MIHICTEPCTBO OCBITHU I HAYKU YKPATHU
AbBiBCHKHI HALIOHAABHMI YHiBepcuTeT iMeHi IBana ®@panka
DakyAbTeT NIPHKAAAHOI MATECMATHKH T4 iH(pOpPMATHKH
Kacdeapa DpuxAsAECT MaTeMATHKH

3arBepaxKeHo
Ha 3acinanni
Kadeapy MpUKIaHOI MATEMATHKH
dakvneTeTy nDUKIATHOI  MaTeMaTWKW  Ta
iHopMaTHKH
JIbBIBCBKOrO HAILIOHAIBHOTO YHIBEPCHTETY
imeHi [Bana ®panka
(mpotokost Ne _1 Bixg 31 cepnus 2023 p.)
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Cunadyc 3 HaBYAJBLHOT IUCLMILTIHU
“OnTuMi3allis CKJIAAHHX CHCTeM (AHIIiHCHKO0I0 MOB0I0)”,
mo BUKJAaAaeTbest B Mexkax Ol HpukiaagHa MaTeMaTuKa
Apyroro (MaricTepcbKoro) piBHsi BULIOT OCBITH AJisi 3100yBayiB 3

cneianbHoOcTi 113 — npuk/agHa MaTeMaTHKA

JIbBiB 2023 p.



Ha3sBa

OnTumizanisa cKIaJHUX cucTeM (aHIIiliCbKOI0 MOBOIO)

AUCHHILTIHU

Anpeca ["onouuit kopryc JIHY im. 1. ®panka
BUKJIA/JIaHHA M. JIbBiB, Byn1. YHiBepcuTeTchKa 1
AUCHMILTIHH

dDaxyJabTeT Ta
Kkadenpa, 3a
KO0
3aKpinjieHa
JTUCIHUILIIHA

daxyabTeT NPUKIAJAHOT MAaTEMATUKH Ta 1HHOPMATUKU
Kadenpa npuknannoi MaTeMaTUKu

I'amy3sb 3HaHDb,
mugp Ta Ha3Ba

11 — maTeMaTHKa Ta CTATUCTUKA
113 — npuknanHa MaTeMaTuKa

creniaJbHOCTI

Buxnagaui [lepOaTuit Muxaiino BacuiboBuy, kanauaat (Gi3uKko-MaTeMaTHYHUX HAYK,

AUCHUILTIHU JOLIEHT Kadeapu NpUKIIa HOI MaTEMaTHKH,
Kyxapcekuii Bitamiit MuxaiinoBuu, kaHauaatr ¢izMKo-MaTeMaTHUYHUX HayK,
JIOLIEHT KadeIpH NPUKIaJHOI MaTeMaTUKH (11a00paTOpHI 3aHSTTS)

KonrakTHa

iHpopmanin https://ami.lnu.edu.ua/employee/shcherbatyy

BHKJIaa4iB vitaliy.kukharskyy@Inu.edu.ua; https://ami.lnu.edu.ua/employee/kukharskyy

["onoBuwmii koprryc JIHY im. . ®@panka, kab. 278.
M. JIbBIB, ByJ1. YHIBEpPCUTETCHKA, |

KoncyabTamii 3

KoHcynprartiii B 1eHs IPOBEACHHS JICKIIIH/1a00paTOPHUX 3aHTH (3a momnepe-

NUTaHb HBOIO JIOMOBJICHICTIO).
HABYAHHS 10
JTUCIHUILTIHI
BiI0YBalOThCH
Cropinka kypey | Nttps://ami.Inu.edu.ua/course/optymizatsiia-skladnykh-system-pm-1-4
Indopmanisa npo | Jucuuminina “Ontumizanisi CKIaAHUX CHUCTEM’ € HOPMATHBHOIO HaBYAIbHOIO
AUCUMILTIHY JTUCIUILTIHOIO 31 cremianbHocTi 113 — mpuKkiiagHa MateMaTHKa JIs OCBITHBOT
nporpamu “TlpukiagHa maTeMaTuka”, sika BHUKIAJAEThbcd B 3-MYy CEMECTpi B
00cs31 3-x kpenuTiB (3a €Bpomneiicbkoro Kpemnurno-Tpancheproro Cuctemoro
ECTYS).
Koporka Jlanuii Kypc CTOCYEThCS IOCTAHOBKH 3a/1ad ONTHUMi3alii CKIaJHUX CHUCTEM,
a”HoTauis MOBE/IIHKA SKUX OMHUCYEThCS 3BUYAMHMMM Au(epeHiaIbHUMHU PIBHIHHIMH Ta
JUCIHUILTIHA PIBHSHHSIMU B YaCTHMHHUX MOXiTHUX. Js1 po3B’si3yBaHHS 3a1ad ONTHMI3aIlii

PO3TJIIHYTO YHMCEIbHI METOIH, sIKI 0a3yloThCcsli Ha MPSAMOMY 1 HENPSMOMY
migxonax. [IpuBeAeHO CHIBBITHOMIEHHS aHAI3y YYTJIHBOCTI B JUCKPETHOMY
dbopmyTIOBaHHI, SKI OTPUMAHO 3 JIONIOMOTOIO Pi3HUX MeToaiB. OTpuUMaHO
HEOOXIJJHI ~YMOBM  ONTUMAJIBHOCTI MEPUIOr0 TMOPSAKY Ui BUMAJAKY
CKIHYCHHOBUMIPHUX KepyBaHb. [lpukianm 3amgad (3acTocyBaHb) 13 pI3HUX
rajy3el IeMOHCTPYIOTh MaTepial JaHOTO KypCy.

Merta Ta miai
JTUCIUILIIHYA

Merta Ta 1iii Kypcy - HaBUUTH CTY/JCHTIB:

e (opmymoBaTH 3a7a4i ONTUMAIBHOIO KepyBaHHs (3a7aui onTuMizarii) st
CHCTEM, IIOBEIIHKA SKHX ONHUCYEThCA 3BUYAHHUMHU TU(DEepeHIiaIbHUMHI
PIBHSHHAMHU Ta PIBHAHHAMHU B YACTHHHUX MOX1/THUX;
3aMUCcyBaTH HEOOX1AHI YMOBH ONTUMAIBHOCTI;

OyIyBaTH CXeMH PO3B’SI3yBaHHS 33]]a4 ONTHUMAJILHOTO KEPYBaHHS:
MIPOBOJUTH aHAJII3 YyTIUBOCTI;
BUKOPUCTOBYBATH MOXIIMBOCTI CHCTEM KOMII FOTEPHOI MaTeMaTHKH (Harp.

Matlab, Octave) msist po3B’si3yBaHHs cHOPMYIbOBAHKX 33]a4 ONTHMI3aIL].

