In English

“Introduction to stochastic differential equations”: the plan of the mini-course in December 2015.
Lectures will be in English; however, if necessary, questions and comment in Russian may be allowed.

Abstract

The general plan of the mini-course is to introduce the audience into the basic elementary notions of
stochastic integration and stochastic differential equations (SDEs). Why is this important? Firstly,
SDEs are one of the main tools of constructing continuous Markov processes in continuous time
(although, the Markov property itself will not be covered due to the lack of time). Secondly, SDEs are
highly important for the theory of partial differential equations (PDEs, mainly, elliptic and parabolic).
Finally, they serve as a basis for numerous examples and applications in physics, biology, genetics,
information theory, engineering, etc.

More precisely about the topics:

. Wiener process (WP) and its properties.

. Ito's stochastic integral and its main properties.

. Quadratic variation of WP.

. Ito's formula.

. Girsanov's exponentials and Girsanov's theorem.

. Martingale inequalities for stochastic integral.

. Stochastic differential equations (SDE). Ito's theorem on existence and uniqueness of solutions.
. The links of WP to Laplace equation.

. Links of SDEs to PDEs.
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10. Application to financial mathematics: Black-Merton-Scholes market and Black-Scholes formula [if
time allows].

Not all rigorous proofs will be presented; however, in all cases the ideas and sketches of proofs will be
shown.
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[Tpod. A.1O.Beperenunkor, Munu-kypc “BBeieHne B TEOPHIO CTOXaCTHUECKUX TU(PepeHIIaTIbHBIX
ypaBHEHUN: TIJIaH JIEKIUH, Aexaopb 2015. JIekiuu OymyT MpOUCXOUTh HA aHTIIMHCKOM SI3BIKE; OJTHAKO,
IpY HEOOXOIMMOCTH BOIPOCH 1 KOMMEHTApUH MO-PYCCKU HE MCKITIOYAIOTCA.

Pe3rome

OO61as 1uenb MUHU-Kypca - IO3HAKOMUTD CITyIIaTeIe ¢ OCHOBHBIMH 3JIEMEHTAPHBIMU MOHITUSIMHU
TEOPHH CTOXAaCTHMYECKOI0 MHTETPUPOBAHUS U cTOXacTHdeckux Auddepenunansueix ypasuenuit (CAY).
[Touemy/3auem? Bo-niepBrix, C/1VY SBISIOTCS OAHUM U3 INIaBHBIX PUMEPOB U CLIOCOOOB MOCTPOEHUS
HETPEPhIBHBIX MAPKOBCKHUX MPOLIECCOB B HEMPEPHIBHOM BpEMEHH (XOTS TeMa MapKOBCKOTO CBOICTBA
pelIeHus B Kypce, Cy/s 1o BCEMY, 3aTpOHYTa He Oy/IeT 13-3a MaJioro BpeMeHu). Bo-BTopbix, oHI
UCKJTIOUMTEIHHO BaXKHBI JIJIs1 TEOPUH YPAaBHEHHH B YaCTHBIX TPOU3BOIHBIX (B OCHOBHOM,
AIUTUITUYECKUX U NTapaboINYeCKUX), U MHOTHE BaKHbIE Pe3yJbTaThl ATOM TEOPHH OBLIIM Ha CAMOM Jieje
MIOJIy4E€HBI METOJIAMH CTOXaCTUYECKOro aHain3a. HakoHell, Ha HUX OCHOBAHbI MHOTOUUCIICHHBIE
MIPUMEPBI CTOXAaCTUYECKUX CHCTEM B MPHUIIOKEHUX K (pU3HKe, OMOJIOTHH, TeHETHKE, TEOPUU
UH(OPMaLIUH, HHXEHEPHBIM 3ajladaM, 1 JIp.

Hemnoro 6omnee moapo6HO 0 TeMax, KOTOPBIE MPEATOIaraeTcsi OCBETUTH:

. Buneposckuii nmpouecc (BII), ero coiicTsa.

. Croxactrueckuii uHTErpasi UTo u ero OCHOBHBIE CBOKCTBA.

. KBapaparnueckast Bapuanus BII.

. ®opmyna Uro.

. OkcrioHeHTH! [ 'mpcanoBa u TeopeMa I 'upcanosa.

. MapTuHrasibHBIE HEPABEHCTBA ISl CTOXaCTUYECKOro uHTerpania Mro.

. Croxactuueckue nugppepenimansusie ypaaenus (CY). Teopema Uto o cymiecTBOBaHUM U
€MHCTBEHHOCTH PEIICHMUS.

8. Cea3pb BII ¢ ypaBaenuem Jlannaca.

9. Ces3p C/1Y ¢ ypaBHEHHUSIMU B YACTHBIX TPOU3BOJIHBIX.
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10. [IpunoxeHue Kk GUHAHCOBOM MaTeMaTHKe: MOZeb (puHAaHCOBOTO pbIHKa bivka-Meptona-1lloynca u
dbopmymna bimka-Illoymca [ecnu BpeMst mO3BOIUT].

He npenmonaraercs J0Ka3bIBaTh aOCOIFOTHO BCE, HO CXEMBI U MU JJOKA3aTeJIbCTB BO BCEX CIIydasx
OyayT MmoKa3aHsbl.
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