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AJITOPUTMHU TA CTPYKTYPHU JAHUX

Tun AUCHUITIHA O060B’s13K0Ba

PiBenb BuIIOI OCBiTH [Tepmmmii (OakanaBpCchKuii)
MoBa BUKJIaJJaHHA VYkpaiHnceka, AHIITIHCEKA
Cemectp 4

O6csar kpeautiB EKTC 7

®DopMHu 3100yTTH OCBITH Ouna (aeHHa)

Pesynomamu nageuannsa. CTyleHT, SKAW YCIIIIHO 3aBEpIIMB BUBYCHHS JUCLUUIUTIHM, Mae. 3HATH i
3aCTOCOBYBATH BIIMOBIHI MaTEeMaTUYHI MOHATTS, METOJIMU JIOMEHHOTO, CHCTEMHOro 1 00’€KTHO-
OpIEHTOBAHOTO  aHAN3y Ta MAaTEMaTUYHOTO MOJETIOBAHHA JUIsl  PO3POOKH  MPOTPaAMHOTO
3a0e3nevyeHHs. 3HATH 1 3aCTOCOBYBaTH Ha NPAKTUI (pyHIaMEHTaabHI KOHIICMINIi, MapagurMu i
OCHOBHI NPUHIUNHM (QYHKLIIOHYBAaHHS MOBHHUX, IHCTPYMEHTAJIBHUX 1 OOYMCIIOBAJIBHHUX 3ac00iB
IHKeHepii mporpaMHOro 3a0e3ledeHHs. 3HAaTH 1 3aCTOCOBYBAaTH METOIU PO3POOKH aITOPUTMIB,
KOHCTPYIOBAaHHSI MPOTPAaMHOTO 3a0e3ledeHHs] Ta CTPYKTYp JaHWX 1 3HaHb. Bumimu QopmanizyBatu
00YMCITIOBANIbHI Ta JIOT1YHI 3a/a4i;  Odocnioxcyéamu €QPEKTUBHICTh aJTOPUTMIB; BUKOPUCTOBY8AMU
OCHOBHI CTPYKTypH MAaHHX (MAacHBH, MHOXXWHH, CTEKH, JCpPEBa); GUKOPUCMOBYS8AmMU CIIOCOOU
KOHCTPYIOBAaHHSI CKJIAJJTHUX CTPYKTYP JaHUX Ha 0a3i MPOCTHX CTPYKTYP JaHUX, uiykamu iHGopMaIiio B
CTPYKTYpax JaHUX BUKOPHCTOBYIOUH Pi3HI CIIOCOOH TONIYKY; 8uOpamy ONTUMAIBHY CTPYKTYPY JTaHUX
Ta ONTUMAIBHUHI aJiTOPUTM PO3B’SI3aHHSA 3a7ayi.

Ilpepexegizumu - MatemaTuyauii aHami3, Teopis HMOBIpHOCTEH Ta MaTeMaTH4YHA CTaTHUCTHKA,
OO0’ exTHO-OpiEHTOBAaHE POTrpaMyBaHHs, J{MCKpeTHA MaTeMaThKa
Kopexesizumu —Metoau ontumizaiii, MoenoBaHHs Ta OIIHKA MPOTPaMHOIo 3a0e3MeyeHHs,

3micT HABYAJIBLHOI IMCUMILTIHA. AJITOPUTMH Ta iX aHami3. AJNTOpUTMH copTyBaHHA. IIpocTi cTpykTypn
naHux. Xemnr-radauii. 3B’sI3HI CTPYKTYpH JaHUX. Pexypcist. AIroputMu nomyky. AJropuTMHu Ha rpadax.
OO6unciroBabHa TEOMETPIs.

3amianoBaHa HaBYaIbHA JisIbHiCTB. Jlekuii — 36 rox, maGopaTopHi 3aHATTS —36 TOA., caMOCTiiiHa
pobota — 138 roxu., pazom — 210 rox.

®opmu (MeTOAM) HABYAHHSA JICKIi] (3 BUKOPUCTAHHSIM METOIB MPOOJIEMHOr0 HaBYaHHS 1 Bi3yauizarllii);
1a0opaTOpHI 3aHATTS, caMOCTiiiHa poboTa.

@®opMH OLHIOBAHHSI Pe3yJbTATIB HABYAHHSA. 3aXMCT JIAOOPATOPHUX POOIT, TECTyBaHHS; IMHCbMOBA
mijicyMKoBa pobora.

dopma ceMeCTPOBOr0 KOHTPOJIIO: ICTIUT

HagsuaubHi pecypen:

1. Tomac I'. Kopmen, Hapns E. Jleitzepcon, Ponann JI. Pisect, Knigopn Craitn. BeTyn 1o anroputmis.
[Tepexinan 3 anrmaiiicekoi Tpetsoro BuaanHs. Kuis, K.I.C., 2019, 1288 cTop.

2. Kpenesuu A.Il. Anroputmi i ctpyktypu Aanux. Ilinpyunuk. — K.: BIIL] "Kuiscekuit YHiBepcutet",
2021. —-200 c..

3. 1. Ahmad, 40 Algorithms Every Programmer Should Know, Packt Publishing, 2020

4. Bacunbes O., [IporpamyBanus MmoBoto Python. —-Hasuanbna kaura — borman 2019 — 504 crp.

5. Enextponna 6i6mioTeka yHiBepcutery. Joctyn no pecypcey: http://library.khmnu.edu.ua

6. Penmosurapiit XHY :https://elar.khmnu.edu.ua/home

Bukana4: 1oktop (izuko-mMareMaTuuHuX Hayk, mpodecop Jleoning BE/IPATIOK



3. HOACHIOBAJIBHA 3AITMCKA

Hucnuriina "AJIropuT™MH Ta CTPYKTYPH JaHUX' € OJTHIEI0 3 TUCIUILIIH 3arajabHoi MiArOTOBKH 1 IIOCi1ae
BOXJIMBE MiCIle Y MIAroTOBLI (haxiBI[iB OCBITHBOTO PiBHS «0OakajlaBp» 3a OCBITHBO-TIPOQECIHHOIO
nporpaMoro «IHKeHepis IPOrpaMHOro 3a0e3ICUCHHSD). .

Ilpepexegizumu - Maremarnunuii aHani3, Teopis HMOBIPHOCTEH Ta MaTeMaTH4HA CTaTUCTHUKA,
O06’exTHO-OpiEHTOBAaHE POrpaMyBaHHs, J{MCKpeTHA MaTeMaTuKa
Kopexesizumu —Metoau ontumizaiii, MoenoBaHHs Ta OLIIHKA MPOTPaMHOro 3a0e3MeyeHHs,

Mema oucyunninu. lucuuruiina "AJIropuT™MH Ta CTPYKTYPH JIaHUX " Ma€ METOIO 3700yTTS CTyICHTAMH
3araibHUX 1 ()aXOBUX KOMIIETEHIIIH B 00yacTi aaropuTMmiszallii ta peasizamii 0a30BHX aarOpUTMIB Ta
CTPYKTYp JaHHX.
Ilpeomem Oucyunninu. TUNIOBI AITOPUTMH Ta CTPYKTYPH JaHUX SKi 3yCTPIUAIOTHCS B IPOrPaMyBaHHI.
3ae0annn Oucyunninu. Hanatu cryaeHTaM 3HAHHS 1 MNPAKTHYHI HABUYKA 3 TPOCKTYBaHHS
ONTUMAJIbHUX AITOPUTMIB Ta BUOOPY ONTHUMAJIbHHUX CTPYKTYp HAaHUX JUIS BHPIMIEHHS THUIIOBHX
AITOPUTMIYHHX 3a7a4.

