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1. AHoTanus

AnreOpuuHaTa KOMOMHATOpPHKAa € pa3sHOOOpa3eH /MsI Ha MaTeMaTHKaTa, KOWTO BKIIIOUBa
anreOpuYHM METOJM 3a pellaBaHe Ha JUCKpeTHU 3amaud. KypchT BBBEXIa CiylIaTeIUuTe B
OCHOBHUTE HJieM B Ta3u obOmacT. Toll e MOCBeTeH Ha AMCTAaHIMOHHO-PETYISpHH Trpadu U
XapaKTEPUCTHYHUTE WM TPOCTPAHCTBA, pPAaBHOMEPHU pa30UBaHUsI W TEXHHUTE TEIJIOBU
pasmpeneneHus, KOpelalioOHHAa YCTOWYMBOCT Ha OyneBu QyHKIMH. KypchT BKIIOYBA KaKTO
KJIacU4ecKa Teopus, Taka U HOBU Pe3yJITaTH B U30paHu 00J1acTU Ha MHTEPEC.

2. HeoOxoamMu npeaBapuTe/THU 3HAHUSA

bazoBu no3Hanus 1o auHeNHa anredpa u Teopust Ha rpadure

3. KoMIIeTeHTHOCTH, IPUAO0UTH B Pe3yJITAT HA 00y4eHHETO

[IpunobuBane Ha 3HAHUA 3a JUCTAHIIMOHHO-PETYJSIPHU Tpadu U TEXHHUTE XapaKTEPUCTUUHU
npocTpaHcTBa, OyleBM (QYHKIMH, pAaBHOMEpPHHM pa3OuBaHUs, aireOpMuHd METOIU 32
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XapaKTepu3upaHe Ha aNreOpUYHH M KOMOWHATOPHU CTPYKTypu (rpadu, GyHKIHUH, pa3OWBaHMS).
[TpunobuBane Ha yMeHHs 3a yBepeHO OOpaBeHE ChC CIEIHATU3UpaHa JIMTEparypa Mo Temara u
M3IIOJI3BAHETO ¥ MPH pelaBaHe Ha HAyYHU M PUIIOKHH 33]a4H.

4. TemMaTU4HO CHABbPKAHHE
TemMa Opoii 4acoBe JEKIHH
JIMCTaHIIMOHHO-PETYJIAPHH I'padu, XapaKTEPUCTHYHH MIPOCTPAHCTBA 8

XeMuHroBH rpadu, nepPeKTHu KOI0Be

PaBHOMepHHM pa30MBaHUs U TETIIOBHU pa3npeeCHHs

Kopenaunonna ycrounBocT Ha byneBu GpyHKuun

I'padu 1 cMeHu, 3ana3Bally CeKThpa
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Koncnekr

. JlucTaHIMOHHO-peryNsspHU rpadu.

XapakTepUCTUYHU IPOCTPAHCTBA U COOCTBEHH CTOMHOCTM Ha JUCTAHLUUOHHO-PEryJISpHU
rpadu.

Konose B rpadu Ha XemuHr u JPKOHCHH.

Hanbino perynspHu kogoBe U nepekTHu Koj1oBe B rpadu Ha XeMUHT U JIDKOHCBH.
PaBHOMepHHU pa30uBaHMsL.

TernoBHu pasnpeseneHus Ha pa30MBaHUs B AUCTAaHIIMOHHO-PETYJIApHU rpadu.

byneBu pynkuuu, crenexn Ha GyHKITHS.

['panuiia na ®on-Jlep-dnaac 3a KopenanmoHHa yCTOWYHUBOCT Ha QyHKIIHSL.

CrnexTbp Ha rpad, U30CHeKTpaIHu rpadu.

. Cmenn, 3ama3Baiiy criekTbpa Ha rpad.

. IIpenopbuyana gureparypa:

. Brouwer A., A. Cohen, and A. Neumaier. Distance-Regular Graphs. Ergebnisse der Mathematik

und ihrer Grenzgebiete. 3. Folge /A Series of Modern Surveys in Mathematics. Springer Berlin
Heidelberg, 1989.

