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POBOYA ITPOTPAMA HABYAJIBHOI U CILIUTIJITHA

Memoou onmumizauii

Tany3s 3nans 12 — Indopmaniitai TexHonorii

Cneyiansricms 121 — IHxeHepis nporpaMHOro 3abe3nedeHHs

Pigenv eungoi oceimu —Ilepunii  6axanaBpCbKHH
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dopma
E O6car KinbkicTb roaus FEMEETPOROro
§ S KOHTPOJTIO
E AyIUTOpHi 3aHATTS % o
. el o
%) z o k> g = gl g
g( §- el 8 )g = Pl 8.
= g = = =5 [=% = > = <
@ 5 g =| SE| EE| EE| § Al a
= o| © =4 8 g H| o 3 g El|.ZE © Sl 8 « =
=" el = o 2l ©9o| 8 F| 28| = &l a| B =
[=] | O Q. 8 (%) < o, (=% = [ < &) > > 5 =}
=1 “ | © NS Al Bl B ES|O8| O | L & 2
Oyna | 3| 6 4 120 | 17| 34 69 T
(neHHa)
Pazom 4 120 | 17| 34 69 1

PoGoua nporpama CKi1aZieHa Ha 0cHOBi CTaHAapTy BUINOI OCBiTH, OCBITHBOT MPOrpaMu MiArOTOBKH
6axanaspiB 2023 poKy Ta HaBYaJILHOIO ILIaHY

Iporpama ckiiajeHa B i Jleonin BEJIPATIOK

CxsasieHo Ha 3aciganti kadenpu II13
npotokon Ne ¥~ Bin _2-9.9 5~ 2023 p.

3aB. KadeapH iHKeHepii nporpaMHOro 3a6e3neqem{% Jleonig BEJIPATIOK

PoGoua nporpama p03rmm£a Ta cxBajieHa BueHolo pajioo dakynsrery inpopmaniiiHux TexHONOrii
I'onosa BueHoi pagu Oner CABEHKO

XMenpHULbKUI 2023



METO/IM ONTUMI3ATII|

Tun JucHUILIIHA O00B’s13K0Ba

PiBeHb BHIIOI OCBITH [Mepmmii(6akanaBpChbKHiA)
MogBa BUKJIagaHHA VYkpaincbka, AHTTIHChKA
Cemectp [locTtuit

O6csr kpeautiB EKTC 4

dopma 3100yTTS OCBiTH [enna

Pe3ynomamu nageuanna. CTyACHT, SKUA YCIHINITHO 3aBEPIIMB BUBYCHHS JUCHUIUIIHH, MAE:
AHalmizyBaTH, IUIECIPSIMOBAHO IIyKaTH 1 BHOWpaTH HEOOXIiTHI JUisi BUPIMICHHS TpodeciitHux
3aBJaHb 1HPOPMaLIHO-AOBITHUKOBI PECYpCH 1 3HAHHS 3 YPaxyBaHHSIM Cy4aCHUX JOCATHEHb HAYKU
1 TexHIKM. 3HATH 1 3aCTOCOBYBaTH BIJIMOBIJHI MaTEeMaTH4HI IOHATTSA, METOAM JIOMEHHOTO,
CHCTEMHOTO 1 00’€KTHO-OPI€EHTOBAHOTO aHaJi3y Ta MAaTEMATUYHOTO MOJEIIOBAHHS ULl PO3pOOKU
pOrpaMHOro 3abe3nedeHHs. 3HaTh 1 3aCTOCOBYBAaTH ~ METOJU  PO3POOKH  alIrOpUTMIB,
KOHCTPYIOBAaHHS MPOTPaMHOTo 3a0e3MedyeHHsl Ta CTPYKTYp JaHHX 1 3HaHb.Bmimu dopmanizyBatu
onTUMIZAIliiHI 3a1ayi; 6ydysamu MaTeMaTU4HI MOJENI 3aJady NPUUHATTS pilleHb, BUOMpATH Ta
3aCTOCOBYBAaTH METOAM DPO3B’SI3yBaHHS 3aa4 NPUUHATTS PINICHb, 3HAmMu METOJOJIOTIIO0, STalH
MPOLECYy TPHUHSATTS PillleHb, METOIW NPUUHATTS PIIICHhP B yMOBaX BH3HAYCHOCTi, CKJIQJHUX
CUTYyallili; 3#amu OCHOBHI KJIaCH ONTUMI3allIfHUX 33734y Ta MPUKIAAN iXHBOTO MPAKTUYHOTO
3aCTOCYBAHHS; 00C1i0xHcysamy e(HEeKTUBHICTh alTOPUTMIB; guOpamu ONTUMAIBHUIN aJTOPUTM IS
pO3B’sI3aHHS 3a/ayi;, 6uxKopucmogyeamu TPOTPaMHI 3aco0M [JIsl 3HAXOJKEHHsSI ONTHMAaJIbHOIO
PO3B’A3KY.

Ilpepexsizumu — MareMaTU4HUN aHali3, ANTOPUTMHU Ta CTPYKTYPH JTaHUX

Kopexesizumu — Yupasninas [T-ipoekramu

3MicT HaBYAJILHOI AMCHMILTIHM. 3arajbHa 3a/ava JiHIMHOTO mporpamyBaHHs .Ipadiunuii MeTon
po3B'szanHsa. CumrekcHuit metoa. J{Boicticts. TpancnopTHa 3agaya. LlinouncioBe mporpamyBaHHS.
JIpoGoBo-iHiiiHE IporpaMyBaHHS. 3aadi HEMIHIHHOTO POTrpaMyBaHHSI.

3amianoBaHa HaBYAJbHA AisibHiCTH. Jlekuii — 17 rox, mabopatopri pobotn —34 To1., caMocCTiiiHa
pobota — 69 roxm., pazom — 120 rogx.

@opmu (MeTOIM) HABYAHHS JIeKIii (3 BAKOPUCTAHHSM METO/IB MPOOJIEMHOr0 HaBYaHHS 1 Bidyauizailii);
1a0opaTOpHI 3aHATTS, caMOCTiiiHa poboTa.

@opmHu OL[IHIOBAHHS Pe3Y.JILTATIB HABYAHHSL. 3aXUCT Ja0OpaTOPHUX POOIT

®opma ceMeCTPOBOro KOHTPOJIIO: 32K

HagsuaubHi pecypen:

1. T'puropkis B.C., I'puropkis M.B. OntumizaniitHi MeToau Ta MoJieli: MociOHuK. - UepHiBLi:
UepniBenpkuii Hatl. yH-T, 2016. — 400 ¢

2. Cunernaszos B. M. Maremarnuni Metonu ontumizamii: Hasd. nociOH./ B.M. Cunernaszos, O.
A. 3enenkos, I1I. I. Ackepos. — Hau. ABiauiitauii yH-T. — K.: OcBita Ykpainu, 2018. — Y. 1.
—329 c.

3. O.L Jlucenko, 1.B. AnexceeBa, Jlocnimkenns omepariii. Koncnekr nekmiii, —-K: HTYY
«KIII», 2016. — 196 c.

4. Cikopa . b. Meroau ontumizaitii : HaB4Y.-meToa. ociOHUK / S1.~b.~Cikopa. — XKutomup :

Bun-so XX/IV im. IBana ®panka, 2012. — 82 c.

