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1. Mera JUCHHUILIIHHA

Mertoro mucuumuting «MeTo i OIyKJIO1 ONTUMI3AIlii» € OBOJOMIHHS 3HAHHSAMH Ta HABHKAMH
3aCTOCYBAaHHS TEOpii Ta METOIIB HETNaaKoi omTuMmizamii mpu moOyaoBi Ta aHami3i aJrOpUTMIB
PO3B'SI3aHHS MPUKIATHIX 33429 ONTHMI3aIli.

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

2. Tlomepenni BHMOru 10 onaHyBaHHs 200 BUOOPY HABYAJIBLHOI JUCHUILTIHA

Jlnst ycminrHOro BMBYEHHS JUCHUILTIHA «METOAN OIMyKJIOi ONTHMi3alil» CTYAEHT IOBHHEH
BI/INOBIIaTH HACTYITHUM BUMOTaM:
1. VYcmimHe omaHyBaHHS KypcCiB: JUCKpETHa MaTeMaTuka; JiHiiiHa anreOpa Ta aHadiTHYHA
TeOMETPIsl; TOCIiPKEHHS OTleparliil; MaTeMaTHYHUH aHani3; GQyHKIiOHaTLHUI aHai3.
2. 3HaHHA: OCHOBHHX IOHSTH Ta METOJIB MaTEeMaTHYHOI'O NPOTrPaMyBaHHs; OCHOB OIYKJIOTO
aHamizy; 0a30BUX BiJOMOCTEH 3 Teopil KpPHBHX APYroro MOPSJKY; Teopil TpaHUIb Ta
¢byHKIi# nificHOT 3MIHHOT.

Preliminary demands to master or choice of the course discipline:

To successfully study the discipline "Methods convex optimization" the 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 HABYAJIbLHOI JUCIUILTIHHA:

HaBuanpHa pucuumuiina «MeToau OMyKJIoi ONTHMi3allii» € CKIaJ0BOI0  OCBITHBO-
npodeciiiHoi mporpamMu MirOTOBKM (axiBIliB 3a APYTHUM (MariCTepChbKUM) PiBHEM BHILOI OCBITH Y
ramy3i 3Ha#b 12 «lHopmariitai TexHonorii» 3i cmemianbHOCTi 122 «KoMmm’'toTepHi HayKwy,
OCBITHBO-TIpodeciitHoi mporpamu «lITyunuil iHTETEKT»

Jana pucuuiuliHa HaJeXUTh [0 TMEPEeNiKy JIUCUUILTIH BUIBHOTO BHOOPY CTyJHEHTA.
Buxnanaetbest y 1 cemectpi 2 kypcy marictpatypu B o6csizi — 150 roa., (4 kpeautu ECTS)
30Kkpema: Jekiii — 16 roa., nabopatopHi — 16 roj., KOHCyNbTaLil — 4 rof., caMocTiiiHa poboTa — 114
roa. Y Kypci nependadeHo 3 4acTHHH. 3aBepIITy€EThCS AUCIUILTIHA — iICHUTOM.

Synopsis of the course: The discipline "MethodsConvex Optimization" 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 "Artificial Intelligence"

This discipline belongs to the list of disciplines of free choice of the student. It is taught in the 1st
semester of the 2nd year of master's degree in the amount of 150 hours, (4 ECTS credits) in
particular: lectures - 16 hours, laboratory - 16 hours, consultations - 4 hours, independent work —
114 hours. The course provides 3 parts and an exam.



B pe3ynbraTi BUBUCHHS HaBYAIBHOI TUCHUIUIIHU CTY/ICHT TOBHHEH:

3HATH: OCHOBHI TOHATTS PO METOAW HErJaJkoi ONnTHMi3amii Ta yMOBH iX e(eKTHBHOTrO
3aCTOCYBaHHS B PUKJIAJHUX 3a/1a4ax ONTHMI3allii;

BMiTH: (QOpPMYJIIOBAaTH MaTeMaTU4YHI MOJeNi MNPHUKIaJHUX ONTHMI3allifHUX 3ajad Ta
BUKOPHCTOBYBAaTH AJIs 1X PO3B'A3aHHA CYOTpajicHTHI METOAM MiHIMi3alii HeTIagKux OMyKINX
GbyHKIIH.