Jlitepatypa nis

OcHoBHAa JiiTeparypa



mailto:mykhaylo.shcherbatyy@lnu.edu.ua
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BUBYEHHSA 1. F. Troltzsch. Optimal Control of Partial Differential Equations (Graduate
AUCHMILUTIHH Studies in Mathematics). AMS, 2010.

2. M. Hinze, R. Pinnau, M. Ulbrich, S. Ulbrich. Optimization with PDE
Constraints. Springer, 2009.

3. Reyes J.C. Numerical PDE-Constrained Optimization. Springer, 2015.

4. Borzi A., Modelling with Ordinary Differential Equations. A
Comprehensive Approach. CRC Press, 2020.

5. AroraJ.S., Introduction to Optimum Design. Elsevier Inc., 2017.

JonaTkoBa JiTteparypa

6. Choi K. K., Kim N. H. Structural Sensitivity Analysis and Optimization 1.
Linear Systems. Springer, 2005.

7. Speyer J. L., Jacobson D. H., Primer on optimal control theory. SIAM,
2010.

8. Shcherbatyy M.V. Sensitivity analysis for one-dimensional semilinear
partial differential equations. // BicuHuk KwuiBchbKOro HaiioHaJILHOTO
yHiBepcutery iMmeHi Tapaca IlleBuenka, Cepis: (¢i3MKO-MaTeMaTHYHI
Hayku. — 2017. — Ne2. — C. 157-164.

9. Haxoneunuit O.I'. Onmumanvre xepysanns ma OYiHIOBAHHS 8 DIGHAHHAX i3
yacmunnumu noxionumu.: Hasuanvnuti nocionux. K.: BIIL "KuiBchkuit
yHiBepcutet", 2004.

10. beiixo 1.B., 3iabko I1.M., Hakoneunnii O.I". 3adaui, memoou i areopummu
onmumizayii. Hasuanvnuii nocionux. Pieue, 2011.

11. MATLAB Homepage: http://www.mathworks.com/products/matlab/.

12. GNU Octave Homepage: http://www.gnu.org/software/octave/

Oocsar kypey | 3aranpuuii o6csar: 90 roguH. AyAMTOpHUX 3aHATH: 32 rof., 3 HUX 16 roamH
nekuiit ta 16 ronqun nabopaTopHux po6it. CamocTiitHOi poboTH: 58 rox.
OuikyBani B pe3ynvmami eusuenns oanozo Kypcy cmyoenm oyoe:
pe3yabTaTu 3HATH: TIOCTAHOBKH 3aJ1ay OMTUMAJIHLHOTO KEPYBAHHS CKJIATHUX CHUCTEM 3
HABYAHHSA

OOMEXEHHSIMH y BHUTIISII CHCTEM 3BHYAHHMX IU(EpEHIabHUX PIBHAHB 1
pIBHSIHb B YAaCTUHHUX MOXIJHHUX; YHCIOBI CXEMHU PO3B’S3YBaHHS BiAMOBIIHUX
3a]a4 ONTUMAJILHOTO KEPYBaHHS.

BMIiTH:

e (dopmyTIOBaTH 3a7adyi ONTUMAJIBHOTO KEPYBaHHSI 3 OOMEXKECHHSIMHU Y
BUTJISII CHCTEM 3BHYAWHUX JU(EpeHIaTbHUX pIBHAHb 1 pIBHAHb B
YACTUHHUX IOXIJHUX; 3alHCyBaTH BIJMOBIAHI 3a/1a4l y PO3MIUPEHOMY Ta
CKOpPOYECHOMY (POPMYITFOBAHHSIX;

® 3amuCyBaTH HEOOXiJHI YMOBHM ONTHMAJIBHOCTI MEPUIOrO MOPSAKY B
JIIMCKPETHIH dopmi,

e OyayBaTH airopuTMH Uil pPO3B’s3yBaHHA C(HOPMYIbOBAaHUX 3a]ad;
[UIIXOM amnpokcumaiii QyHKIi# KepyBaHHS MPUBOJIWTHU JaHi 3a1adi 10
3aJ1a4 HEJIIHIMHOTO MaTeMaTUYHOT O IPOrpaMyBaHHS;

® OTPUMYBATH CHIBBIAHOIIECHHS I OOUMCIECHHS KOSQII€HTIB YyTJIMBOCTI 3
BUKOPHUCTAHHSM PI3HHX MAXOMIB (IPAMOTO MeToAy audepeHIitoBaHHS,
METOAY CHPSOKCHHUX 3MIHHHMX, AHMCKpeTHE (opmymioBaHHs); OymyBatu
e(heKTUBHI aITOPUTMHU 00UYHCIICHHS KOS(DIllIEHTIB UYTIUBOCTI.

Kypc 3a0e3nmeuye HaOyTTsI TAKMX KOMIIETEHTHOCTEH Ta MPOrpaMHMX
pe3yabTaTiB HABYAHHS:
3arajbHi KOMIIETEHTHOCTI:
- 3KOI. 3xatHicTh 10 aOCTPAKTHOTO MHCJICHHS, aHAJII3y Ta CHHTE3Y.
- 3K06. 3paTHICTh CHIIKYBAaTHUCS 1HO3EMHOIO MOBOIO 3 TMpodeciitHuX
MIUTaHb SIK YCHO, TaK 1 MUChMOBO.



http://www.gnu.org/software/octave/

CrneniajibHi KOMIIETEHTHOCTI:

- CKOl. 3HaHHg TpPUHIUIIB MOOYIOBU Ta OCHIDKEHHS MaTeMaTHYHUX
MOJIEJIEeH, a TAKOK YUCEIIbHUX METO/IB 1X pO3B’sI3yBaHHS.

- CKO02. 3gatHicTb po3po0IaTH Ta AOCTIIKYBaTH MaTeMaTU4HI MOJIENI Ta
METO]IU 1X pO3B’SI3yBaHHS.

- CKO04. 3natHicTb OynyBaTH AUCKPETHHUH aHAJIOT HETIEPEPBHOI MOJIEIII.

- CKOS5. 3patHicTh TIporpamMHOi peasizallii aqropuTMiB Ha OJIHIM 3 MOB
porpaMyBaHHS.

- CKO7. 3natHicTh BiJIaro)kKyBaTl KOMII' FOTEPHI IPOrPaMH 31 CKJIAJHOO
JIOT1KOIO.

- CKO09. 3natHicTh miaBUILYBaTH €()EKTUBHICTH OOYUCITIOBAIIEHUX CXEM
Ta aJTOPUTMIB.

- CKI11. 3paTHICTP BHMKOPUCTOBYBAaTHM TpaMaTHYHlI Ta CTHJIICTUYHI
acleKTH 1HO3eMHOI MOBH HayKOBO-TIPO(ECIHHOro CIpsSIMyBaHHS B
obunacti npukiagHoi Mmatematuku Ta IT.

