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1. Mecto pucyuninHsbl B cTpyktype OITIOII

HOucuunza 51.B.14 Anami3 v pa3paboTKa alropuTMOB OTHOCUTCS K YaCTH, (POPMHUPYEMOM 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

cucmemHblii Nno0xo0
ona

peweHus
nocmaeneHHbIX 3a0au

cucmemamu3uposamsn Ux 8
pamKax usbpaHHbix 8UO08
npogeccuoHanbHoU
OesimebHOCMU

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

HAY4YHbIX MeKcmos

MauwuHa, npoCMpaHCmMeeHHas
CI0HCHOCMb, BDEMEHHAs
CI0JHCHOCMb, CONHCHOCMD 8
Xyouwiem/cpeOHem/ayuwem
cayyae, paHOOMU3UPOBAHHAS
cnoxcHocmb. BadicHeliwue
CMpYKmypbl OGHHBIX,
an20pummbl COpmMUpPOBKU U
pabombl ¢ epagpamu u ux
c/10%iCHOCMU, OUHAMUYeCKoe

npo2pammupo8aHue.

YK-1.2:

Ymemb cpagHusamb
acumnmomuyeckoe nogedeHue
¢yHKyull, npouzgooums
Mamemamuyeckuil aHaus

C/N03CHOCMU a/120pummos.

YK-1.3:

Hmemb HagbIKU npuMeHeHUst
3HAHUL 0 CMAHOApMHBbIX
an120puUMMO8 U CmpyKmypax
O0aHHbIX 0415 3¢hpekmusHo20
pellieHus NOXOMHCUX 3a0ay.
Hmemb onbim
€amocmosime/nbHO20 U3yueHust
YyuebHUKA U Mamepuanos 8 cemu
HumepHem 015 HaxocOeHust
ONMUMANbHBIX AN20PUMMOB
peuleHust 3a0ay.

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 0606wjeHuss  |3Hamb OCHOBHbIe NOHAMUS 3quém:

NOUCK, Kpumuyeckuu |y chopmayuu meopuu anz0pummos: Tecm

aHanus u cunmes YK-1.2: ¥Ymeem coomHocumb | cmpyKmypd OaHHbIX, A120pUmm

ungopmayuu, N ’ Koumposnbhas paboma

pasHOpoOHble si8AeHUs U MoOesnb ebluucaeHuil, RAM
npumeHsmb




3. CTpyKTypa U cojep)KaHHe AUCIUILIAHbI

3.1 TpyA0eMKOCTb AUCLUII/IUHBI

OYHas

O011as TPy/J0EMKOCTBD, 3.€e. 2

Yacos 1o yue0HOMY IJIaHy 72

B TOM UHCIIe

ay/JUTOpPHBIE 3aHATHSA (KOHTaKTHas1 padoTa):

- 3aHATHS JIEKIIHOHHOT'0 THIIA 24

- 3aHATHS CEMHHAPCKOro THNa (MpaKTHYecKue 3aHATHs / 1aGopaTopHbIie PaGoTh) 0

- KCP 1

caMocTosTe/IbHasA padoTa 47

ITpomexyTouHas arrecTanys 0
3auéTt

3.2. CozepkaHWe JUCIUIIIVHbI

(cmpykmypuposaHHoe no memam (pasdenam) C yKazaHueM OmMEeOeHHO20 HA HUX Ko/audecmed

axkademuuecKux udacosg u 8uobl yuebHbIX 3aHamuil)

HaumeHoBaHue pa3/ienoB U TeM AUCLIUILIMHEI Bcero B TOM 4HC/le
(acen) KonTakTHas pabora (pabota Bo
B3aUMO/IeICTBUH C IIperofiaBaTesieM),
Yackl U3 HUX
3aHSTHS CamocTosTe/bHast
CeMHUHapCKOro paGora
3aHATUA THUIA o0yuarowerocs,
JIEKIIMOHHOTO | (TIpakTHyeckue | Bcero Jacel
THUMAa 3aHsATHs1/1abopa
TOpHbIe
paboTsI), acs

