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3.1 waANgns
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WUU 1.1 1UmhginsIunaennangns Laitfaundn 60 wiqefin
WUU 2.1 3UMNENATIURaeAnaNgnS Lidfosndn 63 widefin
WUU 2.2 3IUMNENATIUARDANINEAS Lidfosndn 92 wiqefin

3.1.2 lassafeavdngns

o uuu 1.1 @wiufidifnuniiduFanisinudusiygiln)
wiunsidelnedinnsininednusiinelhAnanuilna Feilenioulsls
foundn 60 b v insnuliFnuseindunfindudn
2 1031 Tnglsidumein wiasdesdinadugrdaufiarviviimun

N, NUINIVIFUNUN (aidunuenia) 594 2 wu2enn
103891 &UuU1 3 1 aenn
(Seminar 1)
103991 &uyun 4 1 MuEAe
(Seminar V)
a a -4 dl' " Y 1 1 a
Y. MWMYIUNUS 1 15949 lddeenidn 60 wudaena

a Ly

103999 AnendnusseauuSynulUndin
(Ph.D. Thesis)
o uuu 2.1 (@wsudidAnefidisamsfnedudiyyiin)

Wuns3delaeinisvinineginusilinunmeaawazne linAuATImMEnIg
F¥1n15hazIvTN Fallanneulaliddesnin 45 nuein wazdnisAnwn
sedvdnkitesnin 18 nuhehn

N, AUINIVIAUUUN 39U 2 wdlena
103891 duuun 3 1 weia
(Seminar IIf)
103991 duuun 4 1 weia
(Seminar V)
U AUINIVILEDN lideanin 16 wuaein

UnAnwagiesamelouseivaonvomangns sWal037xx 3o

1038xx 91uubitiesnin 16 niedin wazau1soametdeusedun

TusgauUuna@n eI AuANlAMIUANNADINTG 1138 IA8AILUELND4

919715991US NN

a a -4 dl' R 1 [ a
A, ANYNUS 1 1599 lsddaenin 45 wiqehia

103999 AnendnusseauusynnulUnda

(Ph.D. Thesis)
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N, NUINIVILNU Laifaundn 12 niuneia

103651 WYANALTLAULTIAILAY 4 RUwAn
(Numerical Linear Algebra)

103621 ATIATIZATITIATU 4 RN
(Functional Analysis)

103631 aumaiveyiusaniiydugs 4 mhenn
(Advanced Ordinary Differential Equations)

ﬁ’ﬁ/i%JUE:\IJLSEJJ’ﬁﬂH’IﬁﬁE]UBJWUT]EI"E“U’]IUWJ’J@%%’]LLﬂUM%@LﬁEJULVi’]:‘J’]LLé”J

Thdendnuiseivdulumneivudonvoindngns ilenauny

FIEIWIMAUAINET TALAUAULTDUVBIEIUTINN

U RUINIBIFUUUN 37U 4 A
103691 duuu 1 1 wein
(Seminar 1)
103791 duuun 2 1 iefin
(Seminar 1)
103891 &uuun 3 1 wein
(Seminar 1l
103991 #uuun 4 1 wein
(Seminar IV)
A, ANINIYEDN Lidesndn 16 wuaeia

nAnwagiesamelouseivaonveInanans sWal037xx 5o
1038xx IuuliUseNIN 16 nUI8As wazaulsaaIne deus183w0
TusgauUuNa@N I RULAULANIUAINUADINTG 1138 TALALULENUDY
fa
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a a -4 dl' " Y 1 ] a
4. MYIWNUS 1 1599 lddeanin 60 wuaefa

103999 nenfinusseauuIaanuf Uadin

(Ph.D. Thesis)
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3.1.3 579799

(1) wunIvunu (Core Courses)

103621

103631

103651

FJuumiein (UsTe1e-UGUR-Anyisenueymuniu)
MMTIATIZATIH AT 4(4-0-12)
(Functional Analysis)
aumadveyiusandiyduge 4(4-0-12)
(Advanced Ordinary Differential Equations)
NYANATAAULTIANAY 4(4-0-12)

(Numerical Linear Algebra)

(2) BUNIBIFUNUT (Seminar Courses)

103691

103791

103891

103991

wrumieia (Ussee-URUR-Anwsmenuoymuniu)

dunun 1 1(1-0-9)
(Seminar 1)

dunun 2 1(1-0-9)
(Seminar 1)

fuun 3 1(1-0-9)
(Seminar Ill)

dunun 4 1(1-0-9)
(Seminar V)

(3) nundvaen (Elective Courses)

103612

103716

103717

103718

103719

Iumnein (Useng-UiR-Anwdeaueymuniu)
NENIWINIINYARIA NYURIW wazUFvayn
nsUszyndRinAansIgn 4(4-0-12)
(Applications of Discrete Mathematics)
widefidonassmafivada 4(4-0-12)
(Selected Topics in Algebra)
Tidefidenassnialseifmans wasuSvanadnmans 4(4-0-12)
(Selected Topics in History and Philosophy of Mathematics)
vdefidenassmamquidiuu 4(4-0-12)
(Selected Topics in Number Theory)
Hiefidonasndamansidanisin 4(4-0-12)

(Selected Topics in Combinatorics)
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103622

103623

103624

103721

103729

103828

103829

103632

103731

103739

103839

103641

103642

103643

NGNIYININITIATIZH

VoW TS

(Measure Theory)
auNIUYTETUATNITHUAY

(Fourier Series and Transform)
AuasdulasnIzuILNITEY
(Probability and Random Process)
NTIATIEITAHUEY

(Stochastic Analysis)
Hdefidonassmanisiase
(Selected Topics in Analysis)
shdetugemnensinmeidaileddy
(Advanced Topics in Functional Analysis)
ﬁaﬁa%uqqmqmﬁmawﬁ

(Advanced Topics in Analysis)

NENIVINNEUNTLIRYNUS

VANNITVRIEUNILTRUNUS oY

(Principles of Partial Differential Equations)

NFIATIMTINFUVDIAUN LTI UNUS
(Group Analysis of Differential Equations)

WUeidonassneaunIsieyius

(Selected Topics in Differential Equations)

VU TUGIMAUN TR YRS

(Advanced Topics in Differential Equations)

NGUIVIMNANAAIENTNITRY
AUNITUNIAMAZNITNYINT

(Time Series Analysis and Forecasting)
GREINRGIHRY

(Statistical Inference)

NTIUALLUNIT

(Operations Research)

17
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103741  ARIAANANTUDIDYNUENNINITRY 4(4-0-12)
(Mathematics of Financial Derivatives)

103743 fhuvusiasledlunianisiu 4(4-0-12)
(Continuous Models in Finance)

103748 shtefidenassnisnnuinandy 4(4-0-12)
(Selected Topics in Probability)

103749 Wadefidenassnieadn 4(4-0-12)
(Selected Topics in Statistics)

103848 vhdipdugmsndineansnisiiu 4(4-0-12)

(Advanced Topics in Mathematics of Finance)

NENIVINNNITUATIZATIANAVUALADUNIUADT

103652 poufiamesifien sisedndnmans 4(4-0-12)
(Computer Tools for Mathematical Research)

103653 FBeiavdmsuuiUymannisileyiusd o 4(4-0-12)
(Numerical Methods for Solving Partial Differential Equations)

103654 35au1BnINA 4(4-0-12)
(Finite Element Method)

103655  M3UTEENANTIATIATIAIATY 4(4-0-12)
(Applied Numerical Analysis)

103656 suidpuBumaaienisialawdu 4(4-0-12)
(Collocation Meshless Method)

103758 thitefidenassninsieseidadaa 4(4-0-12)
(Selected Topics in Numerical Analysis)

103858 vhdipdugamamsTieseiideiaay 4(4-0-12)

(Advanced Topics in Numerical Analysis)

NGNIYIMINITESNAMUULTIAUAAENS

103761  nafmansnzsaiiies 4(4-0-12)
(Continuum Mechanics)

103762 fhuuusuvaturesnamaninizaeios 4(4-0-12)
(Classical Models of Continuum Mechanics)

103763 mannsidenfinA1d@nsIaInaransveslna 4(4-0-12)

(Mathematical Principles of Fluid Mechanics)
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103768

103868

103772

103787

103788

103789

103888

103889

Fdefidenassnanssuiunsdyao
(Selected Topics in Signal Processing)
ﬁaia%quwﬂszmumiﬁﬁgmm
(Advanced Topics in Signal Processing)

nguIvIMeNIsUTERUNY

ALRANEASIUNNSUTEAUTIN

(Life Insurance Mathematics)

NGNAYIMIAUAAIFATAIUDY 9)
U MLABNATINIUIVIAMA

(Selected Topics in Geometry)

v v aa a IS4 CY
Wteidenassnsatiamanslunaluladyiuads

(Selected Topics in Mathematics of Modern Technology)

Wdeidenassnentiaamansussens

(Selected Topics in Applied Mathematics)
Watugmepdinmanslumalulagviuade

(Advanced Topics in Mathematics of Modern Technology)

datugimnadinmansussend

(Advanced Topics in Applied Mathematics)

(4) AUINIVIINGIUNUS (Thesis Courses)

103999

entinusseauUSyanuUndie

(Ph.D. Thesis)

umv.2

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

wagaduliinAnwdanundenlunisysainisilonimiddvinis AuiugIung

Usenaunsgsianazuinnssy sawluieiugiumamunsiasendeyaluguuuusing q e

<, a v ‘:1'
LUUﬂWiL@iUNuﬂa’]ﬂi Iﬂllﬂ'ﬂqllﬂ’]lmiﬂ‘wf\]

ee

o a L4 (4 L3 [
UnAngenans ludssendasneassauinnssy

novauaINIimManulugaUsemalny 4.0 (Thailand 4.0) avn3yn3alaiinsitalenia

Tvdn@nwianunsadanissuiuiuainsiedsnesaluile
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Iuumtheda (Ussee-UfuR-Anviieaueymnuniu)

204646 walulagnmsinnisteyas 3(3-0-6)
(Data Management Technology)

204647  ausiunsvesteya 3(3-0-6)
(Data Security)

204648  MTIATIEVTOLA 3(3-0-6)
(Data Analytics)

204903  vhvernasIn Ny IUsehvg 3(3-0-6)
(Selected Topics in Artificial Intelligence)

204908  YURANATINIABUINILABTANTTOULAY 3(3-0-6)
(Selected Topics in High Performance Computing)

205501  mnandugusgnauniswazuinnssy 2(2-0-4)
(Entrepreneurship and Innovation)

205502  myBaszilonanazaulululiniegsia 2(2-0-4)
(Opportunity and Feasibility Analysis)

205503  nagnsningaunatayan 2(2-0-4)
(Intellectual Property Strategies)

205506  sUkuUgIAAkaENagnsdmsugsialm 3(3-0-6)
(Business Models and Strategies for New Venture)

205507  N13AAIARUTENOUNTS 3(3-0-6)
(Entrepreneurial Marketing)

205508  N13RUEUIENBUNT 3(3-0-6)
(Entrepreneurial Finance)

205509  valggumudmsugsialug 2(2-0-4)
(Supply Chain for New Venture)

205510  NSTIUVULATAITTZANNUY 2(2-0-4)
(Venture Capital and Private Equity Investing)

205511 nguungdmiugusznaunis 2(2-0-4)

(Legal Aspects of Entrepreneurship)

wandanil dnd@nwilundngnsaruisoamzidouioulusmeivivemanans

Uudn@nw/a1971397/d19n3919ule. muANufeIns
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(1) %un3¥nY (Core Courses)

dmiunangasinerransaeiugn wuu 2.2

103621 N15IATITALTININTU 4(4-0-12)

(Functional Analysis)

