MIHICTEPCTBO OCBITH I HAYKH YKPATHH
JIbBiBCHKMIT HANiOHAILHUIT yHiBepcHTeT iMeni IBana ®@panka
dakyJbTeT NPUKJIATHOI MATeMATHKH Ta iHPOPMATHKH
Kadeapa npukjaaaHoi MaTeMaTHKH

OHOBJIEHO Ta 3aTBEPIAKEHO

Ha 3aciIaHHi

kaeapy MPUKIAAHOI MATEMaTHKH
GakyneTeTy TNpPUKIATHOI MaTEMaTHKH Ta
iH(hOpMaTHKH

JIbBIBCHKOrO HALIOHAJIBHOTO YHIBEPCUTETY
iMeni [Bana @panka

(upotoxon Ne § sin /1. 4/ 2023 p.)

- 3éBi,uy ’;{Ka(benpn

___ IOpiit SILIYK

Cua0yc 3 HaBYAJIBHOI JHCUMILTIHHA
«OnTuUMi3alig CKJIAXHAX CHCTEM (AHIJIiHCHKOI0 MOBOIO)»,
mo Bukjaagaerbes B Mmexax OHII Ilpukiiagna MmaTeMaTHKA
Apyroro (MaricrepcbKoro) piBHsi BHIIOT 0CBiTH /11 3100yBa4iB

3 ceniajbpHocTi 113 — mpuK/IagHa MaTeMaTHKa

JIsgiB 2023 p.



Ha3zBa

OnTumizanis cKJIaAHUX CUCTEM (aHIIiliCbKOI0 MOBOIO)

JUCIHUILIIHA

Anpeca I'onoeuuit kopnyc JIHY im. I. ®panka
BUKJIATaHHA M. JIbBiB, Bys1. YHiBepcuTeTChKa 1
JTUCHUILIIHUA

dakyJbTeT Ta
kadenpa, 3a
SIKOIO
3aKpinjieHa
JUCHUILIIHA

dakyabpTeT NPUKIATHOT MATEMaTHKU Ta iHHOPMATHKU
Kadenpa npuknannoi matemMaTuku

I'any3b 3HaHB,
mudp Ta Ha3Ba

11 — maTeMaTHKa Ta CTaTUCTUKA
113 — npuknagHa MaTeMaTHKa

cneniajJbHOCTI
Buxaanaui [llep6aTuit Muxaitno BacunpboBud, kanauaat GisuKo-MaTeMaTHIHUX HAYK,
AU CHMILTIHA JIOIICHT Kadeapu MPUKIaHOT MAaTeMaTHKH,
KonTakTHa
indopmamis https://ami.lnu.edu.ua/employee/shcherbatyy
BUKJIAJa4iB l'onosuwmii kopmyc JIHY im. 1. @panka, kab. 278.

M. JIbBIB, ByJ1. YHIBEpCUTETChKA, |

Koncyabraunii 3

KoHcynbrallii B IeHb MPOBEIEHHS JICKIIH/Ta00paTOpHUX 3aHATH (32 MOMepe/I-

NUTAaHb HBOIO JIOMOBJICHICTIO).
HABYAHHS 1O
JUCHHUTILIIHI
BiI0yBalOTHCS
Cropinka kypcey | https://ami.Inu.edu.ua/course/optymizatsiia-skladnykh-system-pm-1-9
Ingopmanis npo | Aucuurutina «OnTuMizamis CKIaJIHUX CHCTEM (AHTJIMCBKOI0O MOBOIO)» €
AUCHUILTIHY HOPMAaTHUBHOIO HAaBYAJILHOI JUCIMILIIHOIO 31 creniaabHocTi 113 — npukiagHa
maremaruka uis OHIT «I[IpuknagHa maremarukay (TpuBanicth HaB4aHHs 1.9),
sKa BUKJIAJAEThCS B 3-My CEMECTpi B 00cCs31 6-Tu KpeauTiB (3a €BponeiicbKoro
KpenutHo-Tpanchepnoro Cucremoro ECTS).
Koporka Jlanuii Kypc CTOCYEThCS TIOCTAHOBKM 3aja4 OINTHUMI3allll CKIAJHUX CHCTEM,
aHoTalis MOBE/IHKA SKUX OMHUCYEThCS 3BUYAHUMH Ju]epeHIlialbHUMU PIBHAHHSAMU Ta
JUCIHHILIIHA PIBHSIHHSIMU B YaCTHHHUX MOXITHUX. JlJIsi po3B’si3yBaHHS 3adad ONTHUMI3allii

PO3TJISSHYTO YMCEIbHI METOJM, SIKI 0a3yloThbCsd Ha MHPSIMOMY 1 HENpSIMOMY
nigxoaax. [IpuBeneHO CIIBBIAHOIICHHS aHAai3y YyTIUBOCTI B JIUCKPETHOMY i
HenepepBHOMY (OpPMYJIIOBaHHI, SIKI OTPUMAHO 3 JIOTIOMOTOI0 PI3HMX METOJIB.
OtpumaHO HeoOXi/HI YMOBH ONTHUMAJIBHOCTI MEPUIOrO MOPSAAKY AJS BUIAAKY
CKIHYCHHOBHMIPDHMX Ta  HEMEepepBHUX  KepyBaHb. [lpukmamm  3amay
(3acTocyBaHb) 13 pi3HUX Tany3el IeMOHCTPYIOTh MaTepial JaHOTO KYpCy.

MeTta Ta miji
JUCIHHILIIHA

Merta Ta 111 Kypcy - HaBUUTH CTYIEHTIB:

e (opMmyIIOBaTH 3a/1a4i ONTHMAILHOTO KepyBaHHs (3a1a4i onTUMI3aIlii) aIst
CUCTEM, IOBEAIHKA SKUX OIUCYEThCS 3BUYAWHUMHU AudepeHIialbHUMU
PIBHSHHSIMU Ta PIBHAHHAMU B YaCTMHHUX MOX1/IHUX;
3amucyBaTH HEOOX1/1HI YMOBH ONTUMAJIbHOCTI;

OyayBaTH CXeMH pO3B’sI3yBaHHSA 33J]a4 ONTUMAJIBLHOTO KEPYyBaHHS:
MPOBOAMTH aHANI3 YyTJIUBOCTI,
BUKOPHCTOBYBAaTH MOJJIMBOCTI CUCTEM KOMIT IOTEPHOI MaTeMaTHKH (Harip.

Matlab, Octave) ans po3s’si3yBanHs chOpPMYIHOBaHUX 3a7a4 ONMTHMI3AIli1.

Jlirepatypa nas
BHBYCHHSA
JUCIHUILIIHA

OcHoBHa JiTepaTypa
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



mailto:mykhaylo.shcherbatyy@lnu.edu.ua
https://ami.lnu.edu.ua/employee/shcherbatyy

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. Aroral.S., Introduction to Optimum Design. Elsevier Inc., 2017.

6. Quarteroni A. Numerical Models for Differential Problems. Springer,
2017.

Jonarkosa jgiteparypa

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

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

9. Shcherbatyy M.V. Sensitivity analysis for one-dimensional semilinear
partial differential equations. // Bicumk KuiBcbKOro HarioHaJIbHOTO
yHiBepcurery imeHi Tapaca IlleBuenka, Cepisi: ¢i3uko-mareMaTuyHi
Hayku. — 2017. — Ne2. — C. 157-164.

10. Hakoneunwii O.I'. Onmumanvre xepysanHs ma oyiHiO8aAHHs 8 PIGHAHHSX 13
yacmunnumu noxionumu.: Haeuanvnuii nocionux. K.: BIIL "KwuiBcbkuii
yniBepcuret", 2004.

11. beiiko 1.B., 3inbko I1.M., Hakoneunuii O.I". 3aoaui, memoou i arcopummu
onmumizayii. Hasuanvnuit nocionux. Pipue, 2011.

