QFI-Quantitative Finance Formula Package
Spring and Fall 2019

Morning and afternoon exam booklets will include a formula package identical to the one attached to this
study note. The exam committee believes that by providing many key formulas candidates will be able to
focus more of their exam preparation time on the application of the formulas and concepts to demonstrate
their understanding of the syllabus material and less time on the memorization of the formulas.

The formula package was developed by reviewing the syllabus material for each major syllabus topic. Candi-
dates should be able to follow the flow of the formula package easily. We recommend that candidates use the
formula package concurrently with the syllabus material. Not every formula in the syllabus is in the formula
package. Candidates are responsible for all formulas on the syllabus, including those not in the
formula package.

Candidates should carefully observe the sometimes subtle differences in formulas and their application to
slightly different situations. For example, there are several versions of the Black-Scholes-Merton option
pricing formula to differentiate between instruments paying dividends, tied to an index, etc. Candidates will
be expected to recognize the correct formula to apply in a specific situation of an exam question.

Candidates will note that the formula package does not generally provide names or definitions of the formula
or symbols used in the formula. With the wide variety of references and authors of the syllabus, candidates
should recognize that the letter conventions and use of symbols may vary from one part of the syllabus to
another and thus from one formula to another.

We trust that you will find the inclusion of the formula package to be a valuable study aide that will allow
for more of your preparation time to be spent on mastering the learning objectives and learning outcomes.

In sources where some equations are numbered and others are not (nn) denotes that there is no number
assigned to that particular equation.



An Introduction to the Mathematics of Financial Derivatives, 3rd Edition (sec-
ond printing), A. Hirsa and S. Neftci

Chapter 2
1 (1+7rA)  (1+rA) "
(2.10) S(t) Si(t+A) Sa(t+A) [ J }
C(t) Cilt+A) Oyt +A) ’
St +1)
(246) Ri(t+1)= S0
Syt +1)
(247) Ro(t+1)= —su
(248) 0= ((1+r) — R1)vn + (L4 7) — Ra)po
(266) St 1 + [@up(st + 0'\/7) + Qdown(st - 0\/7)}
(2.67) Oy = ars [QupCy? A + Quown CLR™]
(2.68) CT = maX[ST — C’()7 0]
(270) S-— %l [S*Qup + 5% Qutonn]

1
@m)  C=i- [C*“Qup + C'Quouwn]

(page 27) EC {OgA

t

} ~14+rA
Chapter 3
n ) ) T
(3.37) ;f (“ +;’1) (t —t; 1) %/O F(s)ds

n

T . .
a9 [ oo~ 3o () ) - i)

Chapter 4

(1200 f@) =3 % Fi(wo) (@ — o)’
=0
(4.23)  dF(t) = FsdS; + F.dr; + Fydt
(4.24)  dF(t) = FydS; + F,dr; + Fydt + %Fsstf + %Fwdrf + Fy-dSidry
Chapter 5

(511)  E[S/|L] = / T SSIL)AS,  u<t

(5.18)  P(AF(t) = 4+aVA) =p
(5.19) P(AF(t) = —avVA)=1-p
(5.37)  P(AN, =1) ~ A

(5.38)  P(AN;=0)~1-\A



(5.39)  P(AN, =n) =

(5.40) f(z) = 1exp (—£> , >0
(5.41) F(z)=1-exp(—z/0), x>0

(542)  f(2) = LIRSS

(545) Ti4A — Tt = E[(TH_A - rt)llt] + O'(It, t)AWt
(5.48) dry = p(re, t)dt 4 o (ry, t)dW;

T'H_A 1Tt —+ 51Rt Uthl A
5.49 = ;F
(5.49) { Riyn ] { oty + Pa Ry ] * [ a2 Wiia

(544) P(Xt+5 < l't+5|l't, ey $1) = P(Xt+s < xt+s‘$t)

Chapter 6

(6.3) E,[St) =E[Sr|L], t<T

(6.4) E|S: < o0

(6.5) E,[Sp] =S, forallt < T

(6.9) E2le ™ Byu] = B;, 0<u<T—t (The text formula is incorrect, the right-hand side should be B)
(6.10)  EZ[e S, =S5, 0<u

(6'29) V= Z |Xti - Xt171|
i=1

(6:30) V2= |Xy, - X, |7
=1

(631) V4 = Z |th - Xti—l |4
i=1
) V? <max|X,, — X, |V
) m?X‘Xt7 *Xti_1| — 0
6.38) V' <max|X;, — X, |?V?
K3
) AX, ~ N(pA,c%A)

t+T
(6.46) X7 = Xo+ / X,
0

T
/ qu] = X, +uT (This is a correction to the text formula)
¢

Ei[Zivr] = Xt + Ei[(Xpyr — Xi)] — (¢ +T) (This is a correction to the text formula)
Ei[Ziy7] = Xy — put  (This is a correction to the text formula)



(6.66)  EF[M,y|I;] = M;
(6.70) Gr = f(St)
(6.71)  Bp = eli meds

(6.72)  M; =EF ETUt}
T

(6.105) e S = A+ Z4
k
(6'106) Mtk = Mto + ZHti—l [Zti - Zti—l]
i=1
(6.108) E: [M;,] = My, (This is a correction to the text formula)

Chapter 7

(7.23)  AWi =[Sk — Sk_1] — Ex_1[Sk — Se_1]

k

(7.26)  Wi=) AW,

1=1
(7.28)  Ep_1[Wi] = Wiy
(7.29)  VF =Eo[AW}]
> AW
k=1
(7.31) V>A4,>0
(7.33) V< Ay <oo
(7.34) Vinaz = mI?X[Vk, k=1,...,n]

(7.30)  V=EFE,

2 n
= ka
k=1

Vk
(7.35) v > Az, 0<A3<1
7.36 E[AW]? = o3h

Ek_l(Sk - Sk—l) =~ a(]k_l,kh)h

)
7.56) Sy — Sp_1 = Ek_l[Sk — Sk—l] + o, AW,
)
) Skh = S—1yn = aIx—1,kh)h + op[Win — Wig_1)a]

Chapter 8
(8.7) 0 with probability 1 — Adt

(88) M, =N, — At

(8.9) E[M,]=0

(8.10)  E[M]* =\t

AN, = { 1 with probability Adt

wy  with probability p;

wg  with probability ps
(8.21) O'kAWk = .

wp,  with probability p,,
(8.22)  E[osAWy]? = o?h



dSt = G(St, t)dt + 01 (St7 t)th + 0'2(515, t)th
V(X = E[X; — E[X,]]?
Higher-order (centered) moments are E[X; — E[X/]]¥, k > 2

(8.72)  E[o2AJi]* =h [i w?pi]

=1

(8.73)  E[o2AJi]" =h [Z w;'Pi
=1

(8.75) lo=0<t1 < - <t, =T
(8.76) nA=T
(8.77)  S;=S,, i=0,1,...,n

g u;S; with probability p;
17\ d;S;  with probability 1 — p;

(8.79) ui = VA, for all i
(880) di=e V2, foralli

(881)  pi— 2 [1 + 5\/5] . forall i
2 o

(8.91) log Sgn = Zlogu+ (n— Z)logd

3

s,
(8.92) log grn = Zlogg +nlogd

(8.96) E {log Sg‘"] =log %np +nlogd

(897) V [log SS”] = [log %}2 np(1 — p)

T
(898) n=%

(8.99) log gnp +nlogd ~ uT
2
(8.100) {log g] np(l — p) ~ 0T

(8.102) [log Sin — log S;] ~ N (u(nA), 0 A)
(8.103) [log Si4n — log S;] ~ Poisson