FuUAUNaY: IAgANUTIUYUVBIENUNIV
Prerequisite: Consent of the School

a v a a Aa

Ygiuesuadu Usgiiviua dadfiunsdaduiiveuen Uslidiu Usiinanuniely

Y Y

o a

uveslIgiisaidsn nquundiunuvessad ddndunisyniuludd dadiiunisuninaz e

a a =

ANTIUNTYTHWNT MU unamiu-uiuia vann1sadeiveuluneniy noulunnisdnte nouiun

n5Un Y3nflavviow Msgidnnuugaunazmsguinuuugau®

)
Normed linear spaces, Banach spaces, bounded linear operators, dual spaces, inner
product spaces, Hilbert space bases, Riesz representation theorem, self-adjoint, normal and
unitary operators, Hahn-Banach theorems, uniform boundedness principle, open mapping
theorem, closed graph theorem, reflexive spaces, weak-and weak*-convergence.
nan3BEuiianand: ShAnufrusnedniiauausaselul
oSUeuIAIVANYa andRkanguiuniiluvesUinliuesuidady
2. oSugwnfavanya audRnarvgufunvesiinidunadaduiiveulunuuusgivesuigady
oSurBuIAnnanya audAnarnguiuninlvesuinfidadinuarfdniunsdadud
YoulauuUI Al
4. UTIYIULAZEBUENG B UMVANUATDINITIATIBMTANATY Usenausmieng ufunveseiu-
VA 1anN1IAEdveulnensy nauunnsdate wagnguiunnsinia
5. Iiishethwuazeniegduiiieadestunquiunndnlusiedni
6. widgmmamguiludemiizeulaglinislinauamsadaaans
Expected Learning Outcomes: Upon completion of this course, students will be able to

1. explain fundamental concepts, properties and theorems of general normed linear spaces

2. explain fundamental concepts and properties and theorems of bounded linear
operators on a normed linear space

3. explain fundamental concepts, properties and theorems of general Hilbert spaces and
bounded linear operators on them

4. state and explain the fundamental theorems of functional analysis, including the Hahn-Banach
theorem, uniform boundedness principle, open mapping theorem and closed graph theorem

5. provide examples and counterexamples relating to the major theorems in the course
solve theoretical and practical problems related with all of the course contents by

using correct mathematical reasoning and notation.
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103631 aun1sLB@YRUSaTyTUES 4(4-0-12)

(Advanced Ordinary Differential Equations)

F1TIAUNDY: TAYANUTIUTDUVDIEIVIIUN

Prerequisite: Consent of the School

aunsdseyiussusunds dymianiudu nsflils anuduldediauien wazanudelies
Y9aNALRAY NaNNINNTMAR nuiunnsiiitaazanuduliedaien audelilesewaiaay
WieuAumsiwes nawasenglils seuunarmans aunsmesmesiuty ssuvaunIsdaduy ssuy
auns@seuiusaniydunu auns@adududu m uasvguijades

First-order differential equations, initial value problems, existence, uniqueness and
continuity of solutions, the contraction principle, existence and uniqueness theorems,
continuity of a solution with respect to parameters, non-extendable solution, dynamical
systems, the perturbation equation, systems of linear equations, periodic systems of linear

ordinary differential equations, linear equations of m-th order, and stability theory.

Han1siEeuinaande:  Undnwiusednidanuausaselull

1
U U = a ¥ 1

1. mnaleagvesauNMsfeyiusalydusuniadadunaziavdiu

2. milaundviliilsiduaenndosiutoulvaning

3. Usggndnguiunnisiindauagannudululfedrndenldluszuuannisunaduduniees

auN TR YNUSaNY

4. AnswianifveswaaasvestiymaGusuiituegiusulnaiy wasaeveisvessaiaas

5. UsggndmsiengianuadssiussuuaumadeeyiusaiydadunayAadady
Expected Learning Outcomes: Upon completion of this course, students will be able to

1. solve linear and fractional first-order ordinary differential equations

2. find domains where functions satisfy Lipschitz conditions

3. apply existence and uniqueness theorems to normal first-order systems of ordinary
differential equations

4. analyze properties of solutions of initial value problems such as dependence on
parameters and extension of solutions

5. apply stability analysis to linear and quasilinear systems of ordinary differential

equations.
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103651 NUANALTRTULTIANAY 4(4-0-12)

(Numerical Linear Algebra)

F1TIAUNDY: TAYANUTIUTDUVDIEIVIIUN

Prerequisite: Consent of the School

LU BIATIETkaTAIMYRIYA AT A uLNING Tnewduiidanisuendiusenauwm

3nd sruvannsadukasIsing Jymnasaesiosan JaymaAnanie

Analysis and computational aspects of linear algebra and matrices by focusing on

matrix factorization, systems of linear equations and iterative methods, least squares problem,

eigenvalue problems.

a P o o = A a  Aa ] &
Naﬂ’lﬁLiEJuEVIﬂ’m‘WN: ‘Lmﬁﬂ‘tm/lNW‘LJ’i’]Bﬁﬂjﬂumﬂﬁﬂmﬁﬂmﬁiﬂmﬂﬂu

1.

5.

a%mwé’ﬂmsﬁugmmaqmseﬁ’%ﬁumsqmaaﬂéh Aflgaudeduny nMsfuiandaaming
fuuuiugeassii nsimszinistadavliduduuiy
a%maL.Lazﬁwmuﬁ’uLLuaﬁmﬁugmmmﬂ%ﬁmL%Mﬁu N13ANTUNITTIINABTUALUNI NG
nsudstureauying uuvinduny uesuvesninesuaziming
Uszeniion1snsslunsuissuuiaduvesaunisidaivadin n1sleismdnvesnid n1suen
AILANBNg U NSuenFIUsEnau LU

Uszendisnsueniiusenausiing 9 n1suendiusenauredlaadn N1INI1ALaENITRENAT
Usgnau LU dusussuuanuuuiiles Msasviouvadendladines

UsegnisMaLteinwing na1me 35nsvesanlad way nd-anewna

Expected Learning Outcomes: Upon completion of this course, students will be able to

1.

explain fundamentals of floating point operations: finite precision matrix computation,
floating point number models, round off analysis,

explain and work with fundamental concepts of linear algebra: vector- matrix
operations, partitioning of a matrix, banded matrix, vector and matrix norms,

apply direct methods for solving linear systems of algebraic equations: Gauss
elimination method, singular value decomposition, LU-factorization,

apply methods of factorization: Cholesky factorization, sweep and LU factorization for
tridiagonal systems, Householder reflection,

apply iterative methods: Jacoby and Gauss-Seidel methods, SOR-methods.
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(2) BUINIVIFUNUN (Seminar Courses)

103691 &uuun 1 1(1-0-9)
(Seminar I)
Ayrdsaunau: 1l
Prerequisite: None
wuzIFIneINTIen A uAdlaAan s tagliin1TEUALITIAUNTTY N1TYITTUNTTY
U39ird Msfnwseyana wazn15aiuse simuvinwensdeansliaivinisidlumsdauelinian
LaZNIWYUTIBNUY
Introduction to mathematical research methodology processes including literature

search, literature review, individual study, and discussion with emphasis on communication

skills through oral presentation and academic writing.

Nan3BEuiAnand: Shfnufrusnedniiauausaseluil
1. @wsednwunenudsedamansegdndwariiionam wedeszduaudila
2. a3n30¥N1T BN IUNTTURAY N SNUVIUUNAIILBY 9
3. aunsathiauedevnvesunarmiemugniesdeadinmaniiifssfoulasiain . uasing
AMULEla
4. aunsaneukazeiuTefuiisutndnuiluSesdnudndamansifinnuduiusiunis
iaus
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. study a mathematical paper in depth and independently up to the level of
comprehension
2. perform literature research and review of related articles
3. give a presentation related with the contents of a paper in a mathematically correct,
structured and understandable way
4. answer and discuss mathematical questions related with their presentation to an

audience of peers.
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103791 &uuu1 2 1(1-0-9)

(Seminar I1)

Furdedunou: 103691 duuun 1 MSalagANUIUYRUYBIEIVIN

Prerequisite: 103691 Seminar |, or consent of the School

TnAnweAuseuavinaveUseiuilymiiiaulansadiamand vioanaivduiiioades
wazthiaweUsuiulamidnuuagddeluinerinus sumemueglumsiauemdumslui
UTeyun93¥INIg

Discussion and presentation of problems of interest in mathematics or related areas,
presentation of topics or research problems from the student’s thesis work, together with

development of presentation skills at academic conferences.

wan1sGeusiinnande  dhAnwishuseindiienuanmsosdolud
1. annsodnuunanuiseidendemansosnsdndauariiionnw iedsseduarndils
2. aWN3aYMTITEIBNTIUNTINRALTNUYILUNATINEY
3. ansodaueiemvssunauidedeenugnienisndamanififsndeulasadng uay
DAGLEPRHILRID

4. @UNS0MLATRINEMIUVALULAT LU WIBSHBYY LedAWESUNISULEUDLTIANAAIARNT

'
a o £ v o

5. @190 UkazaAUTIgAInIY mﬁ’zyﬁLﬁ'mmmmmimLauaﬁ’mﬁauﬁfﬂﬁﬂm WD

AYIBINOY
Expected Learning Outcomes: Upon completion of this course, students will be able to

1. study a mathematics-related research paper in depth and independently up to the
level of comprehension

2. perform literature research and review of related articles

3. give a presentation related with the contents of a research paper in a mathematically
correct, structured and understandable way

4. use technological tools such as PowerPoint to enhance mathematical presentations

5. answer and discuss critical questions related with their presentation to an audience of

peers in the English language.
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103891 &uUU 3 1(1-0-9)

(Seminar IlII)

FyrdeAunay: 103791 duuUI 2 ¥I0lAYAMUTIUYDUYDIANUIYN

Prerequisite: 103791 Seminar Il, or consent of the School

1%
LYY

thdnviausysziiudgmidnwmanemidetugimandamans venuidelusziuuun
wihmeadinrans e ivsuiiietes auhurmsdeuunamunidinng Tunaiiaue
arufinmTvesUssiudamiidnuwas3seluivendng

Presentation of problems or topics of advanced research or on the frontiers of research
in mathematics or related areas, further development of academic writing skills in combination

with presentation of topics or research problems from the student’s thesis work.

Han1siEeuinaands  dnAnwiiiuneividianuaunsonelul
1. @UN50ANUNANLITUTIRARFENSNIINAT Y08 19ANT Az TBNAIN WBDITEAUAINY
Wnla

2. @NI0YNITITELTIITTUNTTUUAZ N TIUMIUUNAILDY 9|
3. annsmihaueileyvesunanidemeanugniedindinmansniisvidoulasasne uaz
iganudila

4. @UNS0MLATDINEMINVALULAE LU WIBSHBEY WBALASUNITULEUDLTIANAFIANT

[y

a o A o A ¥ [y o [y ~ U = <
5. @1119000UkAYBAUTIEANDIUNAIAYNLNYIVDINUNITUIEUDNULNDUUN AN bUU

ANW1DING Y
Expected Learning Outcomes: Upon completion of this course, students will be able to

1. study a paper of current mathematics-related research in depth and independently up
to the level of comprehension

2. perform literature research and review of related articles

3. give a presentation related with the contents of a research paper in a mathematically
correct, structured and understandable way

4. use technological tools such as PowerPoint to enhance oral presentations

5. answer and discuss critical questions related with the topics of their presentations to

an audience of peers in the English language.
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103991 &uxu 4 1(1-0-9)

(Seminar IV)

Fy1UeAUnaY: 103891 FULUI 3 VIDLAYAUIIUYDUYDIAIUIIYN

Prerequisite: 103891 Seminar lll, or consent of the School

unAnwnaueussiaulymnfnwiAuainlaedasy Wuyuinven1s8euunAIUNIg
AnsiariausNan Ity luInednus
Presentation of problems or issues through independent study, further enhancement

of academic writing skills and presentation of thesis research.