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

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

14. https://optpde.math.uni-hamburg.de/

Oo6csar kypey 3aranbauii 06csar: 180 ronun. AyauTopHux 3aHsTh: 64 ron., 3 HUX 32 TOAMHH
nekii ta 32 rogun gaboparopHux po6iT. CamocriitHoi poboTu: 116 rox.
OuikyBani B pezynomami eusuenns 0anoeo Kypcy cmyoenm 6yoe:
pesyIbTaTh 3HATHU: TIOCTAHOBKHU 3aJla4 ONITUMAJIBHOI'O KCPYBAHHA CKIAAHUX CHUCTEM 3
HABYAHHSA

OOMEXEHHSIMH y BHUIVIAJI CHUCTEM 3BMYAMHMX Ju(epeHIiaIbHUX pIBHAHb 1
PIBHSIHb B YaCTHMHHUX IMOXIJIHHUX; YUCJIOBI CXEMHU PO3B’S3YBaHHS BIIMOBITHUX
3aJa4 ONTUMAJILHOTO KEPYBaHHS.

BMiTH:

dopMyIntoBaTH 3a/ayl ONTUMAIBHOIO KEPYBaHHS 3 OOMEKEHHSAMHU Y
BUTJISAI CHCTEM 3BUYAWHUX JU(EpeHIiaIbHUX pIBHAHb 1 PIBHAHb B
YACTUHHUX TOXIJHUX; 3alUCyBaTH BIIMOBIIHI 3a7a4l y pO3IIMPEHOMY Ta
CKOpOUYEHOMY (HhOPMYJITIOBAaHHSIX;

3allMCYBaTH HEOOXIHI YMOBHM ONTHMAJbHOCTI TEpIIOr0 TOPSJIKY B
JMCKPETHIH Ta HemepepBHill Gpopmi;

OyAayBaTH aJIrOpUTMHM JUIi PO3B’SA3yBaHHS C(HOPMYJIbOBAHUX 3ajlay;
HUIIXOM ampokcumanii (GyHKUIH KepyBaHHsS MPHUBOIUTH JaHi 3ajadi 1o
3aj1a4 HEeJHIIHOr0 MaTeMaTUYHOr 0 MPOrpaMyBaHHS;

OTPUMYBATH CIiBBIAHOIIECHHS i1 OOYUCIIEHHS KOE]III€HTIB YyTIUBOCTI 3
BUKOPUCTAHHSAM PI3HUX MIAXOAIB (IPSAMOro MeTony AuQepeHLiOBaHHS,
METOAY CIpPSDKEHUX 3MIHHMX, JUCKPETHE Ta HerepepBHE (HOpMYITIOBaHHS);
OyayBatu e(eKTUBHI aITOPUTMU OOYUCIIEHHS KOe(IlI€HTIB Uy TIUBOCTI.

Kypc 3a0e3medyye HaOYTTs TaKHX KOMIIETEHTHOCTell Ta NPOrpaMHMX



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

pe3yJbTATiB HABYAHHS:
3aranbHi komnerenTHocti (3K):

- 3KO0I. 3gatHicTh A0 aOCTPAKTHOTO MUCIICHHS, aHAITI3y Ta CUHTE3Y.
- 3KO06. 3parHicTh CHUIKYBaTHCS iHO3€MHOIO MOBOIO 3 MpodeciiiHux
MUTaHb K YCHO, TaK 1 MACHMOBO.

®axoBi koMneTeHTHOCTI cneniajabHocTi (PK):

- ©®KO1. 3HaHHs NPUHIUIIB MTOOYI0OBH MaTEeMAaTHYHUX MOJIEICH, a TAKOXK
METO/IIB iX pO3B’s3yBaHHS.

- ©®KO02. 3HaHHS METOJIB TEOPETHYHOIO aHAJI3y MAaTeMaTHYHUX
MOJCIICH.

- ©®KO03. 3HaHHs IPUHIHUITB ONITUMAIBHOTO KEPYBaHHS.

- ®KO05. 3patHicTh pO3pOOJIATH Ta ONTHMI30BYBaTH KOMII IOTEpHI
Mporpamu 31 CKJIaTHOKO JIOTIKOO.

IIporpamui pe3y.ibTaTH HABYAHHA:

- IIPHO1. IlpoBoauTH TEOpETUUHUI aHATI3 MAaTEMAaTUYHUX MOJICIICH.

- IIPHO2. 3actocoByBaTH, MoauGiKyBaTH i JOCTIHKYBAaTH aHATITUYHI Ta
YHCeNbHI METOAM Uil PO3B’SI3yBaHHS CKJIAJHUX NMPUKIATHUX 3a/a4.

- TIPHO3. Po3pobmaTi Ta MporpaMHO  peasi3oByBaTH  aJTOPUTMH
PO3B’A3yBaHHS CKJIQJHUX MPUKIIAAHUX 3aau.

- [IPHO4. Bu3znauatu  HaiiOuTbIl  e(EKTUBHUA  YHCEIBHUHA  METOJ
pPO3B’A3yBaHHS 337ayl 3 TOYKU 30py OOUMCIIOBAJIBHUX 3aTpaT Ta
TOYHOCTI OTPUMAHMX PE3yJIbTATiB.

- [IPHO6. ChinkyBaTHcsl 1HO3€MHOIO MOBOIO SIK YCHO, TaK 1 IMHUCbMOBO
npu 00roBOpeHHI MPOo(eCiifHUX MUTaHb Ta MPOBEICHHI JOCIIIKECHb.

KuarouoBsi ci1ioBa

3agaua ONTUMAIBHOTO KePyBaHH:, KPUTEPI onTUMi3alii, GyHKIis KepyBaHHS,
MHOXHHA JOIYCTUMHX KepyBaHb, 337jaya ONTUMAaJIbHOI'O IPOEKTYBaHHS, 3aa4a
imeHTudikamnii mapaMeTpi, ckopodeHa (opma 3amadi onTUMI3aIii; mpami i
HenpsiMi  METOAM PpO3B’sI3yBaHHSA 3ajad ONTUMi3alii, HeoOXiJHI yMOBH
ontuMmaneHocTi  (ymoBu  Kapyma-Kyna-Takepa), aHami3  4yTJIMBOCTI,
KOC(IIIEHTH YyTJIMBOCTI, MpsIMUA MeToJ  JU(EpPEeHIIIOBaHHS, METO]
CIPSKEHUX 3MIHHHX.

®opmat kypey | Ounuil, UcTaHIiHUN
[TpoBeneHHs nekuiil, 1adopaTopHUX poOIT 1 KOHCYIbTALIIH.
Temu [Tonano Huxkye y Tabnumi Cxema kypey “Ontumiszanis CKiIaJHUX cUCTEM
HincymkoBmuii Ex3amen
KOHTPOJIb,
¢popma
IIpepexBizutn | J{715 BUBYEHHS JaHOTO KYpCY CTYJIEHTH MOTpeOyr0oTh 0a30BUX 3HAHb 3 KypCIB:

- MareMaTnuHMi aHai3;

- JliniiiHa anre6pa;

- Meroau onTuMi3ariii;

- JludepenmianbHi piBHAHHS;

- PiBHsHHA MaTeMaTHuHOI (i3UKH;

- @OyHKUIOHAIBHUN aHAaI3;

- YucenpHl METOIH,

- Cucrem xomm’rotepHoi maremaruku (Hamp., Matlab, Octave) a6o
010;110TeK YMCEIbHUX METOJIB IHIIMX NPOTPaMHHUX MPOAYKTIB (HAIp.




NumPy mst Python).

HaBuaabhi me-
TOAM TAa TeXHIKH,
sIKi OyayTh BH-
KOpPHCTOBYBA-
THCS i yac
BHUKJIAJIaHHS

Kypcy

[Tpe3enTartii, j1ekuii, MaTepiaiu J1abOpaTOPHUX 3aHAThH
JlomanrHi Ta iHAMBIAyalbHI 3aBIaHHS

HeoOxinne 00-
JAAHAHHA

Komm’torep i3 oani€ero i3 cucteM KoM toreproi matemaruku (Matlab, Octave)
ab0 TporpaMHUN TPOAYKT 13 HAIBHUMH O10JIOTEKAMH YHCEIbHUX METO/IiB
PO3B’sI3yBaHHS CUCTEM 3BHYAWHUX JH(epeHlialbHUX pIBHSAHb, DPIBHAHb B
YAaCTHHHUX ITOXIJTHUX, METOIIB OIITHMIi3allii.