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. 3aBaaHns (HaBYaJbHI WiJi):

HaOytTs 3HaHp, yMiHb Ta HaBHYOK (KOMIETEHTHOCTEW) HA pIBHI HOBITHIX OCATHEHb Y TeEOpii
METOIB HErNaJKOoi ONTUMi3amii, BIiAMOBIAHO a0 KBamidikamii ¢axiBemp 3 IHPOpPMALIHHEX
TEXHOJIOTiH. 30KpeMa, pO3BUBATH:

3K5. 31aTHICTh CHUTKYBATUCS 1HO3EMHOIO MOBOIO.

CK19.1. 3matHicTh  cucTematu3yBaTtu  mpodeciiiHi  3HaHHS  IIOJO  CTBOPEHHS 1
CYIPOBOKEHHSI TPOTPAMHOTO 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:
3KS5. Ability to communicate in a foreign language.
CK19.1. Ability to systematize professional knowledge on software creation and
maintenance.

5. Pe3yJIbTaTH HABYAHHSA 32 IMCHMILTIHOKO:

Pe3yabTar HaBUAHHS Meroau
(1. 3marm; 2. BMiTH; 3. KoMyHiKauis; 4. ®opmu (Ta/ado ouniHioBaHHs Ta | Bincorok y
ABTOHOMHICTh T Bi/llIOBi1aJILHICTD) . . . . .
METOIM 1 TeXHOJ'lOl"li) MmoporoBuu mJICyMKOBI1
BUKJIAIaHHS i KpuTepiii i ominmi 3
Kon Pe3yabTaT HaBYAHHS HABYAHHSHA OLHIOBAHHS (32 | AMCHUIJIIHA
HeoOXiTHoCTI)
PHI1.1 . .| Jlexyia, nabopamopne Tlomoune 13 %
3namu  ocHoeHi  memoOou  ONYKIOL .
onmuisauii 3aHAMMS, oYiHIO8aHHS,
Y / Lecture, Lab. work 3axucm JIP, icnum
To know a basic methods convex (LW) / Current
optimization assessment,
defense LW, exam
PHI1.2 . , Jlexyis, nabopamopne 3axucm 13 %
3namu ocHoeni nidxoou 00 po3e’sA3aHHs .
3a0ay ONYKI020 NPOSPAMYBAHHS AT aabopamopnoi
v POpAMY / Lecture, LW pobomu, icnum
To know an approaches to convex / defense LW, exam
programming problems solving
PHI1.3 . Jlexyis, nabopamopne Tlomoune 15 %
3namu  npocpamui  Komniekcu — ma e .
. 3AHAMMA, CAMOCMIUHA oYiHIO8aHHS,
cucmemu, NPU3HAYeHi 0N eeKmueHo20
038 "3aHHS 3A0ay ONYKI0I onmumiszayii poboma fenum
P ¢ 4 / Lecture, LW, individual / Current
To know software and systems for effective work assessment, exam
convex programming problems solving
PH2.1 . . Jlabopamophe 3axucm 15 %
Bmimu  3acmocogysamu  ma  npakmuyi