Han1siEeuinaande  dnAnwiiiuseivilfiauaunsonelul

1. awhsafnwigaunaniideliedinenansoginauazilionnin iefeseduninudila

(%
=

2. @UnIYIINITITULTNITIUNTTUUALNTNUMIUUNANILDY ) DENENT
3. gansadauaiilonvesunamaidumeaugnaendandinmansnisaideulaseaine uay
DAGLEPRHILRID

4. @UNS0MLATDINEMINVALULAE LU WIBSHBEY WBALASUNITULEUDLTIANAFIANT

[

5. ansaneuaraiuTemauid Ay iinetesiunsiaueiuieulin@nwiuagglie ey

Tu Wunwndinge
Expected Learning Outcomes: On completion of this course, students will be able to:

1. study a series of paper of current mathematics-related research in depth and
independently up to the level of comprehension

2. perform in-depth literature research and review of related articles

3. give a series of presentations related with the contents of a research topic in a
mathematically correct, structured and understandable way

4. use technological tools such as PowerPoint to enhance oral presentations

5. answer and discuss critical questions related with the topics of their presentations to

an audience of peers and specialists in the English language.
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(3) BuInYa0n (Elective Courses)

NEUAIYIMINYANA NBHI1UIY uazuuyr

103612 msUszandatinAansIgn 4(4-0-12)

(Applications of Discrete Mathematics)

Furdedunou: TaeANULIUYRUYIAIV IV
Prerequisite: Consent of the School

v Y a

Tssasiign naufsia n1sUszendAdnmansiBainsdn wuuukuuden Insaasiu uasnis

Uszgnd n1sUssgndngunsm
Discrete structures, coding theory, applications of combinatorics, block designs, Latin

squares and their applications, applications of graph theory

o  yd @ o = o a  &a | &
Han1siteuinaands  dnfnwniiusglvidianuaunsossludl
1. esuelasasign

BFUNENO B MALITBINUITIE NS ILaznDnIIA

a 1

gauIeMIUszendRdinAan TR tuTinUsein iy

[y a

2
3
4. BUBMUULNUUADN dnTaashiu uwazn1sUszendldlusuniwinunsdnnisg
5. a5uensussendAngunIw
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. explain discrete structures
2. explain coding theory, encryption and decryption
3. explain applications of combinatorics in real life
4. explain block designs, Latin square and their applications in scheduling
5

explain the applications of graph theory.
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103716 sitefidanassnieivndin 4(4-0-12)

(Selected Topics in Algebra)

Ay1U9AUNaY: TA8AMUITIUYDUYDIAIUIIUN

Prerequisite: Consent of the School

edvlinseuaquiitenisiizadn Inelamazuansisiuluaiuninuaula Audenis
Yoy wazkulindagiuvensifeuasiauiluivil
Content according to students’ interests, requirements and current trends in the field

of algebra.

103717 WidedenassneussinmansuasUivynainaans 4(4-0-12)

(Selected Topics in History and Philosophy of Mathematics)

Furdsaunay: TneAMULTAUYRUVIEANUNIUN

Prerequisite: Consent of the School

eIviinsounquidenuseifmansuazusvindineans lnaianasuanaaiuluniy
Anwaula AuFeINTveiteu wazwiltudagtuvesmaideuas iyl
Content according to students’ interests, requirements and current trends in the field

of history and philosophy of mathematics.

103718 Wadefidenassmmgufisiuau 4(4-0-12)

(Selected Topics in Number Theory)

FurdsAunay: 1asAMULTAUYDUVIANUNIUN

Prerequisite: Consent of the School

F183v11ATRUAUTITENIIMgu T 1uu Taillenavuand1siuluaiuauauls Ay
AoaNTveiieu wazkwdldulaglureinsideuagimunluivnil
Content according to students’ interests, requirements and current trends in the field

of number theory.
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103719 sdafidanassnendinArandidansda 4(4-0-12)

(Selected Topics in Combinatorics)

Indsdunou: 1neAUTuYeUYeEIYIY]
Prerequisite: Consent of the School

seiniaseuaguiitenadamaniidensdn nademazunndafulumuaiuanla
ArudesnsresSeu wasnwltutagtureamsidouasinuluind

Content according to students’ interests, requirements and current trends in the field

of combinatorics.

N§UIYINIINITAATIEN

103622 Naufyes 4(4-0-12)
(Measure Theory)

FUAUnau: TngANUTAIUYUTDIENUIIYN

Prerequisite: Consent of the School

Usgiivangesld wiwes USiusimaiun ngun1sgidn U39l LP naufunveasneu-dlady
Mo UNVoITl WwaslulTauuAUTINILDS

Measurable spaces, measures, the Lebesgue integral, convergence theorems, the LP -
spaces, Radon-Nikodym theorem, Fubini’s theorem, Borel measures on the real line

nansSEusAans; hAnwfiuseinidauamnsaselud

1. eSursuwAAmdnyaLaguiunvaniiisafiuaies Uszneuse fivadadnun Usgim
wesle wasileandunyes
ussEeUTuflaiunuazantRvesUTiudiaaiundsussnaudmenguiumdnifeuies
B3U1EANNRANA1TENINUTRUSSTULkas USHUSIAaLUN
UssENensaiweslindl 1P warantRivesipl LP deszneusenquiuniedes
vssseaideulesssrinsvesluisauududnusiuagiliitunisuanuas
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Tiotauazeniegnaduiliendestunguiunmmdnluseivnil

7. uitgmmaguiludemiiFeuleeldnislimanamandamans
Expected Learning Outcomes: Upon completion of this course, students will be able to

1. explain fundamental concepts and the main theorems related with measures,
including sigma-algebras, measurable spaces and measurable functions
describe the Lebesgue integral and its properties, including the main relevant theorems,
explain the difference between Riemann and Lebesgue integral
describe the construction of the LP -spaces and their properties, including the relevant theorems
describe the connection between Borel measures on the line and distribution functions,

provide examples and counterexamples relating to the major theorems in the course

N RN

solve theoretical and practical problems related with all of the course contents by

using correct mathematical reasoning and notation.
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103623 aunsuiFEILAZN1TUUA 4(4-0-12)

(Fourier Series and Transforms)

FuUAUnau: IngANUTAUYDUTDIENUIIY

Prerequisite: Consent of the School

L) ad

n1sginnuugaazn1sgiinly LP veseunsuylises 38n1ssivvenla Han1suszaiuwas
londnwalnmsuszanas Tassaanguuesnguisnaunssdunasnguvesinuaiaiduiudiveynsuy
L%EJ%LL@BH’]ELL‘U@Q mwﬁwwmuwmsa N13LINUABLANURVDINITUANL ﬂ’]iLLUa\‘i‘i{i\!L%‘?ﬁ%U@ﬂﬂ’]i
LANLA-FITAUINITVDINITUANKDY NMISUUISETTEn

Pointwise and LP -convergence of Fourier series, summability methods, convolution
and approximate identities, the group structure of the compact circle group and the group of
real numbers as related to Fourier series and transforms, convergence and summability of
Fourier transforms, the Plancherel theorem, distribution spaces, Fourier transform and

convolution of distributions, discrete Fourier transform.

a P o o = A a  Aa ] &
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Expected Learning Outcomes: Upon completion of this course, students will be able to

1. compute the Fourier series and Fourier transforms of some simple functions

2. describe the properties of the Fourier transform as a linear operator between function
spaces

3. state the fundamental theorems related with the Fourier transform

4. describe conditions on existence and convergence of the inverse Fourier transform

5. describe the space of tempered distributions, its properties, and the Fourier transform
on it

6. explain the concepts of the discrete Fourier transform and the fast Fourier transform,

and express them in matrix form.

7. solve theoretical and practical problems related with the course contents by using

correct mathematical reasoning and notation.
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103624 AunzliunaznIzUIUNTHY 4(4-0-12)
(Probability and Random Process)

FdsAunow: 103622 NuflYes 13BlaAUALYTIUVIEIVIIY

Prerequisite: 103622 Measure Theory, or consent of the School

mMwugmnuiemasdussdutudinAnu neidevinasouaquides Uiglarniiae
Hu Mudsdu msmamneuuuiifeuly nguessiuiuinn nuiatingdiunats nsuaunsiiugs
awnstu mstadeduihes maedeuiiuuuusnt waganiiuna

Graduate introduction to probability theory by including topics on: probability spaces,
random variables, distributions, conditional expectation, law of large numbers, central limit
theorem, stochastic processes, filtrations, Poisson random measures, Brownian motion and

martingales.

a  yd @ o = A a A~ ' &
Han1siteuinaande  dnfnwiiunglviidianuaunsassludl
1. eSveanumnevel3giauiiandula
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4. UBNNHURITIIUNINUALNG i Undnddiunansla

5. 8UeANNNNeRINTEUIUNSuduLasamstule

6. B3UIANUMINEYRINTInDedu Tl

7. efunsarumelaransividfyvesnnedeuiivuuusny suluianifianald
Expected Learning Outcomes: Upon completion of this course, students will be able to

1. explain the concept of probability space

2. explain the concept of random variable and classify the types of the random
variables
explain the concept and calculate conditional probability
state the law of large numbers and central limit theorem

explain the concept of stochastic processes and filtrations

explain the concept of Poisson random measures

N o AW

explain the concept and the main properties of Brownian motion including

martingales.
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103721 MsBATIRMBLHUEY 4(4-0-12)

(Stochastic Analysis)

FdsAunow: 103622 NuflYes 13BlaAUALYTIUVIEIVIIY

Prerequisite: 103622 Measure Theory, or consent of the School

nsasenseuIuNsiiudy wnsisnataznaIngn MeAdeuiLuuusIng MIUSHusIE
Wuduiisufunisiedeuiivuuusng nquunvesnisuel audRuniaendmiunisunsuuudla
aunsaTiugy wazn1saIuAuLTiugy

Construction of stochastic processes, martingale and stopping time, Brownian motion,
stochastic integration with respect to Brownian motion, Girsanov’s theorem, local time of
Brownian motion, Markov property for Ito diffusions, stochastic differential equations,

stochastic control.

nans3EusAansa: dhAnwiihuseinifanuasaseluil
1. eFuikwIAnveINIsasenssuunsilugule
2. BRUIUANNMUNEVRINSTANARALLIA VYR sudinsindouivuuus il
3. odueBmeInUTTUsBwluduiisuiunsiedeuiinuuus e
4. venvguiunvaansyuewle
5. venauURusrendmsunisunsuuudlale
6. avugLIARvesaNNSuuduls wazn1smIvAuduugula
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. explain the concept of construction of stochastic processes
explain the concept of martingale, stopping time and Brownian motion
explain the method of stochastic integration with respect to Brownian motion

2

3

4. state the Girsanov theorem

5. explain the Markov property for Ito diffusions
6

explain the concept of stochastic differential equations and stochastic control.
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103729 Watafidanassn1ennsdaseys 4(4-0-12)

(Selected Topics in Analysis)

FuUAUnau: IngANUTAUYDUTDIENUIIY

Prerequisite: Consent of the School

T183¥1HATEUAGUTITENIINITIATIEY Inglilonazuand1eiuluniuaiiuanls Ay
AoaNTveiseu wazkwildulagtureinsideuasimunluiznil
Content according to students’ interests, requirements and current trends in the field

of analysis.

103828 1 daUUGININITAATIZIATINATU 4(4-0-12)
(Advanced Topics in Functional Analysis)
FdsAuney: 1neANUTALYUYDIEI UV

Prerequisite: Consent of the School

e3¥AToUAgUIITaTUEINIINITIAT eIty Tneillomazunndaiuluniuaiy
aula anudesnisvesisey uaziuiliudgiuresmsideuasinmunluind
Advanced content according to students’ interests, requirements and current trends in

the field of functional analysis.