Chapter 9

2

n T
(9.37) lim E [ZU (Sk—1,k Wk — Wy 1] / o(Su, u)qu‘| =0
k=1 0

n—oo

(9.38) Sk — Sk—1 = a(Sp—1,k)h + 0 (Sp—1, k)W, = Wy_1], E=1,2,...,n

T
/ O(St,t)th] < 0o
0

(941) > o (Sk1,k)[Wi — Wiy —>/ (S, t)dW; as n — oo(h — 0)
k=1

(9.39) E

T 1
(9.73) / il = 5 (23 — T
0

2

n—1
. 2 o
(9.74)  lm E S A}, —T| =0
i=0
T n—1 T 2
(9.76) If/O (dxt)? exists, then HILH;OJE ZAwt +1—/0 (da;t)2] =0
=0

(9.77) /0 Cai=7

(9.78) /OT(d:ct)2 = /OT dt

(9.79)  (dW;)* = dt

t+A t
(9.85) E; l / Juqu] = / 0, dWy, (This is a correction to the text formula)
0 0

[ ,T T
0 0

/O " H g0, t>dt]

(This is a correction to the text formula)

(9.133) E _/OT fW, ) dW,| =E /OT f(W;,t)2dt|  (This is a correction to the text formula)
Chapter 10_

(page 170) dS; = apdt + o¢dWy, t>0

(10.36)  dF; = g dS; + %—};dt 41 22%1;#

(10.37) dF; = {at 35; + 88—}; + %af ZZ};} dt + g—;;atth (This is a correction to the text formula)

(10.64) /Ot F,dS, = [F(S:,t) — F(So,0)] — /Ot [F + 1Fgga ] du

( ) dF = Fydt + F,,dS; + F,,dSs + %
(10.72)  dSi(t)* = [o%y(t) + ol (1)) dt
(10.73)  dSa(t)® = [03,(t) + 03, (t)] dt
( ) dS1(t)dSy(t) = [o11(t)o21(t) + o12(t)o22(t)] dt

[Fus,dS? + Fiye,dS2 + 2F,, ,,dS1dS,]



(10.79) Y (t) = iNi(t)Pi(t)
=1

(10.80)  dY(t) = Z Ni(H)dP;(t) + Zn: AN (1) Py (t) + Z AN (H)dPi(t)

(1081) dSt = atdt + O'tth + th, t Z 0
(10.82)  E[AJ]=0

k
(10.83) AJy = AN; — [Ath (Z aiPi)]
i=1
k
(10.84) ar = o+ A (Z aipi)

i=1
~ 1
Fit A J(F(Si+ ait) = (S 0)ps + 5 Faso®

i=1

(10.85)  dF(S,t) = dt + F,dS, + dJp

(10.86)  dJp = [F(Si,t) — F(S7,1)] — A

k
> (F(Si + ai,t) — F(S,, t))pi‘| dt

=1

(1087) S =limS,, s<t
s—t

Chapter 11
(11.24)  dS, = pSydt + S, dW,, t € [0,00)
(11.30) S, = Spella—2o)ttoWs}
(11.34) dSy = rSydt + oSy dWy, t €0, 00)
(11.38)  Sp = [Soe(r—%"zﬁ} [e”W7]
(11.42)  Z; =M
(11.50)  a; =E[Z,] = e2° "
(11.56) Sy = e "T=IE,[Sy]
(11.72)  dS; = pSydt + o+/SidWy, t € [0,00)
(11.74)  dS; = Mu — S;)dt + oS, dW,
(11.78) dSy = —pSidt + odW;
(11.79)  dS; = pdt + oy dWy,
(page 192) doy = Moo — op)dt + acdWa
pawe 108 aNo={ G VERPORMES A
(11.83) d?st = (p — Ak)dt + odW; + (e’ — 1)dN;

(11.84) 5 = (1 — N*&*)dt + odW; + (e’ — 1)dN,

(page 194) S, = Spelrmatwltt X(tow.0)

1 (l‘ _ 09)2 gt/uflefg/u
exp | — dg
o+\/27g 202g vtV (t/v)

(page 194) flz;o,v,0) = /000



Chapter 12

(12.3) P = 01F(S;,t) + 025,
(124) dPt = eldFt + GQdSt
(125) dS; = G(St, t)dt + O'(St, t)th, te [O, OO)
1
(126) dFt = Ftdt + = 9 éO't dt + F; dSt
(12.7)  dF, = |Fsa; + %Fssaf + Fy| dt + FyodW,
(12.10) 6, =1
(12.11) 6y = —F,
(12.12)  dP; = Fydt + %Fssafdt
1
(12.16)  r(F(Si,t) — FySy) = Fy + 5Fssaf
1
(12.17) —rF+rFSSt+Ft+§FSSaf =0, 0<S;,, 0<t<T
(12.20) P, = 6,F(Sy,t) + 055,
(12.23) = F(S;,t) — Fy(S,1)S;
(12.24)  dP, = dF(S;,t) — FydS; — SidF, — dFy(S;, t)dSt
(1226) dPtZdF(St,t)—FédSt St |:|: §t+F55/J,St+ 9 6660tS2 dt+FééUStth —FSSO'?SEdt
(12.28)  dP; = dF(S;,t) — FydS; — Si[Fus(pp — ) S;dt] — FesoS2dW;
(page 202 EQ [S7Fss(odWy + (u—1)A)] ~ 0
(page 202) AW} = odWi + (p — r)dt
(12 29) a0F+angSt+agFt+a3EgS:O, OSSt, OStST
(12.30)  F(57,T) = G(Sr,T)
Chapter 13
(131) CL(St, t) == /,LSt
(13.2) (St t) =08y, t€]0,00)
1
(13.3) —rF 4+ rF.S; + Fi + iastssf =0, 0<S;, 0<t<T
(13.4) F(T) = max[St — K, 0]
(13.6)  F(S;,t) = S;N(dy) — Ke " TN (dy)
In(5t Lo )(T —t
(37) 4= U0 )TD
ovVT —t
(138) dgidlfﬂ'\/Tft
O B
(13.9)  N(d) _/ e dp =12
oo V2T
(1312) G(St,t) = [LSt
(1313) O'(St,t) = O'(St,t)St, [O OO)



(13.15) F(T) = max[St — K, 0]

1
—rF 4+ 1F,S, + F, + 5a(st,t)stssf =0, 0<S;, 0<t<T

ax[0, max(Sir, Sor) — K| (multi-asset option)
(S11 — Sar) — K] (spread call option)

| (portfolio call option)

1
(13.34) rF —rF,S, —§ — F, — 5Fssaf =0
(1335) F(SlT7 S2T7 T) = m [
(1336) F(SlT, SQT, T) = IIlELX[O7
(1337) F(SlT, SQT, T) = max[O, (9151T + GQSQT) - K
(13.38) F(Sit, Sor, T) = max|0, (S17 — K1), (Sor — K2)] (dual strike call option)
(This is a correction to the text formula)

AF  _AF 1 , ,A’F

AF Fij — Fi,j—l
(1848)  Jp =

AF N Fij — Fi*l,j
(1349)  Xg* a5

AF  Fi— i

A2F  [Fiyy,—F; F,—Fi_;] 1
13.51 N ti R A A S
(13.51) AS? { AS AS ] AS

Chapter 14

z+

N

A

1 1
14.3 Plz—=-A< <zZ+-=A :/ 2
(143) ( gh=a s 2) a VR

(146) dIP’(E) =P (2 — %dzt <z <zZ+ ;dzt>
(14.7) T P =1

(14.8)  E[z] = / dP(z)