BigmosigHo 10 Cmanoapmy éuwioi océimu i3 Ta OCBITHBOI IPOTPaMU JUCIUTLIIHA CIIPHSIE

3a0e3MeYeHHIO:
KOoMnemenmHuocmeil:

3K1. 3natHicTh 10 aOCTPaKTHOTO MUCJICHHSI, aHAI3y Ta CHHTE3Y.
3K2. 31aTHicTh 3aCTOCOBYBATH 3HAHHS Yy MPAKTUYHUX CUTYyallisX.
3KS5. 3gaTHicTh BUNTHCS 1 OBOJIO/IIBATH CYYaCHUMH 3HAHHSIMH.
3K6. 3natHicTh 10 TONTYKY, OOpOOJICHHS Ta aHaJi3y 1H(OpMAIlii 3 PI3HUX JHKEPE.
®K7. Bonoainus 3HaHHAMH TIpo iH(MOpMAIliiHI MOJEIl MaHWUX, 3JaTHICTh CTBOPIOBATH IPOTPAMHE
3a0e3neyeHHs 715 30epiranHs, BUI00yBaHHS Ta ONMPALIOBAaHHS JIaHUX.
OKS8. 3nmatHicTh 3acTocoByBaTH (yHIaMEHTanIbHI 1 MDKIMCHUIUTIHAPHI 3HAHHS JJIs YCHIIIHOTO
PO3B’sI3aHHA 3aBJJaHb 1HKEHEPil MPOrpaMHOTo 3a0€3MeUeHHS
OK14. 31aTHICTH 10 AITOPUTMIYHOTO Ta JOTTYHOTO MHUCIICHHS.
NPOZPAMHUX Pe3yTbmamie HAGUAHHA
[TPH5  3Hatu i 3acTOCOBYBATH BiANOBIAHI MaTEeMaTHU4H1 IOHATTS, METOAU JOMEHHOTO, CUCTEMHOTO
1 00’€KTHO-OpPIEHTOBAHOI0 aHali3y Ta MAaTEMATUYHOTO MOJIEIIOBAHHS JJS pO3pPOOKHU
IPOTPaMHOro 3a0e3MeveHHs .
I[TPH7  3Haru 1 3acTOCOBYBAaTH Ha MPAKTHUIl PyHIaMEHTAJIbH1 KOHIIEMIIii, TapaJurMi 1 OCHOBHI
OPUHIUNK (YHKIIOHYBAaHHS MOBHMX, IHCTPYMEHTAJIBHUX 1 00UHCITIOBAILHUX 3aC001B 1HXKEHepii
MIPOTrpaMHOTO 3a0€3TEUCHHS.
ITPH13 3Hatu i 3acTOCOBYBATH METOJU PO3POOKH aIrOPUTMIB, KOHCTPYIOBAHHS POTPAMHOTO
3a0e3nedeHHs Ta CTPYKTYp JaHUX 1 3HaHb.
Pesynomamu nageuanna. CTyeHT, SKUH YCIIIIHO 3aBEpIIMB BUBUEHHS JUCLMIUIIHM, Mae: 3HATH 1
3aCTOCOBYBATH BIAMOBIAHI MaTeMaTU4Hl MOHSATTS, METOAH JOMEHHOTO, CHCTEMHOr0 1 00’ €KTHO-
OpIEHTOBAaHOTO  aHaji3y Ta MaTeMaTHMYHOIO  MOJIENIOBaHHS Uil  pO3pOOKM  MPOrpamMHOro
3a0e3neyeHHsl. 3HATU 1 3aCTOCOBYBaTH Ha MPAKTHUI (YHIAMEHTaNbHI KOHIEMIii, mapajurMu 1
OCHOBHI NPUHIMUNM (QYHKLIOHYBAaHHS MOBHHUX, IHCTPYMEHTAJIBHUX 1 OOUYHUCIIOBAJIBHMUX 3ac00iB
1HXKeHepli MporpamMHOro 3abe3nedyeHHs. 3HAaTH 1 3aCTOCOBYBAaTH METOAM PO3POOKH alIrOpUTMIB,
KOHCTPYIOBAaHHSI NPOTPAaMHOro 3a0e3ledeHHsl Ta CTPYKTYp HJaHMX 1 3HaHb. Bmimu QopmainizyBatu
00UYMCTIOBAJIBHI Ta JIOTIYHI 3a7avi; odocaioxcysamu €PEKTUBHICTh aJTOPUTMIB; 8UKOPUCMOBYBAMU
OCHOBHI CTPYKTYpH JaHHMX (MacuBM, MHOXXWUHH, CTEKH, JEpEBa); GUKOPUCMO8Y8amu CIOCOOU
KOHCTPYIOBAHHS CKJIQHUX CTPYKTYp JaHHUX Ha 0a3l MpOCTUX CTPYKTYp AaHUX, wykamu 1HPOpMAIlIO B
CTPYKTYpax JIaHUX BUKOPUCTOBYIOUH Pi3HI CIIOCOOU MOLIYKY; 6uOpamu ONTUMAIbHY CTPYKTYpPY JaHUX
Ta ONTUMAJbHUN aITOPUTM PO3B’A3aHHS 3a/1a4i.



Hlonimuka oucuunainu OpraHizaiis OCBITHBOTO TPOIECY 3 IJUCIHUIUTIHU BIAMOBIZAE BUMOTaM
MOJIOXKEHB MPO OpraHizaiiiiHe 1 HaBYaJIbHO-METOUYHE 3a0€3MeUYeHHsI OCBITHBOTO TPOIECY, OCBITHIM
nporpamMi Ta HaB4ainbHOMY ruiaHy. CTyAeHT 3000B’s3aHMIA BiJIBiyBaTH JIEKIlii, TPAKTHYHI 3aHATTS,
nabopaTopHi poOOTH, TOIIO, 3TiHO 3 PO3KJIAJIOM, HE 3aIi3HIOBATUCS HAa 3aHATTS, BUKOHYBATH YCi
3aBJIaHHs Ta KOHTPOJIbHI TOYKH BiAMOBiAHO 110 rpadika. [IpomymieHi npakTiHyuHi 3aHATTS 1 J1abOpaTopHi
poOOTH CTYACHT 3000B’S3aHUI OIpPALIOBATH CAMOCTIMHO y MOBHOMY 00cs3i 1 Big3BiTyBaTu mepen
BHKJIa/IaueM He T3HiIIe, HDK 32 THXKIEHB J0 4eproBoi atectarlii. Jlo 1abopatopHux poOiT CTYIEHT Ma€e
MirOTYBATUCS 32 BiJIITOBIAHOIO TEMOIO 1 IPOSBIISTH aKTUBHICTh. HaOyTTi 0c00010 3HAHHS 3 TUCITUTLTIHA
abo T okpeMux po3AuLTiB y HedOpMabHIN OCBITI 3apaxoBYIOThCS BiamoBiaHO n0 IlonoxkeHHs mpo
MOPSIJIOK Tiepe3apaxyBaHHs pe3yJIbTaTiB HABYaHHS Ta BU3HAYCHHS aKkaJAeMivHoi pi3zauii y XHY

4. CTPYKTYPA 3AJIIKOBUX KPEJIUTIB JUCHUITJIITHA

KinpkicTh roauH,
BiZIBEICHUX HA:
Hassa Temu .. [JIab |Cam.
Jlexu 00. |po0.
2 ceMecTp
Tema 1. AnropuTmiu Ta iX aHawi3 4 4 13
Tema 2. AITOPpUTMH COpPTYBaHHS 6 6 13
Tema 3. TIpocTi CTPYKTYpH AaHUX 4 4 14
Tema 4. Xemr-radauii 2 2 14
Tema 5. 3B’s3HI CTPYKTYPH JaHUX 2 2 14
Tewma 6. Pexypcis 2 2 14
Tema 7. AITOPUTMH NONIIYKY 6 6 14
Tema 8. Anroput™ mBuAKOro neperBopeHHs Pyp’e 2 2 14
Tema 9. Anroputmu Ha rpadax 6 6 14
Tema 10. O6uncioBaIbHA TEOMETPIs 4 6 14
Beboro cemectp | 36 36 138
5. IPOTPAMA HABYAJIBHOI JIJUCOUTLJITHA
5.1. 3MicT nekuinHoro Kypcy”
Homep [lepenik TeM JiekwiH, iX aHOTaMi{ KibKicTh
JTeKIIii Lpyauii cemecmp TOJIMH
1-2  [Tema 1. Anropur™Mu Ta ixX aHadi3 4
Viexkyia 1. Aneopummu ma ix énacmusocmi. O3Ha4YeHHS aJITOPUTMY Ta HOro
BiIacTuBOCTi. [IOpiBHSHHA aJIrOpUTMIB, yacoBa Ta IPOCTOPOBA

CKJIaJHICTh. PO3MIp BX1IHMX JIaHHX, 4ac poOOTH alropuTmy. Yac pobotu
B HaWTIpIIIOMY, HAUKPAIIIOMY Ta CEPETHHOMY BHUMAJKY.

Viexyis 2. Ananiz aneopummie TeopeTHUHHI Ta €KCTIEPUMEHTAIBHII aHa13
gacy pobotu. Ilopsmok pocTy, aCHMIOTOTUYHUI aHaNi3 TOPSAAKY POCTY

gacy po6ortu anroput™my. I[losnauenns O,{)-ennke. Cxnagnocti 0(n),
0(nlog(n)), 0(n?).




Tema 2. AITOpUTMH COPTYBAHHS

Jekyisn 3. Aneopummu  copmysamHs  KEAOPAMUYHOI  CKIAOHOCHII.
ANTOPUTMH COpPTYBaHHS Ha OCHOBI IOPIBHAHHS  Ta IXHIA aHai3!
CopryBaHHsI BCTaBIIEHHSIM, OyIbOAIIKOBE COPTYBaHHS, COPTYyBaHHS
BUIUICHHSIM.