D. Luenberger,Y. Ye, Linear and Nonlinear Programming, , Springer, 2013, — 551 p.

Enextponna 6i6mioTteka yHiBepcuteTy. JlocTyn a0 pecypey: http://library.khmnu.edu.ua

Penosurapiit XHVY :https://elar. khmnu.edu.ua/home
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3. HOSAACHIOBAJIBHA 3AIIMCKA

Jucnumiina “MeToau onTUMI3alii” € OJHICI0 3 UCIUILIIH 3arajlbHOT IIATOTOBKH 1 IT0CIIa€ BaXKINBE
MicIie y miAroToBI (axiBIliB OCBITHBOTO PiBHA «0aKanaBp» 3a OCBITHHO-TIPO(ECIHHOIO MPOrpaMoio
«IHXeHepis MPOrpaMHOTo 3a0e3MECUCHHS.

Ilpepexegizumu — MateMaTHYHUN aHaAI3, AJTOPUTMH Ta CTPYKTYPH TaHUX
Kopexesizumu — Yupasninas [T-ipoekramu

Mema Ooucyunninu. 3a0e3neUeHHs] CUCTEMAaTHYHOTO MiAXOAY A0 MOIIYKY ONTUMAIBHOTO PillleHHS
JUIs IIMPOKOT'0 KOJla peabHUX ONTHMI3alliHuX 3a1a4

Ilpeomem oucyunninu. TUIIOBI MOAET ONTUMI3ALIHHUX 33/1a4 Ta AITOPUTMHU IXHBOTO PO3B’3aHHS
3aeoannsn oucyunninu. Hagatu cryjaeHTaM 3HAHHSA NPO OCHOBHI 3a1adi, MaTeMaTH4HI METOIU
MOJIeNTi Ta MPAKTHYHI IHCTPYMEHTH ONTHMI3allii Ta MPUHHATTS pillleHb

BinnosinHno no Cmanoapmy euuyoi océimu 13 Ta OCBITHBOI IPOTpaMu JUCIHUILIIHA CIIPUSE
3a0e3MeUeHHIO:
KoMnemenmuocmeil:
3K1. 3natHicTh 10 aOCTPaKTHOTO MUCJICHHS, aHAI3y Ta CHHTE3Y.
3K2. 31aTHicTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHUX CUTYyallisIX.
3KS5. 3gaTHicTh BUNTHCS 1 OBOJIO/IIBATH CYYaCHUMH 3HAHHSIMH.
@®KS8. 3gatHicTh 3aCTOCOBYBATH (PyHAAMEHTAIBHI 1 MDKAWCHUIUTIHAPHI 3HAHHS IS YCIIIIHOTO
PO3B’sI3aHHA 3aBJJaHb 1HXKEHEPil MPOrpaMHOro 3a0€3MeUeHHS
®K14. 31aTHICTH 10 aJITOPUTMIYHOTO Ta JIOTTYHOT'O MUCIICHHS.
NPOPAMHUX PE3YIbMAMie HAGUAHHA'
[TPH1. AnainizyBaTH, iJIECOPSIMOBAHO ITYKAaTH 1 BHOMpPATH HEOOXiTHI 711 BUpIiIeHHS npodeciitHmx
3aBJaHb iH()OPMaLiifHO-TOBITHUKOBI PECYPCH 1 3HAHHS 3 YPaxyBaHHAM Cy4aCHUX JOCSTHEHb HAYKU
1 TeXHIKH.
ITPHS. 3nartu 1 3acTOCOBYBATH BIAMNOBIAHI MaTEMAaTU4H1 IOHATTS, METOAU JOMEHHOI'O, CUCTEMHOTO
1 00’€KTHO-OPIEHTOBAHOTO aHAJ3y Ta MAaTEMaTHYHOTO MOJETIOBAHHS IJIsi PO3POOKH
IPOTPaMHOro 3a0e3MeveHHs .
ITPH13. 3HATH 1 3aCTOCOBYBAaTH METOAM PO3POOKU aIrOPUTMIB, KOHCTPYIOBAHHS
IPOTPaMHOTO 3a0e3MeUYeHHs Ta CTPYKTYp JaHHX 1 3HAHb.
Pe3ynomamu naguanna. CTyNeHT, SKUHM YCIIIIHO 3aBEPIIMB BUBYECHHS JUCLUIUIIHHM, Mae:
AmHasizyBaTH, LUIECHPSIMOBAHO ILIyKaTW 1 BUOMpPATH HEOOXiNHI A7 BHpilIEHHS npodeciitHux
3aB/aHb 1H(QOPMaIIITHO-A0BIIHUKOBI PECYPCH 1 3HAHHS 3 YPaxXyBaHHSIM CY4YaCHUX JOCATHEHb HAyKU
1 TexHiKd. 3HaTH 1 3aCTOCOBYBaTH BIAMOBiIJHI MaTeMaTH4YHI TOHSTTS, METOAH JIOMEHHOTIO,
CUCTEMHOI0 1 00’ €KTHO-OPIEHTOBAHOTO aHaNi3y Ta MAaTEMAaTUYHOI'O MOJEIIOBAHHS JUIsl pO3POOKHU
IpOTrpaMHOro 3a0e3nevyeHHs. 3HaTh 1 3aCTOCOBYBAaTHM  METOJAM  PO3pOOKHM  aJITOPUTMIB,
KOHCTPYIOBaHHS IPOrpaMHOro 3a0e3MeyYeHHs] Ta CTPYKTYp JaHuX 1 3HaHb.Bwmimu ¢opmanizyBatu
onTuMi3aliiiHi 3agaui; 6ydyeamu MaTeMaTH4YHI MOJEINi 3a/1ad NPUIHATTA pillleHb, BUOMpaTH Ta
3aCTOCOBYBAaTH METOIM PO3B’SI3yBaHHS 3a/a4 NPUUHSATTS pillleHb; 3Hamu METOJOJIOTII0, eTamu
nporecy NPUHHATTS pillleHb, METOMM TNPUUHATTS pilleHb B YMOBAaX BHM3HAYEHOCTI, CKJIAJHHUX
CUTyalil; 3#amu OCHOBHI KJIaCH ONTUMI3AalIMHUX 3aJay Ta MPUKIAAN iXHBOTO MPAKTUYHOIO
3aCTOCYBaHHA; 0ocniodxcysamy e(HeKTUBHICTh aITOPUTMIB; guOpamu ONTUMAIBHUIN aJrOpUTM IS
pO3B’s3aHHS 3a7adi; 6UKOPUCMOBY8amuU TIPOTPAMHI 3acO0M JUISI 3HAXO/DKEHHS ONTHMAJIBLHOTO
PO3B’S3KY.