(14.9) B[z Ez]f = / [ — B[] dP(2)
(14.29)  E, L ‘:Rt St+1] =S,

(14.41) 2z ~ N(0,1)

(14.42)  dP(z) = V%e_%(zt)l)dzt

(14.43) &(z) = et a1’

(14d) ()] = e B by
(14.45) dQ(z) = ! e~ 21 gy,

2T



(14.47)
(14.48)

(14.53)

(14.54)

(14.55)
(14.56)

(14.57)

dQ(zt) = &(2¢)dP(z)
()71 dQ(zr) = dP(z)
—3| z1e — p1,  zop — o Ql|:zlt_,u1:|
f(th,Z%):#e { ] Zot — M2
2 /10

(This is a correction to the text formula)

Q:[U% 0‘12:|

2
012 03

Q] = oio3 — oty

d]P(Zm Zzt) = f(th, ZQt)dZudst

1
f(zlt,ZQt) exp{[ Z1t, 22t ]Qfl |: ’Z; :| + 5[ M1, 2 ]Q*l |: Z;

(This is a correction to the text formula)
dQ(z11, z21) = &(214, 220 ) dP (214, 221)
1
dQ(z11, z21) =

1 —1 | A1t
QW\/@ exp{—2[ 21ty 22t ]Q { ot }}dzudzét

(This is a correction to the text formula)

&(z) = e~ it gn QT (This is a correction to the text formula)
d@(zt) -
WP)

(
dQ(z:) = £(20)dP(z)
dP(2) = £(2) "' dQ(z)
g = el XudWurg 5 X0du) - 4 € [0, 7]

E [efo‘ XidU] <o, tel0,7T]

EUQJMW@/QJM%

)

=W — / X,du, t€[0,7] (Thisis a correction to the text formula)

Q(A) = EF[1a¢r]

AW = AW, — Xdt

dQ = {rdP
ATUAU---UA, =Q
Ta, 414, +...14 =1q
E*[Zi14,] = Q(A:)

P = X X )ax
EMMMfAMﬁUd

(page 249) 9(X¢) = Z;h(Xy)

WM&H:/M)RMH*WM(H
Q

10



Chapter 15

(15.2) Y, ~ N(ut,0?t)

(15.4)  M(\) = E[e¥*}]

(15.10)  M()) = ePut+3o?27)

(15.15)  S; = Spe®* |t € [0,00)

(15.25)  E[Sy|Su,u < t] = S,ert=o) 307 (=)

(15.30)  Z;=e S,

(15.31)  E%[e "8 [Sy,u<t] =e ™S,

(15.32)  EQ[Z|Zy,u <t] = Z,

(15.38) REQ [e‘r(t_")SASu, u < t} = Sye Tt m ep(t=u) 307 (=) where under Q,Y; ~ N(pt,c’t)

(This is a correction with ¢t — u replacing ¢ — s)

1
[):7‘750'2

B2 [¢7"8;|Su, u < t] = e7""8,
dSt = ’I"Stdt + O'Stth*

dSt = ‘Ll,tdt + Utth
dle™"Sy] = e " [y — rSydt + e o dW,

( )

( )

( )

(1558) €, =E® {e*“T*t) max{Sy — K, 0}]
( )

( )

(15.92)  dW} = dX, + dW,

(15.97)  dX, = {M} dt

o
(15.98)  dle 'S = e "o dW}
(15.111)  d[e "' F (S, t)] = e "o FydWy

Chapter 17

(page 282) Ry, = (14ry,A)

(page 282) Ry, = (14 r,A)

(page 282) B, = B(t1,t3)

(bage 282) By, = B(h,,T)

(page 282) B, = B(t3,T)
1 Rtl R?z Rtl Rtug Rtl Rgz Rtl R:tig Zbuu
0 (Ftl - ng) (Ftl - ng) (Ftl - L?z) (Ft1 - ng) 77[}ud

(17.6) By | =1 1 1 1 i
By, By Bud Bl B i
Ct1 Ctugu Ctugd Ctgu Ct3d

(17.13) 1= Ry, RLY"™ + Ry, Ry 0" + Ry, RE ™ + Ry, R ¢

11



(17.14)
(17.15)
(17.16)

(17.18)
(17.21)
(17.22)
(17.23)

(17.31)

(17.36)

(17.38)

(17.39)
(17.46)
(17.52)

(17.53)
(17.55)

(17.56)
(17.57)
(page 291)
(page 291)
(17.61)

(17.63)

(17.64)
(17.65)

(17.66)

(17.71)

(17.72)

Qij = (147, (1 + 7y, )9
1= Quu + @ud + @du + @dd

Qi >0
Bi, = E® {(1 + rtl)l(l + th)}
By, =B {(1 + TtlB;t(gl +7t,)
0=E [(1 n rt1)1(1 Ty LtQ]}
Cn B2 {(1 + Ttl)l(l + %)Cts}
1 L
fi = EQ [W} B [(1 +m)t(21 +rt2)]

Bfl — q/juu + wud + wdu + 77[}dd

1 = Tyu + Tud + Taw + Tad

Fy, =E"[Ly,)

Cyy = Nmax[Ly, — K, 0]

EQ { L
(T47r,) (1 +71s,)

Cy, = B E"[max[L;, — K, 0]]

Ct_ S CT
Sy =F (5T>

) _gs (5101

Cy, =

max[Ly, — K, 0]

So St
()
oK) [* »
o = [ a-runera
C(K) =P(lnS—-InK >Y)
So
) 1 P(t,T)
F&T.5) = 5—7 (P(t,S) a 1)

O0=Ta<Di<Tha<---<Ty

Aj=Ty1 —T;,i=0,1,2,...,M — 1

P(t,T,) — P(t,Ty11)
ApP(t, Tpi1)

& 1

P(T;, Thia) = [ | ALY

La(t) =

j=1
n—1 1
Pt,T) =Pt T) ] —— T, <t<T

12

} (This is a correction to the text formula)



-1
(17.75)  Bf =P, 1) [+ A, L; (1))
j=0
Hn*1 1
J=U 44, L, (1)
[T—6(1+ AL (Ty))
(17.78) ALy, (t) = pn(t)Lp(t)dt + Ly, (t)o, (6)dW, 0 <t <T,,n=1,2,..., M

(17.103)  pa(t) =) Aj?fia ;L(t)(j)](t)
o el

(17.77)  Du(t) =

1+ A;L;()

(17.104)  dL(t) = (zn: Aij(t)UI(t)gj(t)) Lo()dt + Lo(t)o) (H)dW;, 0<t<T,, n=1,...,M
=

(17.105)  V, =[E2 [e— JEradu g, LT)Na}
(17.110)  V, = EF[B(t,T + 8)(F; — L)NJ]
(17.111)  V, = B(t,T + 8)ET[(F, — Ly)NJ]
(17.112)  F, = EF[Ly]

(page 296) Cr =max[Lr_5 — K, 0]

(

17.113)  C, =E2 [e* J v s Ly — K, 0]

Chapter 18
(18.3)  B(L,T)=e RTOT-0 4 o
(18.12)  B(t,T) = EY {67 5T rsds}
—log E2 {e‘ I "'sds}
Tt
(18.33)  B(t,T) = J: Flt:0)ds