IIporpamMHui pe3yjbTaTu HABYAHHS:

- TIPHOI. JlemoHcTpyBaTu 3HaHHS ¥ PO3YMIHHS MIIXOIB A0 MOOYIOBH
Ta JTOCIIIKEHHS] MATEMAaTUYHUX MOJICIICH.

- TIPHO2. 3actocoByBatu, MomudikyBaTH 1 JOCHIIKYBaTH YHCEIbHI
METOJIU AJI PO3B’sI3yBaHHS MPUKJIAIHUX 3a7a4.

- TIPHO3. Po3pobmsiTi  Ta mpoOrpamMHO  peaiizoByBaTH  aJITOPUTMHU
PO3B’sI3yBaHHS MPUKIATHUX 33]1a4.

- IIPHO6. Buznauatn HaiOimbil e(EKTUBHUNA METOJ PO3B’SI3yBaHHSI
3ajadi 3 TOYKU 30py OOUYMCIIIOBAJIBHHUX 3aTPaT Ta TOYHOCTI OTPHUMAHUX
pe3yIbTaTIB.

- IIPHO9. BinpHO cHinKkyBaTHCS 1HO3€MHOIO MOBOKO  SIK YCHO, TaK i
MMMCBMOBO TPU OOTOBOpPEeHHI MpodeciiHUX TUTaHb Ta MPOBEACHHI
JTOCTIJIKEHb.

Kurouosi ciioBa

3amava ONTHMAaJIbHOTO KePYBAaHHS, KPUTEPI ONTHMI3allii, GyHKIlis KepyBaHHS,
MHOXHHA JONYCTUMUX KEpyBaHb, 3ajjaua ONTHMAJIbHOIO MPOEKTYBaHHS, 3a7a4a
inenTudikamii mapaMeTpiB, ckopodeHa (opma 3amadi onTuMmizamii; mpami i
HempsiMi METOJIM PpO3B’S3yBaHHS 3a/Jad ONTHUMI3allii, HEOOXigHI yMOBHU
ontumaneHocTi  (ymoBu  Kapyma-Kyna-Takepa), aHamiz  4yTJIMBOCTI,
KOC(IIIEHTH YYyTJIUBOCTI, NpAMUHA MeToJ  JU(EpEHIIOBaHHS, METO[
CIIPSDKEHUX 3MIHHHX.

®opmar kypey | OuHuil.
[TpoBenenHs ekuii, 1a00paTOpHUX POOIT 1 KOHCYJIbTALIiH.
Temu [Topano Huxue y Tabnuui Cxema kypey “OnTtumiszanis CKJIaJHUX CHCTEM”
MincymkoBuii | Ex3amMeH
KOHTPOJIb,
(popma
IpepexBizuTn | J{7151 BUBUEHHS JAHOTO KypCY CTYACHTH MOTPEOYIOTh 6a30BHX 3HAHb 3 KYPCIB:

Marematnunuii  a”am3; JliniiiHa  anrebpa;  MeTtonu — omrTuMizarii;

Hudepenuianpui  piBHAHHA; PiBHAHHA MaTematuuHoi ¢i3uku; YwucesnbHi

metoan; Cucrem Komm'torepHoi MaTematuku (Hamp., Matlab, Octave) a6o

010;110TeK YMCENbHUX METOJIB 1HIIMX MPOTrpaMHUX HPOAYKTIB (Hamp. NumPy

s Python).

Taxox, Ui BUBYEHHS JAHOTO KYpCYy CTYASHTH NOTPeOYyIOTh 3HaHb 3 KYPCiB:

- Meroagu  (QyHKIIOHATBHOTO  aHANI3y |y  TNPUKIATHUX  HAYKOBUX
JIOCTIPKCHHSIX;

- Ino3emna mMoBa 3a mpoeciitHUM CripsIMyBaHHSIM.




HaBuaabHi me-
TOJAH TA TEXHIKH,
sIKi OyIyTh BH-
KOpPHCTOBYBAa-
THCA I Yac
BHKJIAJaHHSA

Kypcy

[Npe3enTartii, Jexmii, MaTepianu J1adOPaTOPHUX 3aHATH
JlomaiiHi Ta iHIMBIya bHI 3aBJaHHS

HeoOxinne 00-
JAAHAHHA

Komm’torep i3 oaniero i3 cucreM komir’torepaoi matemaruku (Matlab, Octave)
a00 TporpaMHHUI TPOAYKT 13 HASBHUMH O0i0Ji0TEKAMU YHCEIbHUX METOIB
pO3B’sA3yBaHHS CHUCTEM 3BHYAWHUX IH(EpeHIiabHUX pPiBHSIHb, PIBHSIHb B
YAaCTHHHMUX MOXIAHUX, METOIIB OITHUMI3alii.

Kpurepii omi-
HIOBaHHS (OK-
peMo 1JISl KOXK-
HOT'0 BHIYy HaB-
JAJILHOI JiflJIb-
HOCTI)

OrintoBanHs poBoaAuThCs 3a 100-0asibHOIO mIKanor. bamu HapaxoBylOThCS 3a
HACTYITHUM CIIiBBITHOIIIEHHSIM:

* momanrHi 3aBaanHs : 14% cemecTpoBoi OI[IHKH; MaKCUMaJIbHA KUIBKICTh OajIiB
14 (3 3aBmanns; 5, 5, 4 6amn);

* iHAUBIMYyaIbHI 3aBAaHHA : 24% ceMecTpoBOl OIIHKK; MaKCUMaIbHA KUTbKICTh
OamiB 24 (2 3aBaanus o 12 6aiB);

* Moaynb: 12% ceMecTpoBOi OIIHKHM, MaKCHMajbHa KilbKicTh OamiB 12 (1
Moayib, 12 GaiiB);

3aranom npotsrom cemectpy S0 Gais.

Ex3amen: 50 6aunis.

AxanemiyHa 1o0pouyecHicTb: OuikyeTbes, 0 POOOTH CTYIEHTIB OyayTh ix
OPUTIHAJILHUMH JTOCHIPKEHHSIMH Y1 MipKyBaHHSIMH. BiJCyTHICTh MOCHIIaHb Ha
BUKOPUCTaHI JpKepena, (paOpuKyBaHHS JKEpell, CIHCYBaHHS, BTPyYaHHS B
poOOTYy IHIIUX CTYJAEHTIB CTAHOBIATH, aje HE OOMEXYIOTh, NPHKIAIN
MOJKJIMBOI aKaJeMI4HOI HEJ0O0pOYEeCHOCTI. BUSBICHHS O3HAK akaJaeMidHOl
HEZOOPOYECHOCTI B MHUCHMOBIH poOOOTI CTyleHTa € MiACTaBOIO JuIst i
He3apaxyBaHHHS BUKJIa/1adeM, He3aJIe)KHO Bil MaciuTaliB ruiariaty 41 oOMaHy.