Kpwurepii oui-
HIOBaHHA (OK-
peMo I KOXK-
HOT'O0 BH/1Y HAaB-
YaJIbHOI AifJIb-
HOCTI)

OninroBanHs poBoUTHCA 32 100-6aIbHOI0 MIKATIOH0.

Oninka 3a MKAaJ010 Oninka B Oninka 3a HaAiOHAJILHOIO IKAJIOI0
ECTS 0asax Ex3amen,
audepenniiioBaHui 3aJiK
3aJIK

A BigMiaaO 100 - 90 BigmigHO 5
B Hyxe nobpe 81- 89

Jobpe 4
C Ho6pe 71 -80 3apaxoBaHO
D 3a10BUILHO 61-70 3aJ10BUIBHO 3
E JlocTarHbo 51- 60
FX He3agoBuipHO 0-50 He3anoBuisHO 2 He
(F) 3apaxoBaHO

IMoTo4yHe ONIHIOBAHHS: BIIPOIOBXK
OauiB.

banu HapaxoByIOThCS 32 HACTYITHUM CITiBBITHOILICHHSIM:

* moManrHi 3aBaaHHs : 12% ceMecTpoBOi OIIHKHM; MaKCHUMaJIbHA KiJIbKICTh OaliB
12 ( 4 3aBmanns; 3, 3, 2, 4 6ann);

* IHIUBIAYyadbHI 3aBAaHHA : 28% ceMecTpOBOi OLIIHKU; MaKCUMaJIbHA KIJIbKICTh
OaumiB 28 (4 3aBmanHs 110 5, 5, 8, 10 6aiB);

* KOHTPOJBHI 3amipu (Moayii): 10% ceMecTpoBOi OILIHKH; MaKCUMalbHa KUTb-
kictb 6aniB 10 (1 moaynb, 10 Gaiis).

CCMECTPY CTYHACHT MOXKE OTpHUMATHU 50

ITincymKoBe OLiHIOBAHHS TIPOBOAUTHCS Y BUTJISAI MHCHbMOBOTO €K3aMEHY Ha
50 GamniB: 1Ba TEOPETUYHUX MUTAHHSA 1O 15 GaniB Ta OJHE MPaKTUYHE 3aBJaHHS
Ha 20 Gais.

3aranom npotsirom cemectpy 100 Garis.

Jlnst KOKHOTO 3aB/IaHHS BCTAHOBJICHO TEPMIHM 37adi. 3aBJIaHHS, SIKI 3af0THCSA
13 MOpYIIEHHSM TEepMiHIB 0€3 MOBaXHMX INPUYHMH, OLIHIOIOTHCS Ha HIKYY
OIIIHKY.

KpuTrepii ouiHIOBaHHA JOMamIHIX Ta iHAUBIAYyaJbLHUX 3aBAaHb. 32 KOXHE
3aBJIaHHs CTYJEHT OTpuUMye SZ GaiiB, IKi 00UUCITIOETHCA 32 (POPMYIIOIO

SZ=S*k,




ne k — koedinient Bukonanns 3ananns, k € [0,1], S — MmakcuManbHe KiIbKiCTh
OaJriB 3a JaHE 3aBJAHHA.

K — koedirieHT Kpurepii oninroBanus
BHUKOHAHHS
3aBJIaHHSI

CTylleHT TIOBHICTIO BHKOHAaB yMOBHU 3aBJIaHHS;
k € [0.9,1] QITOPUTM pEali30BaHO IMPaBUJILHO; BIJAINOBiJAE Ha
NPaKTUYHO Ha BC1 3alUTaHHS, MOB'S3aHI 3 TEMaTHKOO
3aBJaHHS; MPOBOJUTH YITKUK aHaNi3 Ta MOPIBHIHHSI
OTPUMAaHUX Pe3yJIbTATIB.

CTyIeHT TIOBHICTIO BHKOHAB yYMOBHM 3aBJaHHS;
k €10.7,0.9) QJITOPUTM PEATI30BaHO MIPABUIILHO; Ha JEAKi IIUTAHHS,
MOB'A3aHI 3 TEMATUKOIO 3aBIaHHA, BIAMNOBIZac 3
HE3HAYHUMHU  HETOYHOCTAMHM; IPOBOJWTH  aHAIi3
OTPHMaHHUX pe3ysbTaTiB 3 HE3HAYHUMHU
HETOYHOCTSAMHU.

CTyseHT BUKOHAB  3aBJAHHS 3  HE3HAYHUMU
k €[0.5,0.7) MIOMHJIKAMH, ajleé CaMOCTIHHO iX BHIIPaBJISI€, SKIIO Ha
HUX BKa)XkKe BUKJIA/1a4; HA €Ki 3alIMTAHHS, [TOB's3aHI 3
TEMAaTUKOIO0 3aBJaHHS, BIANOBiZa€ 3 HETOYHOCTSAMU;
IPOBOAUTL  aHANi3 OTPUMAHUX  PE3YJIbTaTiB 3
HETOYHOCTSIMH.

CTyneHT BHKOHAB 3aBJaHHS YaCTKOBO; allTOPUTM
k € [0_3’0_5) peasli3oBaHO 3 TOMWJIKAMH, $IKI YacTKOBO MOKeE
BUINPABUTH, SIKII0O HAa HHUX BKaXXe BUKIAIA4, Ha
3amUTaHHS BIANOBIZAE 3 TOMHUJIKAMH, MPOBOJUTH
aHaJi3 OTPUMAHUX Pe3yJIbTATIB 3 MIOMUIKAMHU.

CTyleHT BHKOHAB 3aBJaHHS 4YaCTKOBO, A&JITOPUTM
k €10.1,0.3) peani3oBaHO 3 MOMMJIKAMH, SIKi CAMOCTIHHO HE MOXe
BUIIPABUTH; IEPEBAKHO HE BI/MOBIZA€ HA 3alIUTAHHSL.

CrTyaeHT BUKOHAB 3aBJIaHHS 4acTKOBO a0o0 3 rpyOuMu
k € (0,0.1) MOMUJIKAMH, SIKI CaMOCTIHHO HE MOKE BHIIPABHUTH;
JIEMOHCTPY€ HE3HAHHS MaTepiaiy.

k=0 CTyeHT He BUKOHAB 3aBJIaHHS.

KpuTepii oniHIOBaHHS 3aBIaHb MOAYJISl TA €K3aMEHY:

Monayab Ex3amen Kpurepii oninoBanus
(10 6aiB) (50 6aiB)

9-10 6aniB | 45-50 6aniB | CTyaeHT BUIBHO  BOJIOJI€  HaBYAIbHHUM
MaTepiajiom; YiITKO  pPO3KpPHBAE  3MICT
TEOPETUYHUX MUTAaHb; TNPABWIBHO BUKOHAB
MPAKTUYHI 3aBIaHHS

7-8 6axiB 36-44 6anmu | CtyneHT  joOpe  BOJIOJIE€  HAaBYAIBHHM

MarepiajoM; pO3KpHUBAE TOBHICTIO  3MICT




TEOPETUYHUX  NHUTaHb 3  HE3HAUYHUMH
HETOYHOCTSIMU; BUKOHAB MPAKTUYHI 3aBJaHHS
3 HE3HAUHUMH MOMWIKaMHU (Ha KiHIIEBOMY
eTami), aje ajJrOpuUTM pPO3B’S3yBaHHS 3HAE 1
BMi€ HOT0 3aCTOCOBYBATH.

5-6 0axaiB 26-35 6aniB | CtyaeHT BOJIO/i€ HABYAIBPHUM MaTepiajJoM Ha
JOCTaTHBOMY  DiBHI,  PO3KpPHBa€E  3MICT
TEOPETUYHUX NHUTaHb HEBUYEPIHO Ta 3
HETOYHOCTSIMU, BUHUKAIOTh TPYIHOLI Mix 4ac
aHai3y Marepially; TpaKTHYHI 3aBJaHHSA
BHUKOHAB 13 TIOMUJIKAMH, aITOPUTM BUKOHAHHSI,
B OCHOBHOMY, 3HAE€.