Ilonimuka Oucyunninu OpraHizaiis OCBITHBOTO INPOLECY 3 JUCHMIUTIHM BIJNOBiJa€ BUMOTam
MI0JIO’KEHB PO OpraHi3aiiiiHe 1 HaBYaJIbHO-METOIUYHE 3a0€3MeUeHHs OCBITHOTO IIPOLECY, OCBITHIN
nporpami Ta HapyaJbHOMY IutaHy. CTyAE€HT 3000B’s13aHHI BiABILyBaTH JEKIil, IPAaKTUYHI 3aHATTS,
nabopaTopHi poOOTH, TOIIO, 3TITHO 3 PO3KIIAIOM, HE 3aIi3HIOBATUCS Ha 3aHATTS, BUKOHYBATH YCi
3aBJaHHS Ta KOHTPOJBbHI TOYKH BIANOBIAHO 10 Tpadika. IIpomymieHi npakTHUHI 3aHATTS 1



nabopaTopHi poOOTH CTYIEHT 3000B’sI3aHUM OMPAIIOBATH CaMOCTIHHO Yy TIOBHOMY 00Cs31 1
BiJ[3BITYBATH Mepe/I BUKJIAIa4eM He Mi3HIIIe, HiJK 3a THXKIEHB J0 4eproBoi arecrartii. J1o mpakTHYHIX
3aHATH 1 JJAOOPATOPHUX POOIT CTYACHT Ma€ MiArOTYBaTHUCS 3a BiJNOBIJHOK TEMOKO 1 MPOSBIATH
akTUBHICTh. HaOyTTi 0c00010 3HAHHS 3 TUCHHUILTIHU a00 11 OKpeMuX po3/iiiB y HehopMasbHii OCBITI
3apaxOBYIOThCS BiAMOBIIHO 10 [loo)keHHS PO MOPSIOK Mepe3apaxyBaHHs pe3yJIbTaTiB HaBYaHHS
Ta BU3HAUCHHs akagemiuHoi pizHumi y XHY.



4. CTPYKTYPA 3AJIKOBUX KPEJIUTIB JUCHUIIJITHU

KinpkicTs roaut,
BiJBeIeHUX HA:
Haspa remu .. | JIab | Cam.
Jlewt po6. | poO.
2 ceMecTp
Tema 1. JliniiiHa onTuMisaris 13 26 45
Tema 2. Heminiiina orrruMizaris 2 4 12
Tewma 3. lunamiuHe mporpamMmyBaHHS 2 4 12
Bcroro cemectp 17 34 69

5. IPOI'PAMA HABYAJIBHOI JUCHUITIIHA
5.1. 3MicT nekuinHoro Kypcy”

Howmep
JIEKII1

[Tepenik TeM JISKITiH, iX aHOTAITI]

Jlpyeuii cemecmp

Kinexicts
rOIUH

1-7

Tema 1. Jlinilina onTuMizanis

Jlexyisn 1. 3acanvna 3a0aua niniiino2o npoepamyeanns (3J111). Monerni.
Crannaptaa ¢opma 3JII1, minboBa QyHkiis, oomexenHs. Kanoniuna
dbopwma 3JII1. Bektopna dopma. [Ipuknanu.

Jexyisn 2. I pagiunuii memoo poze'szanns 3J111. TloOymoBa MHOTO-
IpaHHHMKA JIOMYCTUMUX PO3B'A3KiB, OMIOPHA NpsIMa, rpajieHT. Bupo-
JKEH1 BUTIQJIKH.

Jexyis 3. Cumnnexcuuii memoo po3e'sizanns 3J111. BeneHHs
3aranbHoi 3JIIT 1o kaHoHIUHOT hopMu. 3araibHi MOHATTS PO
CUMILIEKC-MeTO 1 po3B’si3yBaHHs 3JII1. Anroput™ cuMIUIEKC-METOY
po3p’s3yBanHs 3JII1. O3Haka oNTUMAIBFHOCTI OMOPHOTO IJIAHY.
[Mpuknaan po3B’si3yBaHHA 33]]a4 CHMILIEKC-METO/IOM.

Jlexyia 4. [{eoicmicmo y niniunomy npocpamysanni. IIoHATTS
nBoicrocti. [IpaBuiia moOya0BU ABOICTHX 3a/a4.
CriBBITHOIIIEHHS TBOICTOCTI. JIBOICTHIA CUMITIIEKC-METO/I.

Jexyis 5. Tpancnopmua 3a0aua. ITlocranoBka 3amavi. Marpuuis
IIaHyBaHHs. 30anaHcoBaHa Ha He30alaHCOBaHa 3ajjauya. YMOBU
iCHyBaHHS po3B'sA3Ky. MeToj MOTeHIlialiB Ta METO MIBHIYHO-
3aximHoTO KyTa. [Iporpamue 3abe3neueHHs sl pO3B'sI3aHHS
TPAHCIIOPTHOI 3aaui.

Jlexyisn 6. [{inouucnose npoepamysanns. IlocTaHoBKa 3a1adi.
Mertoa I'omopi. 3anadi mpo prok3ak, ONTUMAJIBHUNA PO3KpiH, PO
npusHaueHHs. [Iporpamue 3a6e3nedeHHs uist 3a/1a41 UI0YUCETbHOTO
IporpaMyBaHHS.




Jlexyisn 7. [Ipoboso-ninitine npocpamysanns. llocTaHOBKA 3amadi
JIpOOOBO-TIIHIMHOTO MporpaMmyBaHHs. CUMIIICKCHUNA METOJ
po3B’s3yBaHHs 3a1a4i. ['padiunuii MeTo po3B’s13yBaHHs 3a1a4i
JIpOOOBO-JIIHIHHOTO MPOTpaMyBaHHS.

8 Tema 2. Heainiiina onrumizanis
Jexyis 8. 3aoaui neninitinoco npoepamyeanus (3HII).IlocranoBka
3HII. I'padiunmii metox poss’szyBanHs 3HII. Metox MHOXHHKIB

Jlarpanxa.

Tema 3. /lunamiuHe mporpaMyBaHHA.

ontuMasibHOTrO yrpasminas. [Tpukmamu 3ATL

Jexyis 9. Junamiune npocpamysanns. IlocTanoBka 3amadi
QUHAMIYHOTO mporpamyBaHHA. IlpuHuun mnoetanHoi mOOYI0BU

Pa3om 3a apyruii cemecTp:

17

5.2 3micT nabopaTOpHMX 3aHATb

Howmep
TeMHU

Tema nabopaTopHOro 3aHATTS

Kine-
KiCTh
TOIUH

3BenleHHs MPaKTHYHOI 3a7a4i 10 3a[a4i JJIHIHHOTO MPOrpamMyBaHHs

I'padiunuit MmeToa po3B's3aHHs 3ajadi JiHIHHOTO MPOTrpaMyBaHHs

Po3B's3aHHs 331441 TIHIHHOTO MpOrpaMyBaHHS

Po3B's13anHs 1i04KcenbHOT 3a/1a41 IIHIHHOTO MPOrpaMyBaHHSA

TpancnoptHa 3agaua

3amavi HeNiHIKHOT 0€3YMOBHOI ONTHMI3aIlii

~No| ol B~ (W N

Onrtumizanis GyHKIIH 6araTbox 3MiHHUX

o OO O [~ W

Pa3om 3a cemectp 34

5.3 3micT camocTiiiHOi podoTH

Howmep troxns . AV L
3MICT caMOCTIHHOT poOOTH Kinpkicts roguH
- . . 3
1 OnparroBaHHs JIeKIiiHOTO MaTepiainy. . [liaroToBka 10 BUKOHAHHS
nabopaTtopHoi podoTu Nel
9 OnpartroBaHHs JIeKI[itHOTO MaTepiany. . [TiAroToBKa 10 BUKOHAHHS 3
naboparopHoi pobotu Nel. 3axuct nabopaTtopHoi podoru Nel
OnparroBanHs JIeKIiiiHOTO MaTepiany. [1ifroToBka 10 BUKOHaHHS 3
3 naboparopHoi poboTu Ne2
4 OmnpartoBaHHs JEKIiiHOrO MaTepiany. . [TiAroToBka 10 BUKOHAHHS 3
naboparopHoi pobotu Ne2. 3axuct nadbopatopHoi podoru Ne2
OnparroBaHHs JIeKIiiiHOTO MaTepiany. [linqroroBka 10 BUKOHAHHS 3
S naGopatopHoi po6oTn Ne3
OnparroBanHs JIeKIiiHOTO MaTepiany. [1iroToBka g0 BUKOHAHHS 3
6 naboparopHoi podotu Ne3 3axuct taboparopHoi podotu Ne3