Carlet C., Boolean functions for cryptography and coding theory, Cambridge University Press,
Cambridge, 2021.

Godsil C. Algebraic Combinatorics. Chapman and Hall Mathematics Series. Chapman & Hall,
New York, 1993.

Krotov D., K. Vorob'ev, On unbalanced Boolean functions with best correlation immunity, The
Electronic Journal of Combinatorics 27(1) (2020) #P1.45.

Fon-Der-Flaass D.G. A bound on correlation immunity, Siberian Electronic Mathematical
Reports 4 (2007) 133-135.

MacWilliams F.J., N.J. Sloane. The Theory of Error-Correcting Codes, North-Holland
Publishing Company, New-York, 1977.




7. PecypcHO ocurypsiBaHe Ha 00y4eHHeTO

He ce nyarcoae

8. Kpurepum 3a oneHka

H3nureT € ¢ MMPOABIIKUTCIIHOCT 4 gaca 1 c€ CbCTOM OT JABC€ 4aCTHU — IIMCMCH U YCTCH.

Ha numcmeHus u3muT AOKTOPAHTHT pa3BHBAa CBOUTC HMJACH W KOHICIIHWU IIO ABa BBIPOCA OT
KOHCIICKTA.

Ha YCTHUA U3NUT JOKTOPAHTHT OTroBaps Ha 3adaiICHU OT KYPUTO BBIIPOCHU, CBBP3aHU C TCMATA Ha

Kypca.

Kpaiinara onenka e ot 2 10 6 (¢ Tounoct j0 0.5).
Tst ce popmupa Ha Oazata Ha CIEAHOTO CHOTBETCTBUE:

OmnueH OTnngHO Brafee Matepuana. M3noxkeHneTo e u3depnarenHo, NocaeJ0BaTeIHO, KOMIIETEHTHO,

(6 mm 5.50) | morumyHO M XapMoHHYHO. [IpaBuiIHO 000CHOBaBa MpeAIaraHUTe PEIeHNs, 3Hae Kak Ja 00001asa u
n3nara Marepuaia 6e3 aa mpaBu rpeniky. IIpureskaBa HEOOXOAUMHUTE YMEHUS 32 M3ITBJIHEHNE Ha
MIPAaKTHYECKHU 3a/1a49H.

MH. 1065p ITo3naBa matepunasna. M3nara ro npaBuiaHO 6e3 a AOMyCKa ChIIECTBEHN HETOYHOCTH. Moxe
(5§ i 4.50) | mpaBMITHO @ MpHJIara TEOPETHIHU MPUHIMITY U IIPUTE)KaBa HEOOXOANMHTE YMEHUS 32 H3ITbIIHECHUE
Ha MIPaKTHYECKH 3a/1a9H.

Jo6Bsp Brnanee romsma gact Marepuaia, HO IOIyCKa HETOYHOCTH MIPH U3JI0KEHHUETO U OTTOBOPUTE Ha

(4 mmu 3.50) | BeOpocuTe. MiMa n3BeCTHH HESCHOTH MIPH OMUTHUTE 32 IPUIIATaHE Ha MaTepHaia B MPaKTHIeCKA
CUTYyalluu.

Cpenen Branee camo wacT ot Marepuaia, HO e 3aTpyIHsIBa B OTIEJIHUTE JieTaiuin. Jlomycka HETOYHOCTH BbB

3) (GhOpMYIMPOBKHTE ¥ HapylllaBa IOCICAOBATCIHOCTTa TPU MPEACTaBsIHETO Ha Martepuai. KMma
3aTPYAHCHUSA ITPU U3MTBJIHCHUC HAa MPAKTUYCCKU 3ada4u.

Cinab He no3HaBa 3HauuTesNHA YacT OT Marepuala, JOMycKa ChIIECTBEHH TPELIKH ¥ C TOJEeMH TPYTHOCTH

2) U3IIBJIHSIBA IPAKTUYECKU 3aJa4H.