(1840)  F(t,T) = tim 28BGT) Zlog BT+ 4)
A—0 A
log B(t,T) —log B(t,U)
U-T

(1820)  R(t,T) =

(page 311) Ft,T,U) =

Chapter 19
(19.14) dBy = u(t, T, B;)Bidt + o (¢, T, Bt)BthtT, where B, = B(t,T)
(19.15)  dB; = r{Bydt + o(t, T, By) BydW,
do(t, T, B(t,T))} g — [(‘30(t,T, B(t,T))
or orT
(This is a correction to the text formula)
(19.22) dF(t,T) = a(F(t,T),t)dt + b(F(t,T),t)dW,

(19.25) = F(t,1)
/T b(s,u)du

(19.26) re = F(0,t) + /Ot b(s,t) [/: b(s,u)du} ds + /Ot b(s,t)dWs

(19.21)  dF(t,T) = o(t,T, B(t,T)) [ } AW,

(page 325) F(t,T)=F(0,T)+ /Ot b(s,T) ds + /Ot b(s, T)dWj

13



(19.33)  dF(t,T) = b*(T — t)dt 4 bdW,
(19.34) dB(t,T) =rB(t,T)dt — b(T — t)B(t,T)dW; (This is a correction to the text formula)

1
(19.35)  r; = F(0,t) + §b2t2 + bW,

(19.36)  dry = (F4(0,t) + b%t)dt + bdW;

(1937 F(0,1) = 20D
ot
Chapter 20
(20.5)  B'= B(t,T})
(20.6)  B?*= B(t,T»)
(20.7)  dB' = u(B',t)B'dt + o1 (B, t)B AW,
(20.8)  dB?* = p(B? t)B2dt + 0o( B?,t) B*dW;
(20.9) dry = a(ry, t)dt + b(rq, t)dW;
(20.10) P =6,B" — 6,8
02 - .

20.11 0= —=——"—= Th tion to the text f 1
(20.11) 1= Bl = UI)P (This is a correction to the text formula)
01 . .

20.12 O = ————— Th t to the text f 1
(20.12) 2= ooy = ol)P (This is a correction to the text formula)

(20.13)  dP = 0,dB' — 6,dB?

02
Bl(oy —01)
(This is a correction to the text formula)

(20.16)  dP = (611 B* — O B?)dt

(2015) (910131 - 920’232) = ( O'lBl —

(2017)  ap = (T2 ouR) 5y

(02 —01)
(20.18) ryPdt = wpdt (This is a correction to the text formula)
(2019) MLt _ K27t
o1 o9
(20.20) BT \(rt)

g;

1
(20.21) dB(t,T) = Bydr; + Bdt + iBwb(rt, T)2dt (This is a correction to the text formula)
1
(20.23) dB(t,T) = (Bra(rt, t)+ B + §Brrb(7“t, T)2> dt + b(ry,t)B,.dW; (This is a correction to the text formula)

1
(2031) Br(a(rt,t) - b(?"t,t))\t) + Bt + ianb(Tt,t)2 - TtB =0

(20.33)  dry = (a(re, t) — b(re, )A)dE + b(re, )W,

14



(20.48) B(t,T) = A(t,T)e ¢®T)

QoK

(20.49) AT) = <2 yel/2(a+A+ T ) b2
' T\ (aF A F) (T —1) 42y
et -1

(20.50)  C(t,T) =2

(@+A+7)(eT —1)+2y
(20.51) v =+/(a+ N2 + 202
Chapter 21

(21.41)  B(t,T) = E2 [e— I d}

(2142) d’/‘t = (G,(’/‘t, t) — Atb(’l“t, t))dt + b(?"t, t)th
(21.43) dry = a(re, t)dt + b(ry, t)dW,

exp (— /tT rsds> exp </tT [As(rs,s)dwg - ;A(rs,s)%zs]ﬂ

(21.45)  B(t,T) =E}

(2168) dS; = G(St, t)dt + O'(St, t)th, te [O, OO)
(2169) dSt = a(St)dt + O'(St)th, t e [0, OO)
(2170) dSt = G(St)dt + O'(St)th, te [0, OO)
21.71)  E[f(Sen)lle] = E[f(Sin)[Se], h>0
(21.90) f(t, re) = EF [e* I q(“>dsf(ru)|rt] (This is a correction to the text formula)
af c e .
(21.91) Frie q(re)f — Af (This is a correction to the text formula)
f_ Of 1 ,0°F
(2192) Af = ataT"t + Eo—t 67?"%

Frequently Asked Questions in Quantative Finance, Wilmott (QFIQ-113-17)

Jensen’s Inequality (103-105)
If f(-) is a convex function, E[f(z)] > f(E[z]).
Girsanov’s Theorem (113-115)

dS = pSdt + o SdW,
dS = rSdt + o SdW,

t
Wt = Wt +/ ’stS
0
dW, = dW, + v,dt

Volatility Smile (167-173)

v dydge=P(T—t) g=di/2
— = 5VT —t
Oo? V2ro

15



Fixed Income Securities: Valuation, Risk, and Risk Management, Veronesi

Chapter 2
100 — Pou(t,T) 360
(2.35)  d= it xS
(2.36) P-(tT)*loox[l—Lxd}
. bill\ly - 360

T
(2.39) Price floating rate bond with spread s = 100 + X Z Z(0,t)
t=0.5

(This is a correction to the text formula)

(2.52)  Z(0,T) = e "(ODT

—T/A

1 _
(2.53)  7(0,T) =g + (0 + 0s) — —T/A

71_'/)\ —6‘26

(2.54)  pRNSmodel _ 100 ZZ 0,7 + Z(0,7*)

Chapter 3
1dP
1 D=-—"
(3.17) P dr
1 dP 1

(320)  DMe="w; x Ty
j=1

dP
(3.21) Dollar duration = D$, = —

(3.22) DY =PxDp

(3.23)  Df, => N;Df
i=1

(3.26) Price value of a basis point = PV01(orPVBP) = —D% x dr

34y DE:Af—lLXDA_AfLXDL
Chapter 4
(4.1)  Convexity = C = 1ap
P dr?
(4.2) ngDxdqu%cher
(4.6) Convexity of portfolio = Cy = iwici; where (4.7) w; = N¢V>[</ P,

i=1

16



(4.8) C= sz x C i, where C, ; = (T; — t)? and

=1
2 x P,(t,T; .
(4.9) wi%forzl,...,nl
(1+¢/2) x P,(t,Ty)
4.10 =
(410)  wa P.(t,T)
d?P
(4.14) Dollar convexity = C¥ = el
r
(4.36) max Var gf)PCA Z a1ra1¢0; under the restriction
QA11,..,Q1n
k=1 (=1

(437) Y a}; =1
j=1

(4.40) Mv; = \yv;
Chapter 5
1
(1 + fn(t7T1,T2))n><(T2_Tl)

(55 F@.T,T3) =
(5.6)  F(t,T1,Ty) = e~ 7T T2)(T2=T1)

r0,T + A) —r(0,T)

(5.14)  £(0,T,T+A) =r(0,T) + (T + A) x .

1 n
(5.21)  r(0,T,) = T ;f(o,Ti_l,Ti) x A

(5.25)  Value of FRA at t = VERA(t) = ylized(y) _ylloating (1) — N x [M x Z(t,Ty) — Z(t,T}))

M
(5.40)  VSUoP(t;: e T) = 100 — (; x 100 x Y Z(T;,Ty) + Z(T;, Tar) X 100)

j=it1
1— Z(0, Tar)

5.51 S0, T,7T7) =n X =m
Chapter 14

(14.27) dry =~v(F —ry)dt

(1429) d’f’t = tht + O'dXt

(14.34) e ~ N (u(ro, t),0%(t))  where

(14.35) p(ro,t) =7+ (rg — 7)e

(14.36)  o2(t) = v(l e~




Chapter 15

(15.9)  dry =7(7 = r¢)dt + odX,
(1528) Z(T',t,T) — 6A(if;T)fB(t;T)Xr

1 .
T = — (1 = (T-0)
(15.29)  B(HT) = (1 e )

(15.30)  A(t:T) = (B(t:;T) — (T — 1)) (r* o > ~ *B(T)?

