QFI-Quantitative Finance Formula Package
Spring and Fall 2023

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, the page number is provided instead.



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

Chapter 2
1 (1+rA)  (1+74)
(2.10) S(t) Si(t+A)  Sy(t+A) [ il ]
C(t) Ci(t+A) Cy(t+A) 2

_ Sl(t+ 1)

(246)  Ry(t+1)= O
_ SQ(t+ 1)

(247)  Ry(t+1) = 0

(2.48) 0=((1+7)=Ri)¢1 +((1+7) = Ra)tbo

(266) St = % I:Qup(sf + U\/Z) + Qdown(st - U\/Z)]

1 up own
(1 N ) [Qupct+A + QdownCﬁ.A ]

(2.68) CT max[ST - Co, 0]

1+d
1+ [SuQup+S @down]

(2.71)  C= [C“@up + CQaown |

1+7
(page 27) EC [%
Cy

(2.67) C;=

(270)  S=

]%1+7'A

Chapter 3

(3.37) Zf(t * 1)(1‘ ti_1)—>'/0Tf(s)d3

n

Ga9) [ o) = Va5 (76 - 1)
Chapter 4

(120)  f(@)= 3 5 F o) - )
(423) dF(t) = FSdSt + F,«d’l"t + Ftdt

1 1
(4.24)  dF(t) = F,dS, + F,dr, + F,dt + 5Fssdst2 + iFwdr? + FldSidry
Chapter 5

(5.11)  E[SIL]= [ Sf(SL)dS, <t
(5.18)  P(AF(t) = +aVA) =p

(5.19)  P(AF(t)=-avVA)=1-p

(5.37)  P(AN,=1)~\A

(538)  P(AN,=0)~1-)\A



(5.39) P(AN;=n) = M

n!
(5.40) flz) = éexp(—g), 20
(5.41) F(x)=1- exp(—a:/ﬁ), x>0
(542) f( ) F( )6a e 16—92/5

(544) P(Xt+3 < $t+s|$t, cee ,xl) = P(Xt+5 < l‘t+5|$t)
(545) TteA — Tt :]E[(Tt+A_Tt)|It:| +O'(It,t)AWt
(5.48) dry = p(re, t)dt + o(re, t)dW,y

(5.49) [ Tt+A ]:[ arry + B1 Ry ]+[ (Tﬂ/th+A ]

Riia aory + B Ry oo W2 A
Chapter 6

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

(6.4) E|Si| < o0

(6.5) E:[ST] =5, forall t<T

(6.9) E(t@[e_mBHu] =B, O<u<T-t (The text formula is incorrect, the right-hand side should be By)
(6.10)  EZ[e"Su]=S;, O<u

(6.29) V=3 X, - X
=1
n

(6.30) V2= 3 X, - X P

(6.31)  V*= i Xy, - Xo, [
(6.36) V< max | X, - X, , vt
(6.37) max | X:, - X, .| >0
(6.38) Vi< max | X;, - X, , |2V
(6.44)  AX;~N(uA,o?A)

t+T
(6.46) Xy = Xo + f X,
0

t+T
(6.49) X +E, [[ qu] = X;+pT (This is a correction to the text formula)
t

(650) Zt = Xt - /,Lt
(6.53) Ei[Ziir] = Xt +Ey[(Xesr — X¢)] - p(t+T) (This is a correction to the text formula)

(6.54) Ei[Ziir] = Xt — it (This is a correction to the text formula)
(6.55) Ei[Zyr] =
(6.64) Iiclyc- IT 117

(6.65) M, =E"[Yr|I,]



(6.66)  EF[My|I,]= M,
(6.70)  Gr=f(5r)
(6.71)  Bp=ek rods
(6.72) M, =EF [@m]

Br
(6105) eirtSt = At + Zt

k

(6'106) Mtk = Mto + Z Hti—l [Zh - Zti—l]

i=1
(6.108) E; [My,]=M,;, (Thisis a correction to the text formula)

Chapter 7

(7.23) AWk = [Sk - Sk—l] - Ek_l[Sk - Sk—l]
k

(7.26)  Wi=> AW,
i=1

(7.28)  Ep1[Wi]= Wiy

(7.29)  VF=Eo[AW?]

n

2 n
(7.30) V:EO[Z AWk] =>Vk
k=1 k=1

(7.31) V>A4,>0
(7.33) V<A <oo
(7.34) Vinaz = mkaX[Vk, k=1,...,n]
k

Vinaz
(7.36)  E[AWR]?=0ih
(7.56) Sk = Sk-1 = Ep_1[Sk — Sp-1] + 0 AW},
(7.63)  Ep_1(Sk = Sk-1) » a(lp-1,kh)h
(7.64) S~ Sgeeryn ~ Loy, kh)h + 0k [Wi — Wiy ]

(7.35) >Asz, 0<As<1

Chapter 8

R A e S

(8.8)  M;=N,- At

(89) E[M]=0

(8.10)  E[M;]* =\t

w1  with probability p;

(8.21) N w2 With.probability D2
W with probability py,
(8.22)  E[oxAWi]*=0}h



(8.23)

(8.29)
(8.33)
(8.34)
(8.58)
(8.60)
(8.61)
(8.62)

(8.72)

(8.73)

(8.75)
(8.76)
(8.77)

(8.78)

(8.79)
(8.80)

(8.81)
(8.91)
(8.92)

(8.96)

(8.97)

(8.98)

(8.99)

(8.100)

(8.102)
(8.103)

o 2 2
Zpiwi =oih
=1

pi(h) = p;ih™

qi+2r;=1

¢i = W} pi

Jr = (Ny = At)

dSy = a(Se, t)dt + 01(St, t)dWy + 02 (S, t)dJ;

V[X,] =E[X; - E[X,]]

Higher-order (centered) moments are E[ X, - E[X,]]*, k> 2

E[UgAJk]Q =h [Z wf;ﬁi]
i=1

E[ooAdg]" = h [Z W?ﬁi]
i1

to=0<ty1<--<t,=T
nA=T
Sz':st“ i=0,1,...,n

d;S; with probability 1 - p;
i=eTVh

u;S; with probability p;
Siv1 =
u , for all ¢

d; = e_”‘/Z, for all ¢

pi:}[l-kﬁ\/Z], for all 4
2 o

Si n
log ST =Zlogu+ (n-2Z)logd
1 i+n
g —¢

7

= Zlog% +nlogd

Si n
E[log 5:' ]:log§np+nlogd

K2

, 2
A\ [log Sgn] = [log %] np(1-p)

n =

SIS

log gnp +nlogd~ uT

w12
[log E] np(1-p)~ T

[log Sisn —log Si] ~ N ((ndd),0*A)
[log Si+n —log S;] ~ Poisson



Chapter 9

n T 2
(937) lim E I:Z U(Sk,l, k) [Wk - kal] - f O’(Su,u)qu] =0
neee g1 0
(938) Sk - Sk—l = a(Sk_l, k‘)h + O’(Sk_h k)[Wk - Wk—l]; k= 1, 2, o, n
T
(939) E [fo U(St,t)2dt] < oo
n T
(941) 3 0(Sper, ) [ Wi - Wi ] fo (S, t)dW; as n — co(h - 0)
k=1
T 1,
(9.73) f xedxy = = [xT - T]
0 2
n-1 2
(9.74) lim E[Z Az}, - T] =0
n=ee i-o
T n-1 T 2
(0.76) 1t [ (dw)” exists, then lim E [ S Al - fo (da:t)2] )
i=0
T
(9.77) [ dt=T
0
T T
(9.78) [ (duy)? = f dt
0 0
(9.79)  (dWy)*=dt
t+A t
(9.85) E; [ [ Uuqu] = f 0udW,, (This is a correction to the text formula)
0 0
[ AT T T
0132 B[ [ sownaw, [ g(Wt,det] E [ [ ety
(This is a correction to the text formula)
[ AT 2 T
(9.133) E fo f(Wt,t)th] - E[ fo f(Wt,t)th] (This is a correction to the text formula)
Chapter 10
(page 170) dS; = apdt + oy dWy, t20
oF oF 1 ,0%F
10.36 dFy; = —dS; + —dt + 02 ——=dt
(10-36) 1705, o T 2% g2
2
(10.37) dF, = [atgg + 88—1: + ;ofg;;] dt + g—gatth (This is a correction to the text formula)
t t t
t t 1
(10.64) fo FudS, = [F(S,,t) - F(Sp,0)] - fo [Fu N 5Fssag] du
(10.69)  dF = Fydt + F,,dS; + F,,dSs + % [Fyys,dST + Fuys,dS3 + 2F;, ,dS1dSs
(10.72)  dSi(t)* =071 (t) + o75(t)] dt
(10.73)  dSa(t)* =05, () + 03,(t)] dt
(1074) dSl (t)dSQ(t) = [0’11(75)0’21(1‘5) + O'12(t)0’22(t)] dt