Jlexyis 4. Memoo po30inaii i éonodaprou. AITOPUTMU COPTYBaHHS JIiHEO-
norapudmiunoi ckianHocti. CopTyBaHHS 3IUTTSAM, HIBUJIKE COPTYBAaHHS

Jexyis 5. Aneopummu copmyeanHs NiHIlIHOI CKAAOHOCMI. AJTOPUTMH
COpTyBaHHsI 0€3 BUKOPHUCTAaHHS MOPiBHSAHHA.  [lopo3psiiHe copTyBaHHS,
COPTYBaHHS MiJIPaxXyHKOM, KOMiPKOBE COPTYBaHHSI.

6-7

Tema 3. IIpocTi cTPYKTYpH JaHHUX

Jexyis 6. Cmex, uepea, Oex. AGCTpaKTHI CTPYKTypHu naHux, CTeK Ta HOro
peamizamii. Yepra, nex Ta ixHi peamizamii. THIOBI alrOPUTMH B SKHX
3aCTOCOBYIOTHCS TPOCTI CTPYKTYPH JaHUX.

Jlexyia 7. /lepesa. O3HaueHHs [epeBa, TUNU JAEPEB Ta X peamizailis.
BuxopuctanHs JepeB B aNTOPUTMAX.QITOPUTM  IMipaMiJaIbHOTO
COpPTYBaHHsI, Yyepra 3 MpiOpUTETOM.

Tema 4. Xewr-radanui

Jlexyin 8. Xew-mabauyi. XeuryBaHHsS Ta BHPIMICHHS KOMi3id. Xemi-
byHkmii Ta xem-koau. Bigkpurta agpecaris Ta naHioxxok. Koedirient
HaBaHTaxeHHA. Peamnizamis xem-radiuii

Tema 5. 3B’A3HI CTPYKTYpH AaHHX

Jlexyia 9. 36’asni cmpykmypu Oanux. 3B's3H1 cTpyKTypH: OIHO3B'S3HI
CTPYKTYpH Ta JABO3B's3HI cTpykTypu. Omepamii Haa OJHO3B'S3HUMH
CTPYKTYypaMu: 00XiJ, MOIIYyK, 3aMiHa, BCTaBKa, BUAaieHHs. L{upkysspHi Ta
JIBO3B'SI3H1 CTPYKTYpPH.

10

Tema 6. Pexypcis

Jlexyis 10. Pexypcisa. PexypcuBHi QpyHKLIT Ta iX BIacTUBOCTI. PekypcuBHe
JIEPEBO BUKIIMKIB. 3aCTOCYBaHHS peKypcii - TMOIIYK 3 IOBEPHEHHSM,
3ajaua Mpo XaHOMChKI BeXi, pEeKYPEHTHI MTOCIITI0BHOCTI.

10-12

Tema 7. AIropuT™MH NOMIYKY

Jexyis 11. Anecopumu nowyky 6 macusax i depesax. JIiHINHUH,
OiHapHMI 1HTepnossALiiHui nomyk. biHapHi nepeBa nomyky. YepBoHo-
YOpHI JiepeBa IMOUIYKY

Jlexyis 12. Aneopummu nowyxy 6 paokax. Anroputm PaGina-Kapna.
Anroputm Mopica-Knyta-IIparra. Anroputm Axo-Kopacuk Ta anropurm
boepa-Mypa-Xopcmyna

13

Tema 8. Auropurm mWIBHAKOro nepersopeHns ®yp’e

Jlexyis 13. Muoowcennss MHo20UIeHi8 Ma ANCOPUMM UUBUOKO2O0
nepemeopenuss @yp’e. AATOPUTMH MHOKEHHS MHOTOWIEHIB Ta iXHA
CKJIaJHICTh. JIMCKpeTHe Ta mBUAKE nepeTBopeHHs Pyp’e Ta ixHi
3aCTOCYBAHHS.

14-15

Tema 8. AaropuTmu Ha rpagax.
Jlexyisa 14. Aneopummu 06x00y epaghis. Ilomanns rpadis. [lomyk B
TIIMOWHY, IOIMYK B MIHPHUHY. Tomonoriyae copTyBaHHS.

5




Jlexkyia 15. Minimanvne ocmosne oepeso. IloOynoBa MiHIMaIbHOTO
KapkacHoro aepeBa. Anroputmu Kpyckana, [1pima,

Jlexyin 16. Haiikopomwi wnsxu 6 epagax. [1odynoBa HaWKOPOTIIIOTO
nusixy. Anropurmu Jlerikctpu 1 droiina, 3acTOCyBaHHS.

17-18

Tema 10. O6unc/oBajibHA reoMeTpist

Jlexyin 17. Haunpocmiwi 3a0aui odouucitosanvhoi ceomempii. 11oBOpOT
BiJIpi3Ka, NMEPETUH JBOX BiApi3kiB. HayexHicth Touku 10 dirypu. Meton
BUMIiTar0u0i npsamoi. [Tomyk HaiGIMxK4I01 TOUKH

Jexyis 18. Bunyxna obonouxka, mpuawneynayis, oiacpamu Boponoeo.
Bumnyknoi 000JOHKM MHOKMHHM TOYOK Ta Ii BIACTHUBOCTI. AJTOPUTMHU
noOy/I0BM BUITYKJIO1 000JIOHKH - 00xij 3a J[>kapBicoM, CKaHyBaHHS 3a
I'pexemoM. Tpuanryssiuis, giarpamu Boponoro.

Pa3oM 3a apyruii cemectp:

36




5.2 3micT nabopaTopHMUX 3aHATb

Homep 1Tb-KICTh
TeMU Tema nabopaTopHOro 3aHATTS rOJIMH
1 ANTOPUTMH Ta iX aHaIIi3 4
2 Bcranosnennss Python, cepenosuiiia Jupyter notebook. Tunu nanux, oneparopu 5

ta Gyukuii moBu Python.
3 BOyoBaHi CTPYKTYpH JaHUX: CIIMCKH, MHOKHHH, KOPTEXI. 4
4 Crekwu, yepru, 1eKu 4
5 Xemr-Tadauii. 2
6 AJTOPUTMH MOLITYKY MiIPSIIKIB, MOZYJIb re. 4
7 Anroputmu Ha rpadax. 6
8 . 6
OO6uuciroBaibHa FeOMETPisl.
Pa3om 3a cemectp | 36
5.3 3micT camocTiiiHOi po6oTH
Howmep trxkHs . AV L
3MicT caMoCTiiHHOT poOoTH Kinpkicts rogun
1 OnpairroBaHHSA JEKIIiIHOTO MaTepiaiy. . [[inroToBKka 10 BUKOHAHHS 9
naboparopHoi podotu Nel
9 OnparroBanHs JIeKIiiiHOTO MaTepiany. . [liaroToBka 10 BUKOHAHHS 9
nmaboparopHoi podotu Nel
OnparroBaHHs JIeKI[iiHOTO MaTepiainy. [1iIroToBka 10 BUKOHAHHS 9
3 snaboparopHoi podotu Ne2
4 OnpaliroBaHHs JICKIIMHOTO MaTepiaiy. . [liAroTOBKa 10 BUKOHAHHS 9
naboparopHoi poboTtu Ne2
OmnpartoBadHs JeKIliitHoro marepiany. I[ligroroBka 10 BUKOHaHHS 9
S na6GopaTopHOi po6oTH Ne3
OnparrroBaHHs JIEKIliiHOTO Matepiany. [liqroToBka 10 BUKOHAHHS 9
6 naboparopHoi pobotu Ne3 3axuct madopatoproi podoTu Ne3
7 OnpaiiroBaHHs JIEKI[iiiHOTO Matepiany. [liAroToBka 10 BUKOHAHHS 9
naboparopHoi poboTu Ned
OnparroBanHs JieKIiiiHOTO MaTepiany. [liroroBka 10 BAKOHAHHS 9
8 naboparopHoi poboTu Ned
9 OmparroBanHs JekuiiHoro Marepiany. [liAroToBka 10 BUKOHAHHS 9
naboparopHoi podotu Ne5
OnpaliroBaHHs JIEKI[iiiHOr0 Marepiany. I[TiroToBKa 10 BUKOHAHHS
10 naboparopHoi podoTu Ne5. 9
OmnparroBaHHs JeKIiiiHoro Marepiany. [1iqroToBka 10 BUKOHAHHS
11 naboparopHoi pobotu Ne 6. 3axuct naboparopHoi podotu Neb 8