103829 A2 UUGINNITIATIER 4(4-0-12)

(Advanced Topics in Analysis)

FUAunau: IngANUTAUYUTDIENUIIYN

Prerequisite: Consent of the School

e3¥ilaTounurtatugaInTiiasisyt tnsillamazuandsiulumuaiuaula Ay
AoaN1sverisey wazuwiltdulagturesmsideuasimunluivil
Advanced content according to students’ interests, requirements and current trends in

the field of analysis.
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NGUIVINNEUNTLIIBUNUS
103632 %ENN1SVRLENNITLBIDYNWUSEDY 4(4-0-12)

(Principles of Partial Differential Equations)

FuUAUnau: IngANUTIUYUTDIENUIIV

Prerequisite: Consent of the School

unfignuiugiunaziiedns aunsdseyiusdessudunis Jymled Bueusnnedadn
aunnseyiudessusuniafiudadu ssvvannmadeeoyiusdosadadu Jgmlad szuule
wesluanvesaunssusuniaiandadu aumadseyiusdossudvanadadu Jomillddsliesn
WINth auni1s8aausin nann1sAtasan fleiduansuetin nawasveslaymnasiaaluvea Mdueansue
Ungoy Nouweanad-015wa1 Nqun158933venaRasveIlyniAsina audRuasaunisigs
wisluan Jaynvesnsiaatazuessiu

Basic definitions and examples, first- order PDEs, the Cauchy problem, method of
characteristics, quasilinear, first order PDEs, quasilinear systems of PDEs, Cauchy problem, hyperbolic
systems of quasilinear first order equations, linear second-order PDEs, well-posed problems, elliptic
equations, maximum principles, harmonic functions, solution of the Dirichlet problem on a ball,
subharmonic functions, Ascoli-Arzela theorem, theorem of existence of solutions to a Dirichlet
problem, properties of parabolic equations, Dirichlet and Neumann problems.

wan1sdeusiinnande: dndnufiuneinidanuansadelul
1. TiBmsdnunganglunmsuiaumsesyiussessusundandfleidulinsuanien
2. a$doulafiunganuuituiiiinawasiauldseos;
3. ManunzlaIYYeITEUVAINMoyTUSEoy uay srylteuly
a. fvuadymaduduiilidudnvasemnedmiuszuaunmsoyiudesiadady
5. wilawwresrnudunilaforvemanasvedymisududmiussuuaunssusunid
Julawesludn
6. lmdnnsgeanisounanidilumslinnesiauniseyiussosdusuaeadsdaduin
7. mvuakaziaTzitynvesfsinauazyssauussiul
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. use the method of characteristics for a solving a first-order partial differential
equation with a single unknown function
construct appropriate conditions on the surface where a solution has a discontinuity
3. find characteristics of a system of partial differential equations and conditions on them
formulate a non-characteristic initial value problem for a system of quasilinear partial
differential equations
5. find domains of uniqueness of a solution of initial value problems for a hyperbolic
linear system of first-order equations

use weak and strong maximum principles for analysis of an elliptic second-order PDE
formulate and analyze Dirichlet and von-Neumann problem:s.
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103731 AM5IATIRMBINTUVRENNITLBIDYNUS 4(4-0-12)
(Group Analysis of Differential Equations)

FsAunow: 1neauLAuYeUYeIEIUIY)
Prerequisite: Consent of the School

nyUvesmInUasnng naaasadelui nyudlameiuuunilonsinesvesnisuas i
fugs wazuudladBussengy msdosenluvesnsud fvadndvesfaduiiung szuumngiige
YoINYANNgaY NTRUadaNLa N1FIUMUNNTUVBIANNTBREITLS nUlUUratenIsiives Nalaay
dugILaENARAEUEIVDIANNITITIUNUSHOY auuInTawuANaUs N1SkUasduladuaudnin
AUNIRTHATNNOUSNY VU unveLUames

Group of scale transformations, self-similar solutions, one-parameter local Lie groups
of transformations, invariants and invariant manifolds of a group, prolongation of a Lie group,
Lie algebra of operators, optimal system of subalgebras, equivalence transformations, group
classification of differential equations, multi-parameter groups, invariant and partially invariant
solutions of PDEs, Lie-Backlund symmetries, contact transformations of finite order, symmetry

and conservation laws, Noether's theorem.
a  yd @ o S a A ' &
Han1siteuinaands  dnAnwiriuneiviianaunsaselull
1. sfvevanmsiupwenUakasivndlsd USginnwesveswneniliauaensduunesdivniing
2. BFUIBLATYINNUMENANNITAUEINYEINITHUARINTUE SIudan1sUsegndiuaunisias
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3. UseyndIsnsiAssildenuivaunislisoyiusgesdmiunisminguaneausuwagnis
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FuuNTesENNITTR YIS UAUNJUaNEaNSY
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4. UszgndIsnsieeiienguivaunisieeyiustesdmsuntsmedus swas B ue e
UNAIUVDIANNTHTID YR USE O
5. eunendnnIsiuguvesauIAsaLUANSUS ke LELTUS ST AR SARUANSUA T
ngeusNYUBAUN TR IUSE Y
Expected Learning Outcomes: Upon completion of this course, students will be able to

1. explain fundamentals of Lie groups and Lie algebras: vector space of generators and
classification of Lie algebras

2. explain and work with fundamental concepts of Lie group of transformations and their
applications to PDEs: admitted Lie group and equivalence Lie group

3. apply the group analysis method to PDEs for finding admitted Lie groups and the
classification of PDEs with respect to admitted Lie groups

4. apply the group analysis method for finding invariant and partially invariant solutions of PDEs
explain fundamentals of Lie-Backlund symmetries and relations between Lie-Backlund

symmetries and conservation laws of PDEs.
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103739 vidaiFenasmssunadeoyius 4(4-0-12)

(Selected Topics in Differential Equations)

FurdeAunau: TngANUILYOUTDIEIUIIV

Prerequisite: Consent of the School

eIiaseuaquiton1taun1sdeyius Inelenazuandrsiuluauaiivaula Ay
Aoin13vesiseu waznwilindagduveimsidowasinu iyl
Content according to students’ interests, requirements and current trends in the field

of differential equations.

103839 2D VUGINFUNTLBIDYWNUS 4(4-0-12)

(Advanced Topics in Differential Equations)

FUeAunau: IngANUTIUYUTDIENUIIY

Prerequisite: Consent of the School

eiviasounauitatugmnaNNIsBewius tnstlomazuaneiulunuanuaula
ANUREINSTeNEiTeY waziuliutagturesmsifeuasimunluivil
Advanced content according to students’ interests, requirements and current trends in

the field of differential equations.

N§uIYMN1IANAAIFNTNITEY
103641 ayNIULIALAZNITNEINTA] 4(4-0-12)

(Time Series Analysis and Forecasting)

FuieAunau: 1AgANUILYDUVDIEIUIIV

Prerequisite: Consent of the School

[

afAnugIudmsuNITNeINIal N1TIATITRINNBELAZNITNEINTAL F5N1SUTUSBUMELEULAY
LBUTAIRT LUUIIED991307 HIATUAIENIALAZLUUTIA0INTITUNTALDS
Statistics background for forecasting, regression analysis and forecasting, exponential

smoothing methods, ARIMA models, transfer functions and intervention models.

wamsﬁ'auiﬁﬁmw%’m tinAnenfinusevdtauanunsaselud
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Expected Learning Outcomes: Upon completion of this course, students will be able to
1. explain the concepts and methods of simple and multiple regression
2. explain and compute the forecasts using the exponential smoothing method
3. explain and compute the forecasts using the ARIMA models

4. explain the concept of transfer function and intervention models.

103642 nfLgayuIy 4(4-0-12)

(Statistical Inference)

FuUAUNaY: IAgAMUTIUYUVBIEIUNIV

Prerequisite: Consent of the School

1AYBINITUANKY auTAnauszasAvesiatifuasvaesinuseaiua N1sUTsIaLUULA

aa Y] 1 a aa I ] 1 = <
IBNTMIAIUTEUULUUA ] NOUYNNFDE YOULYAA NV fruszunalaieudes nsuszunandu
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aa o 2

‘zh\‘iLLazLLmﬁﬂLﬁ'mﬁumwmﬁauamagm UnAawoaudiny uasiilesdu wuunaaouiin A9gen
naziimaageanasiniaue

Families of distributions; desired properties of statistics and of estimators; point
estimation and methods of estimation; some statistical theorems, lower bound of unbiased

estimator; interval estimation and concept of hypothesis testing, Neymann — Pearson lemma,

most power and uniformly most powerful test

[
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Expected Learning Outcomes: Upon completion of this course, students will be able to
1. explain the concept of family of distributions
2. explain the desired properties of statistic and of estimator
3. find the point estimation and explain the methods of estimation
4. explain some statistical theorems: lower bound of unbiased estimator, interval
estimation and concept of hypothesis testing
5. find the critical region and most power and uniformly most powerful test with

significance for testing the hypothesis.
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103643 n15398aTuUN1S 4(4-0-12)

(Operations Research)

FuUAUNaY: IAgAMUTAUYUVBIEIUNIVY

Prerequisite: Consent of the School

AUUANIFLTIEAY WUUTIBDINITVUET NTUANITHATH LUUINADIAUAIAIARY LATLUUINADIA
Linear programming, transportation models, dynamic programming, inventory models

and queueing models.

wamsﬁauifﬁmw%’a: Shnwikusednitauannsaselui
1. 95UNBULUIARURIARUANISLTILEUY
2. muuakazIazitymnruansaeEy
3, afauasuidymifeartunuusiaeanisuues
4. 9FUNYLUIAAYDINIAUANITNATR
5. fmuakarlnssdiieadesiuluusaesdudinngs
6. MvuakarIneilymifeitestunuusiaodn
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. explain the concept of linear programming
formulate and analyze linear programming problems
build and solve transportation models

2

3

4. explain the concept of dynamic programming

5. formulate and analyze problems with inventory models
6

formulate and analyze problems with queueing models.

103741 ANAANEATYDIDYRUSNINISEY 4(4-0-12)

(Mathematics of Financial Derivatives)

daduneau: IneAuWiLYoUTeEIuIv

Prerequisite: Consent of the School
miLLuz‘ﬁhtcjﬂ']ﬁﬁmummmé’ﬂw%’wéaqﬁuﬁ‘wﬁugmmﬁmw Immﬁwﬁﬁmmamqmﬁm

910n519 sufuyadanandsadunats aunfgiueenuesiia fuliviuiy grsvesuuan-lva

uarnsUszgnd aunadseyiusdesuuan-lua Ansidenuuveuiiu duvusnmaendeurnnes

e MsaduiUAey meué’mmaﬂﬁaqqqm wausmsnenidemgauazeyusuuiiuguredng

nontle ANULFLAATARLAZOUTLSIATAN
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Introduction to arbitrage-based pricing of derivative securities, including the topics on
arbitrage, risk-neutral valuation, the log-normal hypothesis, binomial trees, the Black-Scholes
formula and applications, the Black-Scholes partial differential equation, American options,
one-factor interest rate models, swaps, caps, floors, and other interest-based derivatives,

credit, risk and credit derivatives.

(%

wan1siFeuianands: Thnwfuseinidanuansaselui
1. aduisuwIAni3eedna LLazmi‘U%JUQaﬁlﬂm’mL?i&JﬂL‘fJuﬂaNi@f
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3. UaNansvBdLUaA-lua warihgnsveswuan-lya lUusvendldla
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5. sSuisunAnesdvBidenuuueniiu Muuudnrnendouwnmediie wasmsaduiudeuls
6 a%mwmﬁmmmeué’m’maﬂﬁaqqqm waudasmenidengn uazeyiusuuiugiuves
Savmendeld
7. odusmnAnYeInNIABLATAR uazeyiudiAsAnle
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. explain the concepts of arbitrage and risk-neutral valuation
2. explain the concepts of log-normal hypothesis and binomial trees
3. state the formula of the Black-Scholes formula and apply it
4. explain the concept of the Black-Scholes partial differential equation
5. explain the concepts of American options, one-factor interest rate models, swaps,
caps, floors
6. explain the concepts of other interest-based derivatives

7. explain the concepts of credit, risk and credit derivatives.