Memoou ma  aneopummu  pO38 A3AHHA | 3AHAMM, CAMOCMIUHA nabopamopHoi
3a0a4 ONYKI020 NPOSPAMYBAHHS poboma pobomu,
. . / LW, individual work exsamen/ defense
Be able to apply in practice the methods /e
. . LW, exam
and algorithms  for solving convex
programming problems
PH2.2 . s . Jlabopamophe Tlomoune 14 %
Bumimu nioibpamu npasuIbHULL . .
. 3aHAMMA, CAMOCMIUHA OYIHIOBAHHS,
NPOZPAMHULL KOMNNEKC Ol eheKmugHozo p .
038 "3aHH5 340ay ONYKI0I onmumiszayii poooma saxucm JIP, icnum
p /LW, individual work / Current
Be able to choose the right software assessment,
package to effectively solve convex defense LW, exam
optimization problems
PH3.1 . . JlabopamopHe 3ansamms Tlomoune 10 %
Obepynmogysamu  @nacHuli  nioxio Ha .
) /LW OYIHIOBAHHS,
3a0ayy, CRIIKY8Amuch 3 Konecamu 3 .
. s 3axucm JIP, icnum
numans no6y006u Memooie po3s sA3aHH
/Current
3adau
assessment,
Justify your own approach to the problem, defense LW, exam
communicate with colleagues on the
construction of methods for solving
problems
PH4.2 . . Jlabopamopne Tlomoune 20 %
Bionosioanvro Cmagumucy 00 . .
. 3aHAMMA, CAMOCMIUHA OYIHIOBAHHS,
BUKOHYBAHUX pobim, Hecmu p
8I0N0GIOANbHICMb 34 IX AKICMb povoma saxucm JIP
/LW, individual work /Current
Be responsible for the work performed, be assessment,
responsible for their quality defense LW

6. CniBBifHOUIEeHHS1 Pe3yJbTATIB HABYAHHS IMCUUILUIIHM i3 NPOrpaMHUMH pe3yJibTaTaMHU
HABYAHHS

IIporpamHi pe3y1bTaTH HaBYaHHS 11 (1.2 |13 |21 |22 |31 ]| 42

Pe3ynbraTn HaBuanHs qucuumtinu| PH | PH | PH | PH | PH | PH | PH

(3 onucy ocgimuboi npozpamu,)

[MTPH14. 3acTocoByBaTH iHHOBamiWHI MiAXOIU B Taly3i + + +
KOMIT IOTepHHUX HAayK Ta iHPOPMALiHHIX TEXHOJOTIH.
Apply innovative approaches in computer science and
information technology

I[MPH19.1 3naliTm # BMITH 3aCTOCOBYBaTH MeTOnH| + + + +
OITYKJIOi OMTHMi3arlii

Find and be able to apply methods of convex
optimization

7. Cxema ¢opmyBaHHs oninku / Evaluation scheme
7.1 ®opmu ouiHBaHHA cTyaeHTiB: / Forms of evaluation:

CeMmecTpoBe oniHoBanHs:/ semester evaluation:

1.

2.

Jlaboparopua poborta 1 / Laboratory Work 1: PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 10
0aJiiB (points) / 6 6aiB (points).

Jlaboparopua pobota 2 / Laboratory Work 2: PH1.1, PH2.1, PH2.2, PH3.1, PH4.1 — 10
0aJiiB (points) / 6 6aiiB (points).

Jlaboparopna pobora 3 / Laboratory Work 3: PH1.1, PH1.2, PH2.1, PH2.2, PH3.1, PH4.1
— 10 6auiB (points)/ 6 6aaiB (points).

Jlaboparophna pobota 4 / Laboratory Work 4: PH1.2, PH2.1, PH2.2, PH3.1, PH4.1 — 10
0aJuiiB (points) / 6 6aiB (points).

Jlaboparopna pobota 5 / Laboratory Work 5: PH1.2, PH2.1, PH2.2, PH3.1, PH4.1 — 10



0aJiiB (points) / 6 6aJiB (points).
6. JlabGopatopna pobora 6 / Laboratory Work 6: PH1.2, PH2.1, PH2.2, PH3.1, PH4.1 — 10
0aJiiB (points) / 6 6aJiB (points).