(179)  Y(1)= Y. N®)Pi(t)
i=1
(10.80)  dY(t)=> Ni(t)dPi(t) + Y dN;(t)P;(t) + > dN;(t)dP;(t)
i=1 i=1 i=1
(1081) dSt = G,tdt + O'tth + th, t>0
(10.82)  E[AJ,]=0
k
(10.83) AJy = ANy - [)\th (Z aipi)]
i=1
k
(10.84) ar = o + N\ (Z aipi)
i=1
k 1
(1085) dF(St, t) = |:Ft + )\t E(F(St +a;, t) - F(St,t))pl + 2F3502:| dt + FSdSt + dJF
i=1
k
(1056)  dly = [F(Sk0) = F(57.01 -3 [ (S, #000) = F(Se )
i=1
(10.87) Sy = lin% Se, s<t
Chapter 11
(1124) dSt =[LStdt+0'Stth, te [0,00)
(11.30) S, = Spel(a=zo")tvoWe}
(1134) dSt = T’Stdt + O'Stth, te [O, OO)
(11.38) St = [Soe(r—%JZ)T:I [eG'WT]
(11.42)  Z,=e"M
(11.50) 2, =E[Z,]=e>" "
(11.56) Sy = e "TOE,[Sr]
(11.72)  dS; = pSydt + o\/S;dW;, te[0,00)
(1174) dSt = )\(M—St)dt+05tth
(1178) dSt = —[Lstdt-FJth
(1179) dSt = /j/dt + Jtqu
(page 192) doy = Moo — o¢)dt + aoydWoy
_ | 1 with probability A\dt
(page 193)  dN; = { 0 with probability 1 — Ad¢
(11.83) % = (- \&)dt + cdW; + (e - 1)dN,
t
dSt * % I J
(11.84) < - (= NE")dt + cdWy + (e’ = 1)d Ny
t
(page 194) S, = Soe(r—q+w)t+X(t;a,u,9)
oo (SU _ 99)2 gt/uflefg/u
194 c.1,0) = f _ d
(page 194) fasov,0) 0 o\2ng exp( 202g vt (t)v) g



Chapter 12

(123) Pt :91F(St,t)+025t
(124) dPt = 91dFt + 92dSt
(125) dSt :a(St,t)dt+O'(St,t)th, te [0,00)
(12.6)  dF, = Fydt + %Fssofdt + F,dS,
1
(12.7)  dF, = [Fsat + §Fssat2 + Ft] dt + FyordW,
(12.10) 6, =1
(12.11) 6y =-F,
1
(12.12)  dP, = F,dt+ 5Fssafclt
1
(1216) T(F(St7t)—FSSt):Ft+§FSSO't2
(12.17) —rF+rFsSt+Ft+1Fsso§=0, 0<S;, 0<t<T
2
(12.20) Pt = 91F(St,t) + 925,5
(12.23) P, = F(S;,t) - F,(S;,1)5,
(1224) dPt = dF(St,t) - FSdSt - StdFs - dFs(St,t)dSt
1
(12.26)  dP, = dF(Si,t) - FodS; - S, [[Ft oSy + §FsssafSt2] dt + FssaStth] _ Fluo?S2dt
(12.28)  dP; = dF(S;,t) — FsdS; — Si[Fas(pu — 1)Ssdt] - Faso SEAW,
(page 202)  EC[SPFss(adW; + (u-1)A)] ~0
(page 202) AW} = odWy + (u—r)dt
(1229) CL0F+G1FSSt+G,2Ft+CL3FSSZO, OSSt, 0<t<T
(12.30)  F(S7,T)=G(Sr,T)
Chapter 13
(131) a(St,t) = MSt
(13.2) o(St,t) =S, te[0,00)
(13.3) —TF+7’FgSt+Ft+%02FSSSt2:O, 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(2L) + (r+ L) (T -t
PPN (¢ ORI GRS T (CA)
oV’ -t
(138) d2=d1—0‘\/T—t
di 1 1.2
13.9)  N(d) = f 3y, i=1,2
(139)  N@)= [ =
(1312) CL(St,t) = /,I,St
(1313) O'(St,t) :O'(St,t)st, te [0,00)



(1314) -rF + TFSSt + Ft + %U(St,t)QFssstz = 0, 0< St7 0<t<T
(13.15) F(T) = max[St - K, 0]
(13.34) ~rF,S;~6-F; - ZFSSUE =0
(13.35) F(Si7,S2r,T) = max[0,max(Sir, Seor) — K] (multi-asset option)
(13.36) F(Si7,S2r,T) = max[0, (S17 — S2r) — K] (spread call option)
(13.37) F(Si7,S2r,T) = max[0, (61511 + 62527) — K] (portfolio call option)
(13.38) F(Si7,S2r,T) = max[0, (S17 - K1), (S2r — K2)] (dual strike call option)
(This is a correction to the text formula)
AF AF 1 A’F
13.4 — 252 ~1TF
(847 Ry TS Ag T Ag T
AF F-F
13.48 PO Y
( ) At At
AF Fy—F,
13.4 N B i
(1349) AS AS
AF Fi; - Fj
13.50 S— w~nrS;——F
(18:30)  rSR G "5 A5
A’F [Fi,-F; Fj-Fiq;1 1
1351 o | Litld —Hj L 2»]]7
(13.51) AS? [ AS AS AS
Chapter 14
(14.3) IP’(‘ 1A< <‘+1A) /5+%A 1 ’id
. Z--A<zn<z+=-Al|= e 2dz
2 ‘ 2 1A \2r ¢
(146) d]P)(E) :P(E— %dzt <z <Z+ %dzt)
(14.7) f dP(%) = 1
(14.8)  E[z]= f 2dP(2;)
(149)  Ele-Elz])’ = [ [2-El=]) dP(z)
14.2
(a29) B[ ' Sunt | =
(14.31) [ sm]
(14.41) ~N(0,1)
(14.42)  dP(z) = ——e 2 dz,
(14.43)  &(z) = 23
1 10,2 1,2
14.44 dP(2)][€(2)] = —==e 2Ozl gy
(14.44)  [dP(2¢)][€(z)] Nt :
14.45 dQ(z;) = ——e 2 (M’ g,
( ) Q( t) \/_ﬂ' t



(14.47)
(14.48)

(14.53)

(14.54)

(14.55)
(14.56)

(14.57)

(14.58)

(14.59)

(14.60)
(14.69)
(14.74)
(14.75)
(14.76)
(14.77)

(14.83)

(14.84)

(14.85)
(14.86)
(14.93)
(14.122)
(14.123)

(14.127)
(14.138)

(page 249)

(14.140)

dQ(z¢) = £(2¢)dP(2)
€(2¢) "1 dQ(z¢) = dP(z)

_i| R —
TEL A s “{ ]
1 2[ 1t — M1 2t — M2 ] 2ot — i

f(z1¢,20¢) = e
(216, 22¢) 2/

(This is a correction to the text formula)

0'% g12

Q: 2

g12 0'2

_ 2 2 2
| = 0705 — 07y

dP(z1¢, 22t) = f(21¢, 220 )d215d 204

5(2115,22:&)=6Xp{—[ 21, Zot ]Ql[ K1 ]Jr;[ w, s ]Ql[ 1 ]}

M2 H2

(This is a correction to the text formula)

d@(zlt, Zzt) = f(zlt, ZZt)dP(Zlh Zzt)

1 1 1| 2t
- , o dz1d
o |Q| exp{ 2[ 21ty  R2t ] [ 2o :|} 21tG22t

d@(zlta ZQt) =

(This is a correction to the text formula)

&(z) = LS AL (This is a correction to the text formula)
dQ(Zt) _
) )

dQ(z¢) = £(2¢)dP(2¢)
dP(z;) = €(z) " dQ(z)

gt = e(fot XudWu-3 ot Xid"), te [O7T]

]E[efot Xﬁd“] <oo, te[0,T]
t u
EI:] stdesuu:I = [ ngdes
0 0
¢
W, =W, - / Xydu, te€[0,T] (Thisis a correction to the text formula)
0

Q(A) =E"[14¢7]