12 OmpartrroBaHHs JIEKIiiHOTO MaTepiany. [liaroToBka 10 BUKOHAHHS 8
naboparopHoi podoTu Neb
13 OnpaitoBanHs JekIiiiHoro marepiany. [ligroroBka 10 BUKOHaHHS 8
naboparopHoi podoTu Neb.
OnpairroBaHHS JIEKIiHOTO MaTepiany. [liqroToBka 70 BUKOHAHHA Ta 8
14 3aXUCTy J1abopaTopHOi poboTH Neb
15 OnpartroBaHHs JEKIiitHOTO Matepiany. [liaroroBka 70 BUKOHAHHA 8
naboparopHoi pobotu Ne7
OmnparmtoBadHA JeKIiitHoro Marepiany. [liqroToBka 10 BUKOHAHHS 8
16 naboparopHoi podotu Ne7
OnpairroBaHHs JEKIiHOTO MaTepiamy. [liqroToBka 10 BUKOHAHHS 8
17 naboparopHoi pobotu Ne8 3axuct nadbopatopHoi podoTu Ne8
OnpartroBanHs JieKIiitHOTO MaTepiany. [ligroroBka 10 BUKOHAHHS 8
18 naboparopHoi podotu Ne8
Pazom 3a cemectp 138

6. METOAU HABUAHHS

[Iporiec HaBYaHHS 3 JUCHUIUIIHU TPYHTYETHCS HA BUKOPUCTAHHI TPAIMIIMHUX Ta CyYaCHHUX
TEXHOJIOTH, 30Kpema: Jekuii (3 BHKOPHUCTAaHHSM METOJIB MpOOJIEMHOr0 HaBYaHHs 1 Bizyajisailii);
7a00paTopHi (3 BUKOPUCTAHHSAM METOMIB 1H(GOPMALIHHUX TEXHOJIOTIH Ta CydacHHX IHTETPOBAaHUX
CEpeIOBHII MPOTpaMyBaHHs, MaiicTep-KJIaciB), CaMOCTiitHa poOoTa, 1 sIKi MalOTh 32 METy — 3100yTTA
3arajJpbHUX 1 ()axOBUX KOMIICTCHIIM B 00JIacTi aaropuTMizallii Ta peami3amii 0a30BHX aJIrOPUTMIB Ta

CTPYKTYp AaHHUX.

7. ©°OPMU 1 METOJIHU OHIHIOBAHHS PE3YJIBTATIB HABUAHHA

KoHTpob 3a 3acBOEHHAM HaBYAJILHOTO MaTepiady 3/11HCHIOETbCS Ha OCHOBI IOTOYHOTO KOHTpoJIto. [1pu
OLIIHIOBAaHHI 3HaHb CTYAEHTIB 3[1HCHIOIOTbCS PI3HI 3acO0M KOHTPOJIO, 30KpeMa MOTOYHUM KOHTPOJIb
(omparfoBaHHsI TEOPETUYHOrO Marepiaiy), TecToBl 3aBlaHHA. [IpOMDKHHUH KOHTpPOJIb MOJIATaE y
nepeBiplil 3HaHb CTY/AEHTIB 110 TeMaM . OepxKaHi CTYJ€HTOM OLIIHKY IiJ Yac MOTOYHOT0, MPOMI>KHOTO
KOHTPOJIO He mepe3fatoThess. KokHUl BuA poOOTH OIHIOETHCA 3a YOTHPUOATIBHOIO IIKAJIOHO.
[TincyMKoBa OLIiHKA 3a CEMECTP BUCTABIISIETHCSA 13 ypaXyBaHHSAM BCIX OLIIHOK, OJIEPKaHUX CTYJIEHTOM 3a
CeMEeCTp Ta pe3yJIbTaTiB 3aliKy. Barosi koedimieHTH 3MiHIOIOTHCS 3aJ1€KHO BiJl CTPYKTYPH JUCLUILTIHY.
Koxuuii Bup poOOTH 3 NUCHMIUIIHM OLIHIOETHCS 3a yomupubanvnoro 1mkanow. CemecTtpoBa
MiICYMKOBA OIliHKa BU3HAYA€ETHCS SIK CEPEIHbO3BAXKEHA 3 YCIX BHJIIB HABYAJIbHOI POOOTH, BUKOHAHHUX 1
31aHUX MO3UMUEHO 3 BPAXyBaHHSM BaroBux KoegiuieHTiB. CTyIeHT, SIKUH HaOpaB MO3UTUBHMM
cepeIHbO3BAXKEHUH Oal 3a MOTOYHY PoOOTY 1 HE 37aB MiJACYMKOBHI KOHTPOJIBHUHN 3aXif], BBAXKAETHCS
HEBCTHUTAIOUHM.

[Tpu ouiHIOBaHHI 3HaHb CTYJEHTIB 3JIHCHIOIOTbCA Pi3HI 3aCO0M KOHTPOJIO, 30KpeMa IOTOYHHI
KOHTPOJIb 3/11MCHIOETHCS M1 Yac JIabopaTOPHUX 3aHSATh, IPU YOMY BPaXOBYIOTHCS Pi3HI BUIAM POOOTH.
OxpeMo 3/11CHIOETHCS. KOHTPOJIb 32 BUKOHAHHSIM CaMOCTIMHOT Ta 1HAMBITyadbHOT pOOOTH.
[TpomymieHe 3aHATTS CTYJCHT IIOBUHEH BiIMPAIIOBATH y BCTAHOBJICHUH BUKJIanaueM TepMiH. [IpoTsrom
CEeMEeCTpPY CTYJIEHT MOBUHEH OTPUMATH HE MEHIIIE 4 OLIHOK Ha J1a00OpaTOpHUX 3aHATTAX.

[Tpu oriHIOBaHHI 3HAHb CTYJIEHTIB BUKJIaJau KEPY€EThCSA TAKUMU KPUTEPISIMHU.

O1iHKYy ,,BIAMIHHO” OTPUMYE CTYJIE€HT 3a IITMOOKE 1 TOBHE ONaHyBaHHS 3MICTy HaBYaJIbHOT'O MaTepiaiy,
B SIKOMY BIH JIETKO OpPIEHTY€ETHCS, MOHATIHHOTO anmapary, 3a YMIHHS 3B 43yBaTH TEOPIlO 3 MPAKTUKOIO,
BUPILIYBATH MPAKTHYHI 3aBJaHHs, BUCIOBIIOBATH 1 OOTPYHTOBYBATH CBOi CY/DKEHHS 1 KOHCTPYKTHBHI



pimenHs. BinMiaHa omiHKa nependadae rpaMOTHHM, JIOTITYHUNA BHKJIAJ BIAMOBIAI (K B YCHIH, Tak 1 B
MUCHMOBIH opMi), IKiCHE 30BHIIIHE OOPMIICHHSI.

Ouinky ,,00pe” OTpUMYy€ CTYJEHT 3a IIOBHE 3aCBOEHHS HABYAJIBHOIO Marepially, BOJIOJIHHS
NOHATIHHUM anapaTroM, OPi€EHTYBAaHHS B BHBUCHOMY MaTepiaji, CBiZIOME BHKOPHCTAHHS 3HaHb IS
BUpIIIEHHS PAKTUYHUX 3aBJIaHb, TPaMOTHUI BUKJIAJ] BIAMOBI/I, aje y 3MicTi 1 (opMi BIAMOBIAI MaIx
MicIle OKpemi HEeTOYHOCTI (MOXHOKHM), HEeUiTKi (OpMYJIOBAaHHS 3aKOHOMipHOCTEH Tomlo. Bimnmosinmb
CTyZIeHTa Ma€e Oy1yBaTUCh HAa OCHOBI CAMOCTIMHOTO MUCJIEHHS.

Omninky "3a0BUTEHO" 3aCIIyTOBY€ CTYACHT, SIKWH BUSBUB 3HaHHS OCHOBHOTO HABYAJILHO-TIPOTPAMHOTO
Marepiany B 00Cs31, HCOOX1THOMY /IS TOIAIBIIIOr0 HAaBYaHHS Ta MPAKTUYIHOI AiSUTBHOCTI 32 Ipodeciero,
110 CIIPABIISIETHCS 3 BUKOHAHHSM MIPAKTUYHUX 3aBJIaHb, IepeI0aYeHNUX MPOrPaMoIo.

OniHky "3a70BIIBHO" 3aCIYTOBY€E CTYACHT 32 HEIIOBHE OMAHyBaHHS IIPOIPaMHOT0O MaTepiaiy.

Ominka ,,He3310BUIBHO” BUCTABIISETHCS, KOJU CTYACHT Ma€ pO3pi3HEHi, O€3CHCTEMHI 3HaHHS, HE BMi€
BUJUIATH TOJIOBHE 1 IpYrOpsIHE, TOMYCKAEThCS MOMUIOK Y BU3HAUYEHHI IIOHATh, IEPEKPYUYE IX 3MICT,
Xa0THYHO 1 HEBIIEBHEHO BHKJIAJA€ Marepiajl, HE MOKE€ BHKOPHCTOBYBATH 3HAHHS TPHU BHPIIICHHI
NPaKTUYHUX 3aB/IaHb.

Ha ocHOBI pe3ysbpTaTiB HOTOYHOT'O KOHTPOJIIO BHCTABIISETHCS MiJICYMKOBA CEMECTPOBA OLIIHKA.