IincymkoBe oninoBanHs / final evaluation: icnut /exam:

MaKCUMaJIbHA KiJIBKICTh OaJIiB sIKi MOXKYTh OyTH OoTpuMaHi cryaeHToMm: 40 Gais;

pe3ynbTaTH HaBUaHHS, K1 OIHIOIOTHCS / learning outcomes that are evaluated : PHI.1,
PH1.2, PH2.1, PH2.2, PH3.1;

¢dbopma npoBeieHHs 1 BUAM 3aBaHb: MMCbMOBA poOOTa;

BU/M 3aBIaHb: 3 MMCbMOBUX 3aBAAHHS (3 TEOPETHUHUX MUTAHHSA);

JUTSL OTPUMAHHS 3arajibHOT MO3UTHBHOI OIIHKY 3 JTUCITUILTIHN OI[iHKA 3a iCIIUT MOBUHHA OyTH
HE MEHIIO HiX 24 Oaiu;

CTYZICHT HE JOMYCKA€ThCA JI0 ICTIHUTY, SKIIO MPOTATOM CEMECTpy BiH HaOpaB MeHIIe Hix 36
Oauris;

CTYZICHT HE JIOMYCKAETHCS 10 ICIIUTY, SKIIO MPOTATOM CEMECTPY BiH HE BHKOHAB Ta HE 371aB
100 % mabopaTopHHX poOIT MepeadaueHuX TIaHOM.

- 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;

- a student is not allowed to take the exam if during the semester he did not perform and did not
pass 100% of the laboratory work provided by the plan.

Kpurepii ouinropanns Ha icnuti / Examination criteria for the exam

3aBaaHHA Tema 3aBgaHHA MaxkcuMaJabHUIi BiZcoTOK Bcworo
Big 40 0aJiB BiJICOTKIB

3aBganug 1 30 % 30 %

/ Test 1 [TUTaHHS 110 TEOPETHIHOMY
3aBmaHHs 2 MaTepiary Kypcy 0 0

/ Test 1 / Questions on theoretical 30% 30%

materials of the course

3aBmanHs 3 40 % 40 %

/ Test 1

100%

3anuTaHHA 1Id NIATOoTOBKY A0 icmuty / Exam questions

Onykmi (yHKIIT Ta IX BIACTUBOCTI.

[TonsiTTs cyOrpanienta Ta cyoaudepeniiana.

SApyxHi QyHKIIT Ta IX TPUKIaIH.

Cyorpanientanit meron [llopa. CriocoOu perymoBaHHS KPOKY.

Mertou 3 pO3TArOM MPOCTOPY B HANPSIMKY CyOTpajieHTa.

CyOrpanienTHHA MeTo]T 3 KpokoM [losska.

CyOrpaznienTHuit Meton 3 kpokoM [lossika B mepeTBOPEeHOMY IIPOCTOPI 3MiHHUX.
Meron enincoifis.

[puckopeni Mmoandikamii METOLy eIIICOINiB.

0. r-anropuT™Mu.



11. MaremaTtn4He porpaMyBaHHS: TIOCTAHOBKA 3a/1adi, BUIU, METOAHW PO3B’I3aHHS.
12. 3agaya TiHIHHOTO MPOTrpaMyBaHHs, METOMH 1i PO3B’I3aHHS.

13. 3agaya HeMHIKHOTO TPOTPaMyBaHHs, METOIH ii PO3B’ sI3aHHI.

14. 3agaya onmykioro nporpaMmyBaHHs, METO/IHM ii pO3B’A3aHHS.

15. MoBa mozentoBanHs AMPL.

16. NEOS-cepsep.

17. NEOS-conBepu, ix BUaU Ta IPUKIAIH.

. Convex functions and their properties.

. The concept of subgradient and subdifferential.

. Gorge functions and their examples.

. Subgradient Shore method. Ways to adjust the step.

. Methods with space stretching in the direction of the subgradient.