2(7*)? Ay

100 X ¢

(15.31)  P(rt;T) = 2X " Z(r,:T3) + 100 x Z(r,t: Tr,)
i=1
(15.34) Z(ry,m) = Z(re, t;T)
(15.35) A(r) = A0;T — 1)
(15.36) B(t) =B(0; T —1t)
(15.44) V(ro,0) = Z(ro,0; Tg)N(d1) — KZ(ro,0;To)N(d2) (This is a correction to the text formula)
1 Z(ro,0;T] Sz(T,

(15.45) dy = 5,(70) log (KZ(Z(:“;, (’); £0))> + Z(Q o) (This is a correction to the text formula)

(15.46)  dy = dy — Sz(To)

2

(1547) Sz(To) = B(TOQTB) % \/U (1 _ 6727*:’10)

2y*

(15.48) V(ro,0) = KZ(r9,0; To)N (—d2) — Z(r9,0; Tg)N(—dy) (This is a correction to the text formula)
(15.66) dry = (T — r)dt + Jard X,
(15.67) E[r|ro] =7+ (ro — 7)e” "
(15.68)  Varfrrg] = 7«0% (e —e )+ - (1—e)
Y

(1570) Z(?‘7 t; T) = eA(t§T)—B(t;T)><T
2 (ewl (T—t) _ 1)
(,-Y* + 1/J1) (ewl(Tft) _ 1) + 27/)1

(15.71)  B(t:;T) =

(15.72)  A&T)=2"""log
«

21/11€(w1+7*)@ B ”
((v* o) (@ T 1) g g, ) = Ve
Chapter 16

(16.8) Cr = Z1(r,t) — AZa(r4,t)
(16.9) P =AZy; +C;
(16.10) dP, =dZ; ;

1010 1/19%1\ ,
(16.18) (H&:)+2<Har2>" =r

18



Chapter 17

(17.1)

(17.2)
(17.3)

(17.4)

(17.5)

(17.6)
(17.7)

(17.17)

(17.20)

(17.21)

(17.24)
(17.26)
(17.27)

(17.28)

(17.29)

dry = m(ry, t)dt + s(ry, t)dX,
ov. oV 10%V

_ v Yy - 2
rV = 5 + 5 " (r,t)+2 52 s(r, t)

V(TTv T) = g(’l"T, T)
av. oV 10%V

_ * 2
R(T)V = — 4+ —Tm (7’, t) + 5@5(7", t)

dry = m™(r, t)dt + s(re, t)d Xy
V(ry,t) = E* {67 Ir T“d“g(rT,T)|rt}

1— F(0,T,T%)
fr(0,T,17) = 7
A F(0,T,T))

Standard deviation

o

Standard error =

J

L 1 , > 2
Standard deviation = \l i Z (VJ (10,0) = V(ro, 0))

j=1

OV V(rg+4)—V(rg—19)

or 26
OV V(rg+8)+V(rg—8) —2x V(ro)
orz 62
2
rV = 887‘; + %—‘:m* (r,t) + %%82 (r,t) (This is a correction to the text formula)
OV V(ro,t+3)—V(ro,t)
ot 5
2
887‘: =rV — %—‘:m* (r,t) — %(?97‘2/52 (r,t) (This is a correction to the text formula)

19



Chapter 18

(18.7) Risk premium = E {dZZ] Jdt —r = —B(t; T)(v(F —r) = *(7* — 1))

(188)  A(rt) = ~(v(F — 1) — 4" (F — 1)
(18.9) A(r,t) = Ao+ A7

az
(18.13) Risk premium = £ {Z] Jdt —r =0z X \(r,t)
‘ . dz
(18.16) Risk premiuvm = E {Z} /dt —r = oz A(r,t), where
107
(18.17) oz = 255(1@ t) and

(18.18)  A(rt) =

S ) = m’ 1)

ov
(18.26)  V(rigs) ~ V(ry) + 5(7‘“5 — 1)

(page 634) Standard deviation of (V(ris) — V(1)) = aa—v x Standard deviation of (ri45 — 1)
r
(18.28) 5 —ro ~ N(u(ro,6),%(9))
2
(18.29)  plro,8) = (ro—7) x (777 = 1); o(6) = 1 [o-(1 — &)
v

Y,
1832)  Z(t,T) = B, |eoT-0 LY
( ) (a ) t |:€ . 7}}

(18.33) Z(t,T) = FE, |:€—P(T_t)_(QT—Qt)—h(yT—yt):|

(18.34)  Z(i,t,T) = AET=BED(+o)

=L
(1835)  B(HT) = (1 )
(18.36)  A(:T)=(Bt:T) — (T —t)) (r* -

1 1
(18.37) c=|p+hg— QhQUz) — hoyogpqy — 503

1
(1838) =7 — 7(h0‘¢0'ypyi + UinPiq)

Y
(18.39) F=i+c
(18.40) Ty =1d;+c¢
(18.41) Risk natural (true) dynamics: dry = (7 — ry)dt + 0,dX;
(18.42) Risk neutral dynamics: dry = (7" — r)dt 4+ 0;dX;
(18.43) A= l(F — ") = hoypyi + 0ypiq

K3
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Chapter 19
(197) d’l“t = etdt + O'dXt
(19.8) Z(r,0;T) = AT =Txr
3

(19.9)  A(0,T) = —/OT(T—t)Qtdt—i— %0—2

(19.13) 6, = % +o?xt

(19.14) Payoff at To = max(Z(Tp;Tp) — K,0)
(19.15) V(To, O) = Z(’I“o, 0; TB)N(dl) — KZ(’I“Q, O; To)/\[(dg)
Note: For this, and many of the following formulas, the text has Z(0,r;-) while Z(ro,0;-) is correct

_ o Z(ro,0;Tp) L Sz(To;Tp)
S, (To:Ts) 8\ KZ(re,0;To) 2

( ) da=di — Sz(To;Tp)

( ) Sz(To;Tp)?* = 0*To(Tp — To)?
(19.19) Payoff at To = max(K — Z(To;TB),0)
(19.20)
(19.25)

(19.16)  dy

V(?"mO) = KZ(T(%O; TO)N(_dQ) - Z(T(), 0; TB)N(—dl)
Z(T, O,T) _ eA(O;T)—B(O;T)Xr

1 *
. _ T
(19.26)  BO:T)= (1 e )
A T 0d o2 1— 672'y*T
19.27 0;T) =~ [ BOT—t)0dt + ——— (T + ———— —2B(0;T
(19.27) (0;7) /O ( )6 202 ( e ( ))

(This is a correction to the text formula)

_ 8f(03t) * o’ —2v"t
(19.28) 0= S0 47 f(0,0) + 5 (1 e )

B(r)
-

(19.30)  V(ro,0) = Z(ro,0; Tp)N (d1) — K Z(ro,0; To)N (d2)

_ Z(TO;O§TB) SZ(TO§TB)

~ Sz(To;Tp) log (KZ(TO,O;TO)) + 2

(1932) d2 = dl — SZ(TO;TB)