1-4 6anu 1-25 6aniB | CtyaeHT  YacTKOBO  3HA€  TCOPETUUHHUI
Matepian (OCHOBHI TOHATTS, TBEPKEHHS,
HECKJIaJIHI ~ aJTOpPUTMH), PO3KPHUBAE 3MICT
NUTaHb 31 3HAYHUMH TIOMUJIKAMH; BUKOHaB
JUIIe  YacTUHY NPAKTHYHUX 3aBlaHb a0o

IIOBHICTIO, aJie 31 3HAYHUMU [TOMHJIKAMH.

0 6auiB CryneHT He BOJIOJIi€ HAaBYAJIbHUM MaTepialioM i
HE BUKOHAB 3aBJ/IaHHS.

AxaneMmiyHa 100podecHicThb: OUiKyeThCs, IO POOOTH CTYAEHTIB OyIyTh iX
OpUTTHAJIILHUMU JOCITIKEHHSIMHU YU MIpKYBaHHSIMH. BiJICyTHICTh OCUIIaHb HA
BUKOPHUCTaHI JpKepena, (paOpuKyBaHHS JDKEpell, CIHCYyBaHHS, BTPYYaHHS B
poOOTYy IHIIMX CTYJIEHTIB CTAHOBJATH, aje HE OOMEXYIOTb, MPUKIAAH
MOJKJIMBOI aKaJeMidHOT HeZ0OpOYeCcHOCTI. BusSBICHHS O3HAK akaaeMigyHOL
HEOOPOYECHOCTI B MHUCHBMOBIM pOOOTI CTyAE€HTa € MiACTaBOW JUIs il
He3apaxyBaHHs BHKJIaZauyeM, HE3aJICKHO Bl MacITabiB mariaTy 4yu oOMaHy.
BiaBinaHHsi 3aHATH € Ba)XXJIMBOIO CKJIAJOBOIO0 HaBYaHHA. OYiKyeThCs, IO BCl
CTYJEHTH BIABIAAIOTH YCl JIEKIIl Ta JiabopaTopHi 3alHATTS Kypcy. CTyIaeHTH
NOBMHHI 1H(QOpMYyBaTH BHKJIaJaya MPO HEMOXJIMBICTh BIJIBIJAaTH 3aHATTA. Y
OyIlb-IKOMY BHUIIQJIKy CTYJIEHTH 3000B’S3aH1 JOTPUMYBATHCS TEPMIHIB BHU3-
HaueHUX I BHUKOHAaHHS JIOMAIHIX Ta IHAUBIAyaJbHUX 3aBJaHb,
nepeadavyeHuX KypCcoM.

Jlitepatypa. Ycs miteparypa, sIKy CTYJEHTH HE 3MOXXYTb 3HAWTH CaMOCTIHHO,
Oyle HaJaHa BUKJIAJayeM BHMKIIOYHO B OCBITHIX LUIAX Oe3 mpasa ii mepenaui
TpeTiM ocobaM. CTyHEeHTH 3a0XOUYIOTbCS O BHUKOPUCTAHHS TaKoXK W IHIIOL
JTepaTypu Ta JHKEpE, SKHX HEMae cepell peKOMEHIOBaHUX.

[ToniTuka BucTaBJeHHs 0ajiB. BpaxoBytoTbcst 6anu HaOpaHi MpU MOTOYHOMY
TECTyBaHHI Ta caMoCTilHii poOoti. [Ipu nbomMy 000B’SI3KOBO BpPaxOBYIOTHCS
INPUCYTHICTh Ha 3aHATTAX Ta AaKTUBHICTh CTYyJEHTa MiJ 4Yac MNPAKTUYHOIO
3aHATTS; HENOMYCTUMICTh MPOITYCKIB Ta 3alli3HEHb Ha 3aHATTS; KOPHUCTYBaHHS
MOOITEHUM TeNe(pOHOM, TUIAHIIETOM YU IHIIUMH MOOUTBHUMH MPUCTPOSIMU 1]
Yac 3aHATTSA B LUIAX HE IOB’SI3aHMX 3 HABUAHHIM; CIIMCYBaHHS Ta IUIariat;
HECBOE€YACHE BUKOHAHHSI TIOCTABJIEHOTO 3aBJaHHS 1 T. 1H.

XKonHi popmu nopyiIeHHs aKaJAeMI4HO1 T00POYECHOCTI HE TOJIEPYIOThCSI.

ITuTannsa no
3aJIIKY 4H
eK3aMeHy.

1. Bcryn Ta npukiaau 3agad oNTHUMI3ali.

2. 3arampHa MOCTaHOBKA 3a7a4 ontumizailii. CkopoyeHe GpopMyTroBaHHS.

3. TlocraHoBKa 3aja4 ONTHUMI3AIlil JJIsT CHCTEM, SIKi OITUCYIOThCS 3a/1adaMHu
Ko ayist cucrem 3BuuaiiHux audepenuianbHux piBHsaHb (C3P).




No ok

10.

11.

12.

13.
14.
15.
16.
17.
18.
19.

20.

21.

22.

[TocTanoBKka 3aga4 oNTUMI3AIIIT JJISI CHCTEM EIIIITUYHOTO THITY.
[TocranoBka 3a1a4 onTUMi3alii JIsi CHCTEM MapaOOIIYHOTO THUITY.
[TocTanoBka 3ama4 imeHTudikaiii mapameTpis.

Cxema po3B’si3aHHs 3a/1a4 ontuMizaii. [Ipsmi Ta Henpsmi meTonn
(cmouaTky JUCKPETHU3YH — MOTIM ONTHUMI3YH; CIOYaTKy ONTUMI3YH — IOTIM
JUCKPETU3YH).

[IpuBeneHHs 3aaa4i ONTUMAIBLHOTO KEPyBaHHS JI0 3a7a4i HeJIIHIHHOTO
MaTeMaTHYHOTO MTPOrpaMyBaHHSI.

Knacudikarist MmeTomiB ontumizaiii (MeTOAM HAMIIBUAIIOTO CITYCKY,
Meroau tuny HeroToHa).

Heo06ximHi yMOBH ONTUMAIBHOCT] Y BUMAJIKY CKIHUCHHOBUMIPHUX
kepyBanb (pynkuis Jlarpamka/Jlarpamkian, ymou Kapyma-Kyna-
Takkepa).

3amadi yMOBHOI onTUMi3allii 3 0OMEXEHHSIMH y BUTJIAI piBHOCTEH Ta
HEpIBHOCTEH.

[TocranoBka 3agau anamnizy uyTiauBocTi (AYH). Meroau AY (Bumamok
CKIHYCHHOBHUMIpHOTO KepyBaHH:). [Ipsamuii MmeTo audepeHIitoBaHHS.
Mertoa cupspKeHHX 3MiHHHX.

AU s kpalioBOi 3314l 111 3BUYAHHOTO JU(PEPEHITIATBHOTO PIBHIHHS
JPYyTOTro MOPSAKY, BUMAI0K CKIHUCHHOBUMIPHOTO KEPYBaHHSI.

AHai3 4yTJIMBOCTI B 33J]a4aX ONTUMAJILHOTO KePYBaHHS CUCTEMaMHU
NN THYHOTO THITY.

HeoOxiaHi yMOBHM ONTUMANBHOCTI Ha OCHOBI Jlarpanxiany B cucremax
eNninTUaHoro TUMy. CKiHYeHHOBUMIPHHIA BUNIAIOK (QYHKIIIT KepyBaHHS.
HudepenuiiioBanicTh y 6aHaxoBux mpoctopax. CrpsikeHi oneparopu Ta
CHIpsKEHI (YHKITI].

AHai3 4yTJIIMBOCTI Y HECKIHUEHHOBUMIPHUX MpocTopax. MeTo 1 mpsiMoro
nuQepeHIiroBaHas. MeTo1 CipsHKeHUX (PyHKITIH.

AHaJi3 4yTIIMBOCTI B oyaTKOBHX 3amayax st C31P.

AHaii3 4yTJIIMBOCTI METOZIOM CIPSDKEHUX (DYHKITIH Ui 3a1a4
ONTUMAJILHOTO KepyBaHHs €MINTUYHUMHU Ta MapabOIIYHUMU CUCTEMAMH 3
KBa/IpaTUYHUM KPUTEPIEM ONTUMI3alii

AHai3 YyTJIMBOCTI METOJIOM CIpPsDKEHUX (DYHKIIIM Ha OCHOBI
Jlarpanxkiany. 3actocyBanHs Jlarpankiany 3a/1a4 ONTUMAIBHOTO
KepyBaHHs 3agauamu Ko [uig cuctem 3BUYaiiHUX AuQepeHIiaTbHIX
PIBHSHb.

