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1. MeTa 1ucuMILIiHA

Mertoro mucturuiiag «MeToIn OIMyKJIOi ONTHUMI3alll» € OBOJIOJAIHHS 3HAHHSAMH T4 HaBUKaMHU
3aCTOCYBaHHSA TeOpil Ta METOIB Heryajakoi onTuMizamii mpu moOyaoBI Ta aHalli3i aarOpUTMIB
PO3B'sI3aHHS MPUKJIATHUAX 3a]1a4 ONTUMI3allii.

Discipline aim. The purpose of the discipline "Convex optimization methods" is to master the
knowledge and skills of theory and methods of non-smooth optimization in construction and
analysis of algorithms for solving applied optimization problems.

2. TlomepenHi BUMOrY 10 ONNAHYBAHHS 200 BUOOPY HABYAJIBHOI M CIUTLJIiHU

Jlnst yeminmHOTO BUBYEHHS TUCHMIUTIHA «METOau OmyKJIoi OnTUMI3aIii» CTYJIeHT MOBUHEH
BiJITOBIAATH HACTYITHUM BUMOTaM:
1. VYcmimHe omaHyBaHHsS KypcCiB: IHUCKpPETHa MaTeMaTHKa; JIiHIHHA anrebpa Ta aHAIITHYHA
reoMeTpisl; TOCHiKEHHs omepalliif; MaTeMaTHYHUN aHami3; (yHKIIOHATBHUMA aHai3.
2. 3HaHHI: OCHOBHHUX MOHSATH T4 METOMAIB MaTeMAaTHUYHOTO MPOTPaMyBaHHS; OCHOB OITYKJIOTO
aHamizy; 0a30BMX BIZJOMOCTEHl 3 Teopii KPHBHX JAPYroro MOpPsAKY; Teopii I'paHHIb Ta
GbyHKII#H A1iCHOT 3MIHHOI.

Preliminary demands to master or choice of the course discipline:

To successfully study the discipline "Convex Optimization Methods" a student must meet
the following requirements:

1. Successful mastering of courses: discrete mathematics; linear algebra and analytic
geometry; Operations Research; mathematical analysis; functional analysis.

2. Knowledge: basic concepts and methods of mathematical programming; basics of convex
analysis; basic information on the theory of second-order curves; theory of boundaries and functions
of a real variable.

3. AHoTalis HABYAJIbHOI JTUCUMILTIHU:

HaByanpna pmucnumiuina «MeTtoaw OMyKIOl ONTHMI3alii» € CKIaJ0BOI0 OCBITHBO-
npodeciiHoil mporpamMu MiAroToBKH (haxiBIiB 3a IpyruM (MariCTepchbKUM) PiBHEM BHIIOI OCBITH y
ramy3i 3HaHb 12 «IHpopmariifni TexHodorii» 31 cneuianbHOCTI 122 «Komm’ioTepHi Haykmy,
OCBITHBO-TIpO(deciitHOl mporpamu «MaTeMaTHIHI METOIM MTYYHOTO IHTEIEKTY».

Jlana [OUCHUIIIIHA HAJIEXKHUTh A0 TMEPENiKy IUCHUIUIIH BUIBHOTO BHOOpPY CTyHEHTA.
Buknamaerscs y 2 cemectpi 2 Kypcy marictparypu B o6csizi — 120 roa., (4 kpexutu ECTS)
30KpeMa: JIeKIii — 26 ToA., KOHCYJbTAaIii — 2 rof1., caMocTiiiHa pobora — 92 roa. Y Kypci nepeadaueHo
2 9acTUHM. 3aBEPIIYETHCS TUCIUILIIIHA — iCIIMTOM.

Synopsis of the course: The discipline "Convex Optimization Methods" is a component of the
educational-professional training program for the second (master's) level of higher education in the
field of knowledge 12 "Information Technology" in the specialty 122 "Computer Science",
educational-professional program "Mathematical Methods of Artificial Intelligence".