AW, = AW, - X,dt

dQ = {pdP
AjuAdsu-—--UAd,=0Q
1A1 +1A2 +--~1A" = 1Q
E'[Z:14,] = Q(A))
EF[g(X)]) = [ g(a)f(w)da

9(Xt) = Zph(X)

E[g(X0)]= [ h(2)f(x)da = E%[(X)]

10



Chapter

(15.2)

(15.4)

(15.10)
(15.15)
(15.25)
(15.30)
(15.31)
(15.32)
(15.38)

15

Y, ~ N(ut,o?t)

M()\) = E[e¥*]
M\ = ePut+5072%)
Sy = Spe¥t te [0, 00)
E[S¢|Sy, u < t] = Syet(=9)+39°(t=9)
Z, =S,
EC [6_T't5t|5'u, u < t] =e S,
EQZ)| Zy,u < t] = Z,

EQ [e_r(t_“)St|Su7u < t] = Sue_T(t_“)ep(t_“)J'%”z(t_“) where under Q,Y; ~ N(pt,o?t)

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

(15.39)

(15.42)
(15.51)
(15.58)
(15.88)

(15.90)
(15.92)

(15.97)

(15.98)
(15.111)

Chapter

(page 282)
(page 282)
(page 282)
(page 282)
(page 282)

(17.6)

(17.13)

2

EQ [e_TtSt|Su, u < t] =e ™S,

dSy = rSydt + oSy dW,

C; =E2 [e_T(T_t) max{St - K, O}]

S, = pydt + o dW,

d[eS;] = e " [y — S ]dt + e " o dWy
AW} = dX, + dW,

|

dleS] = e "o dW
d[eF(Sy,t)] = e oy FydWy

p=r-

dXt = [7#% ~ rSt
Ot

17

Rt1 = (1 +T’t1A)
th = (1 +’I"t2A)

Bj = B(t1,t3)

Bt1 = B(tla T)

By, = B(t3,T)
1 Rtl R?g Rtl R?g Rtl R% J Rtl Rgz J 1/1““
0 (Ftl _L%) (Ftl _ng) (Ftl _Ltg) (Ftl _Lt2) wud
By |=]1 1 1 1 i
o e o om w0
C, for e cdu ik

1= Ry, Ri Y™™ + Ry, R\ " + Ry, RiL ™ + Ry, Ry 4™

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 = (L+7,) (1 +74,)0%
1= @uu + Qud + Qdu + Qdd
Qij >0

s 1
B ‘EQ[(lw)(lwz)]

By,
By, =E% [(H)?H)] (This is a correction to the text formula)
'I"tl th
1
0=FE°| ——[F, - L
|:(1+rt1)(1+rt2)[tl ’52]]
1
Ciy =B ———C
" [<1+m><1+n2> ]

1 Li,
Fn:EQ[1]E@[(1+”1)(1+%)]

(1+rt1)(1+m2)
Bts1 _ wuu + wud + wdu + ¢dd

1 .
= — ]
Bflw

7'('1‘]‘
1=myu + Tud + Tgu + Tdd
Fy, =E7[L,]
Ct3 = Nmax[Ltz - K7 0]
1

1 =E®

|:(1+Tt1)(1+rt2)
Ct, = Bf E"[max[L;, - K,0]]

Cy max[ Ly, - K, 0]

C, Cr
C(K) :]Es((ST—K)+)
S St
()
Cgif) _ fow(l—F(y))efydy
C(K) =P(InS-InK>Y)
So
. 1 P(t,T) B
F(t;T,S) = S_T (P(t,S) 1)

0:T0<T1<T2<~~~<TM
Ai:n+1_nai:071727"'7M_1
P(t7Tn)_P(taTn+l)
AnP(taTrw—l)
n 1
P(T,Tpet) =[] —
(T Toer) H1+Aij(Ti)

J=1

La(t) =

1

—_ Ti1<t<T
].+AJLJ(TIL)7 -1 l

P(LT) = P T) ]
j=l

12



-1
=0
-1
H?:l 1+A_7‘1L_7‘(t)
oo (1+ 2 L;(T5))
(17.78)  dLn(t) = jin () Ln(8)dt + Ly ()0 (H)dAW3,0< t < Toon=1,2, ..., M
AL (t)oy (t)a; ()

(17.103) un(t):; 1+ A;L;i(t)

(17.77)  Da(t) =

(17.104)  dL,(t) = (ig Ajﬁjit);;f()gj(t)

(17.105) Vi =B [ 7 re(Fy - L) N0
(17.110)  V, =EF[B(t,T +8)(F, - Lt)N6]
(17.111) Vi = B(t,T + 0)EF[(F, - L7)N6]
(17.112)  F, =EJ[Lr]

(page 296) Cr =max[Lr_s — K,0]

(17.113) G =EP [e " M max{ Ly s - K, 0]]

Chapter 18
(18.3) B(t,T) — e RTOT-8
(18.12) B(t,T) = E? [e_ftT rsds:l
_log E(t@ [8_ ftT rsds]
T-t
(18.33) B(t,T) = o Ji F(t,s)ds

_ . logB(t,T) -log B(t,T + A)
(1840)  F(t.T)= lim A
log B(t,T) —log B(t,U)
U-T

(18.20)  R(t,T) =

(page 311) F(t,T,U) =

Chapter 19

(19.14)  dB; = u(t,T, By)Bydt + o (t, T, By) BydV,", where B, = B(t,T)
(19.15)  dBy; = Bydt + o(t, T, B;) BydW}
0o (t,T,B(t,T)) 9o (t,T,B(t,T))
dt -
or or
(This is a correction to the text formula)
(19.22)  dF(t,T) = a(F(¢,T),t)dt + b(F(t,T),t)dW,
(19.25) 1 =F(t1t)

(page 325)  F(t,T)=F(0,T) + fotb(s,T) [[Tb(s,u)du] ds+f0tb(s,T)dWS

(19.21)  dF(t,T) = o(t,T,B(t,T))[ ]th

(19.26) rtzF(O,t)+/:b(s,t) [fstb(s,u)du]dSJr/(;tb(s,t)dWs

13
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(19.33)  dF(t,T) = b*(T —t)dt + bdW,

(19.34) dB(t,T) =r:B(t,T)dt —b(T -t)B(t,T)dW; (This is a correction to the text formula)
1

(19.35) 7= F(0,t) + §b2t2 + bW,

(19.36)  dry = (Fy(0,t) + bt)dt + bdW,
IF(0,t)
ot

(19.37)  Fy(0,t) =

Chapter 20

(20.5)  B'=DB(t,Th)

(20.6)  B*=DB(t,T»)

(20.7)  dB' = (B, t)B'dt + o, (B*,t)B'dW,
(20.8)  dB? = u(B? t)B?dt + 02(B?,t) B*dW,
(20.9) dry = a(ry, t)dt + b(ry, t)dW;

(20.10) P =6,B'-6,B?

(20.11) 01 = 1#77 (This is a correction to the text formula)
B (0’2 - 0'1)

(20.12) 0y = %P (This is a correction to the text formula)
B (0’2 - 01)

(20.13)  dP =6,dB" - 6,d B>

02 1 01
-2 spt-_—_—°“t
31(02_01)01 B2(O'2—0'1)
(This is a correction to the text formula)

(20.16)  dP = (011 B' — G2 B*)dt

(20.15) (6101B" - 0202B%) = ( 0232) P=0

(2017)  dp = (D Z0R) by

(02— 01)
(20.18) ryPdt = W?’dt (This is a correction to the text formula)
02~ 01
(20.19) HizTe H27Tt
’ 01 02

(2020) P o\, )
1
20.21 dB(t,T) = B,dr; + Bidt + —B,..b(ry, T 2dt  (This is a correction to the text formula
2
1
(20.23) dB(t,T) = (Bra(rht) + B+ §Brrb(rt,T)2) dt +b(ry,t)B,.dW; (This is a correction to the text formula)
1 2
. T ty - ) a2rr ) - =
(20.31) B.(a(ry,t) = b(ry, t) M) + By + 2B b(ry,t)*-rB=0
(2033) d?"t = (a(rt,t) —b(?“t,t)At)dt+b(7”t,t)Wt
(20.39)  B(0,T) = ex (e D@=N)-TR-5 (1-eT)?