CTpyKTYypyBaHHS JUCHUILIIHU 32 BUJIAMHU POOIT I ONiHIOBAHHSA Pe3yJIbTATIB HABYAHHSA
CTYAEHTIB 32 BATOBUMH Koe(inieHTaMu

AynutopHa po6ora CemecTpoBuii
KOHTPOJIb
JlaGopaTtopHi poboTu TecToBuii KOHTPOJIb Icnut
Nel_8 TK1 TK2 TK3
0,5 0,1 04

CniBBiAHOLIEHHA BiTYN3HAHOI LWKanNM OLuiHIOBAHHA i WKanu ouiHroBaHHA EKTC

Oé;é?éa IHTepB%HBHa BiTunsnsna orinka
mKasa OaiB

A 4,75-5,00 5 Biominno — l'"J'II/I60'Ke i TIOBHE OTAHYBaHHS HABYATLHOTO Mmarepiainy i
BUSIBJICHHS BiJIIIOBITHMX YMiHb T2 HABUKIB

B 4,25-4.74 4 /lobpe — TOBHE 3HAHHSA HaBYAJBHOI'O MaTepialy 3 KUIbKOMa
HE3HAYHUMHU TTOMIJIKaMHU

c 3.75-4.24 4 /lobpe — B 3araqbHOMY IpaBMJIbHA BIJNOBIIb 3 JABOMa-TpboMa
CYTTEBHMH OMUJIKAMH

D 3.25.3.74 3 3a006inbH0 — HENIOBHE ONaHyBAHH: IIPOrPAMHOro Martepiaiy, aie
JIOCTATHE JIJIsl MPaKTHYHOI AisUTEHOCTI 3a mpodeciero

E 3,00-3.24 3 3aodosinbho — HEIOBHE ONAHYBAHHS NPOrPaMHOro marepiany, 10
3aJI0BOJIbHSIE MiHIMAJIbHI KPUTEPIil OIliHIOBAaHHS

EX 2 00-2.99 2 He3a006inbn0 — 6e3CCTEMHICTD OJIEpKaHUX 3HAHB 1 HeM(.))KJ'II/IBiCTB

' ’ MIPOJIOBXKUTH HAaBUaHHS 0€3 TOJATKOBUX 3HAHb 3 JUCIHILIIHHA

= 0,00-1,99 2 He3zaoosinvno — Hep6xi)1Ha cepiio3Ha nmojajibiia podoTa 1 MOBTOPHE

BHUBYEHHS AMCLUUILIIHU

Ex3amMeH BUCTaBISETbCS IPH OTPUMaHHI cTyAeHToM 3 auctuiutiny Bif 3,00 o 5,00 6anis. Ilpu upomy
3a BITYM3HSHOIO IIIKAJIOK CTaBUTHCS «3apaxoBaHo», a 3a mkanor ECTS - owinka, mo BiAmosigae
HaOpaHiil CTYJIEHTOM KUJTLKOCTI OaiB.
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8. IMTAHHA 111 CAMOKOHTPOJIIO

[ToHATTS PO ANTOPUTM, BIACTHBOCTI aJTOPUTMIB

3agaya cOpTyBaHHS, COPTYBaHHS BCTABKOIO, aHANI3 aJITOPUTMY COPTYBaHHS BCTaBKOIO.
Po3Mip BXilHUX JaHUX, Yac POOOTH aIrOPUTMY.

Yac poboTH alropuTMy B HaKpaIoMy, CepeIHbOMY 1 HaliripomMy BUIIaIKax.
Anroputm copTyBaHHs Merge Sort Ta #oro anamis.

[Topsimok pocty PyHKIIT. ACUMITOTHYHI MO3HAYCHHS.

Anroputm MHOKeHHsI Kapaiyou Ta #ioro ananis.

CrpykTypa 1aHux mipamiga Ta ii BJIaCTHBOCTI.

CrpykTypa 1aHuX mipamiza. AITOpPUTM CTBOPEHHS MipaMiiy Ta aITOPUTM HiATPHUMKH
BJIACTUBOCTEH TipaMiIy.

AnroputMm mnipaMigansHoro copryBanHs HeapSort Ta iforo anamis.
JlnHaMiuHI MHOXKWHH Ta oIepallii B JMHAMIYHUX MHO>KHHAaX.
CrpykTypa 1aHUX CTEK Ta il BIACTUBOCTI.

CrpykTypa JaHMX CIIMCOK Ta i BIaCTHUBOCTI.

CrpykTypa 1aHuX Yepra Ta il BIaCTHBOCTI.

CrpykTypa aHHX yepra 3 IpiopiTeToM Ta ii BIaCTUBOCTI.
CrpykTypa naHux OiHapHE JIepeBO MOIIYKY Ta HOTO BIACTUBOCTI.
Crpykrypa n1aHux O6iHapHe AepeBOo. AJTOpPUTMH BCTaBKU Ta BUJAJICHHS By3Ja.
ANTOPUTM COPTYBaHHS Ha OCHOBI OIHAPHOTO JIepeBa Ta HOTO aHAII3.
CtpykTypa 1aHuX Xem-Tabauis Ta ii BIaCTUBOCTI.

Xenr-pyHkuii.

Anroputm coptyBanHs Quick Sort Ta ioro anamis.

Anroputm copTyBaHHs mipaxyHkoMm Counting Sort Ta ioro aHaiis.
Anroputm nopo3psaHoro copryBanHa Radix Sort Ta Horo anaiis.
Anroput™m kapmaHHoro coptyBaHHs Bucket Sort Ta iioro ananis.
HaiBHuii anropuT™ nmouryky mipsiAKiB Ta oro aHamis.

Anroputm nomyky mizpsakis Padina-Kapmna Tta iforo ananmis.
Anroputwm nomyky niapsakiB Kayra-Mopica-IIpartra ta iforo anamis.

CtpykTypa NaHUX 3BSI3HUM CIIMCOK Ta ii BJIACTUBOCTI
Anropurmu Ipima, bopysku, Kpackana

[Touryx B mupuHy 1 rUOUHY

Anroput™m ®rnoiina

Pekypcis Ta ix BIacTUBOCTI

[{upkynspHi Ta JBO3B'S3HI CIIUCKH.

AJNTOpUTMHU MOIITYKY B MAaCUBI

binapHuil Ta IHTEPHOIALINHMMA MOIIYK
Haiinpocrinri 3aga4i 0049rC/IIOBaIBLHOT TeOMETPii
Anroputmu o6xoy rpadis. [lonryk B rimuOuny.



38.  Auroputrmu 06xoay rpadiB. MONIYK B ITHUPUHY.

39.  AJropuTM TOIOJIOTIYHOTO COPTYBaHHS Ipadis.

40.  MinimanbeHe ocToBHE jaepeBo. Anroputmu Kpyckana, [Ipima

41.  MinimanbHe OCTOBHE JaepeBo. Anroputmu I[lpima

42.  Haiikopormi nuiaxu B rpadax. Anroputmu Jedkerpu

43. HatikopoTun muisixu B rpadax. Anroputmu droiina.

44, Hatinpocrimri 3aga4i o6urcioBaibHO1 reomeTpii. [loBopoT Biapi3ka, MepeTHH ABOX BiIPI3KIB.
45, Hatinpocrimri 3aga4i o04rciroBaibHO1 reoMeTpii. HanmexHicTh ToUkH 10 Qirypu

46.  AnroputmunoOya0BH BHIYKJIOi 000JIOHKK - 00Xix 3a J[>kapBicom

47.  Aaroputmu moOyI0BH BUITYKJIOl OOOJIOHKH - CKaHyBaHHSA 3a [ pexemom.

48. Tpuanrymnsuis,
49. Hiarpamu Boponoro.

9. METOANYHE 3ABE3ITEYEHHSA

OCBIiTHIN TpoIIeC 3 TUCHUILIIIHU « AJITOPUTMH Ta CTPYKTYPHU JAHUX» MOBHICTIO 1 B IOCTATHIN
KUTBKOCTI 3a0e3eYeHni He00X1THOK HaBYAIbHO-METOIHYHOIO JIITePaTypPOIO.

Algorithms and Data Structures: Guidelines for performing laboratory works for students of the first (bachelor's)
level of higher education, specialty 121 “Software Engineering”/ L.P. Bedratyuk, A.I. Bedratyuk — Khmelnytskyi:
KhNU, 2023 - 114 p.

10. PEKOMEH/OBAHA JIITEPATYPA

OcHoBHa
1.Tomac I'. Kopmen, Yapns E. Jleitzepcon, Ponang JI. Pisect, Knidopa Craitn. Betyn no anroputmis.
[epexnan 3 anrmiicekoi Tpetboro Bunanus. Kuis, K.I1.C., 2019, 1288 crop.
2. Kpenesuu A.Il. Anroputmi i ctpyktypu aanux. [ligpyunuk. — K.: BIIL] "KuiBcbkuit YHiBepcutet",
2021. — 200 c.
3. I. Ahmad, 40 Algorithms Every Programmer Should Know, Packt Publishing, 2020
4. Bacunbes O., [IporpamyBanns moBoro Python. —-HaBuanbna kuura — borman 2019 — 504 crp.

