2016. - 567 c. - Bubauorp.: JocTynHa B KapTOUKe
KHUTH, Ha carTe DBC Jlanb. - Kuura u3 kosmnekuuu MIJHMO - Marematuka. - ISBN 978-5-4439-2377-
2., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=716697&idb=0.

[TporpammHoe obecrieueHrie 1 VIHTepHeT-peCcypcChl (B COOTBETCTBUU C CO/IePKaHUEM IVCIATUIAHBI):
HeT

7. MaTepua/IbHO-TEXHHYeCKoe ofecneyeHre AUCHUIUIUHBI (MO/YJIs1)

YuebOHble ayAWTOPUM [i/isI TIPOBeJieHHs yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa3oBaTe/bHOM
MPOrpaMMO#i, OCHaIleHbl MYyJIbTUMeAUHWHBIM 000py/0BaHHeM (TIPOEKTOpP, 3KpaH), TeXHUYeCKUMHU
cpeAcTBaMU 00yYeHHUsl.

[MomerijeHust A7IsI CAaMOCTOSITE/IbHOM paboThl 00YYalOIMXCSI OCHAIL[eHbl KOMITbIOTEPHON TEeXHUKOW C
BO3MOJKHOCTBIO TMOAK/IOUeHUss K cetd "VHTepHeTr" u obecrieueHbl [OCTYIIOM B 3/I€KTPOHHYIO
nH(OpPMarMOHHO-00pa3oBaTebHYIO Cpesy.

IIporpamma cocrtaBneHa B cooTBeTcTBUM C TpeboBanusimu OC HHI'Y 1o HampaB/ieHHI0
noArotoBKy/crierianbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

ABTopbl: CMupHoBa TaTbsiHa ['eHHa/iIbeBHa, KaHAUAAT (DH3UKO-MaTeMaTUUeCKUX HayK, JOLIeHT.
3aBeayroimii Kadeapoii: 3onoteix Hukonaii FOppeBuy, JOKTOp (U3MKO-MaTeMaTUUeCKUX HayK.

ITporpamMma ozo6peHa Ha 3ace/jJaHUM MeTOAMUeCKOM KoMmuccuu ot 17.12.2025, mpoTokos Ne TIpOTOKOJ
Neb6.
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