OmnpartoBanHs JeKIliiiHoro Marepiany. [liqroToBka 70 BUKOHAHHS

7 N
nabopatopHoi pobotu Ned
OmnpatroBanHs JeKiiiHoro Matepiany. [liqroroBka 10 BUKOHAHHS 3
8 naboparopHoi podotu Ned
9 OmnpamtoBanHA JeKIiitHoro Marepiany. [ligroToBka 70 BUKOHAHHS 8
nadoparopHoi pobotu Ned, 3axuct 1adoparopHoi podotu Ne3
OmnpatroBanHs JeKiiiHoro Matepiany. IlinroToBka 10 BUKOHAHHS 4
10 naboparopHoi podoTu Ne5.
OmnpartoBanHs JeKIliitHOro Marepiany. [1iqroToBka 10 BUKOHAHHS 4
11 naboparopHoi podotu Ne 5.
12 OmnparmtoBadHA JeKIiitHoro Marepiany. [liqroToBka 10 BUKOHAHHS 4
nmaboparopHoi podotu Ne5. 3axuct maboparopHoi poootu Ne5
13 OnpalltoBaHHs JICKI[iiiHOTO Matepiany. IliaroroBka g0 BUKOHAHHS 4
naboparopHoi podoTn Neb.
OmnpartoBanHA JeKIiitHoro Marepiany. [liqroToBka 10 BUKOHaHHS Ta 4
14 3axXHUCTY J1abopaTopHoi poboTu Neb
15 OmnpamtoBanHs JeKIiitHoro Marepiamy. [ligroToBka 70 BUKOHAHHS 4
naboparopHoi pobotu Neb6. 3axuct nabopatopHoi podotu Neb
OnpairroBaHHS JEKIliHOTO Matepiany. [liqroToBka 10 BUKOHAHHS 4
16 naboparopHoi podotu Ne7.
OmnpaitoBaHHs JeKIliiiHoro Marepiany. [1liqroToBka 10 BUKOHAHHS 4
17 naboparopHoi pobotu Ne7
OnpalltoBaHHs JIEKI[iiiHOrO Matepiany. IlinroroBka g0 BUKOHAHHS 4
18 nmaboparopHoi podotu Ne7. 3axuct maboparopHoi podotu Ne7
Pazom 3a cemectp 69




5. METOJIHN HABYAHHS#

I[Iporiec HaBUaHHA 3 TUCUUIUTIHY IPYHTY€EThCS Ha BAKOPUCTAHHI TPAAULIIHUAX Ta Cy4acCHUX METO/IIB.
3aHATTS TPOBOAATHCA 3 BUKOPUCTAHHAM 1H(GOPMALIMHUX TEXHOJOTiH, MAalTh 3a METy —
3a0e3Me4eHHs] CHCTeMAaTHYHOTO MiAXO0/Y /10 MOIIYKY ONTHMAIbHOTO PIllICHHS Ul IIUPOKOTo KoJia
peabHUX ONTUMI3AIIMHUX 3a/1a4.

7. ®OPMHU 1 METOJIHU OLHIHIOBAHHS PE3YJIBTATIB HABUAHHA

KoHTponb 3a 3aCBOEHHSM HAaBYAJIILHOTO MaTepiayly 3AIHCHIOETbCS HA OCHOBI IOTOYHOTO
KOHTpoJt0. [Ipy OliHIOBaHHI 3HaHb CTYACHTIB 3IMCHIOIOTHCS Pi3HI 3aCO0M KOHTPOJIIO, 30KpeMa
NOTOYHUN KOHTPOJb (OINpAIfOBAaHHS TEOPETHMYHOTO MaTepiajiy), TECTOBI 3aBlaHHs, KOHTPOJIbHI
po6otu. I[IpomMi>kHUIT KOHTPOJIb, IO TOJIATAE y TIEPEBIPIIl 3HAHB CTYACHTIB IO TEMaM 3IIHCHIOETHCS
y dopmi TectoBux 3aBmaHb. OnepikaHi CTYIEHTOM OIIHKH IIiJi 4aC IOTOYHOTO, MPOMIXHOTO
KOHTpOJIIO He mepesnaroTbesa. KoxHU BuA poOOTH OLIHIOETHCS 32 YOTUPUOATBHOIO MIKAJIOH.
[TizcymMKoBa OITiHKA 32 CEMECTP BHCTABISIETHCS 13 ypaxXyBaHHSAM BCIX OIIHOK, OJIEpP)KaHUX CTYJICHTOM
3a CeMECTp Ta pe3yibTaTiB 3amiKy. BaroBi koe]illieHTH 3MIHIOIOTBCS 3alIe)KHO BiJl CTPYKTYpH
JICITUTLTIHU.

Koxuwuit Bua poO0OTH 3 AUCHHUIUIIHY OLIHIOETHCS 32 YomupubdansHoto mkanow. CemectpoBa
iICYMKOBA OIlIHKA BU3HAYAETHCS SIK CEPEIHHO3BAYKEHA 3 YCIX BUIB HABYAIHHOT POOOTH, BAKOHAHUX
1 31aHUX HO3UMUEHO 3 BpaxXyBaHHSIM BaroBux koediuieHTiB. CTyAeHT, K1l HaOpaB MO3UTHUBHHIA
CEPeTHBO3BAXKCHHM Oall 32 MOTOYHY pOOOTY 1 HE 3/1aB MiJCYMKOBHI KOHTPOJIBHUN 3aXi]l, BBAXKAETHCS
HEBCTUTAIOUHM.

[Ipu omiHIOBaHHI 3HaHb CTYACHTIB 3JIMCHIOIOTHCS PIi3HI 3aCO0M KOHTPOJIO, 30KpeMa
MOTOYHHI KOHTPOJIb 31HCHIOETHCS M1 Yac J1a00paTOpHUX 3aHATh, IPU YOMY BPaxOBYIOThCS Pi3HI
Buan poboTu. [Ipomymene nabopaTopHe 3aHATTS CTYJIEHT HOBHHEH BiIPAIIOBATH Y BCTAHOBJICHUN
BUKJIaaueM TepMiH. IIpoTsarom cemecTpy CTyIEHT NMOBHHEH OTPUMATH HE MeEHIIe 4 OI[IHOK Ha
nabopaTopHE 3aHATTSX.

[Ipu ouiHIOBaHHI 3HaHb CTYJCHTIB BUKJIA/1a4 KEPYETHCSI TAKUMHU KPUTEPISIMHU.