0 o 0 0 0

o o o o i

0 s} 0 0 0
1. Anamu3 anroput™moB / Algorithm analysis 12 4 4 8
2. CTpykTyps! gaHHbIX / Data structures 12 4 4 8
3. Xemmpoanue / Hashing 6 2 2 4
4. CopTupoBka / Sorting 12 4 4 8
5. Anroputmsl Ha rpagax / Graph algorithms 18 6 6 12
6. luHamuyeckoe nporpaMmMmupoBanue / Dynamic programming 11 4 4 7
ArtTtecTauus 0
KCP 1 1
HUroro 72 24 0 25 47




Contents of sections and topics of the discipline

1. Mogens Berurcsienwii ¢ RAM. CrioyKHOCTD B Xy/IiieM/cpeiHem/nyuiiieM ciaydae. «O 6ombiioe» U
pozcTBeHHbIe 0003HaueHus. CKOPOCTh POCTA ¥ OTHOIIIEHNE JOMIUHHUPOBaHWUsL. [IprMepsl: COPTHPOBKA BEIOOPOM
Y BCTaBKOM, MIOMCK B CTPOKe, YMHO)KeHHe MaTpHL].

The RAM model of computation. Best-case, worst-case, and average-case complexity. Big Oh notation. Growth
rates and dominance relations. Examples: selection sort, insertion sort, string pattern matching, matrix
multiplication.

2. MaccuBbl. YKa3aTenu U CBsi3Hble CTPYKTyphl. CTeku U ouepeain. CroBapu. [IBoUuHbIe iepeBbsi TOMCKa.
CbanancrupoBaHHbIe iepeBbsi. Ouepesyl C IPUOPUTETOM.

Arrays. Pointers and linked structures. Stacks and queues. Dictionaries. Binary search trees. Balanced search
trees. Priority queues.

3. Paspelnenue Koun3uid. ITapagokc aHel poxaeHus. AnroputM Pabuna-Kapra.
Collision resolution. Birthday paradox. Rabin-Karp algorithm.

4. TlupamuganbHasi COPTUPOBKA, COPTUPOBKA C/IUsIHHEM, ObICTpasi COPTHPOBKA. HIDKHSIs rpaHuLia Ha
COPTHPOBKY.
Heapsort, mergesort, quicksort. Lower bounds for sorting.

5. TTouck B MpUHY, B TTyOWHY U UX IpuiokeHus. Anroputmbl [TpuMa u Kpackana. Anroputmsl JJeHKCTpbI U
dnoiza-Yopiiesna.

Breadth-first search, depth-first search and their applications. Prim's and Kruskal's algorithms. Dijkstra's and
Floyd-Warshall algorithms.

6. CpaBHeHMe K3LIUPOBAHUS U BeIurcaeHus. [IpubmmkeHHoe cpaBHeHHe cTPOK. CHHTaKCHYeCKUi pa3dop
KOHTEKCTHO-CBOOO/THBIX TPaMMaTHK.
Caching vs. computation. Approximate string matching. Parsing context-free grammars.

4. YueOHO-MeToANUYeCKOe o0eceyeHHe CaMOCTOSITe/TbHOW Pad0ThI 00yJarouXCsl

CamocrosiTenibHasi paboTa 00yuarOL[UXCsl BK/IOUaeT B CeDOsi MOJATOTOBKY K KOHTPOJIHBIM BOITPOCAM U
3a[jaHUsIM JIJIsl TeKYIero KOHTPOJIsi U TIPOMEXYTOUHOW aTTeCTallud IO WUTOraM OCBOEHWS JUCLIATIIUHEI
NpUBeJIeHHBIM B I1. 5.

Skiena, Steven S. The Algorithm Design Manual. 3rd Edition. Springer, 2020.