This discipline belongs to the list of disciplines of free choice of the student. It is taught in the 2nd
semester of the 2nd year of master's degree in the amount of 120 hours, (4 ECTS credits) in
particular: lectures - 26 hours, consultations - 2 hours, independent work — 92 hours. The course
provides 2 parts and an exam.
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B pe3ynbrari BUBUEHHS HABYAILHOI JUCIUILTIHU CTY/ICHT IIOBUHCH:

3HATH: OCHOBHI MOHSATTSA MpPO METOAM HErjaakoi ONTHMI3alii Ta yMOBH iX e(EeKTHBHOTO
3aCTOCYBaHHsI B IPUKJIAJHUX 3a/1a4ax ONTHUMI3allii;

BMiTH: (QOpMYIIOBATH MaTeMaTHYHI MOZENI MPHUKIAJHUX ONTUMI3aliMHUX 3a7ad Ta
BHKOPHCTOBYBATH JUIsl iX PpO3B'SI3aHHS CYOTrpai€eHTHI METOJM MiHIMI3alil HETJIaJAKUX OMyKIUX
GyHKITHA.

As a result of studying the discipline the student must:

to know: basic concepts of non-smooth optimization methods and conditions of their effective
application in applied optimization problems;

be able to: formulate mathematical models of applied optimization problems and use
subgradient methods to minimize non-smooth convex functions to solve them.

3. 3apaaHHs (HaBYAJbHI 1iji):

HalyTTs1 3HaHb, yMiHb Ta HaBHYOK (KOMIIETEHTHOCTEW) Ha PIBHI HOBITHIX JOCSTHEHBb Yy TeOpii
METOAIB HErNajaKoi onTuMizamii, BiANOBIIHO A0 KBamidikamii ¢axiBeup 3 iHGOpMAIIHUX
TEXHOJIOT1H. 30KpeMa, pO3BUBATH:

3K5. 3naTHicTh CHUIKYBATUCS 1HO3EMHOKO MOBOIO.

CK19.1. 3matHicTh  cucTemMaTuzyBaTh  npodeciiiHi  3HAaHHS  [OJ0  CTBOPEHHA 1
CYIIPOBOJIKEHHS IIPOTPAMHOTO 3a0e3MeueHHs

Objectives of study: Acquisition of knowledge, skills and abilities (competencies) at the level of the
latest achievements in the theory of non-smooth optimization methods, in accordance with the
qualification of an information technology specialist. In particular, to develop:
3K5. Ability to communicate in a foreign language.
CK19.1. Ability to systematize professional knowledge on software development and
maintenance.

5. Pe3yjibTaTi HABYAHHSA 32 IUCHHUILTIHOIO:

PesyabTar HaBYAHHSA Metoau
(1. 3maTu; 2. miTn; 3. KomyHikamisi; 4. ®opmu (Ta/ado oninBanns Ta | Bizcorok y
ABTOHOMHICTH Ta BiINOBiIAJIbHICTE) . . . . .
METOAM 1 TeXHO.]'lOl"ll') MMOpoOroBuu MIACYMKOBI1
BUKJIAAHHS i KpuUTepii i ouiHmi 3
Kon PesyabTaT HaByaHHs HABYAHHS OI[iHIOBAHHA (32 | TUCIHAILTIHH
HeoOXigHoCTI)
PHI1.1 . .. Jexyis Tlomoune 13 %
3namu  ocHOGHI  MmemoOu  ONYKIOi . .
N / Lecture OYIHIOBAHHSL, ICNUM
onmumizayii J Current
To know basic methods of convex assessment, exam
optimization
PH1.2 . , Jlexyis Icnum 13 %
3uamu ocnoeui nioxoou 00 po3e’si3amHs
/ Lecture / Exam

3a0ay ONYKI020 NPOSPAMYBAHHS

To know basic approaches to solution of
convex programming problems

PH1.3 . Jlexyis, camocmivina Ilomoyne 15%
3uamu  npoepammi  Kommaekcu — ma

) poboma OYIHIOBANHS,
cucmemu, npusHaveni Ol epekmusHo2o J Lecture. individual icnum
PO38 13aHHs 3a0ay OnyKIol onmumizayii m;ork J Current
To know software and systems for effective assessment, exam
solution of convex programming problems
PH2.1 . .| Camocmiiina poboma Icnum 15%
Bmimu  3acmocosysamu  Ha  npaxmuyi J Individual work / Exam

Memoou ma  aneOpummu  po3e sA3aHHs
3a0a4 ONYKI020 NPOSPAMYBANHSL
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Be able to apply in practice the methods
and algorithms for solution of convex
programming problems