ITepaniitnuii mpoiec po3B'si3aHHA 3a/1a4l ONTUMAIBHOTO KePYBaHHS
(miaxig Ha OCHOBI aHaNI3y YYTIMBOCTI, MIAX1J HAa OCHOBI (PyHKIIIi
Jlarpanxa

JlocTaTHi YMOBHU ONTUMAIbHOCTI APYTOTO MOPSIAKY.

OnuryBanusn

AHKeTy-OLIIHKY 3 METOI0 OI[IHIOBaHHS SIKOCTI Kypcy OyJe HaJgaHO IO 3aBep-
LIEHHIO KYpCYy.




Cxema kypcy «OnTumizanisi CKJIAJTHUX CHCTEM)

Tuxk.

Tema, nj1aH, KOPOTKi Te3n

dopma
TiTIHLHOCTI
(3aHATTH)

JlirepaTtypa,
Pecypcu B
iHTepHeTi

3aBaan
HS, TO.

Tepmin
BUKOHAH
HS

Tema 1. Beryn ta npuxiiagu
3a7a4 onrTuMizarii. 3arajibHa
MMOCTaHOBKA 3ama4
onTUMi3arii (Ocnosni
CKA008i 3a0a4 onmumizayii.
Ckopouene  opmyniosanms
3a0ay onmumizayii).

Jlekis,
CamocriiiHa
poboTta

[1-5]

2
3

1
THXKCHb

Tema 1. IloctanoBka 3amau
onTHUMi3aIil CKJIQJTHUX
CUCTEM. Posmmmpene  Ta
CKOpouYeHEe  (HOpMYITIOBAHHS.
(Baoaui ONMUMATLHO20
Kepy8aHHs ma 3a0a4i
ONMUMATLHO20
NPOEKMYBAHHS. Ocnoeni
emanu npu  Gopmynoeanui
3a0aui onmumizayii.
Ipuknaou 3a0au
onmumizayii. Consepu
cucmem
mMamemamuxu (Ha NPUKIAOL
Matlab/Octave) ons
PO38’A3)6aHH S 3a0au
HENIHIUHO20 MameMamu4Ho20
npocpamy8anis (HMII).
Ipuxnaou BUKOPUCMAHHSA
BIONOBIOHUX ~ consepié 00
D038 ’513)8AHH L
CKIHYEeHHOBUMIDHUX
ONMUMATLHO20
NPOEKMYSaHHsL).

3a0ay

KOMN tomepHoi

JlaGopaTopHa
CamocriitHa
pobora

[1-5],
[13]

[12],

N

1

THOKJICHD

Tema 2. IlocraHoBka 3amad
OIITHIMI3AIIil JJIT CUCTEM, SKi
OMmUCYIOThCS 3amadyamMu Kol
JUTSE CHCTEM 3BUYaHHUX
IuQepeHIiaTbHuX ~ pIBHSAHB
(C34P).
ITocTtanoBka
omnTuMizamii g
ENINTUYHOTO TUTTY.
(Inmeepanvhi, noxanvui ma
MOYKO8l  XAPAKMEPUCMUKU.
Ckopouene  popmyniosanms
3a0ay ONMUMANLHO20
kepysanus. Ilpuxnaou 3adau
ONMUMATLHO2O KepyeaHHs
onn  C3JP ma cucmem
eNNMUYHO20 muny.)

3aaad
CHUCTEM

Jlekinis,
CamocrTiiiHa
poboTta

[4]! [8]! [1'3]1
[10]

N

1

TIKICHD

Tema 2. ®opmynroBaHHA

JlaGopaTopHa

[41, [7], [12],




3a1a4y ONTUMAJILHOTO
kepyBanHs st C3/IP. Bubip
¢byukmiii  kepyBanHsa. BuoOip
XapaKTePUCTHK CUCTEMH.
Bubip KpUTEPito METH.
(Consepu cucmem
KOMN TOMepHOi Mamemamuxu
(na npuxnaoi Matlab/Octave)
onsi poszs’asyeanus  C3J[P.
Obuucnenns xapaxmepucmuk
(pyukyionanis)
PO32140Y8anHUX  cucmem 3
BUKOPUCMAHHAM — (YHHKYIU
Kepy6amHs ma  po38 A3Ki8
3a0au  amanizy  (QyHxyiu
cmany)).

Homawne 3a60annsn 1.

CamocriitHa
pobora

[13]

THXKIEHD

Tema 3. IlocranoBka 3amay
omTuMizamii gL CHUCTEM
napaboTiyHOTO THUITY.
[TocranoBka 3a/1a4y
imenTudikamnii mapamerpis.

(Inmeepanvhi, noxanvui ma
MOYKOBI  XAPAKMEPUCUKU.
Ckopouene  opmyniosanns
3a0ay ONMUMATLHO2O
kepyeanus. Ilpukiaou 3adau
ONMUMANTLHO20 KepyBaHHsl)

Jlexinis,
Camocriiina
pobora

[1-3]

N

1
THXKCHb

Tema 3. ®opmyntoBaHHA
3a1a4 omtumizamii A
CHUCTEM  eJNINTHUYHOIO  Ta
napabosiunoro tumis. (Bubip
@yukyiti  xepysauns. Bubip
Xapakmepucmuk  CUCMEMU.
Bubip  kpumepito  memu.
3aoaui ONMUMATLHO20
KepyBamHsl ma 3a0aui
ONMUMAIbHO20
NPOEKMYBAHHS. Ipuxnaou
3a0au ONMUMATLHO20
Kepy8aHHs)

Jomawne 3a60annsn 2.

JlaGopaTopHa
CamocriitHa
pobora

[1-3]

N

1

THOKJICHD

Tema 4. Cxema po3B’si3aHHSA
3amaq onrtuMizamii. IIpsmi ta
HENpsIMi METO/IH.

(IIpusedenns 3a0aui
ONMUMANLHO20 KePYBAHHS 00
3a0auyi HeNIHILHO020
MamemamuyHo2o

Nnpocpamy8aHHsl (HMII).
Memoou po38’a3ysanns 3a0au
HMII- Memoou
Hatueuou 020 CRYCKY,

memoou muny Horomona)

Jlekinis,
CamocrTiiiHa
poboTta

[1], [3], [5]. [7]

N

1

TIKICHD




Tema 4. Po3pobxka
AIrOPUTMY pO3B’sI3yBaHHS
3a1a4y ONTUMAJILHOTO
KEpyBaHHsS Ul MOJEIEH y
Burisagi C3/IP (anpoxcumayisn
@yHryii Kepy6aHHsl,
npuseoeHHs 3a0aui
onmumizayii 00 3a0aui
HMII, D038 ’513y8AHHS
OMpUMAHOT 3a0ayi 3
BUKOPUCMAHHAM coneepia
CKM  ona  po3g’asysanmus
npAMuUx 3a0ay  ma 3a0au
HMII).

Inougioyanvne 3a60anns 1.

JlaGopaTopHa

CamocriiiHa
poboTta

[4], [5], [7],
[11-13]

2 THXHI

Tema 5. HeoOximHi yMoBH
ONTUMAJILHOCTI
(CKiHUEHHOBUMIpHUH
BHIAJIOK). OyHKIIISA
Jlarpanxka. YmoBu Kapoma-
Kyna-Takepa.

Jlekis,
CamocriiiHa
pobora

[1], 31, [5],
[11]

1
THXKCHb

Tema 5. HeoOximHi yMoBH
ONTHUMAJBHOCTI NS 3a/1a4y
onTUMizamii 3 OOMEKEHHIMHU
PIBHOCTSMH 1 HEPIBHOCTSIMH.
(Cxema poss’szanns  3a0au
onmumizayii 3
BUKOPUCMAHHAM — HEO0OXIOHUX
VMO8  ONMUMANbHOCMI Y
BUNAOKY  CKIHYUEHHOBUMIDHUX
Kepy8aHb. Cmpyxkmypa
npozpamu).

Homawne 3as0anna 3.