OnuiHKy ,,BIIMIHHO” OTPUMYE CTYAEHT 3a IJIMOOKE 1 MOBHE OMaHyBaHHS 3MICTY HaBYaJIbHOTO
Mmarepiany, B SIKOMY BiH JIETKO OpIEHTYETbCS, OHATIMHOTO anapary, 3a yMiHHS 3B’ S13yBaTH TEOPIIO 3
MPAKTUKOIO, BUPILITYBATH MPAKTUYHI 3aBJaHHs, BUCIOBIIOBATH 1 OOTPYHTOBYBATH CBOI CYPKEHHS 1
KOHCTPYKTHUBHI pillieHHs1. BigmiHHa o1liHKa nepeadadae rpaMOTHUH, TOTIYHUI BUKIJIA BIMOBIAL (SIK
B YCHIM, Tak 1 B TUCbMOBIH (popmi), IKiCHE 30BHILTHE 0(QOPMIICHHS.

O11iHKY ,,100p€e” OTPUMYE CTYACHT 3a MOBHE 3aCBOEHHS HABUAJIHLHOTO MaTepiaity, BOJIOIIHHS
HNOHATIHHUM amapaToM, OpPiEHTYBaHHS B BUBUEHOMY MaTepiali, CBiioMe BUKOPHCTAHHs 3HAHb JJIS
BUPIIICHHS NPAaKTUYHUX 3aBAaHb, TPAMOTHUI BUKJIAJ] BIANOBIL, ajie y 3MicTi 1 (popMi BIAMOBIII M
MicIle OKpeMi HeTOYHOCT1 (MOXHOKM), HeUiTKi (hOpMYJIFOBAaHHS 3aKOHOMIPHOCTEH ToII0. Binnosins
CTyZIeHTa Ma€e OyaIyBaTHCh HAa OCHOBI CAMOCTIHOTO MHUCIICHHSI.

OmuiHky "3a70BIIBHO" 3aCIyrOBY€ CTYJEHT, KU BUSBUB 3HAHHS OCHOBHOT'O HABYAJIbHO-
MpOrpaMHOro MaTepiay B 00cCs31, HEOOXigHOMY [JIsi TOJAJBIIOTO HAaBYaHHA Ta MPAKTHYHOI
JISUTBHOCTI 3a Mpogeciero, M0 CIPABISETbCA 3 BUKOHAHHSAM MPAaKTUYHUX 3aB/aHb, MependaueHux
IPOTPaMOIO.

OmiHkH "3a/10BUIBHO" 3aCITyTOBY€ CTY/IEHT 32 HEIIOBHE OMaHyBaHHS POTrPaMHOI0 MaTepiaiy.

Or1iHKa ,,He3a0BUTHHO”” BUCTABIISIETHCS, KOJIM CTYJIEHT Ma€ PO3pi3HEHI, 0€3CHCTEMHI 3HAHHS,
HE BMi€ BUAUIATH TOJIOBHE 1 IPYTOPsIHE, TOMYCKAETHCS TOMHIIOK Y BU3HAUEHHI TOHATH, IEPEKPYUYe
iX 3MICT, XaOTHYHO 1 HEBIIEBHEHO BUKJIAJIa€ MaTepiall, HE MOKE€ BHKOPHUCTOBYBATH 3HAHHS IPH
BUPILICHH] IPAKTUYHUX 3aB/IaHb.

Ha ocHOBI pe3ynbpTaTiB MOTOYHOTO KOHTPOJIIO BUCTABISETHCS MIJICYMKOBA CEMECTPOBA
OL[IHKA.



CTpyKTYypyBaHHS QUCHHUILIIHU 32 BUAAMHU POOIT i OLiHIOBAHHA Pe3yJIbTaTIiB HABYAHHS
CTY/IEHTIiB 32 BaroBUMHM Koe(ilicHTaMu

CemecTpoBnit
AynuropHa pobora KOHTPOJIb
Jlabopatopsi poboTm Ne: jCrmuT
1 2 3 4 5 6 7
0.6 0.4

Iepexia Bix BiTUN3HAHOI HIKAJM OLiHIOBaHHS 10 eBponeiicskoi (ECTS)

CuiBBifHOIIEHHSA BiTUM3HAHOI IIKAJH OLiHIOBAaHHA i mikaau oniHopanuga €EKTC

%Illé?éa IHTepBagH’Ha BiTun3HsHa OLiHKa

mikaya 0ajiB

A 4,75-5,00 5 BiOMi).'-lHO - riboke 1 TOBHE ONaHyBaHHS HABYATBHOTO
MaTepialy i BUSBJICHHS BiJIIOBIIHUX YMiHb Ta HABUKIB

B 4,25-4.74 4 j{oﬁpe — TIIOBHE 3HAHHS HABYAJIBLHOTO MaTepiany 3
KiJIbKOMa He3HAYHUMH ITOMMJIKAMH

c 3.75-4.24 4 Jlobpe — B 3aranbHOMY MpaBWJIbHA BIAMOBiAb 3 JBOMA-
TPbOMa CYTTEBUMH ITOMHITKAMHU
3a006inbho — HENOBHE OIAHYBaHHS IPOrPAMHOIO

D 3,25-3,74 3 Marepiaiy, ajie JOCTaTHE JUIs MPAaKTUYHOI HiSUIBHOCTI 3a
npodeciero
3a006inbH0 — HENOBHE ONAaHYBaHHS [POTPAMHOIO

E 3,00-3,24 3 | marepiady, IO 3aJ0BOJBHSE MiHIMAJIbHI KpUTEpii
OIIIHIOBAHHS
Hezaoosineno — 0€3CUCTEMHICTh OJEpP)KaHUX 3HaHb 1

FX 2,00-2,99 2 HEMOJKJIUBICTh TPOJOBXKHUTH HaBYaHHS Oe€3 JOJaTKOBUX
3HaHb 3 JUCHMILIIHA

F 0,00-1,99 2 He3aodo6inbno — HeoOXiHA c§pﬁo3Ha nojanbia podoTa i
MTOBTOPHE BUBYCHHSI TUCITUILTIHA

Ex3ameH BHCTaBISETHCS MPU OTPUMaHHI cTyAeHToM 3 aucuuriiiny Big 3,00 go 5,00 Gamis.
[Tpu 1bOMy 3a BITYM3HSHOIO LIKAJIOI0 CTAaBUTHCA «3apaxoBaHO», a 3a mkanoro ECTS - ouinka, mo

BIJINIOB11a€ HaOpaHii CTYJAEHTOM KIJIbKOCT1 OaiB.

8. IMTAHHA 1 CAMOKOHTPOJIIO

1. Ilo € meToro Ta mpenmerom MeToaiB ontumizaiii (MO)?
2. Illo € 06’exkramu MO ?

3. llo Take omeparris?

4. Illo po3yMitOTh MiJ YXBaJICHHSAM pillIeHb?

5. JItoAChKUI YNHHUK Yy MPOLIeCl yXBaJeHHs PIIeHb.

6. lllo npuitHATO HA3UBATH ANbTEPHATHUBAMMU?



7. SIxuii 3B’S130K MK albTepHATUBAMHU Ta HACTIIKaMU Ha3UBA€EThCS
JeTepMIHOBAaHUM?

8. SIkuii 3B’S130K MK aJIbTEPHATHBAMH Ta HACITIIKAMU HA3UBAETHCS BUITAIKOBUM?
9. 300pa3ith oprpad BUMaJAKOBOTO 3B’ 3Ky MIXK allbTEpPHATHBAMH Ta HACIIIIKAMHU
B 3YP B yMoOBax pusuky.

