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MOﬂ'eﬂVIpOBaHI/Ie MPOUEHTHbLIX CTaBOK

@ r = const
o r=r(t)
@ Stochastic rates models



Bazosble noHaTUS

Bank account / Money-market account

dB(t) = r:B(t)dt,B(0) =1

= B(t) = exp (/Ot rsds>

r¢ — instantaneous spot rate / short rate



Bazosble noHaTUS

Discout factor

D(t, T)= BB((;')) = exp (— /tT rsds>

Zero-coupon bond

P(t, T) - uyeHa KOHTpaKTa, KOTOPbIi BbIMNAAYNBAET €AUHNYHbIA
HOMWHAN B MOMeHT t = T.

Ecnn ry petepmntunposantas dyrkumns, To D(t, T) = P(t, T)
Ecau r, cnyyaiineiii npouece, To P(t, T) = EQ [D(t, T)]



Bazosble noHaTUS

CTaBKa C HenpepbIBHLIM AWCKOHTUPOBAHUEM
InP(t, T)

T(t, T)
= P(t, T) =exp(—R(t, T)7r(t, T))

R(t, T)=—

CraBka ¢ NPOCTbIM ONCKOHTUPOBAHUEM

. 1—-P(t, T)
HeT) = TP )

7(t, T) - year fraction
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T-Forward Measure

Nt = ’D(t7 T)
Nr=P(T,T)=1



FRA

FRA
N-7(T,S) (K- L(T,S))

L(T,S) — nnaBarowasi cTaBka, KOTOpasi (PUKCUPYETCS B MOMEHT
BpemeHun T (expiry) Ha nepuog T,S. S — maturity

FRA = N[P(t,S) -7(T,S)-K—P(t, T)+ P(t,5)]



Simply-compounded forward interest rate

_ _ 1 P(t, T)
FIET.S) = 175 <P(t,5) _1)

FRA = N-P(t,S)-7(T,S)(K — F(t; T, S))



Instantaneous forward interest rate

1 P(t,S)—P(t,T)

Jim F(ET,5) == Jlim 5r5
B 1  OP(t, T)
CP(t, T) OT
9Pt T)
Y

= P(t, T) =exp (— ftT f(t,s)ds)



Interest Rate Swap

Payer IRS / Receiver IRS

B
PayerIRS = Z D(t, Ti)N7; (L(Ti-1, Ti) — K)
i=a+1
B
ReceiverIRS = Z D(t, T;)N1i (K — L(Tj—1, T}))
i=a+1

ReceiverIRS = Z,-B:aﬂ FRA(t, Ti—1, Tj, 71, N, K)



Forward swap rate

Sa,8(t) =

IRS(K = Sa3) =0

P(t, To) — P(t, Tg)

S i TiP(E, T)



Interest Rate Caps/Floors

B
Cap= > D(t, T)N7(L(Ti_1, Tj) — K)*
i=a+1

B

Floor = Z D(t, T;))NTi(K — L(Ti-1, Ti))Jr

i=a+1

@ Ha yTo 310 noxoxe?

o Kak 3To MOXXHO ucnosnb3osaTb?



Caplet/Floorlet

B
CapBIack(t —0)=N Z P(0, T;)7; - Call(K, F(0, Ti—1, T;), vi)

B
Floor®2k(t = 0) = N Z P(0, Ti)7i - Put(K, F(0, Ti—1, Tj), vi)
i=a+1

Vi = U%ﬁ\/ﬁ



Cap/Floor Moneyness

K = 5..5(0) = P Ta) = PO, T5)

Zl a+1 (O’ Tl)
Caparp = Floorarm

If K < Katm, then Cap is ITM / Floor is OTM
If K > Karm, then Cap is OTM / Floor is ITM



Cap/Floor Parity

Cap — Floor = PayerIRS



Swaption

Option on PayerIRS

8
N-D(t, T)( Y P(Ta, T)7i - (F(Tai Ticx, Ti) — K))
i=a+1



Swaption
PSBIaCk(t _ 0)
RSBIack(t _ O)

N - Call(K, Sa.5(0)

N - Floor(K, S.,5(0)

O'ag\/i Z P(0, T;)

i=a+1

)00V Ta) Z 7;P(0, T;)

i=a+1



Swaption ATM Vol
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Brigo, Mercurio - Interest Rate Models - Theory and Practice



Short-rate models

Mogaenb VYpaBHeHue
Vasicek dry = k(0 — ry) dt + cdW,
Dothan dry = aridt + orydW;
Hull-White dre = ke (0r — re) dt + o(t)dW,

Cox-Ingersoll-Ross

drt = k(9 — ft) dt"—O'\/Eth

CIR++

re = Xe + @ dxe = k(0 — x¢) dt + o/ xedW,;




Short-rate models

Mopensb

VpaBHeHue

Black-Karasinski

din(ry) = [0: — @t Inre] dt + oeredW,

CEV (Constant Elasticity of Variance)

dry = a(t) (b(t) — re) dt + o(t)redW;




Heath-Jarrow-Morton (HJM) Framework

df(t, T) = aft, T)dt + o(t, T)dW;



[laHHblii MaTepnan He ABNSETCS NPeSJsIOKEHNEM WIN NPefoCTaB/IeHNEM
Kako-nubo ycnyru. [laHHbIl MaTepran npefHa3HayYeH NCKIOYNTENLHO
ON51 MHPOPMALMOHHBIX 1 MAKOCTPATUBHBIX LIEJIEA 1 He NpeAHa3HayYeH
O151 pacnpoCTpaHeHnsi B pekiaMHbix uensix. JIoboi aHanms Tpetbux
CTOPOH He MpeAnosiiaraeT Kakoro-1mbo ofobpeHns nan peKoMeHaaLum,
MHeHMs, BbipaXkeHHbIe B AAaHHOM MaTepuane, SIBASIOTCS aKTyalbHbIMU
Ha TEKYLUi MOMEHT, MOSIBASIOTCS TOJIbKO B 3TOM MaTepuase u MoryT
ObITb N3MeHeHbl Be3 nNpegBapUTENBHOMO YBEAOMEHUS. JTa MHopMaLms
NpefoCTaBASAETCA C NOHUMMAHNEM TOrO, YTO B OTHOLUEHWM MaTepuana,
NPeAoCTaBAEHHOrO 3[€Ch, Bbl OyAeTe MPUHUMATL CAMOCTOATENBHOE
pelleHre B OTHOLIEHNI NODbIX AEACTBUN B CBA3N C HACTOSILLNM
MaTeprasoMm, 1 3TO peLLeHNEe SIBISIETCS OCHOBAHHbLIM Ha BaLUEM
COBCTBEHHOM CYXKAEHUM, N YTO Bbl CNOCODHBLI NOHATHL 1 OLEHUTH
nocneacteus 31ux gencrenii. OO0 "Horive Bank TexUenTp" He HeceT
HNKAKOM OTBETCTBEHHOCTNM 3a Jtobble yObITKM Nt0bOro poga,
OTHOCSLLUXCS K 3TOMY MaTepuany.
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