BinBiganHsi 3aHATh € BaXJIMBOIO CKJIaJ0BOI0 HaBuaHHS. OUiKyeTbCs, IO BCi
CTYACHTH BiJBIAIOTH YCi JIEKIii Ta jJabopaTopHi 3aifHATTS Kypcy. CTyaeHTH
NOBHHHI 1H(QOpMYBaTH BHKJIaJaya MPO HEMOXJIMBICTh BIABIAATH 3aHATTA. Y
OyIb-IKOMY BHWITAJIKy CTYICHTH 3000B’si3aHI OTPUMYBATHUCS TEPMIiHIB BH3-
HAQYeHMX Ui BHUKOHAHHA JIOMAIllHIX Ta  I1HAMBIAyalbHUX 3aBJaHb,
nepenr0aueHux KypcoM.

Jlitepatypa. Ycs mitepaTypa, sIKy CTYACHTH HE 3MOXYTh 3HaWTH CaMOCTIHHO,
Oyzae HajaHa BUKJIaJayeM BUKIIIOYHO B OCBITHIX LUIAX Oe3 mpasa ii mepenaui
TperiM ocobaMm. CTyIEeHTH 3a0XOYYIOThCS O BHUKOPHCTAHHS TaKOX W 1HIION
JTepaTypH Ta IHKEPE, SKMX HEMae cepell peKOMEHIOBaHHX.

[ToniTuka  BUcTaBJdeHHsi  OauiB. BpaxoBytoThcst Oamum  HaOpaHi  Ha
IHIWBIAyalbHUX, JOMAIIHIX 3aBAaHHAX Ta moxaym. [Ipu 1mpomy 000B’SI3KOBO
BPAaXOBYIOThCSI NPUCYTHICTh Ha 3aHATTSAX Ta AKTUBHICTh CTyJIEHTa Iij dYac
71a00paTOPHOTO 3aHITTS; HEMNOMYCTUMICTh IIPOITYCKIB Ta 3aIi3HCHb HA 3aHATTS,
KOPUCTYBaHHS MOOUTbHUM Tesie(hOHOM, IJIAHIIETOM YU IHIIMMH MOOUIBHUMHU
MPUCTPOSIMHU T11]1 Yac 3aHATTS B LIUISIX HE OB’ S3aHUX 3 HABUYAHHSIM; CIIUCYBaHHS
Ta TUIariaT; HECBO€YaCHE BUKOHAHHS MIOCTABIICHOTO 3aBAAaHHS 1 T. iH.

Komni hopmu nopyiieHHs akageMigHOT T0OpOYECHOCTI HE TOJICPYIOTHCS.

IInTannsa no
e€K3aMeHy.

1. Bcryn ta npukiaay 3amad onTHMIi3alii.

2. 3arampHa OCTaHOBKA 3aja4 ontuMizarlii. CkopodeHe hopMyITroBaHHS.
3. ITlocTtaHoBKa 3a/7a4 onTUMI3aIlii AJIT CHCTEM, SIKi OTIMCYIOThCS 3a/1adyaMu
Komi asst cucrem 3Buuaiinnx audepenuiansaux piBasab (C3/1P).
[TocTaHoBKa 337124 ONTUMI3AIIT IJIs1 CHCTEM EJINITUYHOTO THUITY.
[ToctaHoBKa 3a/1a4 ONTUMI3AIIIT TSI CHCTEM ITapaOOIITHOTO THITY.
ITocTanoBka 3ama4 imeHTU]IKaLi MTapaMeTpiB.

Cxema po3B’si3aHHs 3a1a4 ontuMizaii. [Ipsmi Ta Henpsimi metonn

No ok




10.

11.

12.

13.

14.

15.

(criouaTKy AMCKpPETH3yH — MOTIM ONTHMI3yi; CHOYATKY ONTHMI3yl — MOTIM
TUCKPETHU3YH).

[TpuBeneHHs 3aa49i ONTUMAILHOTO KEPYBAHHS 10 3a/a4i HEJHIIHOTO
MaTEeMaTUYHOT'O MTPOrpaMyBaHHS.

Knacudikamist meroaiB ontumizaiii (METOAM HAUIIBUAIIOTO CIIYCKY,
MeToau Tuny HetoToHa).

HeoOxiaH1 yMOBHM ONTHUMAaJIbHOCTI Y BUNAJAKY CKIHUEHHOBUMIPHUX
kepyBanb (¢yHkiis Jlarpanxka/Jlarpanxian, ymoBu Kapyma-Kyna-
Takkepa).

3amadi yMOBHOI ONTUMI3AIil 3 0OMEKEHHIMHM Y BUTJISAI piBHOCTEH Ta
HEpiBHOCTEH.

[ToctranoBka 3ana4 anamnizy uytnuBocti (AY). Meroau AY (Bunagok
CKIHYEHHOBUMIpHOTO KepyBaHHs). [Ipsimuit metoa nudepeHiirtoBaHHs.
Metoa cpsKeHUX 3MiHHHX.

AY s kpaioBoi 3a1a4i 11 3BUYAHOTO TU(PEPEHITIAIBHOTO PIBHSIHHS
JIPYroro MnopsiJKy, BUMAI0K CKIHUEHHOBUMIPHOTO KepyBaHHS.

AHami3 9yTIMBOCTI B 331a4aX ONTUMAIFHOTO KePYBaHHS CUCTEMaMHU
SNMNTUYHOTO THUITY.

Heo06xiHi yMOBH ONTHMaIBHOCTI Ha OCHOBI JlarpankiaHy B cCUCTEMax
eninTuaHoro THiry. CKiHUeHHOBUMIPHUN BUMAIOK (QYHKIIT KEpYBaHHS.

OnuryBaHHs

AHKEeTYy-OIlIHKY 3 METOIO OIIHIOBAaHHS AKOCTI Kypcy Oyae HaJaHO MO 3aBep-
IIEHHIO KypCYy.




Cxema kypcy “OnTumizamisi CKJIaJHUX cUCTeEM ”

XapaKTEPUCTUK CHUCTEMHU.

Jliteparty
. .(I)op Ma . pa, 3aBaannd, Tepmin
Tux. | Tema, mian, KOPOTKi TE3H AISVIBHOCTI | Pecypcu B roxn BHKOHAH
(3aHATTA) | inTepHeri | Hsl

1 Tema 1. Beryn ta npuxiaau Jlexuis [1-5] OmnpamoBanns | 1
3ama4y onrTuMizamii. 3arajgbHa (2 ron.) AeKkuiiiHoro TYKIEHD
IIOCTAaHOBKAa 3a1a4 marepiaiy
onTUMi3aLii (Ocnoeni (3 rox)

CKa0o06i 3a0ay Oonmumizayii.

