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AnnapaT Teopumn BEPOSTHOCTU

(Q,F,P)

@ () — MHOXeCTBO 3/1IeMEeHTapHbIX COBLITNMIA
o F — g-anrebpa nogMHoxecTs 2

o [P — BepossiTHOCTHas1 mepa.

(, F, (F), P)

(Ft) — punbTpaumsi BEpOSTHOCTHOrO MPOCTPAHCTBA
FsCF CF, Vs<t,s>0,t>0
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(B,S) - pbiHok
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o bespuckoseblii aktns B = (B,).
@ d-MepHbIii pUCKOBbLI akTUB S = (S,%, ...,Sg)
Fn—_1-n3MeprimMasi MocnefoBaTeNbHOCTL By

Fn-n3Mepumble nocnegoBaTensHoctn S,

ANCKOHTNPOBAHHAA Ll€Ha PUCKOBOIro akKTuBa

B,



ApbunTpax

CamodpuHaHcupyemas cTpaTernst 7 peanmnsyer apbutpaxHyto
BO3MOXHOCTb (B MOMeHT Bpemeru N), ecan npu Hynesom

HavanbHoM KanuTtane XJ = 0 ee kanutan B MomeHT Bpemenn NV:

X5 >0(P-nn)n P(Xj>0)>0



DKBNBaJNIEHTHAs Mepa

P~P:PA)=0 < P(A)=0



MepBasi pyHfamMeHTaNbHAsi TEOPEMA TEOPUN PACHETOB
cpuHaHcosbix akTneos / The First Fundemental Asset
Pricing Theorem

Ons Toro, 4tobel (B, S)-pbiHok bbin be3apbuTparkHbim
HeODXOANMO 1 [OCTATOHHO, YTODBI CyljecTBaBasia (xoTst Obl oaHa)
mepa Q, skBueaneHTHas mepe PP, T.u.:

Si S
Q| =n — “n-1
£ |:Bn|]:n1:| Bn—l

Q HasbiBaeTcst pucK-HelTpanbHoii (risk-neutral) nan
MapTUHFaabHOR Mepoli.

S _ ro [ Sh
BO_E [BJ



Monwbiid peiHok / Complete market

IN

(B, S)-pbiHok HasbiBaeTcst noaHbIM (N-nosHbIM) ecnn BCsikoe

FN-N3MEPUMOE OrpaHNyeHHOe niaTexHoe nopyyenune fy = fy(w)
BOCTWKUMO. T.e. HalifeTcs camoprHaHCUpyeMblii nopTdens m u
HavanbHblli kanutan x T.4. XJ = x n X§ = fy (P-n.n.) [Lnpses]

A market in which every possible contingent claim can be replicated
is said to be complete. [Joshi]

Mpy nocTpoeHnn penankaumn mMbl npeHedperaem HakiagHbIMU
nsgepxkamn (transaction costs, bid-ask spread)



Bropasi dpyHaameHTanbHas Teopema

(B, S)-pbiHok siBnsieTcst 6e3apbuTpakHbIM 1 MOJIHBIM TOrAa 1
TOJIbKO TOrAa, KOTAa CYWECTBYET TONLKO OfHA MapTUHrafbHas
Mepa.



[Mpouecc ans ueHsl underlying

B 'real-world" mepe P:
dS; = uScdt + o S;dWy
dBt = rBtdt T.€. Bt = Boert

OTctoga Anst ANCKOHTMPOBAHHOW LiEHBI :

S\ 0 S oS
d(Bt)(,u, r)Btdt—i—JBtth



[Mpouecc ans ueHsl underlying

MoxHo nokasaTb (ucnonb3ys teopemy [MpcaHoBa), 4To B
pucK-HeiiTpanbHoli mepe Q:

S\ S o
d<Bt> 5 W

dS; = rSdt + o SdW2
S(t) = S(t — At) exp(rt — %0’21‘ +oWR)

CM. npumeHerune B metoge MoHTte-Kapio.



[lpuMeHeHMe aNs UeHbl OnuyoHa
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max (0, So exp(rT — 502 T+ 0V Tx) — K)dx
MoanHTerpanbHoe BbipaxeHne HosbLue HYAS, TONBKO ecu
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Cox-Ross-Rubinstein model
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Beiuncnenne uexbl YncneHHubim pewenriem PDE

oC 12282C oc
E-ﬁ-iasﬁ—i—rSg—rC

Pa3sHocTHble cxembl A1A NPpON3BOAHbIX

: for i fil
Forward difference: 2f ~ fi2 - 11

95~ " AS
' . Of o TjTri—ly
Backward difference: A

o fiiqim—fi=1j
Central or symmetric difference: 2f ~ - T22J

oS ~ 2AS
82f . fix1,;—2fij+fi1;
982 ~ AS2



The explicit method

Cfij— i i1l
rfl,j_ At +r5 2AS
1 5 pfiy1j—2fij+fii1
+§U S AS2

fij = aifi-1j+1 + bifije1 + ¢ + fivr



The implicit method

fijy1 — fij N Sfitlj—fin,

i = A ' 2AS
1 5 cofivrj —2fij+ fica,
+ 50’ 5 AS2

fij+1 = aifi1j + bifij + ¢i + fip1

Mfj = fi1 — k



The Crank-Nicolson method

1 1 fii—fij
Sfij-1+5rfij = e Atlj
1 fix1j-1—fic1j—1  fix1j—fic1y
o [ 2AS T oAs
1 5ol fix1j-1—2fij—1+ fic1j—1
+ ZO’ S |: A52
fiv1j— 26+ fica
AS2

Mif;_1 = Maf;



Bbiuncnenune ueHbl ynucnenHsiM peweriem PDE

Mpumep



[MpvmMep peanusaunu brubnnoTekn
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The QuantLib project is aimed at providing a comprehensive
software framework for quantitative finance. QuantLib is a
free/open-source library for modeling, trading, and risk
management in real-life.

QuantLib is written in C++ with a clean object model, and is then
exported to different languages such as C#, Objective Caml, Java,
Perl, Python, GNU R, Ruby, and Scheme.


http://quantlib.org/index.shtml
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