PH2.2 . N .| Camocmiina poboma Tlomoune 14 %
Buimu nidibpamu npasuIbHULL . . .
. / Individual work OYIHIOBAHHS, ICNUM
NPOSPAMHUTE KOMIIEKC OISl eeKmUsHO20 / Current
PO38 13aHHs 3a0ay OnyKIol onmumizayii
assessment, exam
Be able to choose the right software
package to effectively solve convex
optimization problems
PH3.1 . . Jlexyis Ilomoune 10 %
Obrpynmogyeamu  61aCHUti  NioxXio  Ha . . .
) / Lection OYIHIOBANHS, icnum
3a0ayy, CRUIKY8AMuco 3 Koiecamu 3
. \ / Current
numanv noOy00su mMemodie po3e’s3aHHs
assessment, exam
3adau
Justify own approach to the problem,
communicate with colleagues on the
development of solution methods for the
problems
PH4.2 . . Camocmiiina poboma Tlomoune 20 %
Bionosioanvno CMasumucy 0o - .
. / Individual work OYIHIOBAHHS
BUKOHYBAHUX pobim, Hecmu
. . . . / Current
8I0N0GIOANbHICMb 34 IX AKICMb
assessment

Be responsible for the work performed, be
responsible for their quality

6. CniBBilHOIIEHHS Pe3yJbTATIB HABYAHHA IMCHUILUIIHM i3 NPOrpaMHUMH pe3yJbTaTaMH
HABYAHHS

IIporpamHi pe3yJibTaTH HABYAHHA 11 | 1.2 |13 |21 |22 | 31| 4.2

PesynbTaTtu HaByanns aucuumiiay| PH | PH | PH | PH | PH | PH | PH

(3 onucy ocsimuboi npoepamu,)

[TPH14. 3acTrocoByBaTH iHHOBaIiWHI MAXOAUW B ramysi| + + + + + + +
KOMIT FOTEPHHX HayK Ta 1H(OOpPMAIIHHUX TEXHOJIOTIH.
Apply innovative approaches in computer science and
information technology

7. Cxema ¢popmyBanus ouinku / Evaluation scheme
7.1 ®opmu ouniHoBaHHA cTyaeHTiB: / Forms of evaluation:

CeMmecTpoBe oniHiOBaHHs:/ semester evaluation:

1.

2.

Pobora nHa nekumisnx 1-2 / Lections 1-2 Work : PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 9
0auiB (points) / 5 6axaiB (points).

Pobora na nekmisx 3-4 / Lections 3-4 Work: PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 9
0auiB (points) / 5 6axaiB (points).

Pobora na nekmisx 5-6 / Lections 5-6 Work: PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 9
0auiB (points) / 5 6axaiB (points).

Pobora na nekmisx 7-8 / Lections 7-8 Work: PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 9
0auiB (points) / 5 0axaiB (points).

Pobora na mekmisx 9-10 / Lections 9-10 Work: PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 9
0auiB (points) / 5 0axaiB (points).

Pobora Ha nexmiax 11-12 / Lections 11-12 Work: PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 9
0auiB (points) / 5 0axaiB (points).

Pobora na nekmii 13 / Lection 13 Work: PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 6 6aniB
(points) / 6 6ajiB (points).
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Hincymkose oninoBanns / final evaluation: icnut /exam:

MaKCUMaJIbHa KUIbKICTh 0aliB sIKi MOXKYTh OyTH oTpuMaHi cryaenToM: 40 Gais;

pe3yabTaTH HaBYaHHS, SKI OIiHIOIOTHCA / learning outcomes that are evaluated : PHI.1,
PH1.2, PH2.1, PH2.2, PH3.1;

(dhopma npoBeIeHHS 1 BUIM 3aBaHb: MUChMOBA pOOOTa;

BH/IM 3aBJaHb: 3 MUChbMOBUX 3aBJIaHHA (3 TECOPETUUHUX MMUTAHHS);

JUTsl OTPUMAaHHS 3araJibHOI TO3UTHUBHOI OIIHKM 3 AWCITUILUTIHYU OIlIHKA 3a ICTIMT MTOBWHHA OYyTH
HE MEHIIIOI0 HIXK 24 Oanu;

CTYJICHT HE JIOMYCKAETHCS JI0 ICIIUTY, SIKIIO MPOTSATOM CEMECTpPY BiH HaOpaB MeEHIIE HiX 36
OariB.