10. ITpoimtocTpyiiTe BU 3B “A3KY aIbTEPHATHUB 3 HACTIIKAMU, KU pealli3yeThCs
y 33/1a4ax yXBaJICHHS PillleHb B YMOBaX IUIKOBUTOI HEBH3HAYECHOCTI

11. SIxa pyHKIisS HA3UBAETHCS LITLOBOIO?

12. SIki icHYIOTh IIKAJIK OILIHOK 32 KpuTepisimu B 3YP ?

13. Ha3BiTh eTanu yxBaJIeHHs pillleHb.

14. 1o Take 10Ope cTPyKTypOBaHi (UM KIIBKICHO chopMyiboBaHi) mpobiaemu?
15. Ski npoGiemu € cnabo CTpyKTypoBaHi (3Mimnani)?

16. SIki 3ay1a4yi HA3MBAIOTh OAraTOKPUTEPIATLHUMH 3a/1a4aMy ONTUMI3AIi ?

17. Ha3BiTh TOJIOBHI €Tany Ta IPUHIIUITHN ONEePaIiiHUX JOCTiHKCHb.

18. Ha3BiTh 0a30Bi NPUHIIMAIINA ONEPALITHUX JTOCITIIKEHb.

19. SIki eteMeHTH Ma€ EKOHOMIKO-MaTeMaTUYHa MOJEJIb?

20. ki 3MiHHI Ha3UBAIOTH 30ypeHHSAMU?

21. llo Take MaTeMaTHYHa MOJIENb 3a/1a4l YXBAJICHHS PillIeHb?

22. SIxkux mpaBuiI MOTPIOHO JOTPUMYBATHCh IPU MTOOYAOBI MaTeMaTHUYHUX
Mojenei?

23. Knacudixkaris 3anaa MO 3a 3MiHOIO B yaci iHopMariiitHoro

crany OYP.

24. Knacudikanis 3agaa MO 3a ctpykTyporo iHpopmariiiinoro crany OYP .
25. CchopmynroiiTe TUIIOBY 3a/lady B A€TEPMiHOBaHIi MOCTaHOBIII?

26. Jlo sIKuX THUIIIB 3a/1a4 YXBaJICHHS PillIeHb 3yMOBIIIO€ 0OMEXEHICTh a00
HETOYHICTh 1HpOpMAIIii 11100 MOJETi?

27. SIxa knacudikais 3aaa4 MO 3a BUTIISIOM KpUTEPis ONTUMATBHOCTI?

28. Knacudixkaris 3anau MO 3a 3MiCTOBHO IOCTaHOBKOIO.

29. Illo Take maTemaTuuHi MmeTogu MO?

30. Axy 3agauy /1O Ha3uBaroTh 3a/1a4€t0 JIIHIHHOTO MPOrpaMyBaHHA?

31. ki 3ama4i HaneXaTh A0 AUCKPETHOTO MPOTrpaMyBaHHS?

32. Illo € mpeaAMETOM CTOXaCTUYHOTO NMPOrpaMyBaHHs?

33. Jle BUKOPUCTOBYIOTh METO/IM €BPUCTHUHOTO MPOrpamMyBaHHA?

34. Ha yomy 6a3yetbcs rpadiuHuil METO] pO3B’sI3yBaHHS 3a7a4 JIHIHHOTO
porpaMyBaHHs?

35. HaBenite anroput™ rpadiunoro metoay po3s’sizyBanus 3JII1.

36. HaBenite npukian rpadiunoro po3s’sa3anns 3J1I1.

37. ®opmu 3anucy 3ajad JiHiiHOro nporpamyBanHs (JIIT).

38. OCHOBHI aHAJIITHYHI BIACTUBOCTI PO3B’A3KIB 33a4 JIiHITHOTO MpOrpaMyBaHHS.
39. Sxuii onOpHMI IJIaH Ha3UBAETHCS HE BUPOUKEHUM?

40. KanoniuHa (opma 3arajibHOI 3a7a4i JiHIITHOTO MPOrpaMyBaHHS.

41. IlpaBuia mepexoay Bij 3araibHOI 3a7a4i JIHIHHOTO MPOrpaMyBaHHs 10
KaHOHIYHOI.

42. OCHOBHI BJIaCTUBOCT1 PO3B’S3KIB 3a]a4 JIHIITHOTO MPOrpaMyBaHHS.

43. CuMrekc-MeTo ] po3B's3aHHS 334a4 JIIHIMHOTO IporpaMyBaHHsL.

44. AnropuTMm cUMILIEKC-MeTOly po3B'sa3aHHs 3aaa4 JIII.

45. ChopmymroiiTe TeopeMy Mpo 03HAKY ONTHMAIBLHOCTI OMOPHOTO IJIaHY.

46. IIpaBuia nepeOy10BU cuMILIeKc-Ta0M1l 32 MeToioM XKopaana—I aycca.



47. IlocTanoBKa 3a7adi JIHIMHOTO MPOTpaMyBaHHS (JBOICTa 3a71a4a).
48. EKOHOMIYHMI 3MICT ABOICTOI 3aa4i.
49. IIpaBuna nodyaoBu aBoictoi 3JII1.

9. METOAUYHE 3ABE3ITEYEHH

OcBiTHI Tpolec 3 AMCHUILTIHK «MeToau OmTHMI3alii» IMOBHICTIO 1 B JOCTaTHIA KUIBKOCTI
3a0e3MeueHU HeoOX1JHOK HaBYAIbHO-METOAUYHOIO JIITEPATyPOIO.

Optimization methods: Guidelines for performing laboratory works for students of specialty 121
"Software engineering” / L.P. Bedratyuk, A.l. Bedratyuk — Khmelnytskyi: KhNU, 2023 — 76 p.

10.

11.

12.

13.

14.

15.
16.

10. PEKOMEH/JOBAHA JIITEPATYPA

Cunernasos B. M. Marematnusi MeToau onTuMizarii: HaBd. mocion./ B.M. Cuueraasos, O.
A. 3enenkos, 11I. I. AckepoB. — Ham. Asianiitnuii yH-1. — K.: OcBita Ykpainu, 2018. — Y. 1.
-329 c.

Hedromos FO.M., banuupka T.1O. Mertoau ontumisariii B npukiagax i 3agayax: HaBuansauii
nocionuk.— K.: Konmop, 2011. — 324 c.

O.L. Jlucenko, I.B. AnekceeBa, [ocnimkenns omnepamiii. Koncrmekr sekmit, —K: HTYY
«KIII», 2016. — 196 c.

T. C. Jlagory6enp, O. JI. ®inorenos, JliniiiHe mporpaMyBaHHS: MPAKTHKYM 3 JUCHUIUTIHA
“Metoau ontumizauii’, — Kuis: KIII im. Irops Cikopcbkoro, 2019. — 61 ¢

CamconoB B.B. Anroputmu po3B’si3aHHs 3aaad onTtuMizanii: HaBwansamii mocioamk. K.
HVYXT, 2014.-300 c.

Cikopa fI. b. Meronu ontumizamii : HaB4.-MeTo1. mocioHuK / S.~b.~Cikopa. — XKutomup :
Bua-Bo XK1V im. IBana ®panka, 2012. — 82 c.

E€wmenp O. O., ITiayriaa O. C., Mamwuii O. b., Kopo6unnacekuii K. 1. HaBuanbamii mociOHUK
«JIiniitHe mporpaMyBaHHs JJIs CTYACHTIB HAIIPsIMiB TiAT0TOBKHU 122 KoM roTepHi HayKH Ta
121 Imxenepis mporpamuoro 3abe3nedenns, — X. : XHAJLY, 2019. - 102 c.