(19.29) o¢(1) =

(19.31)  dy

0'2 *
(19.33)  Sz(To;Ts)? = B(TO;TB)227* (1 e TO)
(19.34) V(ro,0) = KZ(r9,0; To)N (—ds2) — Z(rg,0; T)N (—d1)
(19.36) Payoff of call option at To = max(P.(rr,,To;Tp) — K,0)
(19.37)  Call = (i) (Z(ro, 0; TN (dr (i) — KiZ(ro,0; To)N (da(i)))

i=1

(19.38)  dy(i) Z(ro,0; T3) >+Sz(To;ﬂ)

= 1

Sz(To; Ty) o8 <KiZ(TOaO§TO) 2
(19.39)  da(i) = di(i) — Sz(Tos Ty)

(page 664) Z(ry, t;T) = eABT)=B(tT)r

o2 1— 6727* (T—t)

T
(19.40)  A(t:T) = f/t B(u; T)0,du + e0E <(T — 1)+ — " 2B(t; T))

(This is a correction to the text formula)
21



(19.41)  A(T) = log <W> £ BIET)0,0 - T BT (1 - 6*27“)

Z(ro,0;t) 4y
(19.42)  A(t;T) = log (ZZ((:OO%?) (T —1)£(0,1) — %(T — )%
(1944) V(T070) =M x (KZ(T‘(), 0; T— A)N(—dg) - Z(T(),O;T)N(—dl))
_ 1 Z(ro,0;T) Sz(T — A;T)
(19.45) v = ST —AT) 8 (KZ(TO,O;T — A)) += 2

(19.46)  dy=dy — Sz(T — A;T)
(1947) CF(T]) =Ax N x max(rn(Tj,l — TJ) — ’I’K,O)

(19.48)  Cap="3"M x (KZ(r0,0: Ty )N (~da()) — Z(ro, 0 T,)N (~di ()

=2

(19.49)  di(j)

_ 1 log< Z(ro, 0, T5) ) Sz(Tj-1;T5)
Sz(Tj-1;T;) KZ(r9,0;Tj-1) 2
(19.50) da2(j) = di(j) — Sz(Tj-1;T})

aO’t/at

O
(1957) dyf == (9t - ’Ytyt)dt + O'tht

(1958) d?“t = (Ht — ’ytrt)dt + A/ 0't2 + OétTtht

(19.59)  Z(ry, t;T) = AT =BG

(1955) dyt = <9t + yt) dt + Utht

(19.60) % =B(t;T)y + %B(t; T)a; — 1
(19.61) QAT _ B(t;T)0, — 1B(t;T)?a,jf‘
ot 2
Chapter 20

(20.3) Caplet(0; Ti41) = N X A X Z(0,Ti1) X [fn(0, T, Ti11)N (d1) — rxN(d2)]

n 0;E7Ti 1
1Og(f ( +1>> R
TK

(204)  dy 5

1
~oVT
(20.5)  dp=di —oy\/T;

(20.6) FlOOTZet(O;E+1) =NxAX Z(O,Ti_H) X [TKN(—dg) — fn(O,Ti,n+1)N(—d1)]

(20.7) Cap(0;T) = Z Caplets(0;T;)
i=1
(20.17) V(O,To;Ts) =N xAXx

D 2(0;T0) | X [ricN (=da) = £3(0,To, Ts)N (=dy))]

i=1

1 fTSL(()?TO7TS) 1 s/ s/
(2018) dla?mln( K +§Uf To; dgidlfa'f TO

(This is a correction to the text formula)

(20.19) V(O,To;Ts) =N xAXx X [fS(O,To,Ts)N(dl) — T‘KN(dg)]
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Chapter 21

(21.2)  V(rt;T)=E* [e_ I T“d“gT}
(213) d?"t =m" (Tt7 t)dt + S('f’t, t)dXt

7 . _ V(Tv t; T)

(QL4) Vi) = g
ov. v, 162V )
(215) 0= E—!—E(m (T’,t)+UZ(T,t)S(T,t))+§mS(T,t)
102

(216) O'Z('r, t) = EES(T, t)

dz
(217) 7 = [LZ(’I”, t)dt + UZ(T, t)dXt

21.8) V(r,t;T) = E¥[gr]

21.9) dry = (m*(r,t) + oz(r, t)s(r,t))dt + s(r, t)d X,
21.10) V(r,t;T) = Z(r,t; T)E}[g7]

21.11)  Ejlmax(gr — K,0)] = F(0,T)N (d1) — KN (d2)

1 FO,T)\ 1
21.12 = —1 —_ —
( ) dy p— 0g< i ) + 20T

(
(
(
(

(2113) d2 = d1 —oT

(21.14)  Call = Z(0,T) x [F(0, T)N (dy) — KN (d3)]

(21.15)  Put = Z(0,T) x [KN (—dy) — F(0, T)N (—dy)]

(21.27)  V/*Y0;T) = Z(0,T)NAEf[ro(r,T) — K]
dfn(t,7,T)

(21.28) T or(t)dX,

(21.29)  7,(7,T) ~ LogN (fn(om, T), /OT Uf(t)2dt>
(2132) C’aplet(O, T%_;'_l) = NAZ(O, TH_l)[fn(O, T’Z‘, TZ+1)N(d1) — ’I"KN(dQ)]

1 fn(OaT%]_‘i-‘rl) 1
21. = I — T;
(21.33) dy o T, og( o + 20’f\/ i

(21.34)  dy=dy —os\/T;
(page 722) S) = U?wd(0.25)

i—1

1 2

(page 722) S, = \l N ((J?wd(THl)) x T; — Z 5% x A) (This is a correction to the text formula)
j=1

(21.54)  df(t,T) = m(t, T)dt + o4 (t, T)dX,

(21.55) m(t,T) = of(t7T)/t of(t,T)dr

T)?2 —oz(t,7)?
2(T —71)

T t
(21.59) f(0,7,T) = f/“*(0,7,T) — / oz(t, dt (This is a correction to the text formula)
0

(21.60)  f(0,7,T) = fF*40,7,T) — %J2TT
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Chapter 22
_((oF OF OF 1 (PF\ , 1[8F\ ,
(223) dPt = {<8t> + (%> mi + (%> ma.t + 5 <&¢%> sl,t + 5 <&¢§> 827t} dt

oF oOF
+ <8¢1) 51,dXq 4 + <8¢2) 59,1dXo 4

oV oV ov 10%V 10%V

(22.13) - R(1, @)V = + 5omin+ 5o mae 5 557 “+28¢>2 2

(22.19) Z(¢1 ty P24, t; T) = eA(t7T) By (;T) 1,6 —B2(T)p2,¢

(22.20)  Bi(t;T) = i (1 - evi*(T—t))
(22.21)  A(t:T) = (By(t;T) — (T —1t)) <¢>; — Cﬁ) - ‘7—%*31(7,@)2

2001)?)  4n
(Bl) — (- 0) (35— 375 ) - Z BTy
o P 4T
(22.27) Z(re, Tot, b T)= eAT;,(T)*Br[,l(T)Tt*Crg(T)Te,t7 where 7 = T — ¢
A(7e)
22.28) A, (1) = A(r) - C
2228)  An(r) = () - C() x 5
Bi(e)
22.29) B, = By(r)-C
(22.29) 01 (7) = Bi(1) = C(7) X Cim)
Te

22.30 C- =C
( ) Z(T) (T) X C(T[)

A B
(2231)  ry(r) = ~ 2D | Bra®) | CnlT)

T T T

1—e "™ 1— e V5Tt

(22.34) o1 = 0167; 0¢2 = 0’2672
TY Te
. . ocl—e T
(22.38) Vasicek volatility of dr:(7) = o¢(7) = T
p