. Subgradient method with the step of the Pole.

. Subgradient method with the Pole step in the transformed space of variables.
. The method of ellipsoids.

. Accelerated modifications of the ellipsoid method.

10. r-algorithms.

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

13. Nonlinear programming problem, methods of its solution.

14. The problem of convex programming, methods of its solution.

15. Modeling language AMPL.

16. NEOS server.

17. NEOS-solvers, their types and examples.

O 0 31N LN B~ WIN—

JlaGopaTopHi po6oTun / LW:

JlaGopaTtopHa podota 1: CyOrpanienTHmii MeTo]1 3 KpokoM Ilonsika Ta ioro BUKOprCTaHHS
JUTS PO3B’sI3aHHsI CHCTEMU HENiHIHHUX PIBHSIHb.
Subgradient method with the step of a Polyak’s and application one to systems of the nonlinear
question solving.
JlaGopaTopHa podora 2: CyOrpanieHTHHIT MeTo 3 KpokoM [lomska 3 mepeTBOpeHHIM
MPOCTOPY Ta HOTO BUKOPHUCTAHHS JIJIs PO3B’A3aHHS CUCTEMH HEJIHIHHUX PIBHSHb.
Subgradient method with the Polyak's step in the transformed space and application one to
systems of the nonlinear question solving
JlaGopaTopHna po6ora 3: Meton enincoiniB (ME) Ta #foro 3actocyBaHHs A1 pO3B’I3aHHS
3ajad.
The method of ellipsoids and it applications for problems solving
JlaGopaTtopHa pooora 4: Moa mMozemoBanHs AMPL sk 3aci0 onucy 3a7a4 MaTeMaTHIHOTO
MpOTpaMyBaHHSI.
Language of modeling AMPL as tool for mathematical programming problems description
JlaGopaTtopHa podorta 5: NEOS-cepsep Ta NEOS-conBepu sik inTepdericu nms
PO3B’s13aHHS ONTHUMI3aLiHHUX 3a/1a4.
NEOS-server and NEOS-solvers as are interfaces for optimization problems solving
JlaGoparopHna podota 6: Po3B’s13aHHs 3371241 HETIHIHHOTO MPOTPaMyBaHHS 3 00MEXEHHIMH
3acobamu NEOS.
Solving the problems of nonlinear programming with boundaries by NEOS tools

7.2 Opraxi3aiis ouiHIOBaHHS



Tepminu npoBeneHHs: GpopM OLiHIOBAHHSA:
JlaGopartopha po6ora 1 / Laboratory Work 1: 1o 3 TmxHs cemecTpy.
JlabopartopHa po6ota 2 / Laboratory Work 2: 10 5 THXHS ceMecTpy.
JlabopatopHna po6ota 3 / Laboratory Work 3: 1o 8 TwxHs cemecTpy.
JlabopatopHa pobota 4 / Laboratory Work 4: mo 10 TrxHs cemecTpy.
JlabopatopHa pobota 5 / Laboratory Work 5: 1o 13 tixHs cemectpy.
JlabopatopHa pobota 6 / Laboratory Work 6: 1o 14 TrxHs cemecTpy.

SAINAR S S

CtyZneHT Mae npaBo 3/1aBaTH J1abopaTopHi poOOTH MPOTATOM YChOI'0 HABYAJILHOI'O CEMECTPY.

7.3 IlIkaJjia BianoBigHOCTI OIHOK

Bigminno / Excellent 90-100
Jo6pe / Good 75-89
3anoBinbHo / Satisfactory 60-74
He3agosinbuo / Fail 0-59

8 Crpykrypa HaBYAJBLHOI TMCHUILTIHU. TeMaTHYHUI IVIaH JeKLil i 1adopaTOpHUX 3aHATH

Ne
JeK
mii

Ha3zBa jgeknii

KinbkicTs rognn

Jlexuii

JlaGopar
OpHi
3aHATTHA

Camoc
TiHHA
podoTa

Yactuna 1. Cy0rpagieHTHI MeTOIM 3 IePEeTBOPEHHSM MPOCTOPY
Part 1. Subgradient methods with space transformation

Tema 1. CyOrpamieHTHUI MeToa 3 kKpokoM [lomska.
Apyxui QyHKIIT Ta IX MiHIMI3aITiS.

r-anropuTMIB.