(2040) R=k-—-—

14



(20.48)

(20.49)

(20.50)

(20.51)

B(t,T) = A(t,T)e”¢®Dr

el /2 xe)T 2%
A(t,T) = (2
(a+A+7)(eT —1) +2v

T -1
(a+A+y)(eT-1)+2y

v =+ (a+ )2 +2b2

C(t,T) =2

15



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

Chapter

(14.27)
(14.29)

(14.34)
(14.35)

(14.36)

(14.37)
(14.39)

Chapter

(15.9)

(15.22)

(15.28)

(15.29)
(15.30)

(15.31)

(15.34)
(15.35)
(15.36)

(15.39)
(15.44)
(15.45)

(15.46)

(15.47)

(15.48)
(page 547)
(page 547)

14

dry = (7 —ry)dt
drt = tht + O'dXt
re ~ N (p(ro,t),0%(t))  where

w(ro,t) =7+ (ro —7)e "

2 g’ 2t
o (t):2—(1—677)
Y

2

"o \dxz dX
oF 1{6%*F OF
dpt:{(at)+2(aX2)}dt+(aX)dXt
15

dry = (7 —ry)dt + od X,y

8Z, , 18*°Z, 2 8Zy |, 18*Zs 2
(Dt T2 O TtZl)_(Dt + 3G 0 il
8Z1/87‘ 322/87‘

Z(,,ﬂ7 t: T) _ eA(t;T)—B(t;T)xr

B(t:;T) = 717* (1 _ e*f(Tft))

AT = (BT - (-0 (7 5 T ) - 2D
100 x ¢ &

P.(r,;T) = ZZ(r,t;Ti)JrlOOxZ(T,t;Tn)
i=1

Z(rt,T) = Z(Tht; T)
A(r) = A(0; T - t)
B(r)=B(0;T-t)
107 1 *
__+t92 _ (1T
Dz(7) = 7o B(7) po (1 e )
V(r0,0) = Z(r0,0; Tg)N(d1) - KZ(r9,0; To)N (d2) (This is a correction to the text formula)
_ 1 1 Z(7r0,0;TR) +SZ(TO§TB)
Sz(To;Ts) KZ(ro,0;To) 2
dy =dy - Sz(To;Tr) (This is a correction to the text formula)

dy

(This is a correction to the text formula)

2
Sz(To;Te) = B(To;TB) \/2(7(1 —e2v*To) (This is a correction to the text formula)
,7*

V(r0,0) = KZ(r9,0;To)N (=d2) = Z(r0,0; Tg)N (=d1) (This is a correction to the text formula)
Pc(r;{aTmTB) =K
Ki :Z(T;(,To;ﬂ), i:1727"'7n

16



n

(15.51) Call = > ¢(i)(Z(ro,0; T;)N (d1 (i) - Ki Z(r0,0; To)N (d2(i)))

i=1

o 1 Z(ro,0;T;) Sz(To;Ty)

(1552) hO= g Ty 1Og(mZ(ro,o;To)) T
(15.53)  da(i) = di(i) - Sz(To; Ti)
(1555)  Put =3 (i) (KiZ(ro,0: To)N (~dy(3)) - Z(ro, 0 TN (~dy (i)

i=1
(15.66) dry = (7 — ry)dt + \/ar;d X,
(15.67) E[rdro] =7+ (ro —7)e "
(15.68) Var[rire] = To% (e"yt - 6_2'”) + Z—: (1 - e_'yt)Q
(15.70)  Z(r,;T) = A =BED)xr

2 (e (0 1)
(15.71) B(t;T) =
(v + 1) (e (T - 1) + 24y
T el L
(15.72) A T) =2 a log((’y* +41) (e¥r(T=0 — 1) +2¢ )’ and ¢ =V(7) + 20
Chapter 16
(168) Ct = Zl(’]"t,t)—AZQ(Tt,t)
(169) Pt = AZQ’t + Ct
(16.10)  dP, =dZ,
1O\ 1(10°T\ ,

17



Chapter 18
, . dz _ _
(18.7) Risk premium=E [7] Jdt-r=-Bt; T)(v(F-r)—~"(F" -1))

1 * [ =%

(18.8)  A(rt) = —(y(r=7) =" (7" - 7))
(189) )\(T,t) = )\04‘)\17‘

. . dzZ
(18.13) Risk premium = F [7] [dt =1 =0z x A(r,t)

) . az
(18.16) Risk premium = E [7] [dt —r = oz A(r,t), where

107

(18.17) oz = Eﬁs(r,t) and
1 *
(18.18) A(r,t) = S D) (m(r,t) —m*(r,t))

oV
(1826) V(’f’t+5) N V(’f't) + E(’I"pﬂ; - Tt)

(page 634) Standard deviation of (V (1) = V(1)) » ?3—‘; x Standard deviation of (45 —1¢)

(18.28) 75—~ N(u(ro,0),0%(5))

(18.29)  1(ro,0) = (ro—7) x (€70 = 1); o(8) = /‘;(1 - e219)

o) QY ]
QrY}
(18.33) Z(t,T) = E, [e_P(T_t)_(QT_qt)_h(yT_yt)]

(18.34) Z(i,t,T) = eAGT)=BET)(ixe)

(18.32)  Z(t.T)=E, [e

(18.35)  B(:T) - %(1 )

(18.36)  A(;T) = (B(t;T)—(T—t))(r*_ ‘72)_‘723(’5?T)2

22 4~y
1

1
(1837) = (p+hg= 51202) = hoyoupy - 502

—

(1838) 7 ZF—f(hUiO'ypyi-l-O'i(fypiq)

2

(18.39) F=i+c

(18.40) re=ig+c

(18.41) Risk natural (true) dynamics: dry = (7 —ry)dt + 0,dX;
(18.42) Risk neutral dynamics: dry = v(7* —ry)dt + 0;dX;

(18.43) A= l(f — 7)) = hoypyi + Oypiq

oF}

18



Chapter 19

(197) d?"t = tht-deXt

(19.8)  Z(r,0;T) = AOT)-Txr

T T3
(19.9) A(O,T):—f (T = )8t + o
0

9/(0,t)
ot
(19.14) Payoff at To = max(Z(To;Tp) - K,0)
(19.15)  V(r0,0) = Z(r0,0; Tp)N (d1) - KZ(ro,0;To)N (d2)
Note: For this, and many of the following formulas, the text has Z(0,r;-) while Z(rq,0;) is correct
_ 1 o Z(ro,0:Tp) |, 92(To:Ts)
Sz(To:Ts) KZ(ro,0;To) 2
(1917) dg =d1—Sz(To;TB)
(19.18) Sz (T0:T3)* = 0*To(Ts - To)?
(19.19) Payoff at To = max(K - Z(To;Tg),0)
(1920) V(T'(), 0) = KZ(T‘Q, O, To)N(—dQ) - Z(T'(), 0, TB)N(—dl)
(19.25)  Z(r,0;T) = eAOD-BOI)xr

(19.13) 6, = +o?xt

(19.16)  dy

1 *
(1926)  B(O;1) == (1-¢7"7)
v
1-e 2T

2y*

(19.27)  A(0;T) :—fOTB(O;T—t)thzH 2(322 (T+ —2B(O;T))

(This is a correction to the text formula)

02 *
1926 0= R0 0.0 e (1)
(19.20)  o(r) = 20,
T

(19.30)  V(ro,0) = Z(r0,0;Tp)N (d1) - KZ(ro,0;To)N (d2)

_ 1 o Z(r9,0;Tp) +SZ(T0;TB)
Sz(To:Ts) KZ(ro,0;To) 2

(19.32)  dy=dy - Sz(To;Tp)

(19.31)  dy

2
(19.33) SZ(TO;TB)Z:B(TO3TB)220* (1_6_27 TO)
gl

(19.34) V(ro,0) = KZ(r9,0; To)N (=dz) = Z(r0,0; T )N (=d1)
(19.36) Payoff of call option at To = max(P.(rr,,To;Ts) - K,0)

19



n

(19.37)  Call =} c(i) (Z(ro,0;T;)N (d1(i)) - KiZ(r0,0; To)N (d2(7)))

i=1

. 1 Z(r9,0;T3) Sz(To;T;)
19. d = 1
(19:38) (D) = g7 Ty Og(KiZ(ro,o;To))+ 2

(19.39)  da(i) =di (i) - Sz(To; T3)
(page 664) Z(r, t;T) = AT =BT

0.2

2(y*)?
(This is a correction to the text formula)

1 — =27 (T-1)

T
(19.40) A(t;T)z—/ B(u; T)udu + >
t

((T—t) + —QB(t;T))