5. IlTaxoBebka H. b., lN'onomyxk P. O. Anroputmu i cTpykTypu nanux. HaBuanbHuit nociOHUK. JIbBIB :
Marnomnig, 2018. 216 ¢

HonarkoBa
6. KpeneBnu A.Il. Python y mpukmagax i 3amadax. Yactuna 1. CTpykTypHEe NporpamyBaHHS,
Hauansuuii nocionuk,— K.: BIIL] "KuiBcekuii YuiBepcuret", 2017. — 206 ¢

7. Kopane B.C., CtpyOunpkuii I1.P. Anroputmu i cTpykTypu aanux. — HaBuaneHuil mociOHuk —
Tepnomine: @OII nak B. b. —2017. — 74 c.

8. Tkauyk B.M.,Anroputmu 1 cTpykTypa gaHux: HaBuanpHuil mociOHuK, - IBaHO®paHKIBCBHK :
Bupasaunrso ITHY, 2016.-286 ¢

9. T.O. I'pumianoBuy, Kypce nekuiii 3 TMCHMIIIIHA «AJITOPUTMH Ta CTPYKTYpH JaHux», BHY imeni

Jleci Ykpainku, Jlynpk , 2021. — 110 c.

10. B.M. Inpman, O.II. IBanos, JI.O. Ilanik., Aaroput™Mu, naHi 1 CTPYKTypH. HaB4. moci0.,
JlHinpomneT. Hall.. yH-T 3aJ113H. TpaHCILiM. akai. B. Jlazapsua. — lainpo, 2019. — 134 c.

11.  O. O. Ilerposa, I'. B. CononoBHUK, ANTOPUTMIUHI 3334l Ta iX BUPIMIEHHS : HaBY. MOCIOHUK
XapkiB. Hall. H-T Micbk. rocm-Ba iM. O. M. bekeroBa. — XapkiB : XHYMI im. O. M. bekerona, 2021.
-105¢

12. O.[. BopoOGiiosa, JI.B. 'mazyHoBa, AIropuT™Mu Ta CTpyKTypH JaHUX: KOHCIEKT Jiekuii. YactuHa

2. AAropuT™MH NOILIYKY, CTUCHEHHSI JaHUX, BHYTPIIIIHHOI'O Ta 30BHIIIHBOIO COPTYBAHHS, aJITOPUTMHU HA
rpagax ,— Oneca:OHA3 im. O.C. ITonosa, 2017. — 52 c.



13. KoporeeBa T.O. Anroputmu Ta cTpykTypu aanux: HaBu.nmociOHuk / T.0.KopoteeBa.- JIbBiB:
Bunasuuntso JIpBiBCchKOI momiTexHiky, 2014. - 280 c.

14. M. Goodrich, R. Tamassia, M.Goldwasser., Data Structures and Algorithms in Python, — N.Y.:
John Wiley & Sons, Inc., 2013. — 768 p.

15. 1. Ahmad, 40 Algorithms Every Programmer Should Know, Packt Publishing, 2020

16. KentD. Lee, Steve Hubbard, Data Structures and Algorithms with Python, Springer, 2015

17.  Karumanchi N., Data Structures And Algorithmic Thinking With Python, CareerMonk
Publications, 2016

18. benpatiok JLIL., beapartok I'.1., 'ypman 1.B., Meton 30inbIIeHHS] OKpEMOTO 300pa)KEHHS Ha
OCHOBI 0araToBMX00BOi perpecii Ta MOMEHTHOI METpUKH, "BumiproBaibHa Ta 004HCIIOBAIbHA TEXHIKA
B TexHoJIoTiuHKX Tporecax’, 2023,Nel, ¢.149-157

11. IH®OOPMAIIMHI PECYPCH

MonynbHe cepenoBuine Ayt HaB4anHs. [loctyn o pecypcy: https://msn.khmnu.edu.ua.
Enextponna 6i6mioreka yHisepcutery. Joctym a0 pecypey: http:/library.khmnu.edu.ua
Pentozurapiit XHY :https://elar.khmnu.edu.ua/home

MonuanoBcekuii O. Po3poOka Ta aHani3 anropuTMiB Ta CTPYKTYp AaHuX. JlucTaHuinHui
kypc Prometheus URL:https://courses.prometheus.org.ua/courses/KPI/Algorithms101/

o
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ALGORITHMS AND DATA STRUCTURES

Type of Discipline Compulsory

Level of Higher Education First (Bachelor's)
Language of Instruction Ukrainian, English
Semester 4

ECTS Credits 7

Course study mode Full-time (Daytime)

Learning outcomes. According to the Standard of higher education and the educational program, the
discipline must provide:

competences: Ability to abstract thinking, analysis and synthesis. Ability to apply knowledge in
practical situations. Ability to learn and master modern knowledge. Ability to search, process and
analyze information from different sources. Knowledge of data information models, ability to create
software for data storage, extraction and processing. Ability to apply fundamental and interdisciplinary
knowledge to successfully solve software engineering tasks. Ability to algorithmic and logical thinking.
program learning outcomes : Analyzing, purposefully searching for and choosing the necessary
information and reference resources and knowledge for solving professional tasks, taking into account
the modern achievements of science and technology. Know and apply methods of developing
algorithms, designing software and data and knowledge structures. Motivated to choose programming
languages and development technologies to solve the tasks of creating and maintaining software.

Course content. Algorithms and their analysis. Sorting algorithms. Simple data structures. Hash tables.
Related data structures. Recursion . Search algorithms. Algorithms on graphs. Computational geometry.

Planned academic activity. Lectures - 36 hours, laboratory classes - 36 hours, independent work - 138 hours,
together - 210 hours.

Teaching forms (methods). lectures (using methods of problem-based learning and visualization); laboratory
classes, independent work.

Assessment forms and methods: protection of laboratory works, thematic online testing; written final work.

Form of semester control: exam

Educational resources:

1. Tomac I'. Kopmen, Yapns E. Jleiizepcon, Ponany JI. Pisect, Knidhopa Craiin. Betyn no anroputmis.
Ilepexnan 3 anrmiiicbkoi Tpetboro BuaanHs. Kuis, K.I.C., 2019, 1288 crop.

2. Kpenesnu A.Il. Amroputmu 1 crpykrypu pnammx. [ligpyunmk. — K.: BIII "KwuiBchkwuii
Vuisepcuter", 2021. — 200 c..

3. I. Ahmad, 40 Algorithms Every Programmer Should Know, Packt Publishing, 2020

4. Bacwibes O., [IporpamyBanns moBoto Python. ~-Hapuanbna knura — borgan 2019 — 504 ctp.

5. MOODLE Learning Platform. Access to the resource https://msn.khmnu.edu.ua.

6. University Electronic Library. Access to the resource: http://library.khmnu.edu.ua.

Lecturer: DSc, Professor Leonid BEDRATYUK



3. EXPLANATORY NOTE

The discipline "Algorithms and data structures” is one of the disciplines of general training and occupies
a leading place in the training of specialists of the "bachelor" educational level under the educational
and professional program "Software Engineering".

The goal of the discipline . The discipline "Algorithms and Data Structures” aims to provide students
with general and professional competencies in the field of algorithmization and implementation of basic
algorithms and data structures.

Subject of discipline. Typical algorithms and data structures found in programming.

Tasks of the discipline . To provide students with knowledge and practical skills in designing optimal
algorithms and selecting optimal data structures for solving typical algorithmic problems.

According to the Standard of higher education and the educational program, the discipline must
ensure:

General competences :

GCL1. Ability to abstract thinking, analysis and synthesis.

GC2. Ability to apply knowledge in practical situations.

GC5. Ability to learn and master modern knowledge.

GC6. Ability to search, process and analyze information from various sources.

Professional competences.

PC7. Knowledge of data information models, ability to create software for data storage, extraction and
processing.

PC8. Ability to apply fundamental and interdisciplinary knowledge to successfully solve software
engineering tasks

PC14. Ability to algorithmic and logical thinking .

Program learning outcomes

PLO1  Analyze, purposefully search for and select information and reference resources and
knowledge necessary for solving professional tasks, taking into account modern achievements of
science and technology.

PLO13 Know and apply methods of developing algorithms, designing software and data and
knowledge structures.

PLO15 Motivated to choose programming languages and development technologies to solve the
tasks of creating and maintaining software .