(22.39)  Volatility of dry(7) = o¢(7) = \/Uf (BlT(T)f +o3 (BQT(T))Q

(22.41) V(¢1,0,$2,0,0) = Z(d1,0, 2,0,0; T)N (d1) — KZ (1,0, $2,0,0; To)N (d2)

1 Z($1,0, 92,0,0; T Sz(To
2242 =gy (Kz(ib;,f@,o, O;Tc)>)> #2270
(22.43) do =dy — Sz(To)
(22.44) V(1,05 $2,0,0) = =Z($1,0, 92,0, 0; Tp)N (=d1) + KZ($1,0, $2,0,0; To)N (—do)
(22.46) dor,e = ma(dre, 26, t)dt + 51(P1,e, P26, t)d X1
(22.47) dpas = ma(P1t, P2.¢,t)dt + s2(d1,e, P2t t)d X2

[ (0F OF OF *F\ , | 1(0F\ , O*F
2y o= {(50) () oot () oot 2 () o2 (5 ) e () moser

oF oF
+ <8¢1) 51,0d X1 ¢ + <8¢ ) S9,.4dXo
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oV oV ov 10%V
(22.49)  R(¢1,02)V + et ms, +

=9 T oe " T e T r e e T

(22.61) Vb1, p2,4,t) = B [6_ I Blor o )dug g, ¢2,t}
(2262) dgbl,t = mitdt + SLthLt
(2263) d¢2,t = m;,tdt —+ 52,th2,t

The Volatility Smile, Derman and Miller
Chapter 3

(33)  C(S,t) — P(S,t) = § — Ke (=)

oC . 0C o 10°C
(89)  C(S+dS,t+dt) = C(S,t) + Zodt + SodS + 5 5dS” +

(3.11)  C(S+dS,t+dt) = C(S,t) + Odt + AdS + 5rds2
aC aC  19°C

1 — o=
(B16)  Fr+rS55 + 5952 = ¢
C 1. o
(317) oo+ TS =0

Chapter 4

(41) C(S, K, T,0, 7“) = SN(dl) - KefTTN(dQ), d1)2 =

ln(%)-F(T:l:%z)T

(4.12) Kg = /OOO p(x8)S? f(x,v,7)dx

(4.32) ;/OTUQ /—dS <Z>1

(441)  w(S7,80,T,T) = % KSTS_O SO) —h (ZZ”

K —Sp
Sr
(4.44) o2 = o%(1+ 3TH?)

(4.43) o(K)=0rp—b
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Chapter 5

(51) ds = ﬂsSdt + O'SSdZ, dB = Brdt

80 oC 10%C

ot OS 2 982

= ucCdt + ocCdZ

oC  oC 10%C S oC 8lnC
(6:3)  ne= C{at+85 5*2352“55)}’ 7= G957 = ams’

(ho=r) _ (ns—r)
oc gs
oC 1 252620

(5.12) ot SaS 55 =

oC
(0'55) } dt + %Ussdz

(5.10)

rC

(513)  C(S,K,t,T,0,r) = e " T D[SpN(d)) — KN(dp)], dy =
In($£) - (%) (-1
oVl —t
T
(5.19)  Co=Cre "t — / A(Sy, z)[dS, — Syrdz]e™"™
0

do =

T
(5.20)  Co=Cre T — / A(S,, x)oS,e” " dZ,
0

(5.21)  E[Cy] = E[Cple"T

(5.22)  w(I,R)=V; — AgS

(5.23)  PV[P&L(I,R)] = V(S,7,08) — V(S,7,%)
In (SF) + sokT

(5.25)  Ar=e¢ P N(dy), di = —LL 21 Sp =87
O'R\f

(5.27)  dP&L(I,R) = dV; — rVidt — Ag[dS — (r — D)Sdt]
(5.28)  dP&L(R,R) =0 = dVg — Vgrdt — Ag[dS — (r — D)Sdt]
(5.34)  PV[P&L(I,R)] =¢" [e7™ - 0—e "™ (Viy — Vre)] = Vae — Vi
1
(5.38)  dP&L(I,R) = ir,sa(gi-C — 23 dt + (Ar — Ag)[(u — 7 + D)Sdt + opSdZ)
(page 100) The upper bound of the P&L is ... (Vg0 — Vi)

1

(541)  PV[r(I,R)]r = (Vo — Vio) —2Ke >'" [N (;(O‘R — z)ﬁ) — 2]

(This is a correction to the text formula)

5.42 dP&L(I,I) = 1r,S2 o2 — ) dt
2 R
1 T
5.43 PV[P&L(I, )] = = | e "=t 8%(02 — $2)dt
2
to

1 (T
(page 103, problem 5-4) PV[P&L(I,H)| =V, = Vi + 5/ e "D, 8% (02 — o2)dt
to
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Chapter 6

oC
(6.6) HE =~ Z EFiafo(Zf —1)dt

i=1

2 ~ - 1 LQ2)\2 2 2
6.7) oip~E ; 5 (TiSP)? (o7 dt)
T o OC
aC o 3C’
OHE s 0.89
1 —— R — R —
(6.18) C dn  /n
Chapter 7
1 8°’C  oC 82 oC
14 2 2 e 2 e
1) 57 g5 T ar V 957 |77k = (C Sas)

2
7.18 72 = 0% + 20k —
(7.18) 6°=0"+20 —
(7.19)  s~o+ky/ 2
' i dt

Chapter 8
—In (i) —(r—2)r
(8.3)  P[n(Sy) > W(K) =P |Z > K a\é 2> = N(ds)
1 dl 1 O'\/;
8.6 A N — =
( ) ATM B \/ﬂ 5 + 2\/%
1 J
8.9 A~~A - ——
(8.9) ATM o=
Chapter 10
ds dv  VeodZ S+ B B
(103)  S=V-B Z="5 =" =0"c—dZ aSJ(HS)
ds

(10.4) < = u(S,t)dt +oSP~tdz

(10.5)  dS = uSdt + 0SdZ, do = podt + godW, E[dWdZ] = pdt
1 1 1

(10.10)  Profit = 5FSQ(U2 — 2 dt = 5r(dS)2 — §F5222dt

~ 0Cpsm  0Cpsm 0%
(10.15)  D===50= =35 oK
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Chapter 14
(14.4)  F = Selr—bidt
(14.5)  F'=qSu+ (1 - q)Sa
F-S5,
S, — Sy
(14.11) S, = Se? SOVt g, — Ge=o(S)Vii

(14.6) q=

(14.17) (S, K) ~ 09 + *B(S +K)

bk -5

(14.18)  B(S.K) = 0(5) + 5

Chapter 17
1
(17.6) dmpsm = dmoe — €dS = §F10C32 [0123 — ot (S, t)] dt —edS

Chapter 18
(18.6)  Zarm(S) = X(S,5) = X0 — (S — S0)
(18.7) (S, K) =y — B(K — S)
(18.11)  X(S,K,t,T) = Xo(t,T) — B'(t,T)[0.5 — A(S, K, t, T, Sarm(S))]
(18.12)  X(S,K,7) = g — £(0.5 — A(S, K, 7, Sarn))
Chapter 19

(19.8) % = adt + &AW where V = o2

(19.9) dY = a(m = Y)dt + fdW
t
(19.15) Y, =m+ (Yo —m)e " + ﬁ/ e
0

Varlyy] = 1—e 2ot

2

(19.21) =
( ) do = a(m — o)dt + BdW
(19.25) dV = a(m —V)dt + fdW
( ) dV = a(m —V)dt + pVdW
(19.27)  dV = a(m — V)dt + BVVIW