(1941)  A:T) = log (%) FBET0.0 - BT (1-7)
. 0_2
(19.42) A(t;T) :log(m) +(T—t)f(07t)—3(T—t)2t

(19.44) V(rg,0) = M x (KZ(rg,0;T — AN (=dz) — Z(79,0; T)N (—d1))

_ log( Z(r0,0;T) )+SZ(T—A§T)
Sz(T -A;T) KZ(ro,0;T - A) 2

(19.46)  do=dy - Sz(T - A;T)

(19.47) CF(T;) = A x N xmax(r,(Tj-1,T;) - rk,0)

(19.45)  d

(1948)  Cap=3" M x (KZ(r0,0:T5- )N (~ds(j)) - Z(r0, 0:T;)N (~da (4)))

J=2

(19.49)  di(j) =

1 ( Z(ro,0;T;) ) Sz(Tj-1;T5)
0og +

Sz(Tj-1;Ty) KZ(ro,0;Tj-1) 2
(19.50)  d2(j) = di(j) - Sz(Tj-1;T})

80}/675

Ot

(1955) dyt = (Ht + yt) dt + O'tht

(1957) dyt = (9t - ’}/tyt)dt + O'tht

(1958) d’l"t = (et - ’}/t’f‘t)dt +1/ O'tZ + O[tTtht

(19.59) Z(rs, t;T) = AGT) =B T)ry

(19.60) % BTy + %B(t;T)Qat 1
(19.61) aAg; ) _ B(t;T)6, - %B(t;T)%f

20



Chapter 20

(20.3) Caplet(0;Ti41) = N x A x Z(0,Ti11) x [ fn(0,T;, Tip1)N(d1) — N (d2)]
]- n 07E7E+ 1
(20.4) dy = Uf\/Tilog(f ( - 1))+ iaf\/i
(20.5) dy =dy - op\/T;
(20.6) Floorlet(0;Tip1) = N x A x Z(0,Ti1) x [rxN(=d2) = £ (0, Ty, Ti11)N (=d1)]
(20.7) Cap(0;T) = iC’aplets(O;Ti)
i=1
(20.17)  V(0,To;Ts) = N x A x [Z Z(0; n)] x [rrN (=ds) - £2(0, To, Ts)N (=d1)]
i=1
1 fs 07T 7T 1 s s
(20.18) dlzajc\/T_Oln( ( TKO S))+2of\/T_o; d = dy - o5\/To
(This is a correction to the text formula)
(20.19)  V(0,To;Ts) = N x A x [i Z(0; 7;)] % [£2(0,To, Ts)N (dy) - rxN (ds)]
i=1
Chapter 21
(21.2)  V(r,t;T)=E" [e‘ftT ’""d“gT]
(21.3) dry =m*(ry, t)dt + s(ry, t)d X,
' Ve . _ V(T‘,t,T)
(1) VaT) =z 0
(21.5) 0= % + %—‘;(m*(r,t) +oz(r,t)s(r,t)) + %?;T‘gs(r,t)Q
(21.6) oz(rt) = %Z—fs(r,t)
(21.7) % = pz(r,t)dt+oz(r,t)dX;
(21.8)  V(r,t;T) = Ef[gr]
(21.9) dry = (m*(r,t) + oz (r,t)s(r,t))dt + s(r,t)dX;
(21.10) V(rt;T) = Z(T,t;T)E;[gT]
(21.11) Ef[max(gr - K,0)] = F(0,T)N (d1) - KN (d2)
(21.12) dy = é log(F((;(’,T)) + %OT
(21.13) dg =d1—0’T
(21.14) Call = Z(0,T) x [F(0,T)N(d1) - KN (d2)]
(21.15) Put=Z(0,T) x [KN (=d2) - F(0,T)N(-d1)]
(21.27)  V/"4Y0;T) = Z(0,T)NAE}[r,(r,T) - K]
dfn(t,7,T)
(21.29)  ru(r,T) ~ LogN(fn(O,T,T), ﬁraf(t)th)

21



(2132) Caplet(O; Ti+1) = NAZ(O, E+1)[f71(0, Ti, E+1)N(d1) - T’KN(dQ)]

1 fn(07E7Ti+1) ]-
21.33 dy = lo + =0/ T;
( ) b g( - 577V

(21.34) dy =dy - op\/T;

(21.57) du(t, Ty, Tir) (& ASa( T3 Ta)of (Do (1) gt + 0 (14X
' W6 T Tin) 2 L+ Afo(t, Ty, Ty f !
j=t J J
(21.38) PntToTin) AL T Ti)of (Hof" (1) 0t + 0 (1)dX
. a1, T -=- 1+ Af(t, T, T f ¢
7=t J J

(21.39)  of N (T )? x (Ty-t) = SP x (Ty - t) + S7y x A+ ...+ ST x A
(page T722) Sy = U?wd(0.25)

T% 2 -1
(page 722) S, = \j N (Uf“’d(TiH)) - J; S? (This is a correction to the text formula)

(21.42) (¢4 0,T;, Tiur) = £5(8, Ty, Ty )€ in (D08 (Tia =)V

LAf (T Ti1)S (Tia = 1)S(Tjan — )
age 723)  mj,(t) = -
(page 723) ' (t) ]Z L+ Afa(t T, Tj)

- %S(Tin ~t)?
(21.54)  df(t,T) = m(t, T)dt + o4 (t, T)dX,

(21.55)  m(t,T) :af(t,T)[tTaf(t,T)dT

oz(t, T)? —oz(t,7)>
2(T - 1)

dt (This is a correction to the text formula)

(@159)  fO.5T)= M 0nT) - [

(21.60) f(0,7,7) = f140,7,T) - %O‘QTT

22



Chapter 22

OF\ (OF OF 1(°F 1(0*F
) ar={( ) () mes (3 e 5 (G )t (g e

(22.13)

(22.19)

(22.20)

(22.21)

(22.27)

(22.28)

(22.29)

(22.30)
(22.31)
(22.34)

(22.38)

(22.39)
(22.41)
(22.42)

(22.43)
(22.44)
(22.46)
(22.47)

(22.48)

oF ) ( oF )
=) s1.0d X1+ [ = ) s2.4dX
(8¢1 S1,t 1,t 8¢2 S2.t 2,t

av. v, av 10%V 10%V
R(¢1,02)V = a0t afmml’t + %mz,t + 5@5%,1& *3 062 s%,t

Z(1,4, Go,1,1; T) = D7 PLED P11 B0z

*

Bi(t;T) = % (1 —e%‘*(T*t))

2

. o2 o2
AGT) = (Bi(6T) - (T - 1)) ((/h v 2) - L Bi(T)?
2('71) 41
+ (Bo(T) - (T - 1)) (¢* i ) % p (t:T)>
PANZ) - - - * - * PANZ)
? 2(72)2 4y
Z(ry,ro,t;T) = eAre (M) =Brg 1 (Mre=Cry (Tree - where 7=T — ¢
A(7e)
A =A(t)-C
[(T) (T) (T) X C(T()
Bi ()
Br1 (1) = Bi(r) - C
5,1(7_) 1(7_) (T) x C(T[)
Ty
C, =C
A B, 3
Tt(T) __ Te(T) i e,l(T)rt n C l{(T)TE,t
T T T
1o Mime 1—e 73
O¢1=01—— 5 Op2=02———
Te Ty
. - o l-e'7
Vasicek volatility of dry(7) = 04(7) = ———+—
~y T

2 2
Volatility of dr(7) = 0y (7) = \} o2 (BlT(T)) ol (BQT(T))

V(¢1,0:62,0,0) = Z(¢1,0, 92,0, 0: Tp)N (d1) = KZ (1,0, P2,0,0; To)N (dz)
1 1 ( Z(91,0,92,0,0;T5) )+ Sz(To)
Sz(To) KZ(¢1,0,¢2,0,0;T0) 2

dy =dy - Sz(To) (This is a correction to the text formula)

V (61,0, 02,0,0) = =Z(d1,0,02,0,0; Te)N (=d1) + KZ(¢1,0, $2,0,0; To )N (—d2)
dp1e = mi(@1,t, Pae,t)dt + 51(P1,t, Po,e,t)d X1 ¢

doo = mao(@14, P24, t)dt + s2(D1,4, Pa,t,t)d X2,

o[ (25 Yo (25 (25 () e (25
W ) T oy )T T g, ) T T 2\ 992 )1 T 2\ 992 ) T2 T Dggs ) T

oF ) ( oF )
+|— dX1:+|— dX
(8¢1 S1,t 1,t 8¢2 So.t 2,t

dy

23



(22.49)