Ckropouene  popmyniosanms

3a0ay onmumizayii).

Tema 1. IlocranoBka 3anmau | Jlabopatopna | [1-5], IMpukmamn 1

ONITUMI3aIii CKJIaTHUX (2 ron.) [11], [12] BUKOPHUCTaHHA | THXKIIEHB

cucteM.  Posmmpene  T1a BI/INOBIHIX

CKOpoueHe (POpMYJIIOBAHHS. conBepiB 20

(Baoaui ONMUMATILHO2O O3B ASYBAHIA

Kepy6aHHs. ma 3a0aui CHIHACHAOBIMI
pHUX 3a1a4

ONMUMATILHO2O ONTHMAILHOLO

NPOEeKMyBaHHsl. OcnoeHi HPOCKTYBAHHS

emanu npu  POpMyIrOBaAHHI (3rom.)

3a0aui onmumizayii.

Ipuxnaou 3a0au

onmumizayii. Consepu

cucmem Komn romepHoi

mamemamuxu (Ha NPUKIAoi

Matlab/Octave) onst

PO36 A3Y8AHHS 3a0au

HENIHIHO020 MAMeMamuyHo20

npoepamysanms (HMII).).

2 Tema 2. IlocraHoBka 3amad Jlexuis [4], [7] OmnparoBanns | 1
ONTHUMI3AIl JJI1 CUCTEM, SKI (2 ron.) JEKLIHHOTO THKICHD
OmUCYIOThCcs 3amadamu Korri marepiany
s CUCTEM 3BHYAHUX (3rox.)
JudepeHIiaTbHUX  pPIBHSAHB
(C3P).

[TocranoBka 3a/1a4y

onmTUMI3amii  UI  CHCTEM [1-3], [9]

SMNTUYHOTO THUITY.

(Inmeepanvni, noxanvui ma

MOYKOBI  XAPAKMEPUCUKU.

Ckopouene  ¢hopmyniosanns

3a0au ONMUMATLHO2O

kepyeanus. Illpuxnaou 3adau

ONMUMATILHO2O Kepy6aHHs.

o C3[P ma cucmem

eNinmu4H020 muny.)

Tema 2. ®opwmymoBanns | JlJabopatopua | [4], [7],| Buxonamms |1
3a1a4 OIITHMAJILHOTO (2 rox.) [11], [12] JOMAIHBOro | THXKICHB
kepyBauHs s C3/IP. BuGip saBaHms |
byHk1ii kepyBaHHSA. Bubip (4 ro)




Bubip  kputepito  MeTH.
(Consepu cucmem
KOMN 1omepHoi Mamemamuxu
(na npuxnaoi Matlab/Octave)
ons poszs’azyeanns  C3/[P.
Obuucnenus xapaxmepucmux
(¢yukyionanis)
PO327150Y8AHUX
BUKOPUCTAHHAM
KepysawHs  ma
3a0a4  aManizy
cmany)).
JMomawne 3a60anna 1.

cucmem 3
@dynHKyiu
PO36 'A3Ki6
(yukyiti

Tema 3. IlocTtaHoBka 3amau
ONTUMI3AIii  JUIsl  CHUCTEM
nmapaboJIiyHOTO THUITY.
[TocranoBka 3a7a4
inenTudikarii mapameTpis.

(Inmeepanvui, noxkanvui ma
MOYKOBI  XAPAKMEPUCTUKU.
Ckopouene  ¢hopmynosanns
3a0au ONMUMATLHO20
kepyeaHnus. Illpuxnaou 3adau
ONMUMANTBLHO20 KepyB8aHHsl)

Jlekmis
(2 rom.)

[1-3]

OmparroBanHs
JIEKIIHOTO
Mmarepiaiy
(3 rom.)

1
TXKIEHD

Tema 3. ®@opmyntoBaHHS
3ama4 oIrTuMizarii ISt
CUCTEM  eININTUYHOTO  Ta
napaboJriynoro tumis. (Bubip
@yuxyiti  kepyeanus. Bubip
Xapakmepucmuk  CUCTEMU.
Bubip  kpumepiro  memu.
3aoaui ONMUMANTLHO20
KepyB8aHHs ma 3a0aui
ONMUMANLHO20
NPOEKMY8AaAHHSL.
3a0au
KepyeaHHsi)
Jomawne 3a60anna 2.

IIpuknaou
ONMUMANbHO20

Jlabopatopna
(2 ron.)

[1-3]

Buxonannsa
JIOMAITHBOT O
3aBIaHHA 2

(3 rom.)

1
TYKIEHD

Tema 4. Cxema po3B’si3aHHA
3agau onrtumizamii. Ilpsmi Ta
HETPsIMiI METOIH.
(IIpuseoenns 3a0aui
ONMUMANBLHO20 KepYB8aAHHA 00
3a0aui HeNTHIlIHO20
MaAmemMamuyHo20
npocpamy8amisi (HMI]I).
Memoou po3s’sa3yeanns 3a0ay
HMII- mMemoou
HAuueuoul020 CNYCKY,
memoou muny Hvtomona)

Jlekmis
(2 rom.)

[1],
[51, [7]

(3],

OmnparrroBaHHs
JIEKIIHOTO
Mmarepiaiy
(4 ronm.)

1
TIKIEHD

Tema 4. Po3pobka
aTOPUTMY  PO3B’sA3YBaHHS
3aaa4 OIITUMAJIBHOI'O
KEepPYyBaHHS U1 MoOJeledl y

JlaGoparopna
(2ronm.)

[4] 1
[7] 1
12]

[51],
[10-

Bukonanns
1HAMBIAYyaIbHO
ro 3aBmagus 1

(8 rox.)

2 THUXHI




sursigi C3/IP (anpoxcumayis

QyHxyii Kepy6aHHs,
npueeoeHHs 3a0aui
onmumizayii - 00 3a0aui
HMIT, D038 °A3)8aHHSL
OMPUMAHOT 3a0aui 3
BUKOPUCTAHHAM coneepis
CKM  ona  po3e’azysanns
npAMUX 3a0a4  ma  3a0ay
HMII).

Inoueioyanvne 3a60anns 1.

Tema 5. HeoOxigHi yMoBH
ONTHMAaJIbHOCTI
(CKIHUEHHOBUMIPHUN
BHUIAI0K). OyHKIIIA
Jlarpamxka. YMoBu Kapoma-
Kyna-Takepa.

Jlekmis
(2 rom.)