JlabopaTopna

CamocriitHa
pobora

[1], [31. [5]
[11-13]

1
THXCHb

Tema 6. IlocranoBka 3amad
a”Hamizy uymiuBocTi  (AY).
Metonun AY (BuMaIOK
CKIHYEHHOBHMIPHOTO
KEepyBaHHS).

AY nns xpaifoBoi 3amadi Amns
3BUYAHOTO
IU(epeHIiaTbHOTO PIBHAHHS
JAPyroro TOpPsAKY, (BUMagoK
CKIHYEHHOBHMIPHOTO
KEepyBaHHS).

(Memoo cxinuenux pizHuys,
npAmMu Memoo
oughepenyioeanus,  mMemoo
CHPANCEHUX 3MIHHUX.)

Jlekinis,
CaMocrTiiiHa
pobora

[1]1, [5], [7], [®]

N

1
THXCHb

Tema 6. [Iporpamua
peaiizartis ITOPUTMY
ornTuMizarii TUTS
pO3B’sI3yBaHHS 3amaqi
ONTUMAJBLHOTO KEepyBaHHS B
C3/1p (oOMexeHHs Ha

JlaGopaTopHa

CamocriitHa
pobora

[3-4], [8], [12-
13]

2 TUXHI




byHKmii KepyBaHHS Ta
GyHKIIIT TOBEIIHKUA CUCTEMH).
Inougioyanvne 3a60anns 2.

7 Tema 7. Anani3 uytiauBocTi B | Jlekiis, [1-3], [7]. [9] 2 1
cucremax emnrtudHoro Tumy. | CaMmocTiitHa 6 THXKIECHD
CKiIHYEHHOBUMIPHUHT pobora
BHITAJIOK.

(/uckpemuzayis QDynxyii

Kepy68anHs ma @yHryii

cmany. Ipsamuit  memoo

oughepenyioeanus,  Memoo

CIPANCEHUX 3MIHHUX)

Tema 7. Cemectposa | Jlaboparopua | [1], [7], [9] 2 1
KOHTpPOJIbHA po0OTAa. THXKJICHD

8 Tema 8. HeoOxinui ymoBu | Jlekuis, [1-3], [5], [11] |2 1
onTuMaibHOCTI Ha ocHOBi | CaMocTiiiHa 3 THXKIECHD
Jlarpamxiany ans  cucteM | pobora
NN THIHOTO TUITY.

CKiIHYEHHOBUMIPHUI BHITaJIOK

¢byHKIii KepyBaHHS.

Tema 8. Anroputmu | Jlaboparopua | [1], [3] 2 1
PO3B’sI3yBaHHs 3amayi | CamocriiiHa 3 THXKIECHD
ONTUMAJILHOTO KEpyBaHHS Ha | pobora

ocHOBI Jlarpanxiany.

9 Tema 9. TudepentiiioBanicts | JIekiis, [1-3], [5], [6] 2 1
y 6aHaXOBUX MIPOCTOPAX. CamocriitHa 3 THXJIEHb
CrpsikeHi onepatopu Ta poboTta
CpspKeHi QyHKITI.

Tema 9. [TudepenuiiioBanicts | Jlaboparopua | [1], [3] 2 1
¢dbyukmionanie B 3amavax | CaMmocTiiiHa 3 THOKJIEHD
ONTUMAJILHOTO KepyBaHHsI | poboTa

Copsokeni  omeparopu  Ta

CHpsiKeHI (QyHKIII].

(Cucmemu 36UYAUHUX

oughepenyianohux —  piGHAHb

(C3AP) ma pienannsa 6

YACMKOBUX NOXIOHUX

eninmu4HO20 ma

napaboniyHo20 munis).

10 Tema 10. Anani3 wytnuBocti | Jlekis, [1-3], [6-8], | 2 1
(AY) y HECKIHYEHHO- CamocriitHa [14] 4 THXKICHD
BUMIpHUX IpocTopax. MeTon | pobota
PSMOTO TU(EPEHIIFOBAaHHS.

MeTton cipskeHUX (PyHKIIH.

Tema 10. 3aranpauii minxin | Jlaboparopna | [1-3], [6-8], 2 1

o orpumanHs | CaMocTiitHa 4 TIKIEHD
CIIBBiHOIIICHb aHam3y | podoTa

Yy TJIMBOCTI (cnpsioiceni

onepamopu, Memoo npamo20




oughepenyitoeanns,  mMemoo
CHPANCEHUX @yukyit,
NOPIBHAHHS MeMO0ig).

11

Tema 11. Anani3 ayTInBOCTI
B TIOYATKOBHX 33Jadax Jyis
C31P. Meton npsimoro
mudepeHItiroBanHs. Meron
CTIPSUKEHUX (DYHKITIH.

Jlekis,
CamocriiiHa
poboTta

[4], [6]

1
THXCHb

Tema 11. OTpumaHHs
CHIBBITHOIIICHB aHaIizy
YYTJIMBOCTI B B IOYATKOBHX
3agavax st C3/[P.
Inougioyanvhe 3a60annsn 3.

JlaGopaTopHa
CamocriitHa
pobora

[4], [6]

2 THXHI

12

Tema 12. Anaii3 4yTJIMBOCTI
3 JIOIIOMOT' OO0 METOTY
cupsokeHuX — QyHKIIA 1S
3aga4i ONTUMAJILHOTO
KepyBaHHS [IPaBUMH
JacTMHAMU  JUIS  PIBHSHB
SNINTUYHOTO THITY.

Jlexinis,
CamocrTiiiHa
pobora

[1-3], [14]

N

1

THOKJICHD

Tema 12. OtpumanHs
CHIBBIIHOIIICHB aHaIizy
YYTJIUBOCTI JAJISl PIBHSHb ISt
piBHSHB  €NITHYHOTO  Ta
1apaboJIiyHOTO THUITIB
(1BOBUMIpHI  pIBHSHHA  3a
MIPOCTOPOBOIO KOOPJIUHATOIO).
Homawne 3a60anns 4.

JlaGopaTopHa
CamocriitHa
pobora

[1-3], [6],

[14]

N

1

THOKJICHD

13

Tema 13. Anani3 9yTIMBOCTI
METOIOM CIIPSDKEHUX
(dyHKII1 HAa OCHOBI
Jlarpamxiany. 3acToCyBaHHS
JarpaiaHy 70 3aja4
ONTUMAJILHOTO KepyBaHHS
C3/1P.

Jlexis,
CamocrTiiiHa
pobora

[1-3],
[14]

[6-71,

N

1
THXJEHb

Tema 13. Cxema oO4HCIECHHS
KOC(QIIIEHTIB YyTJIMBOCTI B
C3/IP Ta iioro BUKOpHUCTaHHS
B QJITOPUTMAX ONTUMI3aLli.
Inougioyanvne 3a60anns 4.

JlaGopaTopHa
CamocriitHa
pobora

[3], [6]

N

3 THXxKHI

14

Tema 14. HeoOxigHi yMOBHU
ONTHUMAJIBHOCTI HA OCHOBI
Jlarpanxiany. Po3B’si3yBaHHS
3amaqy ONTUMAJILHOTO
KEpyBaHHS Ha OCHOBI
Jlarpanxiany.

Jlexis,
CamocrTiiiHa
pobora

[1-3], [6]

N

1
THXJEHb




Tema 14, OtpumanHs
CITIBBIJHOIIIEHD I
Koe(iIieHTIB YyTIUBOCTI Ha
ocHoBi  Jlarpamxkiany y
BUIAQJIKY CHCTEM EJINTUIHOTO
TUIY (IBOBUMIpHI piBHSHHS
3a IPOCTOPOBOIO
KOOPJMHATOIO).

JlaGopaTopHa
CamocriitHa
pobora

[1-3], [6], [14]

N

1

THKJICHD

15

Tema 15. Itepaniiinmii
Ipolec po3B'sI3aHHs 3a1a4i
ONITUMAIILHOTO KEPYBaHHS
(Tiaxig Ha OCHOBI aHAIZY
YyTIUBOCTI, I1IX11 HA
ocHOBI (pyHkuii Jlarpamxka)

Jlexinis,
CamocrTiiiHa
pobora

[1-3], [6]

N

1

THOKJICHD

Tema 15. OTpumaHHs
CITIBBIHOIIIEHD 1A
KOE(IIIEHTIB YYyTIMBOCTI Ha
ocHOoBI  Jlarpamwxiany vy
BUTIAJIKY CHCTEM
napaboIiyHOrO TUITY
(1BOBUMIpHI  pIBHSHHA  3a
POCTOPOBOIO KOOPJIUHATOIO).