(22.61)

(22.62)
(22.63)

ov oV |

R(¢1,02)V = —

ov

*

10%V , 10%V ,

v

T
V(@14 P2,:1) = E7 [6_ Jo ROtz dug g ¢2,t]
d¢1,t = mitdt + SLthLt
d¢27t = m;tdt + Sgythgyt

The Volatility Smile, Derman and Miller

Chapter 3
(33)  C(S,t)-P(S,t) =S~ Ke T
oc . 9C . 19°C
(311)  C(S+dS,t+dt) = C(S,t) + Odt + AdS + %rds2
oC  OC 1 4 ,0°C
(316) E"'TS%"'iU S ﬁ—rC
C 1 yes
1 — + -T2 =
(317) S+ 5TE5°=0
Chapter 4
In 5 + T’;I:U—Z T
(4.1) C(S,K,7,0,r)=SN(dy) -~ Ke ""N(dy), dy2= (K) ( 2 )
oT
112 - [T 2 d
(112) o= [ p(@S)Sf(w v, 7)da
L rT 2[ r7T1 Sr
4.32 = 20t = — Zds -1 (7)
(4.32) Toatd?f T[o Sds So]
2 ST_SO) (ST)]
441 S7,80,T,T) = = (2T
( ) 77( T,°0,4L, ) T[( SO n SO
(443) oK) =op -p2 5"
(4.44) 0% =05 (1+3T0%)

24

8t + 8f¢)1’l’n1’t + %mlt + 5@81’1: + 5 ad)% sQ,t + 8¢1¢2

51,t52,¢tP



Chapter 5

(5.1) dS = ugSdt + 05SdZ, dB = Brdt

aC . oC . 19°C
52) dCc="at+ 22 as + $)2dt
(5.2) 5l 595+ 5 5g (055)

2
{ac 0C o5+ 19C (SS)}dtJrggasSdZ

ot as” 2082
= pucCdt + ocCdZ
oCc oC 19%C S oC OInC
(53)  pe = {at a5hsS* 3552 (059) } ¢ 0987 T ams
' oo os
207
(5.12) 6—C4—r580 ! 25’26 =rC

ot as 2757 g2
(5.13)  C(S, K, t,T,0,r)=e " T D[SpN(dy) - KN(dy)], Sp=eTDg

1n(57F)+(L;)(T—t) ] _1n(%)—(§)(T—t)
oV -t ’ 2" oV -t
(5.19) CO=C’Te””T—/(;TA(Sm,x)[dSm—erd:n]e’”

dy =

T
(5.20)  Co=Cre” T - [0 A(Sy,2)0Spe " dZ,

(5.21)  E[Cy] = E[Crle™™T
(5.22)  w(I,R)=V;-ARrS
(5.23)  PV[P&L(I,R)] =V(S,1,0r) -V (S,7,%)

In(3£)+ Lo
(5.25)  Ap=ePTN(d)), di= In () * 3757 , Sp =Sl
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) PVIP&L(I,R)] =" e -0-e " (Vs - V)] = Ve - Vi

(5.38)  dP&L(I,R) = %FISQ(JIZ% -3 dt + (A; - AR)[(pn -7+ D)Sdt + 0 rSdZ]

(page 100) The upper bound of the P&L is ... (Vgo—Vr,0)

1 1
(5.41)  PV[x(I,R)]L = (Vro - Vi) - 2Ke™7 [N (5(03 - E)\/?) - 5]
(This is a correction to the text formula)

(5.42)  dP&L(I,I) = %F,s%ag -¥?)dt
1 T
(5:43)  PV[P&L(I,D)] =3 ft et 82 (6% — %2 dt
0

1 T
(page 103, problem 5-4)  PV[P&L(I, H)] = Vi~ Vi + 5 ft et 62 (62 — 62 dt
0
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Chapter 6

ac
(62) 71=C- gs

(6.6) HEw Z Ip, 0282(Z2 - 1)dt

lzz 7
zl

(67)  ohp~E [z 5 (Tis2)2(odn)?
=1
T o 0C
12 My
(6.12)  ome 17 00
oC o 0C
.14 N N —don ——
(614)  opprdC~ 7 do 9
OHE s 0.89
1 — R\ —
(6.18) C dn  /n
Chapter 7

1 ,0%C | [2
(7.14) ST wdt 332

(7.18)  &*=0%+20k

oC
o= ( )
oS C- S@S

7rdt
(719)  Gnosh/—2
' b wdt
Chapter 8
I (8) - (r-2)r
(83)  Plln(Sr)>In(K)]=P|Z> (&) -(-%) N(d2)
oT
1 d1 1 O'\/;
8.6 A ~ = N =
(8.6) ATM 2+\/% 2+2\/ﬂ
1 J
8.9 AxA
(8.9) ATy o=
Chapter 10
ds dV VO'dZ S+B B
(103)  S§=V-B, & =" S dZ, og = a(1+S)
ds -
(10.4) F:M(S,t)dtJraS az

(10.5)  dS = pSdt + 0SdZ, do = podt + qodW, E[dWdZ] = pdt
(10.10)  Profit = %FSQ(02 -¥?)dt = %F(dS)2 - %FS2E2dt

9Cpsm  0Cpsm 0%

10.1 D=- —
(10.15) 0K 00X 0K
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Chapter 11

(11.28)  «= G
1 12
11.29 N’ = 2"
(1129) V(@)=
e’é

11.34 S t.SpT)=—5 2
( ) p( t T ) O'ST\/%
Chapter 14

(14.4)  F = Gelr=b)dt
(145)  F=¢S,+(1-¢)Sy

F-Sq
14.6 -
(14.6) ¢ 5.3,

(1411) Sy = eSOV g, = Gemo (DYl

(14.17) (S, K)~ oo+ §(5+K)
(14.18) (S, K) ~0(5)+§(K—S)
Chapter 17

(17.6)  dmrpsm = dmoe — €dS = %rloﬁ [0%, - opc(S,t)] dt —edS
Chapter 18

(18.6)  Xarm(S) = 2(5,5) =% - B(S - So)

(18.7) (S, K)=%¢-B(K -9)

(18.11)  X(S,K,t,T) =Xo(t,T) - B'(t,T)[0.5 - A(S, K, t,T, % arm(S))]
(18.12)  %(S,K,7)=%-3'(0.5-A(S,K,7,Zarm))

Chapter 19

(19.8) % = adt + €AW where V = o®
(19.9)  dY =a(m-Y)dt+BdW

t
(1915) Yi=m+ (YO _ m)efat + / efa(tfs)dvvS
0

62
(19.21) Var[Y;] = o (1 _ 6—2(12&)

(19.24) do = a(m - o)dt + BdW
(19.25) dV = a(m -V)dt+ BdW
(19.26)  dV = a(m-V)dt+ BVdW
(19.27)  dV = a(m-V)dt+ SVVIW
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QFIQ-120-19: Chapter 6 and 7 of Pricing and Hedging Financial Derivatives,
Marroni and Perdomo

(page 124) Delta(call) = N(dy)
(page 124) Delta(put) = N(dy) -1

N'(dy)
age 127 Gamma = —————
(page 127) ST
In(S/K) + (r+0?/2)(T - t)
age 128 dy =
(page 128) 1 Y
1 2
age 128 N'(z)= ——e @ /?
(page 128) (z) Ner
(page 133) Vega = SVT - tN'(dy)
!
(page 137) Theta(call) = —% —rKe TN (dy)
In(S/K) + (r+0?/2)(T - t)
age 137 dy =
(page 137) 1 Y
In(S/K) + (r-o?/2)(T -t)
age 137 do =
(page 137) 2 Y
SN'(dy)o —r(T—t)
age 137 Theta(put) = ————% +rKe " N(-d
(page 138) Theta At + %Gamma AS?=0
AS o
139 —
(page 139) 5 555

( ) Rho(call) = K(T -t)e " T DN (dy)

( ) Rho(put) = -K(T —t)e ™ T Y N(-dy) (This is a correction to the text formula)
(page 180) S(k) =S(k-1) = [yleld(¢) * dt + vol(¢,S5) » W * sqrt(dt)]

( ) vol? % (t — s) = vol_mkt?(¢) % t — vol.mkt?(s) * s
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QFIQ-128-20: Mitigating Interest Rate Risk in Variable Annuities: An Analysis
of Hedging Effectiveness under Model Risk