103743 sauvunatiaslunianistu 4(4-0-12)

(Continuous Models in Finance)

AdsAunow: 103741 AIAAEASTOIOURUSTINNITRY W3BLALAUTIUYOUTBIEANUNIN

Prerequisite: 103741 Mathematics of Financial Derivatives, or consent of the School

nstmuasa s eyiusuuiiug o dvmaiideidewanseinademansves
oyudMMINIRY aunsuvan-lva wazmsneelagiily msiaunsianaauya nquifunuansis
1A FIAINANNVDIAAEE mﬁﬂszqﬂm“lw,%iawaaﬂmuﬁau{‘nLmalﬁLLazmﬁmswﬁmauIm FlUU
Snsmenile wuImneFnuIvesdn-uals-uesiu warAudUTUSA U ILUUSHIISYEEAY LUINNg
msdnwanuiuRauLuUaluduazaialuadsae Miuwuunsslag MuuuaufuRIwanIzd Las
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A second course in arbitrage-based pricing of derivative securities. The Black-Scholes
model and its generalizations: equivalent martingale measures, the martingale representation
theorem, the market price of risk, applications including change of numeraire and the analysis
of quantos. Interest rate models: the Heath-Jarrow-Morton approach and its relation to short-
rate models. The volatility smile/skew and approaches to accounting for it: underlyings with

jumps, local volatility models, and stochastic volatility models.

wan1sdeusiinnande  dnfnwiiuseinidfienuamnsodolud

1. eSunsuwinnvesaunswuan-lva wazn1saetelnesialule
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Expected Learning Outcomes: Upon completion of this course, students will be able to

1. explain the concept of the Black-Scholes model and its generalizations

2. explain the concept of the equivalent martingale measures and the martingale
representation theorem

3. explain the concept of the market price of risk, applications including change of
numeraire and the analysis of quantos

4. explain the concept of interest rate models: the Heath-Jarrow-Morton approach and
its relation to short-rate models

5. explain the concept of the volatility smile/skew and approaches to accounting for it:

underlyings with jumps, local volatility models, and stochastic volatility models.

103748 sindafidanassmeanuunazidu 4(4-0-12)
(Selected Topics in Probability)

FudeAunau: TngANUILYDUTDIE1UIIV

Prerequisite: Consent of the School

seivdaseunguiitenisauiiandu lnellemasuandsiulunuaivauls Ay
AoIN3veisey wazkwiltulagturesnTideuasimunluivil
Content according to students’ interests, requirements and current trends in the field

of probability.
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103749 viadafidanassnieadn 4(4-0-12)

(Selected Topics in Statistics)

FurdeAunau: TngANUILYOUTDIEIUIIV

Prerequisite: Consent of the School

edvfinseuaquiitenisads lnatlomazuandeiulumuaiiuauls AudeInisves
dvseu wavkwildulagiureimideuasimunluiznil
Content according to students’ interests, requirements and current trends in the field

of statistics.

103848 WadaUugInIAfinAIanIN1TRY 4(4-0-12)
(Advanced Topics in Mathematics of Finance)
ndsdudew: TneanumiugeuvesaIuiv
Prerequisite: Consent of the School
eniasoungauiiitetuganmeadinenansnistu lnsillemasuanssiuluniuning
aula AnuFeINMvewiteu wazwnldudagtuvesmaideuasiau vl

Advanced content according to students’ interests, requirements and current trends in

the field of mathematics of finance.

NFUIVININTAATILATIRUA VLA ABUNIADS

103652 maufiamasiian1sideidendinaans 4(4-0-12)

(Computer Tools for Mathematical Research)

Furdedunou: TneANUiLYRUYBIAIVIIW

Prerequisite: Consent of the School

wurfnlunisldneufinnesifiontsdoidandinmans Tnesruiadefiiioadaedu
seuuluinisglinduaziasetine nineinsdiannselinddmiun1sideidendamans n1smseu
LONANTLTIANAFIANT NITAUIALTIFYSnwal NS sulUTLNTUADNNILADS Lagn1TltluTunTy
éhL%ﬂgﬂ%ungwqmﬁmiwﬁﬁqéhLasuu,azﬂﬁﬂﬂ

Aspects of computers used in mathematical research, including the Unix operating
system and networking, electronic resources for mathematical research, mathematical

document preparation, computer programming, symbolic computation, programming with

advanced numerical libraries, and graphics.
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wamaFeudiinnande  dnfnwfiuneiniimmaunsadelul

1. dufumsfuaimdeyaandessulativng q ¢

2. Tdszuu Latex Tun1sdawiesienansvnepdinamansguuuusng o 1o

3. TgenyilasneptaAanSEsUNITAUIATIE A NYal NMIALIATIRIEY N1STBUNTIN
sullufemsaireanmedeuln

4. Feulvsunsumeuiumesdmiunmsmuandeiney wasmadeuns anedseyaiidedls
2E9QNADY

5. Merusdsiiugieing q fenuuussuy Unix uwag Linux 16

Expected Learning Outcomes: Upon completion of this course, students will be able to

perform online literature search,
prepare mathematical documents using the LaTeX typesetting system,
use symbolic mathematical software for symbolic and numerical computations,
graphing and animation,

4. write a computer program for numerical computation and graphing with the help of
standard numerical and graphic libraries,

5. execute common commands on a Unix/Linux terminal on the command line.

103653 AsLgeRnavdmsunIsuidyniaunisitaeynustay 4(4-0-12)

(Numerical Methods for Solving Partial Differential Equations)

FurdsAunay: 1nsAMULTAUYDUVIANUNIUN

Prerequisite: Consent of the School

ANNEIAYTRINSIB T UTBRNAY aunsTeeyiustasUssnsluan Usenndausn
wazUszinvlawesludn seideuitilawmansdnnnuaznisnaeey seilisulsvulsznoudndniunis
nnalaae szilsuisantnauusy KalaasveslamiAvoutlossu

The essential roles of numerical methods, types of partial differential equations;
parabolic, elliptic, and hyperbolic, finite difference method, finite element method, boundary
element method, numerical solution to some boundary value-problems.
wamsﬁ'auiﬁﬁmw’a’q: Sndnufrusednitauaansoseluil

1. a@demdilavesunu ey R UesE i suIs et luvn e mans uagd enssumans

2. admmudlandnnsvesudouitidsheuuusaptuissdeuds o sudeuiinasnsie
seleuTBaintndnin warssleudBandnamuueu AemImHaRaevesENn1seYiusla

3. aansruIus Sures lumsussgndldandeuiBaing q dmivaunadeyiusunsanvls

4. WEMINTTUIUNMTINALRAUTIANavEmTUTymA1e

5. szysazdkuntefuasdoidevessuiiuuiBileiaulssnmeng o luusuniunnensiula
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Expected Learning Outcomes: Upon completion of this course, students will be able to

1. show understanding of the role of numerical methods in general science and
engineering contexts

2. show understanding of the main concept of some conventional numerical methods
such as finite difference, finite element and boundary element methods for the
solution of differential equations

3. demonstrate the procedure of applying various numerical methods to selected PDEs

4. numerically find solutions to some boundary vale-problems

5. identify the advantages and disadvantages of the various numerical methods under

different contexts.

103654 35aU1TNINA 4(4-0-12)
(Finite Element Method)

FurdsAunay: 1eANULTAUYaUYDIANUNIYY

Prerequisite: Consent of the School

unRniiuguresssdeuisiussneudie maadsaunmsssdeuistulszneusitalasisnes
msadsaumssadeu 355ulszneusifalaianmsthaimdnirenndne feffumsdsvanaelugadu
Usznau ey mamuUTHuSBsiavuuiulsenou msdssgndfullygmauniadseyiustondeiu

Basic concepts of finite element methods, formulation of finite element methods by direct

methods, formulation of finite element methods by weighted residual method, element

interpolation functions and numerical integration over elements, applications to some basic PDEs.

a vl o o o a a  Aa ] &
NaﬂﬁLiEJ‘IJEVIﬂ’mWN: ‘Lmﬁﬂ‘HWlNW‘LliﬂE’J’Jslﬂumﬂﬁ’mﬁ’]?,y]iﬂm@iﬂu

[ =

1. asamnunlalundnniswazanudfreesetlouisau1Tnanin

2. admaunlaluiinisiivansdsiinnvesupnvesssidouia

3. Usznavadssuvaunsidaduifunaunanunfnuasudnnisvessseuds
4. LERINTISATLIANUTELNTIAAVVBINITUIUSHUS ULENTN
5.

UszgndssdeuisiulaymaunsdeyiusunsUssnnly 2 48

Expected Learning Outcomes: Upon completion of this course, students will be able to
1. show understanding of the concept and significance of the finite element method (FEM)
2. show understanding of direct and formal (basic energy and weighted residual) methods
for deriving finite element equations
3. formulate the system of linear equations resulted from the construction of the method,
4. perform numerical integration over elements

5. numerically apply the FEM to some selected forms of PDEs in 2 dimensions.
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103655 N15UsYNANITIATIZATIAUAY 4(4-0-12)

(Applied Numerical Analysis)

Furdedunou: TneANUILYRUYBIAIVIIV

Prerequisite: Consent of the School

mﬁmswzﬁmmﬂmmﬂﬁau NALRAYUDITLUVANNSITUEAU NalRaeUeIdun1TRUULLgadu
mMsUszanuAilug msUssanuiidsaestiosiign syiusuazuitudideiniey naasidaiian
yosaumaivoyfuSauuUATyuazL UL DB SN

Error analysis, solutions of systems of linear equations, solutions of nonlinear
equations, interpolations, least square approximation, numerical differentiation and

integration, numerical solutions of some ordinary and partial differential equations.

Nan3BEuiAnand: Shfneiiusedniiauannsadeluil
1. ansavendenuvesruAaInAGeuUIEAANS 9 WiouenAng1sle
2. wansnsEUINMIMIRaRavesann s iudady uarssuvaunsBady vauuiddinszd
warluuLadala
3. AwmnMIszaaIvestoya uaznsUsTnamMasdeiougnla
4. @BRNITUIUNIINISUITUUALTIRNAVVBIBYRUSLALUSHUSLH
5. wanan sl euitideiavuislssian Smsun1snIHalaagveeaunIsdeyRusuIl
UszLanlel
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. state the definitions of error types with examples
2. perform, both numerically and analytically, processes of finding solutions to nonlinear
equations, and systems of linear equations
3. compute some interpolation problems, and least square approximation
4. demonstrate the process of numerically approximating differentiation and integration

5. apply some numerical methods for solving given problems of ODEs or PDEs.
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103656 sudsudsuviaaglsnislialandu 4(4-0-12)
(Collocation Meshless Method)

Furdedunou: TneANUILYRUYBIAIVIIV

Prerequisite: Consent of the School

STUUANNSIBAAULAENITIHALRAY NSUTEINaAesdayaly 1 15 n1sUsz U1l
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nsUszaAeyusTntusaligIuran NMsUssendiunsminalRagvesaunNIsisoyiusansyway
aun1sdseyiusy oy odawindondu 4 fdfdmsundnnisialaiadiu

Linear systems of equations and solving methods, data interpolation in 1 dimension,
scattered data interpolation using Lagrange polynomials, radial basis function, data
interpolation using radial basis function, approximation of derivatives using radial basis
function, applications to ODE and PDEs, further important factors for considerations with the

collocation method.

wan1sSeudiinnands  dndnwiiuneinidfiauaunsodeluil

1. MuaRaUIEIATVRIsTUVALNTTLEURE19ElA
- ansaenudlalusnfnuaranudAnuesseleuisnisussunuvestoyala
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Expected Learning Outcomes: Upon completion of this course, students will be able to
1. numerically solve some simple linear systems of equations
2. show understanding of the concepts and importance of interpolation methods of data
3. compute interpolation of given data using Lagrange polynomials
4. show understanding of the behavior and properties of radial basis functions
5. perform interpolation using radial basis functions
6. approximate the values of derivatives of functions using the concept of collocation with
radial basis functions
7. apply the collocation method with radial basis functions to some differential equations

8. show understanding of the advantages and disadvantages of the methods.
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103758 %2U0NMABNATINIINITIATIZWLTIAIAY 4(4-0-12)

(Selected Topics in Numerical Analysis)

Furdedunou: TneANUILYRUYBIAIVIIV

Prerequisite: Consent of the School

Teniasounauiitenansiasienideiiey lagilemazuandeiuluniuanuaula
ANNABINTVRITEY Wazkwiltudagtuvesmidewasiamnluivil
Content according to students’ interests, requirements and current trends in the field

of numerical analysis.

103858 1 daUUgIN19NITAATIZATIINAY 4(4-0-12)

(Advanced Topics in Numerical Analysis)

Furdedunou: TneANUiLYRUYBIAIVIV

Prerequisite: Consent of the School

$1831HATOUAUIITETUEINNNITIATIETiLaY Tnglllomazuandsiuluniuning
aula mnudeIMIvewiteu wazwnldudagtuvesmaideuasiau iyl
Advanced content according to students’ interests, requirements and current trends in

the field of numerical analysis.