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. Consider the following functions: (1) sqrt(n), (2) 2/n, (3) n-log n, (4) log n, (5) nA(1/3)+log n, (6) (log n)"3,
(7) n/log n, (8) loglog n, (9) (1/3)"n. Arrange them from the lowest to the highest order.



2. Letters E, A, S, Y, Q, U, T, I, O, N, in this order, are inserted into an empty hash table of size M = 5 that uses
chaining to deal with collisions. The hash function is h(s) = 11k mod M where k = 1, 2, ... is the number of letter
s in the alphabet. Draw the final state of the hash table.

3. Give 2 examples of non-sorted arrays of length 6 consisting of distinct numbers for which quicksort without
randomization uses the worst-case number of comparisons. How many comparisons is that?

4. Given a connected, undirected graph G with n vertices and m edges, devise an O(n + m) algorithm to identify
an edge you can remove from G while still leaving G connected, if one exists.

5. Given an s % t grid filled with non-negative numbers, find a path from top left to bottom right that minimizes
the sum of all numbers along its path. You can only move either down or right at any point in time.

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria

pass 3&,[[8‘{{:1 pelieHa ITO/JTHOCTbIO WJIN pelll€éHa OCHOBHAA YaCTh 3d/id4H, WK 3a/id4a pellieHa C HeJoueTaMu.

fail 3ajjaua He pellleHa WM CJieflaH TObKO MepBbIM 3Tall pelleHys 3a/auu.

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

IIIkasa oueHMBaHUA C()OPMHUPOBAHHOCTH KOMIIETEeHI[UI

Yposen
b
chopmu Hey/i0B/IeTBOD Y/AOB/IETBO oYyeHb
TJI0X0 XO0pO1110 OT/IMYHO NPeBOCX0/{HO
POBaHH HUTe/ILHO PHTe/NbHO Xopo1io
ocTH
KOMIIeT
eHIUKH
(uHANK
aropa
AOCTHIK He 3a4YTeHO0 3aUuTeHo
eHus
KoMIIeT
eHILUI)
YpoBeHb
OTcytcTBHE YpoBeHb poset
o N 3HaHWI B
3HaHUU MuHuManbH | 3HaHUH B obeme YpoBeHb
TeopeTUUecKoro o} obneme, ’ 3HaHUM B
YpoBeHb COOTBETCTBY YpoBeHb
MaTepHasa. o JIOTyCTUMBI | COOTBETCTBY obbeme, o
3HaHWUM HIDKe o Io11eM 3HaHWUM B
HeB03MO>KHOCTb 1 ypoBeHb IoLIeM COOTBETCTB
MUHHUMaJIbHbIX o rporpaMme obbeme,
3HaHWSA | OLIEHUTb MOJHOTY . 3HaHUM. rporpaMme yIOIL[eM
o TpeboBaHU. MO/ TOTOBKU TIpeBbILIAoL]e
3HaHUU JonyiieHo MO/IrOTOBKHU rnporpaMmme
Nwmenu mecto . Jony1eHo M MporpamMMy
BCJIe[ICTBHE MHOT'0 . Hony1eHo MO/IrOTOBK
rpy6ble OIUOKH HECKOJIbKO MOATOTOBKHU.
OTKa3za HerpyOobIx HEeCKOJIbKO u. Ommnbok
HecylIecTBe
oOyuaroiierocst ot omb0oK HerpyObIx HHEIX HeT.
OTBeTa omb0ok
o1IboK
OtcytcTBHE I1pu perenuu IIpogemonc | Ilpomemonc | Ilposemonc | Ilpomemonc | IIpogemoHCTp
MUHUMaJTbHBIX CTaH/IapTHBIX TPUPOBaHbl | TPUPOBaHbl | TPUPOBaHbl | TPUPOBaHbLI | WPOBaHLI BCe
YMEeHHUIL. 3ajau He OCHOBHbIe BCE BCE BCE OCHOBHBIe
HeB03MO0>KHOCTb MIPO/IEMOHCTPUD | YMEeHHUsl. OCHOBHbIe OCHOBHbIe OCHOBHBIE YMEeHUSL.
YMeHusi | OLeHWUTh HalWuWe | OBaHbI PerieHnl YMeHUSL. YMeHUSL. yMeHusl. Peruiens! Bce
YMeHU OCHOBHbIE TUIOBbIE Pewuensl Bce | Perensl Bce | PelueHbl OCHOBHbIE
BCJIe[ICTBHE ymenusi. Imem | 3apauu ¢ OCHOBHBIE OCHOBHbIE BCE 3aJaum.
OTKasa MecTo Tpy0Obie HerpyObIMU | 3afauu C 3a/1auu. OCHOBHBIE BoinosHeHb!
obyuarorierocsi ot | ommbKu omubkamu. | HerpyObiMM | BBINOJHEHbI | 3a7auu C BCe 33/]aHus, B