[1],
[5],

3],
[10]

OmparrroBanHs
JIEKIIHOTO
Mmarepiaiy
(5 roxm.)

1
TXKIEHD

Tema 5. HeoOxigHi ymoBH
ONTUMAJBHOCTI AN 33434
onTuMizarii 3 OOMEKEHHSIMHU
PIBHOCTSMH 1 HEPIBHOCTSIMHU.
(Cxema poss’szanns  3a0au
onmumizayii 3
BUKOPUCMAHHAM — HEO0OXIOHUX
VMO8  ONMUMANbHOCMI Y
BUNAOKY  CKIHYEHHOBUMIDHUX
KepyBaHb. Cmpyxkmypa
npozpamu).

Homawne 3as0annan 3.

Jlaboparopna
(2Tonm.)

[l]a
[5]1
12]

[3],
[10-

Bukonanns
JIOMAIIHLEOT'O
3aBIaHHA 2

(3 roxm.)

1
TUXKICHb

Tema 6. IlocranoBka 3amau
aHamzy uytauBocTi  (AY).
Metoau AY (BUmajo0K
CKIHYEHHOBHMIPHOTO
KEpyBaHHS).

AY s xkpaiioBoi 3amadi Juist
3BUYAWHOTO
nrdepeHIasbHOro PiBHSIHHS
JIPYyroro mopsiaKy, (BUMaIoK
CKIHYCeHHOBHMIPHOTO
KEpyBaHHS).

(Memoo ckinuenux pizHuyb,
npAmMull Memoo
ougepenyirosanns,  memoo
CNPANCEHUX 3MIHHUX.)

Jlexkis
(2on.)

[1],
6],

[5],
[8]

OrmpartroBaHHs
JIEKI(IHTHOT O
Marepiaiy
(3 rom.)

1

THKICHD

Tema 6. IIporpamua
peaizaris aITOPUTMY
oIrTuMi3arii JUIST
PO3B’sI3yBaHHS 3amaui
ONTUMAJFHOTO KEpyBaHHSI B
c3ap (oOMesxeHHsI Ha
byHKii KEepyBaHHS Ta
(bYHKIIT MTOBEIHKH CUCTEMH).
Inougioyanwvne 3a60anns 2.

Jlaboparopna
(2 ronm.)

[3-4], [7],

[11-

12]

Buxkonanns
1HAMBIAYaIbHO
I0 3aBIaHHA 2

(7 ron.)

2 THXKHI

Tema 7. Anani3 4yTJIMBOCTI B

Jlexis

[1-3], [6],

OmnpairoBanHs




cUCTeMax EeJINTUYHOTO THITY. (2rom.) [8] NeKUifHOro | THXKIEHB

CKiHYEHHOBUMIPHHIA Marepiany

BUIAJ0K. (5rom.)

(Huckpemuszayis @yHryii

KepyeaHHs ma Dynxyii

cmawy. Ipsimuii  memoo

ougepenyirosanns,  Memoo

CIPANCEHUX 3MIHHUX)

Tema 7. Moayib. JlaGopatopna | [1], [6], Ilix w4ac
(2 rox.) [8] 3aHATTS

Tema 8. HeoOxinHi ymoBuU Jlexuis [1-3], [5], | OmpamoBanns | 1

ONTHUMAJIBHOCTI HA  OCHOBI (2 rox.) [10] JNEKIIHHOTO | THOKIEHD

Jlarpamxiany s cHCTEM marepiany

EJIIITUYHOTr O THUITY. (4 Tom)

CKiHYEHHOBUMIPHHIA BUITAJIOK

GbyHKIIIT KepyBaHHS.

Tema 8. [puiimanns | JJabopatopua | [1], [3] ITig wac

1HAMBIAYaIbHOTO 3aBJAaHHS 2. (2ron.) 3aHATTS

Amnani3 pe3yibTaTIB.

[TigBegeHHs miJICYMKIB.
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Discipline name

Optimization of complex systems

Address where
the discipline is

The main building of Ivan Franko National University of Lviv
1, Universytetska st., Lviv

taught
The faculty and | Faculty of Applied Mathematics and Informatics
department Department of Computational Mathematics
under which the
discipline is
established
Field of 11 — mathematics and statistics
knowledge, code | 113 — applied mathematics
and name of
specialty
Teachers of the | Shcherbatyy Mykhaylo Vasylovych, Candidate of Physical and Mathematical
discipline Sciences, Associate Professor of the Department of Computational
Mathematics,
Kukharskyy Vitaliy Mykhaylovych, Candidate of Physical and Mathematical
Sciences, Associate Professor of the Department of Computational
Mathematics, (laboratory classes)
Contact
information of | https://ami.Inu.edu.ua/employee/shcherbatyy
teachers vitaliy.kukharskyy@Inu.edu.ua; https://ami.Inu.edu.ua/employee/kukharskyy

Room 278,
The main building of Ivan Franko National University of Lviv,
1, Universytetska st., Lviv

Consultations
on issues of
training in the
discipline are
taking place

Consultations on the day of lectures/laboratory sessions (by prior agreement).

Course page

https://ami.lnu.edu.ua/en/course/optimization-of-complex-systems-am-1-4

Information
about the
discipline

The discipline "Optimization of complex systems" is a mandatory discipline
from specialty 113 - applied mathematics for the educational program
"Applied Mathematics"”, which is taught in the 3rd semester in the amount of
3 credits (according to the European Credit Transfer System ECTS).

Brief abstract of
the discipline

This course concerns optimization problems of complex systems, governed
by ordinary differential equations and partial differential equations.
Numerical methods for solution of optimization problems, which are based
on direct and indirect approaches, are considered. Sensitivity analysis
relations in discrete formulation that are obtained using various methods are
presented. First-order necessary optimality conditions for finite-dimensional
controls are obtained. A number of applications examples from different
fields illustrate the material of this course.

Goal and
objectives of the

The goal and objectives of the discipline are to teach students:
e formulate optimal control problems (optimization problems) for systems
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discipline

governed by ordinary differential equations (ODES) and partial
differential equations (PDESs);

write the necessary optimality conditions;

construct numerical schemes for solution of optimal control problems;
derive expressions of sensitivity analysis;

apply the capabilities of computer algebra systems (e.g., Matlab, Octave)
to solve the optimization problems.