MenbmukoBa O.B., Umup O.1O., Kapabun O.0., JlochimpkeHHs omepailiii, HaBYaJIbHHMA
nocionuk, — JIeBiB : JIJIY BX/I, 2019. — 196 ¢

I'puropkis B.C., I'puropkis M.B. Ontumizaniiini Mmetoau ta MoJeni: mociOHUK. - YepHiBIi:
UYepniBeupkuii Hall. YH-T, 2016. — 400 c

I'mymmk M.M., Kommu I[M., Copoxoscekuii B.M. Marematnuae nporpamyBaHHS:
nigpy4Huk. - JIeBiB: Hosuii CsiT, 2014. — 280 ¢

JlaBpoB €.A.Ilepxyn JLII., lenapux B.B. Tta iH.. MaremaTu4ni METOIU HOCITIIKEHHS
onepauii: miapyyHuk. - Cymu: Cymcbkuii aepx. yH-1, 2017. - 212 ¢

Hvomina B.M. OnrumizaniitaHi Merogu Ta mojeni. JIiHiiHE mporpaMmyBaHHS: KOHCIEKT
nmekmiit. - X.: XHAY, 2015. —75c.

D. Luenberger,Y. Ye, Linear and Nonlinear Programming, 4th Edition, Springer, 2013, — 551

p.
C. Aggarwal, Linear Algebra and Optimization for Machine Learning, Springer, 2019, — 507
p.
Fox, W. P. (2020). Nonlinear Optimization: Models and Applications. : CRC Press. — 419 p.

MacGregor Smith, J. (2021). Combinatorial, Linear, Integer and Nonlinear Optimization
Apps: COLINA Grande. Springer International Publishing. —259 p.



11. IH®GOPMAIIIIHI PECYPCH

1. MoaynbsHe cepenoBuine s HaBdaHHs. JlocTyn 10 pecypcey: https://msn.khmnu.edu.ua.
2. Enextponna 6i6mioTeka yHiBepcuteTy. loctym no pecypey: http://library. khmnu.edu.ua
3. Penosurapiit XHY :https://elar.khmnu.edu.ua/home



COURSE PROGRAM
Optimization Methods

Field of study: 12 - Information Technologies
Major: 121 — Software Engineering

Level of Higher Education: Bachelor (First Level)
Educational program: Software Engineering
Discipline status: Compulsory

Faculty: Information Technologies
Department: Software Engineering

Semester
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OPTIMIZATION METHODS

Type of Discipline Compulsory

Level of Higher Education First (Bachelor's)
Language of Instruction Ukrainian, English
Semester 6

ECTS Credits 4

Course study mode Full-time (Daytime)

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

Competencies: Ability to abstract thinking, analysis and synthesis. Ability to apply knowledge in
practical situations. Ability to learn and master modern knowledge. Ability to apply fundamental and
interdisciplinary knowledge to successfully solve software engineering tasks. Ability to algorithmic
and logical thinking

learning outcomes : Know and apply relevant mathematical concepts, methods of domain, system
and object-oriented analysis and mathematical modeling for software development.

Content of the academic discipline . General problem of linear programming. Graphic method of
solution. Simplex method. Duality. Transport problem. Integer programming. Fractional linear
programming. Problems of nonlinear programming.

Planned educational activity . Lectures - 17 hours, practical classes - 34 hours, independent work - 69
hours, together - 120 hours.

Forms (methods) of education : lectures (using methods of problem-based learning and visualization);
laboratory classes, independent work.

Forms of evaluation of learning outcomes : protection of laboratory works
Form of semester control : pass/fail test
Educational resources:

1. T'puropkis B.C., I'puropkis M.B. Ontumizaniiini Mmeroau ta MoJeni: MociOHUK. - YepHiBIi:
UepniBenpkuit Ha1l. yH-T, 2016. — 400 ¢

2. Cunernasos B. M. MaTteMaTuuHi MeTOIM ONTHMI3alii: HaB4. nociOH./ B.M. Cunernaszos, O.
A. 3enenkos, I11. I. AckepoB. — Hau. Asianiiiauii yH-T. — K.: OcBita Ykpainu, 2018. — Y. 1.
-329 c.

3. O.L Jlucenko, 1.B. AnexceeBa, Jlocmimkenns onepariii. Koncnekr nekmid, —K: HTYVY
«KIII», 2016. — 196 c.

4. Cikopa 4. b. Meroau ontumizartii : HaB4Y.-meTo1. TociOHMK / S.~b.~Cikopa. — Kuromup :
Bun-so XK1V im. IBana ®panka, 2012. — 82 c.

5. D. Luenberger,Y. Ye, Linear and Nonlinear Programming, , Springer, 2013, — 551 p.

6. Modular learning  environment  [Electronic  resource]. —  Access  mode:
https://msn.khnu.km.ua/

7. Electronic library university . [Electronic resource]. — Access mode:
http://lib.khnu.km.ua/asp/php_f/plage_lib.php .

Lecturer : DSc., Professor Leonid BEDRATYUK


https://msn.khnu.km.ua/
http://lib.khnu.km.ua/asp/php_f/p1age_lib.php

3. EXPLANATORY NOTE

The discipline is one of the mandatory professional disciplines and takes a leading place in the
training of "bachelor" level specialists under the "Software Engineering" educational and professional
program.

The goal of the discipline . Providing a systematic approach to finding the optimal solution for a wide
range of real optimization problems

Subject of discipline. Typical models of optimization problems and algorithms for their solution
Tasks of the discipline . To provide students with knowledge of the main problems, mathematical
methods of the model and practical tools of optimization and decision-making

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

Integral competency:

The ability to solve complex specialized tasks or practical problems of software engineering that are
characterized by complexity and uncertainty of conditions, using theories and methods of
information technologies.

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.

Professional competences.

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.

PLO5. Know and apply relevant mathematical concepts, methods of domain, system and object-
oriented analysis and mathematical modeling for software development

PLO7. To understand and apply in practice the fundamental concepts, paradigms, and basic
principles of functioning linguistic, instrumental, and computational tools of software engineering.
PLO13. To know and apply methods for algorithm development, software design, and data
and knowledge structures.

Learning outcomes. A student who has successfully completed the study of the discipline has to
be able to formalize optimization tasks; build mathematical models of decision-making problems,
choose and apply methods of solving decision-making problems ; to know the methodology, stages
of the decision-making process, methods of decision-making in conditions of certainty, complex
situations; to know the main classes of optimization problems and examples of their practical
application; to investigate the effectiveness of algorithms; choose the optimal algorithm for solving
the problem ; use software tools to find a solution.

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:
Topic name Lab | Himse
Lectures do If. do
2 semester
Topic 1. Linear optimization 13 26 45
Topic 2 . Non-linear optimization 2 4 12
Topic 3. Dynamic programming. 2 4 12
Total semester 17 34 69

5. COURSE PROGRAM
5.1 . Content of the lecture course *

Number
lectures

List of topics of lectures, their annotations

Second semester

Number
hours

1-7

Topic 1. Linear optimization

Lecture 1. The general problem of linear programming (LPP). Models.
Standard form of LPP, objective function, limitations. Canonical form
of LPP. Vector shape. Examples.

Lecture 2. Graphical method of solving LPP. Construction of a
polyhedron of admissible solutions , reference line, gradient.
Degenerate cases.