Learning outcomes . A student who has successfully completed the study of the discipline has be able
to formalize computational and logical problems; present algorithms of computational and logical
problems; to investigate the effectiveness of algorithms; use the main ones data structures (arrays, sets,
stacks, trees); use methods of constructing complex data structures based on simple data structures,
search for information in data structures using various search methods; choose the optimal data structure
and the optimal algorithm for solving the problem.

Discipline Policy. The organization of the educational process for the discipline complies with the
requirements of the provisions on organizational and instructional-methodological support of the
educational process, the educational program, and the curriculum. Students are required to attend
lectures, practical classes, laboratory work, etc., according to the schedule, not to be late for classes, and
to complete all tasks and checkpoints according to the schedule. Missed practical classes and laboratory
work must be independently completed by the student in full and reported to the instructor no later than
one week before the next assessment. For practical classes and laboratory work, students must prepare
on the relevant topic and demonstrate active participation. Knowledge acquired by an individual in the
discipline or its specific sections through informal education is credited according to the Regulation on
the procedure for transferring learning outcomes and determining academic differences at KhNU.



4 . COURSE CREDIT STRUCTURE

The number of hours allocated to:
Topicname Lectures  |lab.wors |"aViduel
2 semester
Topic 1. Algorithms and their analysis 4 4 13
Topic 2 . Sorting algorithms 6 6 13
Topic 3. Simple data structures 4 4 14
Topic 4. Hash tables 2 2 14
Topic 5. Related data structures 2 2 14
Topic 6. Recursion 2 2 14
Topic 7. Search algorithms 6 6 14
Topic 8. Algorithm of fast Fourier 9 9 14
ansformation

Topic 9. Algorithms on graphs 6 6 14
Topic 10. Computational geometry 4 6 14
Total semester 36 36 138

5. COURSE PROGRAM
5.1. Content of lectures

Lectures
numbers

List of topics of lectures, their annotations

Second semester

Number
hours

1-2

Topic 1. Algorithms and their analysis

Lecture 1. Algorithms and their properties. Definition of the algorithm and
its properties. Comparison of algorithms, time and space complexity. The
size of the input data, the running time of the algorithm. Worst case, best
case, and average uptime.

Lecture 2. Analysis of algorithms. Theoretical and experimental analysis of
working time. Order of growth, asymptotic analysis of the order of
growth of the running time of the algorithm. The designation O is

Qlarge . Difficulties0(n), 0(nlog(n)), 0(n?).

3-5

Topic 2. Sorting algorithms

Lecture 3. Sorting algorithms of quadratic complexity. Sorting algorithms
based on comparison and their analysis: Insertion sort, bubble sort,
selection sort.

Lecture 4. Divide and conquer method. Sorting algorithms of lineo -
logarithmic complexity. Merge sort, quick sort

Lecture 5. Sorting algorithms of linear complexity . Sorting algorithms
without comparison. Bitwise sorting, counting sorting, cell sorting.

Topic 3. Simple data structures




Lecture 6. Stack, queue, dec . Abstract data structures, Stack and its
implementation. Queue, deck and their implementations. Typical
algorithms in which simple data structures are used.

Lecture 7. Trees . Definition of a tree, types of trees and their
implementation. Use of trees in algorithms : pyramidal sorting algorithm,
priority queue.

Topic 4. Hash tables

Lecture 8. Hash tables. Hashing and collision resolution. Hash functions
and hash codes. Open Addressing and Chaining. Load factor.
Implementation of a hash table

Topic 5. Related data structures

Lecture 9. Connected data structures. Linked structures: Single-linked
structures and double-linked structures. Operations on single-connected
structures: browsing, searching, replacement, insertion, deletion. Circular
and double bond structures.

10

Topic 6. Recursion

Lecture 10 . Recursion. Recursive functions and their properties .
Recursive call tree. Application of recursion - search with return, problem
about the towers of Hanoi, recursive sequences.

10-12

Topic 7. Search algorithms

Lecture 11. Search algorithms in arrays and trees. Linear, binary
interpolation search . Binary search trees . Red and black search trees
Lecture 1 2. Search algorithms in lines. Rabin -Karp algorithm . Maurice
-Knuth- Pratt algorithm . Aho-Korasyk algorithm and an algorithm Boyer
- Moore - Horspool

13

Topic 8. Algorithm of fast Fourier transformation

Lecture 1 3. Multiplication of polynomials and the algorithm of fast
Fourier transformation . Polynomial multiplication algorithms and their
complexity. Discrete and fast Fourier transforms and their applications.

14-15

Topic 8. Algorithms on graphs.

Lecture 14. Graph traversal algorithms. Presentation of graphs. Search in
depth, search in breadth. Topological sorting .

Lecture 15. Minimal spanning tree. Construction of a minimal frame tree.
Algorithms of Kruskal , Prima ,

Lecture 16. Shortest paths in graphs. Construction of the shortest way
Algorithms of Dijkstra and Floyd, application .

17-18

Topic 10. Computational geometry

Lecture 17. The simplest problems of computational geometry . Segment
rotation, intersection of two segments. Belonging of a point to a shape .
The sweeping line method . Search for the nearest point

Lecture 18. Convex shell, triangulation , Voronoi diagrams. The convex
hull of a set of points and its properties. Algorithms for constructing a
convex hull - traversing according to Jarvis, scanning according to
Graham. Triangulation , Voronoi diagrams.

Total for the second semester:

36
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5.2 Content of laboratory classes

Number Number
topics The topic of the laboratory session hours
1 Algorithms and their analysis 4
2 Installing Python , Jupyter environment notebook . Python data types, operators, 5
and functions .
3 Built-in data structures : lists, sets, tuples. 4
4 Stacks, queues, decks 4
5 Hash tables. 2
6 Algorithms for searching substrings , module re . 4
7 Algorithms on graphs . 6
8 Computational geometry . 6
Total per semester | 36
5.3 Content of independent work
Number of the
week Content of independent work Number of hours
9
1 Processing of lecture material. . Preparation for laboratory work No. 1
’ Processing of lecture material. . Preparation for laboratory work No. 1 9
3 Processing of lecture material. Preparation for laboratory work No. 2 9
. . . 9
4 Processing of lecture material. . Preparation for laboratory work No. 2
Processing of lecture material. Preparation for laboratory work No. 3 9
5
Processing of lecture material. Preparation for laboratory work No. 3 9
6 Protection of laboratory work No. 3
9
7 Processing of lecture material. Preparation for laboratory work No. 4
o Processing of lecture material. Preparation for laboratory work No. 4 9
9 Processing of lecture material. Preparation for laboratory work No. 5 9
10 Processing of lecture material. Preparation for laboratory work No. 5 . g
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Processing of lecture material. Preparation for laboratory work No. 6 .
11 Protection of laboratory work No. 6 8
. . . 8
12 Processing of lecture material. Preparation for laboratory work No. 6
13 Processing of lecture material. Preparation for laboratory work No. 6 . 8
Processing of lecture material. Preparation for performance and defense 8
14 of laboratory work No. 6
8
15 Processing of lecture material. Preparation for laboratory work No. 7
Processing of lecture material. Preparation for laboratory work No. 7 8
16
Processing of lecture material. Preparation for laboratory work No. 8 8
17 Protection of laboratory work No. 8
Processing of lecture material. Preparation for laboratory work No. 8 8
18
Total per semester 138

6. TEACHING METHODS

The teaching process in the discipline is based on the use of traditional and modern technologies, in
particular: lectures (using methods of problem-based learning and visualization); laboratory ( using
methods of information technologies and modern integrated programming environments, master
classes), independent work, and have the goal of acquiring general and professional competencies by
students in the field of algorithmization and implementation of basic algorithms and data structures.

7. ASSESSMENT FORMS AND METHODS

Control over learning material is carried out on the basis of current control. When assessing students'
knowledge, various means of control are implemented, in particular current control (processing of
theoretical material), test tasks. Intermediate control consists in checking students' knowledge on topics.
The grades received by the student during the current, intermediate control are not transferred . Each
type of work is evaluated on a four-point scale. The final grade for the semester is issued taking into
account all the grades received by the student for the semester and the results of the assessment.
Weighting factors vary depending on the structure of the discipline.

Each type of work in the discipline is evaluated on a four-point scale. The semester final grade is defined
as a weighted average of all types of academic work completed and passed positively , taking into
account the weighting factors . A student who scored a positive weighted average score for the current
work and did not pass the final test is considered to have failed.

When assessing students' knowledge, various means of control are carried out, in particular, current
control is carried out during laboratory classes, taking into account different types of work. Independent
and individual work is monitored separately.

The student must make up the missed lesson within the deadline set by the teacher. During the semester,
the student must receive at least 4 grades in laboratory classes.

When evaluating students' knowledge, the teacher is guided by the following criteria.
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The grade "excellent” is given to the student for a deep and complete mastery of the content of the
educational material in which he can easily navigate, conceptual apparatus, for the ability to connect
theory with practice, solve practical tasks, express and justify his judgments and constructive decisions.
An excellent assessment implies a competent, logical presentation of the answer (both orally and in
writing), high-quality external design.