Literature for
the discipline

Basic literature

1. F. Troltzsch. Optimal Control of Partial Differential Equations
(Graduate Studies in Mathematics). AMS, 2010.

2. M. Hinze, R. Pinnau, M. Ulbrich, S. Ulbrich. Optimization with PDE
Constraints. Springer, 2009.

3. Reyes J.C. Numerical PDE-Constrained Optimization. Springer, 2015.

4. Borzi A., Modelling with Ordinary Differential Equations. A
Comprehensive Approach. CRC Press, 2020.

5. AroraJ.S., Introduction to Optimum Design. Elsevier Inc., 2017.

Additional literature

6. Choi K. K., Kim N. H. Structural Sensitivity Analysis and Optimization
1. Linear Systems. Springer, 2005.

7. Speyer J. L., Jacobson D. H., Primer on optimal control theory. SIAM,
2010.

8. Shcherbatyy M.V. Sensitivity analysis for one-dimensional semilinear
partial differential equations. // Bicuuk KuiBCBKOro HaI[iOHaJIBHOTO
yHiBepcutery iMmeHi Tapaca IlleBuenka, Cepis: ¢izuko-mMaTeMaTudHi
Hayku. — 2017. — Ne2. — C. 157-164.

9. Hakoneunwnii O.I'. Onmumanvhe kepysants ma oyiHIO8AHHS 8 PIGHAHHSIX
i3 uacmunnumu noxionumu.: Hasuanonuii nocionux. K.: BIIL
"KuiBcekuit yHiBepcuret", 2004.

10. Beiixo I.B., 3insko IIL.M., Hakoneunuii O.I'. 3aodaui, memoou i
aneopummu onmumizayii. Haeuanenuii nocionux. Pisae, 2011.

11. MATLAB Homepage: http://www.mathworks.com/products/matlab/.

12. GNU Octave Homepage: http://www.gnu.org/software/octave/

Scope of the

Total volume: 90 hours. Classroom classes: 32 hours, including 16 hours of

course lectures -and 16 hours of laboratory work. Independent work: 58 hours.
Expected Upon completion of this course, the student will:

learning KNow"
outcomes

e Formulation of optimal control problems for systems with ODEs
constraints and PDESs constraints;

e numerical schemes for solution of optimal control problems with ODEs
constraints and PDEs constraints.

Be able to:

e formulate optimal control problems for systems with ODEs and equations
PDEs constraints; write these problems in extended and reduced forms;

e write first order necessary optimality conditions in discrete form;

e construct numerical schemes for solution of optimal control problems;
transform optimal control problem into nonlinear programming problem;

e derive expressions of sensitivity analysis using different methods (direct
differentiation method, adjoint method; discrete formulation); construct
efficient algorithms for calculation of sensitivity coefficients.
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The course provides the acquisition of the following competencies and
program learning outcomes:

General competencies:
- GC1. Ability to think abstractly, analyze and synthesize.
- GCO06. Ability to communicate in a foreign language on professional
issues both orally and in writing.

Special competencies:

- SC1. Knowledge of the principles of construction and research of
mathematical models, as well as numerical methods for their solution.

- SC2. Ability to develop and research mathematical models and methods
for their solution.

- SC04. Ability to build a discrete analog of a continuous model.

- SCO05. Ability to programmatically implement algorithms in one of the
programming languages.

- SCO7. Ability to debug computer programs with complex logic.

- SC09. Ability to increase the efficiency of computing schemes and
algorithms.

- SC11. Ability to use the grammatical and stylistic aspects of a foreign
language for scientific and professional purposes in the field of applied
mathematics and IT..

Program learning outcomes:

- PLO 1. Demonstrate knowledge and understanding of approaches to the
construction and research of mathematical models.

- PLO02. Apply, modify and investigate numerical methods for solving
applied problems.

- PLOO3. Develop and programmatically implement algorithms for solving
applied problems..

- PLOO04. Develop and programmatically implement algorithms for solving
applied problems.

- PLOO06. Determine the most effective method for solving a problem in
terms of computational costs and accuracy of the results obtained.

- PLO13. Communicate fluently in a foreign language, both orally and in
writing, when discussing professional issues and conducting research.

Keywords

Optimal control problem, optimization criterion, control function, set of
admissible controls, optimal design problem, parameter identification
problem, reduced form of the optimization problem; direct and indirect
methods for solving optimization problems, necessary optimality conditions
(Karush-Kuhn-Tucker conditions), sensitivity analysis, sensitivity
coefficients, direct differentiation method, adjoint method.

Course format

Face-to-face
Conducting lectures, laboratory sessions and consultations.

Topics See below in the table Scheme of the course "Optimization of complex
systems".
Final control, Exam
form

Prerequisites

To study this course, students need basic knowledge of the following courses:




Mathematical Analysis; Linear algebra; Optimization methods; Differential
equations; Equations of mathematical physics; Numerical Methods;
Computer algebra systems (e.g., Matlab, Octave) or numerical method
libraries of other software products (e.g., NumPy for Python).

Also, to study this course, students require knowledge of the courses:
- Methods of functional analysis in applied scientific research;
- Foreign language for professional orientation.

Teaching
methods -and
techniques that
will be used
during the
teaching of the
course

Presentations, lectures, laboratory materials
Homework and individual assignments

Required Computer with one of the computer algebra systems (Matlab, Octave) or a

equipment software product with available libraries of numerical methods for solving
systems of ordinary differential equations, partial differential equations, and
optimization methods.

Evaluation The assessment is carried out on a 100-point scale. Points are awarded

criteria according to the following ratio:

-(separately for | « homework assignments: 14% of the semester grade; the maximum number

each type of of points is 14 (3 assignments; 5, 5, 4 points properly);

educational « individual assignments: 24% of the semester grade; maximum number of

activity) points 24 (2 assignments of 12 points each);

» module: 12% of the semester grade; the maximum -number of points is 12
(1 module, 12 points);

A total of 50 points during the semester.

Exam: 50 points.

Academic Integrity: Students' works are expected to be their own original
research or reasoning. Lack of references to used sources, fabrication of
sources, plagiarism, interference in the work of other students are, but are not
limited to, examples of possible -academic dishonesty. The detection of signs
of academic dishonesty in a student-'s written work is a reason for its
rejection by -the teacher, regardless of the scale of plagiarism or deception.
Attending classes is an important part of learning. All students are expected
to attend all lectures and laboratory sessions of the course. Students must
inform the teacher about the impossibility to attend classes. In any case,
students are obliged to adhere to the deadlines -set for homework and
individual assignments provided by the course.

Literature. All literature that students cannot find on their own will be
provided by the teacher for educational purposes only, without the right to
transfer it to third parties. Students are also encouraged to use other literature
and sources that are not among the recommended ones.

Scoring policy. Points obtained on individual and homework assignments
and module are taken into account. At the same time, attendance of classes
and the student's activity during laboratory sessions must be taken into




account; inadmissibility of absences and lateness to classes; using a mobile
phone, tablet or other mobile -devices during class for purposes not related to
education; plagiarism; untimely performance of the assigned task, etc.

Any form of breach of academic integrity will not be tolerated.

Questions for
the exam.