OT/ie/IbHBIM
u
ouIHGKav1. BCe 33/]aHusl | HeCylecTB
BoinosiHeHs! | BeirosiHeHbl A M
B TI0JTHOM €HHBIMU
BCE BCe 3a/laHus
obbeme, HO | HefjoYeTaM | ITOJTHOM
3a/laHust, HO | B MOJIHOM
oTBeTa HEKOTOpbIe u, obneme be3
He B obneMe, HO
c BBITNIOJIHEH | HE/I0YETOB
TIOJTHOM HEKOTOpble
HeZloyeTaMM | bl BCe
obbeme o
3a/]aHusl B
HeJ[0YeTaMHt
TI0/THOM
obbeme
Nwmeetcsa
OtcyTcTBUE IIpogemoHc [IpogemoHC
MWHHUMaJIbH IIpomemoHc
6a30BbIX ITpu perieHnH . TPHPOBaHEI TPUPOBaHBI
bIii Habop TPUPOBaHBI ITpozieMOHCTp
HAaBBIKOB. CTaH/APTHBIX 6azoBble HaBBIKK
HaBBIKOB 0a3oBble MpOBaH
HeB03MO>XXHOCTb 3a/jau He HABBIKH TIpU TIpU N
JUist HaBBIKH TIpY TBOPYECKHUH
OLIEHWUTb Ha/lMure | MPOJEMOHCTPUD pelLeHnn peLeHHN
Hagblku pelueHust peleHnn TIOZIXO/, K
HABBIKOB oBaHbI 6a30BbIe CTaHJapTHBI HeCTaHZapT
CTaHZApTHBI CTaHJapTHBI PeLLIeHHI0
BCJIE[ICTBHE HaBbIKY. VIMenn X 337a4 C HBIX 3a71au
X 3a/au C X 3a7a4 6e3 HECTaH/apTHBI
OTKaza MecTo rpy0Oble HEKOTOPbIM 6e3
HEKOTOPBIM oMbOoK U X 3a7aq
oOyuaroiierocst oT | OmubKu u omboK 1
u HeJJ0ueToB
oTBeTa HeJZloueTaMu HeJJ0ueToB
HeJloueTaMu
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 - Test) to assess the development of the competency
YK-1

1. What is the complexity of removing an element from a dictionary that is implemented as a unsorted array?
An element is specified by the array index where the element is stored and not by the key that is stored there.



(a) O(1)

(b) O(log n)
(c) O(n)

(d) O(n-log n)

2. Hash table a good choice for implementing dictionaries that provide operations involving key order, such as
finding the minimal key or the successor of a given key.

(a) True

(b) False

Assessment criteria (assessment tool — Test)

Grade Assessment criteria

pass He menee 60% IpaBUIbHBIX OTBETOB.

fail Menee 60% MpaBUIBHBIX OTBETOB.

5.3.2 Model assignments (assessment tool - Control work) to assess the development of the
competency YK-1

1. Consider a given directed graph. Perform a depth-first search starting from vertex 1. Draw the resulting
spanning tree of the graph. For each of the following categories of edges list all edges in that category:

(a) tree edges;

(b) forward edges;

(c) back edges;

(d) cross edges.