Pricing and Hedging Financial Derivatives, Marroni and Perdomo
Chapter 6

(page 124)  Delta(ca ) N(dy)
(page 124)  Delta(put) = N(dy) —
_N'(di)
(page 127) Gamma = SovT—
(page 128)  dy — In(S/K) +0(r ;f t/2)(T —t)

1 2
age 128 N'(z) = e v /2
(page 128) (z) T

(page 133) Vega = SvVT — tN'(dy)
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SN'(dy)o
2VT —t
~ In(S/K)+ (r+0?/2)(T —t)
(page 137) dy = T

~ In(S/K)+ (r—o?/2)(T —1t)
(page 137) do = P
SN'(dy)o n
2T —t

1
(page 138) Theta At + gGamma AS? >0

(page 137) Theta(call) = — —rKe " TY N (dy)

(page 137) Theta(put) = — rKe " TN (—dy)

(page 143)  Rho(call) = K(T — t)e """ N(d)
(page 143)  Rho(put) = K(T —t)e " T"YN(—dy)
Chapter 7
(page 180)  S(k) = S(k — 1) * [yield(t) * dt + vol(t, S) * W * sqrt(dt)]
(page 181)  vol? % (t — s) = vol.mkt?(t) * t — vol_mkt?(s) * s
Analysis of Financial Time Series, third edition, R. Tsay
Chapter 3

(3.2) pe = E(r|F_1), of = Var(r|F,_1) = E[(ry — p)?|Fr—1]

P q k
(33)  re=ptan pe=3 G-i— Y Oiaii, yp=re—do— Y Bitis
i=1 i=1 i=1

(3.4) o} = Var(ri|Fy_1) = Var(a|F;—1)
(pl14) a2 =ap+aai_ |+ Fapmai_,, fe, t=m+1,...,T
(SSRO — SSRl)/m

114 F =
(p114) SSRy /(T —2m —1)
(3.5) ar = ores, 0L =aqp+oiai_y -+ apmar_,,
(pl117) ay = 016, Jf =aqg + ala%_l

(p118) Var(a;) = E(af) = E[E(af\Ft,l)] = FE(aog + alaf_l) =g+ alE(af_l)

3a3(1+ )
(1—a1)(1—3a2)

(p119) o} =ag+aiai_q + - +apai_,,

(p118)  my = E(a}) =

(p120)  a? =ap+aa |+ +amad_,, +n

(p120)  f(ay,...,arle) = flar|Fr—1)f(ar—1|Fr—2) - f(am+1[Fn) f(a1, . .. amla)
T

1 af)
= Il ———exp| —=5 | X flay,...,an|a
t:m+1‘/27r0—752 ( 20t2 ( | )
| 1a2
_ 2 t
(p121) Lty ar|a,ary ..oy Qy) = — g [2 In(o}) + 20?}
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3.7 flelv) =

(v +1)/2) ¢ e
L(v/2)\/(v —2)7 <1+v2> v

(p121)  T(z) = / Y He vy
0

(p].Ql) Ay = O€¢
T

T(v+1)/2] 1 R e
(RIS VERE |

o | T =207

t=m+1 (’U 72)@0}
d v a2

el
(p121)  llamsr, .- ar|a,v, Ap) = (T —m) {ln [F (U ; 1)] ~mm[r(3)]

—0.51nf(v — 2)77]} F Uamits - arle, Am)

(pl121) flamst,...ar|a, Ayy) =

1gf[§(get +o)l]  ife < —i/o

(39 glaler) =] °5° o
eopeflen e e > ~alo
=T t) )

SR

(3.11)  op(0) =ag+ Y _ ooj (L —i). where o}((—i)=aj,, ;if{—i<0

=1

—o<r<oo, 0<v< o0

(3.14) GARCH(m,s) : a; = os€r, 02 = ap + Z val_; + Z @-Ut{j

i=1 j=1
max(m,s) s
(3.15)  GARCH(m,s):af =ao+ »_ (ai+B)ai;+m— Y Bim—;
i=1 j=1
E(a})  3[1—(a1+51)?
132 E@P T (A 207
(3.17)  op()) =g+ (a1 + B)op(t—1), £>1

. 040[1 — (041 + 61)2—1]
l—a;—p
pldl)  IGARCH(1,1):a; = o6, 02 =g+ fro2 |+ (1—B1)a?
3.22) ai(é) =op()+ ({ -1, £>1

(
(
(p141) = (1= B1)(af_y + Bia;_o + Blaj_5+---)
(
(

+ (a1 + B1) o (1)

3.23) GARC’H(L )= M: 7y =p+col +as, a; = oreq, 07 = ap +arar_q + Bror,
324)  gle) = Oer +9ller] — E(ler])]

O+v)er —vE(ler|) if e >0
(p143)  gler) = { 0 e B(el) ife <0
2o = 2T [(v+1)/2]
CESNEPING

(p143)  E(lel) =
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1+ 1B+ + s 1Bt
(3.25)  EGARCH(m,s): a; = o6, In(0?) = ag + 1_5;13_“__5%;37” gler_1)

(3.26) a; = o6, (1—aB)In(o?) = (1 —a)ag + g(e—1)

B o axt (v +0)e ifeg_1 >0
(3.27) (1—aB)ln(o;) = { o+ (7 — B)(—er1) if e 1 <0

exp |(y+0) at_l} if a1 >0

)Utt llq

Ot—1

(pl44) o7 = 07 exp(aw)

exp |(y—0 ifa;_1 <0

l+ ? K2
(3.28) n(o? *aoJrZ w Zﬁjlncrf _;

(3:33)  of = o exp[(1 — 1)) exp[g(em)], gler—1) = Oy + y(ler—1| — /2/7)

(p148)  ohiy = o exp[(1 — ar)ao] explg(en)]

(p148) o745 = 073} exp[(1 — an)ao] explg(enta)]

(p148) 67 =52 (1) expl(1 - ar)ao] En{explg(ens1)]}

(0148)  Efexplg(e)]} = exp (—yv/2/7) [ 200 + ) + e 20 (5 - )|

—

(p148)  67(j) = 07 (j — 1) exp(w) {exp[(0 + 7)*/2]®(0 + ) + exp[(6 — 7)? /2] (v — 0) }

Risk Management and Financial Institutions, second edition, Hull (QFIQ-109-
15)

Chapter 9 Volatility

Tt (5]

i=1

(page 179) s = \J
(9.1) Prob(v > z) = Ka™“
1 m
9.4 2 = — 2,
( ) Jn m ; u'n.—l
(9.5) o2 = Z il
(page 186) Z a; =1
(9.6) o2 =V + Z o
i=1
(9.7) 02 =w+ Z o’
i=1

(9.8) on = Aoy 4 (1= ANup_,
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(9.9)  GARCH(1,1): 02 =~V +au?_, + Bo?_,

(9.10) o2 =w+aul |+ B0,

©12) ) {— Inv — 7“”

(9.13) Z { In(v;) — U}

(9.14)  Elo2,]=Vi+ (a+B8) (o2 — V1)

1—eoT

(9.15)  o(T)* =252 {VL +—= [V(0) — VL)}
Ao(T) 1—e T o(0)

OL16) o0 ¥ ar o)

Market Models: A Guide for Financial Data Analysis, Alexander (QFIQ-119-19)
Chapter 6 - Principal Component Analysis

(6.3) OK — OATM = —b(K — S)
Economic Scenario Generators: A Practical Guide, SOA

T

(page 100) Price({C,}) = E* B—dC’u

0

T
/ pudCy
0
M

7 1 ‘
(page 107) Xo=e TM ZXT(Z)
i=1

(page 100) Price({C,}) = E
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