N§UIYIN1INITEFNAMUULTIAMIAAIENS

103761 nafaninzsatiio 4(4-0-12)
(Continuum Mechanics)

Furdedunou: TneANUiLYRUYBIAIVIIT

Prerequisite: Consent of the School

MTNATIVIVDIANUAULAEMIUUAITUTRR  wasnislaunvesaun1suanyalaensussynd
NHNUFINVBINYDUTNBUIA NYOUSNENGINULAZNH RSN ELULUAN WAENHNN 9 NBUVNAFENT
ANUAUNUTTENINAMIULAY ALLATEN LATTNTIANMUATEN FUNITHUFIUTAMAUNGRNTSUVRINTIE
J A Yy <
sowtlodla 9 uaznsUszendldivveanduasvadlva

Analysis of stress and deformation at a point and the derivation of the fundamental
equations by applying the basic laws of conservation of mass, energy, and momentum and
those of thermodynamics; development of relationships (constitutive laws) between stress,

strain, and strain rate; basic equations governing the behavior of any continuum and

applications to solids and fluids.
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wamsﬁauifﬁmwi’a: tndnwinuseivdiauaunsadelud
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Expected Learning Outcomes: Upon completion of this course, students will be able to

1. use fundamental algebraic properties of tensors

2. operate with tensor coordinates

3. apply tensor calculus, such as covariant derivatives of first and second orders, and their
representations in various coordinate systems
use curvilinear coordinate systems, in particular, cylindrical and spherical coordinate systems
formulate conservation laws of used in continuum mechanics

apply elements of mathematical thermodynamics

N o e

derive mathematical models from the main principles of continuum mechanics.

103762 (?SI"JLLUULLUUQ‘I:I’U“UB\‘lﬂﬁﬂ']ﬁGl%ﬂ']’JZﬁi'e]l,‘ﬁl'e)si 4(4-0-12)
(Classical Models of Continuum Mechanics)
JurdeRuniow: 103761 nasaninnisaiiles viielnsauiuraUvetEU IV
Prerequisite: 103761 Continuum Mechanics, or consent of the School
Jiseidonnanivnamansnnedeiies (103761) lAEATBUARUIITD YBLVRILAL LI
FMUUIRNIZIIY NTEUIUNTINTZRNY kazNSAnUTDIUDIMs Nguianudavgududu
This is a continuing course from Continuum Mechanics (103761). Topics include: liquid

and gas, particular models, dissipative processes, deformation of solids, and linear elasticity

theory.
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nan1si3ouiianande: thanwfruseinidauausadelui
1. edunendnnisiiugiuresauniswamanivesing ngeusndlusuuinusuaysuoyius
2. Uszendngeudnvluguduiinfadmivateuluusedu glnues
3. pSuAALTTLLATHARALLNTUATIA-LEeS
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a$rmaasuiunswassaatesvesaiitenulisedada |
5. eSunevEnMIugIuTmnuiBanguBad
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. explain fundamentals of the gas dynamics equations: integral conservation laws and
their differential forms
2. apply the integral form of conservation laws for constructing Rankine-Hugoniot conditions;
3. explain Riemann waves and Prandtl-Meyer solutions
4. explain and work with self-similar solutions of one-dimensional gas dynamics equations
for constructing exact solutions of decay of arbitrary discontinuity problems

5. explain fundamentals of linear elasticity theory.

103763 wann1sLBeAfinAansvaenafansvaslva 4(4-0-12)
(Mathematical Principles of Fluid Mechanics)

FyrtaRuniau: 103761 namaninzdaiiies wislauaruiusouvesaviv
Prerequisite: 103761 Continuum Mechanics, or consent of the School

aun1snsindeudl danavesaland auniseesass aun1sndsu eulnst euiadl waz
gaunil nstuanuududalilavesvedlnagauad auniswamanivesivauvuniauazuuulanie
gauARauNIsUIgs-alanduuududn

Equations of motion, Stokes’ axioms, Euler equations, energy equation, entropy,
enthalpy, and temperature, ideal incompressible fluid, ideal inviscid and viscid fluid dynamics

equations, compressible Navier-Stokes equations.

wamsFoudiiaande  dnAnwfiumeiniimsansadelul

1. odunevidnmsfiugiuresnarmansvadiva dawaivesaland uaznisldunvesaunswaaians
vodla
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Expected Learning Outcomes: Upon completion of this course, students will be able to

1. explain fundamentals of fluid mechanics: Stokes’ axioms and derivation of the fluid
dynamics equations
explain concepts of inviscid fluid dynamics: Euler equations and their properties
explain viscid incompressible fluid dynamics equations (Navier-Stokes equations)

construct particular solutions (Couette flow, Poiseuille flow) and their applications

ook LN

apply a priori estimates to the Navier-Stokes equations.

103768 viadeilidanassmnanszulrunsdain 4(4-0-12)

[

(Selected Topics in Signal Processing)

Furdedunou: TneANUiLYRUYBIAIV1IV

Prerequisite: Consent of the School

31EﬁsmﬁﬂiaUﬂqmﬁﬁamaﬂixmums Hrynynod Tngwlarmazwanananulusiuainuaula
ANUREINTSTeNETeY waziuliutagturesmsifeuasinunluivil
Content according to students’ interests, requirements and current trends in the field

of signal processing.

103868 1 daUugININITEUIUNTH YU 4(4-0-12)

(Advanced Topics in Signal Processing)

FurdsAunay: 1aeANULTAUYaUYBIANUNIYY

Prerequisite: Consent of the School

':?1aismﬁﬂ'iamqmﬁa%’a%’uqamqﬂ‘izmumié’iymﬂm Tngilomazuanarsiulumuainuaula
ANNABINTVRTEY Wazkwiltudagtuvesmideuasiamunluivil
Advanced content according to students’ interests, requirements and current trends in

the field of signal processing.
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nguvIMIeINIsUTEAUNY

103772 AMAATEASUN15USZAUTIN 4(4-0-12)

(Life Insurance Mathematics)

AyrUsAUnaY: TAgAMULTAUYDUVDIANUNIUN

Prerequisite: Consent of the School

v
S U v a o

wuIARUBIRLYeINIsUSEAUNY 5185Us180TuUseIuT g WWeUseiuny RIud15ed Aakuusda

gudmsunisuseiudin Aauuunnsaen Auuudisdudviudnsinends wagnisiin/aieves
U593 NM5knaredduantaziud13ed Yud15aaUnAauwaraunI S8 URUsTIaY NguiunLen
s € a a s
WauUnDIN HATNINTIINYUA-AA
Basic concepts of life insurance: life annuities, benefit premiums, benefit reserves.
Stochastic models for life insurance mathematics: Markov models, stochastic processes for
interest rates and demography, cash flows and reserves, cover capital and Thiele’s differential

equation, Hattendorff’s theorem, and unit-link policies.
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WAENISAA/M8VDIUTEYINT

4. PFUIBLAAINIANTIATBIRUARLERUANTRY NUdTeUnAquLALENNTTRYNUSTIAE

5. 93UIENUAUNLENVIOIND N LLazﬂiMﬁiiﬁgﬁm—aﬁ

Expected Learning Outcomes: Upon completion of this course, students will be able to

1. explain the concept of life insurance

2. explain and compute Life Annuities, benefit premiums and benefit reserves

3. explain the stochastic models for life insurance, Markov models, stochastic processes
for interest rates and demography

4. explain and compute the cash flows and reserves, cover capital and Thiele’ s
differential equation

5. explain Hattendorff’s theorem and unit-link policies.
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NFUIVINNANAFAIEATATIUY

103787 Hdeidonassyasuingia 4(4-0-12)
(Selected Topics in Geometry)

Furdedunou: TneaNUiLYRUYBIEIVIIV

Prerequisite: Consent of the School

evtnseunquindemasuiads  tastdeniazuanatsduluaiuaiiuaula Ay
AeINsveriiey wazkwiliulagtuvesmideuasimunmingidestumalulagviuady
Content according to students’ interests, requirements and current trends in the field

of geometry.

103788 Watafidenassnenminaranslumaluladviuade 4(4-0-12)

(Selected Topics in Mathematics in Modern Technology)

Furdedunou: TneANUiLYRUYBIAIVIIV

Prerequisite: Consent of the School

seinilaseuaguiidomemstiiawasUszgndldinaluladvuali Taaidevasunnsneiu
Tanumnuaula anudesnisvesdizou wazuuiliudagiuvesnisidouasiaurifeidosiu
wialulagvivade

This course covers topics in the development and application of modern technology.
Contents is according to students’ interests and requirements and the current trends in

research and development relating mathematics and modern technology.

103789 vadeflidenasmendinaansussand 4(4-0-12)
(Selected Topics in Applied Mathematics)

FurdsAunay: 1asAMULTAUYRUVIANUNIUN

Prerequisite: Consent of the School

seiniaseuaguindenadinmaniusegnd Tasidomazuandsfuluniuaiuanla
ArudsnsveSeu wasnltutagtiureamsidouasiauluind

This course covers topics in the field of applied mathematics. Content is according to
students’ interests, requirements and current trends in research and development of applied

mathematics.
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103888 iaatuguneatinaranslumalulagiiuade 4(4-0-12)

(Advanced Topics in Mathematics in Modern Technology)

AY1TIRUNBY:  TABAUTIUYDUYDIAIVIN
Prerequisite: Consent of the School

[ [
1Y [J

swiniaseuaguitugimensinie uastssgndldinaluladituaie Tneidevmazunnsis
fulumunuala mnudesnisvesgizou uazuwilduiagiuvesmsifouasimunisadesiu
wialulagvivad
This course covers advanced topics in the development and application of modern
technology. Contents is according to students’ interests and requirements and the current
trends in research and development relating mathematics and modern technology.
¢

103889 idavugamnentinsnansuszend 4(4-0-12)

(Advanced Topics in Applied Mathematics)

FurdsAunay: 1neANULTAUYaUYDIANUNIYY

Prerequisite: Consent of the School

seiniasevaguindetugimnsadamansuszgng Tnoiomazuansrsiuluniuanna
aula anudesnisvesideu uazuuiliuiligturesnsitouasiamuluivnil

This course covers advanced topics in the field of applied mathematics. Content is
according to students’ interests, requirements and current trends in research and

development of applied mathematics.
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(@) BunIV1INYITNUS (Thesis Courses)

a

103999 AneiwusszauUTynnu)tudn
(Ph.D. Thesis)

Furdedunou: TneaNuiLYRUYeIR1TENUS N INTINUS

Prerequisite: Consent of the thesis advisor

[y

Mdenligunmaiensileuinerdinug neliiiaanuslnl anuimhndnnisiay
TN
High quality thesis research, generating new knowledge, academic and professional

advancement.

CUEE M ATV R Shfneiiusedniiauansadeluil
1. awsawsealasasemiseieatuidenils 4 neadinaans
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wavasavivbudagiu
q. mmsaL?UEJ‘LﬁVlmﬁwuﬁuﬁummé’mqwﬁﬂwLﬁuaiwazlﬁ‘amLLazmasuaaﬂ”ﬁﬁﬁ%’aIuéjaEﬁgm‘i
ﬁﬁm&;ma ﬁmgifﬂLLazsﬁlﬁLf\]u
5. aunsnderavesnidedununsinguliiaiidudidemgluaiiu 1 lnemsiuaue
Unidan
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gvihan Tgilafdugienaluaandy 9 Tnsmsdiaustinian
Expected Learning Outcomes: Upon completion of this course, students will be able to
1. prepare a research proposal on a mathematical topic
2. review contemporary scientific research literature
3. conduct in-depth research on a topic in mathematics generating new knowledge
beyond the current frontier in the field
4. write a thesis in the English language which presents the details and results of their
research work in logical, complete and clear manner
5. communicate the results of their research work in the English language to an audience
of specialists in the field through an oral presentation,
correctly answer critical and detailed questions related to the field of research and their own

research work to an audience of specialists in the field in an oral presentation.
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(5) ¥UINIVIADNANEIVIIVI1DU

204646 walulagnisinnisdaya 3(3-0-6)
(Data Management Technology)

FvdsAunau: g
Prerequisite: None

LWIARLAENgEUeIN1TINTToya an1ununssugIuTeyag IutayaeduRuS Luudiaes
FIUTYALTENITUS N1eeNLUY §IuleNaTERuATINEAlenIsueTialad NTeeNwUYAY §1uTeYA
sEAU Menm nsusrennlygiuteyalunuaisauma awilunisaeuniuuazdnnis Joyanis
Fansemsdsuuas anusiunsasadsvesteyanisianstoyaatilng ond doyavuinlng
warnwaeuauwuUliilasas

Concepts and theories in data management; database architecture; relational database;
relational database model; logical database design with normalization; physical database
design; database applications in information work; languages in data query and management;

transaction management; data security; modern data management such as Big Data and
NoSQL.