2. Consider a given weighted directed graph. Apply Dijkstra's algorithm to find the shortest paths from vertex a
to all other vertices. Fill a table that shows the current estimate for the distance from a and the current parent of

every vertex at the end of each iteration.

Assessment criteria (assessment tool — Control work)

Grade Assessment criteria

pass Bce 3aaum peliieHb! MOHOCTBIO WM pellieHre 3a/jau 000CHOBaHO, HO JOMYIIeHbI apuhMeTHUeCKHe
OLLIMOKH.

fail  3amauu He perieHBI UM C/e/IaH TOTBLKO TIEPBEIN 3Tall B PEIIeHUH 3a/1ad.

6. YueGHO-MeTOfMUeCKOe M HH(OPMaLMOHHOE o00ecrieyeHNe JUCIMILTHHBI (MO/y/151)

OcHoOBHas1 MTeparypa:



1. Dr. Basant Agarwal. Hands-On Data Structures and Algorithms with Python : Store, Manipulate, and
Access Data Effectively and Boost the Performance of Your Applications. - Packt Publishing, 2022. - 1
online resource. - ISBN 9781801076814. - ISBN 9781801073448. - TekcT : 3/IeKTPOHHBIM., https://e-
lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=854399&idb=0.

[ononHuTenbHas TUTepaTypa:

1. Cormen, Th. H. Introduction to algorithms. - 3rd ed. - Cambridge, MA ; London : The MIT press,
2009. - X1, 1292 p. - ISBN 978-0-262-03384-8 : 4972,00., 1 3K3.

2. Kingston, Jeffrey H. Algorithms and data structures: design, correctness, analysis. - 2nd ed. - Harlow:
Addison Wesley Longman, 1998. - XI, 380 p. - (International computer science series). - ISBN 0-201-
40374-9 : 1357-00., 1 3K3.

3. Shiffer, Clifford A. A practical introduction to data structures and algorithm analysis. - Upper Saddle
River : Prentice Hall, 1997. - XVI, 494 p. - ISBN 0-13-190752-2 : 2303-00., 1 3k3.

[TporpammHoe obecrieueHrie 1 VIHTepHeT-peCcypchl (B COOTBETCTBHUU C CO/lePKaHUEM IVCIATUIAHBI):

Lecture slides for an analysis of algorithms course. UR:
https://www3.cs.stonybrook.edu/~skiena/373/videos.
Visualizing Algorithms. URL: https://www.cs.usfca.edu/~galles/visualization/Algorithms.html.

7. MaTepua/ibHO-TEXHHYeCKoe ofecrneyeHre AUCHUIUIUHBI (MO/YJIs1)

YueOHble ayUTOPUM [i/isI TIPOBeJleHHs yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa3oBaTe/bHOM
MPOrpaMMOM, OCHAIeHbl MYJbTUMEAUMHBIM 000pyZoBaHUeM (TTPOEKTOP, 3KpaH), TeXHUUYeCKUMHU
cpeAcTBaMU 00yYeHHsl.

[TomertieHusi A1 CaMOCTOSITeNTbHOM paboThl 00yYarOLMXCsl OCHAIlleHbl KOMIbIOTEPHON TEeXHUKOHN C
BO3MOJKHOCTBIO TMOAK/IOUeHUss K cetd "VHTepHeTr" u obecrieueHbl [OCTYIIOM B 3/I€KTPOHHYIO
MH(pOpMaLMOHHO-00pa3oBaTe/IbHYI0 Cpefy.

IIporpaMmma cocTtaBieHa B cooTBeTcTBUM C TpeboBanusimu OC HHI'Y 1o HampaB/ieHHIO
noArotoBKy/crierianbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

Author(s): Makapos EBrenuii MapaToBuu.
ITporpamma ofj06peHa Ha 3acelaHUU MEeTOIUUeCKOUM Komuccuu ot 13.12.2023, ipotokon Ne 3.
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