JlaGopaTopHa
CamocriitHa
pobora

[1-3], [14]

N

1

THOKJICHD

16

Tema 16. [locratHi yMOBH
ONTHMAJIBHOCTI Jpyroro
MOPSIIKY.

Jlekis,
Camocriiina
pobora

[1-3], [6]

1
THXCHb

Tema  16.
pe3yNbTaTiB
3amaq

OOroBopeHHs
pO3B’sA3yBaHHs
ONITUMAIILHOTO
KepyBaHHS, OTpUMaHUX
pI3HUMHU M1IXOAAMH.
[TigBeeHHs MiICYMKIB.

JlabopaTopna

[1-3], [6]

1
THXKCHb




Discipline name

Optimization of Complex Systems

Address where | The main building of Ivan Franko National University of Lviv
the discipline is | 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,
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 Ihor.makar@Inu.edu.ua; https://ami.Inu.edu.ua/employee/makar-i-h

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-complex-systems (master, 1.4)

Information
about the
discipline

The discipline "Optimization of complex systems" is a mandatory discipline
from specialty 113 - applied mathematics for the Educational and Scientific
Program (ESP) "Applied Mathematics" (duration of training 1.9), which is
taught in the 3rd semester in the amount of 6 credits (according to the
European Credit Transfer System ECTYS).

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 and continuous formulation that are obtained using
various methods are presented. First-order necessary optimality conditions
for finite-dimensional and continuous controls are obtained. A number of
applications examples from different fields illustrate the material of this
course.



mailto:mykhaylo.shcherbatyy@lnu.edu.ua
https://ami.lnu.edu.ua/employee/shcherbatyy
https://ami.lnu.edu.ua/en/course/optimization-complex-systems

Goal and
objectives of the
discipline

The goal and objectives of the discipline are to teach students:

e formulate optimal control problems (optimization problems) for systems
governed by ordinary differential equations (ODESs) and partial
differential equations (PDEs);
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

Basic literature

the discipline 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.

6. Quarteroni A. Numerical Models for Differential Problems. Springer,
2017.

Additional literature

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

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

9. Shcherbatyy M.V. Sensitivity analysis for one-dimensional semilinear
partial differential equations. // Bicuuk KuiBcbKOro HaiioHaaIbHOTO
yHiBepcutery imeHi Tapaca llleBuenka, Cepis: (i3uko-mMaTeMaTHdHi
Hayku. — 2017, — Ne2. — C. 157-164.

10. Hakoueunwii O.I'. Onmumanvhe kepysanms ma oyiHiO8AHHS 8 PIGHAHHIX
i3 uacmunnumu noxionumu.: Haeuanvnuii nocionux. K.: BIIL]
"KuiBcekuii yniBepcuret", 2004.

11. beiiko 1.B., 3imbko II.M., Hakomeunmii O.I'. 3aodaui, memoou i
aneopummu onmumizayii. Hasuanonuii nocionux. Piue, 2011.

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

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

14. https://optpde.math.uni-hamburg.de/

Scope of the Total volume: 180 hours. Classroom classes: 64 hours, including 32 hours of
course lectures -and 32 hours of laboratory work. Independent work: 116 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 PDEs constraints;

¢ 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 and



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

continuous 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 and continuous
formulation); construct efficient algorithms for calculation of sensitivity
coefficients.

The course provides the acquisition of the following competencies and
program learning outcomes:

General Competencies:
- GCO1. Ability to think abstractly, analyze and synthesize.
- GCO06. Ability to communicate in a foreign language on professional
issues both orally and in writing.

Professional Competencies of the Specialty (PC):
- PCO1. Knowledge of the principles of building mathematical models, as
well as methods for their solution.
- PC02. Knowledge the methods of theoretical analysis of mathematical
models.
- PC03. Knowledge of the principles of optimal control.
- PCO5. Ability to develop and optimize computer programs with complex
logic.
Learning Outcomes:
- LOO01. Conduct theoretical analysis of mathematical models.
LO02. Apply, modify, and investigate analytical and numerical methods
for solving complex applied problems.
LOO03. Develop and programmatically implement algorithms for solving
complex applied problems.
LOO04. Determine the most effective numerical method for solving a
problem in terms of computational costs and the accuracy of the
obtained results.
LO06. Communicate 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, remote
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;

- Functional analysis;

- Numerical Methods;

- Computer algebra systems (e.g., MATLAB, Octave) or numerical method
libraries of other software products (e.g., NumPy for Python).

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.
E\{alu_atlon Assessment is conducted on a 100-point scale.
criteria ECTS Grade Grade in National Scale Grade
~(separately for Points | Exam, Differentiated Credit
each type of Credit
educational A Excellent 100 - 90 Excellent 5
activity)
B Very Good 81- 89
Good 4
C Good 71 -80 Passed
D Satisfactory 61-70
Satisfactory 3
E Sufficient 51- 60
Unsatisfactory
FX - .
") (Fail) 0-30 Unsatisfactory 2 Not Passed

Current assessment: Throughout the semester, a student can obtain up to 50

points.

Points are distributed according to the following scheme:

o Homework: 12% of the semester grade; maximum score of 12 (4
assignments; 3, 3, 2, 4 points).

 Individual assignments: 28% of the semester grade; maximum score of 28
(4 assignments worth 5, 5, 8, 10 points).

e Module assessments: 10% of the semester grade; maximum score of 10
(1 module, 10 points).

The final assessment is conducted through a written exam worth 50 points:
two theoretical questions at 15 points each and one practical task at 20 points.
In total, throughout the semester, there are 100 points available.

Assessment criteria for homework and individual assignments. For each
task, a student receives SZ points, which are calculated using the formula




SZ=S*Kk,

where Kk is the task performance coefficient, k € [0,1], S is the maximum
number of points for the specific task.

k — task
performance
coefficient

Evaluation Criteria

k €[0.9,1]

The student has fully completed the task
requirements; the algorithm is implemented correctly;
responds to practically all questions related to the
task's theme; conducts a clear analysis and
comparison of the obtained results.

k € [0.7,0.9)

The student has fully complied with the task
requirements; the algorithm is implemented correctly;
responds to some questions related to the task theme
with minor inaccuracies; conducts an analysis of the
obtained results with minor inaccuracies.

k € [0.5,0.7)

The student completed the task with minor errors but
corrects them independently if pointed out by the
instructor; responds to some questions related to the
task theme with inaccuracies; conducts an analysis of
the obtained results with inaccuracies.

k € [0.3,0.5)

The student partially completed the task; the
algorithm is implemented with errors that can be
partially corrected if pointed out by the instructor;
answers questions with errors; conducts an analysis
of the obtained results with errors.

k € [0.1,0.3)

The student partially completed the task; the
algorithm is implemented with errors that cannot be
corrected independently; mostly does not answer
questions.

k € (0,0.1)

The student partially completed the task or with
significant errors that cannot be corrected
independently; demonstrates a lack of understanding
of the material.

The student did not complete the task.

Evaluation criteria for module tasks and the exam:

Modyle Exam Evaluation Criteria

(10 points) | (50 points)

9-10 points | 45-50 points | The student has a strong command of the
study material; clearly elaborates on the
content of theoretical questions; correctly
completed practical tasks.

7-8 points | 36-44 points | The student has a good knowledge of the
study material; fully explains the content of




theoretical questions with minor
inaccuracies; completed practical tasks with
minor errors (at the final stage), but
understands the solution algorithm and can

apply it.

5-6 points | 26-35 points | The student has a sufficient command of the
study material, elaborates on the content of
theoretical questions exhaustively but with
inaccuracies; faces difficulties  during
material analysis; completed practical tasks
with errors, primarily knowing the execution
algorithm.

1-4 points | 1-25 points | The student partially knows the theoretical
material (basic concepts, statements, simple
algorithms), explains the content of
questions with significant errors; completed
only a portion of practical tasks, or
completed them all but with significant
errors.