VYuebHara nporpaMa e o0chJeHa U 0100peHa Ha 3aceJaHue Ha CeKIMs ,,MaTeMaTH4eCKl OCHOBH Ha
nHpopmarukara*

Ha 22.11.2024 r.

PrvroBoauTen cexuus:

(momr. 1-p Xpucto Kocragunos)

Pasrnenana ot Jlupexropckus cbBeT Ha UMU-BAH Ha 28.11.2024 (mpoTokoun Ne 48).

ITpuera ot Hayunus ceBer Ha UMU-BAH na 29.11.2024 (npotokon Ne 15).
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1. Annotation

Algebraic combinatorics is a broad area of mathematics that includes algebraic methods for solving
problems from discrete mathematics. The course introduces the basis ideas of this area. It is devoted
to distance regular graphs and eigespaces, equitable partitions and their weight distributions,
correlation immunity of Boolean functions. The course includes both classical theory and recent
results in selected areas of interest

2. Prerequisites

Basic knowledge of linear algebra and graph theory is required.

3. Expected Learning Qutcomes

Acquisition of knowledge about distance regular graphs and their eigenspaces, Boolean functions,
equitable partitions, algebraic methods characterizing algebraic and combinatorial structures
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(graphs, functions, partitions). Acquisition of skills of fluent handling of special literature on the
subject and its use in solving scientific and scientific-applied problems.

4. Topical Outline of Content

5

0 Nk W=

Topic Hours Lectures

Distance regular graphs, eigenspaces 8

Hamming graphs, perfect codes

Equitable partitions and weight distributions

Correlation immunity of Boolean functions

o N e N R )

Graphs and switchings preserving the spectrum

. Questionnaire (list of selected questions)

Distance regular graphs.

Eigenspaces and eigenvalues of distance regular graphs.

Codes in Hamming and Johnson graphs.

Completely regular codes and perfect codes in Hamming and Johnson graphs.
Equitable partitions.

Weight distributions of partitions in distance regular graphs.

Boolean functions, degree of a function.

Fon-Der-Flaass bound on correlation immunity of a function.

Spectrum of a graph, isospectral graphs.

10. Switching preserving the spectrum of a graph.
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7. Resource provision of training

No need

8. Evaluation criteria

The exam shall continue 4 hours and shall consists of two parts — written and oral.

At the written exam the PhD student presents his/her ideas and concepts on two given questions
from the questionnaire. At the oral exam, the PhD student answers questions asked by the jury
related to the topic of the course.

The final grade is from 2 to 6 (to the nearest 0.5).

It is formed based on the following correspondence:

Excellent Excellent command of the material. Comprehensive, consistent, competent, logical and harmonious

(6 or 5.50) presentation. Proper justification of the proposed solutions, good summary and presentation of the
material without making mistakes. Good necessary skills to perform practical tasks.

Very good Satisfactory command of the material. Correct explanation without significant inaccuracies. Proper

(5 0r4.50) application of the theoretical principles and appropriate performance of practical tasks.

Good Good command of the material, but with inaccuracies in the presentation and in the answers to

(4 or 3.50) questions. There are some ambiguities in attempts to apply the material in practical situations.

Average Limited command of the material, difficulties in the individual details. Inaccuracies in the wording

3) and inconsistency in the presentation of the material. Difficulties in the performing of practical
tasks.

Weak A significant part of the material is not known, serious mistakes are made, and the practical tasks are

(Failing grade) performed with great difficulty.

2)

The curriculum was discussed and approved at a meeting of the Department “Mathematical
Foundations of Informatics”,
held on 22.11.2024

Head of Department:

(Assoc. Prof. H. Kostadinov)

Approved by the Board of Directors of IMI-BAS on 28.11.2024 (Minutes No. 48)

Accepted by the Scientific Council of IMI-BAS on 29.11.2024 (Minutes No. 15)