Theme 1. Subgradient method with the step of a
Polyak’s. Gorge functions and their minimization.

and fr-algorithms.

Camocmiina poboma: Monugikaiiii MeToy emirncoinis Ta

Individual work: Modifications of the method of ellipsoids

16

Tema 2. CyOrpanieHTHUIA MeTO 3 KpokoM [lomska y
nepeTBOpeHoMy npocTopi. ApyxHi pyHKmii Ta X
MiHiIMi3aIlis.

r-anropuTMis.

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

minimization.

and r-algorithms.

Camocmiiina po6oma: Monudikarii MeToy eNirncoiaiB Ta

Individual work: Modifications of the method of ellipsoids

16

Tema 3. CyOrpanientTHuii MeTox 3 KpokoM [lomska y
HEePETBOPEHOMY IIPOCTOPI Ta HOTO BUKOPUCTAHHS JUIS
PO3B’SI3aHHS CHCTEMH HENIHIHHUX PiBHSIHb.
Camocmiiina poGoma: 2. Ir (@ )-aJrOPUTM 3 a[ANTHBHHM
KPOKOM.

Theme 3. Subgradient method with the Polyak’s step in

16




the transformed space and its use to solve a system of
nonlinear equations.
Individual work: I (a)-algorithm with adaptive step.

Tema 4. Metopn enincoinis.
Camocmiiina poGoma: [ (a)-aTOPUTM 3 aIaNITHBHUM
KPOKOM.

Theme 4. The method of ellipsoids.
Individual work: I (a)-algorithm with adaptive step.

16

Berworo o yactuai 1 Total 1

8

64

Yacrtuna 2. MoBa AMPL ta NEOS-cepBep
Part 2. Language AMPL and NEOS-server

Tema 5. Mosa moaemoBanas AMPL sk 3aci6 onucy
3a71a4 MaTEeMaTUYHOTO IPOTPaMyBaHHSI.

Camocmiina poboma: 3aCTOCYBaHHS METOJTy €JITICOi B
JUTSL pO3B’SI3KY CUCTEMU JTIHIMHUX anreOpaiuHuX piBHSHb.

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

18

Tema 6. NEOS-cepsep Ta NEOS-conBepu sik inTepdeiicu
JUISl pO3B’SI3aHHS ONTUMI3aliHHUX 33/a4.
Camocmitina poboma: SVM Ta 3amadi onTuMi3arii.

Theme 5. NEOS-server and NEOS-solvers as are
interfaces for optimization problems solving
Individual work: SVM and optimization problems.

16

Tema 7. Po3B’s13aHHS 3a1a9 HENIHIHOTO MPOrpamMyBaHHS
3 oOmexeHHs MU 3acobamu NEOS.

Camocmiiina po6oma: Ilporpama amsg2p Tta ii
3aCTOCYBaHHS ISl po3B’sA3aHHS 3a1a4i SVM.

Theme 5. Solving the problems of nonlinear
programming with boundaries by NEOS tools.
Individual work: The program amsg2p and its application
to solve the SVM problem.

16

Bceboro no wactuni 2 Total part 2

10

50

Koncynpraris Consultation

BCBOI'O Total

16

16

114

3araabumii oocsar — 150 roa., B ToMy 4HCi:
Jlexuiii — 16 rox.

Jlabopatopni 3auaTTs — 16 TO/.
Koncynprarnii — 4 ron.

Camocriitna po6ota — 114 ros.
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