Noas~swh e

10.

11.

12.

13.

14.
15.

Introduction and examples of optimization problems.

Formulation of Optimization Problem. Reduced formulation
Optimization problems for ODEs.

Optimization problems for PDEs of elliptic type.

Optimization problems for PDEs of parabolic type.

Parameter identification problems.

The scheme of solving optimization problems. Direct and indirect
methods (first discretize - then optimize; first optimize - then discretize).
Formulation of optimal control problem (OCP) as nonlinear
programming problem

Classification of optimization methods (line search methods, trust
region methods).

Necessary optimality conditions (Lagrangian, Karush-Kuhn Tucker
conditions). Finite dimensional case.

Optimization problems with equality and inequality constraints.
Formulation of sensitivity analysis (SA) problems. Metods of SA (finite
dimensional case of control function). Direct differentiation method.
Adjoint method.

Sensitivity analysis for boundary value problem of ordinary differential
equation. Finite dimensional case of control function.

Sensitivity analysis in optimal control problems of elliptic systems.
Necessary conditions optimality based on Lagrangian for elliptic
systems. Finite dimensional case of control function.

Poll

An evaluation questionnaire for the purpose of assessing the quality of the
course will be provided upon completion -of the course.




Scheme of the course ""Optimization of complex systems"'

Form of Literature, _ _
Week | Topic, plan, short theses activity Internet | Assignment, | Deadli
(class) resources hours ne

1 Topic 1. Introduction and Lecture [1-5] Elaboration of | 1 week

examples of optimization (2 hours) lecture

problems. General material

formulation of optimization (3 hours)

problems (The main

components of optimization

problems. Reduced

formulation of optimization

problems).

Topic 1. Formulation of | Laboratory |[1-5], [11],| Examplesof [ 1 week

problems of optimization of (2 hours [12] the use of

complex systems. Extended appropriate

and reduced formulation. solvers for

(Optimal control problems, solving finite-

optimal design problems. dimensional

The  main  steps in optimal design

formulating an optimization problems

problem. Examples  of (3 hours)

optimization problems.

Solvers of computer

mathematics systems (for

example, Matlab/Octave) for

solving nonlinear

programming problems

(NPP)).
2 Topic 2. Formulation of Lecture [4], [7] Elaboration of | 1 week

optimization problems for (2 hours) lecture

systems of ordinary material

differential equations (3 hours)

(ODEs).

Formulation of optimization

problems for systems of [1-3], [9]

elliptic type.

(Integral, local, and point

type characteristics.

Reduced formulation of

optimal control problems.

Examples of optimal control

problems for ODEs and

PDEs of elliptic type).

Topic 2. Formulation of | Laboratory | [4], [7], | Fulfillment of | 1 week




optimal control problems for
ODEs. Selection of control
functions, system
characteristics, optimization
criterion.

(Solvers of computer algebra
systems (for  example,
Matlab/Octave) for solving
ODEs. Calculation
characteristics of the systems
under consideration using
control functions and
solutions of analysis problem
analysis (state functions)).
Homework assignment 1.

(2 hours

[11], [12]

homework
assignment 1
(4 hours)

Topic 3.  Optimization
problems for PDEs of
parabolic type.

Parameter identification
problems.

(Integral, local, and point
type characteristics.

Reduced formulation of
optimal control problems.
Examples of optimal control
problems for PDEs of
parabolic type).

Lecture
(2 hours)

[1-3]

Elaboration of
lecture
material
(3 hours)

1 week

Topic 3.  Optimization
problems for PDEs of elliptic
type and PDEs of parabolic
type.

(Integral, local, and point
type characteristics.
Reduced formulation  of
optimal control problems.
Optimal control problems
and optimal design
problems.  Examples  of
optimal control problems).
Homework assignment 2.

Laboratory
(2 hours

[1-3]

Fulfillment of
homework
assignment 2
(3 hours)

1 week

Topic 4. The scheme of
solving optimization
problems. Direct and indirect
methods.

(Formulation of optimal
control problem as nonlinear
programming problem

Lecture
(2 hours)

[1], [3]. [8],
[7]

Elaboration of
lecture
material
(4 hours)

1 week




(NPP). Optimization
methods for solution of NPP
(line search methods, trust
region methods).

Topic 4. Development of Laboratory | [4], [5], [7], | Fulfillmentof |2
algorithm for solving (2 hours | [10-12] individual | weeks
optimal contro! pro_blems for assignment 1

ODEs (appro_xmatlon of the (8 hours)

control function,

transformation of the

optimization problem into a

nonlinear programming

problem, solving the

obtained problem using

solvers of computer algebra

systems for solving direct

and nonlinear programming

problems).

Individual assignment 1.

Topic 5. Necessary Lecture [1], [3], [5], | Elaboration of | 1 week
optimality conditions (finite- (2 hours) [10] lecture
dimensional case). Lagrange material

function. Karush-Kuhn- (5 hours)

Tucker conditions.

Topic 5. Necessary | Laboratory | [1], [3], [5],| Fulfillment of | 1 week
optimality conditions for (2 hours [10-12] homework
optimization problems with assignment 2

equality and inequality (3 hours)
constraints. (Solution scheme

for optimization problems

using necessary optimality

conditions in the case of

finite-dimensional controls.

Program structure).

Homework assignment 3.

Topic 6. Formulation of Lecture [1], [5], [6], | Elaboration of | 1 week
sensitivity analysis (SA) (2 hours) [8] lecture

problems. Methods of SA material

(finite dimensional case of (3 hours)

control function).

Sensitivity analysis for
boundary value problem of
ordinary differential equation
(finite dimensional case of
control function).

(Finite diference method,
Direct differentiation
method, Adjoint method.)




Topic 6. Software | Laboratory | [3-4], [7], Fulfillment of | 2

implementation of (2 hours [11-12] individual weeks

optimization algorithm for assignment 2

solving the optimal control (7 hours)

problem of ODEs

(constraints on the control

function and state function).

Individual Assignment 2.

Topic 7. Sensitivity analysis Lecture [1-3], [6], | Elaboration of | 1 week

for PDEs of elliptic types (2 hours) [8] lecture

Finite dimensional case. material

(Approximation of control (5 hours)

and state functions. Direct

differentiation method,

Adjoint method.)

Topic 7. Module. Laboratory | [1], [6], [8] During
(2 hours the

class

Topic 8. Necessary Lecture [1-3], [5], | Elaboration of | 1 week

conditions optimality based (2 hours) [10] lecture

on Lagrangian for elliptic material

systems. Finite dimensional (4 hours)

case of control function.

Topic 8. Evaluation of the | Laboratory | [1],[3] During

individual task 2. Analysis of (2 hours the

the results. Summarizing the class

conclusions.