(1) dSy = pSidt + /v, S;dW;?
(2) dvy = k(0 = v)dt + o, /v, AW}

(page 505) drgj) =a;(b; - Tt(j))dt +0yj \/@thTJ

(page 506) s = (I = A¢ St =14 Py s ) Bion/ Be + A¢Sein + 1 Pyyp gors
(page 506) dS; = 1 Spdt + UsStde

(page 506) dry = (v(t) — ary)dt + 0,.dZ}

(page 508)  dA;, = (1 —a)Audt — widt + /o Ay dW]

(page 508) Ly =L + LY

T t
(page 508) LgFD) = f [maX(Gt - A4, 0)By - f aASBS,Tds] Pz Ug it dt
0 0
T
(page 509) L;A) = [maX(GT - AT,O) - A OéAtBt,Tdt] TPz
T
(3) Qt = EQ |:[t 5t,v maX(Av7 Gv) vftpa:+tuz+vdv + Bt,T maX(ATy GT) Tftpx+t|—7:t

AO T T
(page 510) Ly = 2 f By rdt - fo @A, B, rdt

Ag T 0
(5) -2 [t P, dv +E2[B, 1 Ar|F]

1 2
(page 512)  RMSE=+| =Y (HL(T”)
Ni:l
1 NP .
(page 512)  CTE(1-p)%=— 3 HLY
NP =1

(page 522) P, = A(t, T)e BT
1

(page 522) B(t,T) =~ [1 _ G*a(Tft)]
a

B _ 8Pt,t+TB

(page 522) Pt =-B(t,t+ TB)Pt,t+TB

8Tt
oL, A [ [T OU(t,v, A Gy) OU(1, T, Ay, Gr)
2 Ap= — x — = f —_— v-tPx T vd - : —tPx
(page 523) t 94, X 95, |: \ 04, tPz+tUz+p AV + 04, T—tPx+t
T A
- (1 - / e—a('u—t) v—tpm+tuz+vdv - e—a(T—t) Ttpx+t):| X J
t St

(This is a correction to the text formula)

T OW(t,v, Ay, Gy o (t, T, Ay, G
pe= .[t ¥ v—tPaitUg iy dV + M

523 D
(page ) or, rs T—tPx+t
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A
(page 525) A = (e_“(T_t)é(z) -1) x gt
t

Ao
T Jt
(page 525) dvy = R(0 = vy)dt + o/ dW}

t+1
(page 525) l-yearVIX, = \/IEQP [[ vsds|.7-"t] =+/A+ Buv;
t

(page 525) A=0 (1 -

T Ao T
(page 525) ot = B(t,v) Py pdv + e (T 70 f DB, v) P, ® (2 — my)dv
t

K

QFIQ-130-21: Interest Rate Models-Theory and Practice, 2nd ed., Brigo and
Mercurio

(4.4) r(t) =x(t) +y(t) + o(t), r(0) = rg, where {z(¢):¢t>0} and {y(¢) : t > 0} satisfy

(4.5) dz(t) = —ax(t)dt + cdWy(t), (0) =0 and dy(t) = -by(¢t)dt + ndWs(t), y(0) =0

(page 144) r(t) = m(s)e’a(t’s) + y(s)e’b(t’s) +o ft e~ aw, (u)+n /t e’b(t’“)dWQ(u) +o(t)
(4.6)  E{r()IFs} = a(s)e ™) +y(s)e ) 4 (1)

2 2
Var{r(t)|F,} = ;La [1-e209)] + % [1- 2009 4 2anTn [1-e (@)

(4.7) r(t)=o At e_a(t_“)dWl(u) +1 fot e_b(t_“)de(u) + (1)

2

2 1
4.10)  vET)=Z [T— t+ ZemT=t) . ~2a(T1) _ 3]
a? a 2a 2a
2
- [T gy 2oban o L onaeny _ i]
2 b 2b 2b
—a(T—t) _ 1 o=0(T-t) _ 1  o~(a+b)(T-1) _q
on e e e
2070 T -t -
T [ T T atb ]
T 1= efa(Tft) 1= efb(Tft) 1
(4.11)  P(t,T)=expi- f p(w)du = ————a(t) - () + SV (t.T)
t a
PM(0,T)
414)  P(,T)="—r "’ t,T
( ) ( ) ) PM(O,t) exp{A( ) )}
1 1 - e~ (T-1) 1 = ~0(T-t)
A(LT) = SV T) =V (0,7) + V(0,0)] - = (1) - —————y(1)

(page 162)  7(t) = X(t) + ¥ (t) + o(1)
dx(t) = —ax(t)dt + o3dZ5(t)
dip(t) = ~byp(t)dt + o4dZs(t)

_ t _
o(t) =roe” ™ + f 0(v)e )y
0
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QFIQ-132-21: Investment Instruments with Volatility Target Mechanism, Al-
beverio, Steblovskaya, and Wallbaum

@) 0= E ()
(3) Vi = BeSt + vk By
(5) ‘7t = 5k§t + Yk

o 1 "
(1) Oo= B—TE (f(V))
(8) dSt = St(Tdt + O'th)

(10) Pdp:K+pdp~Kmax{§,—T—1,0}
0
(11)  RB=K(1-¢'7)
K
(12) gap() :max{—x—K,O}
So
11— e’
Pay Oo(fdp)

S’
(18) Pdp=K+pdp~KmaX{S—T—1,O}
0

1 {1&
(19) Pdpazmax{K;K-(l +pdpa~(ZSti—So))}
S() n;

=0
(20) gdpa(S):max{Kleti—K,O}
Son i3
1-e"T
25 Pdpa = 77~
( ) a Oo(fdpa)

QFIQ-134-22: An Introduction to Computational Risk Management of Equity-
Linked Insurance, Feng Chapter 1

(page 15) G(k+1)/n:Gk/n(1+£), for k=0,1,--
n
(115) G(k+1)/n =maX{Gk/n,F(k+1)/n}, for ]C:O,l,“'
Gk n
(page 15)  Grsnym = ﬁmax {Fijns Fasryn}, for k=01,
k/n

G n - G n F n F n)+
(1.16) (ksyfm = Grin _ (Etpsnyjm = Fim)

F.

jln

k-1 Foovivm
(page 16) Gk+1)m = Go H max {1, ﬂ}
=0
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(1.17)

(1.18)

(1.19)

(1.23)

(1.24)

(1.28)

G ks1)jn = max{Gk/n (1 + p) F(k+1)/n}, for k=0,...

k -J
Gk/n:(1+£) max {(1+£)
n) j=0,..k n

Gt = Sup{Fs}

0<s<t

Fj/n}

TAT

LT = (G - Fr) I(Ty > T) - [ o, Fyds

L(oo)(T ) _ e_TTz(GepTz -F ) ](T < T) _ I TS T d
d ) — Tw )+ z > 0 € "Myl sads

(nT-1)v[nT] (nT-1)A[nT]
(n) ._ —rk/n W e’ k-1)/n mw
L= ) e /5— > D
k=nTt k=1

(c0) ™vT - ~ tAT - . .
(page 24) Ly 7 = e "wdt e "'myFydt, T:=inf{t>0:F, <0}
T 0

(page 27)

(page 27)

(1.39)

(1.41)

(1.42)

(1.43)

Chapter 4

(4.52)

(4.53)

(4.54)

(4.55)

(page 153)

(nT=1)v|nTz ]

h (nT=1)A|nT% |

n -r n -rk/n My
Ll(w) = Z er(k+1)/ Gk/nﬁ_ Z o Tkl sz/n7

k=nt

( ) VT,
Ly :zf e’”Gthdt—[
T 0

T _
P H max (min (1 + aM
=1 Sk-1

k=0

AT,
e " Gymy,dt

C
,e),eg)

Pﬂmax(mln((si l)a,ec) ,eg)

maX(P(maX{Sk = 17"',T})

So

max (P (SupogsT{St}) ’ GT)
So

7GT)

dFt (7“ m)Ftdt‘i‘UFtth, O<t<T

BA(t.F) =10 | Ge @00 (~ds (

Inu+ (r-m+0o?/2)t
o/t
dy(t,u) = dy (t,u) — o/t

T—-t
Pe(tvF) :metpxF/
0

dl (t, U) =

T -t, g)) - Fe T (—d1 (

-ms - a
e spgﬁtdS =Me tpxFa’x+t:mm
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(page 153)  7p. [e(p—r)T(I) (,0 —(r-m-02/2) \/T)

o

_(r— 2/9
_emTd (P (r 7;1+0 / )ﬁ)] = Mely gy
(page 154)  E[e "™ (Grp, - Fp,).I(T, > Tp)| 5]
= szweiT(TQ%) [Gqu)(_dQ(TQ -, Ft/GT1)) - Fte(Tim)(TZ%)q)(_dl(T? -, Ft/GTl))]
(This is a correction to the text formula)
. T T
(4.60)  Na(0, Fp) == Bq(0, Fo)-Fa(0, Fp) =E [[O e putinri (G = Fr)dt — [O ertmdtpthdt]
(4.61)  By(t,F) =E[e ™ TOFr  I(Fry > 0)|Fy = F]+ —(1 - (T
T