Lecture 3. Simplex method of solving LPP. conducting the general
LPP to the canonical form. General notions about the simplex method
of solving LPP. Algorithm of the simplex method of solving LPP. A
sign of the optimality of the reference plan. Examples of solving
problems by the simplex method.

Lecture 4. Duality in linear programming. The concept of duality.
Rules for constructing dual problems.
Duality ratio. Dual simplex method.

Lecture 5. Transport problem. Formulation of the problem. Planning
matrix. Balanced on unbalanced task. conditions for the existence of
a solution. The method of potentials and the method of the northwest
corner. Software for solving the transport problem.

Lecture 6. Integer programming. Formulation of the problem.
Gomori's method . Problems about the backpack, the optimal cut,
about the purpose. Software for an integer programming problem.

Lecture 7. Fractional linear programming . Formulation of the
problem of fractional linear programming. Simplex method of
solving the problem. Graphical method of solving the problem of
fractional linear programming.




Topic 2 . Non-linear optimization

Lecture 8. Problems of nonlinear programming (NLP). Production of
NLP. Graphical method of solving NLP. The method of Lagrange
multipliers.

Topic 3. Dynamic programming. 2
Lecture 9. Dynamic programming. Statement of the problem of
dynamic programming. The principle of step-by-step construction of
optimal management. Examples of DP.

Total for the second semester: 17

18




5.2 Content of laboratory classes

Numbe Number
r The topic of the laboratory session hours
topics
1 Reduction of a practical problem to a problem of linear programming 3
2 Graphical method of solving the problem of linear programming 3
3 Solving the problem of linear programming 4
4 Solving an integer linear programming problem 6
5 Transport problem 6
6 Problems of nonlinear unconditional optimization 6
7 Optimization of functions of many variables 6
Total per semester 34
5.3 Content of independent work
Number of the
week Content of independent work Number of hours
3
1 Processing of lecture material. . Preparation for laboratory work No. 1
» Processing of lecture material. . Preparation for laboratory work No. 1. 3
Protection of laboratory work No. 1
3 Processing of lecture material. Preparation for laboratory work No. 2 3
4 Processing of lecture material. . Preparation for laboratory work No. 2. 3
Protection of laboratory work No. 2
Processing of lecture material. Preparation for laboratory work No. 3 3
5
Processing of lecture material. Preparation for laboratory work No. 3 3
6 Protection of laboratory work No. 3
4
7 Processing of lecture material. Preparation for laboratory work No. 4
Processing of lecture material. Preparation for laboratory work No. 4 4
8
9 Processing of lecture material. Preparation for laboratory work No. 4. 4
Protection of laboratory work No. 3
10 Processing of lecture material. Preparation for laboratory work No. 5 . 4
Processing of lecture material. Preparation for laboratory work No. 5 . 4
11

19




Processing of lecture material. Preparation for laboratory work No. 5. 4
12 .
Protection of laboratory work No. 5
13 Processing of lecture material. Preparation for laboratory work No. 6 . 4
Processing of lecture material. Preparation for performance and 4
14 defense of laboratory work No. 6
15 Processing of lecture material. Preparation for laboratory work No. 6. 4
Protection of laboratory work No. 6
Processing of lecture material. Preparation for laboratory work No. 7. 4
16
17 Processing of lecture material. Preparation for laboratory work No. 7 4
Processing of lecture material. Preparation for laboratory work No. 7. 4
18 Protection of laboratory work No. 7
Total per semester 66

5. TEACHING METHODS

The process of teaching in the discipline is based on the use of traditional and modern methods. The
classes are conducted using information technologies, with the goal of providing a systematic
approach to finding the optimal solution for a wide range of real optimization problems.

7. FORMS AND METHODS OF EVALUATING LEARNING OUTCOMES

Control over learning material is carried out on the basis of current control. When evaluating
students’ knowledge, various means of control are implemented, in particular, current control
(processing of theoretical material), test tasks, control works. Intermediate control, which consists in
checking the knowledge of students on topics, is carried out in the form of test tasks. 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.
The student must make up the missed laboratory session 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.

The grade "excellent” is given to the student for 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
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(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 discipline by types of work and evaluation of learning outcomes
students by weighting factors

Semester
Auditory work control
Laboratory works No.: Pass/fail test
1 2 3 4 5 6 7
0.6 0.4

Transition from the domestic assessment scale to the European one (ECTS)

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
2 | course.

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

course is to be retaken.

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.
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8. QUESTIONS FOR SELF-CONTROL

1. What is the purpose and subject of optimization methods (MO)?

2. What are MO objects?

3. What is an operation?

4. What is meant by decision-making?

5. The human factor in the decision-making process.

6. What are alternatives?

7. What is the relationship between alternatives and consequences called
deterministic?

8. What relationship between alternatives and consequences is called random?

9. Draw a digraph of a random connection between alternatives and consequences
in SAMs in risk conditions.

10. Hlustrate the type of connection of alternatives with consequences, which is implemented
in decision-making tasks under conditions of complete uncertainty

11. What function is called the target?

12. What are the evaluation scales according to the criteria in the ZUR?

13. Name the decision-making stages.

14. What are well-structured (or quantitatively formulated) problems?

15. What problems are poorly structured (mixed)?

16. What problems are called multi-criteria optimization problems?

17. Name the main stages and principles of operational research.

18. Name the basic principles of operational research.

19. What elements does an economic-mathematical model have?

20. What variables are called disturbances?

21. What is a mathematical model of a decision-making problem?

22. What rules must be followed when constructing mathematical ones

models?

23. Classification of tasks of the Ministry of Defense according to changes in information over time
state of ESD.

24. Classification of tasks of the Ministry of Education according to the structure of the information
state of ESD.

25. Formulate a typical problem in a deterministic setting?

26. To what types of decision-making problems does limitation or

model information inaccuracy?

27. What is the classification of MO tasks according to the criterion of optimality?
28. Classification of MO tasks according to content formulation.

29. What are the mathematical methods of MO?

30. Which TO problem is called a linear programming problem?

31. What tasks belong to discrete programming?

32. What is the subject of stochastic programming?

33. Where are heuristic programming methods used?

34. What is the basis of the graphic method of solving linear problems
programming?

35. Give the algorithm of the graphic method of solving the LPP.

36. Give an example of a graphical solution of the LPP.

37. Forms of recording problems of linear programming (LP).
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38. Basic analytical properties of linear programming problem solutions .
39. Which reference plane is called non-degenerate?

40. Canonical form of the general problem of linear programming.

41. Rules of transition from the general problem of linear programming to
canonical

Basic properties of linear programming problem solutions .

Simplex method for solving linear programming problems.

Algorithm of the simplex method for solving LP problems.

Formulate a theorem about the sign of optimality of the reference plan.
Rules for rebuilding a simplex table using the Jordan - Gauss method .
Formulation of the linear programming problem (dual problem).

The economic meaning of the dual problem.

Rules for the construction of a double LPP.

An example of the construction of a double LPP.

42.
43.
44,
45.
46.
47.
48.
49.
50.

9. METHODOLOGICAL SECURITY

The educational process in the discipline "Optimization Methods" is fully and in sufficient quantity
provided with the necessary educational and methodological literature.

Optimization methods: Guidelines for performing laboratory works for students of specialty 121
"Software engineering” / L.P. Bedratyuk, A.l. Bedratyuk — Khmelnytskyi: KhNU, 2023 — 76 p.

10.

11.
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11 . 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.
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