- the maximum number of points that can be obtained by a student: 40 points;

- form of conducting and types of tasks: written;

- types of tasks: 3 written tasks (3 theoretical questions);

- to obtain an overall positive grade in the discipline, the grade for the exam must be not less than
24 points;

- a student is not allowed to take the exam if he scored less than 36 points during the semester.

Kpurepii oninroBanns Ha icnuti / Examination criteria for the exam

3aBaaHHA Tema 3aBranHA MakcuMaJbLHUH BiICOTOK Bcroro
Bix 40 0agiB BifCOTKIB

3aBganng 1 30 % 30 %

/ Test 1 [IutanHs O TEOPETUUHOMY
3aBaaHHs 2 Marepiany Kypcy o o

/ Test 1 / Questions on theoretical 30% 30%

materials of the course

3aBaanHs 3 40 % 40 %

/ Test 1

100%

VXN kW=

3anuraHHs 1A NiAroToBku a0 icnuty / Exam questions

OnykJti yHKIIT Ta X BIACTHBOCTI.

[TonsiTTs cyOrpamieHTa Ta cyoaudepeHiiana.

SpyxHi QyHKIIT Ta IX MPUKIIAIN.

Cy6rpanientauii meron [llopa. CiocoOu peryntoBaHHS KPOKY.

MeTtoau 3 po3TAroM MPOCTOPY B HANPSMKY CyOrpajieHTa.

Cyo0rpanientHuit mero 3 kpokoM [lomsika.

CyOrpaznientHuii MeTo[ 3 kpokoM [lossika B IepeTBOPEeHOMY MPOCTOPi 3MIHHHX.
MerTon enincoinis.

[Tpuckopeni Mmoaudikarii MeTory elirncoimis.

10. r-anropurMmu.

11. MaremaTtuyHe mporpamMmyBaHHs: IIOCTAHOBKA 331241, BUAH, METOAM PO3B’3aHHS.
12. 3agaya niHitHOTO IpOrpaMyBaHHs, METOH 11 pO3B’sI3aHHS.

13. 3agaya HeNMiHIMHOTO MPOrpaMyBaHHs, METOH 1 PO3B’A3aHHS.

14. 3anaya onyxy10oro nporpaMyBaHHsI, METOH ii PO3B’A3aHHS.

15. MoBa monemroBanust AMPL.

16. NEOS-cepgep.

17. NEOS-conBepu, iX BUau Ta NpUKIaIM.
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. Convex functions and their properties.

. The concept of subgradient and subdifferential.

. Ravine functions and their examples.

. Shor’s subgradient method. Ways to adjust the step.
. Methods with space dilation in the direction of the subgradient.
. Subgradient method with Polyak’s step.
. Subgradient method with Polyak’s step in the transformed space of variables.
. The ellipsoid method.

9. Accelerated modifications of the ellipsoid method.
10. r-algorithms.

11. Mathematical programming: problem statement, types, methods of solution.
12. Linear programming problem, methods of solution.

13. Nonlinear programming problem, methods of solution.
14. Convex programming problem, methods of solution.
15. AMPL Modeling language.

16. NEOS server.

17. NEOS-solvers, their types and examples.

7.2 Opranizanisi OHiHIOBAHHA

Tepminn npoBenenHst popm oniHIOBaHHS:

Nk W=

Po6ora Ha nekmisix 1-2 / Lections 1-2 Work: Ha 1 TxHI cemecTpy.
Po6ora Ha nekmisix 3-4 / Lections 3-4 Work: Ha 1 TixHI cemecTpy.
Po6ora Ha nekmisx 5-6 / Lections 5-6 Work: 1o 2 THxXHS ceMecTpy.
Po6ora Ha nekuisix 7-8 / Lections 7-8 Work: 10 2 TuxHS cemecTpy.
Po6ora Ha nekmisx 9-10 / Lections 9-10 Work: 1o 3 TixHS cemecTpy.
Po6Gora Ha nekmisix 11-12 / Lections 11-12 Work: no 3 tTuxxHs cemectpy.
Po6ora nHa nexii 13 / Lections 13 Work: 1o 4 TuxHs cemecTpy.

CtyneHT Ma€e mpaBo 3/1aBaTH JIAOOPATOPHI pOOOTH MPOTITOM yChOTO HABYAIBHOTO CEMECTPY.