204647 Auiiunsvastoya 3(3-0-6)
(Data Security)
AvrdsAunau: 1l
Prerequisite: None
LL‘L!’JﬁWUE]Qﬂ’)ﬂﬂﬁi&ﬂﬂﬂaaﬂﬁa%a\isﬁaiﬂaﬂiy‘Vi’YﬁlLﬁﬂﬂﬂﬂﬂ’]iﬂ‘izﬁﬁ%mﬂmm3’«3’1ﬂi%‘U‘U b U
DIUYINTIUADNNUADT LAY UYMIATUITIETTN mwLf?iaﬂmaﬂﬁﬁa;ﬂamﬁmmimmﬁumﬂaaﬂﬁa LAY
n3mIuAuMTwnde waluladuaziadesdedilydmivanuiunsvasnfovesdeyanisaiugy
LASOUILADUNILADT nsUaeiuAIsyYNIn mamuqumﬂ%amw INYINSNTHERU LU NSNS
LarnIsnensia Adauiuazidasisar aeiledeniva vav Uimﬁuﬂgwmmazﬁaﬁﬁmﬁ e
psfumsiunsaenfovesdeyaunlihuarmsuszanalanumuaiuiunsasafovesdeya
Concepts of data security; problems caused by human and systems: computer crime
and ethics; data vulnerability; security management and access control; technologies and tools
for data security; computer network control, intrusion prevention, biometrics control;
cryptography: encryption and decryption, private keys and public keys, digital signature, etc.;

legal and ethical issues in data security, trends of data security and its applications.
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204648 MsAATIENdeya 3(3-0-6)
(Data Analytics)

teduniau: il
Prerequisite: None

nanMTIATgiteyandidayanisussiianaisiinseiwuueaulal Msaumaug u
Fudeyanisinmilestoyanssuiunisuazimelialunisduunyssiandeyanszuiumsuay wadaly
msdanquieyansruiunsaumngauduius insesilowazmaluladiilylunsinmilostoyanis
Ussiflunamsihmilesteyanmiadefifeivesiunmsiinzsideya

Principles of data analysis; data warehouse; online analytical processing ( OLAP);
knowledge discovery in database; data mining; processes and techniques of data classification;

processes and techniques of data clustering; processes of association rule discovery; data

mining tools and technologies; data mining evaluation; related research in data analytics.

204903 WveAnasINelynUshvg 3(3-0-6)
(Selected Topics in Artificial Intelligence)

vrdsAunau: 1l

Prerequisite: None

5§ o

nann1slgausehvg vouiun N0 wazmetinvaslypiussivg Aunuainug taseasna

3 3
A11U41 naln mimmamaLLU‘U‘LA’]%LﬁuLLaszﬂﬁﬂmiﬁum Y N159HY 13T REIT eI
UyaUsehiug lawn ﬂﬁﬁaugmauﬂ%a NITANUIALTITINUINTG NTUTZUIBNANIWIFTITUYIR AW
gLﬁaqmuﬁmﬁ’umiﬂmam%ﬂquLﬂ%a sEUURLTImY

Principles of artificial intelligence, Its scope, history and techniques; knowledge
representation; memory structures; reasoning mechanisms, probabilistic reasoning and
searching techniques; games; planning; artificial intelligence- related research: machines
learning; evolutionary computation; natural language processing; introduction to fuzzy logic;

expert systems.
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204908  YYIANHTINNADUNAABIANTIOULHY 3(3-0-6)
(Selected Topics in High Performance Computing)

FvdsAunau: g
Prerequisite: None

LaAnLazINATRAsvesfuAImeTausTourgILaziaTovie 1iun aanUnenssy
ARNTIMeTANTIUZEY waluladialou n3a wasnguwe n1slusunsued file n1slusunsuduiile/
Tole nslusunsumelomuduil n1slusunIuLUUTafnTe N1599nwUUlUSLASULUUIUIU AT
$ravsuszansnw mslusunsuuudfy mslusunsunuunszane edeserisnsiamuiuazunly 90
UNNTDY

Concept and related research in high performance computing: High performance
computing architecture; virtualization, grid and cloud technologies; MPI programming; MPI/10
programming; OpenMP programming; Multi-thread programming; designing a parallel program;
performance modeling; GPU programming; distributed programming; development and

debugsging tools.

205501 Anutugusznaunisuasuinnssy 2(2-0-4)
(Entrepreneurship and Innovation)
AyrvsAunau: Ll
Prerequisite: None
ﬁﬂ‘tﬂLﬁﬂ?ﬁUﬂﬁﬂﬂJLﬁuéﬂ‘izﬂaUﬂﬁ winnssuuazgsnumalulad uinnssuwuudn viruad
LLazLLiﬂgﬂwmQ’Uizﬂaumiﬁqiﬁﬁm%mimLLazﬁgﬂizﬂaUﬂﬁiLﬁaﬁﬂﬂu Qmﬁﬂwm%aﬂﬁﬂizﬂaumiﬁ
Usvaueudiga sumeumaiiugsivlml nsdnvhlunagiauarusugsia nsUssliuarandululy
V835378 wavdaymvesgsnalm
Study of entrepreneurship, innovation and technology business, open innovation,
attitudes and motivation of innovative entrepreneurs and social entrepreneurs, characteristics

of successful entrepreneurs, new venture process, business model generation and business

plan, business Frost & Sullivan feasibility and problems of new ventures.
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205502 nsAasizleniawazaadululdniegsia 2(2-0-4)
(Opportunity and Feasibility Analysis)

AyrisAunaw: 1l

Prerequisite: None

a =

n33rylemaniegsia Msleeiunliunwaiuagssia nMsfnwunldumanalulag
wazmaluladlsauny msUszdulena mswanuwAngsiauazidesiml nmsieszsiieiiam
dnlatym/mnudeanmsgnAuasnstiudu uazmsinseinnuduldldvesssia

Identify potential opportunities, trend and market analysis, technology roadmap and
forecasting, opportunity assessment, develop a business concept and vision, customer’s insight

and customer validation, and feasibility analysis.

205503 nagnsnswgdunialdyan 2(2-0-4)
(Intellectual Property Strategies)

vrdsaunau: Ll
Prerequisite: None

wurRaLarrannIsNIsInnIInSNdunstya nindaunstygyiainnside nsnsiadeu
wazduAuanEUng nguanekazwuImenisuntemsngdunslayan nsiesvveldans Ussduans
nMsUssiiuyaruazaiwmanausunningaunmsdaan

Concepts and principles of intellectual property management, intellectual property
from research and development, patent searching, intellectual property laws and methods of

intellectual property protection, intellectual property valuation and method in creating return

on intellectual properties.

205506 sUuUUgsRAUALNAYNSAMTUSINa 3(3-0-6)
(Business Models and Strategies for New Venture)

Avrdsaunau: 1l
Prerequisite: None

WWIARYBIFURUUTINALAZNITIANITINAYNT NITIATIERANINKINABNNINGIAR 195N
Y9IgINA MIUATILVIULUUTINT NseenuuuIUkuugsnadmiugsialvl mmeaeugUuuugsng
nsiruanagnsamiussialui wagnagnsnsidngnaadisseina

Business model and strategic management concept, business environmental analysis,
business lifecycles, analyzing existing business models, developing a business model for a new
startup venture, and testing business model building block, formulating strategies for new

venture, and internationalization strategies.
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205507 MsAAAEUTENBUNTT 3(3-0-6)
(Entrepreneurial Marketing)

FyrtsAunauw: 1l
Prerequisite: None

n13naInveINanfudlvduazaainlul n15ieTgikarUsadiulanianinisnain nagns
NMILUSNRUARIA N1TOBNLUUAUAT ﬂaqwﬁﬂﬂima’lﬂLLazLLNuﬂﬁma’l{ﬂ nmslddunesidalunisnain
NSUNERSUINBONGIAIN NITATIUATUTINTATIAUAT UaTNITIAHANINITAAIA

Marketing for new products and new markets, market opportunity analysis and
evaluation, market segmentation strategies, value proposition design, marketing strategies and
marketing plan, the use of internet in marketing, new product launch, branding and brand

management, and marketing metrics.

205508 N13RUEUTENAUNTT 3(3-0-6)
(Entrepreneurial Finance)

AGeAunau: 1l
Prerequisite: None

mméfaﬂmSmﬂmiﬁuuazm‘iamu&gﬂLL@'mSL’%M&]’uﬁﬁﬁ%uﬁammaunuﬁu JUNTHULAY
msinsgiidesiu mdemedlassaiafugu audeamaiulunisamu nsinsgifinaeld
warn13aiesgls MyleseiiarssiliuunaaluyuiasnTinseinsewaliuan

Principles of entrepreneurship, financing for entrepreneurial processes from start-up to
harvesting, cost structure and financing need analysis, revenue model analysis, financing from
money and capital markets, analysis and evaluation of financing sources, and cash flow

analysis,
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205509 vinslggumudmiugsnaluai 2(2-0-4)
(Supply Chain for New Venture)

FvrtsAunau: Tud
Prerequisite: None

amudilosuinaiuladafinduagvidlsguniudmivgsialvl msdanisguasd M
n$wenns nslnavesdadomsuan msdndedamuaraudands stuumsruds ASYEUAN SEUUNTS
nsrangdum ladadnddmSvaumsuau duyuladadind uaznsdeman

Introduction to logistics and supply chain for new venture, demand management,

resource planning, material flow, procurement and inventory, transportation systems,

warehouses, distribution systems, reverse logistics, logistics cost, and outsourcing.

205510 NMSIIUNULATAITIEANYY 2(2-0-4)
(Venture Capital and Private Equity Investing)

AyrdsAunau: Ll
Prerequisite: None

NANNITLALITNITVRINITTILANNULALLAAIVBITIND nsfndulaifeafuanudonay
waUsylordaInnsamu MsTuuLasnIssEaNny tnasuiilenansenuniadany nsUseiliu
lasaineveddiana  NAgNSNIIAHDTEY NTASNYAAILALNITOBNIINGIAA

Principles and methods of fund raising and business value, business decision making
regarding risk and return of investment, venture capital and private equity investing, social

impact investors, deal structure evaluation and negotiation, value creation and exit strategies.

205511 nguangdmIugUsznauns 2(2-0-4)
(Legal Aspects of Entrepreneurship)

AUsAunau: 1ud

Prerequisite: None

o

AN IUFIUNEITUNMINEEINY YArauaznIng UAnssuuazdygyn villavazila Yevie

1% (%
o

AmIwd/dnde museiu $1ues $111 faSunazide Fetudiu vTEM Huuazatandnning
AQVINBUTINY NYVINen® gInssumedidnnsedinduastednyglidussu

Introduction to laws, person and property, juristic acts, contract, obligation, wrongful
acts, sale, hire of property, hire purchase, surety ship, pledge, mortgage, bills and cheques,
partnership, limited company, shares, stock exchange, employment laws, tax laws, electronic

commerce and unfair contract terms.

%-40



ATANUIN A

UIZIRRAZHNAIUNIGIBINIG

(%4

V299159 SURAYIUNENGNT






wingasinemansumlngio avinademansussend we. 2561 uPo.2

wuUUUsE IR
%a-aqa Professor Dr.Sergey Meleshko

a

n1sAnY/AMA

9

1991 D.Sc. (Mathematics and Physics), Institute of Mathematics and Mechanics,
Russian Academy of Sciences, Ekaterinburg (Sverdlovsk), Russia

1981 Ph.D. (Mathematics and Physics), Lavrentiev Institute of Hydrodynamics,
Russian Academy of Sciences, Novosibirsk, Russia

1976  M.Sc. (Applied Mathematics), Department of Mathematics and Mechanics,

Novosibirsk State University, Novosibirsk, Russia

Aunsdagiu Mans19158 Usednauinadneans

dindyinerdans uninedewmaluladasund

Us2IAN159119U

1996—“{]70@1714 Professor of Mathematics, Suranaree University of Technology,
Nakhon Ratchasima, Thailand.