The grade "good" is given to the student for complete assimilation of the educational material, mastery
of the conceptual apparatus, orientation in the studied material, conscious use of knowledge to solve
practical tasks, competent presentation of the answer, but there were some inaccuracies (errors) in the
content and form of the answer, unclear formulations of regularities etc. The student's answer should be
based on independent thinking.

"satisfactory" grade is awarded to a student who has demonstrated knowledge of the basic curriculum
material to the extent necessary for further study and practical work in a profession that copes with the
implementation of practical tasks provided for by the program.

"satisfactory" grade for incomplete mastery of the program material.

The grade "unsatisfactory” is assigned when the student has scattered, unsystematic knowledge, does
not know how to distinguish the main and secondary, makes mistakes in the definition of concepts,
distorts their meaning, presents the material chaotically and uncertainly, cannot use knowledge when
solving practical tasks.

Based on the results of the current control, a final semester grade is issued.

Structuring the course by types of work and assessing learning outcomes
for full-time students in the semester according to weighing coefficients

Auditory work Semester control

Laboratory work Test control exam
No. 1-8 TC1 TC2 TC3
0.5 0.1 0.4

Correspondence of the national and ECTS grading scales

ECTS | Institutiona | Institutiona Assessment criteria
grade | | score scale | grade

A 4,75-5,00 5 Excellent — deep and complete mastery of educational
material and demonstrating relevant skills and abilities.

B 4,25-4,74 4 Good — complete knowledge of the material with a few
minor errors.

C 3,75-4,24 4 5 | Good — correct answer in general with two to three

@ | significant errors.

D 3,25-3,74 3 o | Satisfactory — incomplete mastery of the program material
but sufficient for practical activities in the professional
field.

E 3.00-3,24 3 Satisfactory — incomplete mastery of the program material
that meets the minimum assessment criteria.

FX 2,00-2,99 2 Unsatisfactory — unsystematic knowledge and inability to
- | continue studies without additional knowledge of the
= | course.

F 0,00-1,99 2 Y Unsatisfactory — serious further work is needed and the

course is to be retaken.
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The exam is given when the student receives from 3.00 to 5.00 points in the discipline. At the same
time, according to the national scale, "credited" is given, and according to the ECTS scale, the grade
corresponding to the number of points scored by the student.

© 0o N o g A~ wbh e

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.

28.
29.
30.
31.

8. QUESTIONS FOR STUDENTS’ SELF-CONTROL

Concept of algorithm, properties of algorithms
Sorting problem, insertion sort, analysis of insertion sort algorithm.
The size of the input data, the running time of the algorithm.
The running time of the algorithm in the best, average and worst cases.
Merge sorting algorithm Sort and its analysis.
The order of growth of the function. Asymptotic notations.
Karatsuba multiplication algorithm and its analysis.
Pyramid data structure and its properties.

Pyramid data structure. The algorithm for creating a pyramid and the algorithm for maintaining
pyramid properties.

HeapSort pyramidal sorting algorithm and its analysis.

Dynamic sets and operations in dynamic sets.

Stack data structure and its properties.

The list data structure and its properties.

Queue data structure and its properties.

priority queue data structure and its properties.

Binary search tree data structure and its properties.

The data structure is a binary tree. Node insertion and deletion algorithms.
Binary tree-based sorting algorithm and its analysis.

Hash table data structure and its properties.

Hash functions.

Quick sorting algorithm Sort and its analysis.

Counting sorting algorithm Sort and its analysis.

Radix bitwise sorting algorithm Sort and its analysis.

Bucket sorting algorithm _ Sort and its analysis.

Naive substring search algorithm and its analysis.

Substring search algorithm Rabina -Karp and his analysis.
Knuth-Maurice- Pratt substring search algorithm and its analysis.

Linked list data structure and its properties
Algorithms of Prim, Boruvka , Kraskala
Search in breadth and depth

Floyd's algorithm
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32.  Recursion and their properties

33.  Circular and doubly linked lists.

34.  Array search algorithms

35.  Binary and interpolation search

36.  The simplest problems of computational geometry

37.  Graph traversal algorithms. Search in depth.

38.  Graph traversal algorithms. wide search

39.  Algorithm of topological sorting of graphs.

40.  Minimum spanning tree. Algorithms of Kruskal , Prima

41. Minimum spanning tree. Prim's algorithms

42.  Shortest paths in graphs. Dijkstra's algorithms

43.  Shortest paths in graphs. Floyd's algorithms.

44,  The simplest problems of computational geometry. Segment rotation, intersection of two
segments.

45.  The simplest problems of computational geometry. Belonging of a point to a figure

46.  Algorithms for constructing a convex hull - Jarvis bypass

47.  Algorithms for constructing a convex hull - scanning according to Graham.

48. Triangulation,

49.  Voronoi diagrams.

9. TEACHING AND LEARNING MATERIALS

The educational process in the discipline "Algorithms and data structures™ is fully and in sufficient
quantity provided with the necessary educational and methodological literature.

Algorithms and Data Structures: Guidelines for performing labora-tory works for students of the first
(bachelor's) level of higher education, specialty 121 “Software Engineering”/ L.P. Bedratyuk, A.I. Bedratyuk —
Khmelnytskyi: KhNU, 2023 — 114 p.

11. RECOMMENDED BOOKS

Main
1. Thomas G. Korman , Charles E. Leiterson , Ronald L. Rivest , Clifford Stein. Introduction to
algorithms . Translation from English the third publication _ Kyiv , K.I.S., 2019, 1288 pages .
2. Krenevich A.P. Algorithms and data structures. Textbook. — K.: Kyiv University, 2021. — 200 p.
3. 1. Ahmad , 40 Algorithms Every Programmer Should Know , Packt Publishing , 2020
4. Vasiliev O., Programming in the Python language . — Educational book — Bohdan 2019 — 504 pages .
5. Shakhovska N. B., Holoshchuk R. O. Algorithms and data structures. Tutorial. Lviv: Magnolia, 2018.
216 p

Additional

6. Krenevich A.P. Python in examples and problems. Part 1. Structured programming, Study guide,
K.: VOC "Kyiv University", 2017. — 206 p.

7. Koval V.S., Strubytskyi P.R. Algorithms and data structures. — Study guide — Ternopil: FOP

Shpak V. B. —2017. - 74 p.

8. Tkachuk , Algorithms and data structure: Study guide , - IvanoFrankivsk : PNU Publishing House,
2016.-286 p.
9. THEN. Hryshanovych , Course of lectures on the discipline "Algorithms and data structures”,
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Lesya Ukrainka University, Lutsk, 2021. - 110 p.

10. V.M. llman , O.P. lvanov, L.O. Panik ., Algorithms, data and structures. teach _ help _
Dnipropetrovsk . National University of Iron . transp.im _ Acad. V. Lazaryan. - Dnipro, 2019. - 134 p.

11. 0. O. Petrova, G. V. Solodovnyk, Algorithmic problems and their solution: academic . manual
Kharkiv. national _ city university _ farm named after O. M. Beketova. — Kharkiv: XNUMX named
after O. M. Beketova, 2021. - 105 p

12. 0O.D. Vorobyova, L.V. Glazunova, Algorithms and data structures: lecture notes. Part 2. Search
algorithms, data compression, internal and external sorting, algorithms on graphs, — Odesa: ONAZ
named after O.S. Popova, 2017. — 52 p.

13.  Koroteeva T.O. Algorithms and data structures: study guide / T.O. Koroteeva .- Lviv: Publishing
House of Lviv Polytechnic, 2014. - 280 p.

14. M. Goodrich , R. Tamassia , M. Goldwasser , Data Structures and Algorithms in Python , — NY:
John Wiley & Sons , Inc. , 2013. - 768 p.

15.  I. Ahmad, 40 Algorithms Every Programmer Should Know, Packt Publishing, 2020

16. KentD. Lee, Steve Hubbard, Data Structures and Algorithms with Python, Springer, 2015

17. Karumanchi N. , Data Structures And Algorithmic Thinking With Python, CareerMonk
Publications, 2016

18. Bedratyuk L.P., Bedratyuk G.I., Gurman 1.V., Method of increasing individual image based _
multi-output regression and moment metrics, " Measurement and calculation technique in technological
processes ", 2023, No. 1, pp. 149-157

12 . INFORMATION RESOURCES

MOODLE Learning Platform. Access to the resource https://msn.khmnu.edu.ua.
University Electronic Library. Access to the resource: http://library.khmnu.edu.ua.
University Repository. Access to the resource https://elar.khmnu.edu.ua/home.

Molchanovsky O. Development and analysis algorithms and data structures . Distance
course Prometheus URL.: https://courses.prometheus.org.ua/co urses /KPI/Algorithms101/

Mo dE
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