7.3 llIxaJa BignmoBinHocTi OiHOK

Bigminno / Excellent 90-100
Ho6pe / Good 75-89
3anoBinbHo / Satisfactory 60-74
He3zanosinbho / Fail 0-59

8 Crpykrypa HaBYAIBHOI M CHUIUIIHK. TeMaTHYHUI U1aH JeKLiil i J1TadopaTOPHUX 3aHATH

Ne KinbKicTh roamH
JIeK Ha3sBa nexmii Camocriii
Jlexuii
il Ha po0oTa
Yactuna 1. Cy0rpagieHTHI MeTOM 3 MEPETBOPEHHAM MPOCTOPY
Part 1. Subgradient methods with space transformation
Tema 1. CyOrpanienTHuii MeTon 3 kpokom [losska.
Spy>xHi GyHKLIT Ta X MiHIMI3aLis.
1 Camocmiina poboma: Moaudikarii MeTomy eincoimiB Ta 4 13
r-anropuTMiB.
Theme 1. Subgradient method with Polyak’s step. Ravine
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functions and their minimization.
Individual work: Modifications of the ellipsoid method
and r-algorithms.

Tema 2. CyOrpanientauii Mmeton 3 kpokoMm Ilomska y
epeTBOpeHOMY TpocTopi. ApyxkHi QyHKIIT Ta 1X
MiHIMi3aIlisl.

Camocmiina poboma: Moaudikarii MeToay eincoiniB Ta
r-anropuTMis.

Theme 2. Subgradient method with Polyak's step in the
transformed space. Ravine functions and their
minimization.

Individual work: Modifications of the ellipsoid method
and r-algorithms.

Tema 3. CyOrpanientauii Mmeton 3 kpokoMm Ilomska y
HEepETBOPEHOMY IPOCTOPI Ta HOTO BUKOPUCTAHHS JUIS
PO3B’A3aHHS CUCTEMU HETIHIMHUX PiBHSIHb.
Camocmivna poboma: 2. m-aHFOpHTM 3 aJalITUBHUM
KPOKOM.

Theme 3. Subgradient method with Polyak’s step in the
transformed space and its use to solve a system of
nonlinear equations.

Individual work: [r (a)-algorithm with adaptive step.

Tema 4. MeTox enincoinis.
Camocmiiina po6oma: | (@0 )-anropuT™ 3 afanTHBHEM
KPOKOM.

Theme 4. The ellipsoid method.
Individual work: |r (a)-algorithm with adaptive step.

Bcroro o gactusi 1 Total 1 16 52

Yacruna 2. Mosa AMPL ta NEOS-cepBep
Part 2. Language AMPL and NEOS-server

Tema 5. Mosa monemtoBanuss AMPL sk 3aci6 onucy
3aJla4 MaTeMaTUYHOTO IPOTpaMyBaHHSI.

Camocmiina poboma: 3aCTOCYBaHHS METOJIY €ITITICOINIB
IUIsL pO3B’SI3KY CHCTEMH JIHIHHUX anreOpaiuHuX piBHSIHb.

Theme 5. AMPL modeling language of as a tool for
description of mathematical programming problems.
Individual work: Application of the ellipsoid method for
solving a system of linear algebraic equations.

Tema 6. NEOS-cepsep Ta NEOS-conBepu sik inTepdeiicu
JUTSl O3B’ sI3aHHS ONITUMI3AIlIHHAX 3a]1a4.
Camocmiuna poboma: SVM Ta 3a1a4i ONTHMI3aIIii.

Theme 6. NEOS-server and NEOS-solvers as interfaces
for solution of optimization problems
Individual work: SVM and optimization problems.

Tema 7. Po3B’s13aHHS 33724 HEJIHIHHOTO MTPOTPaMyBaHHs
7 | 3 oomexxenHs MU 3acobamu NEOS. 4 20
Camocmituna po6oma. Ilporpama amsg2p ta ii
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3aCTOCYBaHHS JUIsl pO3B’si3aHHs 3a1aui SVM.

Theme 7. Solution of nonlinear programming problems
with constraints by NEOS server tools.

Individual work: The program amsg2p and its application
to solve the SVM problem.

Bceboro mo yactuni 2 Total part 2 10 40

Koncynpranis Consultation

BCBOI'O Total 26 92

3araasuuii o6car — 120 rox., B ToMy 4uci:
Jlexmini — 26 rom.

Koncynprartii — 2 roa.

Camocriiina po6ota — 92 ros.
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