1991-1996 Professor, Novosibirsk State University, Novosibirsk, Russia.

1991-1996 Deputy Dean of the Department of Mathematics and Mechanics,
Novosibirsk State University, Russia.

1991-1996 Deputy Dean of the Department of Mathematics and Mechanics,
Novosibirsk State University, Russia.

1983-1991 Associate Professor of Mathematics, Novosibirsk State University, Russia.

1982-1983 Assistant Professor of Mathematics, Novosibirsk State University, Russia.

1980-1982 Lecturer, Novosibirsk Institute of Civil Engineers, Russia.
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NAITUAYVINTG/NAIUIRY

(founas 5 U)

1.

10.

11.

12.

Longgiao Zhou and S.V.Meleshko. (2017). Symmetry groups of integro- differential
equations for linear thermoviscoelastic materials with memory. Journal of Applied
Mechanics and Technical Physics, 2017, 58: 587-609.

T.G.Mkhize, S.Moyo and S.V.Meleshko. (2017). Linearization criteria for systems of two
second- order stochastic ordinary differential equations. Applied Mathematics and
Computation, 301: 25-35.

Longgiao Zhou and S.V.Meleshko. (2017). Invariant and partially invariant solutions for a
linear thermoviscoelasticity. Continuum Mechanics and Thermodynamics, 29: 207-224.
F.-S.Long and S.V.Meleshko. (2017). Symmetry analysis of the nonlinear two-dimensional
Klein-Gordon equation with a time varying delay. Mathematical Methods in Applied
Sciences, 40(13): 4658-4673.

F.Lin, A.E.Flood and S.V.Meleshko. (2017). Exact solutions of population balance
equations for aggregation, breakage and growth processes. Applied Mathematics and
Computation, 307(15): 193-203.

S.V. Meleshko, A.G. Petrova, V.V. Pukhnachev. (2017). Characteristic properties of the
system of equations of an incompressible viscoelastic Maxwell medium. Journal of
Applied Mechanics and Technical Physics, 58(5): 794-800.

F.-S.Long, A.Karnbanjong, A.Suriyawichitseranee, Yu.N.Grigoriev and S.V.Meleshko. (2017).
Application of a Lie group admitted by a homogeneous equation for group classification
of a corresponding inhomogeneous equation. Communications in Nonlinear Science and
Numerical Simulation, 48: 350-360.

G.F. Oguis, S. Moyo and S.V. Meleshko. (2017). Complete group classification of systems
of two nonlinear second-order ordinary differential equations of the form y’’ = F(y).
Communications in Nonlinear Science and Numerical Simulation, 44: 318-333.
S.V.Meleshko, Yu.N.Grigoriev, A.Karnbanjong and A.Suriyawichitseranee. (2017). Invariant
solutions in explicit form of the Boltzmann equation with a source term. Journal of
Physics: Conference Series, 894: 012063.

A. Karnbanjong, A. Suriyawichitseranee, Yu. N. Grigoriev and S. V. Meleshko. (2017).
Preliminary group classification of the full Boltzmann equation with a source term. A/P
Conference Proceedings, 1893: 030062.

F.-S.Long and S.V.Meleshko. (2016). On the complete group classification of the one-
dimensional nonlinear Klein-Gordon equation with a delay. Mathematical Methods in
Applied Sciences, 39(12): 3255-3270.

P.Siriwat, C. Kaewmanee and S.V.Meleshko. (2016). Symmetries of the hyperbolic shallow
water equations and the Green-Naghdi model in Lagrangian coordinates. International
Journal of Non-Linear Mechanics, 86: 185-195.

A-2



wingasinemansumlngio avinademansussend we. 2561 uPo.2

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

F.Lin, AE.Flood and S.V.Meleshko. (2016). Exact solutions of population balance equation.
Communications in Nonlinear Science and Numerical Simulations, 36: 378-390.
T.G.Mkhize, S.Moyo and S.V.Meleshko. (2015). Complete group classification of systems
of two linear second- order ordinary differential equations: the algebraic approach.
Mathematical Methods in Applied Sciences, 38: 824-1837.

P. Siriwat, C. Kaewmanee and S.V.Meleshko. (2015). Group classification of one-
dimensional non- isentropic equations of fluids with internal inertia. Continuum
Mechanics and Thermodynamics, 27: 447-460.

Longgiao Zhou, S.V.Meleshko. (2015). Group analysis of integro- differential equations
describing stress relaxation behavior of one- dimensional viscoelastic materials.
International Journal of Non-Linear Mechanics, 77: 223-231.

S.Suksern, S.Moyo and S.V.Meleshko. (2015). Application of group analysis to the
classification of systems of three second- order ordinary differential equations.
Mathematical Methods in Applied Sciences, 38(18): 5097-5113.

A. Suriyawichitseranee, Yu.N.Grigoriev and S.V.Meleshko. (2015). Group analysis of the Fourier
transform of the spatially homogeneous and isotropic Boltzmann equation with a source
term. Communications in Nonlinear Science and Numerical Simulations, 20(3): 719-730.
N.H. Ibragimov, V.F. Kovalev, S.V. Meleshko and V.Yu. Bychenkov. (2015). Group analysis
of kinetic equations in a nonlinear thermal transport problem. International Journal of
Non-Linear Mechanics, 71: 1-7.

S.V. Meleshko and S. Moyo. (2015). On group classification of normal systems of linear
second-order ordinary differential equations. Communications in Nonlinear Sciences and
Numerical Simulations, 22 (2): 1002-1016.

A. Suriyawichitseranee, Yu.N. Grigoriev and S.V.Meleshko. (2015). Application of group
analysis to the spatially homogeneous and isotropic Boltzmann equation with source
using its Fourier image. Journal of Physics: Conference Series, 621: 012006.

AA. Gainetdinova, N.H.loragimov and S.V.Meleshko. (2014). Group classification of ODE y’’” =
F(; y; y'). Communications in Nonlinear Sciences and Numerical Simulations, 19(2): 345-349.
P.Voraka and S.V. Meleshko. (2014). Group classification of one-dimensional equations
of capillary fluids where the specific energy is a function of density, density gradient and
entropy. International Journal of Non-Linear Mechanics, 62: 73-84.

Yu.N. Grigoriev, S.V.Meleshko and A. Suriyawichitseranee. (2014). On group classification
of the spatially homogeneous and isotropic Boltzmann equation with sources Il
International Journal of Non-Linear Mechanics, 61: 15-18.

S.V. Meleshko, S. Moyo and G.F. Oguis. (2014). On the Group Classification of Systems of
Two Linear Second-Order Ordinary Differential Equations with Constant Coefficients.

Journal of Mathematical Analysis and Applications, 410: 341-347.
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26.

27.

28.

29.

30.

M.A.Abdullin, S.V.Meleshko and F.S.Nasyrov. (2014). On a new approach to group analysis
of one-dimensional stochastic differential equations. Journal of Applied Mechanics and
Technical Physics, 55(2): 1-9.

S.V.Meleshko, O.Sumrum and E.Schulz. (2013). Application of group analysis to stochastic
equations of fluid dynamics. Journal of Applied Mechanics and Technical Physics, 54(1): 21-33.
S.Suksern and S.V.Meleshko. (2014). Applications of tangent transformations to the
linearization problem of fourth-order ordinary differential equations. Far East Journal of
Applied Mathematics, 86(2): 145-172.

S.V.Meleshko, S.Moyo, C.Muriel, J.L.Romero, P.Guha and A.G.Choudhury. (2013). On first
integrals of second- order ordinary differential equations. _Journal of Engineering
Mathematics, 82: 17-30.

S. Moyo, S.V. Meleshko and G.F. Oguis. (2013). Complete group classification of systems
of two linear second-order ordinary differential equations. Communications in Nonlinear
Science and Numerical Simulation, 18(11): 2972-2983.
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LUUUSEIRAIUG

%‘ia-aqa Associate Professor Dr. Eckart Schulz

n1sAnY/AMA

1991 Ph.D. (Mathematics), University of Saskatchewan, Canada

1985 M.Sc. (Mathematics), University of Saskatchewan, Canada

Auviistagly AYI8A1EnI19158 Useanuivaaamans

dinivInemans iininendemelulagasuns
UsIAn199191u
2014 - present Head, School of Mathematics, Suranaree University of Technology
1993 - present Asst. Prof. in Mathematics, Suranaree University of Technology
1991 - 1993 Special Lecturer in Mathematics, Khon Kaen University.
1990 - 1991 Lecturer in Mathematics, University of Saskatchewan, Canada.

NAIIUAVINTG/NAUIRY

1.

C. Wu, E. Schulz and P. Sattayatham. (2016). Real option pricing model based on mean
reversion applied in a wind power project, Thai Journal of Mathematics. 14(3): 725-740.
K. Namngam and E. Schulz. (2015). Extensions of the Heisenberg group by one-parameter
groups of dilations which are subgroups of the affine and the symplectic groups.
Mathematische Nachrichten, 288: 309-326.

K. Namgam and E. Schulz. (2013). Equivalence of the metaplectic representation with
sums of wavelet representations for a class of subgroups of the symplectic group.
Journal of Fourier Analysis and Applications, 19: 77-114.

S.V. Meleshko, O. Sumrum and E. Schulz. (2013). Application of group analysis to
stochastic equations of fluid dynamics. Journal of Applied Mechanics and Technical
Physics. 54(1): 21-33.

J. Tanthanuch, W. Seekot and E. Schulz. (2012). Ultrasound image enhancement by
means of a variational approach, The Convergence of Imaging and Therapy Proceedings
: 12th Asia-Oceania Congress of Medical Physics, and 10th South East Asian Congress of
Medical Physics, December 11-14, 2012, Chiang Mai, Thailand

S.V. Meleshko and E. Schulz. (2011). Linearization of second-order stochastic differential

equations. Journal Nonlinear Mathematical Physics, 18: 427-441.
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10.

11.

12.

13.

14.

15.

16.

S.V. Meleshko and E. Schulz. (2010). Linearization of first order stochastic differential
equations, Contributions in Mathematics and Applications Ill. East- West Journal of
Mathematics, special volume, 178-186.

S.V. Meleshko and E. Schulz. (2010). A new set of admitted transformations for
autonomous stochastic ordinary differential equations.  Journal of Nonlinear
Mathematical Physics, 17: 179-196.

B. Srihirun, S.V. Meleshko and E. Schulz. (2007). On the definition of an admitted Lie
group for stochastic differential equations. Communications in Nonlinear Science and
Numerical Simulation, 12: 1379-1389.

B. Srihirun, S.V. Meleshko and E. Schulz. (2006). On the Definition of an Admitted Lie
group for Stochastic Differential Equations with multi- Brownian motion. Journal of
Physics A, 39: 13951-13966.

D. Larson, E. Schulz, D. Speegle and K.F. Taylor. (2006). Explicit cross sections of singly
generated group, in: Harmonic Analysis and Applications,(in honor of J. Benedetto),
Christopher Heil, editor, pp. 209-230, Birkhauser.

E. Schulz and K. F. Taylor. (2004). Projections in L!-algebras and tight frames.
Contemporary Mathematics, 363: 313-319.

E. Schulz and K.F. Taylor. (200). Extensions of the Heisenberg group and wavelet analysis
in the plane. CRM Lecture Notes and Conference Proceedings, vol.18.

E. Schulz. (1994). Construction of wavelets, Proceedings of the Second Annual Meeting
in Mathematics, National Research Council of Thailand, 1994 (2537).

E. Schulz. (1993). Group C*-algebras as fixed point algebras, Proceedings of the First
Annual Meeting in Mathematics, National Research Council of Thailand, 1993 (2536).

E. Schulz. (1991). On the stable rank of cross products of sectional C*-algebras by
compact Lie groups, Proceedings of the American Mathematical Society, 112: 733-744.
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