- (rvT)-t (TAT) -t .
(4.63) Ny(t,F)=E lw f e ds — My, f( e " Fyds

—t TAL)—t

- Tv(T-t) TA(T-t)
=E lw f e "%ds — my, f e Fyds
T 0

(page 158) e TR I(r>T)+ —(1-¢'T) - F
T

F():F]

Fo=F

T tAT
(page 158) w f e "*ds —my, f e " Fyds
TAT 0
TAT
(page 159)  Fy-E [ f e (mF, + w)ds] =E[e "™ DE, ] =Ele T FpI(r > T)]
0
~ Ty
(page 160) By, (Fy) :=E [f we " ds + e Fr, I(Fr, > O)]
0

S +51E[ A Te‘(5+T)tFth]
r r(d+r) 0

_ w = —(8+m)T n [ T —(6+7)u ]
(475)  Nuwl(Fo) = ——B[e O]+ m, B fo e R dy
(page 162) By (t, F) = %(1 — ot (1)) +E [[OT e F qw+t(5)ds]
Wrr o= W ~ e

(bage 163)  Niw(t, F) = “E[e " Quun()] - ?]E[ [T Tuqx+t(u)du]

+my,E [/0 e""”Qx+t(u)Fudu]
(page 166) Investment Income: I[t] = A[t] x (H[t] +U[t] - %L[t])
(page 167) Credited to Policholder Account: J[t] = C[t] x (Q[t] - % x L[t])

(page 167) Risk Charges: K[t] = B[t] x (Q[t] - % x L[t])
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Mortality: L[t] = Q[t] x F[t]

Lapses: M[t] = S[t] x D[t]

Surrender Charge: N[t] = M[t] x G[t]

Annuitization: O[t] = R[t] x E[t

Current Inforce (as % of initial): P[t] = P[t-1]x (1 - D[t] - E[t] - F[t])
Policyholder Fund Value (BOY): Q[t] =T[t—-1] + H[¢]

Policyholder Fund Value before Lapses & Annuitizations (EOY): R[]
Policyholder Fund Value before Lapses & after Annuitizations (EQY): S
Policyhodler Fund Value after Lapses & Annuitizations (EOY): T[t] =S
Statutory Reserve (BOY): U[t] = V[t -1]

Statutory Reserve (EQY): V[t] = T[t]

GMDB Benefit (5% — roll-up rate): W[t] = P[t-1]xmax(Q[t], H[1]x(1+5%)")
GMDB Benefits: X[t] = (W[t]-U[t])+ x F[t]

Poicy Fee Income (30 — annual policy fee: AG[t] =30x AD[t-1]
Total Revenues: AH[t] = AE[t] + AF[t] + AG[t]
Premium-Based Administrative Expenses: AO[t] = AE[t] x AJ[t]
Per Policy Adminstrative Expenses (2% - inflation rate):
AP[t] = AK[t] x AM[t] x (1+2%)!*
Commissions: AQ[t] = AE[t] x AL[t]
GMDB Cost (0.4% of account value — GMDB cost): AR[t] = T[t]x0.4%
Total Expenses: AS[t] = AO[t]+ AP[t] + AQ[t] + AR[t]
Death Claims: AT[t] = L[t]
Annuitization: AU[t] = O[t]
Surrender Benefit: AV[t] = M[t] - N[t]
Increase in Reserve: AW([t] =V[t]-V[t-1]
GMDB Benefit: AX[t] = (W[ 1-U[t]): x F[t]
Total Benefits: AY[t] = AT[t]+ AU[t] + AV[t]+ AW[t] + AX[t]
Book Profit Before Tax: AZ[t] = AH[t] - AS[t] - AY[t]
Taxes on Book Profit (37% — federal income tax rate): BF[t] = BE[t]x37%
Book Profits after Tax: BD[t] = BE[t] - BF[t]
Target Surplus (BOY): BI[t] = BJ[t-1]
Target Surplus (EOY)(0.85% - target surplus rate): BI[t]=V[t] x 0.85%
Increase in Target Surplus: BG[t] = BI[t] - BH|t]
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(page 172) Interest on Target Surplus (5% — interest rate on surplus): BK[t] = BH[t]x5%
(page 172) Taxes on Interest on Target Surplus: BL[t] = BK[t] x37%

(page 172) After Tax Interest on Target Surplus: BJ[t] = BK[t] - BL[t]

(page 172) Distributable Earnings: BM[t] = BD[t] + BJ[t] - BG[t]

nT r k
(4.78) %=Z(1+—) Pin
k=1 n
T T T
(479) B = fo e Pyt = fo eyl poFudt +m fo e \po Fydt
T

T
- f e_rtEtdt - f G_rtﬂg+t tp:c(Gt - Ft)+dt
0 0

Chapter 6

F,
(page 264)  B.(t, Fy) = Tpxx[Ge"“(T—“cb (—d2 (T -, %)) - Fe™ ¢ (—dl (T ~, —t))]

G
0 0 1 0?
1 _ (9. . .9 1 500" ) _ P
(6.16) c(t, s) ((% HTSp 50 S o T f(t,s) =mp.F(t,s)
F F T
(page 260) A= 2L1(1,5) =~ (e OO (<=0, ) )+ [ e ]
t
(page 275 Greeks)
Ay = —Tpxie_m(T_t)q) (_dl(T -1, E)) L
s G
di(T -t £
I Tpxige_m(T_t) ¢( il & )
s oVT -t
o, = —r(T-t) r —m(T—-t) F
t = TPz T’G@ 0] _dQ(T_t75) -mFe (0] _dl(T_t75)
(T oF¢(di(T-t,L5))

]er . F (This is a correction to the text formula)

2VT -t

F
Vi = rpFe™ T D¢ (dl(T -t, 5)) vT -t
QFIQ-135-22: Structured Product Based Variable Annuities, Deng, et. al.

(1) PV-= Ioe-“tn-to)El (1+ Ri)] = Ipe ") TTE[1 + R;]
=1 =1

(2
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(2) E[1+R]=1- (FVput(So, Ky, T, T,q70)) N (FVCaH(S(),K =Sy, T, r,q,a))

So So
_ (FVCall(‘Sba K07 "4, U))
So

(3) Ky = Sp(1 - Buffer)
(4)  K.=So(1+Cap)

FVCall(SﬂyK = S077_7 raQaO—)) _ (FVCall(SchvTa 7",(],0))
S() SO

FVBinary Call(SOa K = 507 7,4, U) )

(5) E[1+Ri]:1+(

So
(7) FVCall(SbaKaTaT)q?O-) :FN(dl)_KN(dz)
(8) FVPut(507K7T>T7QaO-) :KN(_dQ)_FN(_dl)
(9) FVBinary Call(SOa Ka 7,4, 0') = KN(dQ)
In(L£)+2z
(10)  d, = % dy=dy-Vo2r  F=elmo7
o’r
QFIQ-136-23: Calibrating Interest Rate Models

(6) E[1+Ri]:1+(

(page 8)

_ Vs
Plrys <0|ry] = (ID(—T-F(H re )

1-e 278
o\ e
(page 18)
1 -l
A Vi TiAT(—1)A ~ 7 im0 Tink i1 TiA

g =
-1 -1 2
Y0 Tia - % (Z?:o TiA)

[
I
S|
e —
0=
3
>
|
=
Nl
S —
>
N —

i=1 i=0
~ n . A 2
o2 = —= (TiA - Br(i—l)A)
n-4;3
In(3*)
T A
~ ar
ro= -
1-p3*
2,3/6.*2
o = =
1 _ ﬂ*Z
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(page 23)

( 1.960 )2
v o= 2
q0.95 — 40.05
_ 40.05 *+ G0.95
r = —

2

(page 26-27)
r(i) = ap+pir(i—-1)+/r(i-1)e, i=1,2,...

Li) = o 1 +01Vr(i—1) +¢
’—T(Z_l) = 1( ,—r(@—l)) 61 ( ]') 7
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