0 point The student does not have a command of the
study material and did not complete the
tasks.

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 scored during testing and independent work are taken
into account. At the same time, attendance of classes and the student's
activity during practical 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
test or exam.

1. Introduction and examples of optimization problems.
2. Formulation of Optimization Problem. Reduced formulation
3. 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).

8. Formulation of optimal control problem (OCP) as nonlinear
programming problem

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

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

11. Optimization problems with equality and inequality constraints.

12. Formulation of sensitivity analysis (SA) problems. Metods of SA (finite
dimensional case of control function). Direct differentiation method.
Adjoint method.

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

14. Sensitivity analysis in optimal control problems of elliptic systems.

15. Necessary conditions optimality based on Lagrangian for elliptic
systems. Finite dimensional case of control function.

16. Differentiability in Banach spaces. Adjoint operators and adjoint
functions.

17. Continuum sensitivity analysis. Direct differentiation method. Adjoint
method.

18. Sensitivity analysis in initial value problems for ordinary differential
equations (ODEsS).

19. AM of sensitivity analysis for quadratic elliptic control problems and
quadratic parabolic control problems.

20. A Lagrangian-based view of the adjoint approach. Lagrangian approach
in initial value problems for ordinary differential equations (ODES).

21. lterative solution of the optimal control problem (sensitivity approach,
Lagrangian approach).

22. Second order sufficient optimality conditions.

No gk

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"*

Corm of Literature, Assign
Week | Topic, plan, short theses . Internet ment, | Deadline
activity (class) |  resources
hours
1 Topic 1. Introduction and | Lecture, [1-5] 2 1 week
examples of optimization | Independent 3

problems. General | work
formulation of optimization
problems (The main
components of optimization




problems. Reduced
formulation of optimization
problems).

Topic 1. Formulation of
problems of optimization of
complex systems. Extended
and reduced formulation.
(Optimal control problems,
optimal design problems.
The main steps in
formulating an optimization
problem. Examples  of
optimization problems.
Solvers of computer
mathematics systems (for
example, Matlab/Octave) for
solving nonlinear
programming problems
(NPP). Examples of the use
of appropriate solvers for
solving  finite-dimensional
optimal design problems).

Laboratory
Independent
work

[1-5],  [11],
[12]

1 week

Topic 2. Formulation of
optimization problems for
systems of ordinary
differential equations
(ODEs).

Formulation of optimization
problems for systems of
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).

Lecture,
Independent
work

[4]! [7]! [1'3] )
[9]

N

1 week

Topic 2. Formulation of
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

Laboratory

Independent
work

[41, [7], [11],
[12]

1 week




characteristics of the systems
under consideration using
control functions and
solutions of analysis problem
analysis (state functions)).
Homework assignment 1.

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,
Independent
work

[1-3]

N

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
Independent
work

[1-3]

1 week

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

(Formulation of optimal
control problem as nonlinear
programming problem
(NPP). Optimization
methods for solution of NPP
(line search methods, trust
region methods).

Lecture,
Independent
work

[1], [3], [3], [7]

N

1 week

Topic 4. Development of
algorithm for solving
optimal control problems for
ODEs (approximation of the
control function,

Laboratory

Independent
work

[41, 81, [71,
[10-12]

2 weeks




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
optimality conditions (finite-
dimensional case). Lagrange
function. Karush-Kuhn-
Tucker conditions.

Lecture,

Independent
work

[1], 31, [5]
[10]

N

1 week

Topic 5. Necessary
optimality  conditions for
optimization problems with
equality and inequality
constraints. (Solution scheme
for optimization problems
using necessary optimality
conditions in the case of
finite-dimensional controls.
Program structure).
Homework assignment 3.

Laboratory

Independent
work

[11, 31, [5]
[10-12]

1 week

Topic 6. Formulation of
sensitivity analysis (SA)
problems. Methods of SA
(finite dimensional case of
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.)

Lecture,
Independent
work

[1], [5], [6]. [8]

N

1 week

Topic 6. Software
implementation of
optimization algorithm for
solving the optimal control
problem of ODEs
(constraints on the control
function and state function).
Individual Assignment 2.

Laboratory

Independent
work

[3-4], [7], [L1-
12]

2 weeks




7 Topic 7. Sensitivity analysis | Lecture, [1-3], [6], [8] 2 1 week
for PDEs of elliptic types Independent 6
Finite dimensional case. work
(Approximation of control
and state functions. Direct
differentiation method,
Adjoint method.)
Topic 7. Control | Laboratory [1], [6], [8] 2 4 weeks
measurement (module)
8 Topic 8. Necessary | Lecture, [1-3], [5], [10] |2 1 week
conditions optimality based | Independent 3
on Lagrangian for elliptic | work
systems. Finite dimensional
case of control function.
Topic 8. Algorithms for | Laboratory [1], [3] 2 1 week
solving the optimal control | Independent 3
problem based on the | work
Lagrangian.
9 Topic 9. Differentiability in | Lecture, [1-3], [5], [6] 2 1 week
Banach spaces. Adjoint Independent 3
operators and adjoint work
functions.
Topic 9. Differentiability of | Laboratory [1], [3] 2 1 week
functionals in optimal Independent 3
control problems.  Adjoint | \vork
operators and adjoint
functions.
(Systems of ordinary
differential equations
(ODEs) and equations of
elliptic and parabolic partial
derivatives).
10 Topic 10. Continuum Lecture, [1-3], [6-8], | 2 1 week
sensitivity analysis (SA). Independent [14] 4
Direct differentiation method | \york
(DDM). Adjoint Method
(AM).
Topic 10. A general Laboratory [1-3], [6-8], 2 1 week
approach to obtaining Independent 4
sensitivity analysis work

expressions (conjugate
operators, direct
differentiation method,
adjoint method, comparison
of methods).




11 Topic 11. Sensitivity Lecture, [4], [6] 2 1 week
analysis in initial value Independent 3
problems for ODEs. The work
direct differentiation method.
The method of adjoint
functions.
Topic 11. Derivation of Laboratory [4], [6] 2 2 week
sensitivity analysis Independent 5
relationships in initial value | york
problems for ODEs.
Individual assignment 3.
12 Topic 12. AM of sensitivity | Lecture, [1-3], [14] 2 1 week
analysis for quadratic elliptic | Independent 3
control problems with work
distributed control.
Topic 12. Derivation of Laboratory [1-3], [6], [14] | 2 1 week
sensitivity analysis Independent 5
relationships for equations of | vk
elliptic and parabolic types
(two-dimensional equations
in spatial coordinates).
Homework assignment 4.
13 Topic 13. Sensitivity Lecture, [1-3], [6-7], | 2 1 week
analysis using the adjoint [14]
method based on the Independent 4
Lagrangian. Application of work
the Lagrangian to optimal
control problems for ODEs.
Topic 13. Scheme of Laboratory [3], [6] 2 3 weeki
computing sensitivity Independent 4
coefficients in ODEs and work
their utilization in
optimization algorithms.
Individual assignment 4.
14 Topic 14, Necessary | Lecture, [1-3], [6] 2 1 week
optimality conditions based | Independent 4
on the Lagrangian. Solving | \vork
optimal control problems
based on the Lagrangian.
Topic 14. Derivation of | Laboratory [1-3],[6],[14] |2 1 week
relationships for sensitivity | Independent 4
coefficients based on the | ork

Lagrangian in the case of
elliptic type systems (two-
dimensional equations in
spatial coordinates).




15 Topic 15. Iterative solution | Lecture, [1-3], [6] 2 1 week
of the optimal control Independent 3
problem (sensitivity work
approach, Lagrangian
approach).
Topic 15. Derivation of Laboratory [1-3], [14] 2 1 week
relationships for sensitivity | Independent 3
coefficients based on the work
Lagrangian in the case of
parabolic type systems
(two-dimensional equations
in spatial coordinates).
16 Topic 16. Second order | Lecture, [1-3], [6] 2 1 week
sufficient optimality | Independent 6
conditions. work
Topic 16. Discussion of | Laboratory [1-3], [6] 2 1 week

results obtained through
various  approaches  to
solving optimal  control
problems. Summary and
conclusion.




